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by R. E. Foerster, Director

The research activities of the Station during 1948 continued essentially
along the same lines as in previous ysars, the objective being to elielt those
biological facts concerning our comercielly important Pacifiec coast fishes
which have a significant bearing on their production and which are basie to
proper and effective regulation and manegement. The total value of the British
Columbia fisheries in 1947 amounted to $58,764,950 (according to the Advance
Report on the Fisheries of British Columbia, 1947, issued by the Dominion Bur-
eau of Statistics, November, 1948). Maintenance of this natural resource at a
high laevel of oxploitation is most desirable. The wider and more intimate our
understanding of thz factors governing sustainod optimum natural production of
our fish and of tha effect of present fishing operations upon the stocks the
more efficient the management regulations or policies can become in endsavoring
to provide maximum catches consistent with adequate perpetuation of the species.

The major investigations included (1) a study of the sockeye salmon fish-
ing of the Skeena river to determine whether the relatively low catches in
recent years indicated a truo dscline and, if so, what were the contributing
factors and how could they be overcome, mnd, further, what measures might be
adopted to incronse production of sAalmon for the commsrciel fishery, (2) a
study of the runs of Pacific salmon, ospecially pink and chum, to all sections
of the British Columbia const and tho factors affecting production, particu-
larly those which might be contributing to the groat variability in the oxtoent
of the runs from yser to year, (3) n comprehensive study of the populations of
horring frequonting the various coastal nreas and contributing heavily to an
important fishery and (4) a study of thosc spocies of fish which entor into the
otter trawl fishery. This last is n somevhat more complicated problem than the
others since thore are three species of flat fish involved (brill, lemon sole,
rock sole) as well as soveral spocies of round fish (ling cod, gray cod, bdblack
cod, dogfish ~nd rockfishes). For the round fish the problom of competition
with other types of geer also enters into the study.

During tho year very satisfnctory progress has been made in all investi-
gations, aos will be noted in the more detailed statements that follow. More
essential information has been obtained nnd the significrance of previous data
more clearly determined. Gradually our findings are becoming of greater and
greater value to the Department and to industry. For exeample, reference may
be made to the fact that this year the salmon and herring researchers felt they
had acquired 2 sufficient understanding of the factors governing the variations
in production and in return of fish to the fishing arcas that they might offer
tentative predictions to the industry as a guide to possible oxtent of cateh.
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The reliebility of these predictions rested solely on the reliability of the
information availeble and the predictions were therefore subject to certain
modifications if abnormal circumstances prevailed but, as it turned out, they
were reasonably correct and of much significance. We are informed that such
predictions are very valuasble to ths fishing industry, especially for those
£igheries which fluctuate apprscisbly from year to year. As our undsrstanding
of the factors influencing variability in abundence develops the significance
of our predictions should incrense., It might here be mentioned, in pnssing,
that pilcherd studies & few yonrs ngo head renched a stngo where relinble pre-
dictions of abundance each year could be mnde, Unfortunately the last pre-
diction was for na sovers decline in ebundcnce due largely to no influx of new
age-classes entering tho fishery. This prediction was so well borne out thnt
there has becn no pilchard fishery for thres years and our pilchard research
has bscome temporarily very much reduced.

In addition to the four major investigations referred to above, the
Station has been conducting & number of minor studies - those relating to
crab, shrimp, oyster, anchovy and eulachon - in which only certain pertinent
features have been investigated as funds, facilities and availability of
materisl permitted. In many of our minor fisheries, at least presently minor,
it does not seem advisable to devote too comprehensive attention to them at
the moment. Consequently only certain phases, such as migration, catch sta-
tistics, reproduction, etec., are being considered with a view to answering
immediate questions and eventually rounding out the studies as conditions
permi‘b.

Two new studies were commenced this year. These were whale and albacore.
The first season's operations were largely exploratory and preliminary, but
nevertheless very interesting and profitable. They serve to represent some-
what of a phenomenon, nemsly, the initiation of scientifie study of a fishery
befors the fishory has shown a ruinous declino with all foatureos very much
abnormal. What the future of eithor of these fisheriss will be remains to be
seon, but for the albacoro, the fishing for which was vory profitable for maony
trollors this season, thore will cortainly be much interest aroused in 1949.
The question as to whether nlbacore have alwnys been prescnt in off-shore
waters cannot be nnswered with available data. Observations another season
should be exceedingly revealing. If albacore do appear again in 1949 1t may
be very desirable to undertake a well-designed survey of the coastal region
to compare the oceanographic conditions in the waters in which the tuna are
present with those in which thsy nre not found, thersby perhaps revealing
thoss factors which govern thoir distribution and their appearance or dis-
nppenrénce in our waters., At the samo time 2 comprehensive morphologicnl
study should be mrde to determine whether thesc albacore are racially tho samo
as thosa taken in more southsrn waters or off ths coast of Japean.

It has besn emphasized by the Pacific Sub-Exscutive Committee, unanimously
supported by the industry, that greater attention should be given to our Pac-
ific salmon problems, particularly pink and chum salmon in those coastal areas
where the runs have grestly declined. Such an agitntion has much justification.
It is particularly justified since studies to dnte have revenled that conditions
in the stremms nffecting spawning and hatch of fry govern the production of fish
to a much greater extent than any limitation of fishing is likely to do. In
three out of four tests of chum salmon fry survival in rccent years, the sur-
vival percentages have been so low thnt even with total closure of the com-
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moreial fishery it is questionnble whethor ths declino in the production of
fry would have been nrrested. If the decline in the fishery hns been due to
changing conditions in the stre=ams which have reduced the level of fry pro-
duction to too low a figure for maintenanco of the species even with complete
elimination of fishing, vigorous measures of stream improvement, wnter control
or artificial propngation may be required. An appreciable oxpansion in tho
Goneral Salmon Investigation programme would permit operntion of a larger
numbor of test streams in moro areas nnd provide the necessary data on condi-
tions governing fry production in quickor time.

It seems desirable to refer again to the growing nsed for a comprehensive
ocesnographic investigation of our Pacific waters, both coastal and offshore.
Tor a number of years a valuable and illuminating series of data has been
built up resvecting temperature and salinity conditions in coastal arenas -
these datn obtained from observations and water swmples tnken daily by certnin
lighthouse attendants nlong the const. With the very promising possibility
that it will soon be possible to get nccurate strtistics of fish catches
nccording to the nrea of capture, it may soon be fensible to attempt correla-
tions of fish catches (en approximate measure of abundance) with these coastal-
water physical factors, but this would represent only one part of the picture.
The conditions in offshore waters are perhaps of greater significance, certain-
ly as related to movements or migrations of pilchard, albacore tuna and some
spacies of salmon. Particularly for prediction purposes the knowledge of what
the conditions are in the ocean, what variations are teking place, is essential.

It is our opinion that such an oceanographical investigation should embrace
all the essential physical and chemical factors (tomperature, salinity, oxygen,
nitretes, phosphates, carbonates, ote.) likely to be of significanco end all the
biological factors (phytoplankton, zooplankton, lergor marine fauna and fish) in
order to ostAblish their rolationships and select, oventually, those "key" indi-
cators which may be found to ropresent the changing conditions generally and
whieh may be useful as guides for prodiction of availability or abundance of
fish from yecar to yenr,

Actually very little is known about the annual and seasonal changes in
oceanographic conditions taking place naturally in eny merine habitat and the
time seems ripe for a fundamental study of & more or less enclosed salt-water
lagoon or bay in order to determine what happens therein from senson to ssason
and from ysor to yeer and how the naturnl changes affect fish populntions,
Such a study might well be instituted to prnllel the more general coastal and
offshore oceanographic investigntions.

One investigation which the Station has continued for many years, firstly
under Dr. C. R. Elsey, then under Mr. D. B. Quayle and latterly under Mr. Neave,
has come to an end, namely that dealing with shellfish, chiefly clams and oysters.
This work has for soms yeers had financial assistance from the Provincial Fish-
eries Department. During 1948 that Department has set up its own biological
division under Dr. Quaylo and is now in aposition to tnke over this work which
comss directly under its jurisdiction snd which it proposcs to expmnd by giving
seientific advice on propor culture procodurss, stc., to growers. The Station
has long enjoyed tho very cxcellont mssociation with the Provincial Fishorios
Dopartmont ond its Deputy Ministor, Mr. G. J. Alexander. It looks forward to
its continuancoe, wishas the Dopnrtment ~nd Dr. Quaylo overy success in the

shollfish work nnd offers its fncilitinss at nay time.
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REVIEW OF INVESTIGATIONS

Skeena River Salmon. According to the terms of reference this investi-
gation, commenced in 1944 with the objective of determining (1) whether the
sockeye fishery had suffered a decline, (2) if so, what factors had been
responsible and (3) what measurss mlght be used to increase the populations,
was required to assess its results at the end of five years and submit a
report of its findings and recommendations regerding further research to be
done. This being tho final yoar ond with the report to prepare, the ficld
operctions were largoly rostricted to only those roquired to complete pert-
inent series of data. During tho season Dr, Pritchard, who was in charge of
the investigntion, left the sorvice of the Boerd and it fell to Mr. Milpe,
nssistod by Mossrs. %Withler, McMahon, McConncll snd Foskett to continue the
Tield operntions n2s originnlly plannzd.

The season's programme included, as in past years, (a) the merking of sea-
ward migrating sockeye smolts from Lakelse and Babine lekes in order to trace
the return of these races from the sea, through the fishery and to the natal
breeding grounds, (b) the total count of migrants from Lakelss lake in order
to determine percentage efficiency of natural propagation to this stage, (c)
certain limnological studies at Lakelse, Babine, Morrison end Beer lakss, (d)
tagging of salmon in the estuary of the Skeena to determine degrso of oxploita-
tion by commorcial end Indian fishories and distribution to the spawning arcas,
and (o) spawning stream surveys to ostimete the spawning escapement.

Due to abnormal flood conditions 1t Lnakelse lake, ths counting fonce wns
rendercd inoperative during the eerly part of ths migration and & count of the
outgoing sockeye smolts was impossible. Furthermore, only n few (4,709) of
yearlings wore merkcd. (Appendix 1 and 2). At Babine, capturc of migrants by
trap was again successful nnd a marking of 103,906 smolts rosulted. These fish
will roturn in 1950 and 1951. (Appendix 3).

Anticipating the return of marked adult sockeye from marking experiments
at Lakelse &and Babine lakes in 1945 end 1946, observers were stationed at all
Skesna cenneries during most of the fishing season to rscover the marked in-
dividuals from catches landed. For the Lakelse group a very small percentage
was obtained (0.07%), confirming information from tegging experiments that much
of the Lakslse run of sockeye had passed the fishing arcas before the season
opensd. For the Babine group a gre~ter recovery was mede (0.37%). Recovery
of marked fish at Lakelse and Babine lekes was difficult since inoperation of
the counting fences made it impossible to examine all fish readily end reliance
had to be placed on observing marked individuals in the streems. It is hoped
that better success will attend this work next season when & much larger number
of marked ndults should be available. (Appendix 4).

Tegging of snlmom, chiefly sockeyo, at the mouth of the Skeena resulted
in 2,329 tags being affixed during ths szason. Subsequent rscoveries were as
follows: commercinl fishery - 21.8%; Indimn fishery - 11.1% and spawning
grounds - 3,3%. The percentage recovery from ths commercial fishery is rela-
tively low ns compared with other sensons (1944 - 40.1%; 1945 - 25,5%; 1946 -
30.1% end 1947 - 18.6%) and may have baen due to inelemsnt weather coupled with
high water conditions. 4s in other yenrs tho Indian fishory oxploited the
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early run most heavily. Recoveries from the spawning grounds indicnte that the
Lakelss lnke run occurs eéarly and the grentest concentration of Babine socksyo
enters the fishery in mid-season. (&ppendix 5).

Lake surveys (Appendices 6 - 9) were confined to routine physical, chemi-
cal, meteorological snd plankton studies at specified stations which have been
maintained since 1945. A certain amount of gill netting was undertaeken, ex-
cept at Babine, in order to compare catches in 1948 with those of previous
seasons. A series of net sets at Lakelsoc during February provided interesting
deta in comparison with summer sets.

Spawning stream surveys indicated & probably very limited seoding at
Lakelse, (Appendix 10), a surprisingly heavy escapement to the Kispiox area
(Appendix 11), excellent seeding in ths many streams of Bebine lake (Appendix
12) and a rel-tively poor escapemont to Bear loks (Appendix 13).s It was
decidedly unfortunate that a washout occurred at one end of the Babine count-
ing fence early in the season (Appendix 14), thus meking the structure quite
useless. Floods and abnormally high water occurred in all Pacific coast
areas this year. Much of the repair work has been completed; the remainder
will be done during low water next spring.

Predictions on the extent of the sockeye run in 1948 were that the low
catch of 1947 would not be repeated and that as high as 60,000 cases might bo
obtainsd., The pack of approximately 90,000 cases was unaxpected mnd wns due
in large prrt to an influx of four-ysar fish (Appendix 16), horalded, we now
realize, by the large number of threc-ysar-old grilse or "jacks" which wore
observed last year. It will be of intsrest to see whether = hsavy run of
five-year fish occurs next season, 1949. Analysis of the age composition of
Skeena river sockeye (Appendix 18) reveals that in most ys=rs the fivwe-year-
0ld fish predominate, though in san> seasons four year olds nre more abundant.

Goenoral Salmon. This investigntion, dirccted by Mr. Neave with Messrs.
Hunter, Wickett ~nd Robertson assisting and suporvising somo of the fiesld
operations, has as objectives nn understanding of the present conditions of
solmon fisherios along the coast, prticulnrly pink end chum, 2n estimation.
of future runs and trends, a study of tho factors governing the natural pro-
duction of fry and seaward migrents and the dovelopmont of methods for in-
creasing such production. (Appondix 19).

In order to determine what takes place under natural conditions during
spawning, during incubation and hatch of eggs end during seaward migration,
two field stations have been established, one at Nile creek on the east coast
of Vancouver island amd the other at Port John creek, in the central coastel
area between Namu nnd Oceon Falls., Here counting fences for both adult snlmon
and fry seaward migrants have been constructed (Appendix 21, 23) and records
of percentage efficiency of natural propegation under varying climatic and
stream flow conditions can be obtained over a period of years. For Nile creek,
which is essantislly a chum salmon stream {Appendix 20), a very low production
of fry resulted from natural spawning in 1947-48, namely 0.38% of eggs de-
posited; at Port John creek, which not only chum salmon but also pinks, ‘cohos
and sockeye frequent, & record of 0.990% was obtained. For pinks in Port John

“ereek a fry production of 0.866% occurrsd (Appendix 24).

C
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Operatiors at both Nile and Port John creeks are being continued during

'1948-49. The run of chum salmon to Nile is presently (November 23) in pro-

gress; that to Port John creek is over. Pinks, chums, sockeye and coho
oceurred, the two former in very low abundance. (Appendix 25). A good
opportunity for testing the propagation of so-called "cresk" sockeye is pre-
sented.

At Nile creek experiments are also being made to dotermine ths valus of
adopting certain fish cultural msthods to incroass fry production., In 1947~
48 it was found that by stripping tho oggs from females, fortilizing them
and plenting them in a section of the crcok whore water flow could be con-
trolled, a production of 3.40% of eggs availablo resulted, ninoe times tho
number obtained under natural propagation (Appendix 20), whereas if the oggs
are placed in & hatchery and reared to the "eyed" stnge before plonting, a
production of 10.62% was obtained, 28 times that from natural propngation.
Studies of this kind are very importent and records over a series of years
must be obtained before conclusions can be drawn. Comprehensive records of
weather conditions, stream flow, etc. are being taken and the relation of
these factors to salmon fry production are being studied (Appendix 19). It
i3 believed that if more field stations such as Nile and Port John creeks
could be established in various parts of the coast much pertinent information
could be obtained on the variation in efficiency of natural propagation as
determined by varying stream conditions. Useful prediction data could be ob-
tained concerning the probable size of runs of adult fish each year. Msthods
of overcoming hezardous stream conditions, either by strsam control mensures
or by introducing some fish cultursl procedures could be more widely and

effectively tested.

Acclimation of salmon fry to salt whter And the physiological processes
concerned therewith have been the subject of study. (Appendix 22). Pink ond
chum salmon leave their freshwater environment r~nd migrate to the sea as fry.
Coho salmon, on the other hand, normally spend their first year in the straems
where they are subjoct to heevy morinlity. If this period of freshwater resi-
dence could be successfully roeduced survival rates might be appreciably in-
creased.,

In an initial study of young pink and chum salmon in Departure Bay rela-
tive growth rates were determined, stomach contents examined, distribution
and movement studied (Appendix 26). Diurnal changes are associated with
available food supply. Group movement varies with the size of the fry.

Tagging of pinks and chums was egain undertaken, this year in the Whale
chennel area, to determine migration routes end to obtain soms estimate of
fishing intensity. Recoveries of tegs represented 30 percent of tags used
for pinks end 16 percent for chums. In general most of the recoveriss of
each species were made in tho tegging area. The fish appeared to be approach-
ing their destination when tegged, with comparatively few showing long sub-
sequent journeys north or south along the coast. (Appendix 27).

Age determinations of salmon ars of value in indicating the normally
dominant year groups for the various species in ths meny more or less dis-
tinct coastel areas and in enabling pradictions to be mndo on the basis of
the extent of previous cycle spawning sscapements. Analyses of chum salmon
scale samples collected in 1947 in several areas of the central coast showed
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a dominance of four-year-old fish (70 to 90 percent) with a fair proportion
of three year individuals. Samples taken at Sooke, at the south end of Ven-
couver island, revealed a different situation, however, with three-year fish
representing 27 percent; four-ysar-olds 55 percent and five-year-olds 18 per-
cent. (Appendix 28). For sockeye salmon in the Smith inlet area, the domin-
ant age group was the five-year one (90 percent), substentiating previous
years' findings.

For many years records of spring and coho salmon lendings by the angling
fishery at Cowichan bay, Vancouver island, have been collscted. These data
reveal the veriations occurring, presumebly naturally, in a salmon run over a
period of years. In 1947 with 2,295 boats operating and 18,508 line-hours
expended in the fishing, during the main period of fishing (six weeks) 3,751
coho salmon were taken, representing 4.9 line-hours per fish. This represents
a marked improvement in both total catch and catch per unit of effort, as
compared with the poor season of 1946 (6.3 line-hours per fish). A study of
the correlation between availability of cohos to anglers (line-hours per fish)
and the minimum summer flow of the Cowichan river two yoars proviously reveals
a very close relationship. It suggests that low water levels result in in-
ereesed mortality among coho fingerlings through stranding in pools, inersased
predation and restriction of feading erans, thus directly influencing the
abundance of returning ndults two years leter. (&ppendix 29).

Irewl Fishery. This investigntion commonced 2 number of yoAars Ago a&s a
study of the stocks of commercially-importent flatfish in order to determine
how these stocks were reacting to the then relatively heavy exploitation.

It was felt that if intensive fishing pressure were maintained a decline in
the populations might result. Suitsble methods of regulating or control
were desired. It was further felt that an attack on the problem should be
mede before any decline set in rather than afterward, thus ensbling the in-
vestigators to know what might be considered normal and for whnt goal to
strive if conditions deterioraeted quickly.

Other species of fish besides flatfish are taken by trawl. Drasgging for
dogfish and lingeod is importemnt end profitable, also for gray cod, black cod
and vearious species of rock-fish, Some of these specles, particularly ling-
cod end dogfish, were being taken by other types of gear as well, e.g., by
sunken gill net, long line and by "jigging™ for live lingcod which were kept
alive until marketed. It was nscessary, therefore, to expand the investiga-
tion end to include in its objective the rather complicated problem of com-
petition between types of gear in order that whore possible or feasible no
important method of fishing would be dsstroyed.

The investigation, directed by Dr. Hart with Messrs. Barraclough, Ketchen,
Menzer and Miss Bethune as assistents and with the M/V "Investigator No. I"
as research ship, has endeavored to collect as much informetion as possible
of significance to the conservation of the most importent species, but has
also very wisely maintained an interest in other fishes because of possible
inter-relationships which may be intimately involved (Appendix 30). One
very complicating feature is that certain of the species change in commercial
importance rather suddenly. A yesar ago the rock sole was tho most keenly
sought species, now the brill is most popular. In certain areas ono specioes-
will prove to be dominant, in othors, other forms are most nbundant. It bo-
comes extremely difficult, consoquently, to confine the mesearch too narrowly.
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Collection of catch statistics is of prime dorncern in such research and
to obtain these, port observers are stationed at Prince Rupert, Vancouver and
Victoria to record the particulars of catches brought in, ascertain where the
fish were caught, the effort expended; etc, These are then submitted to the
Station where the necessary tabulations are prepared (Appendlx 31) and studied
(Appendix B2).

Certain biological features of the fish are of special significance.
Rate of growth studies and sge annlyses ere importent since they determine
what size clesses of fish are taken by tho trawls., Such studies for lemon
sole (Appendix 33), rock sole (Appendix 37), rex sole (Appendix 39), butter
sole (Appendix 40), lingcod (4ppendix 46, 47) have been mede from samples
taken from the fishery or by the M/V "Investigator No. I" and from lomon sole,
brill and rock sole tegging experiments (Appendix 44). The reletionship of
growth rate to natural mortality rate is also an important consideration amd
has been the subject of a preliminery study. If its conclusions fAre suported
by calculations basod on mom criticnl estimntes of mortality ratss it may be
that no minimum size is required in order to obt@in optimum yield or if a
minimum size is required, there should bge no restriction on amount of fishing
if mortality rates found for adult fish apply also to those not yet entering
the fishery. (Appendix 34).

Tagging experiments to determine the movement of fish and the likelihood
of there being discrete populations or, conversely, eppreciable mixing, are
essential in an investigation of this kind. OCertain tagging was continued
during 1948 (Appendix 42). Recoveries in 1948 of tags used in earlier years
substantiate the findings of other experiments, namsly, that there is little
or no significent mixing of flatfish populations in the strait of Georgia,
the west coast of Vancouver island and Hecate strait. For brill off the west
coast of Vamcouver island snd in Hecate strait there appears to be a north-
werd movement during the spring and early summer and a return migration in
late summer and fall. Rock sole and lemon sole in other areas display simi-
lar movements. (Appendix 43).

Food studies ere an integral part of fisheries biological work. One
food study, relating to the brill, (Appendix 36) has revealed that, among
invertebrates, the euphausiids (red fesd) were most important. Sand lence
and herring also contributed appreciably to the diet.

The recent dscline in vitemin "A" potency of livers of dogfish captured
by sunken gill nets has been of concern to industry. It has been suggested
that as a result of heavy exploitation in recent years the dogfish populations
may be declining. Observations suggest, however, (Appendix 51) that the
" sunken gill net, having & selective offect and taking only tho largest fish,
may have appreciably roeduced the older and larger individuals and is now taking
faster growing mmd younger fish with a somewhat lower vitomin "A" liver oil
poteney. It is no indieation, however, that depletion of the dogfish is
occurring.

. Pilchard. A pilchard fishery in 1948 did not exist. There are as yet
no indications thas an early rehaebilitation will occur (Appendix 52). Con-
sequently the Station's pilchard research consisted only of an amnalysis of
accumulated catch statistiecs to seek information on the causes of pilcherd
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abundence and availability. Correletions between scawater and air temper-
atures and percentage snnual catch of pilcherds were attempted but until
othor pertinent msteorological data cnn be included no definite relationships
can be established. (Appendix 53).

Bulachon. Since 1941 catch statisties for ths Fraser river eulachon
fishery have been collected by Department of Fishories officors and sub-
mitted to this Station for analysis, particularly as to the trond from yonr
to year as influenced by the fishery. Records were again availsble for 1948
and show (Appendix 54) a very heavy fishing effort, a heavy catch, but a
relatively low catch.per unit effort.

Anchovy. Fishing for anchovy in 1948 was relatively poor. In meny
cases no fish were seen; in others the populations seemed very meagre. This
mey possibly be atitributable to a small recruitment of two-year-old fish to
the commercially acceptable three-year-old class. There is evidence that
populetions of anchovy in some of the bays and inlets of the eoast are cnpable
of successful reproduction and may persist for several generations if not
fished too intensively. No indication of separate populations in various
arens along the coast has been found, The range appears to be from the streit
of Georgia, throughout the bays mnd inlets of the cast and west coasts of
Vancouver island and northward along the meinland coast to Ogden cheanel,
(Appendix 55). .

Albacarc. Due to the generous cooperation of the Dopartment of Fishories
the Station wns ablo to placo » biologist aboard tho Fisheries Protoction
Cruiser assigned to explore the off-shore waters of the west coast of Van-
couver islend in search for albacore tuna this summer. There being nothing to
indicate whether or not albacore would be encountered, in what abundance or
where, it was impossible to envisage what information the biologist might ob-
tain or what useful material he could collect. All that could be done was
equip him with all possibly useful expsrimental fishing equipment, bathyther-
mograph, thermometers, plankton nets, bottles for water samples, etc. &nd
direct that he make all ths observations he could es conditions permitted.,

It wns suggested that he obtain specimens of albacore for measuring, sexing,
obtaining scales and stomnch contents mmd, if possible, rcleaso some alive
bearing a tag. In short, it was felt that it would bo lergely exploratory
work and perhaps land to a more adequately designod experiment snother season,
ISJr. Hapt directed tho programme, the fisld work being carried out by Mr.
cegel. '

While, due to the nature of the duties of the vessel, no dsfinite and
connected survey could be accomplished mand duc to tho size ~mnd speed of the
ship, some of the collecting proved to be difficult, e.g., plankton collseting,
much useful information and materisl were obtninsd. It wms found thnt fish
wore teaken in water temperatures ronging from 57° F. to 63° F. with most fish
captured in temperatures of from 58° to 60°. (Appendix 59). Salinity secmed
to show no significant variation throughout the aren traversed. The colour
of the water oxhibitod = gradual transition from intense green in the constal
rogion to blue-green above the continontnl shelf n~nd thence to an intense
blue. The temperature of the water incrensed to szaward, the green coastal
being around 52° F., the blue-groen npproaching 57° F. mnd tho deep blue
ranging from 59° F. in northern latitudes to 64° F. and higher furthor south.
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It is sugzested that nlbacore distribution may be correlated more closely
with tempernture then with colour of watsr. Samples of water were collected
to determine whether predominance of any orgeanisms might contribute to the
colour differences, but no analysis has yet been made (Appendix 6C). Plank-
ton semples wers taken over a wide aren, but have not yet been examined, It
was noted, however, that mieroscopic forms end larger plankton, tunicates,
worms, ctenophcres, coelencrates and crustacea wers abundmt. Stomach con~
tents of tun~n were taken, but have yet to bo examined. It wns noted, however,
that saury, squid, small rockfish and "red-foed" - probsbly euphausiids -
bulked largely in the diet. Verious typos and colours of lures were tested
to establish Any prefersnce. Both feather baits and fast-towing plugs secmed
effective eand eny preference seemed to favour ember-hended feather baits with
red and white feathers and grsen-hoaded feather beits with white nnd green
fonthers (Appendix 61). A total of 140 albacoro were togged but no recoveries
have been reported (Appendix 63). - Long-line fishing with baited hooks at
different levels and gill-netting wore tested, but-without success, though
the Japanese practice the former quite effectively (Appendix 64).

In addition to operations at sea, certain shore work was also accomplish-
ed. Port observers at Prince Rupert and Victoria measured a large number of
albacore lended and it was found that while the length ramge ran from 53 cm.
(21 inches) to &2 cm. (32% inches), there were two modes apparent, one at 63
em. (25 inches) nud the other at 75 cm. (294 inches). These modes probably
represent age groups but the exact ages cnnnot be assigned. (Appendix 57).
Since 1946 tunn log-books have been issued to tuna fishermon in order to
collect informaticn on catches mnde, water temperature, position, ete. In
1946 only one book was returned; in 1947 six were received; in 1948 a goodly
number came to hand., While the data subtmitted were complete and representa-
tive for the respective season, no useful compilation can be made since cir-
cumstances in the three years were so different. For example, in 1947 no
fish were caught north of 50° N. latitude, whereas in 1948 over 62% were
taken north of this parallsl. In 1946 the optimum temperature appeared to be
61° F. In 1947 it was found to be 65° F. In 1948, es mentionsd above, it wes
within the range of 58° F. to 60° F.

Herring. After many years of intensive biological study of our Pacific
herring populations along the coast, during which much pertinent information
has been collected relative to the life history end habits of the fish and
the effect of the commercial fishery on the stocks of fish, it has become
possible to attack the problem of how best to regulate the fishery so that
the greatest maximum sustained catch can be achiefad.

Soms years ego it was considered that perhaps a quota system of regula-
tion would be most effective. This would permit & fishery to teke what was
considered a sufficient quantity of fish end lsave an adequate supply for
spawning purposes. It would, also, tend to stabilize the fishery and prevent
years of "feast and famine". To test out the method, quotas were erbitrarily
set for all of the important coastal arees where separate populations of
herring existed (i.e. little intermingling occurred between them). The re-
sults were clossly followed. In only one area, the lower sast coast of Van-
couver island, were the quotas selscted found to be effective and they have
thus continusd to bo used as an cxperiment in this type of management.
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It was subsequently found that great variations take place from year to
year in the success of spawning, hatch, survival of young and eventual recruit-
ment of young fish to the herring stock. This was perticularly the case in
the west coast of Vancouver island mren. It was observed that after years of
heavy spawning hsavy recruitment of young fish to the fishery did not always
occur; conversely, light spawnings were frequently particularly successful in
producing extensive additions to the stock. The question arose, therefors,
as to whethsr, in view of such great n~tural vorintions in survival and pro-
duction of young fish, quota regulations were really effsctive. Attempts to
ensurs lorge spewnings might only result in great wostage of fish which might
have gone to tho commercial fishery. '

The importance of settling this problem which is basic to effective
management of the fishery was realized. An experiment was therefore com-
menced in the 1946-47 season in the west coast of Vancouver island area
whereby there would be no restriction to the commsrcial fishery oxcept an
annual closing date when the fish approached maturity and moved into shallow
water to spawn. Thers are thus two expsriments now under way, one involving
quota regulntion, tho othor permitting wide-open fishing. '

The research activities on horring heove thorefore been largoly confined
to these two experiments, but a certnin nmount of work is also being carried
on with regard to ths herring stocks and ths fishery in other comstal arcas,
where quota limits to fishing still apply. The work hnas for 2 number of yeors
been directed by Dr. Tester but, with his departure on September first to the
University of Hawaii on a yerr's.loaw of absence, thec supervision has fallen
to Mr. Stevenson, ossisted by Messrs. McMynn, Lanigen, Glovor (to Septomber
30) and Outr-m (from November l) ond a competent staff of field technicimms,
(Appendix 66).

Threc very sssentinl phases of the work have been carried on over the
years. These are collsction of cntech statistics, sampling and tngging.
Adccurate Pecords of catch statistics aro required (Appsndix 67) in order to
reveal the place md drte of all catchos, the number of ~ctive fishing days
(fishing offort), the availnbility of fish (cntch divided by fishing offort)
end general mbund~nce. These rocords mre obtained chicfly from Pilot House
Record books compiled by sach soino vessel captain, Daily landing forms sub-
mitted by processing plants give the dnta on total catch from each area =nd
method of disposal. During the 1947-48 season, 171,700 tons of herring were
taken, the lergest snnusl cntch on record. In spite of incrensed fishing
effort the west coast of Vancouver island fishery was 23 percent less than in
the previous year. New runs came inshore during the spewning season, however,
and resulted in & good seeding. A speactacular fishery developed in Ogden
channel in the northern sub-district in late January and early February end
resulted in a catch of 30,000 tons for this armea,

Tagging experiments fulfil the dual purpose of revealing the extent of
intermingling populetions of herring hetwecn major districts and among the
various areas of each district and of indicating the fishing intensity. Re-
sults of tngging in 1947-48 showed, as in provious years, that the west cocst
population is essentially discretoc. Little intermingling between west and
east coast popul~tions occurrod. Considerrble mixing was ngnin noted between
individual west const areas fnd-the tendency for fish to wander in a south-
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easterly direction along the coast was again indicated:. TFor the west coast
of Vancouver island the rate of exploitation in 1947-48 was approximately
2.7 times that in 1946-47, Data ere not yet availsble for other districts
(Appendix 68, 69, 70, 71). During tegging operations in the spring of 1948,
a total of 45,577 herring were tégged in the strait of Georgia and along the
wost coast of Vancouver island (Appendix 72). Since tagging operations must
have some detrimental effect on the fish tagged, observations were mede on
the condition of tagged individuals recovered at the shore plonts (Appendix
73). All specimons showed complately hcalod wounds, with a scar on the in-
side of the body wall being the only visible evidence of the trgging incision.
Usually the tags wers found lying loosely in the body cavity or attached to
the mesenteries of stomach, intestines or goneds by scar tisswe. In a few
cases tags were found imbedded in the gonads. More tagged males were re-
covered then tagged females, suggesting that the males survive the tagging
operation more successfully. Tests conducted in Station retaining tanks
showed a mortality from tegging of between 50 and 60 percent. (Appendix 74).

Sempling of herring catches throughout the season for each fishing area
is a long, laborious task. It must be undertaken, however, if pertinent
information is to be available on the fluctuations in abundance end size of
the successive year-classes snd their influence on the cetch. During the
1947-48 season a total of 383 samples comprising 37,631 fish was exeamined
(Appendix 75). The results thereof (Appendix 76, 77, 78, 79, 80, 81, €2)
reveal the extent to which the various age classes (chiefly III, IV, and V,
but occasionally also II and VI) contribute to the populations and result in
a good, medium or poor fishery. An abundant ags or year class normelly
boosts the population and hsnece the fishery for three years and therefore
age-composition date are of great significance in preparing predictions
(Appendix 86) which for the past few yzars hnve boen of much interest and
value to the industry.

Herring ground spawning surveys are made each spring by members of the
staff of the Herring division and also by Depertment of Fisheries officers.
They are useful in indicating the potential extent of spawping or seeding.
In 1948 spawning was much more extensive than in the previous year and
appeared to be quits satisfactory. (Appendix 83). The subsequent survival
of eggs and young is of even groater significance in erriving at an estimnte
of the probable recruitment of young fish to the horring stocks and progress
is being made in this phase of tho work (Appendix 84, 85) by carrying out
surveys along the wast coast of Vancouver islnand during the spring snd coarly
sumer months when herring larvas arz prasent and are developing, through
metAamorphosis, into young herring. Studics nre being conducted on movements
of the larvee, abundance of food, predators, etec. Different types of col-
lecting geor Are being tested.

In 1947 end sgain in 1948 some entorprising fishormen attempted to try
out a method of entching herring by trnwl. Bottom trawls were used but have
not proven particularly effective. It is conceiveble that trawls designed
to operate at intermediate depths may bs morc offective when used in con-
junction with echo sounders which indicnte the positions of the schools of
herring. Very little oxperimontation wns nttempted this fall. (Appondix 87).
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Oyster. Research in this field, under Mr., Nsave's supervision, embraced
only further experiments in rearing oyster larvae to the spatting stage in
retaining tenks, a continuation of tests initiated two years sgo. Unfortun-
ately the large tank dovaloped lsaks which nllowed too great am escape of
water to be replnced by wnter prehented to kecp the t-mk temperatures at a
‘minimum of 20° C. The tomperstures of Deprrture bay werc too low this summor
to pormit pumping wator dirocti For most of July oystors were quite immature.
Though by stimuletion and subjocting thom to rise in temperaturc spawning
would occur, the lnrvno wers very poor and short-liwed. Salinities wore low
during esrly summer ~nd until thoy ronched 27.00 it wrs impossible to keep
thom more then 7 to 8 dnys. A tompernture of nt lonst 22° C. for the Pfirst
10 days gives best survivael ahé development. After 10 to 12 days the larvas
appear to tolerate temperatures as low as 18° C. for short periods. Control
of flagellabte protozoa in the tanks and elimination of larger forms appear
necessary. (Appendix 89).

Whale. With the resumption of whaling off the northern west coast of
Vancouver island this season by a new company, Western Whaling Corporntion,
it was agreed that a biologist should be stationed at the Coal Horbour shore
plant to collect pertinent informemtion required by the Internntionnl Whaling
Convention ~nd to meke such observntions and obtnin such material as might
be of interest scicntifienlly. (Appsndix 90). This wns done, the biologist
working under the supsrvision of Dr, i-rt,.

A totel of 182 whales were landed of which 113 wers humpback, 39 fin-
back, 2 sei and 28 sperm. Humpbacks therefore predominated, a characteristic
apparently common in many areas when whaling is commenced, and which dis-
appears as further vwheling operations procsed. A large number of the 64
humpback females taken were pragnant; 38 were cerrying young. Of the fin-
backs, only 13 parcent of the femnles were pregnant. A large proportion were
immature. All of the sverm whales were mnlcs. Sizes of whales veried
according to spscies, the nvornge lengths taken boing ns follows: humpbnck -
40)feot; finback - 58 fect; sei - 46 to 47 feet; sperm - 45 feet. (Appendix
91).

Much material has been collected for subsequent exemination, such as
ovaries, foetuses, parasites, stomach contents, glands, organs, etc.

Shrimp. During ths summer season certain observations were made on
species of fish and other crustaceans taken by shrimp trawlers operating out
of Vancouver. (Appendix 92). Small sp-cimens of rockfish, midshipmen, eel-
pouts, hake and whiting were sbundant, flatfish and ling cod much less so.
Stomach content analysis indicnted th~t meony of these fish were feeding on
shrimps., Whils fishing in the strnit of Georgin off Lesousti isl-nd one
shrimper lnnded A qumtity of shrimp not commonly utilized commercinlly,
Pandalusmontagui tridens Rathbun. (Apvendix 93).

Crab. Further tagging experiments were undertrken during the summer to
determine for the populations of crnbs nlong the north coast of Graham
island the migratory hnbits of the crnbs and the effect of present fishing
intensity. The conditions in Nnden Horbour, whers n sizesble fishery has
again been estnblished, -we being followed with interast. A4 quota regulation
has been suggested to ensure no over-fishing. (Appendix 94).
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Lobstere In June, 1946, tho British Columbi~ Packors Limited purchasoed
and brought to the Pacific cOﬂst a shipment of nround 2,000 "connsr™ size
Atlentic const lobsters with 2 visw to detormining whether those crustcerus,
commorcially-valucble on the oast coast, would survive -and develop normnlly
in Pacific waters ~nd whether they would reproduce. The Fisharies Resonrch
Board consented to giva scientific ndviee ~nd supervision to this oxpsriment.

The lobstors were duly delivercd to md libornted in 2 well-enclosed
salt-water lagoon on Lasqueti island. While it was originally intended to
block off thes lsgoon and thus prevent outward migration of lobsters, the cost
was considered prohibitive and no barrier was oraected, it being thought that
perhaps the shallowness of the lagoon outloet would discourags any large
ascapement.

For two years efforts to recepturoc lobsters in the lagoon have becn made
with indifferent success. Voary occasionally an individual would be trappsd.
A smnll number of lobsters werc kept in = rotaining cege for observation
purposss. Those have done well and h~ve moultod and mated satisfactorily.
Growth rates have besn compnrabls with thoso reported for lobsters on the
enst const. (Apmwondix 95). One lobstor has been trmpnsd outside the lagoon.

During the summer of 1948 an attompt was m~de to hatch the eges rnd renr
the larvee from two berried lobstsers. A small hatchery unit, similar to
those used on ths e=st const, was provided. Larvae werc hntched but all
Appeared to be prem~turc ud abnormal, nttributnble probably to very reduced
salinitiss of ths ssowntsr As A result of Frnser river floods. A repetition
of this work is proposed for noxt scnson. (Appendix 96).

Occanography. Conditions of stlinity nnd tompernture in constal waters
of the Pacific coast were qgain investignted through the dnily collzsction of
surfrece senwnater smmples an® toapera ture roading nt oleven lighthouse stations
along the const., Previous yawrs' dnta are being tobulated nnd mimeogr-phed
and to date nll records from 1914 to 1943 have becn compilsd into six volumes
and distributed to intersstod scientists, scientific institutions and govern-
ment deprrtments. (Appendix 97).

During the summer of 1948 ~n invostigntion of the appronchss to the
Skeena river was undertaken. (Appendix 99). The purpose was to describe the
behaviour of the water discharged from the Skeena river in Chatham sound
during maximum and normal runoff and to relate that behaviour to daily obser-
vation of river discharge, weather, and surface seawater observations taken
at the Triple island lighthouse. From the records obtained it is anticipated
that the movement of salmon from the ocenn to the Skeenn and Nnss rivers may
be more clsarly dolinsated. This work formed n prrt of the programme of the
‘Pacific Ocennographic Group under Dr, J. P, Tully, with Mr. W. M. Cameron fs
Associnte Oceanogrnpher, '

Polycheeto Studiss. Mr. 2nd Mrs. Borkeley continued, on A voluntoor
bngis, their texonomic studies of Polychaste worms. A portion of their re-
cent work is now in press, the remainder being prepared for publication.
(Appendix 100). :
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Fish Parasites. Collections of marine fish parasites and of endo para-
sites from fish in the Skeena river system were made during the summer.
Identifications are being undertaken by Dr. Adams. A survey of available
published records and of manuscripts on parasites of marine fish in this
area was made and a host-narasite list has been compiled., (Appendix 101).
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Urseth, Supervisor of Fisheries for Distriet No. 2 (subsequently forced to
retire due to ill-hzalth end replaced by Mr. G. S. Reade), T. Wallace, C. E.
Salter, W. Johnson end B. Kristmenson, continued to give valusbls. assistance
and support to the Skeena river salmon investigation. Their sincere interest,
suggestions and criticism have been most enccuraging end keenly appreciated.

The visit of mambers of thz Bxccutive Committeec end other Board members
to the Station in June and to certain field stations was a happy avent, very
much appreciated by the staff of the Station. Such contacts es ars thus
made are of incnlculsble valuo, esvecially to ths scienticts, and it is
regretted that they can not be more frscuont. Tha intercst and sncourngomont
displayed by the Chrirman And Viee Chnirmrn heve been most stimulating,

STAFF

During the year the Station suffered the loss of two of its senior
scientists, Dr. Pritchard and Dr. Tester, members of staff who have been
associated with the institution for many yesars. Such separations in order
to enter fields of greater resvonsibility or to teke up work of a different
nature must be oxpocted and accepted. It is a tribute in many respects to
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the training which results from service with the Board., Two of the Stntion's
junior workers nlso laft the staff, Mr, J. H. Glover, Junior Scientist, and
Miss Winonn Bethunz, Sonior Resenrch Assistrnt, the former to entor commercinl
work, the lntter to join ths faculty of Vietorin Collszge. To cnch of our
departing collenguas the stnff extends sincercst wishos for overy success,

Only two additions to the scientific steff have been made, Mr. R. G.
McMynn, B.A. and Mr. D. N. Outram, B.A., both graduates of the University of
British Columbia. Both have been assigned to thes herring investigation. Mr.
MclMynn has had one season's field sexparience with thes crab study on Graham
island, §.C.I., while Mr. Outram has had two summsrs with tho Ske:na river
salmon investigation.

Granted laavs of absence to commence or continus post graduate studies
are ths following:

Mr, J. R. Brott, M.A., University of Toronto, for Ph. D. .

Mr, K. S, Letchen, M.A., University of Toronto, for Ph. D.

Mr. F. H, C., Taylor, B.A., Scripps Institution of Ocsanography, for Ph. D.

Mr. W. ii. Cameron, HM.A., voturned from Scripps Institution of Ocean-
ography July lst and hos teken up his work as Associate Ocean-
ographer with the Pacific Occanographic Group.

PACIFIC OCEANOGR.FHIC GROUP

This unit of the Joint Committee on Oceanography which conducts ccopera-
tive research for the Royal Canadisn Navy, the National Research Council and
the Fisheries Research Board has proven to be a2 most usseful and effective
adjunct to ths Station. The staii members ars also members of the stnff of
the Stetion, though in some cases salaries arc paid by one or other of the
cooparating institutions.

P. 0. G. bas assumed responsibility for the lighthouse sampling work,
has compiled five volumes of data related thereto and is now working on the
remaining recerds (from 1944) to bring them up to date and continue with
annual mimeogrsphed compilations. It has undertaken a comprehsnsive survey
of the waters off the Skeena and Nass rivers, roported slsewhsrc. Dr. Tully
has completed his report snd bullstin on the Alborni inlst survey and is
endeavoring to put together the data collectad several ysnrs ago in a study
of the strait of Georgic,

At All times the members of P. 0. G., when at tho Station, ~rs nvnilablo
for consultation on limnologic~l or oco~nogr~phic probloms ~nd their interest
nnd coopsrntion nro most hslpful. In turn tho St~tion onde~vors to trovide
suitable ~ccommodntion, facilities ~nd advice on biologic~l mntters. It is
hoped that the prossnt coopsrative offort, tho pooling of interssts mnd
fneilitiss, will enable tho onrly initintion of the much-needed cocstrl and
offshore ocennographic investigations raferrzd to elscwhore.
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BUIIDINGS AND GROUNDS

New Biological Laboratory. Construction of the new, fully-fireproof
building appears to be proceeding satisfactorily. Excavation commenced .
early in September and by November 30th the walls end columns of the second
floor should be completed and the third floor slab ready to pour. According
to a "Progress Schedule" prepared by the contractors, Dominion Construction
Compeny Limited, the building is to be completed by mid-February. This may
prove to be slightly over-optimistic. Alrsady inclemsnt weather hns delayed
operations several days. Considerable ~ttention will heave.to be given to
grading and approprinate lrndscaping md besutificotion of grounds once con-
struction is completed. This will presumably be done next spring.

Warehouse. Utilizing sections of the old 1nborntory building a renson-
ably commodious wnrchouse has been built behind the Gnarnage. Suwplies and
miscellmeous oquipment are novi conveniontly stored, in chnrge of a competont
store-~kesper,

Boathouse~workshop. During the summsr our bo~thouse-workshop, situnted
on the waterfront below the Chomistry Building ~nd in coursoc of being en-
larged n~nd renovnted, wns totnlly dostroyed by firo. VWholely of fram:z con-
struction the structurs burnzd fisrcely nnd all that could be done wns to
save the nearby Chemistry L-borstory and Diroctor's residence. This wns
successfully accomplished due to tha fret thnt the day was cnlm with no wind.
The loss of a workshop has becn koenly folt and it is hoped that a now build-
ing may soon be authorized. It is recommonded thnt it be of cement or cinder
block construction, honce partially firoc-proof. Power tools and othor equip-
mont wers also lost 2and must be duly roplnced. ‘

Fire Protection System. Plens have been prepared for a complete Te-
modelling of the fire protection system in order to provide more water to a
greater number of hydrants strategically placed esbout the buildings end
grounds., 4 new fire pump has been installed to supply salt water to the ex-
isting system and is housed in a concrets-block pump house arccted behind
the retaining tanks. Delay has occurrcd in obtaining adequate supplics of
pipe, but this matter is now well in hend. Walsh Construction Company Limited
of Vancouver has given valunble advice ~nd hns submitted £ tender to install
the ns3w piping, este. '

Grounds. Following completion of the new Laboratory Building relocation
of existing roads and parking arees may be necessary. A new fence around the
Station property will be raquired mmd steps will be t~ken to elenr out under-
brush and lsvel of f the terrain. The Stnation being a working institution, it
is desirable to hnve the grounds reesontbly attractive without being too
artificinl and too great an attrnaction for tourists ~nd picnickers and re-
quiring =~ disproportionate amount of Station appropriations for maintenance
and upkeep.
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VESSELS

At the prssent time the Station possesses only one vessel, the "Investi-
gator No, 1", which is attached to the trawl fishery investigation. There is
an urgont need for a competent ship for the herring investigoation, one ade-
quate to operate in wost const of Vwmcouver island nrens for tagging work,
lerval herring studies, ete. A 70-75 Toot vessel with ndequnte powsr is
desireds In addition o raplncoment fPor the M/V "A.%. Knight" is required for
genernl Stntion use, 4 vosszl of o similar size nnd similarly cquipped but
with nccommodation altored somswhet to m~ke morc sffective use of spnree would
suffica. 4 smallcr vosscl, 35 to 40 fect in length, will be required by tho
Generrl Salmon invastigntion 2s the work expmads.

PUBLIC:TIONS

The sppoarance of only onc paper from this Stotion in the Bosrd's pub-
lientions (other thw Progross Roports) during the y2ar nnd the submission
to tha Editor of only three manuscripts - one for the Journal and two for
the Bulletin series - deserves explanation.- In soms respects it may tend to
signify a lack of attention to this phase of the Station's work, admittedly
an important phaese since proper dissemination of results of researchess is
highly desireble, but this is not quite the case. Roference to the list of
menuscripts already submitted for publication will show that a goodly number
(five) were prasented before Sgction V of the Royal Society of Canada at the
June mseting in Vancouver. With most of the investigntions presently in a
stnge when voluminous data re being collocted it is yet too early to draw
significont coneclusions mnd present rosulis. Consaquently thore is n defin-
ito limitation to tho numbor of p~pers which crn be propared. Tho Station
is 7t the momont pnessing through o psriod whon tharc aro not onough smnll
resenrches or probloms in progress whoso results can be quickly obtainecd nnd
roportod and the nmnjor investigntions h~ve not proceseded sufficiently far
enough to report any particulsr phascs.

Ten Progress Report articlos hrvs boon proparced nnd publishod ~nd
further issw is plonned bofore tho end of the yenr., Some of theso articlos
might bo considerad suitable for tho Journnl, but distribution to the industry
and intorosted scisntists is much wider nnd quickor whon issued ns Progress
Reports.
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Observations of Sea Vater Temperature, Salinity, and Density on the Pacific
Coast of Canada. (Mimeographed compilations of daily records).

Volume I, including date from 1914 to 1934, Distributed

May, 1947.

Volume II, " " " 1935 to 1937. Distributed - September, 1947.
Volume III, " " " 1938 to 1939, Distributed - Janunry, 1948.
Volume IV, " " " 1940 to 1941. Distributed - Mrnrch, 1948,

- July, 1948,

Volume V, " " " 1942 to 1943, Distributed

The distribution list of thesc volumes of rnw datn includes 23 agencies
in Canndn (46 copiss), 21 ngencies in the United Stntes (26 copies) nnd 13 in
Great Britain 4nd western Burope (15 eopies). 1In all cases the recipients
have expressed keen appraciation of the records and meny references to the
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ing yetrs.
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Ne-~ve, Forris., Facundity nd Mortality in Pacific Snlmon. Trmns. Roy. Soc.
Crn,, Szction V. Submitted Juno, 1948.

Pritchard, A.L. 4 discussion of tho mortality in Pink snlmon (Oncorhynchus
gorbuschn) during their period of merine life. Trans. Roy. Soc. Can.,
Section V. Submitted June, 1948.

Tostor, 4.1, The efficiency of cateh limitations in regulating the British
Columbin herring fishery, Trans. Roy. Soc. Can., Section V. Sub-
mitted June, 1948. '

Populations of Herring along ths west coast of Vancouver island on the
basis of meen vertebral number, with a critique of the method. J.
Fish. Res. Bd., Can. Submitted July, 1948.
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(with H.J. Hollister, R.L. Fjarlic nnd W. Anderson). & hydraulic
model of Llberni harbour, Bull., Fish. Rss. Bd. Can,
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SKEENA RIVER INVESTIGATION

1. PROPAGATION STUDIES
J.A. McConnell and J.R. Brett Appendix No. 1

Propcgation Studies at Lekelse lLake

In 1946 and 1947, a netting type fence was installed in the lakelse
river through which were enumerated the migrating yearling socksye salmon.
The temporary structure was replaced this year with a sturdier, more permanent
one involving part of the adult sockeye fence built in 1947. Work on the new
project began on March 21 so that the fence was operating on May 18, in spite
of considerable delay occasioned by a late spring break-up. The screened
panels, (8' x 107), covered with small mesh seine notting, were inserted in
slotted piling and arranged in a V lezding to a central trap. This trap, a
modification of the previous one, had a 4" x 4 timbor framework and strong
wire netting surrounding the four pens. The system of doors, lcads and
double bottoms which wcro installed, made the device more efficient in that
virtually all the fish entering the trap vere capturcd and held. Handling
of the fish was roduced by use of a pair of large graduated tanks in which
the volumes of all the migrants werce teken and a sample of approximately
25% of the run counted to obtain thc volumc-number ratios

The fence was only in opcration for a fow days before the effects
of the unusually high water began to tell. The level reached a peak on May
29 which was 16 inches higher than the peak in 1946 and 21 inches higher
than that in 1947. In spite of all offorts to bracc and sttngthen the
pancls, five were washed out on the night of May 29 and efforts to obtain a
yearling count had to be abandoned. It is felt that the fonce as dosigned
but with additional strong permanent braces will be quite satisfactory in
the future, the loss of the count this year being due to very exceptional
flood conditions.

During the period of cperation, May 18 to Mey 29, & total of
349,000 yearling sockeye were passod through the fence. A statistical
treatment of the daily runs up to May 29 in relation to those of the previous
years indicates that the sockcye migration would probably have totalled
1,500,000, This totel would be spproximatcly 3 times the 1946 run and 4
times that for 1947. It would indicate a percent survival to yearling stage
of 1.93 from the 1946 sceding by an estimated 40,000 adults.

2, MIGRATION STUDIES

J.A. McConnell end J.R. Brett Appendix No, 2

Merking of Sockeyo Salmon Yearlingsat Lakelse Lake

It was planned to continue as in 1946 and 1947 the merking of
100,000 yearling sockeye migrating down the Lakelse river. However, the
unexpected loss of the ycurling fence early in the ssason preovented completing
this, and in the three days prior to May 29 only 4,709 yearlings were marked
by removal of both pelvic fins.
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Merking of Sockeye Salmon Yearlings at Babine Lake in 1948

The merking of 103,906 yearling sockeye salmon by removel of the
adipose and both ventral fins was carried out in the spring of 1948 from May
23 to June 9. |

The method of capture was identical to that employed in 1947. Some
difficulty was experienced this year when high waters threatened to wash out
the lead, but this was overcome by the addition of supporting piles on the
ddwnstreem sife. As a last challenge to the fast rising water, the lead was
extended in height end stilts were installed on the bottom of the trap.

A total of 468 was preserved for later analysis, this being approxi-
mately equal to 1/50 of one man's marking total. It was estimated that less
than 1% of the fish caught died as a result of manipulation during the marking
process. ) '

e Factors which might affect the yearling migration were again observed
and recorded. These included water level and temperature, climatic conditions,
the time range of the daily migrations, etc. In addition water temperature
series were collected from seven points along the axis of the lake as far south
as 10 miles from Fort Babine. The first 5 points were approximately 1 mile
apart while the last 2 points were at 2-mile intervals. Temperatures were taken
at the bottom, at the 20, 10 and 5 metre levels and at the surface. Most
positions were sempled every 5 days throughout the marking period.

Another feature of this year's marking program was the observation
from a high vantage point of the migration "routes" over the entire width of
the lake., This was carried out about 5 miles south of Fort Babine. In general
it was discovered that schools close to shore move faster and apparently with
more directed movement than the offshore schools.

D.J. Milne _ Appendix Nos 4
Return of Marked Salmon in 1948

) During 1948 a considerable number of recoveries of four-year-old
indivicuals were expected from 100,967 young sockeyemarked at Laekelse leke in
1946 by removing both ventrel fins and from 88,972 marked at Babine the same
yeer by removing the adipose and both ventral fins. In accition there might
also be encounterec a few five-year-old fish from smaller markings of 1945
(ca. 10,000) end a small number of three-year-olds from the 1947 experiments
involving approximately 200,000. In order to assure adequate collection, an
observer was stationed at each of the six operating canneries to examine all
the sockeye taken in the Skeena gill net area during July. Iuring August
epproximately one quarter of the catch was examined. Close observation was
also maintained of the spawning adults on the streams tributary to Lakelse and
Babine lakes. :

From approximately 800,000 sockeye examined in the Skeena river, the
following legitimate and undoubted marks were obtained: Babine = 327, Lekelse =
72. From cannery to cannery, the concentration of the Babine recoveries varied
from 1 in 1900 to 1 in 5000 and the Lakelse merks from 1 in 7700 to 1 in 14,000.
Since ‘equal application was given to inspection throughout, the difference is
attributed to the disposition of the various fleets, in relation to the migra-
tion routes. Fish from both lakes were apparently widely distributed through-
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out the aree to Stephens, Finleyson and Tugwell islands and at the mouth of
the river. The Lakelse sockeye were obtained generally in the early part
of the season with 70% of the returns being made by mid-July at which time
only 40% of the Babine recoveries hed becn recorded. The greetest concen~
tration of Babine recaptures was during the last threce weeks in July. While
the Lekelse run must still be considercé esrly, the merking returns have
certainly incdicated a leter effect than weas previously shown by tegging.

A large number of fish (159) were discovcred which had damaged fins
or lacked one or more of the specified eppendeges. There is no doubt that
the majority of these heve been rightly ignored as natural deformities but it
cennot be cenied that some were the result of poor merking procecure. It is
difficult to determine just how many shoulé be considered es legitimete but
. as e result of observations on the spawning groundés it enocars thet annroxi-
mately 10% wisht be so assigned.

Tke concentration of Skeena marked fish zs determined by examining
semples in areas cefinitely outside the Skecne influence, was low, e.g. Smiths
inlet - 1 possitle. Lekelse in 1,000, Rivers inlet - 2 c¢oubtful in 500,
Butedsle - 1 doubtful in 100, Lowe inlet - O in 7,000 and Nass river - O in
30,000. Off Banks islend where Skeena fish are known to run, the numbers
were 2 Lekelse, 1 Tabine and 1 doubtful in 4,000.

The examination of 58,600 spawning ecults at Bebinc produced 63
legitimate marks and 7 doubtful. The percentage of merked individuals with
fins not cleanly cut was lower then the proportion on the coast but still
amounteC to over 10%. From 6,000 fish at Lakelse, 9 legitimate marks were
recoverec.

In generael the total returns mey be considered small when compered
with other experiments but they have been valuable in demonstrating the
distribution of the sockeye from these areas in point of time and place.

&L.L. Pritchard Appendix No. 5

Salmon Tasging off the Skeena River in 1948

From June 10 to July 18, 1948, Captain Leesk as in four previous
years, seined for the salmon tagging in the northernareas. Two trips were
mede to the Nass area includéing Steamer passage oné Finlayson island from
June 10 to 13 inclusive ané July 13 to 15 inclusive. The renainder of the
time was spent at the mouth of the Skeena off Smith and Lelu islands. In all
the following fish were tagged - Nass area - Sockeye - 121, Springs - 77,
Coho - 6, Pinks - 123, Chums - 138, end Stcelhead - 1; Skecna River hiouth
frea - Sockeye - 2,342, Springs - 159, Coho - 9, Pinks - 19, Chums - 6, and

Steelhead - 9. Since returns from the Nass tagging and from that for snring,
- coho, pink and chum off the mouth of the Skecna heve been recletively limited
anc acc little to the indications of migration recorded in previcus yesrs,
the recoveries from the Skeena River ‘louth arca for socl:ye only are treatéd
herein.

Sockeye Sslmon Recoveries. Of the 2,329 tags affixed to sockeye
salmon, the following returns have beecn recorded to dete: Cormercial fish-
ery - 510 (21.8%), Incéien fishery - 261 (11.1% and spawning grounds - 77 (3,3%).
The percentage recovery from the comrercial fishery (21.8%) is rel-
atively low, cf. 1944 - 40.1%, 1945 - 25.5%, 1946 - 30.1% cnc 1947 - 18.6%.
It is possible that the generally inclerent westher early in the season coupled
with high water may heve had some effect in this connection.
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Following the usual outline of the last four years, the percentage
recoveries from each day's fishing varied greatly (13.3% to 61.9%). They
were relatively low for fish off the Skeena river mouth up to June 27, high
for salmon in early July dropping off on July 17 and 18.

As in other years, the Indian fishery exploited most heavily the
early run, those present off the mouth of the river up to June 26. The drop-
off toward the end of the run was, however, not so great as usual. This early
fishing has been attributed to & desire to get fresh food as soon as possible
after the winter. The total percentage recovery was 1l.1 which is normal by’
comperison with 6.9 in 1944, 9.0 in 1945, 10.2 in 1946 and 12.2 in 1947.

The times taeken for the sockeye to move upriver from the point of
tagging as calculated from dates of tagging ené return, show the same general
progression as previously. They ere as follows (1947 figures in brackets):
to the eastern end of de Horsey island - 4.5 (5.6) deys, Point Lembert - 6.4
(5.9), Terrace and Kitselas & 10.6 (14.3), Cedarvale, Kitwenge and Skeene
Crossing ~ 20.3 (19.0), Hazelton, Hagwilget end Kispiox - 19.0 (16.7), Babine
Lake streams - 37.0 (46.7) and Moricetown - 22.3 (25.4). Even though the
fishrergined in the lower river up to Point Lambert for a slightly shorter
time in 1948 (4.5 as compared with 5.6 days), the limited velue of the
weekly closed season of forty-eight hours is again indicated.

Returns from the spawning grounds, though few, still show thet the

- run to Lekelse is early. No tags were recovered there which were affixed after

June 23. The greatest concentration of Babine sockeye was moving through the
fishery just after the middle of July, On the whole, however, the runs were
mixed.

3. LAKE_SURVEYS

J.R. Brett end J.A. McConnell Appendix No. 6
Lakelse Lsoke

The reguler physicel, chemical, meteorological snd plenkton studies
of Lekelse lake have been continued a&s in past years and amplified with
ronthly temperature series end plankton hauls taken during the winter months.
Mr. V.H.B. Giraud, the fisheries inspector at Terrace, hes been most helpful
with this winter work. .

Stancderd netting wes reduced to 4 sets mede during e winter trip in
Februery and 5 sets in the letter part of June. The cetch end catch per
net-night are tabuleted below: '

Winter - 1948 Sumper - 1948

Catch Catch per Catch Ceatch per

Species - net-night net-night
Peamouth - 0.00 156 6.2
Squawfish - 0.00 41 1.64
Cutthroat 14 0.70 13 0.52
Rocky mountain whitefish 3 0.15 13 0.52
Sculpin - 0.00 2 0.08
Columbia lerge-sceled sucker - 0.00 2 0.08
. Dolly varden 2 0.10 - 0.00
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Tt will be noted that the winter catches were very different from
the typical summer catch in that no peamouth or squawfish were caught. The
stomachs of the cutthroat trout contained 98% fish whereas in the summer they
take only about 60% fish. The predation upon young sockeye, though, was much
the same, the extra fish teken by the winter sanples being sticklebacks.

Virtually all the aveileble fish stomachs from Lekelse lake have now
been analysed ené these data applied to our knowledge of predation and
competition.

V.H. Mcliahon ' Appendix No. 7
Babine Lake frea

With the majority of the summer workers at the canneries from June
22 to August 3, relatively little lake work was carried out at Babine this
year.

Water temperatures were taken and plankton semples collected at app-
roximately two-week intervals throughout the summer at Stations I and IIT.
Meteorological records were kept for Division I during periods of camp
operation.

There wes no attempt to catch fish by netting in the leke, but a
series of trolling experiments were carried out in Division I. 4 weighted
main line on which leaders and baited hooks were fastened at 5-metre inter-
vals was let down end towed at slow speed. No fish were caught after several
trial runs and the experiment was discontinued.

The sounding of Babine lake was completed in 1948 wiith a more
comprehensive coverage of Morrison and Hagan frms.

V.H. McMahon Lppencix No. 8
Morrison Lake

The work on liorrison lake in 1948 was confined to & one-dey trip in
July an¢ & five ¢ey visit in iugust. Water temperatures end plankton samples
were taken at Station III in both months, ané a short netting program was
carried out in August.

On the later visit a fourth netting position was set up near the
north end of the lake, end was netted in a stendard menner, i.e. a standard
series of nets was set perpendicular to the shoreline with the large meshes
inshore for the first set and the series reversed each succeeding set. This
effort yielded a total catch of 10 Eastern Whitefish, 10 squawfish, 9 kokanees,
6 peamouth chubs, 2 lake trout, 1 burbot an¢ 1 sucker. In adcition, 3
experimental bottom sets were mece using one or two nets at depths of 5, 12
and 25 metres in the hope of capturing predator fish. No such fish were taken.
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Bear Lake irea

This yeer a party was in the Bear lske area from July 21 to
October 5. Temperature records were obtained, plankton collections made
end a netting program carried out.

Temperature records show that the leke warms up until the second
week in Lugust and then commences to cool again. fLs was noted in 1947,
layers of warm weter sometimes occur in the cold weter at various depths in
the leke. The theory that these are caused by mineral springs seems to be the
only rcasonable explanation.

Plankton samples and transpsrency readings appeared¢ to be normal,
though a swnall algal developed in fugust instead of September as in other
yeers.

The netting programme was extended to include sampling of the Beear
river fish and additional areas in the lake especially over the sockeye redds.
In 18 sets, a total of 73 net nights, 536 fish were caught of which 152 were
sockeye, 27 were predators and 357 were other species. Netting in lake
spawning areas to assess predation on the eggs in the redds accounted for the
high catch of sockeye, a large provortion of which were returned to the water.
Further netting in these areas in the spring when the fry ere emerging from
the gravel is essential for a complete understanding of the extent of preda-
tion in this type of spawning. Thet it mey be consicerable was evicent from
information gethered from the Indians regarcing the catches of precators in
the spawming ereass in the spring.

4e SIRE.:' SURVLYS
J.R. Brett and D.F. .lderdice Lpoendix No. 10
Lekelse Lake firea

In 1947 an avparently feasible and inexpensive type of fence was
constructed in the Lakelse river to provide & count of the numbers of adult
sockeye salmon entering Lekelse lake. It did not function properly due to the
lack of & strong current to bring the fish into the pens. The fence was
reconstructed this year in iiay and June with the short shear or funnel, built
last year to increase flow through the pens, being extended almost to the banks.
In addition, new pens were installed, designed to hold up water as little as
possible. ilthough this did increase the current through the pens to approx-
imately 5 miles per hour the fish still would not enter in satisfactory
numbers. Considersble difficulty was also experienced in meintaining a seal
in the cley bottom and it was felt thet the shear would increase scouring in
spite of sandbagging, etc. to the point where lsbour to maintain the fence
would be prohibitive. Thus, after every possible effort had becn made to
ensure success, the project had to be abandoned.

If a propagation study is to be carried on at Lakelse it would appear
that a more expensive pletform and picket type fish fence will have to be
constructed farther dovn thc Lakelse river in swift flowing weter.

The fence, operating at low efficiency, ¢id capture 3,796 sockeye
between June 19 end .ugust 19. These were examined for narks, 2 being observed
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as were 6 ocean tags. A total of 298 sockeye was tagged at the fence.

Lacking a fence count, a good estimate of the total run was formed by
recording recaptures of these tags in samples of the population taken by sein-
ing in Blackwater bay. Four seine hauls were made on July 26, 27, 28 and 29
in this bay where the Lakelse sockeye congregate before moving into the spawn-
ing streams. Some 19 fence tagged fish and 986 untagged fish were recorced,
giving by statisticel analysis & total run of 15,000.

In the past, an estimate of the total run has becn mede by using a
tagged to untagged ratio from counts made on the spawning streams. That
method was not fessible this year even though the routine B-day streem counts
were macde. Heavy reins ceused unusually hich &-d murky water in the main
spawning streem, Williams creck, resulting in relativcly smell anc inaccurate
counts. Eliza and Scully creeks were less murky enc¢ on the basis of counts
in them the ¢istribution to the crecks was probsbly:

Williems creek - 13,000
Eliza creek 800
Scully creek 1,200
Granite creck 0

Total 15,000

Granite creek, which in recent years has become increasingly jammed
with logs and spread out, was inaccessible to salmon this year.

J.L. McConnell Appendix No. 11

Kispiox System = Lac-da~deh District

In order to add@ another area to the year's stream observations it
was arranged to accompany Fisheries Inspectors V.H.B. Giraud and W.K. Elliott
on an zirplane inspection trip to sockeye spewning streams in the Lac=-da-dah
basin. In the one~day trip on September 22, a lanc¢ing was made first on Swan
lake and surveys made of Falls creek and the upper end of Club creek. in
amazing heavy run was spawning in Fells creek with approximately 10,000 fish
jammed into the short spawning area. 4lso a school of several hundred were
observed off the mouth in Swan lake. Spewning was at its peak et the time and
large numbers of whitened eggs in all the pools and ecfcies geave evicence of
egg wastage. Upper Club creek, the outlet of Swan leke, was well seeded, there
being 550 live and 16 deac socleye on this short spewning zrea.

I secon¢ lending on Stephenslake gave access to Lower Club creek,
the main spawning stream of the area. Here 3,000 live and 550 dead sockeye
were observed in the creek and in addition, a large school of between 500 and
700 coho salmon was present off the mouth in Stephens lake. L few coho ané
spring sclmon were observed at the upper end of Stephens_creek, which érains
the chain of lakes into the Kispiox river.

The total scckeye escapement for the area was probably 15,000 but
it is felt that because of the egg wastage in Falls creek, the effective
escaperment woulc have to be considered somewhat less.
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Bghine_ Lake 4rea

With the loss of an absolute count at the Babine fence in 1948
as a result of the washout, enumeration of the runs to the streems in the
Babine rrea beceve essentizl. L5 in previous years, surveys were cerriec out
at ? to 10 cay intervals, an¢ in accition to the counts of live anc deac fish,
sex retios, merk recoveries, water levels zné obstructions were recorded.
Comperison of the runs to various streams is given in the foll.wing table:

Sockeye Runs_- Bgbine irea

1946 1947 1948

Jlower Babine river 9,000 10,000 15,000
Upper " " 9,000 10,000 12,57
Trail creek 100 75 0]
Unnamed creek 0 0 0
Five Mile creek 50 200 1,300
Nine Mile " 1,000 600 3,900
Fualton river 100,000 115,000 115,000
Tachek creek 6,500 12,000 5,700
Sockeye creek 320 1,400 600
Pierre creek 16,000 19,000 19,600
Twin Creek 9,500 9,700 5,100
FPendleton creek 2,000 1,800 1,300
Fifteen Mile creck 28,000 25,000 25,500
Four Mile creek 1,100 1,800 3,300
Six Mile creek 340 &00 2,700
Grizzly creek 3,500 4,900 8,800
lorrison river 20,700 28,000 30,000
Salmon creek 5,000 5,000 7,000
Total 211,410 245,275 257,300

Since the estimates of runs to streams in 1946 and¢ 1947 totalled
aporoxirately one-half of the run throurh the Babine fence in those yeers,
it becomes possible to estimete the probable rin throuch the Eebine fence in
1948. 0On the basis of the ratio in the past, the fence count this year would
havi bcen in the neighbourhood of 560,000, or approximetely 40,000 grester then
in 1047, :

In terms of effective spawning population, the run to Babine lake in
1942 is much greater than in 1947. Precocious male or "jack" sockeye were
much fevwer than in 1947, when they formed 48% of the run through the fence.
Thus, the elfective escepement to the Babine area in 1948 coulé well be
200,000 larger than in 1947.

L.R. Foskett Lppendix No. 13

Bear lLake Area Spawning

~ The count at the Bear leke fence and the subsequent recovery of tags
on the leke shore indicated that the gockeye run to the ares this year was the
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lowest recorded during the investigation. The stream counts, however,
indicate that these runs were normal for the area and therefore the decrease
must have been in the leke spewning population. The small number of sockeye
recovered on the lske shore, 260, as compared to the 1,244 of 1947 supports.
this assumption. Addéing to the sockeye tagged, those put over the fence
which hed tags, an¢ eliminating recoveries from gill netting anc¢ stream
recoveries, the net total of tags on the lake population was 132. The gumber
of tags recovered from fish on the leke shore was two end four fish having
unmisteksble tag scars were found. That is a total of six tags for 260 sock-
cye, indicating a population of 5,720. While several factors tend to reduce
the velue of this estimate, it is dircctly comparable to that of 1947 which
indiceted a population of 40,000 sockeye for the aree. &4s no tagging program
was carried out in 1945 and 1946, estimates for those years cannot be compared
with those of 1947 end 1948. From observation, however, it is known’that the
1945 populetion exceeded the 1947 run by a very large emount and %hedlPsé mun
was equel to and probably better than the 1947 runm.

The spring salmon run in the Beer river was as large as in 1945
when en ecstimeted 9,000 spewned there. The run was at least two weeks later
this yecar. Coho were present in approximstely the same numbers as in pre-
vious ycers though spewning was just comrencing tcwerds the enc¢ of September.
Pink salmon were absent es is normal in even-numberec years in this area.

In view of the very greet fluctuations in the size of sockeye runs
to this arca ané the desircbility of knowing more sbout the concitions
affecting the fry, it is recomwended that the arce shoulé be examined cduring
the spring months, especisily with regard to water conditions uncder the ice
an¢ predation on the redds when the fry arc emcrging.

5. SLLION COUNTIMG FENCES

J.A. McConnell Appendix No. 14

Babine Fence

In the spring of 1948 work was started to put the Babine fence in
concition for a third year of operation. A sixth trap was added, the panels
drilled, and the pickets spaced with steel rods. It became apparent late in
May that exceptionally high water levels were to be expected in June and the
half of the panels which had been installed easrlier were removed to elimina*e
strain on the fence. At this time additional filling was cone with boulders
around the cribbings on each bank. With receding water levels late in June,
the panels were replaced and the fence sealed on July 2 for the expected
beginning of the sockeye run.

A cautious watch was maintained on the structure for the next week
an¢ there was no incication of weakness. On the morning of July 9, however,
a washout occurre¢ which in a very short time cut a hole 15 feet into and
under the east cribting and 32 feet out ané under the fence floor, removing
the shect piling ané the new trap and reaching s depth of some 4 to 6 feet.
The pancls were removed immediatcly and attempts were mace to block the hole.
However, the strong force of the water mace the ef’orts ineffective anc the
fence had to be ceclarec inoperative for the season. It becamc necessary
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then to switch the manpower over to stream surveys anc¢ to preparations for
repair of the fence during the fall low water.

It was decided to extend the fence at each end into the present
abutment cribbings and rock fill them prior to ~illing thc hole and re-
driving the washed out sheet piling. #xr. O.A. Ragsdale, the original
builder, agreed to do the repair werk in thc fall and in the meantime all
possible preparations were made, viz. collecting rock for the fill, logs
for piling and cribbing, transporting the lumber end pilecriver to the
fence site. The renair work commenced on October 2 and continued until
November 2. Completion of the work will be carriec¢ out in the low water
period of ecarly spring.

D.R. Foskett Lppendix No. 15

Bear Lake Fence

Construction of the Beer lzkc fence this year wes accelerated by
the use of one-inch mesh stucco wire and the fact that, despite hich wster,
the framework of the 1947 fence was for the most part intact. However, the
ability of thc sockcye to break throuch the wire resulted, in the end, in a
fence wh'ch was almost as heavily picketted s thet of 1947.

The fence was in operation from July 27 to September 23, during
which period it is estimated that 90% of the sockeye run entered Bear lake.
The count of 3,021 sockeye represents a large proportion of the salmon enter-
ing thc lake as it was very seldom that any hole was not patched within 24
hours. Of the sockeye counted through the fence 139 (4.6%Jwere tagged. The
sex ratio was relatively even, 1,395 being females and 1,626 being males of
which 45 were jacks. The twc peaks recordcc for the run, about Lugust 10
ané August 30 are believed to represcnt thc peek of the stream and lake
spawning runs respectively.

The count of coho this year, 191, wes very similer to that of
1947 and as was the case then, large numbcrs were just below the fence at
the time it was removed. Only 5 spring salmon entered the pens at the
fence which is above the spawning grounds of this species.

Of the local fish populations, 76 rocky mountain whitefish, 23
eastern whitefish, 38 long-nose suckers were casught as well as one dolly
varden char and one rainbow trout. Of these, the dolly vercden char, 4
rocky mountein whitefish, 9 eastern whitefish anc 16 northern suckers were
tagged. One northern sucker tagged in 1947 was egain capturec at the fence
and relcssed.

6. STATISTICS
L.J. tilne Aopendix No. 16

Commercial Fishery - 1948 season

4As previcus summary reports have reviewed the commercial fisheries
in past years the present report will be confined to the 1942 season. In
generel it has been an exceptional year, especially for the sockeye fishery.
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The weather, which was particulerly fine for most of the spring anc summer
months mey have becn an associated factor. The spring flood of thc Skeena
river was the most extreme since 1936. It had been precicted that the 1948
sockeye catch would not repeat the low catch of 1947 (32,000 cases) but might
be as much as twice as large. The catch recorced of three times this size’
could not be anticipateé in the light of »ast data.

In Ceteil, the sockeye fishing started off slowly, with deily
averages of 30 fish per boat rcported for the first two weeks in July. The
average for the third week rose to 60, end drovped to 55 during the fourth
week. Up until this time the cetch had followed the upper renge of expect-
ancy. However the last week of July end the first two weeks of hugust prod-
uce@ catches which were the largest for the season with the result that the
totel catch was about 98,000 cases. This lerge catch late in the season
gave a date for the 50% point at July 25, which is two deys later then any
season since 1935, the period for which detaile¢ records are availsble.

Thus tre catch for this season coulé not be reliably predictec either in
total or at the end of the first four weeks of fishing.

This season's large catch attracted and sustained the fishing
efforts of 827 boats. With the exception of 1946 this is the largest number -
of boats licensed since 1941. These boats everaged over 50 fish per day
and 1,500 fish for the season. As it is only three years since the last
large catch in 1945 the regularity of the five-year cycle hes been broken
for the second time in the last twenty years. The fish comprising the catch
were smeller (5.6 1lbs or 13.4 fish per case). This small size and the lete-
ness of the run may indicate that the lerge run of jacks in 1947 was probably
followed by a large run of four-yeer-old fish. It remains to be seen if the
age determinations will substantiate such a supposition. As the estimated
esceperent has not been wholly in keeping with the large catch, it would
appear that the commercial catch mey heve taken more than the usual propor-
tion (approximatcly 50% of the run).

The pink sclmon catch this season of over 50,000 cases has followed
the two lowest catches on record in 1946 and 1947. This indicates that the
run for the even yesr cycle has probably reverted to an average condition
ané it will be interesting to sec if the odd year cycle will do the same in
1949. The pink run appeered eecrlier in July from which a rendom sempling
of 100 fish yiclcedé 57% males. In August, 68% of the 156 fish samnlec were
males which is considerszbly lower than the percentages obteined for 1846 or
1947. The chum catch wes egain excevtionally high and thc spring enc steel-
head cetches werc good. The coho catch was only fair so that for this
species the catches have Cropped eesh ycar since the peak catch in 1941.

In centrast to the Skecna salmon catches, it has been reportcd for
southeastern Alaska that the sockeye catch has been the lowest on record
and that the pink catch is lower then in 1947 or has been the lowest since
1927. The chum catches were good in both regions.

The general results from the oceanographic study of the dispersal
of fresh water from the Skeena river indicate thet during thc sockeye
fishing period the fresh weater pssses northwerdés slong the shore to meet the
fresh water from the Nass river in the northernportion of the Skeena gillnet
area. This picture is in general agreement with the ocean migration routes
of sockeye bound fcor the Skeena river as deduced from tegging experiments
and fishing experience. '
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Indisn Fishery on_the Skeena River

As in previous years all the Indian fishing sites were visited
during the summer. The final estimate of the number of fish taken in 1947
by the 2,200 Indians (650 families) on the Skeena was 41,000 sockeye,

5,700 coho, 6,700 spring, 1,800 pink, 13 chum and 1,900 steelhead. The
estimates for 1948 are not yet available.

In the case of sockeye it was pointed out last year that these
estimates may be.low by as much as 50% and thet the number of ocean tags
returned by the Indian fishery appears much higher than would be expected.
This is perticularly true for 1947 and 1948 for in both years the Indian
fishery returned approximately one-half as meny tegs as were returned by the
commerciel fishery., This year evidence was found of some tags which had
been caught at the coast in the commercial fishery end were brought up
river to be sold at such places as Kitwanga, Hazelton end Kispiox. TLue to
the flood conditions in 1948 the river was high and muddy throughout most
of the summer. Associated with this the fish arrived from one to two weeks
later at most of the fishing sites. In contrast to 1947 few jacks were
caught in 1948.

The gillnet fishery in Nilkitkwa lake asttained its normal require-
ment in both 1947 and 1948 despite the fact that there were fewer sockeye
present in 1947, especially when the small jacks are not considered, than in
1948. This was accomplished by a greater effort in 1947 when 21 of the 23
smokehouses operated corpared to only 13 in 1948. The 35 nets used in 1947
averaged 30 to 50 sockeye per night while the 25 nets in 1948 averaged 50 to
100 sockeye per night. In each year the decper and longer nets brought up
from the coast caught about twice as many fish as the nets issued free by
the Indien Department.

At MNoricetown falls the gaff fisdhery took 3,300 sockeye in 1947
and 8,800 in 1948, which is in keeping with the commercial cetches. This
yeer, as in previous years when a large cetch is made, there was more
evidence of wastage end of peddling fish to the whites in the district.

To complete the study of Moricetown falls as an obstruction to
the salmon on their spewning migration, water levels were again recorded.
The water was highest around June 5, dropping rapidly up to July 5 and rore
gredually during the rest of the summer. However, it rcmained at a higher
level throughout than during any of the previous three seasons of observa-
tion. It appears that during this yeer's flood the Bulkley river was higher
than in 1936 while the Skeena river north of Hazelton was lower. Probably
this high water accounts for the fact that all species of selmon were about
two weeks later in arriving at the falls and that less obstruction was pre-
sented by the falls than in other years.
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7.  AGE DETERMINATIONS

D.R. Foskett Appendix No. 18

Age Composition of the Skeena River Sockeye Salmon Runs

During 1948 the reading was completed of sockeye scales taken in
1946 and 1947 incidental to tegging off the mouth of the Skeena river. &
summary of the age composition for 1944, 1945, 1946 end 1947 follows.

Table I. Age Composition of Sockeye Salmon off the Skeena River MNouth

Year: 1944 1945 1946 1947

No. of samples 872 2,129 2,105 2,317

Lge Class: 33 % 0.05% %  0.04%
4y 0.09 0,10 0.12
51 0.05 0.09
35 0,34 0.19 11.18
bo 47.25 18.60 26.65 25.98
5 41.40  58.90 58.34  53.04
65 3.20  0.42 0.338  0.17
43 0.10 0.86
53 5.50 11.65 3.90 483
63 2.29 10.15 10.31 3.58
é3 0.05
54 0.05
6 0.05

The 1946 run of sockeye to the Skeena river consisted.largely
(58.3%) of the 55 year class. The other two yesr classes prominently repre-
sented were the 4p class (26.6%) anc the 63 class (10.3%). In 1947 the 52
class represented 53.0% of the populetion and the 4, class represented
26.0%. The mein divergence from the 1946 figures was in the 35 class which
forme@ 11.2% of the fish sampled. This 2ge class, composed almost entirely
of meles, formec the bulk of the %jacks™" present in the 1947 run.
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Anelysis of age of the tagged fish returned throws some light on
the distribution of different sge classes.

Ieble II. Age Composition of Tag Returns from Skecna River

hrea: Commercial ILower Skeena Upper Skeena Babine Bulkley
fishery
Year: 1946 1947 1946 1947 1946 1947 1946 1947 1946 1947
NQ- of
Returns: 622 429 50 65 404 656 310 572 72 40
Age Class:
b % 0B % % 5 % 5 % % 9
51 002
35 3.0 46 0.2 9.1 0.3 8.6

by 23.6 17.0 18.0 26.2 23.3 33.4 21.0 35.3 27.8 12.5
52 60.8 69.2 66.0 58.5 68.1 53.7 77.4  54.0  34.7 57.5
62 002 002

53 Le2 6.1 2.0 4.6 1.0 1.8 0.3 1.2 2.8 12.5
63 11.3 4.2 1.0 6.2 7.2 1.8 1.0 0.9 33.3 17.5
73 0.2 1.4

Percentages of age classes taken in the commercial fishery in 1946
(Table II) do not vary to eny greet extent from percentages caught by the
seiner for tagging purposes (Table I). Upriver recoveries (Table 1) are
shown with recoveries for the area from the commercial fishing boundary to
Hazelton designated "Lower Skeena" and above Hazelton on the Skeena proper
designeted "Upper Skeena". The figures for the Babine and Bulkley river
runs are also shown separatély. From these it is readily secn that the age
composition of runs to swecific areas with different ecological conditions
mey show a grezt deel of variance both from each other anc¢ from the popula-
tion as a whole.

In 1947 return of tags from the commercial fishery showed that
the 5, class accounted for the bulk of the catch. Seine catches indicated
that %he 55 age class formed 53% of the population while gill net catches
had 6% of the fish from this class. The Jacks which formed only 3% of the
gill net catches accorcing to teg returns formed 11% of the tagged fish.

Upriver returns, which are chiefly Babine figures, in Table II
show the mein ciienge from 1946 secms to have becn an increase in the pcrcent-
age cetch of the Lo group ené a Cecreasec in the 5 Yezr cless. The Bulkley
river returns, howcver, show increeses in the percentage of the 55 enc 53
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groups with decreases in the 4, and 64 classes.

On the whole, the 1947 tagged fish showed ¢ greater diversity
of age classes with a more even distribution of fish in the age groups than
wes shovm by the 1946 population. '
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General Salmon Investigation

As in previous years, this investigation has been largely concerned
with problems relating to the pink and chum salmon fisheries. Some attention
has also been given, howsver, to coho and sockeye salmon in certain areas.

Studies have been mainly directed towards (a) an understanding of
the present condition of the various fisheries (b) the estimation of future
runs and trends (c) the development of methods for incresasing the production
of socaward migrants.

Evaluation of oxisting conditions

As a necossary basis for diegnosing tho conservational requirements
of different specics and differont arcas, tho yeear's work has included (a)
compilation of data relating to catchos (ineluding the stationing of a roe-
order at Cowichan Bay) (b) studics of tho ago- and size-composition of com-
moreial chum salmon catchos from verious localitics snd of sockeye salmon
catchos from Smith inlet (c¢) spawning strorm surveys (d) tngging of pink znd
chum salmon in the Whale channel nrea, to provide information on migration
routos cn fishing intonsity (o) quantitative studios on thz natural propa-
gation of chum salmon nt Nilo crook md of chum, pink, coho and sockoyo
snlmon &t Port John.

Estimation of future prospects

Analysis of the factors associated with variations in the production
of seaward migrants has been continued at Nile creek and ineugurated at Port
John. From observations mede on these and other streems and from correletions
which appear to exist over relatively largs areas between stream flow conditions
and subsequent catches, it is hoped that a useful and widesprond system for the
prediction of runs can be developed. Ths apparent corrclation between water
lovels at spawning timo and cycle-yonar sbundenco of chum and pink salmon was
noted in last year's report (appendix no. 51)., More reccent studies have indi-
cated that the sizo of coho runs is related to the minimum stre-m flow pre-
vailing during the summer. of the ysar which tho young fish spend in frosh wator
(two yoars prior to maturity). Tho rocont ostablishment (in cooporaticn with
the Dominion Wator and Powier Bureau) of sovoral now gauging stations in various
coastal areas should materially assist in the prosecution of these studies.

Before the commencement of tho 1948 fishing season, predictions were
made end circulated to the Industry, concerning the pink salmon run to the
central area and the chum and coho salmon runs to the Vancouver islemd area,
While final reports on the escapements are yet to bo receivoed, it appears that
the predictions wore substantially correct in cach case.

Mothods for incresasing production of young salmon

In view of the very low production of chum salmon fry recorded from
natural propagation at Nile croek end in the belief that this strecam is repres-
entative of ‘conditions obtaining in many others, much attention has been given
to exploring the possibilitios of improving production by methods which might
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be economically applied on & large scale, The conclusion that the most ser-
ious losses occur prior to hatching end that (at least on the east coast of
Vencouver island) they are associated in a considerable degree with the
occurrence of sudden floods, has encoursged fish-cultural experiments on the
better protection of the sggs. Two such experiments wore Aattompted during
the past year and are reported in appendix 20, In the more successful oper-
ation, involving the planting of eyed eggs, the production of seaward migrents
(on a percentage basis) was about 28 times greator them the production from
natural propagation in ths semo stroam. In the other oxperiment (in which
"greon" eggs woere planted in & controlled water flow) the breaking of a dem
rendered the experiment less satisfactory. A production equivalent to about -
9 times that of the natural propagation was, howsver, recorded. These experi- '
ments are being ropeated at the present time.

Preliminary tests were made, with encouraging results, of the feasi-
bility of acclimatizing young eoho fingerlings to salt water (appendix 22).
If such a procedure is found to be practicsble, it might be effectfve in elim-
inating much of the heavy loss which this species (end also the sockeye) incurs
during the prolonged period of freshwater existence.

Rocommendations

By continuing along the present lines, it is hoped and expected that
the Investigaetion will in the near future produce results of practical signifi-
cance (already foreshaedowed) in the fields of prediction amnd fish-culture.
Attention is drawn, however, to the desirebility of onlarging the scope of the
Invostigation in cortain directions.

(1) the very low natural production of young chum and pink salmon migreants
which has been recorded in recent ysars at Nile creek, Morrison creek and Port
John, suggests that in certain arees relative failures of adult runs are likely
to occur, irrespective of any restrictions which may be placed on the fishery.
It 1s very desirable that the seriousness and frequency of low fry-production
be investigated in various districts, in order that remedial action, if needed,
mey be taken promptly and on a sufficiently large scale, The setting up of
counting weirs on several additional streams is regarded as essential.

(2) The west coast of Vancouver islamd, which has hithorto received no
intensive study, should be investigated in 1949 with respect to (a) chum salmon
production, believed to be potentially large but which has fallen below expect-
ations in 2 number of recent years (b) sockeye production, which has shown a
striking decline {c) the offshore troll fishery for spring end coho salmon,
which is engaged in by both Cenadian and American fishermen and vhich probably
affects fisheries and spawning runs in meny parts of southern British Columbia
end in states south of the line.

(3) The sockeye fishery of the Rivers inlet area has shown marked fluct-
uations. Investigation of these would seem desirable and might well throw
light on sockeye problems in other parts of the province.
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Natural and Artificiel Propagetion of Chum Salmon at Nile Creek

As explained in previous reports, the investigations at Nile creek
include a study of natural propegation (and the factors by which it is limited)
end also a series of experiments in methods of increasing the production of
seaward migrents, Attention has been devoted primarily to chum salmon, al-
though information on the natural propagation of cohos has also )een collected.
The present notes refer to the former species. , :

Nile creek is regarded as sufficiently typical of a large number af
coastal streams to be suitable for the testing of conservational methods =mich
might have wide epplication. The present establishment includes ‘a e”i.u, &n
eyeing station and water supply system and counting weirs dividing i stroem
into three stretches,

The lowest streem section is used for the study of natural propeg-
ation and also serves as a "control" for experiments conducted in the other
two sections. During the 1947-48 season no chums were allowed to enter the
middle section., Eggs which had been fertilized artificially and inecubated to
a late stege in the eyeing station were plamted in this portion of the stream
in Februery and March. The third stream section also received plentings of
artificially fertilized eggs. These, however, were planted "green". "In lieu
of the protection presumably afforded by retention in an eyeing station, the
stream flow in section 3 was controlled by & dam, excess water being @&iverted
through another channel. Unfortunately an exceptionally severs flood on Dec-
ember 13 caused a break in the dem just aftor plantings in this section had
boen comploted. Repairs were made and the structure effectively rosisted sub-
sequent floods, but tho test cennot be regarded as satisfactory.

The sea-going migrants were counted during the spring of 1948 at ths
weirs constituting the lower boundary of each section. Results are compared
in the following table:

Section Type of propagation Bggs available Fry counted %age efficiency

1 Natural 1,275,681 4,808 0.38

2 Eyed egg planting 490,774 52,109 10.62
3 Green eggs, controlled
water 421,531 14,331 3.40

At intervals during the seaward riigration, markod fry were liberated
at or near the head of each ssction. The percentage of these which failed to
show up at the counting weirs was taken as a guide to the relative severity of
predation to which the migrating fry were subjocted in each section. Gencral
avorege losses were: Soction 1, -43%; Section 2, -36%; Section 3, -37%. These
differences are not sufficient to account for any considerable part of the
recorded disparity in production., '

While admitting the probability that natural production was unusually
low in this season, it is concluded that & very considerable increase in pro-
duction con be effected by giving increased protection to the developing eggs.
In the current repetition of these experiments, special attention is being
given to obtaining a trus comparison of the respective merits of the two arti-
ficiael procedures outlined above, bearing in mind the expense involved in each
case,



AN}

Forris Neave Appendix No, 20
The technical operations involved in the 1947-48 experiments were
conducted by Mr, W. F. Baxter, assisted by Messrs. W. Caulfield and H. Neate.

W. P. Wickett : ' Appendix No, 21

Operation of Nile Creek Field Station. Summer and FaXl 1948, > il

During July and August, the fry screens were cleeaned, lacquer.d and
stored, the planting bed in the controlled section smoothed end widew..d, de-
flectors and settling ponds built, and dems repaired.

In September, 1nstallations were modified in the light of past ex-
verience.  Pickets of both fences were arranged so that all vertical sections
wore two feet high with 3 1/2 foot horizontal sections in contact with their
tops. Eighteen inch "jumping panels" were placed four to six inches behind the
trailing edgo of ths horizontal pickets end with thoir bottom edge six inches
below tho horizontal pickets. . The "jumping picket" sections were set in slots,
but with floods they could not be removed. They have since been hinged so that
they will drop back to become en extension of the horizontal pickets during
periods of exceedingly high water and/or much debris. An overnight two foot
rise of water behind the fences, three feet in front of the fences, with con-
tinued high water, has been handled with no night work nor extra help. There
is no indication as yst that fish passed over the fences during the flood.
Branches and loaves have boon sbundent as usual but raking has only been done
in a routino menner. In the hatchery, slides have been placed in the boxes to
facilitate handling of tho trays.

By November 19, 386 chum, 151 coho have been counted through the lower
fonce., Six fish marked in 1946 as fry have been handled. Eggs are being taken
from other streams for the hatchery end the plenting bed. To date, there are
in the natural spewning area 564,300 eggs; in the hatchery there are 124,769; in
the planting bed 42,600. The run is very small so far, but with the fishery now
closed there may yet be a sizable late run.

By means of stand pipes, temperatures &and water samples can be taken
in the gravel of the controlled section. Indications are that the surface water
does not flow into the gravel at the bottom of a riffle or intoc the gravel that
is covered with much silt md detritus.

W. P, Wickett : Appendix No. 22

Acclimation of Coho Fry to Sea Water

The foasibility of transferring coho fry to salt water was investi-
gated during May, June and July. A 3' x 3' x 2' floating cage was built and
moored in the estuary of Nile cressk or moored to a 500 foot pulley line set out
into the sea just south of the estuary., Due to the shoal nature of the fore-
shore, the pen was subject to grounding At zero tides and to extreme movemont
during strong winds. Successful long term experiments therefore were not made,
but mortalities in the twenty-four hour period after tremsfer to sea water
(1/2-2/3 full salinity) are encoursging.
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1. Dircet transfer 79/100 = 79% mortality

2. After 3 days with 3 approximately onc hour

exposures to salt wator in intertidal zone 32/150 = 21% n
3. After 5 days with four spproximately 4-hour
exposures to selt water in intertidal zono /75 = 10% "

Chum selmon fry wore placed in tho pen with the coho in experiments

1l and 3 for comparison.

l. = - - - = = = = - - = 3/100 = 3%

Be = = = = = = = - = - . 5/100 = 5%

Four of ths five chum mortalitiss recorded in #3 were obsorved to have the
posterior portion of the body paralyzed. On romoval, the ebdomon was found to
bo incompletely closed. Coho with Saprolegnia on the tail died first on trans-
for to the sesa. ‘

In #2, which met the least disastrous hydrographio conditions, there
was & 36/150 = 24% survival after seven days in the sea.

In #3 aftor five days in tho sea, thore was & 1/75 = 1% survival of
coho and a 79/100 - 79% survival of chum fry.

A controlled eight day oxperimont at Nanaimo with soven expoerimental
fish and seven controls showed a loss of one undersized coho fry on the first
day., The fish wore transforred to serated Deperture bay sea water (50% selin-
ity) for 15 minutes the first day, two l-hour periods the second, 6 hours the
third, and then remained in sea water (50% full salinity) until the end of the
experiment.

Subsequent experiments with lerge numbers of fish were unsuccessful,
probably due to conditions in the water supply.

Specimens were preserved for study of the chloride-secreting cells in
the gill epithelium. Next yeer the experiments will be repeated end extended,
for it appears practical at present to use tidal changes in tanks at tide water
to transfer coho fry from streem to sea., This would eliminate the first year
in fresh water which is believed to be an important factor in limiting produc-
tion.

J. G. Hunter Appendix No. 23

Installation and Operation of a New Type of Counting Weir for Young Salmon

In view of troubles proviously experisnced in tho operation of weirs
intended to screen out small salmon fry, & new type of installation was sot up
at Port John early in 1948 and was used throughout the season of seaward migrae-
tion. The structure conformed in principle to 2 type of trap used successfully
in Sweden by Mr. Philip Wolf, who kindly suppliesd plens and details and also
discussed the matter personally during his visit to Canada in 1947,

The "Wolf" trap consists essentially of & dem over which the water
flows through & short trough. The water falls onto a slightly inclined wire
screen which leads to a wire mesh trap. About 95% of the water passes through
the screen while the remaining 5% carries the young migraents into ths trap.

As modified for use at Port John, tho dam is Fitted into the structurs
of the adult counting weir and the number of screens and traps is increased.
The installation was designed by and constructed under the direction of Mr. G.
B. Starr, The dem is made of 4" x 6" stop-logs, 6 feet long and extends com-
plotely across thae strsem. The stop-logs fit betwsen tho A-frames of the adult
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fonce. The dem is 3'8" high and consequently backs up & considersble volume of

‘water, This bhody of water has a greatly reduced stream velocity and thus acts

as & settling pond for much of the debris which is ordinerily cerried down-
stream. The inclined screens are 6' x 4' with mesh apertures of 0.06". They
are set at 5° from the horizontal. There is an individual trap for each screen.
Each is & 42" x 72" x 24" screen cage, with front and top sides open. The
bottom six inches of each trap is & watertight box. Excess of wAter coming in-
to the trap runs through the screen near the six-inch level, thus keeping =
constant smount of merated water for tho contained enimal life.

Although the traps operated quite well over a wide range of water
lovels, experience showed that therec was an optimum for the zfumount of water
falling on the screoens. This could usually be maintaincd by controlling the
number of traps in operation.

The feonce was oasily kept frec from dobris without injury to the fish.
An ordinary dock-broom was used to keep tho inclincd screens clean, whilo mat-
erial which pnssed into tho traps was taken out in tho same menner as tho fry
md yenrlings, that is, by o screen dip-net. The only drawback expericnced
with the fence was in its original size. It was found that the screens would
not handle the large volume of water during flood conditions. Some mortality
of fry occurred through the resulting rush of water into the traps. After the
number of spillways and traps was doubled the fence operated very well., The
1948 migration of fry and yearlings occurred between March 10 and June 19. The
total fonce mortality for tho migration was 6.14% of the total numbor of fish
counted,

J. G. Hunter Appendix No. 24

Production of Seaward Migraonts at Port John

The fry fence, as alresady described, was put into operation on March
10, A few pink and chum fry started to move downstream almost immediately.
The pinks reached their peak on April 16, the chums on May 5. Sockeye and coho
yearlings were lator in meking their appearanco and were most numerous in May.
The largost numbors in each instance coincided with periods of high wnter.

The courso of tho run is indiccted in the following tnble.

Week ending Pinks Chums Sockeyes Cohos

Mar, 13 11 8 0 0
20 115 63 0 1
27 123 282 0 0
Apr. 3 1614 731 2 4
10 3393 1605 0 1
17 10208 5590 19 8
24 6067 5176 689 5
May 1 4722 16043 3572 32
8 5606 40514 4063 1029
15 1384 31606 4557 1494
22 91 5345 3333 3148
29 13 1020 1035 1833
June 5 ] 662 74 348 .
12 .0 94 3 44

19 0 7 0 10
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The following table records the total numbers counted and the per-
centage survivel of pinks and chums in relation to the potential egg deposi-
tion, as estimated in the autumn of 1947,

Species Adults Averege no. Potential Downetream Percentage
3 Q of eggs deposition migrants survival
Pink 2650 2926 1316 5,850,616 33,350 0.8686
Chun 4896 5210 10106 10,977,470 108, 746 0.990
Sockeye 158*%  216% 2511 542, 376% - -
Goho 449 216 2313 499,608 - -

* Count probebly incomplete.,

From the foregoing data it is evident that the mortality of pinks
end chums was very high. Obseorvations showed that some of the losses could be
attributed to floods end also to the superimposition of redds. Both these
agencies ceused the removal of eggs from the gravel. Numerous eggs (probably
mostly teken whilo drifting downstroam) were found in the stomachs of gulls
and ducks frequenting the stroam.

Samples of eggs taken from redds above the main fence in January
showed high mortality, 86.2% of the chum eggs and 96.8% of the pink ezgs ex-
amined being dead. Nearly all were heavily overgrown with Saprolsgnia., An
interesting observation was made that eggs teken at the same time from the
tidal portion of the stream, where they were subjected at times to saline
water, showed much less mortality (94.4% survivel in chums, 25% in pinks, in
the samples exenined). No Saprolegnia was observed (Very small concentrations
of salt are lethal to this fungus).

A marking progremme was carried out in which 11,360 pink fry and
55,592 chum fry were marked by removal of the two pelvic fins, In addition,
10,012 sockeye fry were marked as they entered the lake. The survivors should
be recovered as yearlings at the main fry fence next spring end their numbers
should throw light on the mortality occurring in the intervening period.

Detailed records of precipitation, streem lsvels and tomporatures
have becn maintained throughout the entire year.

J. G, Hunter ' Appendix No. 25

Adult Salmon Migration at Port John, 1948

This year saw the Port John fonco ready for operation on August 17,
The fence was lengthened by twolvo foet after this date, but tho addition in
no way interfercd with operations,

In addition to the main fence at tidewater, a sccond weir was instal-
led at the mouth of a tributary flowing into the lake, somo three miles fron
salt water. This tributary is frequented by sockocyes and ecohos., This fonce
was ready for operation on September 10.

The first sockeyes passed through the main fence on August 20. Pinks
began to enter the stream on August 24 and continued through until October 24.
They were much fewer in number than in 1947. They reached their peak on Sept-
ember 21, Chums, which were also much fewer than in 1947, first appearecd at
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the fence on August 27 and continued until November 7, reaching their peak on
October 4. Cohos have been very erratic in their upstreem migration, a few
entering on every large freshet. Sockeyes showed a peak on August 24. It is
evident, however, that an early run of this species occurs during July, before
the main fence was put into opsration. Thess fish remained in the lake until
hmin%ﬁmMrmﬂmmsmmwwﬂyu@md%tmymmdwtmtﬁwmm.

The fence at the lake experienced the advorsitiocs of weathor and
situation. The count of the run was broken but by close observation of the
creek it is belioved that a reasonably good estimate was obtained.

The following te&ble gives by weoks the numbers of fish entering the
main stream.

Woeck Aug. Aug.Sept.Sept.Sept.Sept. Oct. Oct. Oct. Oct. Oct. Nov. Nov. Total
ending 21 28 4 11 18 25 2 9 18 23 30 6 13

Pinks 0 84 81 32 123 616 95 122 3 5 5 0 0 1164
Chums 0 4 8 5 20 228 88 365 87 111 55 B4 4 1009
Sockoyes 9 203 16 2 0 0 0 0 1 0 0 0 0 231
Cohos 0 54 104 3 16 247 2 92 5 6 5 13 0 549

Precip. .71 7.21 5.42 ,23 1.34 4,14 1.30 8,59 .87 3.09 3.31 2.05

The lake fence had the following numbers of sockeyes and cohos:
Week ending Sept. Oct. Oct. Oect. Oct. Oct. Nov. Nov. Total

25 g 9 16 23 30 6 13
Sockeyes 146 35 298 109 21 13 25 0 647
Cohos 0 0 0 1 0 6 24 0 31

The aversge egg content was determined by counting the eggs in every
sixtieth female., Results were: Pink, -1341,5; Chum, -2101,5; Sockeye, -1830.1;

Coho, -2336.1.

The potential egg deposition calculated for each species was: Pink,
-808,924; Chum, -1,052,851; Sockeye, -296,478; Coho, -407,767. This represents
a great reduction from the previous ysar in the secding of pinks-and chums,

J. G. Robertson Appendix No. 26

Observations on young chum.and pink salmon in Departure Bay, 1948.

An investigation of the chum and pink fry in Departure bay was
carried out this spring to further our knowledge on the life-history of these
salmon.

The initial study was nocessarily general in aspect, equipment being
limited to & rowboat, dip-nets, plankton nets, and specimen bottles. The
period of sampling began shortly after tho appearance of the fry emd continued
until they could no longer be obtaincd. When available, the fish were col- :
loctod woekly and thes specimens measured for length and woight. Where the sex
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of the fry could be determined by microscope the stomach contents were anal-
ysediand enumerated. From skin semples scale formation was studied in both
Specles.

The fry were first observed about May 10 which is a rather late date
considering a recorded March 4 arrival. They were most readily observed at
full tide. They were particularly abundent Mey 18, June 12 and June 23, From
June 24 to July 8 there was a decline in number, none being ssen after the
latter dete.

The first samples, taken on May 17, showed average weight end length
measurements of .426 grams and 4.11 cms, for chum fry, and .358 grems and 3.98
cms, for the pinks. The last group of specimens were captured on the night of
June 12 where corresponding figures were 1.60 grams, 5.10 cms., and 2.42 greams,
6,17 ems, Of the 365 fry taken from an avorage depth of one foot 57.8% wore
chums, The distribution of tho socxes showed a proponderance of meles (66.9%)
among the chum fry, while in the pinks thoy were in a slight minority (48.4%).

The most important food (41.3%) was copepods. Anothar important
part of tho diet was larval crustacosns, nauplius (13.8%) and cypris (10.5%)
overshadowing the zoea, metazoea and megalopa forms (.32%). Other components
wore cladocera (8.4%), the larvas eand pupse of chironomid flies (4.9%), cope-
pod eggs (.74%), alges (.38%), ostracode (.28%), gammariden (.24%), cirripedia
(.05%) and debris (.23%). The remaining 11,2% consisted of emphipods end
other crustaceans not readily identified, along with some diptera (1.82%) end
coleoptera (.05%).

The skin seamples revealed that the scales form in the anterior ped-
uncle region and are laid down anteriorly in oblique rows extending ventrally
end dorsally from the lateral line. Scale papillne were first observed in
chums at a length of 36 mm,; in pinks at 49 mm.

General conclusions were:

(1) Diurnal changes in distribution of. the young fish sre associated
with available food supplies.

(2) Chum, pink and even herring fry, travel together.

(3) Group movement varies with the size of the fry.

(4) TFraser river pinks contributed to tho number of fry present in
Departure bay (since local pink production is insufficient to account for the
numbers present).

(5) Differentiation between the chum and pink fry and fingerlings is
mede easy by examining the progress mede in scale developmont.

Forris Neoave ’ Appendix No. 27

Tegeing of Pink end Chum Salmon in tho Whale Chamnel Area

In order to obtain information on tho migratory movements of matur-
ing pink and chum salmon in the north-central coastal area and also on the
fishing intensity to which they are exposed, tagging operations were carried
out in and nosr Whale chmansl botween August 16 end Septomber 1. Live fish
wore obtainsd by purchnse from scino-bonts and were togged emd released by
Mr., R, C. Wilson, operating the Station launch "Siliqua". The reoturn of tags
was stimulated by the wide distribution of placards and envelopes and by per-
sonal contact with fishermen and fish buyers.
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The number of tags applied and the returns (to date) were as follows:

PINKS CHUMS
Woek ending Tags Returns Tags Re turns
epplied Number Percent applied Number Percent
Aug. 19 504 168 33,153 63 9 14,29
26 178 50 28,09 20 4 20,00
Sept. 1 117 23 19.66 35 6 17.14
Total 799 241 30,04 118 19 16.10

Of the pink salmon tags recovered, 195, or 81%, were from the gemeral
area in which the tegs had been applicd. The remainder woere reported as fol-
lows: Skoena and Eestall rivers (4); Ogden chammel (1); Grenville channel and
Iowe inlet (4); Gardner canal (7); Khutze inlet (2); Laredo sound and inlet
(8); Mathieson channel (11); Masset and Naden harbours (4); unknown (5). Some
of thess records (for oxomple, those from the two harbours on the north sido
of Greaham island) must be regarded as unverified, in view of the fact that
fish from difforent localities somotimos bocome mixed during tronsit or at the
cannerios, bofore the tags are recoversd. The poriod of time beotweon ingging
and recapturc veried from a fow hours to 25 days.

Of the 19 chum tsgs recovered to date, 14 (74%) cnmo from the gemeral
vieinity of Whnle chnnnel. Single returns were roported from the Nass river;
Iowoe inlet; Gnrdnor canal; Belln Bolla; Kwatna inlet. The time out vearied from
one to 28 days. ‘

In general, ths percentage of recoveries for each species wns very
similar to that obtained in the previous yser, vhen operations were conducted
in the Fitzhugh sound - Seaforth chcnnel arcn. In both cases the fish
cppeared to be approaching their destinntions when tagged, with comparatively
few showing long subscquent journeys north or south along the coastline.

J. G, Robortson Appendix No. 28

Ago- and Size-Composition of Chum and Sockeye Salmon in 1947 and 1948

' To facilitate the study of population fluctuations among the chum
salmon of the Central and Vancouver Island areas, and the sockeye from Smith
inlet, sempling from the commercial cateh was continued in 1947 and '48.
The age- end size-composition of samples from Nemu, Belln Bella,
River aond Smith inlets, Butedale, Denn chmnel and Koeye river (Centrnl area),
ad Growler cove 2and Sooke (Vancouver island area) are as follows:
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Smith Inlet Socbsye; Percentage of Age-groups, Sex and Average Weights (1bs,)
and Isngths (inches) 1948.

Age~group 45 5g 82
Parcentages 7.3 20,0 2.7

Sex M F M F j_t{ P
Percentages 79.2 20.8 41,7 58.3 11.2 88,8
Average Woight 5.1 5.4 7.6 6.9 10.3 7.5
Average Iength 21.9 21,7 25.0 24,3 26,7 25.0

. As was anticipated from the 1946 sempling results in the Central
arca there was & high percentage of fourth-year chums in 1947. This indicates
the success of tho 1943 brood-ysar which contributed so substantially to the
third-year fish (38.9%) in 1946, Tho moro oven contribution of the three
yoar-classes to tho 1948 populntion at Sooke may bo significant but a more
Adequate sampling progremme is nocessary before &ny conclusions can be made,

The Smith inlet sockeye analyses show a high preponderrnce of fifth-
yoar fish which has boen established previously. A more detailed study might
help to account for the bolow-averege pack this year when the cycle fluctua-
tions indicated an average catech.

Forris Neave ) . Appendix No, 29

The Salmon Angling Fishery at Cowichan Bay

Since 1939 an observer has been appointed each year, during at least
a largs part of the fishing season, to collect date on the salmon landed by
sportsmen in this area. In 1947 rocords were kept by Miss Gertrude Paul from
September 11 to November 15,

The reportcd number of fish taken, and the ostimated fishing offort
involved in their cnapturs, can be summarized ms follows:

Boats Line-hours Springs Cohos Total
Large Jacks Large Grilse fish
2,839 22,080 192 287 4,018 152 4,649

Particular interest atteches to fluctuations in the ennual catch of
cohos, for which the locality is celebrated., The fishery is based on the
important runs to the Cowichan end Koksilah rivers. For comparative purposes
statistics are given for a six-week peoriod beginning on the Sunday nearest to
Soptomber 22. This period covers the main sesson of coho fishing,
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Year Boats Line-hours Cohos Line-hours
Large Grilse per large coho.
1939 1,708 12,432 3,362 585 3.6
1940 1,470 10,694 1,813 61 5.8
1941 2,435 16,287 3,435 417 4,7
1942 2,671 18,796 3,867 566 4.8
1943 2,849 19,875 3,903 116 4,9
1944 2,967 19,931 3,575 225 5.2
1945 2,895 18,798 3,660 55 5.1
1946 1,517 12,271 1,936 486 6.3
1947 2,295 18,508 3,751 56 4.9

The figures for "grilse" are not included in calculating the avail-
ability of fish, since the main purpose in obtaining the data is to aid in a
study of the annual fluctuations in the spawning run. Many of the so-called
grilse nre immature, feeding fish which do not form part of the spawning
migration.

The main feature of the 1947 season was a marked improvement in both
the total catch md the cateh per unit of effort, as compared with the very
poor senson of 1946,

A study of the considerable series of records now available has
shown that from 1940 to 1947, inclusive, en excellent correlation exists be-
tween the availability of cohos to anglors (line-hours per fish) and the
minimum summer flow of the Cowichan river two years previously. The two poor
years of 1940 and 1946 followed particularly low river levels in 1938 and
1944, The apparent statistienl correlation was noted After observations
indicated the likelihood that low water levels resulted in inereased mortality
among coho fingerlings through stranding, inercascd predation and restriction
of feeding areas.
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Otter Trawl Investigetion

.. The rapidly chenging otter trawl investigation has been studied
and followed during 1948 by maintaining a system of fisheries statistics,
by sempling and examining otoliths taken in sampling, by tagging, and by
experimental fishing.

Collection of fishery facts

, Substantiel improvement has been mace during the yeer in collecting
information about the quentity of each species landed in the main ports.
Contact men have been stationed throughout the year in Vancouver (R.M. Wilson)
and Prince Rupert (%.G. Calderwood and A.R. Mcleod), and during the busy
summer season in Victoria (D.G. 0dlum). Their reports form the basis of a
statistical system which indicates the relative importance of the fish
species and also provides a basis for judging changes in availebility. As
an example of the former the change from the 1947 predominance of rocksole
in the catches to the 1948 emphasis on brill is strikingly shown by comparing
the tebles in a following summay report with the corresponding table in the
reports for 1947. The records meke no pretense of being complete but are
believed to present a reasonably random sample of the fishing,

Some fishermen have continued to send in log-book sheets. These
have proved valuasble for checking but have not been finally tabuleted for
1948. .

Port contact men have passed on numerous observations about fish
or fishing. As far as practical these are being abstracted and filed
according to subject matter. On many occasions port contact men have
assisted other investigations by accepting tags, supply information,
collecting samples, end in other ways.

Sempling

Sempling has been of two kinds. Semples of commercial lancings
have been taken at ports of landing. This has been done by %he port contact
men at Prince Rupert and Victoria and by a special sampler at the busier
port of Vencouver (T.H. Butler). Other sampling has been done in connection
with experimental fishing carrie¢ out by the "Investigator No. I" usually
associated with some specific problem. In most cases otoliths have been
taken in samnling anc for some series of samples the preliminery results
of otolith reacing ere presented in“summery reports which follow. In general,
however, it is not proving possible for the readers to keecp up with the coll-
ections. This has indicated a proposed modification of programme in which
port samplers will measure, sex, and record maeny large samples of each species
and take otoliths only from enough end large enough samples to give a key to
the causes for changes in length distribution.

Tagging
" The tagging programme has been concentrated more on purposefulness

then on attempting to get out a great number of tags. The recoveries which
have resulted from experiments in which this policy has been pursued in former
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years have been very gratifying in the coherent analysable results they
have produced. These results indicate the practical value of applying
correction factors to the results to compensate for such errors as arise
from differences between tagged end untegged parts of the fish population,
and an experiment is plenned to assist in calculating the necessary factors.

Gear experinments

Gear experimentation is proving very time consuming and has not
progressed as quickly as could be cesired. Some essential preliminary work
has been completed on the reproducibility of heuls with the seaie gear on the
seme drag. Soro tests have been mede also by changing, on the same érag,
nets of similar design differing only in mesh size. The results obtained
in this way to date give no suggestions as to a course of practicel action.
The fish caught by larger meshed nets averaged larger than those caught by
smeller meshed nets but the overall distributions indiceted that as used by
us mesh size did not critically control the sizes of fishing caught. It is
proposed to continue and modify the experiments as opportunity offers.

Cepe Lazo _snd Nanoose Experiments

The originel closures in the strait of Georgia were mede on the
understencing that the ercas as defined could be modifiec on the basis of
advencing knowlecge. Representation by certain fishermen loé to the belief
thet eareas south of Cape Lazo end just outside 'anocose bay be re-oprned et
certain seesons with a net gain to longterm fisheries procuction. In colleb-
oration with the Fisheries Depertment these areas were opened curing
Febrvary and i'srch of 1948. Close check was maintained on all importante-
appearing aspects of the fishery. 4 rcport on the observetions whieh bear
nost closely on the practical aspects of the fishery has been prepared and
supplicd to the Fishcries Department with the suggestion of a repetition of
the experiment with the opened period at Cape Lazo in the early winter
rather than the lete winter. Other rcports on observations of less
irmediate importence erc on file.

Investigator No. 1

. This vesscl has given excellent service and many of the more
desirable features of the investigation would have been impossible without
her. She is herdly large enough for some types of work which should be
attempted but serves a very useful function. Placing a technician more or

less permanently sboard has substantially increased the facility with which
the work can be carried out.

Fish Concerned

It is scarcely possible to give a full list of the fish species
taken by the otter-trawl fishery. In the following table are given the common
and scientific names of the species in the reports which follow.
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forn.

Shark
“Soup=fin shark
Dog~(fish)
(Big) skate
Rat (fish)
Sturgeon
Herring

Heke .
Whiting
Tomcod
(Gray) cod
Perch

Perch
Sand-lance
Wrymouth
Rockfish and
Baess

Lingcoc

Blackcod

Turbot or long-jaw
flounder

' Sand. sole

Slender sole
Flat-heed sole
Brill

Rock sole
lemon sole
Butter sole
(Starry) flounder
Rex sole
Dover sole
Crab

Prawn

Devil fish and
Octopus

Observetions on the biology of many of these above species have
been made but it is scarcely feesible to pre

J.L. Hart

ester and W.E. Barraclough.

in two tables,
only that infor

sumnary reports.
month, area of capture by Yis

Lppendix No. 30

Hexanchus griseus, etc.
Galeorhinus galeus

Squalus suckleyi

Raja binoculata

Hydrolagus colliei
Acipenser transmontanus (?)
Clupesa pallasii

Merlucecius productus
Theragra chalcogramma
liicroracus proximus

Gadus macrocephalus
Demalichthys vacca
(Taeniotoca leteralis ?)
hmmodytes personatus
Lelolepis giganteus
Sebastodes sp. (principally
flavidus, melanops, alutus,
pinniger, brevispinis, maliger)
Ophiodon elongatus
Lnoplopoma fimbria

itheresthes stomias
Psettichthys melanostictus
Lyopsetta exilis
Hippoglossoides elassodon
Eopsetta jordani
Lepidopsetta bilineata
Parophrys vetulus
Isopsette isolepis
Platichthys stellatus
Glyptocephalus zachirus
Microstomus pacificus
Cancer megister

Pendalus platyceros

Polypus hongkongensis

Lppendix Ho. 31
Lgbulation of Trawl Landings recordec on Trip Reports

~ Port contact men in Vencouver (R.H.
(G. Calderwood, .. YcLeod), end Victerie (D
interviewed all trawlers makin
to those included with 1946
in regard to species,

Wilson), Prince Rupcrt

sent therm in sumvery.renort

.0dlum) have as far as practical
g lendings and completed trip report similar
The results have been tebulated
s Winona Bethune, C. Forr~
Various useful summaries are presented herewith
one including all information available and the other giving
mation accompanied by suiteble records of fishing effort.
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A New Trawling Ground in Hecate Strait

During the spring months of this year a new trawling ground for
brill (Eopsetta jordani) was located by the trawler "Finella" in an area
11 miles SSW off Oval hill on Porcher island. The actual trawling ground
covers only a few square miles but a tabulated 2,372,000 pounds of brill
alone have been taken from these grounds by the otter trawl fleet from
April to August.

The total poundage of brill caught on these grounds and landed
at Prince Rupert, Vancouver and Victoria were tabulated from the trip
reports filled out by Mr, W.G. Calderwood, Mr. R. M. Wilson and dr. D.G.
0dlum at the above ports respectively. The weight in pounds landed are
approximately as follows:

Brill landed in Brill landed Brill landed Total weight

Prince Rupert in Vancouver in Victoria brill landed

April 135,000 135,000
May 127,000 ' 127,000
June 242,000 222,000 464,000
July 135,000 370,000 65,000 1,170,000
August 476,000 416,000
Total

weight 1,715,000 592,000 65,000 2,372,000

These figures alone warrant a continued investigation of the
brill in Hecate strait in order that the migrations may be followed and
the mortalities studied to determine the extent of the depletion of the
stock. PEach year more boats are entering the trawling fishery in Hecate
" strait where some of the largest single hauls are made by the trawl fleet.
Investigations off the important grounds such as Banks island, Goose
islands and Cape Scott have been limited in the past because of the lack
of a research vessel large enough but further expansion of the investiga-
tions in these important arcas is planned.

K.S. Ketchen Appendix No. 33

Lemon sole age composition at Cape Lazo in 1948

Sampling of the stock of lemon soles present on the cape Lazo
grounds during the spavming season of 1948 was carricd out at the following
intervals: (I) two weecks prior to the opcning of the grounds to the
fishery, (II) from the commercial catch et the height of the fishery, (III)
tem days after the close of the fishery, (IV) one month after the close of
the fishery. Samples I, III and IV were taken from the "Investigator No, I".
The following table contains the age and distribution in percent:



.

- 35 -
K.3. Ketchen ) Appendix No. 33

Lomon sole age composition at Cape Lazo in 1948

Sempling of the stock of lemon soles prescnt on the cape Lazo
grounds during the spawning season on 1948 was carried out «t the follow-
ing intervels: (I) two weceks prior to the opining of the grounds to the
fishery, (II) from the commercinl catch at the height of the fishery,
(III) ten days after the close of the fishery, (IV) onc month after the
close of the fishery. Samples I, III a«md IV werc taken from the “Invest-

igator No, I". The following table conteins the age distribution in percent:

AGE IT III IV V VI VIIVIII IX X XI XII
Sample I
Male (240) 3.8 7.9 22.9 22.0 22.0 14.2 5.4 1.3 0.4 - -
Female (173) 1.2 4.0 16.2 14,5 19.7 22.0 13.9 6.4 1.7 - 0.6
Semple II
Mele (305) - 1.3 9.8 23.6 29,5 20.7 12,1 2.0 1.0 - -
Female (168) - - 2.4 9,522.0 29.8 23.8 8.3 3.6 0.6 -
Semple III
Male (368) 1.4 6.3 23.1 26,4 ¢3.9 13.3 3.8 1.9 - - -
Female (119) 3.4 9.2 10.9 16.8 20,2 16.0 14.3 7.6 1.7 = -
Sample IV

' 1‘\'1&1@ (122) - - 4.9 18.0 30.3 2406 15‘6 4.1 2.5 - -
Female (29) - - (3) - - (7)) 8) (1 (2) (1) (1)

There is considerable difference in age composition between
semple I #nd II. In the former 57% of the males were under 6 yecers of
age and 36% of the fcmales wers under thet age. In the latter only
35% of the males end 127, of the females were under six years of ago.
In sample III the composition of malc fish was somewhat similar to
that in samplc I, but the mode in female fish had dropped from VII to
VI years. This may heve been due to differences in the areas fished,
or to tho time of fishing (that is, differcnces due to the complexity
of - the spawning migration). Sample IV suggests that older fish remain
longer on the grounds after spewning than do thc younger oncs.

X.S. Ketchen Appendix No. 34

A Study of Minimum Size Limits for the Lemon Solo

An understanding of the relationship of growth rate to natural
mortality rate is of great importance in fishery investigution becausc of
its beoaring on the study of optimum yicld. Rates of natursl mortality
of the lemon sole have begen determined from tho age distribution in
recently exploited populations in Hecnte strait. Thesc data have been
employed togother with data on growth rate in determining minimum size
limits for optimum yield under verying fishing intensities, and in deter-
mining the best fishing intensity when the minimum'size is kept constant.
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The method employed wes that described by Ricker (Copeia, 1945, 2).

48 it has been possible to determine the natural mortality
rates of adult fish only, sever:l assumptions have bsen m:de regrrding
the mortality rate of juvenile fish which are believed to be reasonably
accurate in the light of present knowledge. Never-the-less thoy are
open to criticism, and are deserving of & great deal more investigation.
For the prescnt, however, it has been assumed thet & rate of 43% natural
mortality for «dult fish (both sexes combined «nd woighted eccording to
the sex ratio) is applicable to age groups over onc year of age but
which have not as yct cntered the fishery.

On the basis of a fishing mortality of 40%, similar to that
for the strait of Georgie (summary report, 1947), the catch for every
100 lbs. of fish renching one yenr of nge (140 mm.) for a series of
minimum sizes is as follows:

Min, size (mm.,) 321 314 305 297 286 275 262 247 232 215 193 170
Cetech (1b.) 170 180 190 199 211 220 227 232 233 236 238 241

Progressive decrease in minimum size limit to a point far below the
present market minimum size brings about an over increasing yield.

If the fishing ratc is incre:sed to 55% then the results for the sume
series of minimum sizes are os follows:

Min size (mm.) 321 314 305 297 286 275 262 247 232 215 193 170
Cateh (1b.) 180 190 200 209 219 227 233 236 237 238 235 235

In this case & minimum size of 215 mm. produces the optimum catch.
There is of course considersble renge over which there is little
change in yield. Still further increase in fishing rate of 63% gives
an optimum yield with 2 size limit of 232 mm., Here again considerable
renge is shown where there is little change in yield, end consequently
the size limit could bec increased to 2775 mm. without significant loss
in yield. ‘
Agsuming that the market would not eccept fish below the
present minimum of 300 mm., it is advisable to dstermine the best
fishing mortclity for optimum yield.

Annuel
fish. mort. (%) 40 45 50 55 59 63 67 70 13 75 18
Catch (1b.) 192 198 199 200 201 197 192 190 187 184 180

Optimum yield is obtained with &« fishing mortrlity of 55 -

59%. Rates asbove and below thut bring & decreesing yisld. However,
a fishery stebilized &t a rate of 45% would yield apprecinbly the
scme weight of fish as one operating on & considerably higher level,

such as 63%.

If an adequste spawning stock is allowed to survive each
year, and the afore-mentioned assumptions are reasonably correct, then
it would eppear thnt no restrictions should bu placed on the size of
fish taken in order to obtain optimum yield, or if the minimum size
limit is to be maintained then no restriction should be placed on the



(LN

- 37 -
K.S. Ketchen Aprendix No. 34

amount of fishing. Thus one of the foremost problems in the mensgement
of the lemon sole fishery appears to be the determination of the factors
which tend to limit maximum recruitment to the fishery.

A paper on this subject was presentec orally to the meeting
of the Royal Society of Canada in June 1948.

K.S. Ketchen Appendix No. 35

The _Sex Ratio of Young Lemon Soles

In connection with the study of minimum size limits it was
found advisable to make sex determinations of fish in their first year
of growth. In beach seine samples taken in the summer of 1946 at Depart-
ure Bay it was found that 38% were females, while 30 miles to the north
at Qualicum beach, 36% were females. In 1948 samples at Departure Bay,
once again 38% were females.

These results are of considerable significance in the light
of what is already known about the differential viability of males and
females in the fishery.

W.E. Barraclough Appendix No. 36

Food of the Brill

Since the brill is one of the most importent species of flat-
fish marketed today in British Columbia a summary of the stomach
examinstions to dete is presented below. Meny stomachs contain more
than one kind of food, therefore the numbers shown uncer the different
foo¢ headings add up to more than the number of stomachs examined. The
food studies were done to increase the knowlecge of the general biology
of the species as well &s to contribute to the stucy of the inter-
relationship between the various species of flatfish anc their habitats.

Kind of food ‘ West Coast of Strait of Hecate Strait (Goose
Vancouver Island Georgia  Islends, Banks Island
: Butterworth Rks.)

Humber of stomachs

found empty 12 : 160
herring 1 40
whiting 1 4
tomcod 1
sandlance 2 65
blennies (sp.?) 6
sebastodes (sp.) 1
agonids (sp.) 2
long=jaw flounders 1
rex soles 1
fish remains 1 2 49
hydroids (sp.?) 1
worms (mostly polychaets) 2 6
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Kind of food West Coast of Strait of Hecate Strait (Goose

Vancouver Island Georgia Islancds, Eanks Isl-
' anc¢, Butterworth Rks.)

brittle stars (sp.?) ' 3
sand dollars 4
schizopods 39 ,
euphausiids 335 616
shrimps 28
crabs (sp.?) 1 40
hermit crabs (sp.?) 5
clams (sp.?) 20
squids (sp.?)

octopus

miscellaneous (sand, gravel) 12

The most important food item among the invertebrates are the
euphausiids often classed as red feed. Sand lance and herring also contr-
ibute considerably to the diet of the brill in certain areas in Hecate
strait such as off Banks island and the Goose islands.

The data on brill (the most important of British Columbia trawl-
caught flatfish) is presented herewith as an example of the type of infor-
mation which is being accumulated on a considersble number of species.

K.S. Ketchen Appendix No. 37
Rock Sole. Length Frequency Distribution, 1944-48

Graphic analysis of length frequency distributions of rock sole
samples taken between 1944 and 1948 have been cerried out for the purpose
of gaining some preliminary understancing of the trends in the fiskery until
the age analysis is completed. Examination of semples from grounds in
Queen Cherlotte sound and Hecate strait has revealed that, at comparable
times of the year, there are merked differences between the frequcncy
distributions of fish on grounds which are more or less ac jacent to one
another. There is, for example, little similarity between the samples of
fish from the Scott island grounds and the Goose island grounds' in Queen
Charlotte sound, or between the Goose island grounds and the Horseshoe
grounds in Hecate strait, or between the Horseshoe grounds and the Butter-
worth Rocks grounds. This dissimilarity in the frequency distributions
suggests that these four important grounds are to some degree independent
of one another. Theat any mixing does teke place between these grounds has
not as yet been shown by tagging experiments.

On the Butterworth rock grounds, & sharp drop in average
length of fish occurred between 1945 ené 1946, from 39.6 cm. to 36.5 cm.
This parallels the results of the lemon sole investigation. In the latter
case the drop in average size was produced by the influx of a relatively
strong year class to the fishery. That a similar situation has occurred
in the rock sole fishery has becn indicated by the preliminary age analysis.
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‘ On the Horseshoe grounds the mode increesed from 41 cm. to
42 cm., between 1945 and 1946, but in 1947 dropved to 38 cm. and remained
at that point until the early part of 1948.

Still further to the south, in Queen Charlotte sound, the rock
soles comprising lending from the Goose island grounds were of much
smeller size, averaging 36.3 and 37:3 cm. in 1945 and 1946 respectively.

The shapes of the left-hand limbs of the frequency curves of
rock soles taken from off the northern part of Vencouver island &nd also
on the Horseshoe grounds in Hecate strait do not seem to have been
determined by market selection: Small fish are not being exploited on
these grounds. This condition is in marked contrast with that exhibited
by the Butterworth rocks and Goose island grounds.

X.S. Ketchen Appendix No. 38

The Relation of Distribution to Spawning Condition of Rock Soles

During an investigation of the Queen Charlotte strait aree in
late April 1948, opportunity arose to study quantitatively an important
problem in the life history of the rock sole-~-nemely, the absence of
spawning fecmale fish from trawl catches during the spawning.season.

Off the western end of Malcolm island drags were made parallel -
to shore from deep water into shallow weter to determine the geogreaphic
reletionship of male to female fish, the reletive proportion of each
sex an¢ the state of meturity. For the sake of comparison catches from
drags in seven different Cepths were acjusted to a helf hour drag basis.
In the following table are given the relative number of fish st various
depths with spawning condition given in percent:

Female
Depth Relative immature mature clear running spent
f. number - :
43 - - - - - --
30 54 61 13 2 - 24
24 131 51 28 -- -- 2]
22 163 34 31 - -- 35
19 270 32 20 - - L8
15 70 20 26 1 -- 52
10 30 - 27 - -- 73
Male
Depth Relative immazture mature running spent
f. number
43 - - - - -
30 12 83 - 17 -
24 40 63 2 35 --
22 31 52 - 45 3
19 66 46 5 54 -
15 83 6 2 92 --

10 44, 10 - 90 -
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The greatest number of female rock soles was found at a depth
of 19 fathoms, while the greatest number of males was found at 15 fathoms.
In both sexes, maturity decreases with depth. ' The percentage of spent
female fish decreased with depth, being highest at the shallowest dgpmh »
sampled. In a similar manner the percentage of running males was highest
in the shallow water.

There were few mature (but not spawning) or spent males.

Mature females seemed to be fairly evenly distributed over the area. 1In
only two isolated instances were fish bearing clear eggs céiscovered. No
spawning females were found.

If it can be assumed that spawning female rock soles were present
in the vicinity of the sampling area, the fact that the highest percentages
of spawning males and spent females were found in shallow water drags
suggests that the spawning females were between the beach ané the 10 fathom
mark. The fact that the ocean bottom became progressively rougher towerds
shore may have had significance, namely, that the spawning of female fish
is associated with shallow weter and rough bottom. Attempts to get closer
to shore than 10 fathoms were unfortunately fustrated by strong winds and
tide.

It cannot be overlooked that spawning females may have been no-
where in the ares fished, and that those fish sampled were but represent-
atives of two spawning runs with different stages of maturity, one early
and one late.

14
W.E. Barraclough Appendix No. 39

Examination of Rex sole landings and Rex sole otoliths

Although the rex sole (Glyptocephalus zachirus) is very palat-
able it is not one of the more important species of soles landed for the
commercial market because the fillet recovered from the body of the sole
is very thin. This species hes assumed some commercial importance in
Prince Rupert where numbers of these soles are landed in quantity through-
out the year and especially in the winter months.

Examination of trawl lendings shows that 95% of the rex soles
landed in this northern port ere female fish. Seldon does the proportion
of male rex soles landed exceed 5% of the catch. Part, but only part of
the explanstion lies in the fact that the minimum length of the rex soles
acceptec by the cealers is about 350 mm (13 3/4 in.) and only relatively
few male rex soles have been observed over 360 mm. or 14 1// in.

Examination of the otoliths reveals that the rex soles do not
enter the commercial fishery until their 5th year. During the 5th yeer
both the male and fenale rex soles reach sexusl maturity. The age best
represented by rex soles landed in Prince Rupert is about 7 years at =z
length of 420 mm. or 16 1/2 in. These soles are caught in an erea from
3 to 8 miles SW of the Butterworth rocks in Hecate strait in depths from
40 .t67 44 fathoms. Reading of the rex sole otéliths for age determinations
is being continued.
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Age distribution end growth rate in butter sole

The butter sole is a flatfish of considerable importence in
British Columbia certain features of whose life history lend themselves
to investigation. Otoliths from some fifteen thousand fish teken during
five years were examined to determine which could be used in calculating
growth rates and estimating relative strengths of year classes. Part of
the data were also used in an examination of the influence of selection
on these important characteristics and the results were given in & paper
presented et the meeting of the Royal Society of Canada.

The results on growth rate are given in the following tabula-
tion in which average lengths in millimetres for males and females of
each age are given.

Age IT IIT 1Vv- V VI VII VIII IX X
liales 143 210 261 294 318 335 343 346 352
Females 190 237 284 334 355 366 376 385 394
It is evident from this table that females grow faster than
males throughout their lives. Tabulation of the numbers of each fish
show that females have a lower mortality rate. Consequently all of the
largest fish are females. There is no evidence in our results indicating

great variation in year-class strength. Both sexes show declining occur-
rence in the ebuncance of older fish in succeecing years, thus:

Percentage of fish morc than seven years old

Season 1944 1945 1946 1947 1948
Male 11.6 8.3 11.8 440 1.4
Female 34.3 1.8 9.5 8.2 2.9

. The decline is probably but not certeinly a result of the
intensive seasonal fishery for the species and is an expected concomitant
of normally heavy exploitation.

Winona Bethune Appendix No. 41
Fecundity of butter sole

Fecundity determinations are being made for various species
in connection with life history studies. These were carried out for
butter soles by means of counting and weighing the eggs in the small
sample of ovaries. From the average weight per ovum and the total dried
weight of the ovary total egg numbers were calculeted for 25 fish.
These ranged from 332,000 to 2,079,000, Older and larger fish had more
eggs 1n them than younger or shorter ones but fish weight was the feature
most closely associzted with egg number. The relationship was exanmined
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by calculating a multiple regression with the following equation resulting:
Egg number equals 2,871,700 minus 33,420 times age in years minus 142,460
times length in centimetres plus 6,287 times weight in grams.

J.I. Manzer Appendix No. 42

Flatfish Tagging during 1948

The purpose of the otter-trawl tagging programme, as stated in
previous reports, was (1) to obtain information on the nigratory habits
of the commercially important species of fish contributing to the trawl
fishery, (2) to add to the general knowledge of their life histories, and
(3) to derive information of a quantitative nature on the commercial fish
populations.

In keeping with the programme, two organized togging trips were
carrieC¢ out with the use of the Station's resesrch vessel, the "Investig-
ator No. I"; onc to the west coast of Vancouver island, and the other to
Hecate strait.

The first trip, under direction of the writer, took place
during the period June 14 - 29 in the vicinity of Barkley sound and had
as its primary purpose the continuation of the study of the brill cormenced
off the west coast of Vancouver island in 1947. Although inclement weather
prevailed throughout the trip, 279 brill were tagged 12 miles SSW of
Lennard island.

The second trip, under direction of W.E. Barraclough, took place
during the period July 29 to August 31. The purpose of this trip was to
study the population of rock soles found south-west of the Butterworth
rocks during the lete spring and summer. Tagging was conducted prior to
the arrival of the fishing fleet upon the grounds, and consequently random
distribution of the tagged fish throughout the general population in that
area can be assumed. A minimum recovery of 10.4 percent has been recorded
to date (November 1), In eddition to the 1,538 rock soles, 18 brill and
11 lemon soles were also tagged.

In all, 1,846 flatfish were tagged during 1948 as compared with
45724 in 1947, 3,497 in 1946, 4,185 in 1945 and 2,083 in 1944. Recoveries
from the taggings carried out in the different years continue to be made,
the results of certain of these experiments being reported on elsewhere.

JeI. Manzer Appendix No. 43

Recovery of Tagged Fletfish

Tags received during 1948, have yvielded valuable information on
migrations, population linits, and growth rates for some of the conmercia-
11y important species of fletfish studied by the trawl investigation.
Assisting in the collection of the recovery data have been the shore
contact men in Vancouver, Victoria, and Prince Rupert who now virtually
exanine on shore most of the recaptured tagged fish. To compensate the
recoverer for the loss of the individual fish and also to indicate
appreciation of their co-operation and interest in the tezging programme,
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the recovery reward has been increased from 50 cents to 75 cents for those
who submit the tegged fish to the contact men for examination, Introduc-
tion of this practice has resulted in increased relisbility and usefulness
of the recovery data.

In general, the results agree with those of other years in that
little or no significant mixing occurs between the strait of Georgia,
west coast of Vancouver island, and Hecate strait. The only exchange
evidenced is by two confirmed recoveries. One is a lemon sole tagged in
Boat harbour, strait of Georgia, during the winter of 1945 - 46 and re-
covered off Port Renfrew on the west coast of Vancouver island during
September of this year. The other exchange is shown by a brill tagged off
White rocks, Hecate strait, during February 1947, and recovered off
Umetilla light, (Washington coast) in June 1948. These rovements are the
first of their kind for both species and are to be considered as exceptions
rather than the rule.

For the brill off the west coast of Vancouver island, tag
recoveries indicate some intermixing between the populations tagged in
Checleset Bay and Sydney Inlet during July 1947, as well as dispersion of
the fish from each tagging locality. Fish tagged in Checleset bay (irea
26) reportedly heve becn recovered from the following statistical areas:
11(2) (Cape Scott), 26(11) (Kyuquot), 25(2) (Nootka), 23(3) (Barkley
sound), and 21(1) (San Juan). The numbers of fish recovered from the
Sydney inlet (frea 24) experiment according to statistical areas are 7(2)
(Goose islend), 25(5), 24 (142) (Sydney inlct), 23(4), 21(1), Washington
coast (5), and the Oregon coast (1). From the information available, the
tag returns indicate north and southward dispersion.from the tagging
localities. The southern limit for both experinents is the waters off
the coast of Washington and Oregon. The northern limit for the Checleset
bay exveriment is the Scott islands and for the Sycney inlet experiment
Queen Charlotte sound.

Interpreting these movements on a seasonal basis, the fish
moving northwerd from Checleset bay appear to do so during the winter and
early spring and those moving southward do so during the sunmer, with an
indicated northward return to Barkley sound in the fall. Fish from Sydney
inlet were recovered in the northern sreas during the spring and early
sumner and in the far southern areas during the late summer. The north-
ward return in the fall to Barkley sound is in greater evidence than that
shown for the Checleset bay experiment. The southward movement of brill
from Sydney inlet during the summer and fall essentially agrees with what
already has been reported but the return northward may occur eerlier than
previously believed. idditional tagging experiments off the west coast
of Vancouver island are necessary in order to obtain a clear understanding
of the movements of these fish. .

In the Hecate strait area, brill tagged off the White rocks in
February 1947, show a northward movement during the spring and early swamer
to the fishing grounds off Oval Hill end Seal Rocks, an area approximately
20 miles from the tagging location, and a return movement during the fall.
This populetion has recently becore subjected to an intensive summer
fishery.

Additional tag returns have been received from tagging experi-
ments carried out on lemon sole found off White rocks. The new data
further support the belief that these fish move northward from this area
to the Butterworth rocks grounds during the early spring.
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The tagging of rock sole off Butterworth rocks, Hecate strait,
in two ‘successive years has resulted in relieble information concerning
movements and appeerance of the fish upon the known rock sole fishing
grounds. Recoveries from the 1947 experiment show that these fish re-
appear off the Butterworth rocks as early as April and continue to increase
in availability until June and July. Thereafter, the availegbility of this
species declines until September, when few fish are to be had. Recoveries
showing movement suggest that the rock sole move southward during the
sunner and early fall to an area approximately 20 miles southwest of Oval
Hill, Hecate strait.

Growth rates of male end female lemon sole, brill, and rock sole
in certzin areas have been determined from tags which were recovered 11 -
13 ronths after relcase. The treatment of the date and the informeation
derived therefrom is reported on elsewhere.

Numerous recoveries have also bccn nale from experiments carried
out on a smaller scale. Their interpretation is still to be attemptec.

Jd«I. Manzer Lppendix Noe 44

Rate of Growth in Fletfish as Determined by Tag Returns

The growth rates of certain species of flatfish have been deter-
mined from tagged fish which have been recovered 11 - 13 months after
release. ILength measurements at time of tagging were plotted against
relieble length measurements at time of recapture, and a regression curve
was fitted to the points. From this curve minimum average annual increases
in length for fish of different sizes can be obtained. A table illustrat-
ing the average absolute annual growth increments and percentage increases
is presented below for male and female lemon sole, brill and rock sole of
different lengths.

Species Area Sex Average Annual Increase in Length for Fish of
Different Size Groups
00 32 0 7 00 25" 0 00
Lemon Butter~ J Mm. 1%?5 lg—é %2~- %.2 %-_ 4:% 42’ ‘L X
Sole worth % 4.2 3.3 2.3 1.3 0.8 0.01
Rocks,
Hecate 9 Mm. 20.5 19 18 17.5 15 1 12.5
strait % 608 5.8 5-1 407 308 303 2.8
Boat 3 Mm. 18 14 11
Harbour % 6.0 4.3 3.1
Gulf of
Georgia @ Mm. 35 29 25 22 18 1,
%  11.7 8.9 7.1 5.9 4.5 3.3
Brill West 3 bim. 42 35 28 21 14 7
Coast % 14.0 10.8 8.0 5.6 3.5 1,6
Vancouver
island @ Mm. 65 57 49 41 33 25 18 10 2
% 2L.7 17.5 14,0 10.9 8.3 5.9 4.0 2.1 0.4
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Species Area Sex Average Annual Increase in Iength for Fish of
Different Size Groups

300 325 350 375 400 425 450 475 300
Rock Butter- 4 M;l. 36 29 21 1 7

sole worth 12.0 8.9 6.0 3.7 1.8
Rocks
Hecate @ Mm. 42 36 30 23.5 17 11 5
Strait % 14.0 11.1 8.6 6.3 4.3 2.6 1.1

The rate of growth for male and female lemon sole from Boat
Harbour is more rapid than for lemon sole from Butterworth rocks. Express-
ing the absolute average annual increase in length as percentage values,
mele fish of 300 mm. in length from the Butterworth Kocks grow 4.2% of
this length whereas male fish from Boat Harbour grow 6.0%. The more
repid growth rete of the Boat Harbour males’ is shown to exist for all size
groups for which deta are available. klso, Boat Harbour lemon sole show
a greater percentage increase in length for female fish of 300 mm. in
length than do Butterworth Rocks fish of the same length (11.7% and 6.8%,
respectively), but the rate of growth decrcases to equality (3.3%) for
femele fish of 425 mm. in length. L4t present it is difficult to say
whether or not the differences in growth rates of lemon sole from the two
areas is related to the extent and rate of exploitation, the oldest and
most highly exploited populction growing most rapid, or latitude.

The rate of growth for brill is the most rapid of the three
specics considered, The renge for males is from 42 mm. for fish of 300 mm.
to 7 mm. for fish of 425 mm. For females the renge is from 65 mm. for
fish of 300 mm. to 2 mm. for fish of 500 mm. Expressing the limits as
percentege values, the rate is 14% and 1.6% for nales and 21.7% and 0.4%
for females.

The rock sole grow more rapidly than lemon sole but not as
rapidly as brill. The percentege annual rate of increase for males of
300 mm. in length is 12% and this rate decreases to 1.8% for fish of 400
m.  Ferales of 300 mm. grow 14% of this length in one year while females
of 450 mm. in length grow 1.1%

From the above data it would appear that female leron sole, brill
and rock sole grow faster than the males for the area for which information
is aveileble.

J.I. Manzer Appendix No. 45

Exverimental Tegging of Fletfish

Ever since comrmencecment of the flatfish tagging programme it has
been suspected that the presence of the tag (Petersen type) may distort
essential life history constants (such as mortality and growth rates) of
the tagged part of the populetion end that the extent of the distortion mey
vary with the size and sex of the fish and details of tagging method.
Knowledge of the effect of the tag is essertiel if rates of mortality, rates
of growth, population abundance, fishing intensities, etc. are to be
determined. To assist in obtaining more accurste estimetes of these vital
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statistics, preparations are now being mede to conduct controlled tag-.
ging experiments on tagging mortalities and tagging techniques to provide
the information required.

K.S. Ketchen Appendix No. 46

The Growth of Young Lingcod

No satisfactory means have as yet been developed for the deter-
minetion of the age of lingcod. However, it has been found possible to
distinguish the first two ege groups simply by the frequency distribution.
Luring the winter of 1947-48, sampling in the cape Llazo area showed that
young lingcod fell into two distinet size groups. In the smaller of the
two groups the renge was 190-310 mm. ané¢ the sverage size was 263 mm. In
the larger group the reange was 350-490 mm., an¢ the zverage size was 409 mm.
In ell probability these two average sizes, 263 mm. anc 409 mm. represent
the mean growth of lingcod in the first two ycers of life.

Summer sompling of young lingcod from the same general arca
contained fish ranging in size from 120-180 mm. with an zverage size of
153 mm. These fish were in their first year of growth. In view of the
previous results it would secm reasonable to believe that by the time of
sempling (July 15th) approximately 55% of the yeer's growth had beecn comp-
leted.

¥%.E. Barraclough Appendix No. 47

Age Determinations of Lingcod

Considerable difficulty has becn experienced in determining the
age of lingcod (Qphiodon elongatus) but since the lingcod is one of the
economically importent ground fish some time and effort has been spent in
determining the age by a study of the otoliths znd sceles. The otoliths
were found to be more satisfactory than the scales fer age determination.
A collection of sceles end otnliths was examined from lingcod ceught off
Cape Lazo during the months of April and July, and the results are given
in the following table.

P S s S SRS Saitie) Gttt S oy

II III 1V v VI VII VIII XX

immeture Males
Number of lingcod 20 6 6 1 2 2 1
Averasge length (mm.) 287 415 463 550 625 727 840
Fencles
Number of lingcod 8 L 3 6 6 1 1
Average length (mm.) 424 477 601 655 815 900 1,000

These results show thet the lingcod grows sbout 100 mm. or 4
inches each yeer. This grcwth is in agreement with Dr. J.L. Hart's results.
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Dr. Hart found thet the commercial sizes of lingcod grow from 1% in. to

54 in. each yeer. The age determinations by otoliths for lingcod did not
prove as satisfactory es the results obtained when reading sole otoliths.
The ages determined by means of otoliths and scales are greater by one
year than the ages estimated some time ago in Dr. Hart's conclusions based
upon the sizes of lingcod at different times of the year or those deduced
by K.S. Ketchen in another summary report for 1948. They found that the
lingcod are about 10 in. long at the age of one year, 14 or 15 in. long

at the age of two years, and 18 in. long at the age of three years. It
nay also be noted that the lingcod usually enter the commercial fishery
during their 4th or 5th years. The discrepancy between conclusions reached
by the two methods suggest the possible existence of a constent non-annual
check in the centre part of the lingcod scales and otoliths. This calls
for cereful study before attempting further work in aging individuel ling-
cod. '

K.S. Ketchen . Lppendix No. 48

The Reproducibility of Trawl Hsuls

The initiation of experiments which would produce relisble
results of the effects of trawl nets of verious mesh sizes has required
preliminary investigation of the reproducibility of trawl hauls with nets
of ‘a given mesh size. Experiments of this sort werc carried out during
the winter of 1947-48 in Baynes sound, en area in which the general geog-
raphy lends itself to the more or less accurate repetition of érags over
fixed distances. As the lemon sole appeared in greatest sbundance in the
catches, that species was chosen as the subject of the analysis.

The length frequency disiributions of five pairs of éregs, that
is, consecutive crags, were subjected to chi-square tests in making deter-
minetions of the degree of association. The chi-square values had the
following probabilities: 1 in the renge .05-.10, 3 in the range .20-.30,
and 1 in the significant range. In testing for association then, four out of
the five chi-squares were well within the limits of non-significance. One
value was just bordering on significance. Thus successful reproduction
was echieved.

In view of the wany factors tending to disrupt the reproduci-
bility of trawl hsuls, it is unlikely that higher degrees of association
might be obtained. Among these disrupting factors are (1) irregularities
in the distribution of fish on the grounds, (2) differential reaction to
disturbence, (3) the effect on escapement by the number and species of fish
in the net, (4) mechanical variations in the performance of the net, and
(5) slight variations in the amount of ground covered in dragging.



»

- 48 -
K.S. Ketchen Lppencix No. 49

Gear_for the Capture of Larval and Post-larval Fletfish

& small dredge~like net of iron frame and fly-screen mesh proved
very effective in the cepture of larvel and smell post-larval lemon sole
and starry flouncders. Operation of this gear in shallow weter along a sand=-
bar in early Lpril netted approximately 100 fish renging in size from & mm.
to 15 mn.
‘ Observation of live specimens showed thet metamorphosis (the
assuning of the side-swimming behaviour) was complete in fish of 10 mm.
in length. Fish 8 to 9 mm. were in an intermediate stage, swinming half
way between the vertical end horizontal positions.

Leter drags with this net in the early pert of May produced
larger fish, but the average size was much lower than that of fish taken
by beach seine at the same time of the year. Thus it was shown that the
geer was fishing selectively, and therefore would have been of no use in
quantitative studies by that time of year.

K.S. Ketchen Appendix No. 50

The Cape Lezo and Nenoose Bay Experiments

In 1947 elmost all of the profitsble grcundfish arcas in the
strait of Georgia were closed to trawlers in order to safeguerd the
interests of the hook end line fishery for lingeod. Such closures,
although presumebly of benefit to the lingcod fishery, all but eliminated
the winter supply of other important trewl fish to the merket. It was
therefore of considereble importonce that areas be loceted which are not
productive of lingeod, ené which therefore coulé be recommended for re-
opening to enable more efficicnt utilization of other species of fish.

Surveys of two productive trawling ereas, south-east of cape
Lazo and in Nanoose bay wcre carried out at the beginning of 1948, to
determine the relationship of the abundance ond distribution of lemon sole,
grey cod, anc dogfish to thet of lingcod.

1. Cape_Lazo

Lt the beginning of February the cape Lazo area was subjected
to thorough dragging, designed to sample as many depths and as wide an area
as possible. Briefly the results were as follows:

(2) Lemon soles were concentrated in greatest abundance in the
northern part of the ground between 35 and 40 fathoms.

(b) Small lingeod (1 year of age) were at that time of year
confined to depths shallower than 35 fathoms. Drags in one
area, in 31, 35 and 40 fathoms produced 37, 15 and O fish,
respectively. In another area at the same depths the cetch
was 33, 2 and O fish.

(¢) 1In the deeper weters (over 35 fathoms) very few lingcod of
larger size were taken. The average was less then one fish
per 15 minute drag.
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On the basis of the facts revealed on the limitation in the
depths inhaebited by young lingcod, and on the sparsity of larger lingcod
in the deeper waters, recommendations were made which would ensble the
trawl fleet to teake advantage of the lemon sole fishery.

In the middle of Februery the grouncs were re-opened and close
contact was kept with the fishery during the productive phase of its
existence. By the fifth day eleven effectively fishing boats were on hand.
In the reletively small area where this fishery operates it was not
surprising, therefore, that a sharp decline in total catch had occurred
by the end of the sixth day. The catch per boat began to decline after
the fourth day. The following table exhibits the trend of the fishery
during the first eight days:

Cays after Number of Total catch Catch per boat

opening boats (pounds) per 2 hr. drag
1 1 600 300
2 2 2,600 400
3 5 9,000 450
4 10 19,000 510
5 11 20,000 450
6 10 11,300 360
7 3 1,900 270
8 2 600 210

The decline in catch was due mainly to the intensive fishery,
but may have also been due partially te the movement of the fish off the
grounds to undisturbed or inaccessible territory.

Direct observation of numerous 2 hour commercial hauls showed
that lingcod were not being caught in great numbers. The boats volunt-
arily stayed away from the shallower regions which harboured the lingcod
of one yeer's growth (group I fish). .

In the commerciel hauls, group I lingcod (20-34 cm.) averaged
2.8 per drag, and Group II lingcod (over 40 cm. but under commercial size)
averaged 5.5 per drag. Lingcod of commercial size averaged 1.5 per drag.
Thus in comparison with the weight of other fish landed the destruction of
lingcod was low.

Because of the dissatisfaction on the part of the industry over
the poor quality of the lemon sole taken, it has been proposed, that if
the grounds are to be opened in 1949, that it be during an earlier period
of the season when the fish are not so far advanced in spawning condition.
The poor quality was due partially to the high proportion of small male
fish in the catches, a characteristic of the Cape Lazo area which has been
apparent since the investigation began several years ago.

2. Nanoose Bay

In this area the problem concerned the determination of the
relationship of the abundance of lingcod to that of greycod and dogfish.
The ground was opened contemporaneously with the cape Lazo area, but because
of the smallness of the ground and its consequent unsuitaebility to fishing
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with the double gear of the "Investigator No. I", adequate sampling
prior to the date of opening was not achieved. However, very few lingcod
were teken in those drags which were completed.

Greycod and dogfish were the principal species ceught, and, as
was the cese at Cape Lazo the number of lingcod taken was negligible,
but at times considerable numbers of small blackcod appeared in the catches.
Department of Fisheries reports state that 42,000 lbs. of greycod were
taken during the open period.  In the first nine days of the fishery the
average number of boats per day was 3 the average total catch per day was
2,300 1lbg. of greycod, and the average cetch per boat per drag was 280 lbs.

W.E. Barracléugh Appendix No. 51

Summary of the study of measures of gbundance of dogfish

The decline in production of vitamin "A" from dogfish livers
has been studied by analysing the tally slips for individual sunken gill-
net boats operating in western Hecate strait. The decline is believed to
be associated with a drop in availability. The decline in potency of
Vitamin "A" is indicated in the following table.

The average number of USP units per gram of liver oil determined
from the livers of dogfish which were landed only by sunken gill-
nets in Hecete strait, near the Queen Charlotte islends from

1944 to 1947
Averege number of USP Total poundage of
units per gram of dogfish livers
liver oil tested
1944, 14,648 148,191
1945 13,183 514,000
1946 9,784 446,448
1947 9,075 572,486

The sunken gill-net fishery is rather a selective one for size.
Only the largest fish are caught, the smaller ones tend to pass through
the webbing, thus eliminating those of no commercial value. The decline
in aveilability and total cateh would indicate that the larger fish are
becoming less abundant on the fishing grounds in Hecate strait. The
consistent falling off in vitamin "AM potency suggests that the older
dogfish in the size groups selected by the sunken gill-net have declined
more rapidly then the younger ones, and that the fishery is relying to an
increasing extent upon the feaster growing, moderately old individuals.
Ls the older zge classes of dogfish are removed from the population, the
number of larger dogfish with livers of a high vitamin "A" potency avail-
able to be cought in sunken gill-nets would become less. This situation
is not surprising in a species which has been fished so agressively and
8o intensively throughout its range and against whose largest members a
special fishery has developed. Such e selective fishery which is dependent
upon the older fish is probably necessary to secure the maximum production
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from the fish population. It cannot be considered that the decline in
aveilebility of the dogfish and the érop in vitamin "L" potency of the
dogfish livers is sufficient to indicate biological depletion. The
economic condition in which reduced yield per boat is accompanied by
reduced value per unit is quite different and is a metter of real concern.
The results of this study were prepared for publication and
presented orally at the 1948 meetings of the Roysl Society of Canada.

J.L. Hart Appendix No. 52

Pilchard Fishery

The pilchard fishery as such did not exist during 1948 end
unless landings of fish are made from the inlets during the herring season
the total production will be nil. No landings were mede in Washington.
Oregon catches were less than in 1947. MNo statement concerning California
production to date is possible owing to price dispute so that there are
no possible grounds for hope of early re~habilitation of the fishery.

DOMQ Furk Appendix NO- 53
Factors relcoted to_pilcherd landings

The analysis of accumulatec pilchard catch statistics was
continued in the hope of obtsining information on ceuses of pilcherd
abundance and availability. A

4 revision of the link relative indices as reported last year
was undcrtaeken on the basis of the criterion that before data could be
ineluded, the individuel snnual tonnege had to be at least one-third thet
of the largest tonnage of pilchards caught in the respective season, on
the assumption that even the smallest boats should be able to catch at
least one third of the catch of the largest boats if they fished all
season. The revised indices do not differ greatly from the original ones.

Catch per seine per day data were treated by link relatives with
the resulting indices. _

1926 0.74 1933 - 1940
1927 0.97 1934 1.29 1941
1928 0.81 1935 1.20 1942
1929 0.97 1936 0.78 1943
1930 1.00 1937 0.90 1944
1931 1.21 1938 0.87 1945
1932 1.05 1939 0.13 1946
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These indices in general follow those obtained by previous
other methods. It appears likely that such discrepancies as do occur
are due to the differences in the length of season.

In attempt was made tn assess the fluctuations in the length
of the pilchard season by determining the smellest number of ten-day
periods nccessary to cetch steted percentages of the catch. 4 definite
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shortening of the season was evident from 1925 to 1932.

Comperisons between sea water and air temperatures anc the
percentage annual catch of pilchards were attempted, but until other
meteorological data can be included with the comperisons, no definite
relationships cen be establishec.

D.M. Furk Lppendix No. 54

Eulachon Catch Stetistics

Continuing the programme established in 1941 catch in pounds of
eulachon per 100 square fathoms of gill net was calculated for 1948 on the
basis of information collected by the Department of Fisheries. The results
given in the last column in the following teble may be compared with those
for previous years. The upper figure in each pair is the catch per unit
effort: the lower figure the number of units of ef¥ort put forth during
the period.

1941 1942 1943 1944 1945 1946 1947 1948

Week 00 2 - - - - 0) .- -
65.6) 1.1)

Week O 5) == - 4 ) L) -- - --
202.3) 23.4) 10.2)

Week I 10) 7) ©0) 3) 3) 1) 7)) 6)
440.7) 10.5) 0.2) 55.6) 20.7) 6.6) 35.2) 85.4)

Week II 10 ) 32) 7)) 7) 12) 7)) 18) 6 )
619.0) 155.8) 71.9) 145.0) 103.5) 37.8) 73.3) 199.7)

Week III 55 ) 57 ) &85 g g8) 18) 6) 129) 2 )
442.8) 282.2) 407.3) 422.1) 308.8) 121.0 269.3) 208.2)

Week IV 135 ) 222 ) 134 ) 60 ) 36 ) 22) 281 ) 100)
583.3) 412.3) 411.6) 660.6) 680.8) 161.1) 595.6)1185.2)

Week V 74 ) 219 ) 265 ) 144 ) 110 ) 100 ) 318 ) 158 )
22/.9) 383.8) 407.7) 511.0) 853.2) 701.5) 254.1)1360.2)

Week VI 10 ) 102 ) 116 ) 74 ) 93 ) 193 ) L6 ) 127 )
57.4) 165.1) 59.0) 199.5) 763.6) 409.1) 5.2) 178.6)

Week VII ~-- - -—- 10) 225) 510) -- 10 )
3.0) 39.9) 32.9) 0.2)

. It is @difficult to obtain a single composite figure representing
gbuncence in eny onc year and positive statements are hard to justify. It
is evident that there is no obvious trend and one is tempted to the opinion
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that there is obviously no trend.

‘ In former years the results of the calculations have been in
keeping with the opinions gained by general observations of fishermen and
fisheries officers. This conformity broke down during 1948 which was
calculated to be a smaller-thcon-aversge yesr but was popularly regarded
as a very good one. GCertainly the cetch was very heavy which may have
influenced the general view or the catch per unit fishing effort may have
been decreased by competition. Data are being collected to test other
possible explanations es suggested by Mr. T. Taylor of the Department of
Fisheries.

G.C. Pike ' Appenéix No. 55

Anchovy Investigation

An extension of the anchovy investigation during 1947 will be

- made with the examination of this year's catch records and samples of the
individual catches made. The intensity of the fishing this year has shown
a marked decline. This possibly is attributable to a small recruitment of
two-year-old fish to the commercially acceptable three=-yéar-old class, and
also to a decreased demand upon the fishery by the companies concerned.
Such fishing effort as has been expended has proved unprofitable.

The investigation has followed four lines: The study of age
by scales, otoliths and length frequencies; the study of spawning and
reproduction by ovary examination; the collection of information through
questiomaircs t- fisheries officers; and log-book records from fishermen.
These lines of study have led to certain conclusions and inferences which,
it is hoped, will be substantiated by sampling of occasional catches in
the future. Evicdence of a sample of small one-year-old fish captured in
Jervis Inlet, reports of the occurrcnce of small 1 to 2-inch fish in the
inlets, and occurrence of ripe or nearly ripe ove in thc ovaries of
females during June, July end August all lend support to the conclusion
that the anchovy in the bays end inlets of this coast are capsble of
successiul reproduction.

Preliminary results of the investigation incdicate that anchovy
spawn more than once during a spawning season lasting through June, July
end August. The onset of maturity occurs in femeles ronging in length
from 119 mm. to 130 mm. Anchovies in their first and second year do not
mix to any extent with the mature three and four-year-old fish. The con-
sistency betwecn semples from the various areas is such as to give no
indicetion of separate populations at various pleces along the coeast.

The range appears to be from the Strait of Georgia in the south, through-
out bays and inlets of the waters on the east and west coasts of Vencouver
island, and northward elong the mainland coast to Ogden channel.

Overfishing of the existing stocks of anchovy seems unlikely in
view of the relatively light demand made upon the fishery by commercial
interests. Should exploitation become intense, however, the small residual
population could be vertually eliminected. '

Mr. J.L. McHugh at the Scripps Institution of Oceanography is
carrying out a coastwise raciel investigetion of enchovy some of whose
results will be applicable to British Columbia conditions. British Colum-
bia workers have co-operated with Mr. kicHugh by supplying samples of north-
ern material.
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Albagore Fishery

The albacore resource availeble to fishermen is one of unknown
size and potentialities. It would appear, however, to provide one of the
more promising directions for extcnsion of Canadien fishing activity.
With this in mind end apprecieting the desirability of meking use of the
halibut fleet which would be released for other activities shortly after
a very brief season the Department of Fisheries detailed one of its boats
to assisting the albacore fishery by helping in the search for fish,
monitoring informetion about albacore fishing, end in othcr weys. The
Pacific Biological Stetion accepted an invitation to place an observer on
the vessels cngeged in this work. Numerous records were mace on albacore
ané on water conditions generelly some of which ere summarizec in summary
reports by Mr. Scegel. In most cases the inforrmetion collected was less
systematic and critical than is desirable or coulé have becn atteined if
the biologicel work had not been secondary to the mein object of providing
immeciste oid to the fishery.

To a large cxtent because of the help given by fisheries patrol
vessels and elso because of considerably increesed fishing effort the
albacore catch was the greatest in Canadian history. Most of the fish
were caught off the west coast of the Queen Charlotte Islands in an area
opened up as a direct result of scouting by public servants. ¥or the
first time Prince Rupert, Butedale, and Klemtu became ports of landing
for albacore.

The possibility of increased importaonce of the albacore fishery
has been realized for several years. Various observations on the species
have accordingly been made from time to time since 1941. Ais a background
for further work sll the results to the end of 1947 were compiled snd an
account of the results distributed to the industry as circular No. 12.

J.L. Hart Appendix No. 57
Ailbacore Sampling

In studying a fishery it is reasonsble to attempt to learn as

much as possible about the fish constituting the catch. To this end

substential samples of commercial landings of albacore were measured at
Vancouver by R.'. Wilson and T.H. Butler, at Victoria by D. Odlum, at
Prince Rupert by G. Calderwood and L. Mcleod. The results of these
measurements ere given herewith in tabular form according to mejor fishing
areas
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Lppendix No. 57

Ucluelet

Cape St. James to and south-

James Cape Cook ward
Cm. Total
53 1 1
54, 1 2 3
55 1l 6 7
56 2 3 1 19
57 5 4 19 28
58 21 12 28 61
59 by 18 33 95
60 101 59 70 230
61 215 83 100 398
62 369 92 116 577
63 LAT 104 104 655
64 422 80 53 555
65 304 47 28 379
66 149 17 19 185
67 82 9 7 98
68 69 5 3 77
69 54 4 3 61
70 T4 9 2 85
71 54 5 7 66
72 70 4 5 79
73 75 12 5 92
74 88 5 9 102
75 92 7 8 107
76 69 9 10 88
77 60 4 5 69
78 34 4 5 43
79 26 3 2 31
80 13 2 1 16
81 1 1
82 2 2
83
84
85 e

2,943 602 665 4,210

Pending careful analyses two observations on the measurements
are worth mentioning. There nre two modes in the size distribution, one

at 63 cm. length, end one et 75 cm. le
with the size modes recorded in other

ngth. These correspond in position
years although there has been sub-

stantial irregulerity in the positions and relative sizes of the modes.

The modes probebly represent year=-broo
assigned to definite age groups.

ds of fish which cannot as yet be

The second point worthy of note is that the more northerly

fishihg grounds produce lerger fish.

The mein mode corresponds to larger

fish off the Queen Charlotte islends and in that area a larger proportion

of fish is more than 69 cm. in length.



[ ad

- .56 =

W.J. Bethune : Appendix No. 58

Water Tempergture and other Oceanographic Conditions in.Relation
to Cormercial Catch as_Indicated by Albacore log-book Records

Tune log-books were first issued to fishermen in 1946. The
fishermen were asked to fill in informetion as to date, time of recording,
position, direction and speed of wind, water temperature, the number of
fish ceught, end any other information of interest. Each sheet was in dup-
licete so that the fisherman could keep the original copy end send the
carbon copy to the Pacific Biological Stetion. Records of books issued
were kept by the issuing officers. Similar books were issued in 1947 end
1948, Each year more books were issued than in the previous year, and,
as was hoped, the returns increased in each year.

In 1946 a method of analyzing the data was evolved. Each
complete reading (i.e. one contesining at least the position, the water
tempereture, and the number of fish ceught) was given a number, more or
less chronologically. Then each reading was plotted on a map with a
notation re the temperature and the number of fish ceught at that point.
The maps were divided into areas so that each area was one helf degree of
longitude wide and one half degree of latitude long. Each ecres was given
a numeral for designation purposes.

Although the books issued during the three years were identical
and the same treatment followed each year, it is difficult to mske a fair
comperison of the results between any two of the years. In the years 1946
ahd 1947, the same areas were fished; but in 1946 there wes only one fish-
ermen who sent in a complete set of logs. In 1947 six men sent in complete
sets with a total of one hundred ninety-six recordings. It was not felt
that the information provided by one man could be taken as being represent-
ative of the entire fleet. Although that provided by the six men in the
following yeer left much to be desired, it could be taken as being reason=-
ebly representative., The 1948 results could be considered rcpresentative,
as meny fishermen sent in good reports (750 valid recordings); but from
some points of view conclusions reached from this year's cdeta cannot be
successfully compared with previous years beccuse of the complete shift
in fishing locality. In 1947 no fish were caught north of 50°N letitude,

- and in 1948 over 62% of the catch wes made north of this parellel.

For the above reasons, the results obtained over the lest three
yeers will be given, but no effort to compere them will be made. In 1946,
the best areas lay between latitudes 46°30'N and 47°N, and longitudes
125°30'W and 126°30'W. The optimum temperature in thet yeer was 61°F.
In 1947 the most efficient area was found to be bounded by the parallels
126°30'W and 125°W longitude, and 46°30'N and 47°N latitude. In that yeer,
the temperature found most effective was 65°F. The results of the 1948
analyses show the best aree lying between latitudes 52930'N and 53°N and
longitudes 132°W end 133°W; the most efficient temperature being between
580F and 60°F. :

From the information given in the reports in the first two years,
it was possible to compute the hours spent in each area. But in the 1948
reports any ettempt at computing time would have involved, of necessity,
so much presumption and guess-work as to make the final results valueless
in a scientific investigation. Also, in the 1948 reports, often an
accurate temperature reading wes not given, particularly in the optimum
area. It would seem that the fish were so sbundent in that area thet the
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fishermen did not heve the time to make cdequote temperature reécordings;
and, as a rule, geve their reccing as "between 580F enc 60CF", which
proved to be the mnst efficient tempersture.

No definite conclusions cen be drewn from the results of the
data collected in the last three yeers, but they do provide a background
for planning future investigations. There is no support in the records
on hené for the view that albacore catches are inflexibly related to water
temperature.

R.F. Scagel Appendix No. 59

Temperature Conditions in Relation to Albacore Occurrence and Catches -

e e S S— S e—— A

‘ During the summer of 1948 from June 22 until September 8 surface
temperatures were teken from on board the Fisheries Protection Vessels
"Kitimat" and "Laurier" during their patrol of the "tuna" fishing grounds.
Although the number of recordings taken is not sufficicntly lerge nor the
coverage sufficiently complete to trace isotherms with any high degree of
accuracy an indication of the structure of this offshore region of water
has been shown. Also comparison of temperatures over the sumner season
indicetes that the configuration of these isotherms changes =8 the season
progresses, moving inshore considerably by late August as’ compared to the
position found in July.

Comparisons of midsummer and latc summer temperatures ere only
availeble for the southern region (off the West Coast of Vencouver Island)
but these show thet it wes necessary to procced southwest from Barkley
sound in mi@ July 60 miles hefore water reaching 57 degrees F. was
attoined, whereas in August the same tempcreture was encountered within
20 miles of shore. Similerly, water tcmperctures of 57 degrees F. were
reached within 20 miles of shore in mid July, but were encountered with-
in 10 miles of shore in August southwest of Cape Cook, where the continen-
tel shelf is restricted in its extent and may be related to the grester
proximity of the warm water to the land at this point.

4 limited number of bathythermogreph rccordings were nade ,
indicating thot this stratum of werm water, which comprises the Japanese
Current, is in the neighbourhood of 50 feet in Cdepth.

It was found that in proceeding off shore there was & gradual
transition from the cold coastal waters, which are generally ebout 52
degrees F., to the wermer waters of the Japanese Current, and that once
the continental shelf wes crossed one could expect the weter tc become
wermer more rapidly. The "edge" of this current is not sharply defined
but the warmer water is encountered close to shore or fer out according
to the extent of the continental shelf. The significence of this factor
is shown by the fact thot the most intensive fishing was carried out this
year off the west coest of Moresby Island, at times within 10 miles of
the shore in the region off Tasoo Inlet. Along this portion of Moresby
Island the continental shelf is very restricted, or even non-existcut,
which is epparently thc reason why the warm water of the Japanese Current
comes in so close at this point.
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The lowest temperature st which albacore were ceught during the
investigation was 56.8 degrecs F. end the highest temperature was 63.0
decgrees F. The best fishing, however, was exverienced at temperztures
between 58 and €0 degrees F. During the investigetion 513 fish were
caught. The distribution of these fish, comparing temperatures to the
nearest whole degree, is as followss

Temperature °F. Number of Fish Caught
57 7
58 ' 147
59 149
60 135
61 T4
62 0
63 1

Mthough blue water wes encountered in close proximity to the
Queen Charlotte Islends (within 10 miles of the shore off Tasoo Inlet),
no water temperatures over 60 degrees F. were recorced in this region,
" whereas in more southern waters off the West Coast of Vancouver Island
and Washington temperatures of from 57 to over 64 degrees F. were record-
ed in blue water.

R.F. Scagel Lppendix No. 60

Qther Cceanographic Conditions in Reletion to_Qccurrence and Catch

of ilbscore \

1. Sglinity: rsndom weter samples were tcken over wide erees in
the offshore region but these show no significant variation.

2. GColor of Viater: as one procceds offshore there is a gradual
transition in the water color from the intense green (and occasionally
brown) water of the coastal region, through a blue-green region in the
vicinity of the continental shelf, until finelly the weater becomes an
intense blue end is extremely clear. The color transition parallels the
temperature transition. The green water, generally in the neighbourhood
of 52 degrees F. close to shore, is decidedly cold; the blue-green appro-
eches 57 degrees F. and once the blue water is reached the temperature
change tekes place rapidly, reaching in northern waters 59 degrees or
slightly higher, but in southern waters reaching 64 degrees F. or higher.

The point of repid chenge from blue-green to blue end from
cold to warm seems to be in close proximity to 57 degrees F. It is
believed that once the water has reached close to 57 degrecs F. that
albacore may be expected. fLlthough the water is believed almost invariebly
to be blue where albacore are teaken, this factor seems to be a companion
factor and although it may contribute directly or indirectly to the dist-
ribution, it seems to be .secondary factor in the distribution of the
albacore. »
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Large semples of various colors of water were collected to
determine whether predominence of any organism contributes to this phen~
omenon, but these have not yet been enelyzed.

3. Plankton: the microscopic and near-microscopic life in this
offshore region has been found to be abundant and varied. Unicellular
forms--protozoa and algae, tunicetes, worms, ctenophores, coelenterates
and crustacea have 2ll been found in adundance.

Plankton samples heve been taken over a widespread area in both
blue and green weters but a detailed study of these has not yet been
completed.

R.F. Scagel Appendix No. 61

Feeding of Albacore

L number of stomachs were taken from elbacore during the summer
as well es collections of stomach contents thrown up by fish on the deck
during fishing operations. Some samples heve also been submitted by
various fishermen. Complete examination of these has not yet been carried
out. The feed teken is composed of an extremely wide assortment of forms,
but the items which bulk largest in the diet of the albacore are saury,
squid, small rockfish and "red feed".

: Various types end colors of lurcs were tried in an attempt to
determine whether any preference exists. Both feather baits end fast-
towing plugs seemed equelly successful in teking albacore on trolls and
any preference which exists seems to be in favour of ember-headed feather
baits with red end white feathers and green-headed feather baits with
white end green feathers, although the evidence is hardly conclusive.

R.F. Scagel Appendix No. 62

Collection of Albacore Scales

Lengths, weights, and scale samples from vaerious locetions on
the body, of a number of albacore were teken. The scales have as yet not
been critically studied, hence no conclusions as to the possibility of
age determination using this method can be drawn.

R.F. Scagel Appendix No. 63
Targing Llbacore

During the summer between July 17 and September 14, 140 albacore
were tagged and released in offshore waters et points ranging from off
Lestruction Island to off Langara Island (West Coast of Queen Charlotte
Islands). The fish were tegged with the button-type celluloid tags using
nickel pins. The fish were tagged through the tail close to the leading
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edge and near to the insertion of the tail at thc caudal peduncle. The
distribution of the fish tagged is as follows:

Position Caught and Released Number of Fish
Off Cape Cook (20-75 miles southwest) 24

Off Cape Flattery and Testruction I.
(75 niles southwest of Flattery to
70 miles southwest of Destruction I.) 41

Off West Coast of Moresby I. (35 miles south-

west of Big Inlet to 35 miles southwest of

Tasno Inlet). 51
Off Cepe St. James (30 miles southesast) 6

Off Graham Islend (80 miles southwest of
Langare I.) 18

With one exception ell fish swan rapidly away as soon as released.

Only fish which were nct severcly hooked or dameged were tegged. The
majority of fish taken, however, were only slightly injured by the hooks,
vhich were barbless.

PY No recoveries, to date, have been recorded and considering the
comperatively small number which were tagred little hope is held of any
" " TEeCoVery.
v, “R.F. Scagel . Appendix No. 64

Albpeore Fishing Experizents

Long-line fishing at various depths using hooks baited with
salted herring, fresh frozen enchovy, squié end feather baits all were
tried but none proved successful in catching elbacore. Blue sharks,
however, were very cormmonly taken by this gesr anc¢ & few soupfin sharks.

Gill-netting was also attempted, and while it too fished blue
sherks enc also soupfin sharks, this metho@ wns not successful in teking
albacore.

Fishing =lbacore with trolls at depths was attempted ané while
albacore were teken frow lines maintained at seversl fathoms depth, proof
that these fish @id not teke the lines es the weighted lines were being
heuled in was lacking.
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Recommenceations for the Future Study of ALlbacore

The neture of the investigation has prevented systemeticclly

investigating any phase of the problem.
The analysis of the Cate accumulated, heowever, would seem to
indicate some measure ~f success may be anticipeted:

(1) by systemeticnlly investigeting the temperature ¢istribution
in the offshere region throughout the scasen, es well es irwedictcly
before end after the "norriel" season in an attempt tn lecrn more sbout
the moverent of and arrivel of the Jepanese Current, and hence when end
where to expect occurence of glbacore.

(2) by systematically investigeting the other forms of life
present in the offshore end trensitinnel areas snd compering with the

.populations :f more cosstal arcas, as e counterpart to (1).

(3) by cerrying on at least one intensive tegeing progremme,
whether any returns arc reccived from the 1948 season ~r not.

(4) by endeavouring to learn something of the movement of the
seury, which ere present in such abundence in the offshore region and’
believed to influence thc movements of the albacore.
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Herring Investigation:  General Introduction

In 1947-48 the herring investigation for the second successive year
concentrated on the study of the west coast of Vancouver island herring popu-
lation, which under & plan formulated in 1946 by Dr. A. L. Tester, is not
subject to catch restrictions, oxcept for closure date. In addition, efforts
wors continuad to obtnin compnrable dntn from the lower enst const of Vnn-
couver island populntion, on which cntch rostrictions nre imposecd by o fixod
guotn. The purpose of the largoe scale west const "oxperiment" is to discover
whother quota restrictions on herring populntions nrs nacess~ry to prevent
downward trend in population abundance or whether the system of fixed quotas
is an inefficicent conservational practice because of tho large "natural"
fluctuations which occur in population nbundance. The solution of this prob-
lom will parmit the formulation of n poliey of fisheriss manngement Applicablo
to a1l the B. C. herring populations and ~ssuring moximum utilizntion of the
resource in porpstuity,

The immedinto ~ims of the investigntion nre directed to obtaining
biologicnl information on (1) the cnusos of natural fluctumtions in rocruit-
ment rnd ndvance information on these fluctuations, (2) the general rolation-
ship botween tho numbor of spawnors sand the numbor of resultnnt reeruits, (3)
tho minimum spnwning ponul~tion nzcessnry to produce ~n approximntely constemt
supply of recruits, (4) the effect of various rates of exploitation on the
fishable population, etc., To accomplish these aims the ressarch activities on
the west coast population were continucd along lines similar to those of the
first year of the study. During the 1947-48 fishing season every offort was
made to obtain nccurate cntch stntistics, intensive smmpling of the cntches
for loength, weight, szx rnd nge wns mnintnined, ~nd trg recovery wns continued
by morns of three trg dotcctors (two on th: west const nnd one on the enst
const) ond mngnets instnllod in 11 the reduction plmnts. In the late winter
end onrly spring of 1948 dotailed spnwning ground surveys wers ngfin under-
takon in the west const arens by tho investignators in conneetion with the
tagging programme, and during the spring months ~n intensifisd investigntion
of the young horring of the 1948 yosnr-clnss wns cnrried out. Tagging and tog
rocovery, srmpling of the cntches nnd tho spawning runs, nnd the dotnilsd
collection of cntch stntistics ware Also continued in tho strnit of Goorgia.
wWithin the limits of finances and staff, the continuity of the general in-
vestigation was maintained in all other herring populations, resulting in the
continuation of the collection of catch statistics and the sampling of the
catches from the other sub-districts. As in previous years the fishery

fficers of the Department of Fisheries mnde surveys of the extent and inten-
sity of spawning depositions in all sub-districts.

Dr, Tester h:s beon largely resnonsible for the plonning, direction,
and ~ccomplishments of the herring invaostigntion 7s outlined in this annunl
report, the writer hrving t2ken over gonernl suporvision ns of Soptember lst.

Pormanencs of staff membcrs during the proscat rasenrch is highly
desirnble, but unfortun~tely for mmy ransons tho staff of the investigntion
hnas undorgone numerous chnngoes during the »nst yonr and this is oxpacted to
continue in grenter or lesser degre: in the onsuing yonr. In November, 1947,
the scientists of tho inwestigation totnllod four, ~nd since thoi two h~ve
rosignsd and two now membsrs have boon “cquirad. The prescnt mombers (ns nt
November, 1948) include tho writer, ncting hond of the invostigntion since
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August, 1948, nnd three junior biologists (Mossrs. Lnrnignn, beMynn, and Outram)e
During the f£nll nnd winter months when the fishery is nctivo, tho membors of
tho staff nro prineipally engngod in tng recovery, samupling, and compiling
catch returns; in tho spring surveys the staff is ocecupicd in tagging, making
sprwning surveys cnd collceting date on the young herring; ths swmmer months
permit the rualysis of the dntn mnd tho writing of reports 2nd papers. It is
hoped that with incronse in cxperience the junior biologists will be able to
tnke over responsibility of the resenrch in certnin phasss of thz investiga-
tion. To this chd Mr. J. A. Lu.ignn hns boon concentrating his attention on
tngging nnd tng recovery, nnd Mr. R. G. :icMynn hns been devoting most of his
- time to the young herring ressnrch. bMr, J. H. Glover (who rosigned October 1,
1948) and Mr. Lonigmm were rosponsible for meking nge determination of the
fish smmpled, ~s well as assistiag in tho goner~l conduct of the s-mpling
studins,
In the following Apvendices the results of the investigntion during
1947-48 nro bridfly outlinsd. Thase are summarized in the finnl Appendix on
herring.

J. C. Stevenson |nnd R. S. Isnreson Appendix Ne. 67

Catch Statistics for the 1947-48 Horring Fishory

The collection of detailed catch statistics by means of Pilot House
Record Books and Daily Landing Forms was continued during the season. Pilot
House Records are compiled by each seine boat captain and record the place
end date of all|cntches, together with the total number of active fishing
dnys (fishing effort) spent on the grounds, providing compnrntive dntn on
nvailability (catch divided by fishing offort) ~md nbundance. Dnily Landing
Forms submitted|by tho processing plants provide information on the total
catch from each| area and the method of disposal.

The totnl catch during the 1947-48 herring senson nmounted to
171,700 tons. [This wns the lnargest snnunl catch in the history of the fishery
rnd cpproximntely 48,000 tons grenter than that of the previous senson. The
distribution of| the cntch is shown in the following tnbulntion:

Catch - Availability
Sub-district Tons Percent Tons/seine/day
Queen Charlotte| islands -— - ——
Northern 39,000 22.7 238,5
Central 28,500  16.6 54..7
Upper east coast of Vancouver island 7,300 4.3 34.5
Discovery passaze 6,000 3.5 94.7
Lower cast coast of Vancouwer island 45,700 26.6 71.0
Wost coast of Vancouver islend 45,200 2643 47.9

No herring fishery took place in the Queen Charlotte islands sub-
district although reclinble reports stnted thnt there wns n good concentrntion
of fish in latd Jrnusry in the vicinity of Dnrwin sound (Aren 24)., Good
fishing in the northern and centrnl sub-districts ~nd the fnet thet the
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transport of herring across Hecate strait is a hazardous winter operation
were probably the main reasons why the sub-district did not support a fishery.

A spectacular fishery developed at Ogden channel (Aren 5) in the
northern sub-distriet in late Janusry nnd enrly Februsry (Arcn 5 was pre-
viously o part of the centrnl sub-district but cvidence from the Ogden chrnnel
fishery and other sources indicated thnt it should bs considered in the
northern sub-district; this chrnge wns officially adopted in the fall of 1948).
Although the fishery continucd for only two wecks, nfter which time tho nro®
wns closcd for conservntion purposcs, n totnl cntch of 30,000 tons wns obt~in-
ed. This cntch wns definitely limited by tho cnpacity of the packing boats
and plants, This wns the only fishery in the northern sub-district during the
senson, Lo

In the centrnl sub-district short periods of good fishing prevailed
during November ~nd December being contorcd mainly in Arons 8 end 9, In Jan-
urry ~ fow good cntches wore obtained nt Klomtu passnge (Aran 6), but it wuns
not until after the completion of the Ogdon channol fishory that sny intensive
scouting took plnce in this sub-district. During tho seccond weck in Februnry
large schools of herring were loented in the vieinity of tho B-rdsvell Group
(Aron 7). These schools provided excollsnt fishing until the close of tho-
senson., It is notcble that the main run to Surf nnd Laredo inlets was not
fished this senson.

Fishing in the upper east coast sub-district was average. The
major portion of the catch was again taken from the Clio channel-Bones bay
vicinity (Area 12). Some good but erratic fishing took place in Belleisle
sound (hrea 12).

The Discovery prmssage sub-district quota was obtained two weeks
earlier than in ‘the previous season, &ll the fish were tnken from Deepwater
bay. The run wns m~rked by two large influxes of fish, one ~rriving nbout
the middle of October nnd the othor the last weok of the month.

, In the lower eest sub-district the main fishery commenced earlier
than usual, particularly in Nanocose bay (Area 14B). Consistently good
catches obtained from Nenoose bay mnd Swanson channel (Area 18) ennbled the
sub-district quotn to be complsted by November 5, one month earlisr thean in
the previous senson. ‘

Reports of a large body of herring in Baynes sound were roeceived in
late November and early December. In view of the need for additional scion-
tific information concorning the horring povulation of the northern part of
the stralt of Goorgia, a five thousnnd ton cxtension wes granted with the
proviso that all the fish werc to be tnken from waters in the northern pnrt
of the sub-district. This oxtonsion wns compleoted nfter only twenty-seven
hours of fishing, the entire catch being taken from Baynos sound.

The totnl catch in the wost const sub-district wns smnller than in
the previous scnson. (45,200 tons s compnred to 59,000 tons)., Aftor the
completion of the lower east coast sub-district quota intensive scouting took
place throughout the west coast areas, but it failed to rsvoal any lnrge con-
centration of fish., Smnll cntches containing ~ large number of fish of coge
I and II were mnrde nt Queen cove and Tnhsis inlet (Aren 25) during the first
part of November, end later in the month herring were locnted in "outside
watars" off Florencin island (Aron 23) nnd off Nootkn light (Arc~ 25). Tho
fishery which developed in thesc "outside" locnlities lasted only n fow days,
being hmmpored by rough ssns and high winds., This fishery is notable in that
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it wns tho first time thnt horring had boen chught successfully in the open
wotors off tho west const of Vancouver island. In past years the fishermen
have waited until the fish entered the sounds end inlets along the coast.,

During the Christmas holiday period a large body of fish moved into Barkley
sound (Area 23) and when fishing was resumed in Jenuary a high availability
producing excellent catches prevailsd for two weeks, then declined suddenly.

" Cood fishing took place at Port Eliza and Quesen cove in Nootka sound (Area

25) during Januery. A fow small sets wore obtained neer the mouths of Kyuquot
end Crowther chennels (Areca 26) in the carly part of the scason, but no fish-
ory devoloped in cither Clayoquot (aron 24) or Quatsino (4rea 27) sounds.
Furthor influxcs of fish sntered the arcns nftor the closure dnte to spawm.,

J. C. Stevenson and J. A. Lanigean Appendix No. 68

Tag Recoveries by Plant Crews from Megnets for 1946-47

During the 1946-47 season a total of 380 decipherable tags were
submitted from eleven reduction plants, but were not analysed in time for
inelusion in the 1947 annual report.

A major difficulty in studying data from "magnet" recoveries is
the determination of the nrsn from which tho tngged fish (which originally
bore the tng) wns tnken. The vprobnbl: or certnin nrsns of recovery are un-
biased interpretntions bnsed on knowlsdge of {(a) the "timo lng" (time between
when the togged fish enters the plant nnd whon the tag renches the mognoet )
obtained from tho efficicney tests conducted on mngnets during the scnson,
(b) the entch history of fish passing through each plant, and (c¢) the de-
tector recoveries. In a number of cases the interprctation was broad, in-
cluding several nrons, mnd in some cAses (totalling 11) no interpretation
was given bocnuse of nn oxcossive "timoe 1ng" in the plant or because of in~
complotoness of datn submitted with the trg rocoveriss by the plont crows.

Of the 369 tags (no interpretation for 11 tags could be given re-
garding area of recovery) 259 originally inserted on the west coast were
recovered on the west coast. Fifteen tags taken in west coast catches were
used in teggings in sub-districts other then the west coast, but no tags
inserted on the west coast were recovered in other areas. The opportunities
of the latter recoveries were, however, limited in the 1946-47 season. This
enalysis indicates only limited mixture of fish botweon the west coest popu-
lation and those of other sub-districts, a result similer to that obtained
from tho analysis of the 1946-47 tag detoctor returns. In the following
tabulntion the magnet racovory dntn rro summnrizoed:

‘ Area of recovery
Areon of tngging Wost co~st Other sub-districts Totnl

Wost const 259 - 259
Other sub-districts 15 95 110
Totnls - 274 95 369

Purther discussion of the 1946-47 returns is included in the
following Appendix.
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Herring Tag Recovery for 1947-48

Herring tegging and teg recovery, in its twelfth year, is conducted
to determine the extent of movement of the fish, the emount of mixture which
takes place between runs, information on population abundance, rate of re-
cruitment, rate of mortality nnd similar vitael stntistics. Tho dstn obtained
in the 1947-48 senson ~nd ~ discussion of tho 1946-47 cnd 1947-48 results are
briefly presented below.

Tng Detector Recovery

During 1947-48 the old-type tag detector, used at Steveston as in
past years, egain gave a very satisfactory performance with en operating
efficiency of 90%. The new-type detecctor installed at Kildonan (Area 23)
still had n low afficiency although giving better results thrn in previous
yenrs. This low sfficiency (53%) wns probrbly in pnrt tho result of the
vibrntion of nenrby plant machinery, which affscted tho dstector in such a
way thot it had to be opernted at n relatively low sensitivity. Tho fnct
that the fish pass through the Kildonen coil in great "splurges" after com-
ing from the weighing machine rather them going through in a continuous
stream, as occurs in other installations where the weighing machine is situ-
ated beyond the coil, probably haod some bearing on the low efficiency of the
set. The third detector (similar to the one used nt Kildonem) was operated
nt Nootkn, mnd Although it recovered some tngs it gave genernlly unsnatis-
factory results becnuse of the development of a "short" in the "pick-up" coil.
Its estimnted efficiency wns on the cvernge similar to thnt of the Kildonmn
sot (53%). Considerntion is being givon to devising methods of improving the
Kildonnn installntion; the Nootkn dotoctor has been returned to the manufac-
turers for complete overhnul.

A rocord totol of 562 tngs were recovered by tnag detectors in the
1947-48 senson, of which 420 were takon by the Steveston detcctor, 127 by
the Kildonan detcctor, nnd 15 by the Nootka dctector. Of thssc rocoveries
368 wer> from cntchos made on the west const of VAamcouver islnnd, 131 from
catches mnde Along the lowsr oast const of Vancouver islnnd and 63 from
cotehes in other mrens, Knowing the porcentage of the enteh searched for
. trgs by the dctectors mnd the efficiency of the tng detectors, the probable
number of tags in tho catchos mnay be cnlculnted. The following tabulation
gives the probnble number of tngs in the lower cast coast and the west coast
sub-district catches according to nwen of tngging.

Aron of Recovery

Aren of tagging Wast const Lowor onst coast — Totals
Wost const 2,598 159 2,757
Lower enst const 8 267 275
Totnls 2,606 426 3,032

Tho mixture of fish between the two sub-districts was relatively smnll;

5.8% (E:L?%'?) of the west coast tng recoverics were from the lower cast
?

const cntchos, md 2.9% (:'3%) of the lower enrst const trg rocovorics were
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from the wost coast catches. Thus in 1947-48 omigration of fish from the
west coast wos gronter than immigration to the west const. This differocd
from rosults of tho previous yenr which showed that immigration to the west
const was grenter thmn emigrntion from tho crer.

As in previous yonrs considerable mixture botween west const arsns
was noted. The dispersnl of fish which were at liborty Almost two years wAas
found to be considernbly groater thm those which were tngged in the spring
immedintely prior to recapture, (63% =2nd 30% respectively). There seemed to
be n grenter tendency for fish to movo in a south-easterly rather than a
north-westorly direction, a situation similnr to thnt found in 1946-47.

Mngnet Roturns

A total of 1,662 decipherable tags were recovered by plant crews
from 14 reduction plants, of which 1,426 were originally used on the west
coast of Vencouver island and 236 used in other sub-districts. A large pro-
portion (98%) of the tegs originally used on the west coast was interpreted
as coming from west coast catches, the remainder coming prinecipally from the
lover east coast catches (Note: Interpretation of the origin of mony of the
lntter tags was difficult since the procossing plants, other than those on
the wost coast, operated on fish from several sub-districts). Ten tags re-
covered from west coast catches were inserted in sub-districts other tham
the west coast (6 wers inserted on the lower east coast, 1 in the upper east
coast, and 3 in the central sub-district); tags used in sub-districts other
thon the west coast and not teken from west const catches totnlled 226. In
tabular form these dnta cmn be represented ns follows:

Aren of rocovery

Aren of tngging Wost Const Other sub-districts  Totnls
Vost const 1,400 . 26 1,426
Othsr sub-districts 10 226 236
Totals ‘ 1,410 252 1,662

These results (ns those of 1946-47) support the results obtnined
from enalysis of detector returns in showing that the west const population
is essentinlly discrote.

The probable total number of west coast tags in the catches is
enleulated on tho basis of magnet recoveries as well as on the brsis of t7g
detector returns. From data obtained by the former cnlculntions it was
shown thnt the smnll fishery which doveloped in Trevor chennzl (Area 23)
had not mixed uniformly with the genernl run to the nren. Age composition
end growth studies hnve nlso suggested in this nnd in previous years that
the Trevor chrnnel-Banfield inlet group of fish tends to be unique.

One teg inserted in Area 23 and recovered in the fall of 1947 off
the Washington coast indicated thet some west coast herring wander south-
ward to offshore feeding grounds.
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Discussion of Tag Recoveries in 1946-47 and 1947-48

L similar probable total number of tags in the west coast catches
was calculated on the basis of magnet returns as obtained on the basis of tag
detector recoveries, pointing to a general reliability of the data from both
sources, In 1947-48 the probable totnl numbers 7s calculated from detoctor
recoveriss was less than those calculated from mognet recoveries, partly be-
cause the latter method of recovery sampled the catches from tho northern
arcas of the west const for tags more completely than the former method.

From these dntn the rnte of oxploitntion in 1947-48 c¢nn be esti-
mnted at about 2.7 times that in 1946-47, Fishing effort wns greater in
1947-48 thon in the provious year., Since Ricker has shown that increased
fishing effort producs a less than proportionsal increase in rate of exploi-
tation with uniform recruitment, these data suggest that decreased recruit-
ment on the west coast caused a decrease in the abundance of the fishable
stocks The decrsnse in cbundance on the wost const was indicated by reduced
nvnilebility in 1947-48 as comprred with that of 1946-47 (48 tons/seine/day
as comprred to 76 tons/seine/dny). The decrensed recruitmsnt in 1947-48 was
dus to o relatively less abundant yenr clnss (that of 1945) entering the
fishery as III yerx fish.

From 1946-47 to 1947-48 the rnte of decrefnse in west const popu-
1ntion nbundoance is estimnted nt 0.70, but considering the inerense in rate
of exploitation this figure is considered somewhat low.

Tag recoveriss agein indicated that although there was some inter-
mixture between the herring of the lower cast coast (Areas 14B, 17 and 18)
and those of the northern part of the strait of Georgia and Discovery passage
(Areas 13, 144, 15 and 16) thoy should be considered as two separate popu-
lations, The probable numbor of t7gs in tho catches nccording to arens of
tagging and frens of recapture nre givon bolow (7s bnsed on detoctor returns):

are s of recnpturo

Aroas of tngging 13 and 14A  14B, 17 nnd 18 Totnl
13, 144, 15, 16 396 96 492
14B, 17, 18 33 267 300

The tendency for the fish to return to the region in which they were tagged
was .Zg_g or 80% for the population in the northern part of the strait of

Georgia and Discovery bassage, and %g%.or 89% for the lower east population.

Possible differences in the relative recovery of tags inserted by
different taggers werc given some attontion. Usually two taggers (one more
experienced and one less experienced) tagged at the same time in the same
spawning locality. Comparisons were made of the relative recovery of tags
from each of the pair of taggers, and although the returns from taggings
mnde by the experienced tagger wero generally botter than the returns from
the taggings m~de by thc less oxpericnced man, these differemces were not
found to be statisticnlly significent. It con be concluded that differences
in togging efficiency between tnggers do not have to be considered in inter-
preting the tagging recowery datn,
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Efficiency tests on Magnets in Reduction Plants

Magnets, placed in the meal line of reduction plants, are used to
recover herring tags, but the efficieney of recovery varies from plant to
plent and from one season to the next., In the analysis of magnet recoveries
it is necessary to know this efficiency ("megnet" efficiency) and the time
it takes for tngs to pass through the machinery and resch the mognets (time
lag). Mnagnet efficioncy is dependent on both the nnturc of the mngnet in-
stnllntions, the conscientiousness of the plnnt crews in senrching the
magnet nnd other plmnt mnchinery for trgs, ~md the accuracy of the data sent
in by plrat crews with rocovercd tags. It is used in cnleulating the prob-
ablo totnl number of tngs in the catches. Tho "time lag" is important in
intorprating the probable plnce of cnpture of the fish originally benring
tho tng, The letter is p~rticularly importent when plents Nre running on
fish cnught in several different localitics.,

To obtain this information, efficiency tests were conducted again
on six west coast of Vancouver island plants during 1947-48. ZEach test
(two per plant) consisted of placing tegs in epproximately fifty fish end
scattering them in the bins. The tags werec later recovered from the magnets
end other plant machinery by plant crews in the sams manner that the bona-
fide togs were recovered. A reward of 25 cents wns pnid for test togs nnd
50 cents for bonn-fide tags.

In 1947-48 great variation was again noted in magnet efficiency
and time lag. All except two plants showed an increesed efficiency over the
previous year and the average efficiency of the plants increased from 6346%
to 73.5%, due chiafly to the incrensed interest among the plant crews. In
most of the plants the mnjority of tngs wns recovercd within five days of
plont oporation after the test. Thoso not rocovered in the fnll clofn-up
probably will be rocoversd during the 1948-49 sconson. The following tnble
shows tho results of tests conducted in the six wost const plents (ench
plnnt was given two tests):

No. recovered % Recovery

No. of (dnys ~ftor tast) Totnl 1947~ 1946-

Aren Plant tngs used 0-5 6-10 11-20 21-30 _? Recovery _1948 _1947
23 Kildonnn 100 63 8 12 0 - 83 83,0 73.8
Ecoole 98 5 10 - - 61 76 77.6 32,9

Port 4Albion o8 89 3 0 0 - 92 93,9 90.0

25 Nootko 95 52 3 0 0 - 55 57.9 77.1
Ceepoocce a7 69 3 3 1 - 76 76.0 50.5
Hocnte 100 38 0 13 0 - 51 52.6 56.0

Avernge 73,5 6346

In genernl the datn submittod by tho plants with the tags were
sntisfactory. Howaver, the tng recovery informntion (with reference to both
tost tngs =nd bonm-fide tags) suppli:d by tho Ecoole plent wns mostly in-
complete mnd unrolinble. Portly dus to the innccuracy of the dnta accomprny-
ing the tags nnd partly duz to the groat time-1lng in the Ecoolo plmnt, a
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1nrge number of 1946-47 test tags (and prosumnbly bona-fide tags nlso) were
recovered during the 1947-48 season. Out of 25 such "hangovers" returned by
west coast plants, 21 were from Ecoole. Thus it was found necessary to ex-
clude this plant from the enalysis of the 1947-48 megnet returns. It is

“hoped to improve the accuracy of the tag information from Ecoole in the coming

season.

Two types of magnets are in current use in the reduction plants, D.
C. Elsctro-megnets and Bepco permanent megnets., Three mngnets of the latter
type have been purchased in 1948 for installation in reduction plants located
in the Vaneouver viecinity.

J. C. Stovenson md J. A, Lonigan Appondix No. 72

Heorring Togeing during the Spring of 1948

The herring tagging program carried out in the strait of Georgia
and along the west coast of Vancouver island during the 1948 spawning season
was highly successful, resulting in the tagging of 45,577 fish, as compared
to a total of 41,551 in the previous year.

Three boats wers used during the tagging season. The "Pacific Sun-~
set" operated in the strait of Georgia from March 1 to March 25 end on the
west coast of Vancouver island from March 16 to March 26. The othsr two
boats were devoted exclusively to west coast of Vancouver island work, the
"Great Northern No. 3" from March 3 to Mcorch 29 and the "B. C. Pride" from
Fobruary 16 to M~arch 24,

The following nre n list of tnggings mnde during the 1948 spowning

secson:
Sub-district Area Pl~co No.
Lower enst coast of 14A Baynos sound, Mud bay - 2,514
Vancouver islmnd 14B Deperture bny, Newcnstle islmd 1,513
14B  Departure bay, Horsewell point 2,028
14B  Hemmond bay 2,538
15 Malaspina strnit, Sli~mmon 1,988
17 Ladysmith hnrbour, Coffin point 3,049
Wost const of 23 Banfield inlet 1,511
Vancouver island 23 Mcconh passnge 1,053
23°  Mnacosh pnssnge 2,082
23 Macon~h passnge 2,025
23 Toqunrt bay 2,548
24 Horvort inlst, Whitopine cove 3,063
24 Rofugo cove 2,516
25 Bwin inlot 1,986

25 Kendriek inlet, Lngoon at hond 2,019
25 Kondrick inlet, Lngoon at head 1,503
25 Esporanzn inlet, Gillam channsl 1,985
25 Queen covo 1,524
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West coast of Vancouver 26 Union island, Kyuquot chennel 2,043
islend (cont'd) 26  Malksope inlet 1,515
27 Klaskish inlet 1,381

27 Forward inlet, Mathews island 3,193

45,577

A total of 4,502 fish were tagged in the northern part of the stralt
of Georgia (Areas 14A and 15), 9,128 in the southern part of the strait of
Georgia (Areas 14B and 17), and 31,947 on the west coast of Vancouver island
(Areas 23 to 27). West coast tngging was particularly satisfactory, teggings
being made in every area: 9,219 fish were taggsd in Area 23, 5,579 in Area
24, 9,017 in Aren 25, 3,558 in Lren 26, and 4,574 in Lrea 27. Tegging in
Lren 27 wns conducted for the first time since 1941 in the vieinity of For-
ward inlet, ond for the first time on record in Klaskish inlet.

The tngs used during the 1948 spnwning senson, along with those of
previous yenrs, will be linble for recovery during the 1948-49 fishing season.

Of considerable interest during the 1948 tegging operations was the.
fact that herring in the strait of Georgia seemed unusually sluggish and much
less vigorous than those on the west coast. 4 report received from the fish-
ery officer in the Pender harbour aree (irea 15) stated that gulls were ob-
served offshore picking herring out of the water after spawning was completed.
This suggests that during 1948 the herring in the =trait of Georgisa might
have suffered a greater-than-average mortality, which should be apherent in
in the enalysis of the 1948-49 teg recovery.

J. C, Stevenson and J. 4. Lanigen Appendix No. 73

Examination of Tegged Fish Racoverced by Dotectors

Bach tagged herring recoversd by tag detectors is subjected to
careful examination in order to procure the teag, to determine its position in
the body, omd to note the condition of the tngging wound. In addition the
length, weight and sex are determined, and several scales from each fish are
taken to ascertain the age. It has not yet been possible to enalyse com-
pletely these data accumulated since 1942-43. It is expocted that valuable
information on the amount of recruitmont of a yeer-class.to the fishery will
be obtained by & study of the age and growth data.

However, certain data from tagged fish rccoveries woere given some
attention and reported in- Appendix No. 91 of the 1947 Annual Report. Compar-
able dnto obtAined in 1947-48 have also been studied. All fish tagged in the
spring and retnken during the following winter fishory showed completely
henled wounds, with n senr on the inside of thoe body wnll being the only vis-
ible evidence of the tagging incision, Usually the tegs were found lying
loose in the body cavity or attached to the mesenteries of the stomach, in-
testines or gonads by scar tissue. However, in certain cases tags werc noted
embedded in the gonads.

It was calculated that from 1942-43 to 1946-47 the recovered tegged
fish with tags embedded in the gonads amounted to 13% of all detector recov-
eries (data presented in last year's Annunl Report). On the bnsis of know-
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ledge of tagging opsrations, this percentnge was considered too low; since tng-
ging of ripe fish froquently occurs and since it is very difficult to tag ripe
fish without puncturing the gonnd, the percentage of fish tngged in which tho
gonnd is punctured by tho tag would be axpectod to be considerably grenter thmn
13%. Thus it oopoeArs extremely likely that mortnlity of fish coused by punc-
turing the gonad is exceptionally high, rosulting in relatively few survivals
and, hence, few rocoveriss,

In 1947-48 the porcentege of recovered fish in which the tngs were
embedded wns unusunlly low ns compared to that of most previous yenrs (e.g.
9.,8% as compered to 15.7% in 1946-47), There are several possible explmnntions
for this differcnce, omong which arc: (1) A smaller proportion of ripe fish
might have been tngged in the 1947 trgging operations than in those of 1946;
(2) sinco more inoxperionced tnggers wore used in 1947 than in 1946, more
ripo fish might have hrd their gonrds punctured by the tng in 1947 than in the
provious year; cnd (3) although it seoms somewhnt unlikely it is nevertheless
possible thoat tAg dotector oporators werc on nn nverrge laess cnreful in 1947-
48 than in 1946-47 in noting the position of tho trg in ths body cavity.

As in pnast yonrs more togeed mnles were recovered in 1947-48 than
tagged femalss (373:186). Since the sexes apvear to be present in approxi-
mate ly equal numbers (on the basis of the sampling of the spawning runs) this
suggests that males survive the tagging operations more successfully than
females. In 1947-48 this tendency for a greater number of males than females
in the recoveries was accentuated, ths rates being about two males to one
female (the rates were about 4:3 in the 1946-47 season).

J. C. Stevenson and R. S. Isaacson Appendix No. 74

Mortality in Tegged Herring

For several years experiments have been conducted during tho winter
and carly spring to determine the nature and tho cxtent of the mortality due
to tagging. Data of this type aro essontial in studying rates of rocruitment
and mortality in herring populations and in meking calculations of abundance.
Ths m;st successful oxperiments resulted in showing a tagging moriality of 50
to 60%.

' Two concrete tenks were used to impound the fish, instead of one
tank divided across the middle by fish net as used in past experiments. The
volume of water in both tanks was approximately the same, although one tenk
wes shallower and longer then the other. The walls of Tank B had been painted
with & black sealing compound and it eppeared that during the night the fish
hnd difficulty in seeing the walls, consequently dnmaging themselves about the
jaws. An electric light wns plnced in the tank at the end of the first week
of the experiment mnd it seemed to relieve the condition to some extent.
Portinl changes of the water in each tmnk were made during each twenty-four
hour period.

' The herring were cfught on M-rch 9, while spawning a2t Horswell point.
On March 13, thres taggers each tngged 100 fish into each tank (total of 600
fish), In nddition, 200 fish were trgred after the tags were immersed in 3%
phenol solution, helf of them boing rolensed in each of tho tanks, This wos
done to determine whether or not sterilizing tho tngs before use would reduce



e

two groups.

- 73 =

J. C. Stovenson and R. S. Isancson Appendix No. 74

the chances of infection and promote more rapid healing of the wound. One
hundred controls were placed in each tenk. The exveriment was continued for
about eight weeks throughout which time daily inspections of the tanks were
mede end the desd fish removed and examined. '

The data obtained from the 1948 experiment have not as yet been
completely analyzed. A preliminary study of the results showed no appreciable
difforence in mortality emong the fish taggod by the three taggers or between
the two tanks. In the first five woecks of the experiment the mortality was
relatively greater in the fish tageed with the unsterilizod tags than in either
the controls or the fish tagged with the sterilized tegs. The latter two
groups showed & remerkably similer mortality during this period. By the end
of the fifth week the mortality of the fish with unsterilized tags decreased,
but not until the end of the sixth week did the mortality decrease in the other

The mortality of fish with sterilized tags surpassed the mortality
of the controls only in the sixth and seventh week of the experiment, It
appears that the sterilizing of the tags resulted in greater survival during
the first few critical weeks following tagging. However, in the last two
woeks of the experiment, when unsterilized tegged fish and controls showed
similar mortelities, a relatively greater mortality occurred in the fish with
sterilized tegs. No explanation for this can be offered at the present time.
By the end of the experiment about the sams percentage of sterilized and non-
sterilized tegged fish remained (nbout 10%).

The weekly percentege mortality of the fish in both tanks (all tag-
gers combined) is given in the following tebulation:

Week No. Unsterilized Tags Sterilized Tegs Controls
1 63 5.0 30
2 7.3 2.6 3.6
3 13.0 " D.4 4.3
4 27.8 14.9 14.6
5 53.2 44,3 41.4
6 41,8 5l.4 44.9
7 16,9 34,4 10.2

Examination of the condition of the tagging wound of the fish that
died showed that a greater percentage of fish with sterilized tegs had non-
infected or healed wounds than was the case with fish which had the unsteri-
lized tegs. Almost 16% of the latter had enlarged and apparently infected
wounds, whereas the former in such & condition amounted to slightly less than

4%.

J. C. Stevenson Apnendix No. 75

The Sempling of Horring in tho 1947-48 Spason

The principal purpose of sempling the cetches &and spawning runs is
to study the fluctuations in the sbundence of the successive year-classes and
their influence on catch., Data aro obtaincd on age composition, sex ratio
end devolopment, length and weight at each ago, otc.
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During the 1947-48 season a total of 383 samples comprising 37,631
fish was oxamined, of which 361 samples were from the commercial catches and
22 semples from the spawning runs., This represented a record sampling pro-
gremme, About 85% more samples were teken from .the catches than in the |
previous year, due partly to an increase in intensity of the sampling from
tho west coast catches, and partly to the fact that the largest total catch
in the history of the B. C. herring fishory was taken in the past season.
Each sample consists of 100 randomly chosen fish. -

The distribution of the samples was as follows (pumbers of fish in

brackets) :
Sub-districts and Arcas Pishing Samples Spowning Scmples
Northern Sub-district 48 (4721) ---
Argn -5 Ogden Chennel - ' 48 (4721) _—
Contrnl Sub-district 46 (4462) -
Aren 6 Anltanhash inlet 2 (200) -
Klemtu pess vicinity 6 (590) -
Hd. of Gnrdner cmnnl 1 (100) -
Poison cove vieinity 5 (500) —
Aren 7 Cultus sound vicinity 9 (850) ---
Raymond channsl 3 (300) - -—
" Safoty cove 2 (190) -—
Aren 8 Kemsquit 5 (447) -—
. South Bentianck arm 4  (400) Cm—
“hpren 9 Rivevrs inlat. 1 (100) -—
Moses inlet 5 (500) —-—
Draincy inlet 3 (285) . -—-
Upper East Coast of V. I. Sub-district 37 (3700) —
Area 12 Kingcome inlet 2 (200) —~—
Mackenzie sound ' 2 (200) . —
“ Belleisle sound 10 (1000) ——
Retreat pass . 1 (100) —-—-
Bones bay 15 (1500) = . -
Knight inlet 7 (700) ———
Discovery Passage Sub-district 19 (1833) 1 (100)
Area 13 Deepwater bay 19 (1833)
Quartz bay - - 1 (100)
Lower East Coast of V. I. Sub-district 94 (9091) 5 (500)
Area 14A Baynes sound . 22 (1935) 1 (100)
Area 14B Nanoose bay 27 (2670) -
Departure bay vicinity - e 3 (300)
Area 17 Porlier pass 11 (1094) -
Walker Rock vicinity 2 (200) -
Ladysmith harbour - e 1 (100)

Area 18 Swanson chennel vicinity 32 (3192) ———
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West Coast of V. I. Sub-district 117 (11634) 16 (1590)
Area 23 Middle channel vicinity 6 (560) -

Effingham inlet 19 (1900) -—
Florencia islend 14 (1391) -—
Toquart bay vicinity -6 (600) 2 - (200)
Sechart channel vicinity 12 (1194) -—-
Banfield inlet 1 (100) 1 (100)
Uchucklesit inlet 3 (300) -
Macoah pass - e 3 (300)
Lren 24 Refuge cove - == 1 (100)
Whitepine cove S — 1 (100)
Arege 256 Tnahsis inlet 13 (1300) -
Queen cove vieinity 8 (800) 1 (100)
Maquinna point vicinity 7  (700) -—
Nootkn sound vicinity 16 (1600) 3 (300)
Esperanzn inlet 1 (100) 1 (100)
Lyers 26  Kyuquot sound vicinity 11 (1089) 1 (lo0)
Mnlksope inlet - - 1 (90)
Lren 27 Forward inlet - - 1 (100)

The semples from the catches in the southern pert of the province
were procured by members of ths investigation directly from packers ot various
conneries and reduction plmts {Stevesion, Kildonan, mnd Nootkn), and worked
over on-the-spot or trrnsported to the Biological Station for exrmination.
Smmples from catchys on the upper onst const of Vancouver island and from
cntehes in the central and the northorn areas of the coast were token mostly
by arrangement with members of plent crows, ond shipped to the Biological
Station in either n frozen or salted condition. The plant workers were paid
$1.00 per somple for thoir nssistance.

Virtually all members of the horring staff assisted at ono tims or
rnothsr in working over the samples nnd in compiling the vast emount of data,
Mr, J. H. Glover rnd Mr., J. i, Lnigan were responsible for the age deter-
minations,.

The results are given in the following eappendices eccording to sub-
district.

J. C., Stevenson And J. H. Glover Lppendix No., 76

Ago ond Growth of Herring on the West Const of Vancouver Island, 1947-48

The avernge percentage nge composition of tho sub-district catches
for 19046-47 and 1947-48 (weighted to tho number of fish caught in each ArcA)
and also that of tho cateh from each individual arcn in 1947-48 arc given in
the following table:

II IIT IV VvV VI VII VIII IX

Sub-district dv, I X XI
1946-47 + 5.0 53,0 32.1 6.0 2.5 0.9 0.5 0.1 + -
1947-48 + 2.4 58,2 27.8 8,5 2.1 0.5 0.3 0.1 + +

aren 23 - 1947-48 + 3,6 6l.6 25.0 8.0 1.4 0.2 0,1 + - -~

Lrea 25 - 1947-48 - 1.0 55,5 30.4 8.6 2.8 1.0 0.5 0.2 + +

Lrea 26 ~ 1947-48 - 0.1 %6.9 40.9 15.2 5.2 1.1 0.3 0.5 - -
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The sampling of the west coast catches in 1947-48 showed the 1945
year-class (as III's) to be the greatest contribution to the fishery, pro-
ducing more then half of the fish caught, This was similar to the situation
in the previous soason when the 1944 year-class (III's) constituted about the
same percentage of the catch. However, it has been calculated that the 1945
yenr-class contributed n smaller actusl number of fish to the fishery this
yeor than the 1944 year-clnss did in the previous yznr (240.2 million fish ns
comparod to 284.1 million). This, plus the fact that a greater fishing effort
woas exponded in moking the 1947-48 catch, in spite of its being smaller then
tho entch in 1946-47 (45,200 tons ns comparcd to 59,000 tons), indicate thot
the 1945 yoar-clnss was relntively poorer thon that of 1944. Tng rocovory
dntn also support this conclusion (cf. Appendix on tng rocovery in 1947-48
rppearing errlier in the roport)., This mothod of determining year-class
strongth is based on evidence that herring in southern British Columbia enter
the fishery in greatest abundance as ITI year fish,

Apility to essess year-class strongth before the year-class enters
the fishery is an aim of herring research. At present the mein source of
information relating to the vrospects for new year-classes lizs in the abund-
ance of II's in the catches. Accuracy of pradiction depends on several assump-
tions about many of which knowledge is very incomplete. Included emong these
assumptions are (1) that a more or loss constant proportion of each year-class
joins the main population es II year fish, (2) that the fish available to the
fishermen form a more or less constent proportion of the whole population, (3)
that the fish which join the main population at age II are more or loss uni-
formly distributed throughout the populntion, ctec. On this basis the rolntive
strengths of the 1943, 1944 and 1945 ysrr-clnsses on the west const were pre-
dicted with considernble nccuracy. The occurrence of II's in the west const
cntches of 1947-48 (thoy formsd & much smnllor porcentage of the cntch thmn
they h~ve in any senson since 1941-42) points to the possibility that the 1946
yonr-clnss will be pooror than that of 1945.° This in turn suggests that the
1048-49 wost const catch might be loss thm the eatch in 1947-48, Howover, the
vonr-class (as II's) appeared more strongly in the spavning runs than in the
preceding commercirl runs nnd thus it is probable thnt the new recruits were
leter thon ususl in joining the main population.

Relatively large numbers of immature fish of age I were found in
Effinghem inlet (Area 23) and in Tahsis inlet (Area 25) in 1947-48. The sig-
nificance of the appearance of these small herring on the fishing grounds is
not known. It will be enlightening to find out if this occurrence was an in-
dication of the strength of the 1947 year-class.

The tendency for older fish to be relatively more numerous in the
more northerly west coast areas was again noted in the past season, the average
ages according to area being 3.41 (Area 23), 3.63 (Area 25), end 3.91 (Area
26). In Area 23 the 1945 yeer-class (III's) was more prominent than in any
other aven, while in Ares 26 the 1944 year-clnss dominnted the cntches.’ The
1ntter situation might possibly be relnted to the fret that no fishe:y devel-
oped in the nArea in 1946-47. )

. The avernge growth in length ~nd in weight for the 1947-48 season was
comparable to that of the 1946-47 season suggesting that spring and summer
feeding conditions for the west coast population were similar 4n the two years,
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The average growth in length and weight of herring in the west coast catches
for 1046-47 and 1947-48 is given below:

Year I IT III v v Vi VII VIII IX X

Averege length
194647 - 166 187 203 213 222 228 233 8235 -
1947-48 - 161 188 201 210 220 226 233 236 -
Averesge Weight
1946-47 - 57 86 113 133 151 170 183 177 -
1947-48 - 53 90 110 129 150 lea 179 185 -

Growth in longth end in weight tended to be slightly less in Area
2% then in Areas 25 and 26 in tho 1947-48 fishery.

J. C. Stovenson and J, H. Glover Appoendix No. 77

Ago and Growth of Herring on the Lower East Coast of Vancouver Island
Sub-district, 1947-48

The age composition of the lower east coast catches of tho 1947-48
fishery was gonerally similer to that of the 1946-47 fishery. The 1945 year-
class (III's) constituted about one-half of tho fishery in the pnast season
while the 1944 year-class (IV's) came noxt in importnnce. The 1943 year-class,
one of the strongest yenr-classes of tho past 25 years, formed about three-
quarters of tho 1945-46 fishery s III's, showed up prominently in the 1946-47
fishery as IV's, emd once agnin as Vis it apperred in relntively large numbers
in 1947-48, following the pattern of an exceptionally ebundemt yeear-cless. In
the past season this year-class appeered more strikingly in Area 18 (Swanson
channel) than in eny of the other areas of the sub-district.

The percentage age composition of the sub-district is given below

for 1945-46, 1946-47 and 1947-48, as well as that of the constituent areas in

the 1947-48 szason:

Sub-district Av, I II IIT v v Vi VI

IVIII IX ,
1945-46 0.2 7.7 76,0 14,5 1.3 0.8 0.1 -
1946-47 2.0 7.0 47.9 36.0 6.0 0.8 0.1 0,1 +
1947"48 0.6 202 49.9 52.8 11‘5 2-6 0.4 0‘1 -
Area 14B, 1947-48 0.8 3,7 43,7 37.8 10.6 2.8 0.4 0.1 -
Apea 17, 1947-48 0.1 2.2 52.9 32.4 9.7 2,3 0.2 0.1 -
Area 18, 1947-48 0.5, 0.8 54.0 28.6 13.0 2.4 0.6 0.1 -

In Area 14B the 1944 year-class (IV's) dominated the catch in about
one-third of the semples, in Area 17 it occurred most predominantly in only
one-sixth of the samples, while in Area 18 the year-class reached dominence in
no samples from the catch. This tendency for the 1944 year-class to appear
relatively more abundant in the more northerly areas of the sub-district was
also noted in the west coast sub-district.
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It was pointed out in the preceding Appendix that the IT year fish
formed a relatively small proportion of the 1947-48 catches on the west coast,
suggesting that the 1946 year-class would be poorer then aversege when it
entered the fishery in force in the 1948-49 senson (nas III's)., Likewise the
II's entered the lower enst const catches in unusually small numbers in the
past senson. In the most northerly area of the l~tter sub-district (Area 14B)
II's were more nbund~nt than in the arens to the south, whereas on the west
const II's wers more nbundant in the most southern aren (Aren 23). The former
point has been noted in past yenrs and discussed in previous cnnual reports.

No apprecisble difference in the growth (in length end woight) of
fish from the lower east coast was found botween the 1946-47 end the 1947-48
catches; suggesting that spring and summer foeding conditions were similar in
the two yenrs. A comparison of the growth in length and in weight in the last
three sonsons on the lower ofnst coast is given in tho following tnbulntion:

Year I IT IITI 1Iv Vv VI VII VIII IX
Average length (mm.)
1945-46 101 162 192 203 213 217 220 - -
1946-47 97 180 188 202 212 218 225 221 224
1947-48 104 153 192 204 212 220 226 226 -
Averege Weight (gms.)
1945-46 10 56 99 118 139 156 150 - -
1946-47 1l 54 91 114 139 154 200 - -
1947-48 11 45 95 115 131 142 160 162 -

The growth in length end in weight was slightly less in Area 17 than
in the other lower east coast areas. On the whole the growth in length and in
weight was generally similar in ths west coast and the lower east coast sub-
distriets,

In 1947-48, Area 14A again supported a fishery (Baynes sound), A&s
in past years the sge composition of the catch differed considerably from
that of the lower east coast population. Tagging data have shown that herring
in the northern part of the .strait of Georgin (including Areas 14A, 15 end 16)
are part of the population which contributed to the Deepwater bay fishery (see
following Appendix). For thesc reasons a middle east coast sub-district, in-
cluding the northern part of the strait of Georgia and the Discovery passioge
sub-district, will be officially recognized in the coming season, and future
reports will denl with these fisheries as a separate ontity.

Fish of sge IV (1944 yo-r-class) dominnted the Lrea 144 catches in
1947-48, but to a lesser degree than IV's (1943 yenr-clnss) in the previous
year, There was a considerable rclative reduction in the percentage of 11
year fish in the past season, suggesting (as in the lowor cast coast and west
coast sub-districts) that tho 1946 year-class was of less thean average strengbh.
The fact thet fish of ege VI and older were relatively morc prominent in the
1047-48 catches than in those of 1946-47 cannot at present be adequately ex-
plained. '
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The pefcentage age composition of samples from the 14A catches in the
two yeears is as follows:

1 II ITI v v VI VII VIII+
1946-47 0.5 3.7 23,3 46.6 21.6 4.0 .03 -
0.7

1947"48 - . 25.4 35.9 28.8 12.5 206 005
The growth index (sum of the average lengths of the III and IV-year

flsh in millimeters) indicated no noticeable difference in growth in the two
years (394 for each season).

J. C. Stevenson and J, A, Lanigan Appendix No. 78

Age and Growth in the Discovery Passage Sub-district, 1947-48

In 1942 year-class (relatively poor in the west coast and lower sast
coast sub-districts) entered the Discovery passage fishery as an axceptionally
good year-class, considerably better than that of 1943 which contributed
heavily to the other populations of southern B. C. The 1942 year-class
dominated the Discowory passage catches as II's in 1943-44, as III's in 1944-
45, as IV's in 1945-46, and it made a greater then usuel contribution, as V's,
to the catch in 1946-47., Howevor, by 1947-48 its influence on the fishory hed
subsidod, and the 1945 ysar-class (as III's) formed the bulk of the catch.

It appears the 1945 and 1946 year classes will sustain the fishery in the
1948-49 season, unless the 1947 year-class (as II's) makes a greater than
average contribution.

The 1945 ysar-class (III's) appeared more prom1nently than the 1944

"year-class (IV's) in the catchss of the Discovery passage area, whereas the

catches in the northern part of the sirait of Georgia showed the 1944 year-
class to be better represented. These two groups of herring (embracing Areas
13, 14A, 15 and 16), as pointed out in a previous Appendix, are considered to
belorg to the same population, which in future seasons will be called the
middle sast coast of Vancouver island population. Variable but limited inter-
mingling takes place between this population and those of the upper east coast
and the lower east coast,

The percentage age compositions of the Discovery passage catches in
the past three years are given in the following tabulation:

. I II IIT IV v Vi VII VIII IX X
1945-46 - 0.9 44.1 46.4

5.0 203 008 002 Ool Onl
1946-47 3.8 20.0 33.1 25,5 14,5 2.1 0.7 0.3 =~ -
1947"48 0.4 22.4 450‘? 2306 7‘0 2.5 006 0.05 ind -

- In gensral the growth index of the Discovery passage fish in 1947-
48 ‘was less than that of the fish from the northern part of the strait of
Georgia (370 and 394, respectively).
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Age and Growth in the Upper East Coast of Vancouver Island Sub-district,
1947-~-48

Five sub-areas of Area 12 were fished in the 1947-48 season: 124
(Mackenzie sound), 12B (Belleisle sound), 12D (Retreat passage), 12E (Clio
chennel), and 12F (Upper Knight inlet). As in past years considerable
variation in ege composition was apparent in the different fisheriss.

The percentage age composition of the catches from the sub-areas
are given below, with comparative data from the 1946-47 season:

I IT 111 i v VI VII VIII IX+

124

1946-47 - 46,0 34.5 8.0 3.0 0.5 2,0 1.5 4.5

1947-48 - 6.4 18,0 33.8 13.3 2.7 6.0 5.8 6.9
12B :

1946-47 1.0 38.7 55,3 4.0 0.7 0.3 - - -

1947-48 1.0 34.9 32,4 27.4 2.8 1.2 0.1 - 0.1
12D

1947-48 - - 10.6 54.3 19.2 7.5 6.4 2,1 -
12E

1946-47 0.2 17.8 33.4 16,0 18,0 10.2 2.2 1.0 10

1947-48 7.7 45.9 2l.1 17.7 2.7 2.5 1.7 0.4 0.2
12F

1946-47 - 24.5 74.5 0.5 - - 0.5 - -

194:7"‘48 - 49.’? 1906 26‘2 2.2 1.6 Ool - 0-6

The age composition of the catches from Areas 12A and 12D were
similar, with IV's (1944 year-cless) the dominant age group. In the other
localitiss (12B, 12E, and 12F), fish of age II (1946 yaar-class) dominated
the catches in 1947-48; in the provious year the 1944 yoar-class (III's) was
the greatest contributor. There apvears to be & tendency in many of the Area
12 fisheries for the even-numbered yaaor classzss to be better than the odd-
numbered, This is very striking in Aroe 12F wherz, without exception, every
second year-class (those of 1940, 1942, 1944, and 1946) has risen to domin-
ence as II's in one year and as III's in the next.

The highly variable nature of the ege composition in the different
localitiss of the upper sast coast sub-district appears %o be dus mainly to
the presence of several different inshore populations which at soms time
during the year intermingle in verying degrcos. Samples from Area 12E, whore
the most importent fishery tekss place, us@ially show wide differencecs in age
composition from cne day's catch to the next.

As in age composition, growth in length varies greatly from one sub-
area to enother, and also from year to year, In 1947-48 growth indices were
groater than in 1946-47 in Areas 12A end 12B and smaller in Arcas 12E and 1RF.
Ls noted in certain years prior to 1945-46 fish in Lrea 12D tonded. to have a
groater growth index than fish in the other localitiss. In general the growth
of herring in the sub-district was much less than that in the other sub- '
districts. of southern B. C.
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Growth indices are given bslow for the various sub-arcas in the last
three years:

124 12B 12D 12E  12F

1945-46 341 338 - 369 333
1946-47 305 318 - 360 342
1947-48 329 329 349 342 331

One sample of very slow-growing fish (growth index, 271) was obtain-
ed from Lrea 11 in 1947-48., The 1945 and 1946 year-clnssos (III's and II's,
respectiVGly) formzd over 90% of the sample. The percentage nge composition
was as follows:

II ITI v v
42,6 48,9 5.3 3.2

J. C. Stevenson mnd J, 4. Lrnigon Appendix No. 80

Age and Growth of Herring in the Contral Sub-district, 1947-48

Herring catches in the central sub-district wero made in the follow-
ing arens: Area 6 (Lnltanhash, Gardner channel, Meyers pnass, David bay,
Poison cove, and Klemtu), fren 7 (Bardswell group), Aren 8 (Kimsquit), and
Aron O (Rivers inlst). In Area 6 the III's (1945 yenr-class) dominnted but
in all the othor nreas, IV's were most abundrnt.

The following tnbuletion gives the average percentage age composi-
tions of tho 1946-47 and 1947-48 fishcries in the central sub-district (Note -
Group 1 of Area 6 refers to somples from the mein of fshore population, where-
ns group 2 refers to the local inshore runs):

hroa 6 I II I1I v v Vi VII VIII IX X

1946-47 (1) - 62.8 28.8 3.7 3,7 - 1.0 - - -
(2) - 0.7 54.2 19.8 12,7 9.8 2.7 0.l - -

1947-48 (2) 1,0 26.7 52.5 15.1 2.2 1.8 0.6 0.1 - -

iArea 7

1946"4:’? - 006 64'0 19'7 9.5 4.1 105 0.6 Ool -

1947-48 - Ool 12.5 70.1 1102 5.‘4 0.8 0.9 009 0.2

Lrea 8 ' :

1947-48 - 6.4 24.5 53.5 n.6 3.2 4.0 0.6 0.1 0.1

Apsa ©

1947-48 0.2 18,6 28.2 43.5 6.0 2.1 1.0 0.3 - -

The fishery in Lrea 6 in 1947-48 exploitod only the local inshore
runs; the main north central population wns not fished, presumably because it
did not arrive on the fishing grounds until ~fter the close of the season.

In both years III-year fish dominated the inshore runs.
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The age composition of the large Area 7 catch (from the main south
central population) showed a follow-through of the strong 1944 year-class,
which in both the 1047-48 and the previous seasons (as III's and IV's respect-
ively) dominated the catchss. :

Fish of this year-class made up the largest proportion of the catches
from the local inshore populations in Arsas 7 and 8.

Growth indices according to arsza in the 1947-48 season are as fol-
lows: Area 8, 332; hrsa 7, 369; Lrea 8, 296; Area 9, 315. The greater growth
exhibited by the Lpea 7 fish is ifi Keeping with the fact that fish of the main
of fshore populations grow more rapidly than those belonging to inshore popu-
lations.

J. C. Stevenson and J, L, Lanigan Lppendix No, 81

Age and Growth in the Northern Sub-district, 1947-48

Since the first fishery developed in Area 5 in 1944-45, the catches
were presumed, for the time being, %o hawe come from the main north central
population, However, the large Ogden channel fishery in the area in 1947-48
strongly indicated that the area should be considered as part of the northern
population. The fishery at Ogden chennel was larger (39,000 tons)than any
fishery which has daveloped in the northern sub-district in previous years.
Since 1941-42 very small catches were made, probably due to the fish arriving
on the fishing grounds after the closurc date.

The percentage age composition of the catches in-Area 5 is given
below for the 1946-47 end the 1947-48 soasons:

I IT III v v VI VII VIIT IX X XI
1946-47 -  17.3 57.6 1l.5 8.9 3.6 1.0 - - - -
1947-48 + 9.8 12.4 58.4 10.2 5.5 3.2 0.6 + - +

The 1944 year-class, as III's in 1946-47 and as IV's in 1947-48,
constituted the majority of the fish in both seasons. It was pointed out in
the previous Appendix that this year-class was also abundant in the south
centrnl population. ,

The lsrge age spread of the fish caught in the past season is prob-
ably partly the result of the small catches made in the sub-district in re-
cent years.

The growth index in Apea 5 (351) was found to be considerably
smaller than that of the south central population (369). Growth in the main
offshore B. C. herring populations, decreases toward the north; the north
central herring typically exhibit a growth index intermediate between those
of the populations referred to above.

Two semples of herring were obtained from Ketchikan, Alaska, in
1947-48. Their porcentage nge compositions were as follows:

II III v v VI VII VIII
17.5 30.5 39.5 7.5 4.5 - lco
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The ege composition resembles that of the northern sub-distriect in
the dominance of the 1944 yeer-class (IV's). The 1945 year-class (ITI's) and
the 1946 year-class (II's) however, were better represented in the Alaskan
semples. Fewer older fish were found emongst the latter, suggesting the dif-
ference in the intensity of the two fisheries. Growth index (359) was higher
in the Alasken fish, but since this figure was based on data from only two
samples it might not be reliable.

J. C. Stevenson Appendix No., 82

The Agg/and Growth of Horring in the Spawning Runs of 1948

Sampling of the spawning runs in 1948 resulted in the taking of 22
samnles, most of which were from the west coast sub-district. The percentage

age compositions of the samples, as well as the growth indices, are as follows:

Area  Place : I I v Vv VI VII VIII IX $T°“th

ndex

13 Quartz bay 6.1 21.2 45.4 17.2 5.1 4.0 1.0 - - 373
144 Baynes sound - - %6.,7 45,9 11.2 5.1 - 1.0 - 391
14B Newcastle isl. - - 17.5 58,8 19.6 4.1 -~ - - 378
Hammond bay - - 44.3 41.2 10.3 4.1 - - - 381
Departure bay - 6.0 65.0 27.0 2.0 - - - - 383

17  L-dysmith hbr. - 9.0 66,0 22,0 2,0 1.0 - - - 371
23 Maconh passmge - 3,1 47.9 57.5 10.4 1.0 - -~ - 392
Macoch passage - 2.0 61.2 26.5 10.2 - - - - 301
Mncoah passags - 5.1 59.2 22.4 1.0.2 3.1 - - - 389
Banfiold inlst - 22.7 B7.1 12.4 21.6 5.2 1..0 - - 389
Toquart bay - 2.0 57.0 21,0 1l..0 - - - - 391
Toquart bay - 8.2 71.4 17.4 3.1 - - - - 381

24 Refuge cove -  10.2 6l.2 23,5 4.1 1.0 - - - 383
Whitepine cove - 32,0 40.0 25.0 3.0 - - - - 368

25 Gillem channel - - 44.4 %6.4 10.1 5.1 3,0 1,0 - 393
Kondrick inlet - 13.5 55,2 27.1 1,0 2.1 1.0 - - 379
Kendrick inlet - 9.1 7.6 20.2 5.1 4,0 1.0 2.01.0 385
Queen cove - 2.1 42,7 49.0 4.2 2.1 - - - %91

Ewin inlet - 19.4 63.3 14.3 3.1 - - - - 389

26 Kyuquot inlet - 6.2 34,4 38,5 12.5 5.2 3.1 - -~ 386
Melksope inlet - 7.2 56.7 24.7 - - 1.0 - - 385

27 Forwrrd inlet - - 67,4 28.6 2.0 1,0 1.0 - - 388

————

It will be noted that the 1945 year-class (as III's), which domin-
ated the age compositions of most of the catches in the 1947-48 fishery, was
prominent in the majority of spawming runs sampled in the spring of 1948.

As in past years, the age composition of the spawning runs resembled that of
the winter fishery in most ereas in which sampling of the spawning stock wes
undertaken. The spawning samples from Areas 13 and 14A resemblsd in age
composition the samples from the Deepwatsr bay catches (Area 13), this simi-
lerity applied also in greater or lesser degree to the spawning and fishing
samples from Area 17 in the lowar sast const sub-district as well ns in all
the west coast mreas.
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However, considerable variation was found in the age compositions
of three spawning samples in Arsa 14B taken in the vicinity of Departure bay.
One possessed a relatively high percentage of IV's as found in the spawning
runs and fishery of Area 144, enother resembled the Area 17 spawning semple
in having III's the dominent age-group, and the third showed IILI's and IV's
* in approximately equal numbers., It appears, from sge c-mposition, that the
Tirst of the three samples represented & run which belongsd to the northern
strait of Georgia population end which had moved further south than usual to
spawn, and that the third group was possibly a mixture of the other two.

This 1s, of course, not conclusive since the number of samples was possibly
inadequate.

An important point in connection with the west const samples
(mentioned in an enrlier appendix) was the grenter proportion of II-yenr fish
(1946 year-class) in the spawning runs then in tho winter fishery (10.2% as
compared to 2.4%). It Appenrs that vossibly the 1946 year-clnss is more
productive than their numbers in the fishing runs signified, It might be
that the II's were meroly later then usunl in joining the main runs of mature
fish,

Growth indices of fish in west coast spawning runs were less, on the
average, than those of the fish in the catchss. Howsver, the former are based
on considerably fewer samples than the latier, a fact which might at least in
part account for the difference. This point is even more applicable when
considering the indices of the few spawning samples from other sub~districts,
which might explain the small growth indices of the samples’ from Arsa 14B,

J. C, Stevenson Appendix No. 83

Herring Spawning Conditions in 1948

: Herring spawning ground surveys were again made in all sub-districts
© »y officers of the Department of Fisheries. In addition the herring investi-
gators undertook detailed surveys of the west coast spawning grounds, as in
the previous year. The latter surveys were made primarily for the purpose of
obtaining, as accurately as possible, the extent of the spawning depositions,
providing information useful in estimating in rclative terms the amount of
herring left after the fishery has takon its toll. The drag-rakes used in
1947 for collecting spawn in places too deep for visual observations werc
again found valuabls, md large-scale charts of the spawning grounds wore used
to record some of the datn, On e~ch spawning ground the length, average
width, and intensity of the egg deposition wers determined. Also, samples of
the spawn wersc taken and preserved for further analysis in conneetion with
studies to determine egg mortality, extent of bird predation on spawn, and
accuracy of spawn intensity estimations (see following Appendix).

General Survey

Results of spawning surveys conducted by fishories officers are
given in the following tabulation for 1947 and 1948, The miles of spawn de-
posited are listed for each area with the spawning indices (milss of spawn
weighted to estimated intonsities of sprwning) in brnckets.
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Sub-district and Area 1947 1948
Queen Charlotte Is.
Area 2A (BEast Coast) 17.4 (72.,4)  23.8 (94,3)
Northsrn ,
Areas 3 and 4 (Skeena and Noss) 14.3 (51.4) 14.6 (50.1)

Northsern Centrel

Aren 5 (Urenville-Princips) 1.0 (1.9) 6.4 (19.1)
Area 6 (Butednle) 24,4 (90.7) 26.6 (100.2)
25,4 33,0
Southern Centrnl
Area 7 (Belln Bella) 23,6 (93.2) 22.1 (89.3)
Aron 8 (Belln Cooln) 5.7 (11.4) + (+)
Aren 9 (Rivers inlet) 7.6 (20.4) 3.4 (11.9)
Aron 10 (Smith inlet) 5,0 (19.8) 2,6 (6.4)
41.9 28.1
Uppor Bast Const of V. I. 13.2 (49.2) 12.2 (%6.8)
Strait of Georgin
Area 13 (Discovery pnssage) 0.4 (1.8) 0.3 (1.1)
Areas 15 and 16 (Pender harbour) 4.2 (19.2) 7.3 (26.4)
aren 144 (Comox) 15.5 (67.1) 7.6 (28,2)
Lrgn 14B (Neonnimo) 1.5 (3.0) 5.7 (10.3)
Aror 17 (Lndysmith) 6.1 (26.0) 7.9 (25,0)
Lpen 18 (Cowichan) 2.2 (4.9) 3.7 (9.2)
Lren 19 (Victorin) 0.1 (0.2) 0.1 (0.1)
30.0 32.6
West Coast of V. I.
Lron 23 (B-rkley sound) 7.2 (24,3) 4,7 (13.5)
4ren 24 (Clayoquot sound) 6.3 (24.6) 5.1 (16.5)
Lren 25 (Nootka sound) 1.7 (8.3) 5.9 (26.,9)
Arer 26 (Xyuquot sound) 1.5 (3.8) 1.4 (5.1)
Aren 27 (Qu~tsino sound) 1.5 (4.5) 5.8 (11.4)
18.2 23,0

For the third successive year spawning in the Queen Charlotte island
sub-district has increased. The 1948 spawning was the largest spawning re-
corded in the area since 1942. Apparently the lack of a fishery in the last
five years is chiefly responsible for the present large population.

In spite of ths large Ogden cheamnnsl catch in the preceding fishing
season, which was presumably drawn from ths Northern sub-district population,
the 1948 spawning in the sub-district wns good, similar to that of ths pro-
vious year,

Spawning was better in the North Central sub-district than in the
previous yoar, but less extensive in the South Centrnl sub-district. The
lnttor sub-district produced n greater-thnn-nvernge fishery in 1947-48.

Tho spewning on the upper oaest coast of Vancouver island was some-
what less thmn that of last yenr but much gre~ter thnn the 1946 spawning.
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The total miles of spawn in the strait of Georgia was slightly
greater in 1948 then in the previous year, but the average intensity of spawn
deposition was less. Spawning was greater in the southern part of the strait
of Georgia than in the northern part in 1948, whereas in 1947 spawning was
more extensive in the latter area, The indications are that the unusudlly
lorge population in the northern part of the strait of Georgin in the pnst few
yenrs hns been somewhnt reduced.

Herring fishing without quota rostrictions in the west const sub-
distriet apparently hrs not nadversely nffectcd the rmount of spawning. In the
spring of 1947 after a record cntch the spewning wns close to that of tho
rverrge over the pnst ton yenrs, mnd this spring following 2 moderately large
cateh the spnwning was groater than in 1947.

Dotailed Wost Const Sub-district Survey

In 1947 eand 1948 detailed surveys of the west coast spamming grounds
underteken by ths horring investigators showed that the fishery officers tend-
cd to underecstimate the sxtent of the spawnings by almost 50 per cent. The
miloege of west coast spawnings in 1947 obtained by fisheries officers amount-

" eod to 18.2, a&s comparod with 32.4 obteined by the investigators; in 1948 tho

milcages were 23,0 and 43.8, respectively.
Tho extcnt of tho spawning (in milss) sstimnted by the investigetors
for sach west const arcn in 1947 and in 1948 was as follows:

Aron Aren Aror Argn Aprce

Yonrr 23 24 25 26 27
1947 13.2 6.0 9.3 2.5 l.2
1948 10.9 8.4 12.8 2.0 9.7

After the close of ths fishing sonson influxes of spawning fish
entered inshore wntors in both yerrs from Fobru-ry to April to provide good
spnwmings. Only Arons 23 ~nd 26 showod dccrensos in spnwning in 1948, but in
gonoral the intensity of spawning wns less in 1948 thnn in 1947, It npnorrs
that the emount of spawn doposited on tho west const in 1948 (end therefore
the tonnnge of spewning fish) wns at lonst squnl to And perhaps gronter than
that of 1947. The largs increnss in the oxtent of spnwning in Aren 27 in
1948 is noteworthy. Thoe erea hns not supported o fishery for sceveral yenars.

Spewming in 1948 followcd & pattern similar to that in 1947. Errly
spnvnings occurrcd in Maconh passnge cnd ~t Useless inlst (a4rc~ 23), at tho
entronce t0 Nuchnatlitz inlet (iren 25), at Malksope inlet (arca 26), mud nt
Kleskish inlst (ares 27). During M=2rech genernl spawning took plnce on the
usunl grounds. Lnte spawrnings (in 4pril) occurrsd in Mryne bay (Lron 23) nnd
at Leeson harbour nnd Holberg inlst («res 27). The Holborg inlst spnwning is
of spocinl interest since spawnings aro vosy rrrely found towsrd ths hoeds of
the long inlets on the west coast,

During the larval herring survey svidence was obtained indicating
that small unreported spawnings sometimes ocecur in places not usually fre-
quented by spawning herring. On occasions small larvas were obialned in
places where no spawning had been reported.

It is planned to continue and, if possible, to improve the detailed
spawning ground surveys on the west coast in 1949.
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Spawn Samplzs from Wost Coast Spawning Grounds

In connoction with the tagging operations and general spawning ground
survey in the smring of 1948 a total of 133 samples of spawn was taken from
wiest coast spawning grounds at various depths. Ths main purposes for which
those samples were taken were (1) to obtain information on the mortality of
spavn during the incubation period, (2) to determine the amount of spawn aaten
or destroyed by birds, and (3) to assoss tho accuracy of the field sstimates
of spawning intensity.

Laborstory study of the smmplos rcvealed an average egg mortality of
5.6%, almost twice ns gront as was found in 1947. However, the sampling wns
morc intonsive in 1948 and it is possible that the provious yomr's figure was
not ropresentative of all sprawning grounds. Egg mortnality in relation to depth
rnd embryonic dovelopment is givan in the following tabulation:

Depth in relation Stnges in development
to zoro tide. (ft.)’ e -~rly 1ate

+ 11,0 to + 1.6 - 1.9% 11.6%

+ 1.5 to - 1.5 2.0% B 3%

- 1.6 to -24.0 4.,8% 6., 8%

It will be noted (1) that groater mortnlity occurred in ssmplos which
were in the later stnges of developmont then in those in enrly stages, and (2)
that mortality in the lotor steges vwas less around the 2ero tide lsvel than
either in deeper wator or higher up on the bzach. Considerably higher egg
mortality was found on sors spawning grounds than on others. At Cypress bay
(Area 24) the mortality was almost twice that at Refuge cove (Arca 24) and
four times that at iMacoah passage (Aroa 23). 4An carly spavming in Macoah pas-
sage probably suffercd destruction by the action of hoavy seas, as evidenced
by a ridge of eel grass bearing dead oggs (from onc half to three foet high
end five to twenty yards wide) oxtending about 1600 yards along the beach.

On certain spawning grounds samples of spawn were taken from six
squars inches of beach at intervals during the incubation veriod., The numbers
of eggs in these samples were counted and the weight of vegetation obtained.
The rnsults, although not conelusive, indicated that bird predation at times
was probably an importmnt source of egg mortality. For instonce, it was cal-
culated that bird mortnlity on sypawning grounds at Cypress bay wns of the order
of 35% in .seven days. At Queen cove a 25% loss was indicated over a thrse day
period. The mmount of vegetation was also considernbly raduced by bird ~cti-
vity especinlly on grounds covered by rockweed. Further investigations of this
source of mortality are plwnned for future survsys.

Bstimations of the intensitios of the spnwning depositions have been
prart of both tho fishery officer's surveys mnd the more detniled surveys of the
herring investigntors. Thase estimatos in the prst have been of a genornl
nature and not primarily bascd on actunl counts of the eggs present per wnit
arefe Prior to ths 1948 survoy, howover, tho numbers of cggs por linear or
square inch of vegetntion wos determinod for vory light, light, modium, hoavy,
ond vory henvy sprwnings, Lnboratory counts on all s mplos were mnde "nd o~ch
snmple catogorized cfter the completion of the survey; these were thon com-
pared with the fiecld ostimates obtained during the survey. It was found that
in 69% of the samples the field estimates coincided with the 1l°borntory csti-
mate, md in 29% of tho semples the diffcronce between the estimates was only
one c~togory.
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Young Herring Investigation 1948

In the spring of 1947 a preliminary study of the larval Lsrring was
initiated on the west coast of Vancouver island. This study was continued
and expanded in the spring of 1948 in en effort to ottain information on the
natural variation in the survivael of enrly stagec in the life history. The
fact that the strength of a year-class, as assessed by its contribvution of
mature fish to the fishery, becrs little or no relationship to the ebundnrnce
of spawn from which it was derived suggests thnt a variable naturnl mortelity
is operative during certain criticnl periods in the early life history.

In the 1948 survey four cruises were made up and down the west
coast of Vancouver islemnd between April 7 end June 14, using a seine boab
loaned by the industry (the "Dominion No. 1") end its 18-foot tender. Larvae
were sanpled from virtually svery west coast spawning ground and from local-
ities at various distances from the spawning grounds; larval sampling wes
also carried out off-shore. OConsiderctle effort wrs devoted to locating end
capturing the post-larvas after schooling hnd token plnace.

Equipment nnd methods used in tha survey

Several methods were used to szuple the young. Thase included the
conventional-type conical silk nets, specially designed mstal ngts of brass
mesh, and a portable centrifugai pump. The sil' rets (four feet lcng and two
f2et in diameter at ths mouth) were hauled at various depths behind the tender
at a speed of two knots; also they were used to mske vertical hauvls where
lerves were very numerous. The metel nets (5 feet in length) were towed from
the seine boat at a specd of nine knots. The pumping system pumpnd water from
the sea through 2 pipe extending thres feet below the surface; & silk net
placed in a barrel strnined the larvne from the watcr. The silk asts werc
usod mainly in sheltered locnlities whore most of the spewnings toolr place,
the metnl nets being used mainly in exposed or scmi-exposed localitics. The

pump was used in 211 loenlitioss, but bocause of its smell straining capneity

ns comparad to the nets it wns most suitabls in locnlitios close to the
spawning grounds where the larvne werc sbundnnt. Another limitrtion of the
pumping mothod was that it wns unsuitnble for srmpling below n depth of throe
fect unlass the seine boat was stationsry or moving at a slow spced. The
difficultiss oncountersd in the use of the matnl nots wero mostly structural.
They were large and cumbersome to hoandle, n~nd in spite of their npperent
sturdiness had to be frequently reinforced. The brass mesh cuickly disinte-
grated (presumebly a result of chemical interaction betwsen the brass, the sea
water and the solder used to fasten together the fine inner and the protective
outer screens) and was in rsed of almost constant rspair. However, in spite
of these and other difficulties, which are to be exvected in the dovelopment
of new types of gear, valuable experienco was obtained end important scienti-
fic data were gathercd.

Attempts were made to snmplo the post- larvae ufter thoy had schooled
by using 2 purse seine (2 fathoms ds>n ~nd 20 fnthoms long), end by attr~ct-
ing them to & 100-watt light submersed just bolow the surfres ¢f the watew,
Scouting trips were mnde nt various hours of the dny rad night to locate the
schools,



- 89 -

J. C., Stevenson and R. G. .icMynn Appendix No. 85

Results of the survey

Detailed analysis of the large amount of data accumulated in the
course of the survey is as yet far from complete, thus only general remarks on
the findings can be made. The fact that the 1948 survey was begun abut ten
days eerlier than that of 1947 resulted in the capture of tremendous numkers
of larvae near the spawning grounds. In some ten-minuts hauls up to 30,000
or more larvre of ons week or less in nge were obtained. During Anril ond the
first part of May the larvee in the inshore localities dscrensed in numbers
until by the beginning of the third cruise (May 20) no larvas could be col-
lected in most localities.

As the larvne bascnme less sbundant in the vicinity of the spawning
grounds thevy becAamo more numorous in localities awey from the spmwmning grounds.
As in 1947, disporsal from the spnwning grounds wns greater in Area 23 (Bark~
ley sound) than in any other area. In offshore localities very few or no
larvee were obtained, corroborating the evidence of the 1947 survey which in-
dicated no significant movement of larvee between the major statistical areas.
Again in 1948 as in 1947 night hauls consist@utly provided larger numbers of
larvas than dey-time hauls. Deta relating to depth distribution, although not
yet worked up, appear to be similar to *hat of 1947, insofar as the 2-4 fathom
zone contained more larvae then the zones above or below.

With regard to larval predators little cen be said until the data
are completely analyzed. 4As in the 1947 survey ctenophores were found feeding
on larvee, but it appears that this prcdation was somewhat less in 1948. Of
considerabls importance in studying ctenophore predation is to what extent
does prodation occur after the orgnnisms ore captured mnd crowded together
within the confinss of the net. In othor words, does the oxtent of predntion
which obtnins in the samples hold for the population fas a whole under natural
conditions?

Predation by jelly fish was again found in 1948. This type of pre-
dation is apparently caused by only one or two species and the extent of their
predation is not as great as that of the ctenophores.

In addition to the @bove sources of larval mortality predation by
arrow worms, (Segitta sp.) was definitely established in 1948. Therse was no
evidence of this mortality being widesproaed since only ono Sagitte (20 mm. in
length) was found in which a larval herring (ebout 9 mm.) was, with the ox-
ception of the head, completely engulfad.

During the latter part of the 1948 survey numerous and continuous
efforts were made to locate and capture post-larval herring subsesquent to
their schooling. Unlike their larvel nredeccessors, the unmetamorphosed fish,
they could not be taken by means of sithsr plankton or metal nets. In addi-
tion the post-larvae woere not distributed over sxtensive arcas as were the
larves, but were only located in scatterod compact schools. This added to
tho dlfflculty of loecnting them. As a mntter of fnet, despite intensivo
searching during both day and night, no schools wers observed in eithor Areas
23 or 24. On threo occasions schoolzd meotamorphosed herring wore encountered,
once at dusk near Union islend (Arca 26) on June 10 and twice at dawn near
Nuchatlitz village (Arca 25) on May 31 and June 10,

Schools showed a tendency to appoar at the surface at dusk and dawn
during which time, providing the wator was calm, they were observed to flip
at the surface. This flipving, accompenied by the silvery flashing of their
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bodies, gave rise to a characteristic "crackling" sound. Often this crackling
was the means of locating the schools of fish. :

The capture of these schooled herring was always a problem and during
the 1948 survey no really satisfactory wsthod was devised for their capture.
Due to their extreme wariness it was found to be impossible to obtain specimens
with the shallow purse seine. The fish would both sound and scatter. DPerhaps
a longer and decper seine than the one employod last year would aid in their
capture. One sample of schooled herring and on other occasions specimens of
partly metemorphosed young were obtainod by the uss of ~ dip net above which
a 100-watt light was suspanded. The fish, ettracted by the light, were then
scoopcd up. However, the light methcd was not alwnys so successful, very
often in ~n aron where schooled herrins hnad becn observed earlier, nonc would
be attracted later in the evening,

Proliminfry study of the young herring captured in this manner,
approximntely 12 weeks old, averaged 35 mm. in total length.

A summery of the field work done during the survey is given below:

Time of day
Me thod Day Dusk Night Dawn Total
Silk net hauls, horizontal 84 15 265 16 380
Silk net hauls, vertical - - 15 2 17
Pump samples 86 5 63 1 155
Mptal net hauls, horizontal 67 6 51 - 124
Light samples - - 26 1 27
Scouting trivns 13 12 3 10 38
Seine hauls 1 9 - 1 11
Stomach analyses 1 - - - 1
Totals 282 47 423 31 753
J. C, Stevenson ‘ Appendix No, 86

Forccasts of the Herrine Fishory

The fourth annual circular (No. 15) dealing with the prospects for
the herring fishery in the 1948-49 season was issued to members of the industry
and other interested parties in September, 1948. The forecasts provide in-~
formation relating to the expected abundancc and size of the herring in various
sub-districts. .

In meking prodictions it is essential to have soms prior knowlcdge
of the rolative strength of tho yoar-classaes which are expected to form a
large pcreentege of,thc population. At present the main source of this know-
lodge comss from careful consideration of these yesar-classes in the previous
year's fishery and in thc spawning runs of the previous spring. Pertinent
data are obtninsd from the percentage ~ge compositions of the proceding sca-
son's catches and of the spnwning runs, from the abundance of the fish loft
over from the previous yenr's fishing (ns determined by the extont of sprwn-
ing), from catch statistics, and from the history of the particular fishery.

The forecnsts lack 2 sound stntistical bnsis, and thus, much caution
is used in the wording of the circulsrs mnd some of the forecnsts ars somewhat
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vaguely stated. In addition to this fundamental limitation there are other
factors which increases the difficulty of predicting accurately. It must be
assumed that herring will be available to the fisherman in proportion to the
expected abundence of the population. Furthermore, it is not possible at
present to predict wheather a run will be early or late in arriving on the
fishing grounds; in some seascascertain runs of considerable megnitude, hnve
. not arrived on the fishing grounds until just before spawning, after ths clo-
sure dnte for the fishory. Thus, even though the prospscts mey be relizble
for the populntion as ~ whole (in spito of the fact they have no sound sta-
tisticnl basis), there is no positive =assurance that they will be applicable
to that portion of the population availnblo to the fishermen, Studics on
factors relating to this nvailability hnva so £nr been fruitless, but furthor
efforts along this line are planned.

In spite of the limitations of the forecasts, a considerable degree
of accuracy was obtained in the prospects of the herring fishery for 1947-48
(Circular No. 8). As predicted, the quota on the lower east coast was easily
obtained but it was not emticipated that the catch would be taken in such a
short period of time (six weeks). A smaller catch vas obtained in the west
coast sub-district then in the previous year; it was forecast that between
30,000 to 40,000 tons would be caught, wherees the final catch amounted to
45,200 tons. As oxpected Area 23 was the most productive west coast erea,
but n groator cetch was predicted from Arca 24 then was actually obtainsd.
The taking of the quota in the Discovary pmssage sub-district was mntieipated
and it was pointed out thnat prospects were good for a fishery in ths Cepe
Lazo area (a Baynes sound fishory provided 5,500 tons in acbout 27 hours).
As expected the upper east coast yielded normal catches. Better catches were
predieted in tho Bolla Bolla areca of tho central sub-district then in the
Larcdo arce; the former area actually provided a catch ebout eight times
groater than the latter area. Mainly on tho basis of extensive spawnings tho
pravious spring, good catches were prcdicted in ths northern and in the Queen
Charlotte islands sub-districts if +he fish entored inshore waters. bafore the
close of the fishing season. In late Jrnunry and in early Fabrunry a rocord
cateh was taken in Ogden channel in the northern sub-district; along the east
const of the Queson Chnarlotte islnnds scouting revealed the presence of hzrring
bofore the close of the season but fishing onerations were not carried out
primarily because of herring being plentiful in other areas closer to pro-
cessing plants.

J. C. Stevonson ' Appendix No. 87

Herring Trawling Operations in the 1947-48 Season

During the last week of January and the first two weeks of February
1948, five trawlers wore granted pormits ‘o Tish herring on an experimental
basis. The trawl-nets were lin>d with herring web of the same mosh used in
horring secines, and some of ths trewlsrs made other minor modifications, such
as inereasing the fullnoss in tho forward part of the trawl to provide a
larger oponing. Herring were locatzd br means of ccho sounders when they
were close to the bottom during the daylight hours. Drags of from five to
Pifteen minutes resulted in catchos of twenty tons of herring or less. The
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fishery took place in Trincomali channel (Area 17) and produced a total of 330
tons of herring, most of which was frozen for bait. The trawl catches almost
entirely consisted of herring, with other species as grey cod and flatfish
being taken on very few occasions, On two itrips to the fishing grounds,
herring, investigators saw no small, undersized flatfish in the catches.

Samplss of the trawl-caught herring taken by the investigators showsd
the fish to be in as good condition as those caught by seinsrs, No evidence
was obtained suggesting that there wes selsction in trawl-caught herring.

Two limitations in trawling for herring became apparent in the ini-
tial attempt: herring could only be caught when they were on the bottom, and
the nrocess of clenring the herring from the net wos lengthy and tedious. If
A suitable method were devised to fish at various depths it would permit
trawling for herring in arens where the nature of the bottom now prevents
trawling operations, md, trawlers could fish at times of the day when herring
were off the bottom., A simpler process of cloaring the net would permit more
frequent drags and thus meke this method of fishing more efficient, Some of
the trawl cnptrins expressed interest in devising gesr which would overcoms the
shortecomings of the pressnt genr, Eurovean trawlers heove obtained highly sue-
cessful herring catches by mnking modifications in the design of the conven-
tional trawl, but ns yet full descriptions of thesz modifications have not
been found in the liternture.

For herring trewling to become a commercially successful venture
factors other than improvement in gear will have to be considered. Regula-
tions will have to be amended to permit this method of fishing and it will be
necessary to decide whether or not the catches will bs included under existing
quotas. The trawlers must be assured of a market for their catchas. Thoy
will probably have to face strong compotition from the seining flest, both in
catching the fish (if both seiners end trawlers are fishing on the smme
grounds) and in marketing their fish. It is possible that the trawlers might
be @ble to develop 2 summer fishery if they can Tish off ths bottom. Although
the fish tend to bz senttersd in the late summer months and, therefors, dif-
ficult to catch, this might bz compensntcd by the fact thnat the fish are then
in prime condition and should demmd n high price.

7. C. Stevenson ' Appondix No. 88

Herring Investigntion: Genernl Sumnry

Study of tho Wost Const of Vancouver Island Population

During 1947-48 the intensive investigation of the west coast of Van-
couver island herring population was in its second year. An immediate aim of
the study is to procure sufficient information to permit a scientific apprai-
sal of the utility of the quota system of regulating the catch. Except for
the limitation imposed by a closure date the catch in the west coast sub-
distriet is unrestricted. For the purpose of comparison catches on the lower
east coast of Vancouver island are rigidly kept on a fixed quota vasis. In
the past season the west coast catch smounted to 45,200 tons, 23% less than
in the first yzar of the invsstigation. The fishing effort rsquired to make
this smaller cetch increased over that of the previous ysor. When fishing
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ceased, 12 days before the prescribed closing date of February 5, few fish
were left in inshore waters, but during the spawning season new runs came

in and permitted a good spewning, as good or better than that of the previous
spring.

Rasults of tagging showed, as in the previous year, that the west
coast population is essentinlly discrote; intermingling between the west coast
and lower east const populations was small. Emigration from the west coast
was greater than immigrotion to it, a riverse situation to that obtained in
1946-47. Considerable mixture was sgain noted between the individual west
coast areas, end the tendency for fish to wender in a south-easterly dirsction
along the coast was indicated as in 1946-47. The rate of exploitation in 1947~
48 was calculated to be about 2.7 times greater than that in the first year of
the west coast study. In view of the increase in fishing effort in 1947-48 it
wAs considered likely thet the decreased sbundmnce, indiceted by o decrease in
availability, was due primnrily to a small recruitment from a relntively less-
abundent year-class, viz., that of 1945. Annlysis of smmpling dnta indicated
that the 1945 year-class was relatively poorer thm either that of 1943 or of
1944,

The prospects for the 1946 yenr-class were not good if tho relative
numbsrs of II-yenr fish in the cftches cmn be used As M indication of ysoar-
class strength. Greater numbers of I-yoar fish were noted on the fishing
grounds than in previous years; it is not known if this is of any significance
with regnrd to the strength of tho 1947 year-class,

The study of the larvee and post-larvae (of the 1948 year-class) was
carried out more intensively then in the preliminary survey in 1947. The
analysis of the data is es yet very incomplete, but certain results of the
1947 survey appear to be confirmed. Experience was gained in capturing sam-
ples from the schools of post-larvas. Considerable attention was given to
the improvement of equipmsnt for sampling the larvee.

Other Studies

Investigntion of herring populations in other sub-districts of the
B. C. const was continued in 1947-48 within tho limits of staff and appro-
priation.

Further evidence from tngging and ssmpling data was obtained sug-
gesting that the herring of the northern part of the strait of Georgia and of
the Discovery passaege sub-district should be treated as one herring popu-
lation., Varying degrees of intermixture appear to occur between this popu-
lation and that of the lower east coast of Vancouver island.

The 1945 ysar-class (as III's) entered the fisheries of southern
B, C. as the most ebundant year-class, while in the northern part of the coast
the 1944 year-class (as IV's) continued to dominate the catches of the major
populations for the second year in succession. In general the 1945 year-class
appears less productive than that of 1944. The 1946 yeer-class (as II's)
entered the northern sub-district fishing runs in relatively large numbers,
but it was poorly represented in most fisheries of other sub-districts, sug-
gesting that the year-class might prove to be of less than average stirength.

Spawning in 1948 rosulted in more extensive depositions in most
sub-districts than in the previous year, Reports from only ths south central
end upper enst coast sub-districts showed 2 decranse in totel miles of spawm
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deposited. The spawning in the Queen Cherlotte islands sub-district was the
greatest since 1942,

Attention was given to the experimental herring trawling oparations
in A?ea 17 in the wintor of 1948. A total of 330 tons of herring was céught
by five trewlers in three wseks, The success of this method of herring fish-
ing will depend -largely on the developmont of more efficisnt gear and on the
capebility of the trewlers to compete with the seiners for nrksts,

Modsrate success was achieved in predicting for 1947-48 the expectsd
abundance nnd size of the fish in snch sub-district. At prasent little know-
ledge on the time of Appsnrance of the runs has been accumulated.

In 1948 several changes in the rogulntions of the herring fishery
were proposed to the Department of Fisheries and later adopted. These changes
were in accordance with the increase in knowladge of the various herring popu-
lations during recent yesars. Among the more important changes were the
following: (1) the creation of & "Middls East Coast of Vencouver island Sub-
district" which acknowledged the evidance that herring caught in the Discovery
passage sub-disirict, (Area 13) those caught in the Baynes sound vicinity
(Area 144), and those which spawn along the opposite mainland shore, (Areas
15 end 16) belong to the sems major populrtion, nnd (2) the placing of Area 5
in the northern sub-district, due in part to the fact that dntn from the
Ogden channel fishery of the past sefson strongly suggested that the catches
were from the northern population.

A quota of 10,000 tons wnas plnced on the middle east const sub-
district, the quota of 8,000 tons on the upper emst const was raised to 10,000
tons, the northern sub-district quota wns inereased from 25,000 to 30,000
tons, and & clarification of the 40,000 ton quota in the central sub-district
was mnde.

The acquisition of & full-time herring rasearch vessel is agnin
strongly recormendad. It is urgently needed for contacting the seining fleet
and the reduction plants during the £mll 2nd winter months (2s well as for
transporting staff and equipment to field stntions, etec.), for teagging end
spavning ground surveys in the late winter and early spring, for conducting
the young herring studies in the spring, and for investigating summer herring
during the surmer months. In attempting to provide a substitute for the
proposed herring vessel 2 boat was cheriersd or loaned from the industry in
each of the past two seasons, but ths srrmngements were for several reasons
far from satisfactory. For young herring work in the springs of 1947 and 1948
the industry also generously provided & vessel but difficulties were expor-
ienced, chiefly because of the bont not being properly fitted for this type of
resecorch work. It should be pointed out thnt sven with A new vessel two
additional boats will be needed for the tegging end spawning ground surveys in
late Februery and early March, and it is hoped that arrangsments can be made
with the industry to continue to supply these boats.
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Experiment on Tenk Propagetion of Qysters

For the 1948 experiment with larval culture it was decided to
use only the large oyster tank (100,000 gallon capacity) for actually
rearing the larvae. The smaller covered tank (20,000 gallon) was to be
used as a storage tank and the metal head tank to heat the water necessary
to maintain a sufficiently high temperature.

To remove as much organic materisl as possible a sand filter
was built over the inlet velve of the smell tank. Tt was felt that sand
filtering the water would also remove predators and reduce the other bi-
valve competitors for food. During previous experiments both these
handiceps had become serious problems.

To allew a change of water in the large tank filtros blocks
were installed over one of the valves. These would prevent the egress
of the lervae. The water thus removed (about 10,000 gallons daily) would
be replaced by warmed and fresh sea water. Last year this chenge of water
wes found to be of value in speeding up growth and reguleting pH.

The food problem had always been acute. Observation showed that
the larvee ingested forms up to 10 microns and reacily dicested a small
colorless flagellate, thought to be Monag sp. This flegellete mey be
obtzined by coarsely filtering scawater collected emong ecl grass.
Cultures of Monas sp. were begun end sdded (sbout four peilfuls) to the
tank every second or third day. At this age the flagelletes were sbout
5 microns. '

In spite of a very ambitious programme very little could be
accomplished. The large tank allowed water and larvae to leak out
(filter closed) much faster than it could be heated and replaced. TWeather
conditions, during August were very unfeavourable.

When it became evident that no results could possibly be obtained
by using the large tank a number of experiments were cerried on in the
smaller one. Results were similar to those of former years since it was
impossible to get riltered, heated weter for the small tank. A few useful
facts were noted.

1. During most of July, female oysters were quite immature. Though
by subjecting them to a rise in temperature and stimilation, spawning
would occur, the larvae were very poor and rarely lived more than three or
four days.

2. The salinity was very low during the early pert of the summer.
Until the salinity reached 27.00% it was impossible to keep the lervae
for more than 7 or 8 days.

3. A temperature of at least 22°C. for at least the first 10 days
gives the best results. Observations taken this year of lervae under
natural conditions show that after 10 or 12 days they were able to toler-
ate temperatures as low as 189C, for short periods of time.

4e  Artificiel feeding, into filtered weter, is necessary. The tiny
flagellete is very easy to culture.
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Whale Investigation

With the opening of a shore whaling station at Coal harbour
Vancouver Island, whaling operations were resumed in British Colurbia
during the summer of 1948 after a lapse of five years. In the interests
of conservation, development and optimum utilization of whale resources
a biologist was assigned to serve in the capacity of inspector in accord-
ance with the terms of the International Whaling Agreement to which
Canada has subscribed. The study and investigation wes prompted by the
recognition that the collection and analysis of biological data is
indispensible to sound menagement of the whale fishery as with other
fisheries resources. Sound management is a prerequisite to the realiza-
tion of the ideal of maintaining or increasing the present whale stocks
to permit an optimum sustained exploitation and to avoid the pitiful
decline of various stocks that has occurreé on this coast as in other
parts of the worlc¢ in the past.

In addition to the recording of statistical data, which included
measurements of length, determination of species and sex determination of
size and sex of foetuses when present, and position of capture; careful
observations of the condition of the whales landed were maede. The placing
of specially prepared log-books aboard the whale catchers provided infor-
mation as to the extent, movements and habits of whales sighted other than
those captured. Note was made of the condition of the reproductive organs
in each whale landed, and stomach contents enumerated.

Collections of a variety of specimens were made for future study.
Some of the material has been dispensed to institutions or individuals
prepared and equipped to mcke the best use of it. The bulk of the material
consisted of the following preserved specimens:

l. Ovaries from twenty-seven individuals.

2. Six foetuses of various sizes less than three feet.

3. Specimens of various parasites.

4. Histological specimens of glands and tissues.

5. Semple of stomach contents.

6. Miscellaneous items such as foetal skull and brain, testes, etc.

In cooperation with the Pacific Experimental Station various
glands were identified end collected for chemicel enalysis to deternine
their commercial velue. These included pencrecas cnd epinephrin glands.
Samples of liver were submitted for tests of vitamin potency end oil
content.

The past season's activities at Coal Harbour, coupled with
the extensive knowledge geined in wheling operations and studies in other
parts of the world, serve the purpose not only of providing a picture
of the current condition of the whale stocks on this coast, but also of
suggesting methods for future study and management in the pursuit of a
sound exploitation policy.
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Inspection of Whales Landed

) From catch statistics of the 1948 whaling operation of the
Western Whaling Corporation at Coal Harbour Quatsino Sound, North end of
westcoast of Vancouver Island, certain facts may be taken as representa-
tive of the current condition of the whale stock and certain trends may
be anticipated by comparison with similar operations elsewhere. Comparison
of this year's record with those of past years does not lend itself to
the establishment of general trends in the condition of the stock because
of the different localities in which whaling was centred. Sperm whales
constituted the bulk of the catch at the two stations operating at the
South end of the Queen Charlotte islands because of a predominance of this
Species in this particular locality. Records of catches at Cachelot
Station on Kyuquot Sound, west coast of Vancouver Island, are available
only for five seasons up until 1926 when whaling wes discontinued. It is
notable there that Finbacks constituted the greatest part of the catch
with a proportionately greater number of Sei and Sperm whales, and a total
of one hundred and fifty-one Blue whales during these years. This year's
catch consisted largely of Humpbacks, and no Blue whales were caught.
Composition of catch from May 31lst to September 24th 1948:

Species Female Male Total
No. Ave. Size No. Ave Size

Humpback 64  40.3 ft. 49 39.9 ft. 113

Finback 20 58.1 ft. 19 58.3 ft. 39

Sei 1  47.0 ft. 1 46.0 ft. _ 2

Sperm - -- 28 45.3 ft. 28

182

The above table shows a predominance of Humpbacks in the catch,
a characteristic common to the first few year's operations in many differ=-
ent ereas. This early predominance has alweys been followed by a marked
decline in the numbers of Humpbacks caught. A notable feature of the
Humpback catch was the large number of pregnant femeles lended. Thirty-
eight of the females were found to be carrying young. Of the total
number of females many were immature.

Finbacks showed fewer pregnancies=--only thirteen percent of
the females as compared with twentyeight per cent in the Humpbacks.

This was in part due to the large proportion of small immature individuals
taken. Extensive exploitation of Finbacks represented by e composition of
this sort would certainly heve an adverse effect on the stock.

The catch of Sperm whales presents no cause for concern because
on this part of the coast they consist almost exclusively of the large
bulls, the femeles it is said, frequenting more remote waters. Apart
from this consideration, the small size of the femeles renders them
relatively free from commercial exploitation.

Knowledge of the true condition of the whale stocks on this
coast as determined by the analysis of records from this one small area
during a period of just four months is incomplete. Statistical and
biological data over & period of yeers sre required. Such thorough
biological knowledge should ultimately provide a besis for an acceptable

policy for teking whales.
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Observations on shrimping grounds

During the summer opportunities were taken to make trips on
local shrimp boats. These trips were made on the "Yuri M" and "Valdim"
to the English Bay erounds, and one trip made on the "Gil" to Burrard
Inlet. Qualitative observations were mede on the species of fish and
crustacea associasted with the shrimps. On one trip stomach contents of
associated fish species were examined.

In the following lists for the two areas attention is given only
to the more numerous species or to those which evidently are related to
shrimps.

Burrard Inlet

Fish:
Lemon, sand and rock soles -- not plentiful -- to 8".
Rockfish -- mostly Sebastodes caurinus -~ numsrous, small size.

Midshipmen (Porichthys notatus) -- numerous.

Whiting (Theragra chalcogramma) -- plentiful to 6".
Crustaceas:

Crabs (Cencer magister) -- numerous mostly under 63".

Munide guedrisping =-- numerous.

Crago_alaskensis -~ fairly numerous.

Spirontocaris brevirostris -- few.

Spirontccaris suckleyi -- few

English Bay

The loads studied here were taken from Point Grey to Jericho
Beach. The bulk of the commercial catch is made up of the "pink" (Pandalus
borealis) with lesser amunts nf "side stripe" (Pandalopsis dispar),
"humpbaeck" (Pendalus hypsinotus), "prawn" (Pandalus platyceros), and "coon
stripe" (Pandalus danse), in that order.

Fighs
Stomach contents were examined from a load here and the species
tlat contained shrimp are noted.
Eel pouts (Family Znarcidaec) -- great numbers.
Lemon, dover, slender, rex soles -- not plentiful.

Flathead soles -- fairly numernus -- one stomach contained 2 pinks.

Midshipmen -- greet numbcrs -- 1 pink in one stomach.

‘Skates (mostly Raja binoculata) =-- common
Hake (Merluccius procuctus) -- numeraus, pink shrimps found in
fivec stomachs.

Lingeod (Ophisdon elongatus) ~-= not common, one pink shrimp
found in -one stonach.

Whiting (Theragre chalcogramma) -- fairly common, small size --
three small pinks found in one stomach.

Dogfish ~-- not always in nets =-- pinks found in two stomachs.
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Crustacea and gthers:

Crago communig -- most common of all other varieties.

Spirontocaris lamellicornis -- common.

Paracrangon echivats -~ few.

Crago_franci iscorum -- not as numerous as others.

Pandalus s goniurug -- not common, smaller than commercial

pandallds.

It is noted that the name Crago communis is new to British
Columbia check lists. Full consideration of the factors influencing
dist~ibution must await studies of conditions on various grounds and
examination of additional areas.

T.H. Butlér Appendix No. 93

An Additional Species in Commercial Shrimp Landings on July 9, 1948.

The shrimper "Seven Seas II", fishing between Sangster and
Lasqueti Islands from 25-70 fathoms, caught gbout 100 pounds of an unrecog-
nized species of shrimp. The shrimps were sold to a fish dealer in
Vancouver. Through the co-operatlon of the skipper, ir. Frank Cobb, a
sample was saved, and the specles was identified as Pandalus montagui
tridens Rathbun. The specimens examined appeared to be larger than the
more common "pink" shrimp (Pandalus boreslis). The fact that these shrimps
were handled through the local fish market without complaints spesaks for
their palatable qualities. Perhaps this species will appear in greater
amounts in commercial lendings in the future caught from the area named
or elsewhere in coastwise waters.

R.E. Foerster Appendix No. 94

A Study of the Queen Charlotte Island Crab Fishery

In continuing the investigation of the crab fishery along the
north coast of Graham island, Queen Charlotte islands, which was commenced
last year by Mr. R.G. MclMynn, it was decided to limit the field work this
season to additional tagging experiments and a collection of the pertinent
catch statistics. Mr. R.0. Palmer was engaged to conduct the work.

Three well-separated crab grounds occur at the north end of
Graham island, namely, Naden Harbour, along the north coast and along the
east coast. It was believed that liberation of tagged crabs would give
informetion not only on migration, but also on dzgree of exploitation by
the fishery. For Naden Harbour, where an cxteasive fishery has recently
developed, 508 crebs were *agged Quring August and Scontember. Only one
tag had been recovered by September 15th. For the 1947 season, 358 tags
ha¢ been used and¢ 121 recovered, indicating a minimum fishing intensity
of 34%. Along the north coast in 1948, 815 crabs were tag: ed between

June 5 and September 3 of which 21 or 2.58% had been retcken to September 7th.

In the 1947 experiment only 5% were recovered. For the east coast area,
1213 tags were used between June 11 and August 10, of which 28 or 2.3% were
recovered, as compared with 4% in the 1947 test.
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During the 1948 season a number of tags used in the 1947
experiments were recovered. The 1947 data have not yet been reanalyzed
to show the significance of these additionel recaptures.

J.R. Adams Appendix No. 95

Studies_on the ILobster Population Introduced into_Lasqueti Islend
Lagoon in 1946

Systematic trepping of lobsters was begun in Lasqueti Lagoon
about the middle of May, 1948. Only 12 traps were in good repair at that
time. These were used on the east and south sides of the lagoon and on
both sides of the entrance to it. By July 15th, sixteen additional traps
had been rebuilt and were put into use. Considering the poor results
obtained in the lagoon, this group of traps was used in False bay in an
attempt to find out if lobsters had left the lagoon. Traps were moved
every weck to new location so as to cover the whole bay.

Only four lobsters were caught during the period from May lst
to October 15th, as follows:

May 7th - Lasqueti lagoon - 24 cm female with eggs
"uly 3rd =~ n n - 31 cm female :
" " - 30 cm,male, last from pond on
June 13th
Aug. 13th - False bey entrance - 30 cm female
north side

The 16 lobstcrs present in the floating pond et Lasqueti island
continued to do well. Only one death occurr«d following a local ship-
wreck aud the conteminetion of the lagoon weter with fuel oil. ilost of
thc captive lobsters moulted during July and August showing gains of 2 to
3 cm in length. '

Comparison of the size and weight of lobsters in 1948 with that
at the time of planting indicates good growth on the part of surviving
individuals.

Date Noo WMean Length Range
June 1946 631 21.0 cm., 83" 18 - 23 cm., 7-9"
planting .
July 1948 6 2802 Cmo, 11" 24. bad 31 Cm-, 9'% - 12"

(newly moulted)

Three 24 cm. male lobsters moulting in the pond grew an average
of 11% in length. This compares favourably with a 9% gein reported by
Templeman, 1936, for nine 23 cm. meles moulting in captivity at Point du
Chene on the Atlantic coast.

 The mean weight of 7 freshly moulted lobsters was 1 1lb. 14 2/3 oz.
(870 gr.) on July 13, 1948. On the same date 9 old shelled lobsters
averaged 1 1b. 7% oz. (665 gr.) The largest individual weighed 2 1lbs. 8 oz.
Meen weight at the time of planting was 12 oz. (340 gr.)
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Freshly moulted female lobsters were separately caged with
hard shelled males of the seme size. By August 30th, six of the captive
females were carrying eggs.

A review of all the deta on this and previous introductions
of lobsters into Canadian Pacific weters was mede. A detailed report has
been prepared and submitted with recommendations.

On the suggestion of this investigator the experiment at
Lasqueti was terminated in the fall and the lobsters moved to the tanks
et the Pacific Biological Station.

J.R. Adams Appendix No. 96

Experiments on the Rearing of Lobster Larvae at the Biological Station

Ls & part of the general study of the introduction of lobsters
into Pacific waters, sttempts to hatch and rear larvae were made in the
summer of 1948. The eggs carried by two females were evailable for
experimentation in May.

4L rearing box of the type employed at Boothbay Harbour, Maine,
was constructed. L pressure-operated electricel pump an¢ storage tank
were set up to produce the necessary flow of 100 gallens ver hour through
the rearing box. Thc weter was pumped from a 15,000 gallon concrete tank
which could be filled at high tide from the sea. This equipment was not

- realy until June 9th.

On Mey 31st one lobster, whose eggs appeared to be on the point
of hetching, was place@ in an improvised tub to which air was supplied by
a small air-pump. The larvae on hatching were transferrec¢ to culture jars
similarly supplied with air.

In the meantime, the Fraser river flood had ceused a drop in the
salinity of Departure bey water to 13.82%. An attempt was made to raise
the salinity of the culture water by the addition of sea salt. Salinities
ranging from 25 to 27% were used during the next few days.

No normel larvae were hatched. None of them showed any ebility
10 swim or survive more than three days.

The second female was left -in the outside tank subject to the
influence of tke low salinity water during this period. One June 9th,
when the instelletion of the rearing tank was completed, she was rmoved
into it. The lobster and her eggs were apparently normal. Examination
one week later revealed that all of the eggs had disappeared. No larvae
hed been hatched. The eggs may heve rotted or been eeten.

The failure to obtain any normel larvae for experimentation is
attributed to the influence of unsatisfactory salinity conditions on the
eges. No other explanation has been suggested.

A repetition of the attempt should be possible next year since
a number of "berried" female lobsters are on hand.
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Lighthouse Project

L progren of daily obscrvetions nf sea water temperatures and
selinitics was initiated on the Pecific Const in 1914 with one station.
This has been incressed et intervals, until the present total of eleven
stations was reached in 193%. Iinsgt of the observations are mede from
cnastel lightstations which expleins the project designetinn.

These data serve to identify thc duration, and frequency of re-
petition «f the coastal oceenographic conditions, which ere being invest-
igeted in oceanogrephic surveys.

It is the purpose ~f this investigation to accumulate these
records as reference data for all ~ther investigations in thc Canadien
coastel seas, to determine their significance as submerine climetological
indices, tc determine their relation, if any, with the success of coast
fisheries, to evaluate annuzl cycles and trends, and geogrephical
differences. Studies based on these deota mey be enticipated.

The data are being published in mimeographed vnlumes, which may
be obtoined on applicatinn to the Director, Pecific Binlngicel Station.

Observations -f Sea Water Temperature, Selinity
and Density on the Pacific Coast of

Canaca
Volune I 1914 to 1934 inclusive now evailecble
1] II 1935 tO 1937 " 1t "
i} III 1938 tO 1939 1] it i
n Iv 1940 and 1941 n "
" v 1942 " 1943 1 "
"o vI 1944, " 1945 in preperation

it VII 1946 "o 1947 ] ]
" VIIT 1948 enc thereafter to be issued in ennuel voluwes

J.P. Tully Lpnendix ", 98

Lilberm Project

From 1939 to 1943 en exhaustive investigeti-n wes underteken
to prédict the state ~f pollutinn that would result in ilberni Inlet
frru a proprsed 135 ton sulphite pulp mill to be crected by Blredel,
Stewart on¢ Welch Ltd., at Port ilberni. This research crncluced that
prllution from the mill would not be tolerable when the discharge of the
S~rmass river was less than 1600 cubic feet per seconc¢. This implied
thet amelioration measures would be required for sbout two months cvery
year. To obviate this the industry proposed and built a sulphate mill
which could be tolerated under the most adverse conditions.

The mill came into operation in the spring, and in mid-suumer
the pollution potential and the state of the water in the inlet was
exemined. It was observed that the biochemical oxygen demend of the mill
sewage was gresater, but the mill losses were considerably less than
anticipated. There was no evidence of depletion of oxygen, or any other
form of pollution from the nill.
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The concentration of mill sewage, the oxygen demend, and the estimated
degree of pollution due to this mill are shown in the following table.

Estimated Oxygen Demand in the Upper Zone of Alberni Ha?bor
During the Low River Levels, Due to Sewage from the Existing (1948)
Sulphate Pulp Mill

Discharge Concentration Mean Oxygen Dissolved Estimated
Somass R. of Sewage Demend in Oxygen degree of
Upper Zone Upper Zone Concentration P? lut%on
max
(cef/s.) . (pepom.) (pepem.) (pepem.) (%)
. 200 12,000 1.7 8.5 48
300 9,400 1.3 8.5 37
500 7,000 1.0 8.5 24
700 6,200 0.9 8.5 25
1,000 5,100 0.7 8.5 20

153 cubic feet per second is the minimum recorded discharge of the

Somass river.

1.0 These smell oxygen demends are within the natural limits of
variation of Dissolved oxygen, and would not be noticed in test of the
weter in Alberni Harbour.

(Pmax) The degree of pollution (P) is the ratio of the oxygen demand
of the pulp mill sewage to the dissolved oxygen available, in excess of
the amount required for the fish. When the meximum pollution occuring
caywhere in the Inlet is 100% or less, there will be 5 perts per million,
or more, of dissolved oxygen everywhere in the upper zone.

W.M. Cameron Appendix No. 99
Oceanography of Chatham Sound

An oceanographic investigation of the approaches to the Skeena
river was carried out from May 19 to September 10. Its object wes to
describe the behaviour of the weter discharged from the Skeena river in
Chotham sound during maximum and normel runoff, and to relate that
behaviour to daily observations of river discharge, weather, and surface
sea water observations at the monitoring lighthouse (Triple island).

A description of conditions in the Sound during the adult sockeye salmon
migration will be available to the Skecna river salmon investigation.

The organization and direction of the project was undertaken by
the Senior Oceanographer, Dr. J.P. Tully, until mid-July, at which time
the writer assumed this responsibility. Dr. G.L. Pickerd, Occanographer,
and Messrs. A.J. Dodimead and R.H. Herlinveaux, Assistant Technicians,
complete¢ the complement of scientific pcrsennel. The ocesnngraphic survey
vessel "H.li.C.S. Ehkoli" was under the comrand of Lieut. R.B. Haywerd,
R.C.1l. #nd was manned by ncvel personnel.
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E. and C. Berkeley Appendix No. 100

Polycheete Stucies

Final proofs of Part l. (Errantia) of our contribution to the
Canedien Pecific Feuna series have now been passed ané this publication
should appear shortly. Heanwhile we ere prepering & peper on the
Sedentaria of the coast bringing knowledge of thet division of the
Polychaeta up to date. This is & necessary preliminary to completion
of Part 2 (Sedentaria) of the Canadien Pacific Fauna publication.
The latter is now well under way.

J.R. Adams Appendix No. 101

Preliminary Studies on British Columbiz Fish Perasites

o Mt Sttt

During July and August collections of parasites were made from
merine fish ceught in the vicinity of the Biological Station. Additional
specimens were obtained from field workers on other projects ond a collec-
tion of endoparasitic worms from fish in the Skeena river system was
mede availeble for study. Identificetion of the parasites is far from
complete but there do not appear to be any specics new to science.

A survey of availeble published records and of menuscript
reports on the perasites of marine fish in this area was made and a host~
perasite list has been compiled. This will serve the purpose of defining
the present knowledge in the field and form a basis for the selection of
future problems for study. The survey indicates that an extension of the
descriptive work begun by Werdle end others is desirable, only the more
common fishes having becn studied. Life history end distributional '
studies have been lergely necglected. The protozosn parasites of local
fish have epparently not been studiec et all.






