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Tho Roturn of Adult Sockoye Salmon to Cultus Lake, 1937

During tho a'utmnn of 1937 - Sopt. 21 to Decec, 18 ~ thorc wore countod
over the woir into Cultus lake a total of 3,061 adult sockoyc. Of thoso,
1,721 malos and 113 fomalos werce small fish and all but 51 boro scars of clipped
fins which indicated that they woro thrco-yoar-old grilss, Of the romaining
1,227 adults, 411 malos and 640 fomalos had both polvic fins and tho adiposo
romovod thus indicating that they woro four-ycar fish, tho roturn from the soa-
ward migration in 1935 of 323,900 young sockoyc, all of which worc so markcd.

The roturn of eyclo adults to Cultus lako in 1937 thus roproscntod
only 0.32 percent oFf tho procoding scaward migration, the lowest return on ro--
corde Sinco it has boon found from provious oxporimonts that marked sockeyo
oxporioncod a 62 porcont difforontial mortality fram timo of marking to roturn
to Cultus lakc as adults the proboblo roturn in 1937 to Cultus lake, had no
marking been conducted, would approximate 0.84 percent.

For comparison, the data pertaining to extent of seaward migration and
subsequent return of edults in previous years are as follows:

Yoar Seaward Migration Yoar Actual % of Prasumed % of
Return Migrants Return Migrants
1926 1, 398, 000 1928 15, 339 1.1 15, 339 1.1
1927 249,700 1929 5,082 2,0 6, 364 245
(91,700 marksd)
1928 335, 700 1930 10,395 3,1 10, 910 342
(99,700 marked) ) ’
1929 2, 464, 500 1931 37,473 1.5 39,151 1.6
1930 104, 000 1932 2,511 2.4 4,808 4.6
(A1l marked) ‘ '
1931 365, 000 1933 3,471 04,95 8, 242 2.3
(A1l marked) o ’
1932 779, 000 1934 19,707 245 19, 952 2,6
1933 1, 566,000 1935 15,789 1,0 16, 103 1.0
(25,000 merked) '
1934 183,700 1936 8, 359 4,6 8, 317 4,5
1935 323, 900 1937 3,061 0695 2,766 0.85
(ALl marked) I
Average percent return 2401 2442

Two columms of returns and percentage returns are given, one showing
the actual return as counted at the weir and the other the presumed return
which is calculated to correct for (1) a presumed differential mortality of
62 porcent among marked edults and (2) the different age-classes in each year,
With reforonce to the lat¥or it may bo pointod out that 1,678 throo-yoar fish
in tho 1930 run wore subtractod from that yoer's total and addod to that of
1931, In the run of 1932 tho 684 fivo-yoar-olds. occurring were subtractod
from that run and addod to that of 1931, Similar corrcctions were mado for
607 throo-yoar fish in tho 1933 run, 276 fivo-yoar-olds in 1934 and for 1,783
throo~-yoar-olds in tho 1935 run,

Tho data tabulatcd domonstratoc tho variation which may occur in tho
roturn of spawnors from known scaward migrations of young, This variation
is duo (1) to difforonces in survivel ratos in the occan from yoar to yoar
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and (2) to the change in fishing intensity from year to year and the availa-
bility of the Cultus lake fish for capture in the fishing areas.

The return in 1937 is decidedly below those shown for other seasons.
That it is not all due to an increased catch in the fishing areas is sug- '
gested by the relatively small landings of marked fish at the cemnneries in
1937 but complete data concerning the latter are not yet available,

The occurrence of relatively large numbers of three-ysar-old grilse in
1930, 1933 and 1937, i.c., in ycars preceding a rolatively large adult return
lond confirmetion to the general understanding that the appeeremce of in-
creased numbers of grilse heralds a large run in the following year.

R.E, Foerster Noe 2

Tho Seaward Migration of Young Sockeye Salmon from Cultus Lake in 1938
and the Incroasc Prosumably Resulting from Prodator Removal.

Commoncing in the spring of 1935 (May 28) therc has been carried out
at Cultus lake an oxperimont to dotermine the effoct upon the survival of
young sockoyo during their year's residence in the lake when a portion of
the predator fish population is romoved. The predators woere caughf chiofly
with gill-nets,

It was anticipatod that the effect upon sockoye survival would be
indicatod by the incroascd percentege migration from a known spawning, This
was shown for the 1936-37 scason in last year's Summary Reports, in which
the migration of 1937 ropresented 7.73 porcent of the presumed ogg deposition
a significant increase over previous ycars whon tho percentage migration con-
stituted 1,13, 1,05 and 3,16 percent, an average of 1,78 percent,

The increased percentage survival shown for 1936-37 was based, however,
on the total presumed egg deposition. Since the effect of predation is large-
ly felt after the fry have hatched and during their subsequent year in the
lake, it was decided to test out the effect shown from the fry stags-on, by
liverating a known number of fry into the lake in the spring of 1937, Twelve
million sockeye fry were thus released, '

In tho spring of 1938 a total of 1,627,000 yearling migrents were
comted migrating from the lake, constituting a percontage survival of 13.6
porcent of tho original fry liboration. Previous tests of the survival from
fry liberations, conducted in 1926, 1929 and 1932, showod percentages of 5,83,
3485 and 2,81 rospoctively, tho average boing 4.16 porcents The increase,
thus presumably resulting from tho removal of prodators amounts to 3.3 timos
or 330 porcent of that prevailing, on tho average, in other ysars when no
predator romoval was practisod. Instoad of an avorage seaward migration of
499,200 individuals, thore woro provided 1,627,000, plus whatover two-year-old
migrents may occur noxt spring.
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The Destruction of Fish Predatory upon Young Sockeye Salmon in Cultus
Lake. . .

t———

The predatory fish removal cempaign at Cultus leke, origin'ally comgn;ed
on May 28, 1935, to test the effect of such removal upon the survival r:te :'bion-
young sockeye in the lake, was continued to Merch 31, 1938, when the Intern
al Pacific Salmon Fisheries Commission took over the opersations. ]

During November- and Decomber, while adult sockeye were spawning in tl.aen
lake, baited wire cages were used to trap coarse fish but from December 24 gill-
nots were sot out as in former years. The catches obtained are as follows:

Date Squaw- Char Trout Sucker Sculpin Coho Sock- White- Total
fish ‘ eye fish
Wire cages:
Nov. 4/37 to 34 29 4 71 238 1 0 0 377
Jan., 5/38 .
Gill-nets:
Dee. 24/37 to 195 28 65 29 3 32 0 1 353
Jan, 31/38
Pob, X -~ 28 232 16 137 50 17 40 1 1 494
March 1-31 206 14 126 71 26 29 2 S 479
667 a7 332 221 284 102 .3 V4 1703
Previously
caught, 9605 668 1502 3020 519 495 1045 = 16854
Totals 10272 755 1834 3241 803 597 1048 7 18557

Squawfish, char, trout and coho are the species of particular importence
as predators of young sockeye in Cultus lake. The effects of the predator re-~
moval brought about as above are discussed in accompanying summary reports, In
general, notable decreases in populations of predators have occurred, with the
possible exception of the coho whose abundence is determined by the extent of
the natural propagation of the incoming spawnsrs each year, In 1935 there oc-
curred a falr run of coho to the lale, 1161 males and 266 females, which may
explain the increase in the coho population of 1937-38 and of the gill-net catches,

R(E, Foerster & W,E, Ricker - No. 4.

Changes in Abundance of Predatory Fish in Cultus Lake following Intensive
Ne tting.

In evaluating the efficiency of efforts to control predatory fish in
Cultus lake, estimates of the percentage decline in numbers of various species
have been made from the catch data, as outlined in previous Summary Reports.
All of these estimates have however been complicated by the fact that the kind
and amount of gear in use has been changod from year to year, so that it was
impossible to use catch data as an exact measure of abundance, In 1938 it was
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decided to ovércame this difficulty by duplicating the conditions which obtained
at the beginning of predator control in 1935, as regards kinds end numbers of
nets in use, their position, and the frequency with which they were attended.,

' The period during which sets were duplicated lasted from May 25 to June
22, 1938, and the nets ranged in mesh from 2 1/4 to 4 1/2 inches.stretched. A
comparison. of the catches in 1935 and 1938, segregated by mesh, is as follows:

Mosh 2% % 2 3 %% 4 4
Year 1935 1938 1935 1938 1935 1938 1935 1938 1935 1938 1935 1938 1935 1938

Squaufish 264 55 174 8 324 12 7 0 11 10 8' 7 5 3

Ratio 0.21 0,05 0404 - 0,91 0,88 0.60
e Trout 2 3 7 1 1w 1 1 3 i1 0 o 3 0o 1
Ratio 0425 0.14 0465 340 - - -
Char 1 2 0o 2 10 o0 0 1 0 o0 2 0 o 1
Suckers 22 31 1 8 50 14 1 o 7 2 58 42 43 1
Ratio 1.41 840 0.28 = 0.3 0472 0426
Total for all meshes Squawfish Trout Char Suckers

1935 1938 1935 1938 1935 1938 1935 1938
Number 793 95 38 22 19 7 182 108~
Ratio 0.12 0,58 0,37 0459

The greatest reduction in numbers appsars to have been accomplished among
the squawfish, of which the 1938 catch was only 12 percent of the 1935, Among
these, the intermediate size renge caught by meshes 2 1/2 and 2 3/4 inches has
been most reduced; the smaller incoming group suffsred less, and the few very
large specimens are about as common as formerly. The trout have apparently de-
creased by about 40 percent, and the char by 60 percent, though the smaller
numbers caught make the comparisons less exact. With char the larger specimens
have been most reduced, while with trout the reversc is ths case. Although not
Imown predators upon sockeye, suckers are included in the schedule. They too
appear to have been much less reduced than the squawfish, averaging 59 percent
of their former numbers, ‘

Tho above ostimates of chenges in abundanee correspond in a general way
with thosc which it was possiblo to make in 1937, No direct comparison with
that year has boen made, but it would seem that thore has beon littlo change
botween the two years, In othor words, the populations in the lake arc ‘approach~
ing a now reduced level of abundamce, tomporarily in balanee with the incroased
hazards of oxistence, ZExcept possibly in the case of tho trout, it is too soon
to oxpoet any possiblo rosult of a docroased amount of roeproduction to show up
in tho catchos of not-sizod fish, For tho time at loast, notting should bo pur-
suod vigorously if it is desirod to keop predatory populations'at their prosont
lovol of abundanco. ‘

Tho tost notting was conducted under the eauspicos of the Intornational
Pacific Salmon Fighorios Commission, as a continuation of the previous work
done by tho Fishorios Rescarch Board, end pormission has boon givon to report
upon tho rosults obtainod. '
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Estimation of Fishing Mortality Among Squawfish in Cultus Lake by Moans
of Tgﬁgm .

Additional returns have been obtained from the squawfish taegged emd re-
leased in 1936-37. Excluding 9 which died immediately, or were caught on the
day after tagging, the number tégged was 220 in November and Deceleber of 1936,
and 271 from March to May, 1937, The distribution of receptures is as follows,
segregated by length at tims of tagging:

Iengbh Group "173 198 223 248 273 298 323 348 Total
@ ~197 -222 -247 ~-272 -297 -322 -347 -372

Number tagged 9 55 107 162 120 27 7 4 491
Reteken to Jem, 4/37 0 0 0 2 1 1 0 0 4

" Jan, 5 to July 31 0 3 5 21 25 5 o 0 60

" Aug. 1 to Dec., 31 0 0 3 Z 1 0 0 0 7

" Jan, 1 to June 30/38 0 1 3 5 6 2 0 0 17
Total recaptures 4 11 31 34 8 0 0 88’ '
Percentage 0 7 0 0 17.9

10 19 28 30

The 28 percent return for the 285 mm., group is of course a minimal es-
timate of the fishing mortality rate for fish of that size, as any natural mor-
tality, loss of tags, or death due to tagging, decreases the number of recep-
tures that can be made, Some of the fish do not survive the tegging operation,
as the recovery of dead fish immediately afterwards shows; moreover a few of
those recaptured much later had fungus growths about the gill cover, and would
probably soon have died, Other fish lost their tags without apparent harm, as
12 were taken with holes in the opercle, mostly in 1938, For these reasons
there can be no doubt that the true rate of fishing mortality is considerably
greater than the percentages show,

The significant increase in percent of receptures as length increases,
up to the 275 and 320 mm, groups, can be attributed to either (1) a progressively
lower fishing mortality among smaliocr fish, (2) a greater tegging mortality or
loss of tags from same, or (3) a greater natural mortality rate among the smal-
lor fish, It is difficult to distinguish between those, but the condition of
the recapturod fish suggests that (2) plays some part, so that mortality rates

for the smaller sizes is somewhat groater, rolative to the 285 mm, group, than
is indicated by tho figures abovo.

R.E, Foerster & W.E, Ricker No. 6

Rate 'of Growth of Tagged Squawfish in Cultus Lake,

The experiments in tagging squawfish mentioned in the preceding summaxy,
and that done in June, 1935, have provided information regarding the rate of
growth of the larger squawfish in Cultus lake., Fish used in these experiments

were measured when tagged, and sgain when recapiured, A resume of the resulis
is as follows:
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Date of Marking June, 1935 Nov.-Dec., 1936 March~-May, 1937
Tims Elapsed 1l 2 3 4 1 2 .3 4 1 2 3 4
- : -2.0
1 - 100 days - - - - 5 0 1 -0,2 35 9 17 .
101 - 200 2 1 143,55 29 8 13 -1,9 4 2 1 +1,5
201 - 300 0 2 1 1 45,0 2 1 1 4+4.5
301 - 400 © 6 2 4 -0.7 1 1 0 45,0 4 3 1 4+5.2
401 - 500 © 0 4 4 0 45.0 2 2 0 45,0
501 -~ 600 ¥ 0 1 0 1 -8,0 - - - -
1000~-1100 ¢ 1 1 0 +17, - - - = - - - -

1: total recaptures; 2: number which had increased in length; 3: number which
had decreased in length; 4: aversge change in length, in millimetres.

Not included in ths above summary are the following three: ’

From 1935 tagging - a fish 362 days at large, increased 74 mm,

n 4 (i - T 1l 745 i " n N " 95 m'
1 1957 1" - i " 412 it " " , ’" 75 mn.

(1) Fish at large for up to 100 days (up to 200 days in the case of autum~
marked fish) show an apparent decrease in length, averaging about 2 mm, Con-
sistent technique and use of the same masuring board in most cases makes it
appear that either the fish measures longsr when alive than when dead, or that
there had really been a certain amount of shrinkage following tagging, Tn in-
dividual cases it appeared much greater them the average values suggest -
deorease of 10 or 15 mm. being not uncommon, (Moasurements were made to the
nearest half centimetrs).
(2) Even after the initial period of setback, the fish made very slow growth,
as a rule, Zven after more them a yocar at large, several fish still showed a
net decrease in length, and the average increase of specimens out more them
200 deys is only in the vicinity of 5 mm, Exception is made here however of
three specimens, listed at the foot of the schedule, whose apparent growth was
So much in excess of others of the same groups as to suggdst errors in mesasurement,
(3) The great majority of the fish under consideration measured between 200 and
3C0 mm, The data do not indicate ary relation between length attained and rate
of growth, over that remge, although they are not sufficient for a general pro-
nouncemsnt,
(4) Whether or not the growth of these tagged fish 1s representative of the
untaggsd population is a matter of conjectures '

From seine catches the growth of squawfish less than 200 m, in length
hed previously been established at about 50 mn, per &mnum, with no indication
of a falling rate of increase between the four age-classes represented, Further,
the maximum length of the squawfish in Cultus leke is considerably ebove 400 M g
fish of this size would be of a fantastic age if they increesed by only 5 mm,
per emnum after reaching 200 mm, length, It seems probable therefore that the

bresence of the tag on the gill-cover has had a retarding effect upon rate of
growth of these experimental fish.’
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Contributions to the Life History of the Sockeye Salmon

The Fraser river sockeye salmon run amounted to 160,531 cases of which
100,272 were packed in British Columbia and 60,259 cases in the State of Washing-
ton, The random sampling showed that 78 pér cent of the run consisted of the
4, age-group, 12 per cent of the 55 and 5 per cent of the 550 The average
lengths and weights of the fish were much below the averages of the past seven-
teen years, The distribution of the sexes was approximately equal, - 49 per
cent males and 51 per cent females. ' ‘

The Rivers Inlet run produced & pack of 84,832 cases., The 4, agoe-growp
accounted for 60 per cent of the sample and the 55, 37 per cont, In this river
system very few fish romained two years in tho lako, The average lengths and
wo ights were slightly below the averages of preceding yoars.

: While the pack on the Skeana river was only 42, 491 ceses, this was all
that could be expocted {rom the previous cyclo yoars. The age-groups were
more evenly distributed in this river system with 45 per cent of 45's, 40 per
cent of 5,7s, 1l per cen® of 5533 eand 4 par cent of 6zts. The average.lengths
end weighls of the 45 age-group wers slightly below the averages of past years
but for the other age-groups they were much atove. There was considerable 4is-
parity in the numbers of the soxcs,-- the males represented by 42 ad tle fo-
males by 58 per cent, ‘

A The Nass river pack amcunted tc 17,567 cases, which is relatively smell
but approximatoly what might be expected from the runs of the cycle years. In
this rivor systom tlo dominant year cless has elways been the S5z Over the
past twonty-five ycars, “he aversge representation of this group has becn 67
percent, In this yoar, this year class constitutes 65 per cent of the sample
whilc the 429s make up 22 ver cond, the 6,'s, 6 per cont and the 5,'s, 4 per
cont. Agaifi tho tendonecy is for tho fish of all age-groups to be small. YThe
proportions of the sexes werc 51 per cent meles and 49 per cent females.
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The Natural Run of Pink Salmon (Oncorhynchus gorbuscha) in McClinton
Creek, Masset Inlet, B. C.

The following report contains a brief resumé of the counts and
observations mede on the natural run of spawning pink salmon at McClinton
creek, Masset inlet, in the autumn of 1938. To permit comparison a table is
included in which these data as well as those for the runs of 1930, 1932, 1934
and 1936 are reviewed. -

Qualitaitive observations showed that the spawning fish in the fun of
1938 behaved in most respects similarly to those of the other migrations, ‘The
first pink saimon entered the pens ¢i August 7. On August 16 and 17 eighty-four
and sixty-three respectively arrived, but thereafter only scattered individuals °
appeared until September 10 when the numbers commenced to show a consistent rise.
The main run cccurred between September 10 and October 6 with the last individual
being taken on October 8. As has been indicated in other sases, the size of the
daily migration varied directly with the rainfall and height of water in the
creek, there being increased numbers at times of heavy rain and high water.

Males and females appeared at almost the same time at the beginning
of the upsiream migration. The numbers of both sexes were approximately equal
at Tirst but on September 1 relatively more males began to come in, Although
about two weeks later projo:tionately more females madé their appearance, the
final disposition of sexes on the spawning beds was 52.3 per cent. males and
47.7 per cent. females, These percentages differ significantly.

The measurement of samples taken at random throughout the run again
indicated that the males were significantly larger than the females in both
weight and length. In the males there also appeared to be an increase in length
;nd weight with the progression of the run. There was no evident change in the

emales,

The number of eggs per female was again correlated directly with the
welght and length of the individuals, The average obtained from forty specimens
1,698 + 19, resulted in an egg deposition of 8,500,000,

The following is a sumary of the counts for the propagation experiment:

1930 1932 1934 1936 1938
Igalei 32;952 8,003 77,;462 24,221 5,549
emales _33,196 7.597 77,71 28,091 5,028
Total 66,151 15,600 E;'fTB? "57:?17 3355’77'

No, of eggs 1,535 * 12 1,758 *15 1,799+ 15 1,899 * 12 1,698 * 12
P.resumed . A g . 3 . - ) . v had
deposition 50,950,000 13,264,000 139,000,000 53,345,000 8,500,000
Fry Migrants 5,384,000 2,230,000 12,600,000 3,675,000
% Hatch 12,6 16.7 9.1 6.9

In the summary report on the run of 1936 the writer stated that "it is
indicated that the low efficlency which results on the spawning beds after a
large egg deposition is sarried through the life cycle to a greater or less
extent", Certainly this statement would appear to be borme out with the minimm
return this year from the lowest percentage hatch of the four cycles, In the
year 1932, however, with a small egg deposition the percentage hatch rose to the
meximunm figure of 16,7 per cent, It will be interesting to assess the number of
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fry during the spring of 1938 to discover whether this percentage will raise
or lower with a still smaller egg deposition.

A, L. Pritchard and W.M. Cameron , No. 9

A Method Used in Tagging Pink Salmon to Allow Identification of Individual
Pish.

In order to study the details of migration and distribution of mature
fish on the spawning grounds it was imperative to be able to identify individuals
at sight. Accordingly a system of tagging vas designed to accomplish this end.
While certain conditions prevented complete exploitation of its possibilities
the experience was sufficient to indicate the rracticability of its use during
the next spewning rum. )

The prineiple of "button tagging" was employed. In this method pairs’
of amall circular disks of colored celluloid, one of which is serially numbered,
are affixed to the salmon by means of a long nickel Pin passed through the dorsad
part of the body. These tags are easy to attach, difficult to dislodge, and very
conspicuous in the water,

One thousend pairs of disks were used, two hundred pairs of each of
the five colors, white, yellow, blue, red, and green. Individual identification
was attained by commtating and combining these colors in each of four designated
anatamical regions along the dorsum of the fish., ) ’

As a concrete example, the particular regions used were, l. immediately
in front of the dorsal fingy 2, underneath the dorsal fin; 3. betveen the dorsal
fin and the adipose, and 4. behind the adipose. The pin was placed at one of
three angles, excépt in the fourth, There due to exigencies of space, only one
Position was used., A vhite tag on the right hand side in company with a red tag
on the opposite side eould thus be placed in one of ten distinetive positions.
Using five colors on the left side madsé possible fifty combinations, and with the
five colors possible on the right side,25C fish could be distinetively tagged.

Since, particularly in the pink salmon, the secondary sex characters
are easily distinguishable at a distance, 250 males and 25C females could be
differentiated in the above manner. The second 500 fish were contrasted by
Placing underneath one of the tags, a flat metal strip of such a size that half
of it remained visivle. ’

During the actual tagging manipulation each fish was measured; welghed
and graded as to its apporent sexunl condition, the whole process consuming no
more than forty-five seconds. As far as could be seen no ill effécts resulted
from the attachment or possession of these distinctive adormments.

In field observation the specificity of the fish could be determined
almost at a glance. In order, however, to insure absolute identification, the
cambination was noted in code in the observerts fisld book, and by later refer—
ence to a key, the number, date of tagging, weight, length, and condition, were
quickly discovered, ‘

Certain possible improvements in the system to facilitate identification
became obvious as the work continued., With slight modifiection, it would be
possible to incrense the combinations to handle any practical number of fish and
at the same time render them even more distinctive,
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The Distribution of Spawning Fish in MeClinton Creek

The differential tagging of spawning individuals desoribed in an
accompanying report was instituted primarily as an aid in studying the actual
spawning habits of the salmon. However, certain points were observed régarding
the migration of the fish in the stream itself. Some of these incidental
observations are here set down to illustrate possible applications of the system
to the study of other problems.

A number of surveys of the creek were made during the spawning rum.

Due to inclement weather conditions the majority of these were somewhat incomplete
and as a result inconclusive. The observations on two of these surveys, however,
have been analyzed and items of interest are noted.

On September 13th, after approximately one—third of the fish had
rassed the fence, a survey to observe the distribution on the lower half of the
cresk, revealed the following facts: There appeared to be no correlation between
the time the fish had started upstream and the distance which they had travelled.
In a few instances two fish which had been tagged on the same day were seen in
approximately the same location, yet the general distribution of fish tagged the
same day appeared to be definitely random,

0f the fish tagged before the 10th of the month, the males appeared
generally to be farther upstream than did the females, yet of those tagged on
the 11th, the average distance the females had travelled was over twice that of
the males. A possible explanation of this peculiar situation is intriguing. A
quick heavy rain occurred on the 10th, which had the immediate effect of causing
a8 distinet migration upstream. This "surge" continued on into the next day,
although the water level had dropped back almost to normal, Evidently the dif-
fioulties of procession in comparatively low water had served to retard the
ungainly males to a greater extent than the females. It is possible that
spawning activities had caused this, but the fact that a very small number of
fish were preparing to spawn seems to preclude this possibility.

On October the lst, a trip was made as far &s a small falls that acted
as a barrier at the head of the creek. A few isolated females were seen in the
shallow water among the rocks, yet the farthest advanced male had been able to
rroceed only to a point a few hundred yards downstream. The distribution of fish
here seemed to bear no definite relation to the length of time the fish had been
tagged,

There was no concentrated attempt to recover tags from dead or dying
fish. The difficulties of such work, however, were wery apparent. Even before
death the fish showed the ravages of decomposition. Tags in a number of ceses
wore ccmpletely through the flesh of live fish, and were lost. Dead fish quickly
macerated, parts floated away, leaving the tags lying on the bars. The predation
of bears removed many from the neighbourhood of the stream—tags were found many
feet from the banks., Often en exnmination of bear dung would reveal the presence
of devoured tags. :

According to the laws of random sempling, these facts should have no :
statistical effect on the observations. One would expect that the ratio of the |
fish observed from a given day's tagging, to the total number tagged that day,
would be comparable to a similar ratio for any other 24 hour period. No such
simple relation existed, however, for the percentages fluctuated inexplicably
from 0 to 100. This finding indicates the danger of drawing any quantitative
conclusions from the observation of taggéd fish without a most thorough and con- :
tinuous survey of the grounds throughout the length of the spawning run. : |
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The Relation of Curront and Volumc of Flow $o thc Upstrcam Migration of
Adult Pink Salmon

In a papor publishcd in thc Journsl of tho Biological Board of Canada
the scnior author rcportcd the finding of a “positive significant mathcmatical
corrolation -- betwoecn numbors of fish migwating from tho sca to thc strcam
cach day and both tho maximum daily watcr hcight in tho crcck and tho daily
rainfall in tho arca.® 1In McClinton ercek it was also discovored that whon tho
hoight of the watcy rcached approximatoly 3.6 foot, the curront was apparcntly
becoming too strong and thc numbcrs reaching the weir began to drop off. A
lovels oxcecding four foct migration had ceascd and thc pink salmon romeinod in
the back-eddics out of tho main strcam. No idca of the absolutc measurcmonts of
the current or volume of flow was submitted for these critical stages. To
discover some data on this question a number of readings were made in the creek
jmmediately above the fence with a Gurley current meter during the period of
the 1938 run. :

The current in any stream will vary considerably with such things
as the width and contour of the river, the position and size of obstructions, etc.
The absolute determination of this characteristic at one point is therefore of
little use for a gemneral statement without qualification, but a single series
considered with the measurement of the contour of the stream will permit the
calculation of the volume of flow.

To give a very general pioture the actual current irmediately upstream
from the fence is recorded. As stated above this may be different immediately
below tho fence or at any place of another depth or width. In low water whoen
the height at the fence gauge was .7 fect, the mean vertical flow was approx-
imately .3 feot per sce., at 1.1 foet - 9 foet por sec., at 2.1 feet - 1.2 foet
per sce., and at 5.1 foct - 1.6 feot por sec.

The volume of flo as calculatcd from tho scrics of current mcasurc—
monts and othor noceossary date was at o7 feet - 17 cu. ft. per sco., at 1.1 feet
-~ 65 cu. ft. per sec., at 2.1 feet - 137 feet per sec., and at 5,1 feet - 454
cu. ft. per sec. The curve between water height at the fence and volume of flow
was plotted. From it it was discovered that at the height where migration was
sloved down due to the strength of the current viz. 3.6 feet, the volume of flow
was about 300 feet per second. At four feet it had reached approximately 350
cu., ft. per second.

It is felt that further more detailed measurements of the current
should be made during the fry run in the spring as w7ell as during future adult
migrations so that some absolute measurements on this variable factor may be
added for camparison with those from other streams where investigations may be
going on.

As Lo Pritchard and W M. Cameron No. 12

Variation in Percentage Saturation of Dissolved Oxygen in MMcClinton Creek,
During the Upstream Migration of the Pink Salmon (0. gorbuscha)

In an attempt to investigate further the factors influencing the
upstream spawning migration of pink salmon, demonstrated by Pritchard (1936), a
series of observations were made by the second author on the oxygen content of
the ereek duxing the months of July, August and Soptember.
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Winklerts method for the determinabion of dlssolved oxygen was geed.
Duplicate samples were usually taken approximately once every two hours from
eight in the morning until twelve midnight, but, in a number of instances, once
an hour for & period of forty-eight hours.

Some tests were made to approximate the sources of experimental error,
and precautions were observed to eliminate as far as possible variations due to
these factors.

A study of the curves obtained reveals a daily wariation under normal
conditions, the oxygen content rising to a maximum shortly after midday and
falling to a minimum during the hours of darknéss., The average rise and fall
was from 8C per cent saturation to 93 per cent, during the time studied. The
rise appeared to vary directly with the intensity of light, the maximum and
minimum values being more extreme in clear, bright weather. The character of
this normal variation points to the agency of aquatic plants in controlling the
concentrations, the photosynthetic activity of diatomg probably causing most
of the rise, and the continuous metabolism of all living material temding to
lower the dissolved oxygen. .

Though the above regular variation occurred during clear weather, there
was seen to be a definite interference with the rhythm in rainy weather which
was accompanied by a marked rise in the creek level, The occurrence of a rain
and rise in creek water level was almost immediately reflected by a sharp rise
in the oxygen content of the water, such a rise being more apparent when the
rain occurred in the afternoon or evening, at which time the oxygen content
would normally be on the decline. A roin before noon tended to accentuate the
rise and result in a higher maximum for the day.

There was some evidence that on the occasions on which & quick hard
rain of short duration took place, the oxygen made & quick rise, and soon fell
back to <the approximate value which ordinarily obtained on a cloudy day at the
corresponding time., When the rain was of longer duration and the creek main-
tained a high level, the oxygen content remmined high, When rainfall occcurred in
& series of short hard rains, the oxygen values fluctuated in the neighbourhood
of the maximum value, ’

Since the recording of these observations, a review of ecological
literature has revealed that in certain English rivers a "diurnal variation in
oxygen content" has been observed by Buteher, Pentelow and Woodley, similar in
most respects to the vaeriation at McClinton creek. Extensive observations on
the effect of rainfall on this variabdion do not seem to have been made by these
authors, ‘

_ It has already been demonstrated by Pritchard (1936) that rainfell is
significently correlated with the number of upstream migrents and sinée it
appears that a certain set of oxygen conditions is set up by rainfell, it may
be found that oxygen content too mey be o coincident veriable,

Recommendations '

- In view of the facts that this one physical characteristic has been
shown to be affected by rainfall, with which the extent of upstream migration is
known to vary and that the determination of the factors influencing upstream
migretion are of prime importance in the study of the Pacific Salmon, it is
strongly recommended that this phase of the inveatigation be continued and

extended to the consideration of other physical and chemical characteristics
of McOlinton creek.
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No. 1’

The Spawning Habits of the Pink Salmon — Oncorhynchus gorbuscha (Walbaum). .

Coincident with the operation of the counting fence at McClinton creek,
Masset inlet, for aassessing the numbers of adult pink salmon (Oncorhynchus
ggrbuscha), opportunity was afforded to make certain ohservatione with regard
to the spawning habits.

To insure positive identification of the individual fish observed
approximately 10 per cent of all upstream migrants wers tagged using the system
described in an accompanying report.

The following discussion is a condensation of comparatively voluminous
notes, Due to the necessity for brevity, certain qualifications of most points
discussed mist be omitted., It is hoped that further observation may insure
complete verification of detaile here set down. C

Most of the salmon reached the spawning grounds as ®fresh? fish, and
it was not until the sexual elements were mature, that any segregation of the
sexes took place. Until this time the salmon remained quietly in the deep shady
pools, out of the force of the main current. As the secondary sexual characters
became more apparent, the fish tended to move into the shallower parts of the
stream, where the current was more pronounced.

The actual choice of an area in which to spawn was made by the females,
which usually selected a position immediately upstream from a small fall or
shallow riffle, in water six to eighteen inches deep., The area above a fallen
log embedded in the gravel seemed to be the most favoured, It wes observed
that in this latter type of locabion, most of the movement of water was confined
to the surface layer. Here the gravel was comparactively fine, but ranged from
small pebbles to stones four or six inches in diameter. Backwaters in which

the bottom wcs cavered with silt or dense dlatomaceous growth were strictly
avoided, ’

The construection of the redd was corried out entirely By the femnle,
Turning at an angle, rolling over on her side, and arching the middle portion
of her body, she dug her tail into the gravel, and by & series of violent .
flexions thus threw a quantity of gravel up into the stronger surface current,
which carried it a short distance downstream. This action was repeated et
irregular intervals, The result was the formation of @ shallow basin, downstreem
from which was built up a mound of the disturbed meterial. Within e compara-—
tively fevw hours, the depression attained a depth of fiftoen to trenty inches.
The mound, its highest rart almost directly behind the hole, sometimes reached
@ height of six inches, often coming to within am inch of the surface,

The shape of the hole and the adjacent mound set up & peculiar con-
dition in the current. The motion of the water was even more restricted to the
surface, Very little water movemont could be observed in the bottom of the
derression, but what could be seen vas in an upstream direction, against the
main current,

At about this time the female was approached by one or more males which
took up a position a foot or mors behind her and to either side, Although
females spawning in a location frequented by a large number of fish appeared to
be most favoured by the males, the few which spawned in more sheltered or less
;;icklylpopulated parts of the stream, were in no case permanently deserted

a male,

There was marked rivalry between the males striving for the company
of a female at this time. Usually one male, not always the largest, but seeming-
ly the most energetic, claimed the female, and defended hias possession by
manoeuvering rivals out of the vay, maintaining & position between them and the
femnle, Biting was cammon, but no severe injury was observed $o result from
this means of offence.,
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There was no pérmanent pairing of sexes., Males varied their atientions
between adjacent females, sometimes moving some distance upstream to claim
another female, Often a large male, partially spawned-—out, would drive out a
fresher male, smaller then himself, snd serve the femsle in the captured redd.
The female apparently showed no preference for ons male over another.

Femalés successfully repelled invasion of their redd by other fish
of the same sex. No instance was observed in vwhich one was permanently ousted
from her position evem by a larger fish. ‘

The actual egg deposition was not seen, nor was any action definitely
identifiable as semination observed. Males were noted taking up a position
close to a spawning female and quivering violently for a fev segonds, but this
action has been interpreted by various authorities as a courting movement.

Only once was the covering of eggs observed, and this in the early
morning. About 30 uncovered eggs were spotted in the bottom of the depression,
The procedure wos similor to redd construction, although there were indications
thot the femnle made an attempt to control the direction of the moving gravel.
This end other evidence may point to the fact that eggs are laid usually at
night, There are definitely na eggs extruded during the vigorous activity of
gravel disruption.

As construction continued the female gradually worked upstream £illing
in the depression behind her until at completion the mound which began behind
the early excavation sometimes attained a length of eight feet,

Females were deserted a number of deys before the completion of the
redd, but even after they displayed no more constructive activity, they maintained
their position above or close to the disturbed area, All other females which
approached were repelled vigorously, the parent zealously guarding her developing

eggs until no longer strong enough to maintain her position in the unrelenting
current,

A, L. Pritcherd and W, M. Cameron No., 14

The Extent of Fertilization of Pink Salmon Fggs in Netural Reproduction

In commection with the study of Natural Propagation of Pink Salmon at
McClinton creek, a programme was initiated to attempt to allocate to the
various stages in development those dosses occurring between the time of egg
deposition and fry migration. During the present autum examination of oggs
recovered from completed redds was carried out to gain information on the per-
centage fertilization in nature.

The method of recovery used was comparatively simple, Redds were
uncovered by means of en ordinary shovel and the eggs, which were thus freed
from the surrounding gravel, wers collected in & funnel-shaped net placed down-
sireem 2 short distance from the ares excavated, ’

Since the average age of the eggs studied was about two weeks, they
were very sensitive to concussion. The difficulties attendant on the examination
of eggs of this age, were partially eliminated by the use of a fixative which had
the capacity to render them transparent to a strong light, and at the seme time
to define the embryonic tissue sufficiently for exemination without dissection.
Any doubtful eggs were dissected under the binocular microscope,
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In the case of eggs which had apparently died after commencing develop-
ment and before disruption, a certain emount of disintegration was observed,
but in almost every instance such as this the embryonic tissue was obvious
enough to remove any doubt as to their proper category. Saprolegnia in a few
cases prevented absolute determination as to whether the eggs had been fertilized,
These were recorded as %unfertilized", but it is poseible that some may have been
fertilized and died soon after development had commenced. :

The redds sampled, five in all, were representative of the average
condition as far as could be determined from qualitative observation. No
attempt was made to entirely excavate any one redd, the queantity of eggs collected
was assumed to be a representative sample.

The following are the recorded results of examination:

Redd No, No. of eggs Unfertilized 4 unfertilized
1 435 5 l2
3 658 4 0.6
4 718 23 3.2
5 246 _2 _8
Total 2353 42 1.8

N.B. The percentage 1.8 must be regarded as the maximum number of eggs
unfertilized since over haif of the eggs in this class were decomposed. There
is evidence that non-fertilized eggs are more resistant in the earlier stages
to injury; and hence to infection, Considering this, the percentage of non—
fertilized eggs may be slightly iess then that recorded above.

A, 1. Pritchard No. 15

Investigation of the Skeena River, B.C, — The Commercial Catch

In the summary reports of 1937, it was reported that during the year
an investigation of the Skeena river had commenced which took the form of a
rreliminary survey designed to produce data on the general history of the
fishery, and the present conditions, and to suggest any action which might lead
to an improvement in the situation, In any such investigation the main problem
was to discover the size of the propulation in previous years as well as at the
present time. This involved the accurate determination of the numhers taken in
the commercial fishery as well as the count of those which escaped to the
spawning areas, 'The sum of these two determinations would give the total in the
run from year to year, and comparison would indicate the trend of the fishery
as well as the present status. During the present year the catch statistics
have been examined and the results of that inspection are set down herewith,
Government records — total pack

During the year just passed a survey has been made of the records of
oatch available at the Vancouver 0ffice of the Federal Department of Fisheries.
In the case of the Federal Department it has been discovered that until recent
years very little concentrated attention was raid to the collection of statistics.
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A record was maintained on file of the number of licenses issued although no
rocord was made of those whisch fished., In addition for each cannery usually

the weekly and always the final secson's pack are recorded., No attempt was.
made to segregate the catch into places of capture so that it is now impossible
to determine with any accuracy. how many of the fish included in the final figure
were actually the product of the Skeena river and how many were brought in frém
other areas. In recent years with the appointment of a full-bime statistician
a more efficient system has been initlated under which the catch is divided
more or less accurately under two heads fSkeena river fish regardless of whereé
caught™ and "Caught on the Skeena river regardless of vhers canned." BRBven in
the present system, however, those fish vhich are teken off the mouth of the
Skeena river are assigned to that stream although there is as yet 'no definite
proof that they may not have been proceeding somevhere else. With these limit—
ations in the catch statistics detailed conclusions drawm from closs analyses
would be unrelisble, The most that could be done was to attempt to discover a
trend over a long period of years assuming that in that length of time the effect
of any introduced fish would be minimized.

From the records of total pack given by the Department for the sarlier
years and for the numbers caught in the Skeena in recent years, the following
general conclusions have been reached by plotting the packs and smoothing the
curves to show the trends:

Sockeye salmon — The trend here demonstrates a definite falling off of the’
catches from & rumning average of about 130,000 cases for 1909 to about 51,000
cases for 1935, It is granted that one should expect a sudden drop of the
fishery at the outset from its usual high level as sxploitation becomes more
sovere but there is no halt in the fall up until 1935, There has been no report
from the spawning beds, qualitative though it may be, which would indicate that
sufficient fish to compensate had escaped the fishery. During the last two
years more rigid restrictions have been placed on the fishery with the result
that the packs have not increased greatly but the spawning ground reyports sound
more optimistic so that fish may be increasing slightly, ’

As an exceedingly rough measurs of the abundance of the fish, the catch
rer glll net per year has been worked out. This when Plotted follows exactly
the same downward trend as the total packs,

Pink salmon — In the case of the pink salmon, segregation of the Skeena fish
from those of the areas surrounding was impossible of attainment., For the total
pack of the area there appears to be a definite rise until approximately 1922
probably the result of increased exploitation as the demand increased for the
species other than sockeye., After this year the pack decreased from a high of
approximately 3C0,000 cases to about 100,000, The results of the last two years
rigid protection are not discoverable in the analysis although the report of a

large escapement %o the spawning beds this year would indiecate thet it is having
a great benefit.

Chum salmon ~ The pack of this species in the Skeene has always been relatively
small, Large numbers are usually dbrought in from other dietricte. There seems

to be very little indication of a change in the trend. The species is apparently
holding its own,
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Coho salmon —~ The trend for the pack of coho salmon apparently indicates an
Increase while the recent reports from the spawning grounds show that the
numbers spawning in the various areas ara approximately the esme. IR view of
the fact, however, that large numbers of this species are brought in by the
trolling fleet from outside areams, such a conclusion is entirely unreliable.

Spring salmon — Until the catches of spring salmon taken by troll outside of
the Skeena can be segregated from those of the Skeene and the fish assigned
to the river systems to which they belong, no definite evidence of the general
history of this species may be deduced.

From a very general and superficial study of the catch statisties, it
is apparent that the numbers of sockeye, the most important fish in the Skeena
river fishery, has dropped from the original high level of abundaence and that
there is no definite aasurance that this drop may not still he continuing, The
pink salmon catches also show signs of decreasing with no corresponding increase
in escapements The chum seems to be maintaining itself, No oonclusion oan be
reached regarding the status of the spring and coho.

Cannery records ~ Fish ledger records of daily catch of each fisherman
Through the kindness of Mr. J.A. Lamb, the memager of the Cassiar Ceannery
on the Skeena, opportunity was afforded to copy and examine the fish ledger
sheets from that company for the years 1922 to 1936, These gave the daily
catch of each species for each man in the employ ef the company, They are
thus much more detailed than any records procured hy the Government but there
8till remains the possibility that some fish have been brought in and not
recorded’ as being from other areas, From these data it would be possible to
work out fairly accurately the catch per gill net and determine how this varied
throughout the season and the years. It ia doudbtful, howsver, in view of the
fact that there is as yet little information on such things as weather, effect
of strikes, regulations and economic conditions, whether any definite wvaluable
conclusions would result, From these data, also it would be possible to indicate
when the various species went through the fishery in the various years but
again the effect of regulation and economic conditions could not be eliminated,

Recommendations: _

It ia recommended that at the present no further attempt be made to
delve into past statistics elther from the government offices or the eanneries
because of the lack of certain data necessary for the interpretation of the
findings, Later when a programme has been mapped out for the river it may be
desirable to lmow accurately the cemmercial catch. At that time the canneries
Wwill co~operate in providing the records and may even be persuaded to record
the area of capture accurately, With these records & c¢lose inspection should
be mainteined of the weather conditions as well as the regulations and economie
factors. In addition a series of concentrated tagging programmes would have
to be initiated In those districts off the mouth of the river to provide
information to allow the segregation of the catches so thet only Skeena river
fish moy be eredited to the Skeema river rack. With this information a fairly
accurate estimate of the ocatch should be attained.
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Investigation of the Skeena River, B. C. — The Escapement

For the ébsolute dedermination of any run it is necessary to kmow, in
addition to the numbars in the commercial catoh mentioned in a previous summary,
the numbers which eacape the fishery ond reach the spewning arens. The exomin-
ation of the reports of the inspectors and other officers in the Skeena trea
for the period between 1918 and the present time, has lead to the follow;ng
deductions in this connection.

It is the genernl practice for the officers to make periodic visits
to the rivers, streams and lakes in their arer during the time when the salmon
are running and from their observations to report the number of fish which are
present. These findings, which have been closely extmined and copied for record
at the Pneific Biologleoal Station, have evident foultss In the first place
there has not as yet been devised am accurate means of estimafing quclitatively
the numbers of spawning fish in a stream. It is grémted that in some small
rivers where the whole bed of the strecm is visible, end vwhere the water is not
too deep for eatimation, a fairly reliable count mey dbe made. Such is the case
in those sireams which are tributary to Lakelse lake and Babine lake, In the
ma jority, however, where the body is larger and where freshet conditions may
interfere to some extent, only the roughest sort of o&n estimate may be made. In
the second place, the officers, due to the fact that their territory covers such
a large area, find it impossible to cover the distriot more than once during the
year. They have thus gained an idea of conditions for a specified time only
and have no'indications of what may happen in the intervening period. In the
third place, the number of streems in which selmon spawn in this province is 80
great that it has been impossible with the limited staff to visit all even at
infrequent infervals, Thus many good beds are not inspected and no information
is availeble on magy districts which may be worthy of note.

In any efforts to compare conditions from year to year the utmost care
mist be exercised for sewsral reasons. The chief among these is that the
qualitative comparisons are not always made by the same man, In most cases
it is not possible to have the one man make the Inspections of a given area
over & long period of years. The decisions of a new officer may be made on a
quite different basis. Fortunately in the Upper Skeena area the present
inoumbent has been in office over quite a period of time, In making comparisons,
if the desired result is to determine whother the run is maintaining itself, one
must of necessity compare cycle with cycle and not year with year, There have
been consistent studies made of & general collection of scales taken yearly at
the mouth of the Skeena. These do not however indicate accurately the cycle
existing in eny given area,

The reports, in spite af their severe limitations should not be
considered as being useless. They may be used as a general indicstion of the
situation. It is certain that if any great increase or deoreaso of fish aid
occur, 1% would be noticed., In addition in such ereas as the Bebine where
thers are a number of small rivers and where conditions are usually. favourable,
a fairly accurate estimate may be obtained., For these reasons the data have
been collected. and are now in the process of being summarized. The general
findings have been used in the section on the commercial catoh when it is
stated that the examinations of the spawning grounds did not indicate any great

inerease in the case of some of the species nor any decrease in the case of
-others. '
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In addition to the indication given as to the octusl numbers of fish
present in spawning semson, genernl information of importence has been gnined,
A perusal of the reports on the obstruction of the streams hes indicated thet
in the main there has never bdeen any obstacle so severe in its effect that it
would blot out 2 run or severely demege it. Most of the troubls has arisen from
small jems which have been attended to rs the occasion arose., From the reports
and the comments it mny be d&iscovered in a genernl wny when the species reach
the various spawning grounds.

The examination of the data have also shown that the system is large
and that many parts of it have not besn consistently and, in some cases, never
inspected. Those nrens which have been visited have been reported upon and
mopped by the officers. In an attempt to get some idee of the whole drainnge
eren & map has been prepared by Mr, J,. McHugh of dhe Federal Depertment of
Fisheries in Vancouver. During the summer just passed this map wng token intéd
the Skeenn area end informetion elicited from prospectors, Hudson Bay foctors,
Indians, Pishery Officers or eny others who had enything to econtribute, In
addition it has been found that the Federnl Topographical Survey Department
have mapped one whole area and that this map may soon bde available, Thus we
have a foundation which indicates those arwas which are accessible and those
which are more or less inacocessible to which can be added the information
concerning other streams and lakes as they are discovered and investignted,

Recommendations:

At the present it is a little early to make concrete recommendations,
The thing which 1s evident is that some method will have to be established
by which a more accurate estimate of escapement may be made, It would seem
that this will involve the actual counting of the fish going into certain areas
and the perfecting of a general medhod of estimetion. It is fin~neially
impossible to fence all arens. During the present secson, Dr. Clemens, Mr.
MoHugh and the author visited the Iakelse and the Babine rivers, These two
drain lakes whose tributary streams support large runs of the different species,
Estimates are now being prepared for the installation of picket fences. It is
hoped that widh the aiccurate counts made here and the survey of the system more
accurate estimntion may result in all areas from the application of the method
evolved, 1In addition, since these are representative areas, the counts at the
fences could be taken as indicative of the Skeena as n whole,

For those areas which have been the subject of consistent inspection
i1t 1s felt that all the general data should be recarded, so that if a more
comprehensive system is established in later years, the data may be available
@3 a guide, The map which is being prepared will indicate in a general way
those rivers which have as yeot not been visited., Information concerning these
should be collected and if possible visits made to them, '
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Investigation of the Skeena River, B.C. — Spawning Ground Survey — 1938

During the year just passed a number of visits were made to various
areas in the Skeena river watershed. There are here presented briefly some
notes on the streams examined. In September and October a fairly detailed
survey of the spawning situation in the Babine and Kisriox areas was made,
These are reported in most detail.

i. ~ lakelse lake area

The general description of this area has been submitted in the summary
report for 1937, whers some detail of the lake and the various tributaries
was presented. The following additional information was gained this year,

The Lakelse river drains Iakelse lake from the south-west corner.
The estuary at the river mouth is quite broad and shallow continuing for ap-
rroximately one—quarter of a mile before it breaks into the river proper. Stands
of rooted aquatic plants are 7idely scattered over this area. Below the estuary
the stream is more limited in its width and flows over the usual stone and
gravel stretches to join the Skeena. At aprroximately one—quarter of & mile
from the lake at the mouth of a small tributary, Herman creek, the creek is
about 150 feet in width and ranges from a gradually sloping shallow bar on
the northern side to four feet in derth on the southern side when the flow of
water is normal, The bottom is constituted of gravel and small rocks., It is
here that the site for an adult counting fence has been préposed so that more
detail of the stream is available in the engineer's report, No fish were
visible on July 31. On July 31 and August 1 a small school of sockeye were
seen off the mouths of both Skully and Granite crecks. A small showing was
reported in Williams creek., .

It is evident that the sockeye salmon had not reached the area in any
. numbers at the time of the visit., No estimate of pink salmon could be made

without further examination of the Lakelse river. '

2, — Kitsumgallum lake area

. Kitsumgallum lake, approximately six miles in length and mne to two
mi)es in width, lies about twenty miles north-cast of the town of Terrace.
There are several tributary streems emptying into the northern end. It is
_drained by the Kitsumgallum river which flows in a general southerly direction
to join the Skeena two and one-half miles west of Terrace. The stream is
fast-flowing and large, reaching almost 30C feet in width, 'The water is the
typical bluish-gray common to all rivers carrying ‘glacial discharge, The bottom
where visible appeared to be of rubble, coarse gravel and stones of varying size,
No fish were seen on August 1 but the area is reported to support normally a
good spawning pcpulation. Only one of the several tributary streems was en—
countered in the trip to Kitsumgallum lake. This, Deep creek, appears to present
& good apawning ground of noderately coarse gravel, 1t 1s specially mentioned
since there were no signs of erosion due to heavy freshets., Because of this
fect, it might be a good area on which to conduct particular expoeriments on the
coho salmon which are said to spawn there in fair numbers, At the time of the
visit none of this species or others were observed,
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The watorshed is further incrensed by a large number of tributary
strecms most of which present frvourcble sprwming conditions. A number on the
.eastern side of the river were crossed by the horse trail cnd cre mentioned in
the brief report of spawning which follows. The conditions noted nt the various
points are set down under each. '

Kispiox bridge sbout one-quarter mile ebove Skeenc.— On August 11
pink salmon were visible in large numbers spawning both above and below this
bridge. No other species seen, Seventeen Mile bridge.— o fish of any species
were seen here on August 1Y, Cullen creck.— This creek is tributary to the -
Kispiox about thirty miles from the mouth ner~r the first cabin on the Yukon
Telegraph line. Approximately thirty feet in width with bottom of fairly coarse
gravel, it appeared & very suitable spawning area., No fish Tere present on
September 26 or October 13. From reporté, the run, consisting mninly of cohoes,
apparently comes in at a later date. Corrall creek.—- This stream, 30 to 50 feet
in width with a bottam of coarse gravel to fairly large stones, at the location
of the ford appeared to present eminently favourable conditions for spawning.
No fish were seen either on September 27 or October 11, Sweotin creok.—~ The
mouth of this river is approximately twelve miles north of Corrall, Just above
its confluence with the Kispiox the stream divides into a large southern branch
averaging 7C feet in width, and e smaller northern branch approximately 30 feet
wide. The southern branch with bottom of gravel and fine stones 1is apparently
more typical of good spawning ground than the northern with larger boulders.
The water is the muddy gray of glacial streams, It is reported that few fish
are seen in either branch. Mongese river.— The Mongese lies 6 miles north of
the Sweetin. Its bottom of Coarse gravel and rubble will support a large number
of spawners. On September 28 a few cohoes were seen at the crossing and the
bed appeared to be well worked over. On the return trip on October 11 numbers
of the seme species were observed in the Kispiox at the mouth apparently running
up. The seeding of this species should be good although no attempt to estimate
numbers would have been reliable, Kitwangulf oanyon,- At Kitwangulf canyon,
‘already described, was the first location vhere any idea could be obtained of
the run in the Kispiox rroper. A close examination was made here on September
28 vhen it was found that a large migration of cohoes and steelheads was in N
brogress. On October 1l cohoes vere still pressing upstream., Ammonuik riveres
This stream is about 4 miles above Kitwangulf, On September 29 the river was
very low but the gravel looked promising for spawning. On the return visit on
October 11 the river was more swollen but no fish were visible. Kispiox river
at Stephens creek ford.— The main stream is about 75 feet in width and possesses
a fine gravelly bottom. No fish wers visible. Stephens creek.—~ This is one of
the main sources of the Kispiox. The river, 40 feet or more in width with
gravelly and sandy bottom, had apparently received a good run. Numerous sockeye
and cohoes were seen spawning at various places. On September 29 a fairly
steady migration of cohoes were passing into Stephens lake. The next day the
same run was still in progress. Club creek.— This flows into the north-east
corner of Stephens lake and joins it to Club lake, The size was about 70 to 100
fest, The bottom was very disappointing in that it consisted of flat boulders
Apparently this was moderately favourable for spawning as a large run of cohoes
and 8 moderate run of sockeye was in evidence. Many of these were spawning.

The Narrows.-—- Club lake, the second in the chain is Joined to Arcy ox Swan lake
by a narrow channel around the mouth of which there were evidences of dead sock—
6ye., Arcy or Swan lake,— This is & body of water oval in shape about 5 miles
in length and 4 in width., Only one oreek was visited. That Allen or Falls
oreek is moderately small, 2G to 30 feet in width, and possesses a fine gravel
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3+ — Copper or Zymometz river

The Copper river, another large tributary of the Skeena enters it
about six miles east of Terrace., It has its source in a series of lakes about
sixty miles farther inland, south of the region of Smithers. By a rather
circuitous route over o distance of approximately fifty miles it winds down
to 1ts junction with the Skeena at Copper city. 'There was no opportunity te
visit the whole water—course but an exeminction near its confluence demonstrated
the fact that the bottom of good gravel would be eminently suitnble for the
spavming of n1l species of salmon. Undoubtedly this stream, which is in
Places 500 feet wide, 1s subject to wide variantions in wrter height with the
result thet there are visible meny changes in the chonnels, This might have
a deleterious effect on the eggs deposited. The cursory survey hos indicated
that the strenm is vorthy of further investigntion vhen the salmon rms ore on,
No fish were visible on August 1.

4, ~ Kitseugla river

The Kitseugla river is a relatively small tributary of the Skeena
entering at about trenty miles below Hazelton. On August 12 vhen it was
crossed near the mouth, there vere no fish in evidence, Condition of the bottom
looked fairly suitable for spawning activity,

5+ - Kispiox and Upper Skeena areas

For orientation it should be stated that the Skeena river divides at
Hazelton into two main branches, the northern one retaining the neme Skeena, and
the southern one being caelled the Bulkley., About fourteen miles north of this
Junction the Skeena again divides, the easterm main branch being the Skeena and
the western branch, the Kispiox., A visit was made to the confluence of the
Skeena and the Kispiox and to a spot seventeen miles upstream on the former on
August 1l. Iater in the autumn, September 26 to October 14, inspection of the
upper reaches of the Kispiox was carried out through the medium of a pack train,

The Kispiox may be said to arise from three main branches at a
distance of approximately 65 miles north of the place at which it joins the
Skeenas Phe eastern branch takes its source in the mountains separating the
Skeena and Nass watersheds., Another tributary Williams creek, drains Williams
lake to the westward., At a short distence below these streems, Stephens cresk
enters, draining three lakes of moderate size, Stephens, Club, and Svan or Arcy,

The main stream from the entrance of Stephens creek to the mouth
varies considerably in size due to the effect of freshets and the contour of
the land, The width ranges from almost 300 feet to 100 or less. In general
id those situations observed en route, the bottom, consisting as it does of
fairly coarse gravel or fine stones, is admirable for spawning., There were
also visible numbers of sandy or muddy pools which serve as resting places,

. ‘About 45 miles from the confluence with the Skeena is found a canyon,
Kitwangulf, fairly typical of those of the other rivers in the area. It is
rather short, however, the water pouring between a rock wall on the eastern
side and an alluvial bank on the other. There is very little evidence that

the falls thus formed are eny hindrance to the migrating fish at any stage of
weter,
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bottom, Many live sockeys were seen and the large piles of dead and decaying
fish bore witness to the fact that there was a very heavy run of this species
this year to the area. There were evidently a great quantity of bears in the
vicinity which were destroying noticeable numbers of spawners. Williems creek.-
‘the Becond large sourdc of theé Kispiox, was crossed on October 2. The stream
appears to be suitable for spawning, 30 to 40 feet in width with a stony bed.
No fish were seen but a run of sockeye was reported by the Indians.

In general from the observations it can be gleaned that the Kispiox
watershed received a fair run of pinks, a medium to heavy run of cohoes and a
good run of sockeye. The large number of sockeye in the upper reaches in
Allen creek is encourasging and points to a fairly good seeding in the watershed.

6, — Pelkwa river

The Telkwa is a fairly large tributary entering the Bulkley opposite
the towm of Telkwa, On August 9 when the mouth was inspected the difference in
the gray glaclal water from that of the Skeena was quite noticeable,

7. —~ Morice river

This is another large tributary of the Bmlkley. A more or less
complete description of the headwaters was submitted in the report of last year.
On August 9 of the present season & visit was made to the section just above its
confluence with the Bulkley to determine the feasibility of fencing. Here the
stream is approximately 275 feet in width, 2 to 6 feet in depth and very fast
flowing. No fish were seen,

8. ~ Upper Bulkley

The Upper Bulkley system includes all the rest of the Bulkley from its
source in Bulkley lake and several other smaller bodies of water, to the Morice.
It 1s fairly narrow, possesses fine gravel bars, and would appear very suiteble
for fences. No fish were seen early in August at the time of the visit,

9. — Babine area

Since & general description of the Babine lake districts and the
trivutary streams was presented in the report of last year, it is only necessary
to note briefly the spawning populations present at the time of the visits this
year. These data are summarized in the table below. Where not designated the
numbers refer to sockeye.

Creek Aug. 2 = 7 Sept. 10 - 16 1937
Grizzly . , 400 sockeye 2800 sockeye
1150 in early run 1000 taken by Indian
Fifteen mile Very few 6500 4500
Twin 325 1100 3100
Pierre - 1400 3000 3600
Tachek Very few 1200 - 1300 900
Fulton Few sockeye Fairly heavy Better than medium
Morrison Pow seckeye 5000 - 6000 6500
Salmon No report No report 400
Babine Few sockeye Sockeye light Sockeye light
Few springs Fair springs Medium springs
Few pinks Heavy pinks - Heavy pinks

Fair coho Fair coho
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. In considering these figures it must be noted that the run of sockeye
to the Babine river and the Fulton may increase with the late influx which
usually comes in. In general the seeding compares favourably with that of
1937 with the exception of Grizzly and Twin creeks. In the case of the latter
it is perhaps fortunate that the run was small because the creek was so low )
that more spawners would only have lead to a waste of eggs due to the inability
of the fish to get upstream. Another noteworthy feature is the heavy run of
pink salmon t® the Bobine river this year in what is usually an "off™ year for
that species in the area. It is possible that the restrictions on fishing for
that species at the mouth of the Skeena in force for two years, are beginning
to show results in increcsed escapement.

A. L. Pritchard Fo. 18

Notes on Certain Spawning Areas in the Upper Nass River System — 1938

After the survey of the Kispiox river and its tributaries had been
completed, the writer accompanied Inspector McDonell on a further trip over the
low separating divide to the Nass watershed. Some notes and observations for
this area are recorded herewith.

1. - Qninhigese system

Quinnigese lake lies almost due north of the headwaters of the
Kispiox on the northern side of the low divide which separates the Nass and
Skeena watersheds. In appearance this body of water is typieal of northern
temperate lakes, The shore line is well serrated with bays and the main portion
of the lake dotted with islands., As far as is known there ars two tributary
creeks, one 2@t the northerly end and the other at the southerly. The southerly
or Inlet oreek was inspected on October 3. This stream in the main presents a
spavning ground of fairly coarse gravel lying betrveen moderately large rocks.
The width averages approximately 75 feet. One-quarter to one-half mile from
the lake is a fall which appears insurmountable to spamning fish., The mouth
of the river is divided into several channels. With the area of spawvning ground
Visible it is evident that a large number of fish could be accommodated. Only
8ix dead sockeye were seen and there was little evidence of wide-spread sparming..
It was noteworthy that there were Ssigns of an abundance of predators such as
eagles, coyotes, and grizzly bear. Quinnigese river drains the lake from the
north~east cormer. It is 75 to 100 Teet in vidth on the average and moderately
fagt-flowing, For a mile below the lake the bottom is rocky and thus poor
spavning area. At about four miles there is & stretch of open river with the
necessary gravel and stones. No fish vwere seen here but there were evidences
of slight spawning,

On proceeding toward the Nass river the following tributaries of the
25 mile-long Quinnigese were crossed: Lime creek, Melight or Steelhead creek,
Bella lake, Saicote creek, and Shenalope. These streams veried in size but
the last two mentioned were fairly large. Although usually of the swift |
mountain type they nevertheless presented fairly good spawning conditions in
their coarse gravel bottoms. No fish of any species were seen, On October 8
8 visit was made to the junction of the Quinnigese ‘river with the Nass at a
distance of approximately 25 miles north of Quinnigese lake. TUnfortunately
the high water and the resulting freshets had made the water in both rivers
so dirty that observation of fish, if there were any, was impossible.
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2. — Other tributaries of the Nass

One other stream was visited and inspected over five or six miles
from the Nass river inland. This, the Sanskiseet, empties into the Nass river
about four or five miles east of the Quinnigese. The width varies considerably
from 75 to over 100 feet. The spawning bars of coarse gravel and stones are
favourable but their contour gives evidence of heavy scouring and shifting of
the channel. No fish were observed in the long stretch examined.

In summary it must be noted that signs of fish and the numbers
observed in the area were very disappointing. There was practically no run
of sockeye and cohoes were absolutely lacking. Bscause there are apparently
some good spawning grounds in the area, it might be well to investigate further
another yeer to determine vhether there is any borrier to spawvning fish at
present unknown.
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The Pilchard Fishery in 1938.

The pilchard fishing season of 1938 resembled no other year since
the reduction of pilehards began in 1925 in that it consisted of two distinct
phases rather distinctly separated in time and exploiting widely separated
fishing grounds. The first phase of the fishery lasted from the last days of
July until the middle of August and centered off the Washington coast. The
second phase started about the first of September and continued well into
October. Scattered schools were still being taken by herring fishermen in
November (in the inlets). The fishing for this phase was concontrated off the
northerly part of the west coast of Vancouver island. For the whole season
fishermen madc somewhat better catches than in tho previous year.

The fact that in the last six years four of the yocars havo been
dissimilar to what had become to bc rocgarded =s thc normcl pilchard socson is
rether a surprising chance and leads to speculation about its significance.

A review of the situation may be of interest. The general idea of a normal
year is one in which large adult pilchards - 95% or more more than 225 um.
standard length - enter the west coast fishing grounds between late June and
late July and the fishery lasts until broken up by weather in the latter half
of September or sarly October. In 1933 the pilchards never did come to the
region off the west coast of Vancouver island. A few Yhomesteaders® were
captured in inlets and a few loads were brought up from off the American coast.
It seems quite possitle that had the boats available a few years later been

in use then that 1933 might quite closely have resembled 1937. In 1934 and
19835 pilchard fishing corresponded with the idea of a normal season and catches
were good. In 1936 for the only time in the history of the fishery the length-
frequency distribution showed two distinct size groups of fish. Many small
fish were on the grounds to the great discomfiture of the fishexrmen. In 1937
fish were off the west coast of Vancouver island (Barkley sound) for only about
2 days. They moved back to the south where they lay between Cape Flattery and
the mouth of the Columbia river until fishing closed as a result of bad weather.
The fish were reasonably easy to catch and for the most part stayed in pre-
~dictable places so the fishermon did not fare too badly in spite of the long
haul to their homo plants. The situation in 1938 has been described. A de-
finite relation betwoen these peculiaritics and abundance is not apparent.
Thelr presencc, however, is not rocassuring about a fish population which is
suspected of declining abundance.

For dotaids concerning size and vortobral number of tho pilchards
samplod from thc commorcial catch and for the conclusions drawvm from tagging
work roforcnce may be mado to other summary roports (Hart and McHugh; Hart).

J.L. Hart and J.L. McHugh No. 20

Sampling the pilchard catch in 1938.

The routinc work of sampling the pilchard catch was carried on
again during thc last pilchard soason. The rcsults for lengths are shown below.
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Males Females Both
Average length Average length Average length
Cenadian coast 246,98 251.43 249,35
American coast 245.51 25C .36 248,16
Cape Flattery 247,14 252.22 249,90
Destruction island 245.55 250.01 247,91
Grays harbour 242,40 249,00 246,45

The gradation on the American side and the fact that the average lengths
for the fish taken off the Canadian coast are greater than for those taken
off the American coast will be observed and it is believed that they are
significant. A similar state of affairs was evident in the previous year.
As Cape Flattery samples are not 7ell represented there is no great certainty
that the fish taken there were longer tham those taken off Vancouver island.
The average vertebral number for all samples was 50.68. The count
was remarkably constant for all sampling areas except for the one hundred
specimens examined from Grays harbour which showed an average of 50.60
The general impression obtained from the sampling is that the
more apparent effects of the dominant year class which entered the Canadian
fishexry in 19231 have vanished. It is probable that the dominant year class
is merging with the numerous older age groups at the same time as it is being
diluted by the less exploited younger ones.,

J.L. Hart ' No. 21

- Application..and Rocofery. of Pilehcsd Tazs in 1938,

The programme of pilchard tagging and tag recovery has proceeded
for another year. With the increased duration of the investigation there has
been an increase in the degree of complication in enalysing the results and at
the same time an increase in their value.

During the 1938 pilchard season five thousand tags were used. Two
thousand five hundred of these were applied off the #ashington coast in July
and August and the same number off the west coast of Vancouver island in early
September.

The recoveries may be summarized in the following way:
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Recoveries of Canadian tags used off Washington coast in 1938

By Canadian plants, off Washington coast 20
By Canadian plants, off Vahcouver island 4
By Washington plants & floaters, off Washington coast 23
By Oregon plants -6

Recoveries of Canadian tags used off west coast Vancouver island .
By Canadian plants only 188

Recoveries of Canadian tags used in 1937 and 1936

By Washington & Oregon plants, off Washington coast 3

By Cancdian plants, off Washington coast 3

By Ca2nadian plants, off Vancouver island 7

By California plcnts, off California (winter 1937-38) 5
Recoveries of Oregon tcgs )

By Cancdian plants, off Vancouver island 3
Recoveries of California tags

By Canadian plants, off Washington coast 15

By Canadian plants, off Vancouver island 23
Total for the year 30

In interpreting this summary two facts must be kept in mind: (1) About three-
quarters of the season's catch was made off Vancouver island; (2) The fish
caught off Vancouver island were passed through the Nootka sound reduction
plants which have been shown (Summary Report: Hart, McHugh) to be about two-
thirds as efficient in recovering tags as the Barkley sound plants which
handled the most of the Washington coast catches.

Consideration of these values shows that (1) the concentration of
1936 and 1937 Canadian tags, Oregon tags, and California tags was roughly
the same off Vancouver island as off the Washington coast; (2) the concentra-
tion of tags used off the coast of iashington was materially higher off the
coast of Washington than off the west coast of Vancouver island; (3) the
concentration of tags off the west coast of Vancouver island from those used
there was extremely high; (4) some of the tags used off the Washington coast
were recovered off the west coast of Vancouver island. These facts are in-
terpreted in the following way: In July and early August there was a very
substantial body of fish off the Washington coast. This was a well-mixed
group bearing tags from many different taggings and very possibly was the
main body of adult pilchards. Around the middle of August a small section of
this body of fish became detached from the rest moving to the northwest fin-
ally arriving off the west coast of Vancouver island. The movement evidently
took place well offshore, as the Canadian fishing fleet failed entirely to
intercept it. Part at least of the.remaining and larger body of fish moved
slowly to the southward. This is indicated by the fishing localities of Can-
adian and American pilchard fishermen in August and September.

The returns very evidently confimm the interchange of pllchards
between California and British Columbia fishing grounds as already shown by
the work of previous years.
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Calculations shown in last ycar's surmary reports indicatc
the total pilchard population @s 5 million tons. Calculations from this
yoar on the same principlo givo thc following result: 4500 (tons caught by
most cffcetive plant in recovering tags) x 12500 (tags used) 3 7 (tags ro-
covored) = 8 million tons, vwhich is roughly comparablo. It is possiblo to ro-
fine this calculation by allowing for somec of thc sources of crror and it is
proposcd to approach this problom at an carly date.

Othor featurcs of intcrest in this yoar's rosults may be briofly
listcd: The number of rocovorics from tho 1938 Vancouver island tagging taken
in conjunction with the information obtained by testing thc efficicncies of
the various megncts show that somc 13 perecnt of the pilehards off tho wost
coast of Vancouvor island worc tekon by the fishcry during the scason. Thoro
is no rcason to supposc that this is not a minimum ostimato,. Thorc was a dof-
initc contrast botwoon the returns from tho Washington coast taggings and tho
Vancouver island taggings in that most of the former were made within a few
days after tagging, but the great majority of the returns for the later tag-
gings were.made after a week or more., The tagging returns for the westerly
tagging dcmonstrate a great and prosumably continuous mixing of the pilchards
off th¢ wost coast of Vancouver island.

J.L. Hart No. 22

Comparative Efficiencies of Tagging Pilchards with a Knife and with a Tagging Gun.

Under certein conditions of tagging the use of a tagging gun contri-
butes materially to the coifort and efficiency of the tagger. The question has
been raised concerning the effects on the fish of tagging with a gun. This
matter has been put to a test by tagging pilcherds from the same sets by the
old method using a knife with the cutting edge at the end and by the use of a
tagging guan. The results to date indicate no significant differences between
the percentages of tags returnocd from the two methods of tagging. It remains
possible that a differencec may be found among fish which are recaptured long
after the close of the tagging period., In the meantimo it appcars in order to
continuc the use of the tagging gun where the practical comnsiderations of tag-
ging make it more comvenient.

J.L. Hart and J.L. McHugh No. 23

Tests of the Efficiency of Reduction Plant Magnets in Recovering Sardine (pil-

chardi Tags..

Although tho recovery of pilchard and herring tags by electro-magnots
in rcduction plants is so important in ocean fisheries roscarch therc is little
information and no accurate knowlodge about thcir efficacy in attracting all
tho tags passing through the plant or in providing accuratc information about tho
sourcc of all thc tags rceovorcd. Accordingly, tho magnots worc sub joctod to
tcst by placing 50 pilchards taggcd with California tags in thc hold of a boat
about to bc unloadcd and kceping track of thc roturns as to numbor and accuracy.
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Considerable difference exists between plants in their total effeco-
tiveness in msking recoveries. Three of the seven plants gave results which
indicate satisfactory recovery (80 percent or better), three demonstrate medium
efficiency (50 to 60 percent) and one appeared to be definitely poor in effic-
iency in tag recovery (less than 40 percent). Fifty percent of all the tags
used and 78 percent of all the tags to be returned were recovered during the
day of the ezperiment and the day Tollowing. Fifty-eight percent of all the
tags used and 90 perceni of all the tags recovered were obtained by the end of
the second day. All plants but one returned tags as being recovered as late
as the fourth day. One tag was returned as late as the forty-fifth day, The
Nootka plant appeared to have an especially long lag. It is possible thet the
greater of the two lags may have been the result of a clerical error. Whatewer
the cause, the results indicated the conditions as they affect the results of
scientific work.

A.L. Testor No. 24

. Sampling the Commercial Hsrring Catch of Southern B.C.

Sampling of the pursc-seinc catches for length, woight, sex, age
and vertebral count was continued throughout the 1937-38 horring season. Tho
purposo of this is to trace natural fluctuations in abundance causcd by vari-
ation in the strength of successive yoar classos and to doterming the extent
of intermingling of the various runs. Concerning the lattcr, indircet infor-
mation dorived from an analysis of racial eharacters will augment direct infor-
mation rcgarding the movements of fish derived fron tho insertion and recovory
of horxing tags. )

During the 1937-38 scason 36 samples wore collected from the Tarives
fishing grounds in the vicinity of Vancouver island. In avorage length the
samplos may bo arranged in the following order: Quatsino sound (198.7), Kyu-
quot sound (193.1), s.c. coast (192.8), Nootka sound (191.7), Barklcy sound
(189.8 zm.). Quatsino sound fish arc again outstanding by virtue of thoir largao
s8izos, Tho s.o. coast fish have the largcst avorage length that has been on-
ecountered for scveral ycars. A partial roturn to the highor level of lcength
and agec coumposition of the carly ycars of the fishery is indicatod.

S.c. coast herring again had-a larger perccntagc of malos and a
lower mcan abdominal vortobral count than Barklcy sound fish, Tho avoragos of
these two characters over a poriod of several yoars arc ineludcd horc:

% malos moan abdominal vertcbra.

SeC. Barklcy ) SeCe Barkloy

coast. sd. D. coast. sd. D.
1929-30 52.4 44,6 + 7.8 - - -
1930-~-31 57.2 45.9 +11.3 - - -
1931-32 54.9 43.3 +11.6 25,159 23,259 -0.100
1832-33 53.3 49.1  + 4.4 23,047 23.167 «0.120
19833-34 51.1 | 46,5 + 4,6 22.978 23.126 =~0.,148
1934-35 51.4 48.2 + 3.2 22,985 23.175 =0.190
1935-36 58.9 47 .3 +12.6 -23.096 23.2628 ~0.166
-1936~37 55.1 45,6 + 9.5 23.052 23.094 «0.042
1937-38 55.5 48.3 + 7.2 23,025 23.092 ~0.087
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The consistency of the difference between the two localities in
these two characters is remarkable and ig considered to demonstrate lack of
extensive intermingling between the two populations.

During the summer of 1938 time was available to determine the per-
centage age composition of the 1936-37 samples taken -to the north-west of Bar-
kley sound:

II III Iv s VI VII VIII IX X XI
Barkley sd. 4.7 383.2 30.0 7.2 4,5 0.2 - 0G.l - -
Sydney in. 18.6 67.4 12.8 1,2 - - ~ - - -
Nootka sd. A 1.1 32,9 54,4 10.0 0.9 0.6 - - - =
Nootka sd. B 88.5 7.7 2.3 0.5 - - - - - -
quuot Sdo 0.3 34.9 - 2@& 706 3'2 002 0.4 0.2 001 -
@latsino Sdo 0.5 14:04 5602 9.6 1504 2.9 0.5 - - 005

In each inlet the age composition differed considerably from that of Barkley
sound where III's predominated. The scales of the Sydney inlet fish were par-
ticularly difficult to interpret, but the results indicate a predominance of
III's with a particularly large proportion of II's. At Nootke sound there were
two distinct groups of fish, one consisting of the usual pre-spawning run but
with IV*s rather than III's forming the dominant group; the other consisted of
the typiecal "recruit" group of small young fish with II's predominating. TFish
of the latter group are occasionally encountered in the inlets during the summer
but only rarely are they caught cormercially during the winter. Samples of the
two groups were also collected at spawning time. The gonads of the small recruit
group were ripe and apparently successful spawning took place. This suggests
that their unusual appearance during the winter fishing season was due to pre-
cocious maturity. The age compesdsion at Kyuquot sound was very similar to that
of the run of large fish at Nootka sound, with IV's predominating. At Quatsino
sound there was a considerable predominance of IV's and a slight predominance

of VI's. The presence of a large proportion of old fish is typical of the Quat-
sino run.

The age composition of the 1937-38 material has not yet been deter—
mined. This will be accomplished as soon as possible and data collected since
1934-~35 will be amalyzed in regard to fluctuations in abundance and intermingling
of populations. The results will be compared with those previously obtained and
already published.

B.V. Boughton No. 25

Sampling the Commercial Catch of Herring in Northern B.C.

In connection with the extension of the herring investigation to
include an intemsive study of the herring in the northern coastal waters the
writer, during the fall of 1938, was stationmed at Namu to sample the commercial
catches from that vicinity. Unfortunately the fish failed to appear in quantity
and the catches, to date, have been very smll. Those samples which have been
worked over show distinct differences from those taken during the past two years.

Three areas have been sampled, namely Rivers inlet, Cousins inlet,
and Klemtu passage. With regard to length and age comp031tions the three areas
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gave entirely different results. The average length (185.4 mm.} of the her-
ring in Cousins inlet was greater than that in Rivers inlet (158.8 mm.}, which,
in turn, was greater than that in Klemtu passage (129.2 rm.). Similar dif-
ferences were present in average age composition. Those in Cousins inlet av-
eraged 4.924 years old, with the 1935 year class (IV's) dominant; those in
Rivers inlet averaged 3.282 years old, with the 1937 year class (II's) well
represented; while those in Klemtu passage averaged 2,027 years old, with the
'same year ¢lass (II's) strongly dominant. The age composition for Klemtu
passage was characterized by a high percentage (18.6) of the 1938 year class
(I'S).

. In the case of vertebral count both the 1835 and 193¢ year classes
of Rivers and Cousins inlets differed significantly. Purther, the 1937 year
class of Rivers inlet differed significantly from that of Klemtu passage.

These results add to the evidence already accumulated that losal rumns occur in
this general area.

In all three areas the average lengths are less than those determined
in previous years. Herring from Cousins inlet averaged approximately 200 mm.
in 19836-37, 195 . in 1937-38, and 185 mm. in 1¢38-39. In Rivers inlet the
average length of the samples has decreased from approximately 175 mm. in 1937-
36 to 159 mm. in 1938-39. In the Klemtu area the average length in 1936-37
averaged approximately 181 mm., whereas in 1¢38-39 the catch averaged 129.2 mm.

Corresponding changes have occurred between the average age composi-
tions. In Cousins inlet the average agc composition was 6.344 in 1936-37,
.5.100 in 1937-38, and 4.924 in 1938-39. Similarly, in Rivers inlet the average
age has dropped from 4.539 in 1937-38 to 3.282 in 1938-~39. A most remarkable
change in age composition occurs in the Klemtu area, where the average age has
decreased from 4.240 in 1836-37 to 2.027 in 1938-39., In 1936-37 the 1933 year
class (IV's) dominated, whereas in 1938-39 the 1937 year class (II's) dominated.

These changes in length and age cowpositions may possibly be related
to the rccent intensive exploitation of the area, although they are morc ox-
tremc than woukd bo oxpceted in such a short pcriod (3 yecars). On the other
hand, the results of the 1938-39 season should be considered in respect to the
failure of larze numbers of mature herring to appear in northern waters in the
fall of 1838. It is possible that the catches, to date, are represented mostly
by schools of irmature fish. Such irmature fish join the mature schools which
return to the inlets from the open sea in the autumn.

The failure of herring to appear in commsrcial quantities during the
fall of 1938 demonstrates the need of a comprehensive investigation of the facw
tors governing abundance and movements of the species. ‘

A.L, Tester and R.V. Boughton No. 26

Investigation of the Herring of Northern B.C.

Because of the recent expansion of the herring fishery into the
coastal waters of northern B.C., it has been considered advisable to make an
intensive study of the herring runs supporting the new fishing areas. The
methods will be similar to those employed in the south, namely, representative
sampling of the commercial catch for length, age and weight composition, sex
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ratio and vertebral count. From these data it will be possible to broadly
define the populations which are present and to trace changes in the relative
abundance of each. The data will also yield information such as length and
age at maturity, rate of growth in length and weight, rate of mortality, etc.,
vwhich is indispensible to an understanding of fluctuatians in abundance. In
addition to sampling, other phases of the investigation will include the col-
leoction. and analysis of catch statistics, studies of the spawning grounds, and
the insertion and recovery of tags. The results of these, however, will be
considered elsewhere.

Considerable information derived from sampling has already been pub-
lished and will form a background for the present study. In eddition, dur-
ing 1¢36-37 3 samples were obtained from Klemtu passage and Cousins inlet;
and during 1937-38 11 samples were obtained from Cousins inlet, Rivers inlet,
Bella Bella, Jap inlet, Butler cove, and Prince Fupert harbour. These were
examined for percentage age composition with the following results:

R4

Locality II III Iv v VI VII VIII IX X XI No.

sSanp.

1936-37

Klemtu paSB. - 26.8 50.9 7.8 6.5 2-3 4‘.6 104' -~ - l
Cousins in. - l.4 7.2 18.6 43.9 4,7 12.6 5.4 5.0 1.1 2
1957-38

Cousins in. A 0.6 29.0 30.7 23.0 7.7 5.4 1.6 l.2 0.3 0.3 3
Cousins in. B - 2.5 16,7 18.9 14,9 24,5 5.5 9.4 5.6 2.0 2
Rivers in. l.4 23.9 18.4 4z.9 6.6 3.8 1.9 - 0.9 - 2
Bella Bells - 27.6 34,3 21.0 9.5 5.7 0.9 0.9 - - 1
Jap in. - 22.7 B57.3 12.7 6.7 0.9 - - - - 1
Butler c. 0.6 26.0 58,0 10.5 3.7 1l.4 - - - - 1
Pr. Rupert 1.0 28.0 38.0 11.0 1l1.0 7.0 1.0 2.0 1.0 - 1

|

In 1936-37, the Klemtu fish di ffered radically in age composition from the
Cousins inlet, consisting mostly of younger individuals. There were apparcatly
two distinct runs of fish to Cousins inlet in 1937-38; in the early run (4),
Iv's prcdominated, whercas in the late run (B}, VII's, V's and IX's predomin-
ated., The age composition of the lattor suggests that it is the samc group

of fish that was sampled tho previous yoar. Tho age composition of the Rivers
inlet samples di ffers considerably from that of all other localitics, with V's
and ITI's prcdominating. In all othor northern localitics, IV's werc apparcntly
tho dominant group.

In vcrtcbral count the 1933 ycar class of Cousins inlct diffecred
significantly from that of Rivors inlot, suggesting that the fish bolong to two
sgparate populations. Differcnccs betwoen the vertebral counts of the 1934
and 1935 yecar classes betwcen Cousins inlot and Jap inlet-Butlor covor add to
the evidencc alrcady accumulatcd that intormingling boctweon the fish of the
Princo Rupert and Bolla Bella districts is cither limitcd or absont.

During Scpt., 1938, both invostigators visitcd thc northern arsa on
board the "A.P. Knight". Porsomal contacts werc made with reduction plant op-
erators at Namu, Butedale, Port Edward and Tuck inlet and considcrablc infor-
mation pertaining to tho fishery was cbtained. Dr. Boughton rcmained at the
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Namu reduction plant to sample the commercial herring catches from the var-
ious fishing grounds in that vicinity. The results of his investigations are
reported elsewhere. A

It is recommended that the sampling programme, in conjunction with
other phases of the work, be maintained in this northern area over a period
of several years. It is also suggested that efforts be speeifically directod
toward explaining the erratic occurrence of herring on thess new fishing
grounds.

A.L.. Tester No. 27

Catch Statistics of the Herring Fishery During 1637-38.

The ob jeet of collecting daily catch statistics of the herring
fishery is to detormine as accurately as possiblc the total quantity of fish
removced from each fishing ground, the number of boats in opexation, and the
nunber of days during which active fishing is in progress. From thcsc sta-
tistics it is possiblc to calculzte the availability of herring, i.c., tho
average catch per ssinc por day, for cach arca. Thc ultimetc purposc is to
tracc and cxplain fluctustions in availability and abundanco.

During thc fall of 1937, thc quota was attaincd on thc south-cast
coast of Vancouvcer island .dith a total catch of 25,059 tons., Thc availability
of horring was thc groatcst that has buon onccuntcrod during the past five
ycars (1933-34 to 1¢37-38 inel. - 76.4, 94,8, 101.0, 87.3, 144.0 tons). This
may be related in part to a greater abundance of fish during the fishing season
and in part to the smaller number of boats fishing. In regard to the latter,

a negative correlction (r « -0.86; P = 0.02) has been obtained between yearly
availability and anwber of boats.

On the west coast of Vancouver island, where the total catch amounted
to 30,334 tons, the quotas were reached in Barkley and Quatsino sounds, but
not in the other three areas. In GQuatsino sound, & relatively new fishing
ground, the availability was higher than in the previous year. In other west
coast areas fishing was relatively poor, particularly in Clayoguot sound., The

following table enables a comparison of availability between areas and years
to be made:

Season. Barkley sd. Nootka sd. Kyuquot sd. Quatsino sd.

1935-36 45.1 134.5 117.6 -
1936-37 53.5 37.5 47.8 68.1

In northern British Columbia, encouraged by the sueccess of the
Cousins inlet fishery of the previous year, seine boat captains prospected
most of the potential fishing grounds on the coast of the meinland and on the
Queen Charlotte islands during the first five months of the 1937-38 season
(April to August, incl.), but with poor success. During September, October
and November, the Bella Bella and Rivers inlet districts yielded fair catches,
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but the availability at Gousins inlet was considerably less than in the pre-
vious season, the first year of intensive Tishing (35.2 as compared with 95
tons). During Decerber, January and the first part of February, herring were
particularly abundant in Prince Rupert harbour and good catches were made until
the area was closed to fishing. Fish were then located at Surf inlet to the
south and this ground was fished until Lierech 12 when the season was closed.

The total recorded catch for northern B.C. amounted to 20,844 tons, but this

is probably lower than the official total due to incomplete returns. The fol-
lowing table gives the catch and availability per month for the whole northern
area:

Month Catch Availty Ifonth Catch Avail'y
Apr., 20 3.3 Oct. 5771 38.5
May. 203 4.7 Nov. T 4869 39.3
Jun. 461 7.4 Dec. 5392 114.7
Jul. 353 3.0 ' Jan. 480 96.0
Aug. 126 4.5 Pen. 1137 71.1
Sep. 1587 a7.4 Mar, 4495 74.2

The above statistics of the herring fishery of the province ware
collected by :ueans of Pilot House Record Books which were printed and distri~
buted to seine boat captai.s for the first time. As the system has met with
considerable success, it is strongly recormended that it be continued in the
future. It is also suggested that an offort be made to divide the coast-
line into a series of numbered statistical areas to facilitate the tabulation
and manipulation of daily catch data. If a simple vet suitable system of

nuibered statistical areas ¢an be worked out, they should be delineated on a
map and printed copies should be sent to seine boat captains so that localitises
of fishing may be recorded vholly or partly in code.

A.L..Tester No. 28

Herring Spawning Conditions in 1638,

In collaboration with the Dominion Department of Fisheries, surveys
of the herring spaming grounds of the Province were again made in an attempt
to arrive at a guantitative estimate of the intensity of spawning in each dis-
trict, to obtain a couparison of the intensi ty with that of the previous year,
and to determine the mortality of the eggs on the spawning grounds,

On the south-east coast of Vancouver island, spawning intensity
ranged from medium to very heavy in the various distriets and, on the shole,
it was heavier thaun in the previous year. YVery heavy spaming was reported in
the Quathiaski district at the north end of the strait. At Esquimalt harbour
and lagoon, the eelgrass has disappeared and eggs were deposited on the bare
rocks in shallow water.

- On the west ‘coast of Vancouver island, spawning was very light in
Barkley, Clayoquot and Nootka sounds, light in Quatsino sound, and medium in
Kyuquot sound. In all areas except Quatsino, it was lighter than in the Previous
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year. The lighter spawning appears to correspond with a smaller pre-spawning
run as indicated by the very low availability of herring during the fishing
season. At Useless inlet in Barkley sound, the eelgrass was brownish and
slimy. The eggs failed to adhere to this grass and sifted down into the mud
where they probably failed to develop because of lack of oxygen.

In the Alert bay area, north Vancouver island, spawning was heavy
as usual, The spawning reports indieate that this area eould support a her-
ring fishery if exploitation were esonomically feasible.

Along the north shore of British Columbia, spawning was light at
Smiths inlet, Rivers inlet and Bella Coola, medium in the Bella district, and
heavier than usual from the Butedale to the Prince Rupert area. On the Queen
Charlotte islands, spawning was of average intensity. As usual, it took place
towards the end of June in iiasset inlet; this is the latest spawning on record
for the province.

An attempt was made during the spring of 1938 to makc a quantitative
estimate of egg deposition on the Barkley sound spawning grounds with the ob-
Jeet of determining the absolute abundance of the spawning population. Un-
fortunately, spawning was very light and most of the grounds were along ex-
posed shores. On these, the eggs were deposited on a long wiry eelgrass [Phyllo-
spadix) from the low tide level to a depth of 10 feet below low water. This
made accurate quantitative saipling impossible with the sampling apparatus that
wes available. The patches of eelgrass were scattered at irregular intervals
over a distance of five miles along the exposed shore. This rendered difficult
the task of estimating the area. Similar difficulties were experienced by
fishery inspectors at Clayoquot, Nootka and Kyuquot sounds who were assisting
in the survey. With the present equipment and resources, there is small hope
of determining the absolute size of the spawning runs with any reasonable de-
gree of accuracy from quantitative estimates of egg deposition. Such a pro-
cedure may prove feasible elsewhere, 0.g., on tho southe-cast coast of Vancouver
island, where tho spawning grounds arc in morc or less protected waters and
arc, for the most part, acccssiblo at low tidc. :

Jo.L. Hart and A.L. Tester No. 29

The Insertion and Recovery of Herring Tags.

The programme of herring tagging and recovery begun in 1936 has been
continued and expanded. This work, designed to discover the movements of her-
ring, their local population, and the intensity of the fishery, has already
yielded interesting results and holds out great promise for the future.

As in the report for last year the tagging phase of the programme
maey be considered in three divisions. First may be considered the tagging
carried out prior to the preparation of summary reports last year and including
all tagging carried out on the fishing grounds in the autumn of 1937. It may
be summarized as follows:

1936-37 1937-38
Strait of Juan de Fuca 1,500 - 1,199
South-east coast Vancouver island 7,090 4,086
Barkley sound - 2,798
Strait of Georgia 1,898 -

West coast Vancouver island 5,692 -
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The second division deals with the spring tagging in 1938, A swmary of it
in some detail follows: .

Mar, 7, 8 2,209 Macoah passage, Barkley sound
Mar., 9 899 falm creek, Clayoquot sound
Mar. 11 1,203 Queens cove, Esperanza inlet
Mar. 12 995 Plumper harbour, Nootka sound
Mar, 21 1,128 Winter harbour, Quatgino sound
Mar., 25 1,395 Bella Bella, Milbanke sound
Feb. 25 699 Ganges harbour, South-east coast
Mar. 7, 8 791 Horswell point, near Nanaimo
Mar. 15 497 False narrows, SE side

Mar. 16, 17 799 False narrows, NW aide

Mar. 23 500 Teparture bay, near Nanaimo
Apr. 2, 3 1,196 Union bay, Baynes. sound

Apr. 22 797 Birch bay, near Blaine, U.S.A.

The third division consists of tags applied during the current fishing season.
The results to date follow:

Oct. 1 1,454 Sooke salmon traps
Oct. 11, 13 1,078 Swanson channel

Barkley sound tagging is in progress and tagging on the noythern parst of the
west coast of Pancouver island is planned for,

During the 1937-38 herring geagon, 104 tags were recovered by the

Galiano detector, 55 by the Ucluelet detector, and 770 from reduetion plant
magnets, It is not practical to give an account of the magnet returns in sum-
marized form. After careful and impartial examination these returns led to the
conclusion that, while free intermingling of populations of herring on the west
.coast does not take place, there is a certain amount of nixing between areas
as widely separated as Kyuquot and Barkley sounds. This mixing would seem to

@ﬁh involve about 15 to 20 percent of the fish. ~

= . Returas from tagging during the current season have been made from
both redustion plant magnets and induction detectors. The results as they have
been interpreted to date follow, although some of the recoveries by magnels
require confirmation: ‘
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Recoveries by Galiano detector from fish taken on south-east coast:

Place Date No.

released released recovered
Horswell point Mar., ¢4, 1937 1
Sooke Oct. 9, 1937 2
Swanson channel Nov., 12, 1937 1l
Horswell point Iar. 7, 1938 l
Sooke Oct. 1, 1938 11

Swanson channel - Oet, 11-13, 1938 : 13

Recoveries by Ucluelet detector from fish teken off south-east coast:

Sooke Oct. 1, 1938 1l
Swanson channel Oct. 11-13, 1938 1

Recoveries by magnet at Imperial cemnery from fish taken on south-east coast:

Swanson channel Oct. 6~ 8, 1936 1
Swanson channel Oct., 17-20, 1936 1
Horswell point Mar. 4, 1937 1l
Swanson channel Oct. 18-23, 1937 1
Horswell point Mar. 7~ 8, 1938 2
Calnm creek Mar. 9, 1938 1l
False narrows Mar. 15, 1938 1l
False narrows Mar. 16-17, 1938 3
Union bay : Apr. 2- 3, 1938 1
Sooke Oct. 1, 1938 . 21
Swanson channel Oct. 11-13, 1938 3

Recoveries by magnet at Kildonan from fish taken on south-east coast:

Swanson channel Oct. 18-23, 1937 1
Pill point (Barkley sd.) Nov. 23, Dec. 1-4, 1937 Dk
False narrows Mar. 16-17, 1937 1l
Sooke Oct. 1, 1938 9
Swanson channel Oct. 11-13, 1938 4

{*t0 be confirmed)
Recoveries by magnet at Kildonan fram fish taken on south-east coast or fronm
Barkley sound fish taken in 1937 and frozen, or fraa fresh Barkley sound fish.,

Calm creek Mar. 9, 1938 x
Sooke Oct. 1, 1938 1

Recoveries by magnet at Kildonan from fish taken on south-east coast or from
Barkley sound fish takem in 1937 and frozen.

Swanson channel Oct. 6- 8, 1936 i |
Rainy bay Nov.' 18, 25, 1937 1
Socke Oct. 1, 1938 3
Swanson channel Oct. 11-13, 1938 3
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Recoveries by magnet at Ueluelet from fish taken on south-east coast:

Tod inlet Apr. 25, 1937 1
Sookse Sep. 25, 1937 1
Horswell point Mer. 7- 8, 1938 1.
CGalm creek Mar. 9, 1938 1l
Yalse narrows Mar. 16-17, 1938 2
Sooke Oct. 1, 1938 26
Swvanson chamnel Oct. 11-13, 1938 19
-Recoveries by magnet at Ucluelet from fish taken in Barkley sound:
Calm creek Mar. 9, 1938 1
Reoovery by chance at the mouth of Fraser river:
Birch bay Apr. 22, 1938 1

The foregoing results are fairly full for the returns from the fishery off
the south-east coast of Vancouver island, but do not really cover any other
fishing area. It will be seen that the conclusion drawn for the west coast
fishing areas from the results of last year may be extended to the east coast.
That is, the herring population on the east coast tends to be a self-contained
unit, but it is not exempt from intrusion by fish from other areas.

During the present year it is planned to move the detector unit from
the saltery at Galiano island and install it at the Nootka reduction plant.
There it will be useful in recovering tags from the more northerly districts.
The Ucluelet unit is still giving disappointing results. Efforts are being
made $0 eliminate the difficulties.

The investigation has received help from many sources. Some of
those more especially worthy of mention are: The Banfield Packing Company;
The Nootka Packing Company (1937); and the lMoresby Island Fisheries Company,
Ltd., for accommodating equipment. The British Columbia Packers contributed
a boat for use on the west coast for the spring tagging; dMr. L. Quickenden
and Mr. J.L. McHugh have contributed their heclp to sevcral phascs of the work;
and soveral fishcrmcn have sup)licd us with fish for tagging. To thosc and
numcrous othcrs we arc gratcful.

AJL, Tester ‘ No. 3C

Influence of the Tide and Moon on Herring Catches.

An analysis of the herring purse seine catches on the south-east
coast of Vancouver island during the 1937-38 season showed that the average catch
per seine per day was relatively small during the first, third, fifth and sev-
enth weeks and relatively large during the second, fourth, sixth and eighth
weeks of fishing. During the former, average differences between high and low
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water were large and the tidal series was passing from springs to neaps, where-
as during the latter, average tidal differences were smll and the series was
passing from neaps to springs. Small average catches and large tidal differ-
ences occurred during the full and new phases of the moon; large average catches
and small tidal differences occurred during the first and third quarters of the
moon. On the average, this same relationship was found to hold over a five-
year period - 1933-34 to 1937-38 incl.

By constructing tidal velocity graphs for each day of the 1937-38
soason and dotemining the tidal volocity at tho timo of cach purse seino sct
it was found that thorc was no tondoncy for morc scts to bo made at tho lowcr
spocds of thc tidc. This shows that the rclationship betwcon tidc and catchos
is not duc mercly to thc varying casc of fishing undcr varying strcngths of
tidal currcnt. Thc roaction of horring to diffcrent intomsitics of moonlight
has bcon considocrod carcfully, but has bocn dismisscd as a probablc cewso of
tho phcnomcnon. Tagging rcturns suggest 2 possiblc cxplanation. During tho
1037-38 sccson rclativcly morc Sookc tags worc rccovercd from Swanson channcl
fish during thc weeks of high availability. This indiocates that during these
weeks there vere substantial influxes of fish from the strait of Juan de Fuca
which augmented the supply on the fishing ground. It is suggested that the
reason for the relationship lics in the effects of the tide on the movements
of herring. Although the fish probably move actively along their migration
route, they will also be carried passively forward and backward by tidal move-
ment. Progressive differences between types of tidal fluctuation along the
route may induce a bunching of the fish. The problem will be considered fur-
ther when additional data have been accumulated. For the present, the demon-
stration of this weekly fluctuation should be both interesting and useful to
the industrye.

Agnes Gwyn. ' No. 3}

The Development of the Vertebral Column of the Pacific Herring with Re-
lation to the Time of Detemination of Vertebral Number.

Vertebral number is a widely used character in racial studics of fishes
" and it has becn rather clearly indicated that tho tomperaturc of the water dur-
ing the dovelopmcntal period has a definito rolation to numbcr of vertcbrac
formod. Thc investigatien horc roportcd on rcpreoscnts an attcmpt to discovor
the timc of dctormination of vertcbral numbcr by a dotailcd study of thc ombryo-
logical dovclopmcnt.

From a study of scrial scetions and alizarin-staincd spocimcns of
larvac and post larvac from thc strait of Gcorgia, the dcvclopmont of the ver-
tcbral column is traccd from thc timc of hatching ovor a period of ton wecks.
At hatching, myotome formation is complete. Within three weeks, massed pre-
cartilage cells in the tail region mark the. anlage of the hypurals. In seven
weeks, the seven hypurals are formed of hyaline eartilage, the tail is flexed
dorsally, and posterior arches of precartilage are present. At the end of the
eighth week, the posterior bony ring of the urostyle is laid down and the peri-
chondrium of the hypurals is ossified. In the ninth week the inner bony rings
of all centra are formed in the notochordal sheath and in the following week
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the outer bony rings are formed in the perichordal sheath. The vertebral
number is definitely fixed by the ninth week when general ossification takes
place. It is coneluded, however, that the ultimate number is already fixed
at hatching and that the determination of the number, presumably by environ-
mental factors, tekes place during the embryonic period. The eritical per-
iod of detemination may be quite carly, within five days aftor fertilization.

J«L. McHugh No. 32

Investigations Dealing with Vertcbral Number in Young Herring.

In the herring fishery of the North Sea a considerable degree of
success has been attained in predicting the lemgth and age composition of the
catches and also the abundance of fish one year in advance. Thess forecasts
are possible because the year classes which eventually form a large percentage
of the catch anter the fishery at least a year before they become dominant.

In the British Columbia herring fishery advance knowledge of the camposition
of the schools of mature fish can not be obtained so readily, since the in-
coming year class always forms a large proportion of the catch.

The value to the fishery of such advance information is of great im-
portance, and the discovery of a reliable method of obtaining it is one of the
objects of the herring investigation. It is clear that the solution must be
sought in a atudy of the immature fish. From the time of hatching until the
adults enter the commercial fishery almost nothing is known of the habits of
these young fish. Isolated schools may be observed at almost any time of the
year, but the nature of their movements is still a mystery. If their abundance
with respect to the adults can be calculated, and the two can be shown to vary
directly, the results will be of great value. A system of tagging may prove
successful, since a small number of fish in their second year are always pres-
ent in the commercial catch. A study of variation in the intemsity of spawn~
ing or in the amount of mortality at some critical stage in the early life of
the fish may be of use in forecasting abundance. Whatever the key to the prob-
lem may be, it seems to lie in an understanding of the early life history of
the herring.

A start has been made by sampling the populations of young herring
in different localities as a basis for the investigation of such differences
as might occur and for the comparison of young and adult fish. These collec-
tions were commenced in 1932 and the data obtained have formed the basis for
three earlier reports submitted by Dr. Hart. He reports the following results
and conclusions: (1) Significant differences were shown to occur between
young herring from different localities. (2) Significant differences occurred
between young fish and adult fish captured commercially in the same general
locality and the same year. (3) The proportion of abnormal vertebrae was gon-
siderably higher in the young fish than in the adults. (4) The standard de-
viation was found to be greater in the young fish. These results were taken
as strong evidence for the belief that factors regulating vertebral number of a
herring population are still active to a limited extent after metamorphosis.,

Sampling has been carried on each Year since 1932. This was contin-
ued in 1938, and examination of all the material collected is being brought up
to date. The results are such that it is necessary to revise and supplement the
conclusions drawn from the carlier data.
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In part, the conclusions of the 1933 report are confirmed by the
additional data available. Significant differences can be detected in sauples
of young herring from different localities. The proportion of abnormal ver-
tebrae still appears to be greater than in the adults, the value of 7,3 per-
cent: being even greater than that reported by Hart. However, the value ob-
tained for the standard deviation is considerably lowsr than that obtained by
Hart, and does not differ significantly from that of the adult fish. In com-
paring the vertebral counts of fish of various lengths within a homogeneous
sample there was some evidence of a positive correlation between length of fish
and average vertebral count. Similarly, there is sorie evidence suggesting a
relationship between the average length of sanplos from different localities
and their average vertebral numbers,

So far the sampling of young herring (with one exception) has been
confined to a relatively small area along the south-eastern coast of Vancouver
island. Since this covers only a small portion of the waters exploited by
the commercial fishery, it is hoped that in future the investigation may be
expanded to embrace a much larger area, including the districts where the major
herring fisheries of the province are active. In addition, it is proposed to
enlarge the scope of the work to include other phases of the life history, as
described in the second paragraph of this report.

Summary of the data used by Hart in swmary reports for 1932, 1933, 1934.

No. Av.vert. %
Locality Year fish count o} oM abnormality

Fulford harbour 1932 344 51.88 0.74 0.04 6.4
Saanich arm 1932 322 51.96 0.72 0.04 2.8
Nootka sound 1932 151 51.70 0.65 0.05 2.0
Departure bay 1932 137 51.68 0.76 0.07 12.4
Nanoose bay 1932 59 51.86 0.92 0.13 15.3
Saanich arm 1933 49 52.04 0.73 0.10 -
Fulford harbour 1933 160 51.97 0.65 0.085 5.0

Summary of additional material examined.

Nanoose bay 1934 225 51.72 0.69 0.05 13.3
Fulford harbour 1935 225 51.78 0.59 0.04 6.6
Fulford harbour 1937 300 51.82 0.65 0.04 13.0
Ladysmith harbour 1937 304 51.90 0.68 0.04 8.2
Ganges harbour 1938 285 81.77 0.65 0.04 5.6
Whaleboat passage 1938 234 51.77 0.64 0.04 8.5
Mill bay 1938 187 51.87 0.68 0.05 2.1
Cowichan bay 1938 101 52.23 0.71 0.07 1.0
Average (weighted to no. of indiv,) " 0.68 7.3

Adults (Tester) ’ . 0.66 2.3
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The Selectivity of Sampling Methods used in Collectipg Young Herring.

In the collection of young herring for examination of racial char-
acters several methods of sampling have been employed. Each method has its
own merits and is used under circumstances most suited to the capture of a
reasonably large sample of fish. When the fish are found close to the sur-
face, and are not readily frightened, a small dip net has been used. If the
fish are close to shore, they may be taken by means of a beach seine, while
in the event of the schools being offshore, and out of reach of the nets,
it has been the custom to bring them to the surface by means of a charge of
dynamite, after which they may readily be collected with the dip net.

It is of great importance that such samples be truly representative
of the population from which they are taken. In the annual report of the
Commissioner of Fisherics for British Columbia for the yocar 1916 Dr. W.F.
Thompson describes the moveomonts of a school of small horring, stating that
the smallcr fish formcd thc upper and the inshorc portions of the school,
whilc the largor fish formed tho decper layors. To substantiatc this obscre
vation, hc found that samplcs takcn from difforent parts of thc same school
diffcrced in longth composition.

Since the samples collected during the years 1932-1938 were taken
by any of the three methods described above, it is doubtful if the results
are entirely comparable. Material for a comparison between seine~caught fish
and those taken with a dip-net was collected at Fulford harbour in 1938. The
average length of the seined fish was 42,7 millimetyes. Those captured by
means of a dip-net averaged 36.9 millimetres in length. The difference was
found to be highly significant, thus adding weight to the belief tlat the
smaller fish inhabit the upper layers of the school, and indicating the selec-
tive action of dip-net sampling,

The results of this experiment emphasize the necessity for a thorough
study of the composition of schools of herring, and of the effectiveness of the
various sampling methods. Since it is believed that a better knowledge of the
early life-history of the herring will do much to solve some of the problemns
of the commercial fishery, it is essential that the samples taken be truly rep-
resentative of the populations they are intended to represent. Plans are being
made for the solution of this problem in the spring of 1939.

A.L. Tester and R.V. Boughton | No. 34

Plankton Investigations in Relation to the Herring of Klemtu Passage.

During the recent cruise of the "A.P. Knight" into the waters of
northern B.C. (Sept., 1938), opportunity was afforded of taking a series of
Plankton hauls at various stations between Swanson bay and FitzHugh sound, with
the object of determining whether there was any relationship between the con-
centration of plankton and the occurrence of summer herring in Klemtu passage.

Horizontal 10-minute tows were taken at depths of 2 and, in some
cases, 10-15 metres, with the boat travelling at a uniform slow speed. Later,
after bringing the samples to the same volunie, the number of organisms in unit
volume of each was determined, using a haemocytometer. The results, summarized
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below, are averages based on at least 4 and, in the case of copepods, 10 in-
dividual counts from each sample:

Copepod Micro-

Locality Copepods nauplii zooplankton Algae
Swanson b. 11.0 1{8 0.8 7.8
Tolmie ch, 11.3 1.6 2.0 4.8
Klemtu pass, 24,2 4.1 6.2 7.6
Seaforth c¢h. 1.8 0.0 1.0 0.2
Lama pass. 3.2 l.2 77 .5 11.3
FitzHugh sd. 5.3 1.6 17.2 12.7

Copepods and copepod nauplii were particularly abundant in Klemtu passage,
somewhat less abundant at Swanson bay and Tolmie channel to the north, and
relatively scarce at Seaforth channel, Lama passage and FitzHugh sound to the
south. On the other hand, microzooplankton and algae were relatively scarce
in Klemtu passage and thc northern areas, and relatively abundant in thc two
most southern arcas. The most abundant copepod was Acartia, an important

" food of the herring, Among the microzooplankton, the dinoflagollate Coratium
fusus was particularly abundant at Lama passage. Neither mierozooplankton nor
algae form an important food of herrying of the size which usually frequent
Klemtu passage. There was no significant difference between the concentration
of organisms at depths of 2 and 10-15 metres, indicating thorough mixing by
the tidal current.

The above distribution of copepods corresponds with the known oc-~
currence of swmer herring. Large guantities of immature and mature fish are
teken from Klemtu passage and smaller quantities are occasionslly taken from
the more northern areas. On the other hamnd, herring are not fished and pre=-
sumably 4o not occur in either Seaforth chammnel, Lama passage or FitzHugh sound
during the sunmer. The following evidence is strongly suggestive that Klemtu
passage is an habitual swmer feeding ground of herring: (1) loeal fishermen
report that herring are always present during the swmer; (2) individual sets
from this locality usually yield small catches, indicating that the fish are
scattered - a characteristic of feeding herring; (3) food was present in the
stomachs of fish sampled during the surmer of 1936; (4) plankton hauls taken
during Sept., 1938, when young herring were visible at the surface, show a
concentration of copepods of a genus vhich forms an important food of young and
immature fish.

It is recormended that efforts be made to take additional plankton
hauls at different times of the year, and, at the same time, to collect physi-
cal and chemical data from water samples. These data will provide a check on
the present results and they may enable the reasons for the observed distribu-
tion of organisms to be determined.
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Proximate Analysis of Herring in Relation to Season and Condition Factor.

In the study of condition in horring the chemical enalyses of the
various samples have been completed, the calculations of condition factors
for all samples to be treated are done, and the results have boon organized
in a papere. -Cortain points await confirmation before submitting the paper for
publication. Tho abstract follows as a sumary.

Samplcs of Glupca pallasii fram various British Columbia localities
and several scasons of thc year worc analysed by standard mcthods for vater,
oil, protcin, and agh. They showed hcrring to be variable in pcrcontago com-
position, cspccially in regard to watcr and oil. The limiss woro: wvater,
64.2-80,2%; oil, 4.0-19.4%; protcin, 10.1-16.8%; ash, 1.9-2,8%, 0il contont
is highest in summer, declines during the fall and winter, end falls to a
minimum after spawning time in early spring. There is an accompapying decline
in the weight of the fish. Herring are highly variable in calorific value
(2.41-0.94 C per gram). In general they are among the more nutritive fish.
There is less percentage of waste in fat fish, Potential oil yields on reduc-
tion as high as 30 gallons per ton aye.indicated, with a minimum of 7 gallons
per ton. Average eondition factors for samples ware determinsed by averaging
the individual condition factors obtained from

K w 120003000 w
L 302637

when K is the condition fastor, W is the weight in grams, L is the length in
millimetres and 3.2637 is the exponent in the empirically fitted equation

W =cL”. This condition factor was found to be positively coryelated with oil
content end to follow in geneyal the same seasonal trend, Random errors are so

great that forecasts of o0il production from determination of weight.ard langth
can be of little practigal value,

A.L. Pester ‘ No. 36

Investigation of the Specific Gravity of Herring.

Studies of the condition of herring indicate the need for a condi-
tion fa%tor which is independent of the length-weight relationship. The factor
K = W/LY seems artificial and the factor C = W/Ln. where n is the slope of the
straight line between the logarithms of length and weight, is unwieldy, and is
also inaccurate if n varies significantly between semples. These condition
factors are intended to describe the general well-being of a fish. If "well-
being" is considered to be related to fatness, as seems reasomable, some factor
which varies with fatness or oil content would be an ideal msasure of condition.
It might be expected that a fat, oily fish would have a low specific gravity
and a lean, thin fish a high specific gravity (after death). This factor
seeamed worthy of investigation.

Two methods of determining specific gravity were tried. In the first
a copper cylinder with a siphon outlet near .the top was used as an ¥Archimedes"
apparatus. This cylinder was filled with fresh water and allowed to drain to
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constant volume, After making an incision in the body wall to allow air in
the swim bladder and body eavity to egoape, each fish was placed in the cylin-
der and the watey displaced was collected and measured with a glass graduate.
Specific gravity was taken as wolume of water displaced divided by weight in
air. In the second method the fish was weighed in air and then in water by
means of a beam balance reading to 0.0 g. Specific gravity was teken as
weight in aip (‘) divided by weight in air minus weight in water (Ws - Wg).
In practice, howevey, a fat-condition fastor (f) was calculated which may be
defined as follows: § = 10000 iy/7ae This veries with specific gravity but
is easier to calgulate. _

The first method was found to give unsatisfactory results. It was
very difficult to obtain even approximately constant volume displacement in
several trials with the same fish, The scecond incthod proved to be moro satis-
factoxy., The average f for a sample of 48 fish (Nov. 9/38, Svansm ch.)
anounted to 370, In attempting to get constant resnlts (Wy) for the same fish,
it was found to be very important to open the mouth, opercular flap and body
cavity while the fish was under water o0 allaw free air to escape. <“ith im-
proved teshnique, a8 second sample of 36 fish (Nov, 1l1/38, Svemson ch.) gave
an average T value of 432, It is believed that this latter value desextbas theé
averaga { factor of the fish vhich vere sampled *ith a reasonable degree of ace
curacy.

Indirect evidence that the £ factor varies inversely with the condi-
tion (fat content) of the fish is contained in the follo:ing table, “hich gives
the average £ for fish ~hich ayre above and below average 7:eight for their lengthz

D/SoEo No.

Above Below D
Nove 9/38 362 404 2.1 26
Nov. 11/38 414 462 2.9 25

As might be expccted, fish above avcrage wcight have a significantly lower av-
erage f value (and spccific gravity) than those bolo: average melght; the former
are considered to be in better eondition than the latter, end presumably are
fatter. So far, no significant change in f with increase in either length or
weight has been detected,

Specific gravity seems to offer definite possibilities as a measure of
condition. It is suggested that further determinations be made in an effort
to detect seasonal trends in fat content. If these are found it is recommended
that the results be checked by chemical analysis. The method may have commer-
cial applications. For example, it may be possible for reduction plant opera-
tors to use a modification of the pressent procedure to detemine what oil yield
may be expected from a catch of fish.

T.L. Hart No. 37

Survey of the Ling Cod Problemn.

The central problem in regard to ling cod is to find out the facts
in the life history of the species which are applicable to drawing up the most
advantageous method of organizing and regulating the fishery.
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From fishery statistics, examination of the fishery, ard previous
research, the following are known: (1) The total catches fraom 1927 on. (2)
Fishing methods. (3) Certain features of the general life history, including
the spawning habits and incubation, genexal movements of the adults, and a very
sketchy account of the larval and juvenile stages. (4) The number of eggs per
female; this information, while presented in Wilby's published account, is in-
adequately supported at present, Since it may prove important in administering
the fishery this subject should be more completely worked up. (5) The food of
the adults is rather well known. Obviously, there are many gaps in our know-
ledge. Those considered as most calling for study arc listed as follows: (1)
There (possibly at vhat seasons) catehes are made and in what quantities. (28)
The absolute size of $he populations on differont banks. Without both of (1)
and (2) no information is possible concorning tho intonsity of tho fishory.

(3) Ratc of growth. (4) Egg production. (5) Naturo and cxtont of migrations.
(6) Lifc history of larval and Juvonilo stagcs - causos and cxtont of mortality,
ratc of growth, food, movcmonts, intcrrclations with othor spoecios.

Thc oollcction of complctc statisties of the sateh is a very important
rart of the invostigation. However, tho colloestion of statisties is at proscnt
undcrtakcn by tho Dopartmcnt of Fishcrics and further collcetion by thc Board
would constitutc a duplication of cffort and a duplication of nuisancc to tho
industry. It is urgod, accordingly, that for this spocios at loast thc Dopart-
mont organizc its eollcetion of statisties in such a vay as to havc the data
of some biologiecal valuc, That is not now thc caso and it will not bc casy of
achievement, but thc rcsults to be expected Justify the effort being made.

The most importent method on approaching the ling cod problem appears
to be the use of tags. well-designed tagging-recovery programme is capable of
giving the following information: the nature, extent, and speed of migration
in fish of different sizes and in relation to season of the year; the intensity
of the fishery (if A tags are applied, of which a are lost and B are recovered,
the intensity of the fishery may be expressed as B/A - a); the absolute size
of each population (if C is the total catch, the population is CB/A - a); the
total mortality of the species (if in year 3 the total number of tags recovered
from a certain tagging is 60% of the nunber recovered in the year 2, the total
annual mortality is 40%); the natural mortality (total mortality less fishing
mortality expressed as percentages); and the rate of growth in general terms,
This important part of the investigation will depend upon two things: (1) con-
sistency, (2) the certainty of tags being returned. ith this in mind two .items
of policy may be laid down here: (1) it is advisable to take considerable time
in developing a tag and a tagging method which will be useful throughout the
sourse of an extensive investigation end them stick to the method adopted in
spite of the possibility of introducing minor improvements; (2) the reward paid
for the rsturn of tags should be adequate to assure that the tags are returned
and with complete and accurate information. It might be pointed out that after
some experimentation on living and dead ling cod a tag has been fixed upon - a
monel metal strap tag ducoced red.

Mr. Wilby found it impossible to determine ages of ling cod by scale
examination. In this finding I concurved. It is suggested that it is suffic-
iently important to get accurate information on growth rate to warrant furthe»
efforts along the lines of: (1) examining scales under polarized light; (2) sil-
ver nitrate impregnation of scales; and (3) otolith exeminations. Some attempts
with indifferent success have been made to examine otoliths e¢leared with xylol.
It is proposed to try other clearing agents.
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The life history will be studied by the traditional methods adepted
to suit immediate conditions. Some of the more interesting phases of the
life history will be difficult or almost impossible to elucidate, but some
trial appears waryented. Studies of egg production should be straight-forward;
they should, however, be supplemented hy am investigation of the relative suec-
cess of incubation in egg masses of different sizes. ‘

It should be pointed out that dependable results from a programme
such as the one proposed cannot be expected within five or six years.



COWICHAN RIVER.
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Cowichen Iake Hatchery

The operation of ths hatchery has been continued this year as part of
the general programme outlined for the Cowichan river investigation. Early in
the season the capacity of the esteblishment was increased by the construction
of six additional rearing ponds making it possible to retain from 150,000 to
250,000 fingerlings, the number depending upon the size of the fish, The aux-
iliary water system installed in the fall of 1937 was used for the first time

permitting tho operation of -all the ponds throughout the dry season,
Egg colloctions.

On Jeanuary 1, 1938, the hatchery contained the following eggs colloctaed

during the previous fall:

‘Spring salmon 70, 000
Coho " 141,000
Brown trout 20,000

During January, Fobruary and March tho following numbers of eggs weore collaciod
and held for incubation.

Steeclhead trout 64, 000

Cut-throat " 15,000
On June 17 a furthor lot of 60,000 eggs of Kemloops trout from Lloyds creek
were received through the courtesy of the Provincial Gems Commission. The fry
obtained from the incubation and hatching of these various lots of eggs were
retained and trensferred to rearing ponds except 57,000 Coho which were relesased
in Haslam creek on May 19,

During the month of November 64,000 eggs of Spring salmon have been
collected and the collection of a similar number of eggs of Coho hes been com-
menced,

Oceurrence of disease,

Several diseases made their appearance among the hatchery stock during
the warmer periods of the scason with the result that severe losses were suf-
fered in most lots of fish, Total losses in excess of 80 percent ococurred in
the case of Steelhead and Brown trout and a mortality of over 90 percent was ex-
perienced by tho Kamloops., Iosses in Coho and Spring salmon fingerlings were
over 56 percent and 61 percent respectively. A more detailed account af the
disease condition is given in another report.

Iiberations and stock on hand
The number of fish reared, marked and relsased this season is as

fallows:
Species Stege Number Place Mark
Spring Pingerlings 25,276  River Adipose, right ventral
Coho Fingerlings 26, 200 o ’ " left "
Fry 57,000 Haslam cr, Unmarksd
Kamloops Yearlings 40,783 River Adipose, left ventral
Cut-throat Yeerlings 7,349 Lake " right

The following fish are still retained, to be released in the spring.

Brown Fingerlings 4, 200
Cut-throat " 3, 500
Steelhead " 7,000

Kemloops " 1, 500
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Diet and food costs.

During the first part of the season the fish were fed a diet made up
as follows:- Iiver (wet weight) 20 parts, dry ingredients (equal parts of =
skimmed milk powder, pilchard méal, cottonseed meal) 60 parts, water 20 parts,
Iater in the season, as a disease resisting measure, the mat content was in-
creased by the addition of ground beef heart in the following proportion:-
Liver - 35 parts, heart - 35 parts, dry ingredients -~ 20 parts, water - 10 parts.
The total cost of food ineluding delivery charges, for the period
Jenuary 1 to October 31, 1938, was § 334,79, The approximate cost of food per
fish reared this season and liberated to date is as follows:-

Spring salmon (25,278) $ #0035
Ooho ®  (26,200) 40041

Diesel operation

Commencing on June 1 and continuing until October 24 the hatchery supply
was augmented by water drawn from the river by the rewly instelled pump and
Diesel engine. The pumping plant operated without interruption except for
short periods at irregular intervals when it was stopped for repairs, The cost
of operation of engine and pump over the period of 138 days was as follows:-

Fuel oil 8 82,15
Inbricating oil 53641
Repairs (excluding labour) 8,90

This gives an average daily running cost of $ 1,05

Water temperatures

The increased water supply makes it possible to operate all twelve ponds
throughout the season when the gravity water is insufficient but at temperatures
appreciably higher than formerly since river temperatures in summer are normelly
several defrees above those of the supply stream, During the past season the
maximin weekly temperatures of the river and of the mixture of the river emd
gravity supply in the retaining ponds were as follows:

Week ending Riyer Por;ds Week ending River Ponds

o o
 June 4 18.0%C, 12,2 C, Ang. 6 22.3°C. 20.2°C.
w11 18,9 14,0 T 21,4 19,2
no18 7.8 15,0 " .20 21,8 20,5
"o25 18,7  18.8 " gy 21,0 19,5
Tuly 2 20,9 19,7 Septe 3 20,2 19,5
"9 20,5 19,1 " 10 20,4 1944
" 16 20,8 21,0 w1y 20,0  19.8
"o 23 23,3 22,5 " 24 19,2 18,2

" 30 23,4 20.5 "3l 18,2 16.8
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Although the higher temperatures of the reering pond water may be de-
sirable from the point of view of increased rate of growth it is possible that
it also produces more favourable conditions for disease. The continued use of
river water in the hatchory ponds mey mecessitate the adoption of spocial.disoase
proventative moasurcs during coming seasons, .

G.C. Carl _ No. 39

Spewning Run of Steolhcad Trout

Steelhoad trout occasionally appear in the Cowichan river in the month
of Decembor but the groatest run usually occurs in January and February and a
fow stragglors appear as lato as April and May. During the 1938 spawning mig-
ration a total of 105 fish was talen by gill-netting at intervals near the Hatch-
ory from January to April, Of these, 38 were fomalos yielding a total of 64,000
eggs. Tho avoraoge yiocld per fish was betweon 2,000 and 3,000 eggs, tho maximum'
being 4,840 eggs. The average weight of both males and females was botween 6
ond 8 pounds; ono malec fish woighed 16 pounds, Iength measuromonts and scale
samplos wore token for future roforenco. '

Aluminium strap tags were attached to 58 fish before release., One
fish tagged on January 13 and relsased in the Hatchery pool was taken 2 deys
later in the trap at Beadnell Creek which enters the river 300 yerds downsireams
A second trout tegged and released at the Hatchery was taken by gill net on
April 2nd in Diespecker pool, two miles downstreem, No other returns have been
obteined to date. Since the strap type of tag seems to prevent normal healing
of the wound it is plannod to maks use of the button type of tag during the com-~
ing season. ‘

G4C, Carl | No. 40

Spawning Run of Cut-throat Trout

Little progress has been made in detemmining the time and place of
spawning of Cut-throat trout in the Cowichan river svstem. The results of the
operation of traps amnd nets in several likely places during the season of
1937-38 seemed to show that the breeding period of the Cut-throat is not restrict
ed to the spring months as fommerly supposed. A pair in spawning colours was
talen in Oliver creek trap as early as November 21, 1937, while a recently
spawned female was taken by gill net in Boar lake as late as April 20, 1938,

It would seem that river fish spawn in tributary streams but that lake fish
spawn on or near gravel bars off the mouths of rivers.

During the season a total of 128 fish was taken of which 14 females
vielded 20,000 eggs, The fish varied in weight from 3/4 pound to 10 pounds,
the average of fish taken in the river being about 1 1/2 pounds emd of fish
taken in the lake about 3 1/2 pounds. Forty trout were tagged to obtain infor-
mation regarding their movemants and rate of growth. One female released at
the mouth of Sutton ereek on January 18, 1938 was retaken by gill net in Bsar
lake on March 11, 1938, Only a slight development of the eggs had taken place
in the interval. No other records of the capturs of tagged fish have besn ob-
tained as yet,
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Spawning Run of Spring ~elmon

According to amngling records Spring salmon did not eppear in numbers
in Cowichan Bay until “he middle of Ausush, 1933, when meny gocod catches were
made, During September salmon wers scen collecting in the deep pools in the lower
raaches of the river but duc to th: ~bnormally low lovel of the water apparently
none passed upstroam except the omall Jack springsuntil heavy rains occurred on
October 11 and 12, At this timc the river level reso 4 3/4 inches and a large
run of both Springs and Coho took placc, particularly on October 13 and 14.
During the run 20 Indians spcaring along tic Queamichen Reserve arca were able
to take an average of 35 fish upiocce. On Cetcber 16 tho migrating fish reached
Skutz falls about 18 milos upstrcan wkeic they wore 2blo ic pass up the main
channel at thoe rate of 90 Tish per hour., Gprings made up 85 percsnt of the run

at this time; the wemaindsr wers Joho salmoa. A fresh run of fish occurred on
October 28 with a southeast wind blcwing into the mouth of the river amd by
November 2 when ths river hod risen 2 feet remdering she Falls impasseble,
salmon were passing up the ialier znd jmproved fishway at “he rate of 1148 per
hour., At this time only IC percent of the =w1 was made up of Springs. On the
following day the number of fieh ascending trw falls had iropped to 430 per hour
and on the 6th, 50 per hour of which 25 percint were Springs.

Gill net opereiions commsmezd at ths haltehery on November 1,yielded very
fow fish at the start, 10 only baing talsn in the £irst week and of these 2 only
wore females., After a sligit »ise In %le river lavel in the second week: netting
operations were more succcsstul wnd &F Y tims of writing 52 fish have been
taken of whick 2J. were fomzliss wislding 64,000 eggs, Sho average Ti®id per fish
being 3,000 eggs. The male szimon vacied in walght fror 8 1/2 to 42 pounds
(av, 18 1/2) and the Zomaiss, sirvipgod of eggs, raiged from 1l o 17 pounds
(av, 14 1/2), Moasurcmonis ol leazth and samlos cf scales wers takon for
future study, '

G.C, Carl : No. 42

Spawmning Run of Coho Saluon

The Coho salmon Gecur in ths Cowichan river system in numbers probably
exceeding any other speciss of gems Tish, Tais aclmon usuaily sppears in Cowichan
Bay near the mouth of the river during Sepismber and Gebtober emd starts to run up
the river towards the end of the laiier month,

During the season of 1837 - 38 the first Coho were seen in the upper
reaches of the river on Octover 13th sl the first fish wers taken at the spawn-
ing fence in Oliver Crecek on MNowvember 9th. Fish continued to appear in the traps
situated on both Oliver and Beadnoell crocks thercafier uvwatil January 28th after
which none was seen until March 20th when a single male of the *Jack™ type was
taken, The total number of Coho salmoa %taken in the two traps was 1,164 in the
ratio of 736 males to 483 females, The neles rangsd in weight from 5 to 14 pounds,
the average being 9 pounds while the fomales - strippsd cof their eggs vearied from
4 to 8 1/2 pounds, averaging 6 pownds in weight. £ dotal of 146,0C0 eggs was
taken from 74 feimales, thy avsvage vield ver fish being about 2,000 eggs. The
results of this census indicate {that ths small tributaries of “he Cowichan river
are heavily over-seedcd with Coho salmon 2gZgS.
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Mpthods in Bgg Collsctiom

Since heoavy losses hawe been experiecnced in former years dwring the
early incubation period of both Spring and Coho salmon eggs an attempt is being
made to dotermine the efficioncy of various mothods of ecollecting and handling
eggs of these spescies. During the past scason tests were mede of the efficiency
of taking eggs by hand stripping as compared with tho incision method and of
transporting oggs hardensd in water as compared with carrying "green® eggs in
milt ("dry mothod"), Tosts wore also made of tho dogree of fertility or virility
of both males and fomales, and of the presence of material from broken eggs.

At the time of writing the results indicate that:

1) eggs taken by hand stripping suffered no ill effects praovided care was ta.ken
to exclude water, blood snd broken eggs.

2) there appeared to be no significant difference in the viability of eggs car-
ried in water as campared with those carried in milt,

3) none of the male fish tested appeared to be lacking in virility.

4) females seemod to vary considerably in the quality of eggs produced,

5) when abnormal eggs or eggs with fragile shells were obtained losses were high,

6) when material frcm broken eggs was added to freshly spawned eggs before the
addition of milt, losses ranged from 90 to 100 percent.

7) eggs washed in supertonic salt solution after the addition of broken egg
material and before the addition of milt suffered losses considerably less
then eggs from the same lot untreated with saline solutionm.

Further experiments of this nature are planned for the present season.

G.C, Carl No. 44

Cowichan Bay Sport Fish Census

To obtain information regarding the catch of sport fish in Cowichen

Bsy each season and its relation to the fish production of the Cowichan river
and of the Hatchery, a system of recording anglers! catches has been inaugur-

ateds Mimeographed forms providing space for data such as speecies, length
and weights of fish caught, number of lines and number of hours fishing have
been supplied to boat-renting establishments and posters announcing the purposs
of the investigation have been placed at strategic pointse

At the time of writing the fishing season is still in progress but
the results indicate that the catch records will be far from complete since some
of the establishments have failed to collect data regularly end in eddition un-~
recorded catches of considerable size have been made from privately owned boats.
Nevertheless, the forms on hend contain records of the capture of 140 Spring
salmon remnging from 5 to 44 pounds in weight (average 17 1/2 pounds) end of
150 Coho salmon varying from 2 1/2 to 22 1/2 pounds in weight (average 10'1/2
pounds)s A fow grilse end fish of unidentified species are also recorded. More
acourate records may be collected during the next season if the cooperatian
of all the boat~renters and private fishermen be obtained.
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Occurrence of Fish Discases at Cowichsn Iake Hatchery

Commencing about the first week in July of this season tho dally lossecs
in fry ond fingerlings held in the out-door retaining tanks began $o show in-
creases boyond tho normael oxpectations but no definite signs of discase nor -
other abnormal conditions woro apparent, Some of the sick and dying fish ap-
peared to be in a bloated condition and shortly aftor death lesions wore observed
In the body wall, Although the mortalities continued to increese in an alarming
menner no relief was given by salt bath treatmsnts., Coho saelmon whieh were in
tanks receiving water from those containing the afflicted Springs also began to
suffer severe losses and meny of the dying fish showed definite blue patches on
the side of the body. From dead specimens sent on ice at this time (Tuly 25)

Dr. Duff obtained no evidence of infection by a recognizable disease but living
specimons of both Coho &nd Spring salmon exemined lateyr at the Hatchery (Aug. 2)
by him showed all the symptoms of Furunculosis and from cultures teken, B salmon-
lcida was isolated and identified, In the cass of the Steoclhcad and other trout
positive ovidonce of discase was not obtained but later tho typical losions begen
to appoar in thom also. ,

The following tabls of woekly porcentage losses for the various spocios
indicates tho time of appoarance of discase emnd tho extemt of mortality. Wator
temperature at tho time varied botwoen 16 and 22 Ce with tho maximum readings
during tho third weck in July. ‘

Percontage Weekly ILoss -~ Cowichen Iake Hatchory

Weok ending Springs Coho Steelhead Kamloops Brown Cutthroat
(60,_000 (60!000) (60,_0003 (60,000) (15,900) (15,.0005

June 4 0.47% 0.43% 2¢2% no fish 12,1% 1.,3%
w11 0.25 0.38 1.8 @ W 10.9 0.8
v 18 0027 0.27 2.7 »ow 11,2 1.6
" 25 0.26 0,23 3.4 2.7 8.9 6e9

July 2 1.1 0.53 14,3 4.2 35.4 29.1
"9 3.1 0463 12.5 23,6 11,3 21,4
" 16 4,3 1.8 10,2 22,6 2.7 847
" 23 22.8 10,5 12,2 20.1 1.5 8¢5
" 30 10.8 16,8 12,2 9.7 1.2 340

Mg, 8 19,0 12,0 11.8 8.7 1.9 3,3
u i3 24,2 5.5 Be6 6.8 1.7 2.0
" 20 5.6 3.2 43,1 4,3 649 28,9
" 27 2.6 1.8 3543 2,8 19,2 15,9

Septe 3 2.3 1.3 13.7 21.1 4,4 049
w10 1,3 0,7 746 12,0 03 0.1
LI 1/ 1.9 0.5 1.3 0¢3 0.1 Oel

Disregarding the trout losses for the Present, it will be seen that
the Spring salmon appeared to be infected first, with the disease reaching epi-
demic proportions from the second woek in July to the end of August. Although
the concentration of the fish was reduced by heavy losses and relsase of appar-
ently healthy fish, mortalities still remained severe., The Coho salmon which
rocelved water from tho Spring salmon ponds did not suffer hoavy losses until
about the 15th of July whoen tho opidemic was at its greatest in the upper ponds,
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With rogard to tho trout, tho lossos during tho carly part of tho
season did not soom to be caused by tho seme discaso as no outwerd cvidenco
of infoction was obsorvod., Although oxaminations of doad spocimens by Dr. Duff
failod to disclosc any causative orgenism, tho fish soemod to be sufforing from
& gill congostion which produccd hoavy losses. Tho mortalitios, howover, showod
a definite docroasc about tho timo of the Furunculosis opidomic in tho salmon
fingorlings. During tho woock onding August 20 lossos wore again very high in
tanks containing Stoolhcad, Cut-throat and Brown trout and high mortalitics ox~
tonded to tho Keamloops tank two wooks lator. Tho doaths during this poriod ap-
peared to be caused by a heavy infestation of the ciliated protozoan Ichthyoph-
thirius which was easily detected by the naked eys. Treatments with solutions
of copper sulphate or of common salt seemed to have little effect in checking
the diseaseo

In addition to Furunculosis and Ichthiophthirius most fish of all
species retained in the hatchery ponds are heavily infected with an encystoed
stage of an unidentified parasitic worm which procuces black lumps under the
skin and on the finsi Moroover, some fish appear to0 be infocted with internal
parasites since individuals are sofptimes seen with opon wounds leading from
the abdominal cavity from which may project & flatworm. No fish are entirely
free from some parasitic organism.

Recommendations

Since it is likely that all these parasitic orgenisms have been intro-
duced through the water system it seems necessary that steps be taken to disin~
fect the water before it emters the hatchery. This may be accamplished by the
addition of a chlorinating and de-chlorinating system or of a filtering device
to the present water system so as to destroy or remove all disease producing
organisms, If a non-bacteria-proof filter be installed it mey be nacessary to
attempt to render the fish stock immune to bacterial infoction by some method
of vaccination.

G’.c. Cal‘l No. 46

~ Iimnology of Cowichan lake and River

The limnological phase of the Cowichan river investigation is being
carried on by continuing the programme commenced last season of taking a series
of temperature readings, water amnd plankton samples at intervals during the
year. The data collected this past season indicate that a) a minimum surface
temperature of 5,0 §. was reached on February 14, 1938, b) a maximum surface
temperature of 21.6 C, was attained on July 24, c) the bottom temperature
(35 metres) rose from 4,9 to 7.8 C. botween these dates, d) a thermocline, formsd
between the 12 and 15 metre level about June 19 gradually droppsd to the 20 metre
level and apparently diaappeared noar the ond of October, o) a minimum constant
of dissolved oxygen (67 °/o saturation at 35 metres) obtained on Jumo 19 and
f) the plankton population remainod small throughout the yoar.

Temperature readings of the river and of several stations in the outlet
erm of the lake seem to point to the fact that river temperatures are affected
to a measurable degree by wind direction since the temperature of the river is
raised by westerly winds blowing toward the lake outlet. The effect of these
river-lake temperature conditions upon the movement of fish in and out of the
leke has not yst been determined.
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Mbade Creek Survey

Most of the streams entering Cowichan lake vary greatly in the volume
of water which tlhey deliver with the result that flood conditions often exist
during the rainy season and are followed by low water periods when parts of the
stream bed may be complstely dry. Since the extent of the effect of these ex-
treme conditions upon the fish life in the tributaries is unkmnown, information
regarding the biology of these streams is very desirable.

During the summer months of 1938 a study of conditions in Meade creek
flowing into tho North Arm of Cowichan lake was voluntarily undertalen by Miss
Ottilie Boyé to determinc the rate of drying and its effect upon the life in the
stroem, VWhon first oxamined on May 14 tlo stroam was flowing throughout its
length but by Juno 1 tho flow was roducod to ebout half its formor volume in the
lowor roachos and on Junoe 20 tho wator no longer flowed diroctly into tho lako
but disappeared into the gravel at a point about 2/3 mile from the mouth leaving
a series of isolated pools and streteches of running water each of which gradually
began to shrink in size. By July 1, about one mile of stream bed wes dry except
for a few protegted pools and by Sept. 8 (last day examined) the bed was exposed
for its greatest length for the season, i.e. about 2 miles, At this time a con~
gsiderable flow of water existed in the upper reaches of the stream but on emsrg-
ing from a rocky camyon it secemed to disappear into the gravel possibly finding
its way to the lake by subterrancan channcls.

At the beginning of the season a considerable number of aquatic insects
including nymphs of mayflics, stoneflies amd@ larvac of blackflies, cranoflies
and midges wore found throughout the portion of tho stroam examined. Coho fingor-
lings wore also fairly numerous but no trout were soen. Vhen the stroam had ceas-
od to flow in the lower portion the same organisms were found stranded in isolated
pools, oxcopt blackfly larvae and nymphs of cortain spocies of mayflies and stono-
flies which ape capable of living only in flowing water. In most instences the
pools became dry causing the death of the trapped animals but in a few cases
where the pools were of considerable size and appeared to receive water from an
underground source scme of the organisms survived until the end of the summer
and no doubt existed until water conditions returned to normel. Tests made ab
intervals in one pool which persisted throughout the dry scason shonad that the
amount of dissolved oxygen did not drop below 3,77 cc. per litre (64.5 % satur-
ation) and that the temporature varicd between 7.9 C. and 13.7 C.

From this study it would seem that the drying of the tributary toward
the mouth is due mainly to the lowering of the water table allowing the stream to
flow for part of its length benoath ths gravel bed. Bxcept for those organisms
trapped in permemnent pools, a considorable number arc killed cach scason. The
rogular drying of tho stroam may prevent the establisment of bottom organisms
such as molluscs and amphipods which eppoar to be lacking. Fishos dostroyed
by the drying of tributery stroams arec meinly Coho salmon fingerlings.

C. Idyll No. 48

The Foods of the Trouts of tho Cowichen River System

The study of the food of tho trouts of tho Cowichan rivor system, which
was begun in tho spring of 1937, was continued this yoar.

During 1937, collections woro mado of the stomachs of tho threc spociocs
of trout in the Cowichan system. These included 93 Rainbow trout (Salmo gaird-
meri), 56 Cutthroat trout (S, olarkii), and 54 Brown trout (Se _trutta).
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" Analysis of the stomach contents showed tho food %o consist of insects
and fish, with some othor invortobratos, notably molluscs. The rolative amounts
of these three groups takon vary to a greator or losser dogros, according to
their availability, Also, thesc amounts and their prodominating forms vary with
tho spocics of trout.

For Rainbow trout, insocts (chiofly Trichoptera and Simuliideo) constitutod
the most important food itom, whilo fishos wore rolatively insignificant (10%).
Rainbows caught in tho lako had ocaton slightly moro fish than thosc caught in tho
river, tho difforonco boing quo chiofly to the diot of sticklobacks. Thore was
no significant chango in tho food from a sizo of 5 1/2 inchos up to 20 inchos.

For cutthroat trout, fishos woro tho most important food itom, occurring
in 70 perecont of tho stomachs, Thorc waes a definito and stoedy inercaso in tho
numbor of fish caton with ineroase in sizo of tho trout.

For brown trout, fish and invortcbratcs occurrod in about oqual propor-
tions in tao dict. ‘

In order to comparc tho fish-cating tondoncios of theso throo gpacies,
the data are restrictod to rivor fish botwoon tho longths of 10 and 19 inches,
Of 36 rainbows in this catogory, two or 5.5 porcont had caton fish., Of 15 cut-
throats, 9 or 60 percent had eaten fish., OFf 39 brom trout, 23 or 59 percent had
eaten fish, ‘

The following table presents all the data in regard to fishes eaten:

Rainbow Cutthroat Brown
river lake river lake river
Trout 1
Coho 3 1
Kokanee 1 3 1
Salmonidae
(unidentified) 3 1 13 18 30
Stickleback 23 15 76 18
Sculpin 1 2 3
Unidentified 2 3 6 12 5]

It is suspected that the majority of the river Salmonidas unidentified
were coho salmon,

As part of the gemeral investigation of the foods of the trout of the
Cowichan river system a study of the productivity of the invertebrates of the
Covichan river was begun in the summer of 1938, Qualitative bottom samples
from representative portions of ths river bottom were talmn for a comparison
of the productivity of pools, riffles, etc. Exemination of the data has not
proceeded far enough to warrant presentation of any conclusions. .
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(1)

Immunity Experiments

Goldfish:- Previously reported experiments have been repeated, using a
total of 48 goldfish, These experiments differ from the former ones only
in the nature of the vaccine used. This tims, the vaccine consisted of a
chloroform-killed strain of a smooth culture of B, salmonicida, belonging
to the serological group S=R+n (Duff, Journal of Bactericlogy, 36, 57, 1938
The vaccine heretofore used had been a Rough culture of the group R=S+n,
After six bi-weekly parenteral inoculations, the fish were left for 2

- Wweeks. They wore thon, together with controls, inoculated with 5 timea

(2)

the normal lethal dose of a virulent S strain of B. salmonicida¢ The ro-
sult of a typical exporiment may be stated as follows: OF 6 vaccinated

eand 6 unvaccinated fish, all inoculated with B. salmonicida, 1 vaccinated
fish and 5 unvaccinated fish died of specific furunculosis, Four such ex~-
periments wors carricd out, resulting on tho average in a 25¢% mortality
amongst vaccinated goldfish and in a 79% mortality amongst tho controls..-
The results theroforo indicate highly significant amount of protection
throughvaccination by the parenteral method. .
Cutthroat Trout:- Vaceination by mouth had been started, with some 2000 cut-
throat trout fry, on August 9, 1937, The vaccine consisted of a chloroform-
killed Rough strain (R=S+n) of the same type which in 1936 and 1937 head
glven results with goldfish, The vaccine was providsd in concentreted sus-
pension, and was thoroughly incorporated in the food given to the fish

This method of administration was continusd twice weekly until April 30,
1938, In May, 400 vaccinated and 400 unvaccinated controls were placed in
a tank, Toward the end of May, attempts were commenced to produce B, sal-
monicida infedtion in this tank (No. 6). Two methods were used: (&) con-
tinuously dosing the incoming water with virulent B. salmonicida from an
automatic dropper, (b) the inoculation of several unvaccinated fish with a
heavy inoculum of the organism, with a view to having these fish develop

the disease and consoquently discharge the bacillus into the water, TUnfor-
tunately the wator temperaturoc rcmeined below 14 C, during all of June end
the first 10 days of July. As a consequence, even the unvaccinated controls
failed to develop symptoms of furunculosis, and no results wers forthcoming,

It was then decided to give direct inoculations of B, salmonicida
%o 50 vaccinated and 50 control trout, This was done about July 20, when
temperatures had risen to 16 '?;0018 C. Agein by the end of the month, tem-
peratures had dropped back to 15 and 16 C., remaining usually well below
15 throughout August., As a consequence deaths were just comenecing in this
group when the temperature began to drop. The few results obtaincd are not
significant one war or the other.

These fiascos indicated the complete dependence of this type of
expriment on temperature conditions, sinece in many cases even heavily inoe~
ulated susceptible fish failed to show symptoms of any description., 4s a
result, a water-heater h'gls been designed ané made, so as to supply water
at temperatures up to 22 C. to small troughs for small-scale experiments.
This installation should render the hatchery independent of weatier con-
ditions so far as the present type of experiments are concerned, and it is
expected that the questions in hand will be cleared up expeditiously by its
aid. The installation is still in the experimental stage, but is expected
to be in operation by the middle of December.

Serological Invostigations:- During the Spring and Summer months work was
continued on the serological anslysis of various strains of B. salmonicida,
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This type of investigation is considered necessary, since the antigenic
constitution of strains is reflected in their ability to produce immunity
when used as vaecines. In each of 14 strains, reciprocal absorptions showed
entigenic composition of the form R=S¢n, In 5 other strains, S=Rém. With
all 19 strains, the G phase appeared to possess soms antigen common to both
R and S together with some specific G antigen. Antigenic variation among
several S strains could not be correlated with virulence. Sixteen eultural-
ly trus single~cell S strains were pathogenic for goldfish, but possessed
varying virulence, 3 strains were non-pathogenic, No R or G phase ever pro-
~ duced disease.
Recommendations,

To a great extent the exmeriments at Stanley Park are now being
mede independent of temperature conditions. This will undoubtedly expedite
the answers to all the problems under consideration., It is however, impos-~
gible for the investigator or his assistant to give much time to this work
throughout the winter, although a special effort is being made to get re-
sults with the immunity work before sarly spring. Most of the work on the
acriflavine experiments and on suseceptibility of Kemloops and Steelhsad
trout will therefore, have to weit until the spring and summer. Providing
favourable results are obtained from the immunity work, duplication should
of course, be attempted next sumer also. There seems to be a very good
chance that the investigations may be successfully concluded during the
fall end winter of 1939, I, therafore, recommend the continuation of the
investigation, ’

D,CeBs Duff Nos 50

Bxporiments on Efficacy of Acriflavine

In September 1937, thirty adult cutthroat trout were brought from Smith
Falls hatchery at Cultus Lake, and were lodged in a tank at the Stemley Park
hatchsry. On February 1, 1938, an equal number of the sams species wore also
brought down and placed in another tank, The object was to infect thess fish
with B, salmonigcida, to obtain their eggs, amd to treat half of these eggs with
acriflavine., The progeny from the eggs wore then to be held for as long a
period as nscossary to domonstrate two points (1) can infection be transferred
by or through the cgg to the noxt gemeration, (2) is acriflavine an effective
treatment for the provention of such transfor of infoction?

On February 13 all these trout were inoculated parenterally with a
lethal dose (ca;culated on body-weight) of B. salmonicida. The low temperature
of the water (2 =~ 4°C.) was relied on to prevent the development of symptoms.

Both batches of trout ripened satisfactorily under the conditions pro-
vided, It is interesting to note that a somewhat greater yield ,of eggs was ob-
tained from those trout which had been longest at the Stanley Park hatchery.
Spamning took place during the period April 30 to Msy 3. All trout were sacrifi-
ced, autopsied and cultured after spawning. Of 55 trout amtopsied, 21 showed
the presence of B, salmonicida in kidney and heart blood, showing that approxi-
mately one-half tie parents were definitely infocted, The fertilized eggs
reached the oyed stage about Msy 12, and commenoed hatching about June 6th.

The total number of fry at present alive is not accurately kmown, but
is probably in the neighborhood of 20,000, Losses were as follows:
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Bgg Losses: Acriflavine treated eggs 8856, untreated 4738, %otal .. o o 13,504
Alevin Losses: From acriflavine treated oggs 2215, untrecated 1844, total 4,059
me-sw:immgfr‘y‘losses%.]'ulyzzo ® & & 8 o 8 2 o A& e & s e e 0 2,306
Total losses during @arly StagesS v o ¢« o o « o o o o » o o 6 o o« o « o 19, 959

So far, no furunculosis has appeared, either among treated or untreated
fry. This of course may have been due to the very short period of high water
temperature dwring the summer. With the installation of the water-heater mon-
tioned before, it will be possible to raise the temporature of batchos of those
fish in ordor to sec if infoction broaks out., It is also plamned shortly to
sacrificeo and culture a large number of the fry to see if latent infoction exists.

DoC.BoDuff No. 51

Susceptibility of Ksmloops and Steelhead Trout to B, ’salmonioida Infection

Unsuccessful attempts to initiate epizootic furunculosis among Kamloops
and Steelhead trout have previously been reported. This year a large number
of yearling and two-year old Kamloops and Steelhead again resisted continuous
exposure to B, salmonicida in the water, This result is unfortunately without
significanee, again on account of the low water temperature. Direct inoculation,
however, - showed that Kamloops were definitely more susceptible than Steelhead.
Thirty-eight of Kamloops died with typical furunculosis lesions and recovery
of the organism.- Only two Steelhead died, and while the organism was recovered
from the kidneys of these fish, typical symptoms were absent, and it was im-
possible to vecord these two deaths as specific. It is planned to repeat these
experiments using wermed water.

DeCeBs Duff . No. 52

Cowichan Lake Hatchery Investigation

On August 3 a trip was made to Cowichan lake Hatchery, A report has
already been sutmitted indicating the definite presence of furunculosis in the
Spring and Coho salmon fry, and its probable presence during the same period
in the trout fry. A second visit was made in Septembsr, during which consul-
tation was held with Drs. Clemsns, Neave and CGarl as to the nature of the steps
that should be talen to avoid outbreaks in the future, It was suggested that
we ewalit the results of the immunity experiments being conducted at Stanlsy
Park, With the water-heating plant in operation, it should be possible to give
an opinion on the usefulness of vaccines before the spring of 1933, Providing
immunization proves a practical procedure, my recomendation for the Cowichan
hatchory situation would be as follows: a rapid sand filtration plant to be
installed, following & report on the practicability of such en installation from
a competent engineer, Protection against furunculosis would then consist of
two factors -~ mass immumnization of the hat chery population, and probable signi~-
ficant reduction of infecting doses due to the sand filter, particularly if floc-
oulation of the water is practiced before filtratiom, The special values of
their combined procedure would seem to lie in the Pact that ¢laborate training
of the hatchery staff would not be ne cosseary, as would certainly be the case
where no immnization of the fish was practiced, This statement is not to be
taken, howver, as meaning that the best reasonable Precautions against infeo-
tion may be neglected, . '
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There 1s the further advantage that the rapid sand filter would probably
remove all of the larger parasites, including Octomitus, from the water supply.
An officiently operated mechenical filter with Iloceulation is capable of elimi-
nating 95 - 98% of the bacteria from a water supply, &nd it follows that all
larger organisms will be held back with even greater efficiency, The dotails of
a rapid send filtration plant should be in the hands of a competent hydraulic
engineer, - Generally speaking, I should recommend a duplicate installation, con-
8isting of two pressure-~type units approximately 13 feet in diameter, containing
12" of graded gravel in the bottom, aud 30" of clean sand of effective size 0.4
to 0.6 mm. The duplieate units should be connected in such a way that the clear
water flowing through oie could be diverted for short periods through the other
as a reverse flow for cleaning purposes, The comparative advantage of a com-
pressed-air vs. a mechanical type sand sgitator would hawve to be considored.

DeCyBs Duff No, 53

Diserases Other Than Purunculosis

Gyrodactylus -~ considerable losses were suffered among yearling cutthroat
trout at Stanley Park hatchery through Gyrodactylus infection. The disease was
fortunately coanfined to 2 tanks and was finally brought under control by means
of acetic acid baths., A noteworthy point was that the severity of the infec-
tion did not appear to vary directly as the temperature of the water.

Ichthyophthirius - At the suggestion of Dr, Hart, a private pond of
Goldfish in Vancouver was investigateds A few fish were suffering from what
appearad to be Ichthyophthirius infection, amd recommendations were mede on this
basis,

Suspected Furunculosis - Samples of Cowichan Iake Kokanee were submitted
by Drs Carl in May. The exterior lesions were i1 same sases suggestive of
furunculosis lesions, although not typicals No cultures of Be salmonicida were
recovered; and I do not consider this disease to be furunculosis, An interesting
microorganism 7as however, recovered fram the lesions of these fish, and is
being kept for future reference.

In November a bacterial culture suspecteé to be B, salmonicide was sent
in by Dr. FuP. Griffiths of Oregon State Agricultural 001lego. This culture
was definitely not the organism of furunculosis, as it proved to be a highly
motile, non-pigment fomming vibrio., A report has been sent to Dr. Briffiths.
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Japanese QOysters

A peculiar situation has arisen in Ledysmith Harbour in regard to the
propegation of Japemese oysters.

"The oyster industry in h%} gé%bour is represented by two groups of growers:

1, "Outside companies” wh¥seabeds are located slsewhere and whose interest
in the herbour lies in the seed catching possibilities.

2. The original local companies whose growing beds are located in the
harbour.

The first group is naturally desirous of obtaining en eamnual "set" end of
rather large proportions, The second group desires only occasional sets, spaced,
if possible, four or five yesars apart. This is sufficient to supply the needs
for that length of time, whoreas heavy annual sots would soon make the harbour
useless as an oystor culture area because of the distortion in growth and the
general difficulty iz handling occasioned by the setting of ono generation upon
another, In some parts of Iadysmith Harbour thore are already as many as three
generations massed togethor., Consoquantly the local growers now passively oppose
a progrem of artifieial stimulation for inducing sets in view of the fact that
the 1936 catch has stocked their beds with enough oysters to last for a period
of about four years, much as the 1932 set did, for it is only now that the last
of that set is being used, Since the local growers control all but a relatively
small proportion of the beds in Iadysmith Harbour, very little stimulation was
carried oute Attempts to stimulate spewning on the small number of oysters
upon which work was permitted were made, Only one spawning of imporitancs occurred
from these efforts; that on July 7, but no results were observed in the plankton.

However, several so-called natural spamnings occurrel, the results of which
appeared in the plankton, On June 29 a numbsr of straight hinge Japanese oyster
lervoe were found. Growing larvae were obtained until July 7, when they disap-
peared from the plemkton., At this time they were nearly two-thirds grown. It
is interesting to note that the majority survived a heavy rain which occurred on
July 1 - 2. Apparently a fow of the larvae survived and spatted, for a very
light set, about 20 spat per bushel, was found on suspended sk 1l bags. The
origin of this spaming was a fow tons of small oysters high on the beach., The
beds were carefully exemined and it was estimated that slightly more than one-
third of tho oysters in the harbour had spawned.

On August 22 anothor group of straight hinge larvee appeared in the plankton.
These declined in numbers until they disappeared on Sept. 8 when soms of them
wore two~thirds grown., The source of the apawn was found to be a large group of
two-year-old oysters, a part of the 1936 set,

St

l. A difference of opinion has developed among the oyster growers in Iadysmith
Harbour as to the desirability of heavy annual settings.

2. Due to the small quantity of oysters available, very little artificial stimul-

: ation was carried out in 1938, but opportunity for artificial stimulation
may be greater in the near future because of the increased quamtity of mature
oysters aveilable,

3. Spatting from artificial stimulation was a failure but from natural was
8lightly successful, The amnumal occurrence of even very light sots is en-
couraging and natural spamings saem to have beccme more froquent in recent
years,
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Native Oystors

The native oyster (Ostrea lurida), also called the Olympia oyster, is
the only trus oyster indigenous to British Columbia. It is a small species;
seldom exceeding two inches in length., The flavor is delicate and it is used
for meny dishes in preference to the larger imported Bastern and Japanese
oysters. In the Olympia district of the State of Washington, with intensive
cultivation, 500 acres of tidal bottam have produced an annual yield of this
species valued from $ 360,000 to & 500,000, At the present time the price per
two-bushsl sack containing 3,000 to 4,000 oysters is $ 10 to 4§ 16, dopending
on quality. The place of this oyster in the shellfish market is assured and
the domand far exceeds tho supply. )

The area of natural oyster ground in B,C. is relatively small. Ths
location of the largest acreage is at Boundary Bay on the lower mainlend, Nexw
in importence is Ladysmith Harbour on Vancouver Island, The other areas are

small and scattered widely over the coast.

In Boundary Bay the production of native oysters has been maintained
at a mors or less constant level, Here a single large dyke, 8 acres in extent,
is in operation, and is used for winter storage after the oysters have matured
in the eelgrass sloughs, which are a considerable distamce from the dyke end
the shipping point. The function of dykes is to keep the oysters covered with
water in order to prevent exposure to frost.

In Ladysmith Harbour there has been a marked decline in native oyster
production during the last decafe, The oyster bottom in this bay is very hazd,
and it is only at tho lowest levels on the tidal flats that the oysters arc
protocted from frost by rosidual pools of water and oxtremely wet mud, Con-
tinucd oxploitation, high mortality in sovoral soasons due to heavy frost, and
nogloct in making suitablo proparations for spat colloction, couplod with con-
centration on the culture of the more easily grown Japamese species, have aidac
in the deoline, Iast season (1937-38) approximately 75 sacks of native oysters
were shipped from Iadysmith Harbour; this season none will be shipped. ’

The quantity of “set¥ of native oysters obtained this summer (1938) in-
dicates that the spawning stock in Iadysmith Harbour is still considerable, and
is much larger than is needed to produce a commercially valuable *“set™. The
%get" on shell bags suspended from floats averaged 40 spat per shell. Ten
spat per shell constitutes a coummercially valusble “set"., While at the present
time the spawning stock is in no danger of being further reduced by exploitation,
thero is tho over prosont possibility of it being considorably roducod by the
occurronce of hoavy frosts. This possibility can only be eliminatod by the
use of dykos.

Too much blame should not be attached to tho oystor grower for the
prosent situation because:

1, It has not been demonstrated conclusively that Pacific (0. gigas) amnd
native oysters cem be grown together successfully where dykes are used,
for there is the complication of occasional sets of Pacific oysters.

2. Dyvkes which are almost necessary for the successful culture of the native
species where it occurs alons, are costly to construct and the small
operator is generally in no position to experiment,

At Toquart in Barkley Sound emd at Sooke, near Victoria, small quan-
tities of native oysters are being produced. Most of the other small beds
have hWeen practically exhausted by clam diggers and by oyster growers for re-
stocking their own beds.

It is regrettable that the culture of this valuable specles is being
noglected. By the use of dykes much grouné could bc addeé to ths small area
of natural bottom now useful Tor oyster culture. It is hoped that after a moro
thorough survey of the possible shellfish producing areas in B,C. has becn
gomp;.o;ted, some recommendations in regard to the native oyster industry may

e made.
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On the Causes of Mortality Among Japenese Oyster Larvae in Ladysmith Harbour

In an attempt to elucidate the cemse of the frequent heavy mortality of
Japanese oyster lervas in Ladysmith Harbour, numerous attempts were made during
the sumer of 1938 to rear this species in the laboratory. Ova and sperms were
obtained from ripe oysters and the resulting larvae were subjscted to varying
conditions of temperature, oxygen, nitrates, food supply, etc. In nearly svery
case larvas attained the straight-hinged condition but with one exception none
progressed beyond this stage. Tho maximum length of life from the time of fer-
tilization varied from two to twelve days. In the finel experiment of the season
some of the larvas passed considerably boyond the straight-hinged conditian,
attaining a sizo of 110 x 1004, with appropriatec development of wabonos, ctec.
Somo of thesoe lairvae were still in a hoalthy condition when the oxporimont was
‘@iscontinucd aftor ninc days. The conditionsgfundor whieh thoy devolopod werc as
follows: The larvac wore maintained in quart scalor jars of fresh sca wator
which had boen filtorod through a # 20 silk net and was changed once or twice
daily. Tomperaturc was kopt about 27° - 28° . JAgitation of the water was offocted
by Plymouth plungors. In order to change tho water without hoavy loss of the
minute larvae, tho lattor werc concentrated with a contrifugo.

Two cansiderable bursts of spawning occurred among the oysters in the har-
bour, Iarvae resulting fram the first of these were present in the plankton dur-
ing the latter part of June. Heavy mortality occurred at the beginning of July
but a light setting of oysters became apparent in August., On August 22nd young
larvae appeared again in numbers in plankton samples. Iarvas of increasingly
larger size were obtained regularly up to September 3rd at which time they be-
cams scarce amd were completely abhsent from many hauls, None were found after
September 8th,

Among the possible ceuses of such heavy and frequent mortality, the follow-
ing factors suggest themselves: 1) salinity 2) other chemical conditions 3) lack
of suitable food 4) predators or competitors 5) temperature. Critical consider-
ation of these would indicate that low temperature is the importent limiting fac-
tors It is well known that successful reproduction of the eastern, Japaness
and other spocies of oystors does not tale place every year at the colder limits
of their distributional range. That oysters spawn at timos when the water is
too cold for complete larval cevelopmont is indicated by Galtsoff (1938) in
the case of tho sastern oyster. Japanesec investigators consider that the optimum
temperature for the deyeIOpmon}- of the Japamosc oyster up to the shelled con-
dition lies botweon 23 and 26 C. However, the complotely successful roaring
exporiment reported later by two of theso investigators was apparently conductod
at a still highor tomperaturc.

A recording thermometer kept in the channel of Iadysmith Harbour showed
that during the suymmer of 1938 the temperature at this spot only occasionally
remained above 20 C for more than a few hours at a time, The highest temperature
recorded was about 24 C. Though temperature conditions in the bay are undoubted-
ly complex and much higher valuss cen be obtaimed temporarily when the tide is
spreading over sun-heated flats, there is little doubt thet general temperature
conditions in Ladysmith Harbour are below the optimum for the development of the
species, There are thersfore atrong general grounds for regardlng temperature
as a chief factor in causing mortality.
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Clam Survey of the Bastern Coast of Vancouver Islend

A knowledge of the condition, position and extent of the beds was con-
sidered to be a prerequisite to the analysis of the clam situation and to the
preparation of a progrem of investigatiom.

Three preliminary surveys, covering the main clam proéucing areas, were
made. The first and most complste survey was carried out in the Saanich dis-
trict on the south eastern coast of Vancouver Islend. This area has been dug
commercially for at least forty years., The second district investigated is in
the Comox region in the approximate centre of tie East coast. This area has
also been producing clams for memny years., The third district is centred at
Alert Bay at tic north castorn part of the Island and has rather recently been
heavily dug.

A .
- The investigation of the Saanich area was mede in December, 1937, MNore
than twenty beaches were visited, Sample diggings were made and as much in-
formation as possible was elicited from the coammercial diggers. The following
is the swmarized result of the survey.

l. Judging from previous observations on virgin clam beds of the west
coast of Vancouver Island, and from discussions with diggers, there is no
doubt the clam beds of the Saanich arca have been exploited to such an exteant
as to cause marked deplstion.

2., Due to lack of adequate statisties it is difficult to determine to
what extent depletion has occurred.

3e. Conversations with diggers who are regularly in the business indicate
that the present catch per man is approximately one-third of what it was four
or five years ago, and that the real depletion has taken place within that tims,

4, The relative status of the three commercial species (Paphia staminea,
1little neck clam; Saxicdomus giganteus, butter clam; Schizothaerus nuttallii,
horse clam) in rega:cd to depletlon could not be determined with eny degree of
accuracy.

5. Contributing factors to the decline in production are as follows:

a, Extonsive digging and consequent reduction of the spawning
populations, especially of butter clams, for the previous sizo limit of 1.5
inchos protected only the little nock clam., The butter clam according to Frasor
and Smith (1928) doos not spawn beforc roaching a sizo of slightly loss than
two inches. The rocont rogulation limiting tho minimum size of tho buttor clam
for commorcial purposes to two and ono half inches should boe en important
measure in rgcovery and conscrvation,

b, Probability of "off" years in which successful ‘settings® did not

occur,
ce The opening up of the United States market causing an increased
drain on the beds which were already probably being dug to their maximum pro-

duetivity.

6. A new method of gathering catch statistics in order to determine pro-
Guotivity of more limited areas and to measure variation in éigging effort, is
proposed.

B

The €omox area was investigated in August, 1938. The area is quite
small and the beaches are not numsrous. Thae most important beach is Seal Island
which has been practically tle sole source of supnly for a small cannery at
Deep Bay for many yoars. ZExamination proved the clam beds of this Island to be
almost completely exhausted amd digging unprofitable., Most of the other beachos
in the area still contain a comsiderable supply of clams,
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C N
- To Alert Bay arca was investigated in July, 1938, At this time of the
year, of courss, no diggers wore operating, but as many beacios as possiblo

were visitcd and samplod. Thao wholc arca is a very large ono but the clam boachos
arc vory scattorod and confined mostly to small pockots botween the rocks. Ex-
copting tho one or two largo bods, the boachos visited were in good condition,
BExploitation of this arca was first bogua three or four years ago., Tho clems

arc vory largo ané must bo quito old for it is belioved the growth rato is slow
duo to low wator tomperaturos. For this rcason aé from tho fact that small

bods can bo morc oasily dug out than largoe onos, it scoms probable that tho clam
boaches of this arca will not steoné intonsivo dizging to tho samo oxtent as tho
southocrn bods.

D.B. Quaylo No. 58

The Sexuality and Gonad Development of the Little Neck Clam, Paphia steminea

A histological study of the gonad end its development in the little neck
clam (Paphia staminea) has been made in order to detemine with accuracy

l, The size and age at maturity

2, The spaming season

3. The time of gamete formation

4, The most suitable periocds for exploitation in regard to edibility.

These problems are of the greatest importonce in the 1life history and
economics of the clams, and the histolosical approach is the quickest end most
accurate method for their solution.

Samples of 50 to 75 clams, ramging in sizs from 1 mm. to 60 mm. Were
colleected at monthly intervals from a saall clam boach in Iadysmith Harbour.
Histological sections o the gonads werc preparcd; serial sections of the smaller
clams; a few sections in tho case of the larger specimens. Morce tham 1,000
slides woro preparedé from about 800 clams. Ths following is a summary of the
facts obtainocd from a study o those slides,

l. The primary gonad or the 1little nock clam is different from most
pelocypods in being composed of profusely dbranching tubules £illsd with thin
wallsé vacuolated follicle colls, whose function is nutritive, The gonad struc-
ture is similar to that of Mya arcnaria, a species of clam investigated by Coo
and Tumer in 1937,

8, Growth of the primary gonad, which starts from two primordia, one on
each side of the body, is by extension and growth of the germinal epithelium.
The growth is forwaprd ané ventral into the tissues surrounding the stomach and
intestine,

3« The gonia are not differentiated on tie germinal epithelium until
the alveoli of the goned are Tully Tormed. This tekes place when the emimals
.reach a siz& of between 1.5 amd 5.0 cm. in length, The indifferent gonia develop
imediately into male or femele cells, depending on the sex of the clem, Spawn-
ing may take place shortly after, but is dependent on the time of year. The
species is generally unisexual} it is not protandric and there is evidently no
changs of sex,

4, The development of the gametes causes disintogration of tho follicle
cells until thoy arc complotoly replacod by sox colls. Tho follicls colls aro
roformsd aftor spawning.,
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5., The spawning season is a long one, lasting from early spring to
early fall.

6. After spawning, in the femals there is slight growth of the gonia,
but active ovogenesis does not begin till December an¢ Januery. Females with
ripe ova ave found in Februery. In the male there is very little spermatogenic
activity till January and February, although same indication of spermatogenesis
may be found in some individuals in each month of the year. Peak activity is
reached in Febiuary and March, Ilorphologically mature sperms can be found
throughout the yeax.

A similar study should be instituted for the other commercial species, -
and continued on tie little neck clam, Tho work, however, entails a great deal
of routine technical work, requiring mueh time, It is rocommended that some

provision be made in order that these and other fundamental histological pro-
blems might bo solved as soon as possible,

D.B. Quayle No. 59

The Recognition of Bivalve Larvao

Work on the recognition of bivalve larvae was continued when opportunity
presented itself, The importance of this investigation lies in the fact that
the larval period is the most delicate stage in the life history of pelecypods.
It also is one mothod of determining spawning seasons and to what degree spawn-
ing has been successful. The quentity of larvae present in any year provides a
basis for the estimation of mortality at different stages in the development of
that year class.

Young clams with minute amounts of dissoconch growth were collected from
shells amé fran cardboards dipped in pitch. Prodissoconch shapos were figured
and moasurod. Attempts were then made to correlate thesc, after they had beon
spocifically idontifiocd, with larvac taken from the plankton. Some success was
obtained with what might be termed the more Yoxotic’ forms, those spocies with
very outstanding distinguishing foatures, such as tho byssal notch of Pododosmus
end tho oxtromely large size of Kellia.

Tho following bivalve larvas can now be rocognized: Ostroa lurida; Ostroa
glgas; Mytilus odulis; Mya arenaria; Paphia philippinarum; Paphia steminea; Podo-
desmus macroschisma; Kellia laporousi; Bankia setacef; Saxidomus gigantous; An
unidentifiod species of the Cyelocardia group.

Tho last six nemed species hawve not been previously figured. ,

It is now realized that if much further work is to be done in this field,
it must be done by cultural methods. It is strongly recommended that opportunity
be given someone to carry on the work on the culture of larvae begun by Professor
Neave during tie summer of 1938,
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Hydrographical Investigatians.

The dynamical surveys in the fishing waters in the Swiftsure Banks
area off the entrance to Juan de Fuca strait have been continued. To date
the following records have been obtained:

. 1936 1937 1938

Winter b x x
Spring - x x
Early Summer ‘x X
Late Summer x p ] 2
Autumn X x

There are complete data for the dynamical current charts, cross sec-
tioms, and isentropic charts, in the area sufficient to determine the differ-
ences between the seasons and the anmial cycles of change. The series have
been sufficiently repeated to determine the nature of the annual differences
between the corresponding seasons.

In addition ¥o these dynamic data the state of the sea has been ob-
served daily at a number of lightstations along the coast as has been pre-
viously described (Progress Reports 1936-37).

By means of the data from the seasonal dynamical surveys it is pos-
sible to interpret the state of the sea at the time of the survey and relate
this to the daily observations in that period. Then on the basis of these

. specific interpretations the nature of the sea between the dynamic surveys can
be interpolated.

: That is, instead of making direct linear interpolations between the
surveys, the spetific intensity and duration of the observed states and the
date and rate of changc from onc to the other ean be detormincd.

The first and second phascs of the investigation, namely
(a) The detcrmination of the problem and the method of investigation
(b) Collection of suitable data to determinc qualitativoly the relatiens ocon-

cerncd in this one small aroca.
arc practically complote, and thoe third and fourth phascs,
(c) Correlation of the data.
(@) Formuation of the state of the sea, and deduction of the laws of change.
are proceeding actively.

_ The mechanics of the treatment of this mass of data does not concern
this report and it is sufficient to say that the extensive calculations are
nearly completed and the current plans and the cross sections are under con-
struetion.

Several primary conclusions have been reached and proven.

l. Type seasons,

(ai Winter has been determined as a scason when the coast waters are prac-
tically homogeneous both wertically and laterally, except wery closec to the
shore where the land drainage wators aceumulate under the influencc of the
continuous southorly winds. The whole surface wator movomont is in gonecral
northwards at this scason and vory strong immediately adjacont to the coast.

(b) In the spring a vortical density gradient dovelops but no approciablo
lateral gradient excopt vory near the shore whore land drainagc wators causo
a lowering of thc density. Tho northwestward coast current persists although

the northward flow practically disappoars in the offshore waters.
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(c) The summer is divided into two seasons, the early and late summer.

The Barly Summer occurs during the freshet season when the winterts
accumulation of snow is draining from the mountains., This lowers the chlor-
inity along the shore amd as an effect the northwestward coast current attains
a maximum, At the sames time the northwesterly winds set in so that the offshore
southward current is well developed, Both these currents are present at a maxi-
mum in this scason,

In Late Summor the accumulated drainage is cleared and the northwester-
ly winds dovelop am offshorc drift so that tho donsity of tho wator along tho
coast is approciably highor than that to scaward. In this season practically
all tho water movoment is to tho southward.

(d) Autumn is a soason of transition to winter and may be comsidored as
tho rovorsc of spring. Tho latoral and vortical donsity gradionts are boing
brokon domn and tho state of tho coast wators approachos homogoncity.

The varying natwoe of tho coast curront systom as & function of tho
winé and tho inflwnco of land drainage has boen dotominod qualitatively. The
intogration of thoso factors undor the various seasonal conditions dotorminos
tho rosultant structuro of tho sca and the curronts in tho coast zone,

2. Variations of Type Seasons

The study of the data has shown that not only the intensity but the
duration of ti® type seasons vary., That is the distribution of the properties
of the coast waters may be classified into winter, spring, early and late sum-
mor, and autumn types, but the water in one summer may be warmer or more dense
than in another, and those conditions may last for a longor or a shorter time.

Such differonces may only bo detcrmined from a study of the econtinuous daily
obsorvations which in conjunction with the seasonal dynamic surveys define tho
statc of the sca in the area.

3. Corroclation with Atmosphoric Veather

Tho correlation of the atmospheric weather with tho naturc of the
coast ocean waters has boon qualitatively dotormined. That is the date cancern~
ing tho offoct of tho winé procipitation, ané tomporature, on tho coast wators
aro boing continuously rocorded and tho furthor dovolopment of the gquantitativo
rolations is boing studiocd.

‘ Tho large number of rclations that aro nccossary in tho dovelopmont
of thoso data aro nocossarily todkous and oxist to tho third and in somo casos
to tho fourth dogree, so that it is nocossary to dovelop the wholo rosoarch as
a unit rathor than onc phoso at a time, As a rosult comsidorablo timo is ro-
quirod bofaro conclusions can bo prosontod.

4o Dynomic Naturc of Coast Circulation

Numorous obsorvations have boon made of cyclonic rotation in tho soa
off tho wost coast of Vaneouvor island; with upwelling in the contor of tho vor-
tox end water being thrown off around tho edge. At first glance this appsars to
be opposite to the deductions of tho hydrodynemical theories. However it is a
natural consequence of ths presence of the shoreline along the right hand side
of the current. The presence of & northward shore cwurrent end southwsrd off-
shore curront at the same timo has boon diroctly related to this phenomenon,

That is from oach sound and inlot along tho eoast thore is a seaward
flow which turns to tho right northwostwards along the coast, Roaction against
the shore causces this to turn soaward., ' The presence of the current causes up-
wolling on the seaward side which in turn forms & center around which the cur-
rent rotates, The sum of a series of these vortices along the coast constitutes
a northward current along the shore and a southward flow to seaward.
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Hydrograophie Investigotions in Dixon Entranece

A complote hydrodynamical survey was made in Dixon Entrapncc in May
and June, and developed by the methods found to be most advantageous off.the
West Coast of Vancouver island. For this work Nolson Bros. provided a boat,
the "Amlac®.

A currcnt chart and cross.sections arc being prepared which will define
the nature of the clrculatlon in that area and on which future surveys may de
dascd.

Unfortungtely thoerc are no daily observations of the sea being made in
this area, and it is impossiblec to dctermine the duration or rate of variation
of tho observod conditions. As a consoquence therc is not much value in extond-
ing theso investigations to determino the laws governing the physieal charac-
toristies of the area until arrangemonts have been made to ensure the contin-
uous daily obsexvations of the sea water at well-loecated Iighthouses or other
observation points,.

J.P. Tully No. 62

Georgia Strait

In continuation of the studies of Hutchinson, Lucas and others, the
quantitative nature of the Georgia strait drainage is being studied from the
combined data taken by workers from this station and the University of Washing-
ton Station at Friday Harbour. It has been determined that these waters are
roleased continuously to the sea, but in the summer when the density gradient
is at a maximum the forces resisting the vertical mixing forces are great enough
to preserve a distinet surface zone in the strait proper, but not in the south-
ern or northern passages where the current velocities are high. In autumn,
winter and spring, the circulation forces are great enough to overcome the sta-
bility of the stratifiecation in all parts of the system.

JoPe Tully ) No. 63

The Naturc of Flow in the Passages from Juan de Fuca Strait.

The drainage from Georgia strait does not reach the sea as water of
lowe: salinity than that already in the coast zone. The rate of tidal flow
in Juan de Fuca and Discovery passages is so great that a rotary force is devel-
oped which is sufficient to mix the dense deep water with the light surface
water, so that the resultant surface waters in these passages are more dense
than in the surface of the sea immediately to seaward of these siraits.

That is when approaching the entrance to the northern or southern
passages to Juan de Fuca strait the density of the water in the surface 150
metres increases as the straits are approached to a point well within the pas-
sages, and from there on decreases toward the Frasor river.

This should have significance in the study of fisheries.

A point of industrial intercst ariscs from the excoptionally high den-
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sity of the surface waters in the southern and northern passages 0 the sea.
The sea water in these contains a higher concentration of dissolved salts than
most coast waters and could be advantageously employed for the recovery of such
chemicals as iodine, bromine, etc.

J7.P. Tully , No. 64

Experiments in Chlorinity Determinaticms

In order to eliminate some of the fatigue of the chlorinity determina-
tions, investigations have been made of several altornatlve methods for detor-
mining tho donsity of sca wator.

(a) The dotormination of donsity vy the apparent loss in weight of a sinker
susponded in a samplc of sca water was found to bo loss sensitive than was -
required by thc dotorminatian.

(b) A vory scnsitivo mothod has been tricd which doponds on tho electrical
capacity of a standard samplc of sca wator. The sample is placed within a coil
in ono arm of a whoatstonc bridge and a curyent of high frequency is allowod to
pass through both arms of thc bridge. The other arms arc tuncd to the same
froqueney as the onc econtaining the sca wator sample and tho doensity determined
by the amount of tuning ncecsscry to attain matehod frcequeney in both arms of
the bridge.

This method has tho advantago of having no actlon on the soa water and
appoars to bo independent of small fluctuations in tomporature.

(c)] 'An’ automatic mechanical titrometric method is being considered in which
the reflected light from the titration vessel is made to actuate a sensitive
photoelectric cell which controls the delivery of the buretde. At the end point
the colour changes from a palc ycllow to dark red. This method'ls directly com-
parable to the present and standard method, and is independent of debris, plank-
ton, and the normal tempcerature fluctuation. 4

J.P. Tully No. 65

Distribution Rule

A very valuable rule has been determined from observation. The con-
centration of a retained property (such as chlorinity) which is present in only
one of two mixing waters varies as the logarithm of thc depth and tho distance
down stream in any simplc ourront systam. This has beoon proven theoretically
and in the field.

Hence if the nature of the circulatien system in any aroa is estab-
lished, thon the chlorinity at any point in tho continuous curront systom may
be projocted from a fow surfacc obscorvations within tho limits of accuracy of
the current detexminations.




‘Salmon Catoh Recerds and Water Temperaturc

o During the salmon trolling scason off the west coast of Vancouver
island about fifteon reversing thermomoters were supplied to fishocrmen on
the agreemcnt that they would meke frequent obsorvations of the temperature
at th surfacc and depth of .fishing, and return reports of these and the
statistics of their eatches. , :
It is proposed to group thesc data with regard to eatch, tidal
phase, temporature, end weather conditions to determine whether shere are
any dircet rolations botween these physical factors and the catch,
This 'procedure is nocessary since there are no detailed catch re -
cords for salmon such as.are available for the pilchard and herring fisheries.
© It is impossible to review those records yet, as there are not enough
of them on hand. It is believed that about four years will be required to
properly judge the value of this pregram.
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Zooplankton from the West Coast of Vancouver Island

The zooplankton collected by Mr, E.G. Hart in 1934 during the oceano-
graphic investigations off the west coast of Vancouver Island has been
examined, The collection comprises some 200 semples, taken with a marquisette
closing net 10" in diameter at 30 localities from May to August inclusive.
With two exceptions, all the stations sampled were less tham 200 metres in
" depth and all were in the area between longitude 49°52' and 48936 N. and
latvitude 127°20.5% and 124°55¢ W, As the number of organisms in each sample
was small, the total number was counted and calculadions made as to the number
per cubic metre of water at the .various depths., Unfortunately the results are
of little value for comparative quantitative analysis as the numbers involved
were small, the area covered large and the interval of time considerable. So
far it has been impossible to establish correlations with the physico-—chemical
factors, '

The study of this collection, however, is of value in that it suggests
certain areas of concentration of the macro-plankton both verticelly and
horizontally., For example, the copepod, Calanus, occurred in 27 localities
in the largest numbers about 100 metres from the surface, apparently being
replaced at greater depths by other species such as Ruchaeta and Metridia,
‘There would appear to be an abundance of organisms at points of upwelling of
the water, caused by the meeting of opposing currents, The semples are also
of considerable interest taxonomically as a number of the species have not
been previously recorded from this region. To judge from the results of this
collection, it would seem essential to have a special expedition, with &
specially organized program and other collecting methods i1f a satisfactory
knowledge of the quantitative distribution of zooplankton is to be obtzined
in this aresa.

Josephine F.L. Hart No. 68

Western Canadian Arctic Fauna

Sergeant H.A. Larsen, Master of the R.G.M.P. Schooner "St. Roch"
took a number of bottom dredgings in Western Canadian Arctic waters in the
surmers of 1936 and 1937. These were deposited at the Pacific Biological
Station for examination. The organisms found have been sorted into the ma jor
groups and submitted to various investigators.

The collection is particularly rich in species of Crustacea, six
samples containing over 50, There is a decided rredominance of Ruropean
forms, and as this part of the Arctic reglon has been practically untouched
zoologically, considerable extension of range has therefore resulted, The
work is not yet completed on the Amphipoda, Isopode and Mysids but 2 report
has been prepared on the Cumacea and Decapoda,

Sixteen species of Cumaces were obtained from five loecalities south-
wost of Victorip island, Although the Cancdian Arctic Expedition investignted
rert of the scme arec only three species were obtained, These occur in the
present collection and the other species seem to be new records. On the
whole the species gre North Atlantic or Arctic forms rather then Alesken,

The deccyod collection comprises seven species of shrimps. Six of
these were obtained by the Concdinn Arctic Expedition from much the seme area
and the seventh, Argis dentata has been taken in the Bering sea, off Baffin

‘land and in Hudson's bay,
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Bydroids of the Western Canadian Aretic Region, 1935~}7;

The hydrolds here reported upon were obtained by Sergeant ‘HeA, Iarsen
of the Royal Canadian Mounted Police vessel the St. Rosh in July and August, 1936
and 1937. During the time the vessel was stuek in the ice, Sergeant Iarsen made
use of the delay by making @ dredge whieh was then lowered to the bottom and
pulled along by the drift of the ice. The matsrial was preserved and later
deposited with the Pacific Biological Station where it was gorted out by Dr.
Josephine F.L. Hart,

I wish to express thanks to Dr. W.A. Clemens and the ‘Fisheries Research
Board of Canada for the opportunity of examing the hydroids; to Sergeant larsen
for collecting and preserving the material, ta Dr, Hart for the sorting, and to
Miss Ursula Dale for the drawings used in the illustration.

‘Although this maeterial was not very extensive, it proved to be as
interesting as any yet obtained from the canadiap Arctic. O0f the five species
in the collection, two appear to be new and ane aof these-belonga 40 8 genus
quite different to anything previously described,

. In Dease strait, 68°58' W,, 106°201 We, in 40 fathoms, the four species,
Calycella syringa (Linnaeus), Thuiaria similis (Clark), Thuiaria tenera (Sars)
and a new speciea of Bonneviella (ﬁ. §§acilis) wers obtained, and off cape Bexley,
Dolphin and Union strait 59t N., 115°40' W., in 9 fathoms, the new genus with
the new species (Mbganima claviformis). '

C.T. end E. Berkeley | A No. 70

Polychaeta of the Pacific Coast of N,A.

The year has been devoted to further work on the collegiion of
Polychaeta from the coast of California, which was referred to in the laet Sumary
Report, and to another, from the coast of Mexico, which was submitted %o us for
examination. Both collections have afforded intereating forms and they have made
possible a study of the variation of several species already known from more
northerly waters. Thirty-four species were identified of which five were new to
science and seven were new records for the west coast of North America, Of the
remaining twenty-two species five (Eunice biannulate Moore, Diopatra .ornata Moore,
Tdanthyrsus johnstoni (McIntosh), Thelepus setosus (Quatrefages), Terebellides
stroemi Sars). have been taken off the Brifish Columbia coast. The rest are
known either from the coast of Califernia or from the Panama region.

Work on the Californian oollection is still in progress., That on the

material from Mexico has been completed and the results incorporated in & paper
which has recently been submitted for publication. The paper included descrip-

tions of five new species and seven new records for the west coast of North
America, .
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Studies of the Economic¢ Relations of Waterfowl

An investigation of the food habits of Golden-eye ducks, Clangula
americana americana, (langula islandica, was the prineipal aotivity in 1957 end
1538, Field studies were carried on in the Okanagen and Cariboo districts and
the materiale from the digestive tracts of forty specimens, taken in various
rarts of British Columbia, were studied in collaboration with Dr, W.A, Clemens.

In the oase of both species collected during the winter months the -
principal food items are: salmon eggs, caddis and mollusea, The food of .
Olangula islendiea in the interior during summer eomprised chiefly amphipods,
EEEE%%'EEE"S?EEErEhpatic insects, :

In eonnection with food studies of other waterfowl a total of 106
stomachs, representing thirty-three species, was examined,

The principal food items of the more important species are summarized
as follows:

Horned Grebe - crabs and crustaceans.

Double-erested Cormorant - bdlennies, herring., - -

Pelagic Cormorant -~ shrimps, gobies, blennies, rockfish, perch,

Mallard - seeds of Potamogetons and Seirpug. ' o

Green-winged Teal ~ Chare oospores, enails, seeds of Potamogetons.

Redhead - Chara, Bryozoan statoblagts, seeds of Potamogetons,
Carex and Scirpus. o

Lesser Scaup ~ Amphipods, Carex seeds, aguatic insects.

Buffle-head ~ Amphipods, dragon-fly nymphs, chironomid larvae, seeds

S of Potamogeions, o
American Merganser - Sculpins, aticklebacks, squawfish, salmonoids.

We. A. Clemens _ No. 72

The Eelgrass Situation

~In the March issue of the Canadian Research Journal, Mr. Edward

Iorraine Young IIT reports the occurrence of Iabyrinthula macrocystis on eelgrass
sent to him from Departure Bay. Since this organism has been considered as the
or one of the agents responsible for the disappearance of eelgrass along the
Atlantic coast, considerable apprehension has been felt concerning the fate of
the selgrass on the Pacific coast, Through the kindness of Major Motherwsell,
the fishery officers along the British Columbia coast were asked to report on
the condition of the eelgrass in their respective areas. No report to date.
indicates any noticeable deeline, . -

Mr. Clarence Cottam of the United States Bureau of Biological Survey
reports that inspections along the California’ Washington and Alaske coasts

indicate that the growth of eelgrass has been'perfectly nomal during the 1938
season. :
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A Study of17ariation in the Rocky Mbuntainkwq3tefiah. Prosoplum

The genus Prosopium is an extremely variable group, Considerdble
confusion exists as to the status of the various species which have been described.
It is believed that the group is of comparatively recent origin and that, there-
fore, the factors contributing to the differentiation of species have had little
time to work their effect, ‘ ' : '

As a preliminary to a complete revision of the genus, a detailed study
has been made of the racial cheracters of Prosopium williamsoni from as many
localities as possible throughout its range. The material was obtained from
various sources, inecluding collections dﬁgplied.by‘br. D. S. Rawson and a con-
siderable amount loaned by Dr. Leonard B Schultz of the U.S. National Museum,
An additional series of specimens has been obtdined recently from Dr. Carl L.
Hubbs of the University of Michigan and 'will be dxamined as time permits.

The fish examined show a reldtiveély widé renge of variation in most of
the thirty-odd. oharacters.subjectéd to médaireindfit: It was fpund possible o
correlate most of these variations quite definit8ly with the typé of habitat,
and in this way feur main races were found to exist, each characterized by a
special type of enviromment vhich apparently shoved its effect on growth rate
and body proportions. The first group is composed entirely of lake-dmwelling
fish, and includes the samples from Waterton and Maskinonge lakes in Waterton
lakes National Park, Alberta, lake Minnewanka and Third lake. in Banff National’
Park, Alberta, and Bowman, Logging and McDonald lakes in Glacier National Park,
Montana. These populations are all similar to the typiocal williamsoni in body
proportions. The second group includes the Cultus lake fish and the seamples from
the Tolt and Nooksack rivers in the state of Washington. These probably spend
a good proportion of their life in the astreams, and are characterized by a rapid
growth in the first few years of life, amall head, long bases on dorsal and anal
fins, fairly short psectarals, and a large adipose. The pectoral fin rays and the
lateral line scales ars probably more numercus than in any other group. Group
three is distinctive in possessing a slow growth rate and thersfore a small size
at maturity. In it are placed the fish from Bow lake and lake Louise in Banff
Nationel Park. These are cold, heavily silted glacial lakes. The fish are small,
with relatively large heads and short snouts. The ssmple from the.Elk river in
southeastern British Columbia falls in the fourth grmoup charasterized by a slow
growth in the first year and consisting of fish with long heads and snouts, high
dorsal and anal fins, and small adiposei . , ’

Tt is hoped that the work will no% cease here, and that some day a
camplete revision of the whole group will be possible, At present this is out
of the question, for it is probable that a greéat amount of widespread and rather

difficult field work must be carried out to bridge the wide gaps in present
collections, '
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Course of Instruction for Tishermen - Port Alberni - December, 1938,

In Angust, 1938, the Kyuquot Trollers' Co-operative Association through
its secretary, requested that a series of lectures somewihat similar to those
given in 19357, be presented immeiiately prior to the annual meeting ol the or-
ganization in December. Accordingly the following presentations were made on
December 7,8 ané 9, at Norway Hall, in Port Albeini, B.C. :

Dece 7 - AsMs - Dr. A.L. Pritchard - Introduction.
P.M, ~ Mr. 0.C. Young Preservation of Fresh Fish, .
AM. - i, 0.C., Young Refrigeration. . :
P.Ms - Dr, L.I. Pugsley Vitamins in Fish Oils.
Dec., 9 ~ A.lis - Drs J.L. Hart Pilchard and Herring - lilgration
and Tagging.
Dr. A,I. Pritchard - Columbia River Power Developmsnts
and their Relation to-the Fisher~
ies., A
Status of Predator Control in Re-~
lation to Sockeye Production.

[

Dec, 8

On December 7 the attendance averaged only four, on December 8, seven
and on December 9, thirteen. Unfortunately circumstances beyond the control .
of the association militated against the members appearing. High winds and
gales made it practically impossible for the boats to reach Alberni., On the
other hand, more listeners would have been present if more general advertise-
nent had been mads. Such a procedure is urgently recommended in future under-
takings of this sort in order that the e:penditure may be better justified.
Those who Cid attend the lectures showed keenest interest in all problems and
it is felt that meany problems were discussed to advantage.

The writer is deeply indebted to all speakers who contributed.







