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INTRODUCTION

Statistics of the total catch of Columbia River chinook
salmon are obviously essential to proper evaluation of the
economic worth of the resource and to intelligent regulation
of the fishery. 1In order +c obtain such total catch statistics
it is necessary to add to the river catch an estimate of the
high seas troll catch, and this need has given rise during
the past few years to several different estimates. The wide
divergence of these, and the comnsidersble circulation given
some of them indicate a need for assembling the availabls date
on the subject and obtaining ths best estimate which it is
possible to meke from them. This should give a figure which
will be as good as can be had short of gathering new direct
evidence such as might be obtained from tagging experiments.,
Incaddition, it is felt desirable to have estimates referable
to swecifiic fishing semsons; those made previously are not
clearly defined chronologically, although it is inferred thet
they aiply to fishing conditions during recent years.
Sufficiently detailed data upon which to bass approximations
are not available for semsons prior to 18926, so that the
enalysis to follow will cover the 20 years 1926 through 18435,
. It is proposed to review critically each step of the anelysis
es it is developed, paying particular attention to sources of
possible error.



BRITISH COLUMBIA AND ALASKA ESTIMATES

Tegging Experiments

The troll fishery of British Columbim hes availeble the
largest body of direot evidence on proportion of Columbia
River chinooks of eny fishing region along the Pacific Coast,
consisting of the results of several tagging experiments made
during the years 1925~-30 by the Biological Board of Canada
(Williamson, 1927, 1929; williamson and Clemens, 1932; Clemens,
1932; Pritchard, 1934). In addition, one experiment wes
carried out off the west oomst cf Barancf Islend in Alaska by
the Tmited States Pureau of Fisheries (1928). In Table I,
which summarizes the results of all experiments, attention is
directed to the column "Locel or Indefinite" under "Number of
Recoveries." This includes tags recovered in waters adjecent
to the tegging locality and those for which the leoeelity of
recovery is uncertain. Because there is no way of knowing the
origin of these fish, they were deducted from the total before
ealculating the percentage of Columbia River fish.

Befcre procesding further with the appliecation cf the
tagging results to the determination of the percentage of
Columbia River fish in the British Columbia and Alaska troll
satches, it is well to recognize that their suitability for
this purpose is entirely dependent upon the fishing intensiry
and recovery effert in the various rsgions. Fecr instance, we
assume e steck cf 1500 tagged salmon, oomposed of 1000 British
Columbia and 500 Columbim River fish. Disregarding other mor-
tality, and assuming 100 percent recovery of tegged fish caught,
a fishing intensity of 25 percent in British Zeolunbia and 50
percent in the fColumbia River would result in 250 recoveries cf
tags in each region, and evidencs from recoveries alone would
peint to 50 percent Columbia River fish ins%tead of the true
33-1/% percent. When sfficiency in recovering the ceught fish,
es well as fishing intensity itself, wvaries, the situation is
further ccmplicated., FHowever, beyond recegnizing this source
of possible error, t ere is little t'at can be done with the
available data in regard to verilability arising from these
causes. Without knowledge uf fishing intensity in British
Columbia River waters, we cen cnly say that both fisheries
were well developed by 1925, and perhaps had becoms stabilized
et somewhat similar levels of intensity. Mo statements were
noted in the roeferences cited abeve regarding the relative
amount of effort directed toward recovering tags in the various
regions. Since gll but one of the experiments were carried on



in Canada by Canadians, it might be supposed that a little
more effort towerd the recovery of tags wes put forth in
British Columbia than in the TUnited States.

Heving recognized the possibility of errovr due to differ-
ences in fishing intensity or recovery effort we are compelled
because of the lack of data to accept the tagging results at
their face value, considering that the proportion of tagged
fish recovered in the Colurbia River represents the proportion
in the troll catch. We turn to the consideraticn of another
source of error--the application of the tagging results to
years other than those during which the experimsnts were per-
formed. It is necessary here to realize that the percentage
of Columbia River fish on the British Tolumbia'frolling
grounds ‘depends upon the ebundance of other fish as well as
those from the Columbia. If other fish increase in numbers
the percentege of Columbia River fish will decrease, even
though their absolute number remains the same. unly if the
two stocks bear a conmstant relation to each other will the
percentage of Columbia River fish on the trolling grounds be
consteant. We may perhaps gein some idea of the relative
abundance of Columbia River and British Columbie~-Alsska stocks
by examinaticn of case pecks, which are practically all derived
from "inside" fish. In Table 2 and Figure I are given the case
packs for the Columbis River, and for Aleska and British Co-
lumbie, ccvering the period 1926-45. It will be noted that
during this period the packs of both regions has a similar
downward trend; amlthcough the correspondence is rough, and the
percentage decrease is somewhat greater for the more northern
region, the comparison at leest gives some indication of an
approximately constant ratio between the two stocks of chinock
salmon. To this extent, then, percentages of Columbia tiver
fish in the British Columbia and Alaska trolling greounds as
determined for the veriod 1525-30 may be justifiebly arplied
over the longer period 1926-45,

In Teble I the various tagging experiments are listed
roughly from South to North, with the exception of the first
three, which were located inside Vancouvsr Island. Eliminating
these three experiments bocause of their enclosed lecation, =
general tendency is apparent for the percentege of Columbis
River fish to decrease as one proceeds northwerd. This is
brought out more clearly if the experiments are summed by larger
areas ond compared with their north latitude, which is done in
Table 3 and Figure 2. Becausc of the large dispersion of the
percentages ond the great variation in numbers of recoveries

3%



TABIE I. Results of chinook salmon tagging experimsnts by thé Biologioal Board of Canada and the
United States Bureau of Fisheries., Deta are from Williamson (1927, 1929), Williamson and
Clemens (1932), Clemsns (1932), Pritohard (193l4), United States Bureau of Fisheries (1928).
AATHS
Year Tagging Looality Nurber Number of Recoveries
tagged tagged | Total Yooal or y.u ! Columbla | % Columbie
Indefinite Other River River
1928 Nanaimo Area 267 20 1 19 1 Be3
1927 Deep Bay 168 16 1 15 0 A
1928 Queen Charlotte Strait 117 16 1l = 0 o0
1925 Barkley Sound 1,125 123 12 111 74 66.7
1926 Barkley Sound 1,353 183 13 170 109 64,1
1927 Eyuquot Sound 517 80 6 7h L8 6149
1927 Quatsino Sound sl 8 1 7 L 571
1930 N.E. Coast Vancouver Island 1,36 28 3 25 L 16,0
1930 Milbank and Fitzhugh Sounds 302 16 2 U, 2 1he3
1930 Heoate Strait 182 15 o 15 6 L040
1925 W.Coast Queen Charlotte Isl. 7L H 3 3, 10 29.L
1929 W.Coast Queen Charlotte Isl,. 375 2 39 7 179
1930 W.Coast Queen Charlotte Isl. 179 =1 0 2L 10 1.7
1929 NeCoast Queen Charlotte Isl. L5 63 3 60 15 2540
19%0 NeCoast Quesn Charlotte Isl. 662 97 7 90 27 30,0
1926~27 | W.Coast Baranof Island 1,80 1'/ 38 ( _2/ ) 38 P 579

1/ 180 in 1927 plus an unknown mmber in 1926.

2/ Yo information,




TABIE 2, Paok of chinook salmon, thousands of cases, for ocertain Pacific

Coast regions (data are from PFacific Fisherman Yearbook, 196).

Year Columbie S.Ee Alaska
River and
British Columbie
1926 295 - 80
ig'er 339 gg
1929 gﬁ; 26
1930 281 50
1931 295 L2
1932 217 100
192& 251 28
19 251 Lé
1935 206 33
1936 220 2
1937 291 7
1938 17l 32
B & -
i 20
g1 329 5e
19,2 275 27
19 130 13
19 163 21
1915 132 16



. THOUSANDS OF CASES

400 T T T M
300
200
100

0 L i Y " 4 " 4 & s i A

1925 1930 1935 1940 1945

YEAR
Figure 1s Pack of chinook salmon, regions compared.

(Data from Pacific Fisherman Yearbook, 1948)



TABIE 3. Summary of chinook salmon tagging experimants. British Columbia and Alaska, by larger regions

according to latitude.

Region North Number Number of Recoveries
Iate Tegged Tocal ATT Columbia| % Columbia
Total or Other | River River
Inde finite

Barkley Sound 48° 551 | 2,478 206 25 281 183 65
Eyuquot 50° 00* 517 80 6 7h 48 &
Quatsino Sd.and N.E. Coast Vanc. Isl. | 50°% Lo? Ligo 36 L 32 8 25
Milbank and Fitzhugh Sounds 52° 00! 3@ 16 2 | 2 111
Hocate Str. and We Coast Q.Charl.Isl. | 53° 507 | 1,010 117 5 112 33 29
North Coast Queen Charlotte Isl. SUoi15 % |H15107 160 10 150 L2 28
Wast Coast Barnmaof Island 57 00! L80 38 - 38 22 57
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Figure 2. Tageging experiments in British Columbia

and Alaska, regression of percentage of Columbia River
recoveries on north latitude. Regression line was
fitted by least squares, weighted according to number
of recoveries (indicated on pgreph by fipures ir paren-
theses).
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the data were graduated by fitting to them a regression line
weighted according to numbers of recoveries (Figure 2). The
regression equation was R==65.9 -~ .413L, where R is the per-
centage of Columbia River recoveries and L is the north
latitude less 48 degrees, expressed in minutes and divided by
five. Correlation of percentage with latitude proved signifi-
cant, with a P value of approximately .03 (entering the corre-
lation coefficient of - .73l in Table V.A. of Fisher, 1941),

Tstimation of Total end Columbia River Troll Catch

In Southeastern Aleska there are six mejor landing points
for troll-caught salmon: Xetchiken, Sitka, Pelican City,
Hrangell, Petersburg and Juneau. Of these the last three are
in enclosed waters, and may be considered separatelv in this
connection. Tn Teble I it was shown that the tagging experi-
ments inside Vancouver Islend yielded onlwv one Columbia River
recovery from an experiment carried on at the south end of the
island. This would indicats tha%, in the far north at least,
practically no Columbia River fish migrate into enclosed waters.
For this reason the catch landed at #wrongell, Petsrsburg, Juneau
end adjacent points was excluded in estimating the Southeastern
Aleska troll catch of chinook salmon. This left threes ports
accessible to the open ocean, which with some adjecent points,
consittute the Fetchilian, Zitka and Pelican City areas referred
to herein. The north "latitudes of theses three areas are 55°
20', 57° 00' and 58°% 00' respectively, and use of the repression
equetion given above yields Columbia River vercentages of 30,

21 and 16.

Before aprlving the percentapges it 'is necessary to have
the annusl troll catch in pou-ds for each of the areas referred
to., Wo direct date of the type are available prior to 1947,
but the total troll ocatch in Southeastern Alaske mey be estimated
from the mild cured, fresh, and frozen poundages, since
these three outlets sccount for prectically all Alaska troll
caught chinook selmon. The necessary data up to 1942 were
secured from the annual reports on "Alaske FPishery and Fur Seal
Trdustries™ issued by the 'mited Stetes Bureau of Fisheries and
Fish end Wildlife Service. The poundages given were converted
to pounds of round fish bv azplication cof the factors 1100 to
tieres mild cured (7Trair and Wacker, 1940, p. 196) and 1.17 to
pounds fresh and frozen., This latter factor of 1.17 was applied



TABIE L.

fish, thousands of pounds.

Troll catch of chinook salmon in Southeastern Alaska, and estimated catch of Columbia River

Prorated catclLa./

Catoh of Columbia River Fishé/

Year | Total

'catth/ [ Ketohikan| Sitka Pellican Ketohlkan 5itka Pelican City Total

Area Area City Area Area Area
Area -

1926 | 8,881 5,062 2,575 = 1,519 5l - 2,060
1927 | 11,735 5,163 14,929 117 1,549 1,035 19 2,603
1928 | 7,019 3,860 1,47, 70 1,158 310 1 1,479
1929 | 7,976 3,270 1,675 160 981 352 26 1,359
1930 | 9,897 s157 2,672 100 1,247 561 16 1,824
1931 | 8,009 3,4l 2,162 1260 1,033 Lish 26 1,513
1932 | 9,025 2,798 2,708 90 839 569 LI 1,422
193 7,028 2,179 2,600 70 65l ) 11 1,211
19 5,460 1,911 2,293 5 573 L82 9 1,04,
1935 | 10,356 L,971 3,935 1 1,9 826 17 2,33
1936 | 10,623 5,843 »293 __ 1,753 é92 — 2,415
1937 12,785 5,881 :5’-&7 et 1, 7&]. 913 == 2,677
1938 11 ,’.[.01 3:6,4-8 5s 586 - 130911- 1,173 = 2, 267
19 113613 ’-|-3065 !-I-n 877 b 1,220 130214 — 232'4,4-
19,0 7:'—!—52 2)161 5:'-(-’40 el a—l-a 111]42 T 1,790
19,1 | 13,261 2,125 8,101 -- &,0 1,701 -- 2,341
1942 | 10,835 1,409 5,959 108 L23 1,251 17 1,691
19,3 3,285 891 1,126 - 267 236 — 503
9L | 2,452 750 815 86 226 7 U L1
195 | 3,708 789 ol 730 237 198 117 552




TABIE lj. Continued - 1926-1942 data

L ]

_]/ 1926-19;2 data obtained from "Alaska Fighery and Fur Seal Industries" by application of factors of

3/

1100 to tierces mild cured, and 1.17 to pounds fresh and frozen. 19,3-1945 data from Pacific Fisherman

Yearboolks ..

Prorated according to tieroes mild cured in each area, as reported in Pacific Fisherman Yearbooks.
Part of catch landed in inside areas not shown here, 19/13-1945 data secured directly from Pacific

Fisherman Yearbooks, without proration.

Computed by application of following percenteges (derived as explained in text): Ketohikan, 30%;

Sitka, 21%; Pelican City, 16%.



and Clavoguot Sounds; (4) Barkley Sound. The north latitudes
are 54° 00'; 50° 15, 49° 20' and 48°50' respectively, yicld-
ing (by use ¢f the aforementioned regression equation) percent-
ages of Cclumbin River fish as follows: ~ueen Charlotte Islaonds,
36 percent; waetsino and Kvuquet, 55 percent; Nootka and Clayo-
quot, 59 percent; Borkley 62 percont. Total troll catches, and
citches of Columbin River fish estimated by the applicaticn eof
the forcgoing percentnges, are given in Table 5.

WASHINGTOR ESTIMATES

Fstimation of Percentage Columbia River Fish

There are no direct data, such as those available for
British Colurmbia end Alaska, on the percentage of Viashington
troll-caught fish which originate in the Columbia River. 1In the
absence of such data, sbout the best that can be done is to ex-
trapclate the regressicn, found for the northern areas, south-
ward to the Columbia River. Along the coast of Wiashington there
are three main trolling regicns: (1) Swiftsure Bank, at the
entrance of the Strait of Juan de Yuca, {2) the coastal district
off Gravs Harbor and "illapa Bay and (3) the area adjacent to
the mouth of the NTolumbia itself's Extrapolation of the regression
described under "British Columbia and Alaskas Fstimates: Regression
Analysic" gives 63 percent Columbia River fish fcr Swiftsure Bank,
71 percent for the coastal district, and 75 percent for the Co-
lunbis River district.

The method of extrapolation is indeed an uncertain one, to
be avoided wherever pessible. Wowever, in the present instance
the cnly alternstive is the use of pure guesswerk, which seems
even less desirable. 1inder these circumstances extrapolation
has been used, with full realization of the errors inherent in
the method.

Estimation of Total and Columbia River Troll Catch
L]

Direct poundage figures are available in most instances for
washington trclling areas, but a word of explanation is necessary
in regard to the data for Swiftsure Bank. In the Fisheries In-
dustries and Fishery Statistics bulletins of the United States
Fish and Wildlife Service, catches in this region are included in
the data for the "Puget Scund District," which includes some fish
caught inside Puget Sound. Rounsefell and Kelez (1938), hcwever,
state that “"For the B-vear period from 1927-34, Puget Sound troll-
ers took... 18,285 kings. During the same period the cape fleet




tooke.. 1,545,178 kings." Thus 99 percent of the "Puget

Sound District" troll cetch is composed of fish taken by

cape trollers at Swiftsure Bank and in its vicinity: the
"Puget Sound District" trell catch is practically eguivelent
to the ocean catch in the Swiftsure Rank region, and is so
used in the accompanying calculations. All data on Washington
troll catches for the pericd 1926-42 were derived from the
annual reports "Fishery Industries of the ™ited States" and
"fishery Statistics c¢f the United States" published by the
Tmited States Fish and Wildlife Service end the United States
Bureau of Fisheries. The dats for 1943-45 were secured direct-
ly frem the State of Washington Uepartment c¢f Fisheries. &
sumary of the source data and estimates of Zolumbim River

troll catch are given in Table €.
3

URFGOT BESTIMATES

Estimation of Percentege Columbia River Fish

As in Weshington and ralifornia, there are ne direct data
on the propertion of Columbia River fish in the Oregon troll
catch of chinook selmen. For the area adjacent to the mouth
of the Columbim River, the same percentage was used as was
applied to the similar Washington area, namely, 75 percent. For
the Oregon coastal region the percentage was obtained by con-
sidering the Columbia River region the area of meximum oceur-
rencecf Cclunbis Piver fish. The percentore of these fish was
censidered to decline from the Ceclumbia Piver region te the
coastal region at the same rate ns indicated by the regression
line froem the Columbia River northward.” 1t is reccgnized thet
this method of estimaticn is fully as dubiocus ez the extrapo-
lation employed in 'ashington, but again there is no alternative,
since ne other data are availabls. The preporticn cf fGolumbie
River fish in the ‘regcn coastal distriet trnll catch su es-
timeted was 64 percent.

¥

Pstimation of Tetel and Tolunbia River Troll Cetch

Derivation of tutel poundege figures for the Oregen chinock
troll catch prescnted ne particular preblem, the 1926-42 date
being feund in the Tited States Pishery Industries and Fishery
Stotistics series while the 1943-45 date were in the Pacific
Fisherman vearbocks, Applicaticn of the rbove-menticned facters
of 75 percent and 64 percent gave estimetes of the Columbia River
and ccastel districts, rospectively, as indiceted in Table 7.



TABIE 5. British Columbia troll ocatch of chinook salmon and estimated oatch of Columbia River fish,
thousands of pounds.
Total troll catoh!'-/ Estimated catoch of Columbia River i‘lshg/
Year Q.Charle, | Quatsino Nootka & | Barkley Q.Charl, | Quateino | Nootka & | Barke| Total
Islands & Kyuquot Clayoquot | Sound Islands | & Kyuquot | Clayoquot] Sound
1926 (33/ (3/) (3/) (3/) - - - ~ |5/2,645
1927 /) (3/) (W3/8) (3/ - = - -‘5/,302
1508 (23 | (Z3 | ) (gé; - s - ik
et 1,181 a1 T 1,525 533 320 119 a6 2y 218
1930 1,615 591 115 2,04l 581 325 2,5 [1,280 | 2,431
1931 1,355 63 737 1,20L Le8 349 L35 L6 | 2,018
1932 1,337 686 668 1,206 L81 21, 39, 748 | 2,000
1923 2,22, 670 Ly78 1,689 801 368 282 1,047 2,498
19 2,12 835 183 2,11 77 Li59 285 1,327 | 2,
1935 1,252 659 623 2,076 L51 362 368 1,287 2,
1936 1,08 681 610 1,778 291 375 360 1,102 | 2,228
1937 1,8 625 258 8, 667 3L, 152 53 | 1,699
1938 957 561 634 1,266 345 309 374 785 | 1,813
1939 a9 813 658 1,L16 306 LL7 368 897 | 2,038
1 L57 567 520 1,114 165 512 307 691 1,475
19 a8 1,113 L,05 1,332 31 612 239 826 2,018
192 1,002 1,098 15 1,lp2 361 60l 86 875 | 1,926
1943 9al, 806 159 1,210 325 L3 A 750 1,612
19h, 501 1,17 212 1,589 180 779 125 985 | 2,069
1945 676 7L 732 1,358 2,3 393 L32 a2 1,910




TABIE 5. Gontinued

_]_./ Data from B. C. Provinoial Fisheries Departmsnt, through J. L. Hart. Catohes are referable to point
of landing rather than region of oapture, although in general the former may be considered to corres-
pond closely with the latter.

g/ Computed by use of following percentages (derived as explained in text):

"Queaen Charlctte Islands, 36%; Quatsino and Kyuquot, 55%; Nootka and Clayoquot, 59%; Barkley Sound 62%.
2/ No data available.
L;/ Bstimated from ratio of Queen Charlo‘lrbo- +o Vancouver Island catches for period 1932=36.

_5_/ 52% (weighted mean ¥% of four regibna') of total troll catch as estimated from ratio between total
troll chinook catch and Vancouver Island salmon oatoh (as given in "Fisheries Statistios of Canada®)

for period 1929-33.



TABLE 6. Troll catch of chinook salmon in ocean off coast of Washington, and estirated catch ef

Columbia River fish, thousands of pounds.

Total troll catch l/ Estimated catch of Col.ReFish E/
Year Pugat Sound Coastal Columbia Puget Sound Coastal Columbia Total
(8wiftsure) Dist. River Dist. (Swi ftsure) Dist. River Dist.
1926 L,110 - 39l 2,589 - 296 2,885
1927 5,21 - 269 3,302 = 202 3,50
. 1928 L, Tl - 232 2,989 - 174 3,163
1929 L,56, 580 310 2,875 L2 232 3,519
1930 5,238 81 385 3,300 597, 289 1,186
1931 5,429 1,633 61 3,420 1,159 Lé L,625
1932 3,73 1,785 2l 2,352 1,267 16 3,635
1933 2,199 96l; 27 1,57, éal, 20 2,278
193, 2,96 723 ag 1,867 513 22 2,L02
1935 2,717 1,308 : 1,712 929 232 2,673
1936 5,110 1,096 552 3,219 776 98 L,2L6
1937 3,648 1,263 198 2,298 897 14,8 3,343
1938 2,896 1.2}3 117 1,82, 721 8 2,633
1939 2,308 180 1,h5, h71 135 2,060
1 4,295 1,237 277 2,706 878 208 3,792
191 2,976 1,111 29 1,875 789 296 2,960
19)2 3,725 1,681 389 2,3Lh7 1,19 292 3,833
1943 2,549 1,216 12, 1,606 " 863 93 .| 2,562
19, 1,606 1,109 286 1,012 787 21 2,013
1945 1,98 1,h25 330 1,227 1,012 28 2,487

.l/ Data for 1926-192 from "Fishery Industries of the United States"™ and "Fishery Statistiocs of the United
States". Data for 193-19,5 secured directly from State of Washington Department of Fisheries.

g/ Computed by use of following perosntages (derived as explained in text): Swiftsure, 637; Coastal Dist.,
71%; Columbia River Dist., 75%.



TABIE Te Troll catch of chinook salmon in Oregon, and estimated ocatoch of Columbia River fish,

thousands of pounds,.

Total catch l‘/ Este. Catch of Col. R. Fish g/
Year Columbie Coastal Columbla Coastal

River Diste Distriot R. Distriot Digtrioct Total
1926 769 127 577 81 658
1927 1,127 561 8L5 359 1,204
1928 727 236 545 151 696
1929 908 515 681 330 1,011
1930 62l 280 L8 179 ay7
1931 U2 95 106 é1 167
1932 188 76 Up L9 190
1933 1,329 379 97 2,3 1,20
193, 5ol géz 378 136 51L
1935 233 175 182 357
1936 6l 792 1483 507 990
1937 357 1,035 268 662 930
1938 187 591 1,0 353 493
1939 183 L29 137 275 L12
1 I3 620 310 397 707
1941 7L8 682 561 1436 97
1942 1438 322 328 206 53l
lgﬁ 158 247, 118 158 276
1 158 815 3l 522 866
1945 1,013 979 760 627 1,387

1/ Data for 1926-L2 from "Fishery Industries of the United States" and "Fishery Statistiocs of the
United States™. Data for 193-,;5 from Pacific Fisherman Yearbook, 196.

g/ Derived by application of following percentages (as explained in text):
Columbia River Distriot, 75%; Coastal Distrioct, &,%.



STUDY OF EVIDFNCE RELATING TU CALIFORNIA TROLL CATCH

Introduction

Altheugh no estimate of a California troll cetch of
"olumbia River chinccks has been included with the estimates
for the areas given herein, various awmounts of California
trell fish hove in the past been attributed to the Columbia
Piver and i% is therefore deemed necessary to consider rather
fully the evidence releting t¢ the subject. Information perti-
nent to the matter is of three general types: (1) a regression
analysis involving Celifornis troll cotch ond Columbia and
Sacramento River catches, (2) & comperison of egg numbers of
Tolumbia River and Celifornia chin.ok salmen and (3) tagging
. experiments perfcrmed by the California Pureau of Marine Fish-
orics in 1933-1942. £n nnelvsis cof each cof these is presented
below.

Rerressior Annlvsis

Opportunity is here taven tc bring up to date end further
study 'n multiple correlation analysis orizinaelly made by Rich
(1940b). PBriefly stoted the aralysis ccnsists of a multiple
correlaticn of the Califernia trell catch as the dependent
veriable with the Zclumbia and Sacramente River catches as the
independent variables. The basic date for the enalysis cuver=-
ing perie:d 1916~45 are given in Table B and shovm graphically
in Figpure 3. DBecouse it was not possible for veers prior te
1926 to split ¢ff the small amcunt of fish ocaught by trellers
near the meuth of the Columbia, this amcunt has for the sake of
consistency becn included with the Celumbia River ecatch threush-
cut the entire period of the analysis.

The regression as presented by Rich utilized year-for-year
compariscens, the trinlets of values for each year ccnsisting of
the troll and the two river catches for that year. It is known,
howgver, that net all of the salmon caught by the trqll fishermen
are fish which would have matured and nscended the streams during
the year ceught; many would nct have matured until cne cr two
vears hence. Therefore, it is appropriate in ¢omparing trell and
river canght fish to take intc account the percentage maturity of
the troll fishe £ large amaunt of information cn this subject is
given by Rich (1826), whose Table 6 indicates that about 41 per-
cent cf treoll-caught fish weuld have matured the year caught, 45
percent onc vear later, and 14 percent two vears later.



Tc account for the variatien in maturity of the troll fish,
a weighting system wes set up whereby the river catches were
wecighted in acecrdance with the maturity percente-es. That is,
the river cotch t:- c.mpare with the troll catch cf yenr n ccnsisted
cf 41 percent cf the river cetch ¢f year i, 45 percent cf the c-tch
of year n + 1, ond 14 percent of the catch cf year n + 2. Fer
purposes of comparison, regressicns were made fcr the periced
1916~43 of the California trell catch cn beth the weighted and un-
weighted river catches. Bota ccofficicnts (B) and ccefficients
of multiple correlatiin (R) are as follows:

Regressicn of troll catoh cn: Sacramente R. BR. Columaia R. B. R

Tmveighted river ontches » 46 « 36 .76
Tleighted river catches .46 «37 .78

Despite the thecretical Jjustification fer using the weightod
river catches, it is scen above that results frcm the two re-
gressions are prectically identical. Apparently cther scurces of
variotion oare s great as te mask eny effeet ¢f varying maturity
cf the troll-ceught fish. Since use of the umwsighted wvelues
permits thce addition tc the scries cof the vears 1944 nnd 1945,
these values will be uscd in cll regressicns subsequently referred
t‘. .

Tn studying the cntch regressicns it is pertinent tc anclyze
eny changes in the reletionships during the peried being investi-
gated. To dc sc separate regressicns werc calculoated for threc
10~year periods, with the fcllcwing results: :

Pericd Sacramentce Re. Cclumbia R. R
B Pr BEETa

1916-25 20, s .63 .09 .84

1926-35 Y |20 .5 l38 13 541

1936-45 72,04 03 .9 «72

The values of Pp given have been derived by celculating g and
then making use of Student's t distribution (Fisher, 1941). Since
only values of P e¢qual tc cr small than .05 ore eccnventionally
considered significant,it is secen that cnly one cf the Sacramento
Rts and noe =f the Columbin R's cnn be cunsidered significant. In
this study it is the ~uvlumbia River that is impertont, and lack of
significance cf its ecmpenent « f the regressicns prccludes their
use ir estimeting the proporticnate ecntributicn of the Celumbia



TABIE 8. Catches of chinook salmon talken in Californie troll fishery, Sacramento River Fishery, and

Columbia River Fishery, thousands of pounds, as used in multiple correlation analysis.

Year California Troll

Northern Monterey Total Sacramento Colurbia

pistt/ Diate 2/ River 3/ River L/
1916 27e l4,708 L,980 3,451 31,993
1917 1,653 3,491 5,1, 3,975 29,522
1918 2,280 2,60, L, 88l »,938 29,249
1919 3,295 2,53, 5,629 »529 30,32
1920 3,431 1,342 L, 773 3,860 31,
1921 2,L29 1,120 3,549 2,511 21,552
1922 2,59 792 3,386 1,765 11,947
1923 2,256 654 2,910 2,2hly 17,617
1921, L,123 789 L,912 2,640 22,8,
1925 3,287 989 h,276 2,779 26,737
1926 2,858 L7 2,905 1,262 21,818
1927 3,154 &L5 3,799 921 23,206
1928 2,332 302 2,63l 551 16,931
1929 2,235 aL9 3,184 521 15,662
1930 2,85, 251 3,105 1,21, 17,629
1931 2,762 82 2,84 950 20,329
1932 2,086 %) 2,159 1,265 16,042
1933 2,326 515 2,839 L8 19,716
193L 2,733 257 2,990 Loz 18,657
1935 3,097 198 3,295 889 15,117
1936 2,92 130 ,072 95l 16,51,
1937 %3193 802 »555 973 19,006
1938 1,472 179 1,651 1,668 12,789
1939 1,580 112 1,692 Lo7 13,951
1940 3,L10 552 3,962 1,516 1,481



TABIE 8.Continued.

Year California Troll

[ Northern Monterey Sacramento Columbia

piet, & pist, &/ Total River & River I/

191 2,092 U 2,233 8L5 20,547
1942 2,92, 1,8 »072 2,553 19,317
19,3 2137 992 »129 1,295 11,650
19LL »,628 525 9:353 3,265 15,851
1945 5,295 766 6,061 5,168 13,550
_1/ 75% of combined catoh of chinooks ard silvers &s given in Clark (1940) for 1916-1939, and in

SN

Cali fornia Bureau of .Marine Fisheries (1942,19L},196a,1946b) for 1940-1945. Factor of 75%
based on Clark's (190,p.53) statement that ",,.between 20 and 30 per cent of the catch loaded
at points north of Point Arena are silver salmon..."

90% of combined catoh of chinook and silver salmon as given in sources listed in footnote I.
Faotor of 90% based on Clark's {1940, p.53) statemsnt that ®.,., less than 10 per cent of the
salmon catch south of Point Arena is composed of silvers.™

Derived from sources listed in footnote I.

Includes small amounts of troll fish caught near the mouth of the Columbia., Data for 1916-~1921
are from Craig and Haoker (1940); for 1922-1942, from "Fishery Industries of ths United States™ and
Fighery Statistios of the United States™; for 1943-19\5 from Annual Bulletin, 1944 of Washington
State Fisheries Department, from Feci fic Fisherman Yearbook, 1946 amd directly from Oregon aml

Washington State Fisheries Departmentse.
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Figure 3. Catoh of chinook salmon, Columbia River and Californie,

as used in multiple regression analysis.



River stecks to the Colifornia chincek troll cateh. It is
werthy of nete, hewever, that the volue of B assceinted with
the Columbin River deeclined at alm_ st o constant roate during
the three pericds.

Increasing the number ¢f items in a regressicn ordinarily
incremses its chanccs of shewing significance, and twe lenger
periods wore therefire tried. The results for these were:

Paricod Sacramentc R. Cclumbia R. R
B B

1916-30 .44 .07 =50 04 +88

1951"45 -73 001 004 509 .72

In thesc regressicns the Crlumbia River B was significant
for one of the pericds, 1916-30, making it desirable tt scnsider
the causes for this significant essociation of Columbia River
and California trell catches with e view tr determining whether
er ntt it actunlly reflects a ccntribution «f Columbia River
stecks te tho Califeynia troll cateh. Inspoction of Figure

3 indicates that beth the Columbin River and Celif rnia troll
cetches drepped sharply during the scenomic depressicn of the
early twenties, suggesting oummcn responsc to econcmic cuen-
ditions as onc reascn for the cerrelaticn,

An ther phencmenon common te both Columbie River and
Califcrnie troll catches is a general dcwnward trond during the
pericd 1916-30, alsc contributing te the ccrrespeondence ncted
nobove. Obvinusly neither the cormon response t¢ eocnomic con-
ditions nrr the ccmmon downward trend need hnve anything tc de
with the centributicn of Ceolumbin River stecks tc the Celifcrnia
troll cetehe The seffects of these influences can be eliminated
by tmitting the years 1921-23 frum the analysis and by dealing
with deviations frem the trends rather than the actuml catches.’
Deviaticns from simple rectilinear least-squares trends of catch
on time were used and the simple ccrreletion betwesen the Cclumbin
River deviations and the Celifvrnin trell deviations was calcu-
lated. The resulting ccrrelation ceefficient (.397) proved nct
to be significant when entercd in Fisher's.(1941) Table V.A. with
10 degrees of freedem. i

Recapitulrting, n multiple regressirn analysis with the
Califernis troll catch ns the dependent varinble and Columbia
end Sacroamento River catches s indepeéendent variaebles has been made.



The beta cecefficients mensuring degrue of asscciaticn of
Celifernia trell cotch with Columbie River catch were nct
significant, with the single exception of thet for the pericd
191€-230. The o~rrclaticn in this instance apresred tc be moin-
ly the result of common resputnse te eccnomic facteors, and o
ccommen dowrmward trend. The results in general indicate that
the regressicr analysis approach is ned suitable fur estimating
the preportionate contribution ¢f Ceolumbio River stecks to the
galifernia trell catch.

Egg Number Cimparisouns

The deta under this heading were adduced by Risch (1940b)
in a general discussion «f the Qalifvrnia troll fishery in re-
laticnship tc Columbia River fish, The mean number of eggs per
chincitk female nt various prints in Qregon, Washingten, and
Calif 'rnin is given, as derived frim published wrrks end other
sources. The salient mean counts given are ns follows, proceed-
ing fr'm Nerth tc Scuth: Ruck Island (Columbin River) Washington,
4,885; Crlumbia River tributaries in Oregon, 4,800; Flamath River
(Celifernia), 3,760; Fort Bragg (Cclif-rnia) trell fishery, 4,910;
Sacramento River (Cnlifgrnia), 7,453. Since the Celumbis River
ccunts ‘are olcser t. the Fort Rragg ccunt than either the Klamoth
or Sucramente River ocunte, the conelusicvn wns drawn that this
shewed that a lerge port (f the Solifernia $rcll fish criginated
in the Ceclumbic Riwer. '

Censultatiern off the paner (feGregor, 1923) contoining the
egp corunts, however, leads t¢ o scmewhat different conclusicn.
Figure 32 ¢f that repcrt shows thet the range ¢f the Fert Bragg
series cf ccunts nearly broackets the combined ranges of the
Socramente and Xlamath River series. Thus the Fort Bragg fish
could well have been compesed of s combinaticn of Sacramente cond
Klamoth stocoks, and this is the interpretaticn which MeGregor
himself mnokes. When the ranges are thus exsmindd the fact that
beth the Columbia %iver and the Fert Bragg ccunts lie midway
between the Klameth and Sacramente counts seems £ ceonsiderably
less signif'icancs than when the means alone are considered. This
is reccgnized by Rich in his statement: "It is true that a preper
combinaticen. of ¥lameth River ond Sacrumente River fish would give
‘a-similar mean...": In view of the doubt niw cast upen the re-
gressicn enalysis, this seems a reasvnable conclusicn,
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Tegging Experiments

The mest direct evidence yet cbtained ns tc the nrigin
~f the chineck salmon ceught in the Cnlifornie troll fishery
is embodied in the results «f tagging experiments carried
cut bv the Celifornia Bureau cof Marine Fisheries in 1939-1942
(¥cCully, 1948). 1In these experiments numbers of chincck
selmen from the trell fishery were terged cff the Cemst f
Califcrnin ns fell-ws: 1939, 694; 1940, 944; 1941, 1348; 1942,
1663; tetal, 4649, Of these tagged fish 296 were reouvered
during the pericd 1939-1946. In ndditicn there was cne re-
cevery in the Columbia River for which the species was un-
known, but it seems likely that this fish wos a chinock,
since the silver snlmen (the cnly other species tagged) is
net as strongly migrotory es the chinook,

THus of a total of 297 recoveries from 4649 tagged
chinook salmon, only 1, or about .3 percent was recovered in
the Columbin River. It seems reasonable to assume fthat there
would have been a greater recovery than this had’'the California
troll cotech contained any significent proportion of Columbia
River chinooks. This is particularly true when it is considered
that the tegs used werec celluleid dises which could sasily be
seen by ceannery butchers, and that a reward of #5.00 was offered
for the return of any Zalifornia tag froem the Columbie River
during the surmer of 1242, when the grestest mumber of California
recoveries was made.

Conclusion from Fvidence Presented

It has been shown above in relation to evidence on the
provertion of Columbin River chinocks in the Californie troll
ontch that: (1) the multiple correletion analysis indiceted no
significant asscciation of Columbia River oatch with California
tro’l catch except during one period when the correspondence
could be- explained on the basis of common response to0 economic
cenditions and a common downward trend, (2) the data on egg
numbers could as well be explained on the basis of the California
troll fish consisting of a combination of California stocks as
on the basis cf these fish consisting larpely of Columbin River
stocks snd (3) tagrinr results indicated nc sipgnificant proportion
of Columbia River chinccks in the California troll catch. Teking
this ovidence into account it scems reasoneble to conclude that
the majority of the chinook salmon ceught in the trell fishery
off California consist of other then Columbie River stocks. This
dees not mean ¢f course that no Columbie River fish are caught by

11



Califernia trollers, but only that the proportion is tcc smell
to be significant in rough estimates such as those presented in
this report. WMo estimate for Cnlifernis troll fish, therefore,
will be included in the estimate for total troll catch of
Columbie River chincok solmon,

STHMARY AN DISCUSSION

Fstimates for the troll catch of Columbia River chincok
salmon in the various areas covering the pericd 1926-1945 have
now been presented, and it remains tc bring these together inte
a single estimete for the entire troll catech of Columbia River
chinocks. This is dens in Table 9, which shows the éstimates
for individual oreas gnd the annual tctals, The totnl estimated
trcll catch varies from 4,953,000 pounds in 1943 te 10,613,000
pounds in 1927; the mean for the pericd 1926-1545 being 7,835,000
pounds. It is recognized thet these estimates, even though de-
rived with o considerscble smount of elaberatvion, are still sub-
ject to cdomsidernable srror; not until more observational data
are available can fully accurnte determinotions be made. Never-
theless, it is of interest fc add tho estimated annuanl troll
catches t0 the river catches in order to obtain on idea of the
changes in total eccmmercial catch. The pvaileble data are
brought together in Table 10 and shown grephically in Figure 4.

Inspection of Figure 4 indicectes that, if the estimated
troll catch be considered reasonsbly correect, its addition to the
"inside" catch maoterially changes the interpretation of the course
of the commercial chinook salmon production. The new total catch
has a current level of around 19,000,000 pounds per ysar, as
compared with arcund 13,000,000 pounds for the "inside"entch alone,
These levels may be compared with the "inside" catchos prior to
1910, which, since there was practically no trolling then,
probably appreximate closely the total catehes. On this basis
the present level of the new total cateh is scmewhat less than
half the peak level attained in 1883, and is about two-thirds
of the average level for the pericd 1675-1909; comparable
fracticns for the "inside" osatch are roughly one-third and one-
half, respectively. In cther words inclusion of the estimated
troll catch mekes the situation with respect to ths commercial
catch nppear less sericus than would be the case if the "inside"
catch elone were considered, although in both instences the in-
dication of a marked decline in recent years is ummistakable.



TABIE 9, Summary of the estimated troll catch of Columbia River Chinook salmon along the Pacifio

Coast of North America, thousand of pounds. 1‘/

Year Alaska British Washington Oregon Total
Columbia
1926 2,060 2,645 2,885 658 8,28
1927 2,603 3,302 3,50 1,204 10,613
1928 1,479 2625 3,163 696 9,963
1929 1,359 2,218 3.519 1,011 8,107
1930 1,82, 2,131 »186 &y7 9,088
1931 1,513 2,018 L,625 167 8,323
1932 S22 2,000 3,635 190 7,247
193 1,211 2,498 2,278 1,210 7,227
19 1,084 2,82 2,L02 51, 6,822
1935 2,33 2,468 2,673 357 7,832
1936 2,415 2,228 4,26 990 9,909
1937 2,677 1,699 3,343 930 8,649
1938 2,267 1,813 2,633 L93 7,206
1939 2,2l 2,038 2,060 h12 6,754
190 1,790 1,L75 3,792 707 7,764
19,1 2,3 2,018 2,960 997 8,316
1942 1,691 1,96 3,833 534 7,984
1943 503 1,612 2, 276 4,953
194, L1 2,069 2,013 866 55359
1945 552 1,910 2,L87 1,387 6,336

l/ Bstimates for the individual regions are from Tables 1;,5,6, and 7; sources of data are given in

footnotes to these tables.



TABLE 10

Estimated inside, troll, and total, commercial catches of Columbia River Chinook salmon,

thousand of pounds.

Yoear Inside l/ Troll -2/ Total Year Inside }/ Troll E/ Total
1866 272 - 272 189, 23,875 - 23,875
1867 1,22 - 1,22, 1895 30,25l - 30,25
1668 1,904 - 1,900 1896 25,221 - 25,22},
1869 6,800 = 6,800 1897 29,27 = 29,127
1870 10,200 - 10,200 1898 22,1110 - 22,,10
1871 13,600 - 13,600 1899 17,396 - 17,396
1672 17,000 - 17,000 1900 17,843 - 17,843
1873 17,000 - 17,000 1901 (3/) - (3/)
lg‘?h 23,800 = 33,8533 1902 23,03l - 23,03,
18675 25,500 - Ss 190 27,917 - 27,917
1876 ,600 = 30,600 190’3 31,783 - 31,783
1877 25,&40 o 25 ] 81].0 1905 33 :029 = 330 029
1878 31,280 - 31,280 1906 29,971 - 29,971
1879 32,680 - 32,6840 1907 2,250 - 2l,,250
1880 36,040 - 36,040 1508 19,743 s 19,743
1881 37,400 - 37,400 1909 17,119 - 17,119
1882 26,808 - 36,808 1910 25,326 (L/) -
188 L2,799 - 42,799 1911 326,602 (L/) =
168, 12,160 - 12,160 1912 21,388 (L/) -
1885 37,658 - 37,656 191& 19,384 (L/ ) -
16886 30,198 - 30,498 19 25,1,09 (L/ ) -
1687 2),,208 - 2l;,208 1915 32,127 ( E/ ) -
1888 25,328 - 25,328 1916 31,993 ( ) -
1889 18,135 - 18,135 1917 29,522 (L/) =
1890 22,821 - 22,821 1918 29,2,,9 (L/ ) -
1891 2l;,066 - 2ly,066 1919 30,325 (L/) -
1862 23,410 = 23,110 1920 31,09, (L/) -
1893 19,637 - 19,637 1921 21,552 (L/) =



TABIE 10. Continued.

30743

~ Data for 1866-1921 from Craig and Hacker (1940); for 1922-1942 from Fishery Industiies of the U. S.

Year Inside l/ Troll g/ Total Year Inside l/ Troll -?-/ Total
1922 11;9)47 ( 14 ) bom lgy-l 18: 123 6’822 21{-:9’45
1923 17,617 (L/) - 1935 15,11 7,832 22,973
192, 22,40 (L/) - 1936 15,538 9,909 25,047
1925 26,737 /) - 1937 18,450 8,849 27,099
1926 20,65h 8, 28,902 1938 12,186 7,206 19,692 L
1927 21,810 10,613 32,123 1939 13,588 6,754 20,342
1928 15,97 9,963 25,936 1940 13,792 7,764 21,556
1929 1, 8,107 22,551 1941 19,405 8,316 27,721
1930 16,619 9,088 25,707 1942 18,490 7,98, 26,470
1931 20,127 8,323 28,150 1943 11,568 4,953 16,521
19%2 15,833 7,247 23,080 194 1,317 5,359 19,676
1933 18,360 7,227 25,587 1945 12,3 6,336 18,720
1/

and Fishery Statistiocs of the U. S.; for 194,3-19,)5 from Annual Bulletin of Washington State Department
32y inolude small amounts of troll fish from 1912 to 1925.

2

of Fishsries, 19)5.

From Table 9 of this report.

3/

~ No data avmilable.

L/

~ Trolling carried on, but no catch data available.

Based on informetion from Rounsefell and Helez (1938),
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