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FOREWORD

This report results from one phase of the cooperative investigation of the Pacific sardine carried on by the Fisheries

Research Board of Canada, the Province of British Columbia, the Washington Department of Fisheries, the Fish

Commission of Oregon, the California Division of Fish and Game, and the U. S. Fish and Wildlife Service.
Following this initial publication it is hoped that summaries of the age composition of the sardine catch can be

published annually.
April, 1948.



FIGURE 1. Sardine fishing areas. VII-XIIl, areas in the Pacific Northwest fishery. A, San Francisco-Monterey fish-
ing grounds. B, Southern California fishing grounds
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1. INTRODUCTION

Since November, 1919, the Cdifornia Division of Fish and Game has been gathering data to contribute to the under-
standing of causes underlying changes in abundance of the sardi ne! Sardinops caerulea. A knowledge of therelative
proportions of the various age groups of fish in the population is an important element in such studies.

Prior to 1924, an attempt was made by Thompson (1926a) and assistants to read the age marks on the scales and
otoliths of this species, but results did not prove satisfactory. However, an indirect method of assessing age by tra-
cing dominant size groups through the fishery was continued. (Thompson, 1926b; Scofield, 1926; Higgins, 1926;
Clark, 1931, 1936, 1939). During the period 1928-1933, a study of otoliths of sardines taken in the California fish-
ery was made by H. C. Godsil, but this also proved unsatisfactory. In March, 1938, Walford and Mosher (1943a,
1943b) of the U. S. Fish and Wildlife Service started examination of the scales and otoliths of sardines, commencing
with the young and later including older fish. This study established the validity of the method of reading scales to
determine age in the sardine. The scale method was recommended as more advantageous in some respects than the
otolith method, particularly after arather simple method of mounting scales dry and projecting their enlarged images
was devel oped.

Starting with the 1941-42 season in California a comprehensive program for scale collecting and age reading was
undertaken jointly by the U. S. Fish and Wildlife Service and the California Division of Fish and Game. The Fisher-
ies Research Board of Canada, the Washington State Department of Fisheries, and the Fish Commission of Oregon
participated in the work by adding the collection of scales from sardines in northern waters. Their collections were
included in the age-reading project. This report deals with the first six seasons of age determinations and presents
the age composition of the catch without interpretation of the data.

During these six seasons determinations of age from scales were made by biologists of the Fish and Wildlife Ser-
vice and California Division of Fish and Game. These were: Lionel A. Walford, Kenneth H. Mosher, Wm. M. Mor-
ton, Osgood Smith, Mary Pavlicevich, and Frances Felin, of the federal agency; and Julius B. Phillips and Anita
Daugherty of the state agency. For 194142, age determinations were made by Walford, Mosher, and Phillips; for
1942-43 by Walford, Mosher, Morton, and Phillips; for 1943-44, by Walford, Smith, Felin, and Phillips; for

1 Also known as Pacific pilchard.



194445, by Smith, Felin, Pavlicevich, and Phillips; for 1945-46 and 1946-47, Felin, Phillips, and Daugherty.

The cooperative nature of the work was such that many other persons of the various agencies were in-
volved—such as those sampling the catch in al the ports, mounting scale samples, processing, and tabulating the
data which remain on file in the Fish and Wildlife Service laboratory at Stanford University. The helpful coopera
tion of all these personsis gratefully acknowledged.

We wish to thank Frances N. Clark of the California Division of Fish and Game for her outline of the methods of
computing numbers of fish and John L. Hart of the Fisheries Research Board of Canada for his addenda in connec-
tion with estimates of numbers of fish and with sampling in the Pacific Northwest.

It is aso our wish to express gratitude for the critical interest and help accorded by O. E. Sette, of the U. S. Fish
and Wildlife Service, from the inception of the study and development of method by Walford and Mosher up to the
present summary of datain the form of tables.

2. COLLECTION OF SCALES

In Cdifornia, scales were taken from one-fifth of the fish included in sampling the catch for length composition.
During the first four seasons under consideration, sampling was done daily at the three California ports, five samples
of 50 fish each being taken each day when possible. In the 1945-46 and 194647 seasons the sampling was curtailed
to include five samples each week in each of the three ports during the fishing season.

During the 1941-42 and 194243 seasons, the scales were taken from the first 10 fish that had satisfactory scales
remaining on the body. It had been assumed at the time that fish which had lost their scales would occur in arandom
manner as far as length and sex were concerned. But a test made in 1942-43 revealed that the larger fish were over-
represented in the scale samples, no doubt because smaller fish had lost their scales more frequently than larger fish.
This made it necessary to adjust the data obtained for the 1941-42 and 194243 seasons. Vaues for those seasonsin
the following tables are on the adjusted basis. Elbert H. Ahlstrom, U. S. Fish and Wildlife Service, who supervised
the task of weighting these data, found in addition to the above error, a personal bias wherein certain samplers ten-
ded to select the larger fish for the scale samples. But this was less important than the loss of scales from smaller
fish.

During the 1943-44 season a system of scale sampling was devised wherein both biases were corrected. The
sampler counted out from a bucket, 50 fish representing the regular sample, laying aside every fifth fish. The sizes
of these 10 individuals represented the Iengths2 of fish from which scales were to be obtained. If satisfactory scales
could not be found on any one of the 10 fish, another fish within 5 mm. of the same length was substituted. Tests
have shown that the scale samples so collected were not materially biased.

2 Body length, in millimeters, was measured from the tip of the jaws when closed to the termination of the fleshy part of the caudal peduncle
after the scales were scraped away. Lengths were tabulated in two millimeter groups, the odd number being combined with the next higher even
number.
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The sampling methods in the Pacific Northwest differed in some details from those of California. In British
Columbia, according to Hart, random samples of 100 fish (instead of 50) were taken from the first load which could
be conveniently sampled on each day that fish were landed. Second and third samples were taken when opportunity
offered. Length, weight and sex determinations were made for each fish in the entire sample, and scales were taken
from every tenth fish. If any of the first 10 failed to have sufficient scales the first fish encountered in the samplein
the same centimeter size group was substituted. During most of the years of the investigation British Columbia
scales were mounted in the field at the time of collection. Techniques of sampling in Washington and Oregon were
variable but essentially similar to those in California.

Usually scales taken from each fish were placed in a small vial containing water to which had been added a small
amount of phenol, about 2 percent, to prevent the development of mold. Thus, the scales were kept moist until they
could be cleaned and mounted dry between two slides. As standard practice six scales were selected for mounting,
and only infrequently were as many as six not available. The only information placed on a slide was its serial num-
ber. Practically all the ages reported here are from scales preserved and mounted in thisway; afew had been dried in
envelopes at the time of collection and required supplementary soaking and washing in about 10 percent sodium hy-
droxide before mounting.

3. AGE DETERMINATION

The scales were read at a magnification of 30 diameters, obtained by projecting the scale image through a compound
microscope with a 45-degree prism placed over the ocular. The prism reflected the image across to a mirror placed
at a 45-degree angle and this in turn reflected the image downward to the table top. A special card ruled in milli-
meters was laid in the longitudinal axis of the scale image with the zero line at the posterior edge of the sculptured
part of the scale and the position of each annulus and the margin of the scale marked on the card.

The scale readings were made by a group of three or four biologists of the federal and state agencies in such a
manner that the results of the several persons could be mutually corroborative. The mounted slides were divided
among readers by dealing them out in rotation. Each person made his interpretations of age independently, marking
the positions of annual rings on the specia card. Information regarding length, sex, date and other pertinent data
were subsequently entered on the same card. No slides of scales were discarded as unreadable unless the dlide con-
tained all regenerated scales or more than one-third of the scales were from more than one fish.3 The number in both
of the foregoing categories was insignificant.

During the period 194142 through 1944-45, when intensive sampling supplied large numbers of scale readings,
each reader's results were tabulated by year-classes. If, according to a chi-square test, the resulting

8 Adventitious scales occasional ly adhere to an individua from whichgscales are taken and are accidentally included in the sample.



year-class compositions of the several readers differed signific:antly4 from the average composition of all readers,
the year-classes causing the discrepancies were re-examined by all readers together. In addition, al fish that had five
or more rings were re-read by a different reader or all readers together. The final age determinations were summar-
ized by lunar month and season.

After the sampling was reduced from a daily to a weekly basis, the numbers were too small to justify the use of
the chi-square test. Therefore, in 1945-46 and 194647 duplicate readings were made on all scale samplesin lieu of
testing the readers' results statistically. Disagreements were resolved by all readers together.

The final age determinations were summarized by seasons, as defined by Clark (1940) to include the commercial
take from June through the next May. The California fishery begins in late summer and autum and extends into
winter so that the fishing year is designated in the tables as 194142, etc.

In the Pacific Northwest the fishery begins in June and seldom carries into the following winter (1941, 1942 and
1944 were exceptions). Following local practice the British Columbia, Washington and Oregon data are designated
by calendar year in tables where they appear separately. Where occurring in summary they are given the seasonal
designation as with California data.

Tables 1-37 show, by seasons, the length composition of each age group in the samples for different areas (Fig. 1)
along the coast in British Columbia, Washington and Oregon. Tables 38-87 show, similarly, the same data for Cali-
fornia by ports, together with the Pacific Northwest summary, and a summary for the entire coast. Lengths are tabu-
lated by sexes separately (M., F.) and sexes combined (T.). Fish that were not sexed or fish for which no lengths
were recorded were entered only in the T. column.

As age is estimated from the number of annual rings present on the scale, Age O represents fish that are in their
first year of life before the first winter ring is formed. Age 1 represents fish that have formed one winter ring
between late fall and early spring following hatching. Thus, a fish which is caught in the winter fishery and shows
one annulus well inside the margin of the scale is in its second year of life. Similarly a fish caught during the
194142 season and having two well-defined rings would be in its third year of life and assignable to the 1939 year-
class.

Fish collected from late fall to early spring which show a ring close to the margin were assigned to a particular
year-class according to an objective method of determining whether or not the submarginal ring should be classed as
a"new ring." (Walford and Mosher, 1943b.) If a

4In these teststhe 5 percent level of significance was selected. If the chi-square values indicated a probability greater than P = .05, the devi-
ations of the readers from expected, or "theoretical," numbers at each age were considered to be due to random variation in the samples read by
each person. If, conversely, the P value was less than .05 the divergence between readersin interpretation of ages was taken to be in excess of that
due to chance alone. Since there isinherent in the 5 percent limit the probability that 1 time in 20 the low P value will occur by chance, some
groups of samples undoubtedly were reviewed unnecessarily and some ja_gcc)a readings were revised although perhaps originally correct.



new ring was present the fish was assigned to the same year-class as those which had not yet shown the new winter
mark, or in which it was in process of forming.

Tables 88-93 give age composition of the catch in terms of numbers of fish caught in each port in California and
in each separate political subdivision of the Pacific Northwest.

Fishing in California waters is carried on in the dark of the moon, and the lunar month, from full moon to full
moon, is the time unit used. The lunar months in Tables 88-93 are designated by the name (in quotation marks) of
the nearest calendar month, and their corresponding calendar dates are given in Table 100.

For the Californiafishery the calculations of the number of fish were based on the weight of the fish in the regular
samples taken from the commercia catch. Each sample of 50 fish was weighed and the average weight of the fish
determined. For seasons 194142 through 1944-45 when sampling was carried on daily, the total poundage in the
daily catch was converted into numbers of fish by dividing by the average weight of all fish in each day's samples.
For seasons 194546 and 194647, when sampling was on a weekly basis, the total weekly poundage was divided
by the average weight of al fish in each week's samples. These daily or weekly computed numbers of fish were
summed to give the estimated total number in the catch for each lunar month at each port as recorded in Tables
88-93. Samples were not collected at San Diego, and the data for this port were calculated by applying the San
Pedro average weights and age composition values to the tons of sardines landed at San Diego.

In the Pacific Northwest, according to Hart, fish in regular random samples were weighed individually and the av-
erage weight of all fish sampled during the entire season calculated by the Canadian investigators. In some seasons
these unweighted averages were used to convert poundages taken in the whole season's catch in British Columbia
into numbers of individual fish. In other seasons the sizes of sardines taken in the Pacific Northwest showed recog-
nizable changes during the season. For these years data for landings and average weights were tabulated by 10-day
periods during the season. Average weights of fish for each 10-day period were multiplied by the tons landed in that
period and the figures so obtained summed and divided by the total season's tonnage. Use of this weighted average
weight resulted in estimates of total numbers for the season that were within two percent of the estimates based on
unweighted averages except in 1942. The numbers of fish given in Tables 88 to 93 are the estimates based on un-
weighted average weights in all seasons except 1941, 1942 and 1945. For 1942 the alternative number based on un-
weighted average weight was 391,000,000.

In the seasons 1941 through 1944 the tonnages landed in Washington and Oregon were converted to the numbers
of fish by using the same ratio between tons and numbers as was calculated each season for the British Columbia
fishery. In 1945 and 1946 the season's tonnage in Washington and Oregon was divided by the average weight of the
fish taken in the Washington samples to estimate the total number of fish in the catch of the two states.

Tables 94-99 show, by seasons, the mean length (M.) and standard error (S. E.) of the mean, and the number
(No.) of fish upon which these are based for each year-class in each of the major regional subdivisions.

This method of checking reader accuracy was utilized until 194546 when duplicate readings were made of all
scale samples. In the 194344 season at San Francisco, however, the samples of fish as they were taken were ranked
according to size and hence roughly by age as well. The scale samples dealt out to each reader were similarly strati-
fied, and uniformity in age-composition among the several readers' portions was greater than would be expected due
to chance. It is probable that real errors in readings were masked, since uniformity of the material artificialy en-
hanced agreements, and high P values resulted from the stratified, non-random nature of samples rather than essen-
tial goodness of agreement in interpretation of ages by different readers.
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TABLE 1
LENGTH COMPOS TION OF THE 1940 YEAR-CLASS, AGE 1, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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14 DIVISION OF FISIHL AND GAME

TABLE 2
LENGTH COMPOSITION OF THE 1939 YEAR-CLASS, AGE 2, BY AREAS IN THE PACIFIC NORTHWEST IN 1941
Brurisa Conumsia
Atvihe oo . X1 XII XI X Total
Length mm. M F T M F T | M F T | M F.T M ¥oT
- - 1 1
- - 2 2
1 | SR 1
1 1 4 5
1. 2 ... 2
B 1 2 3
- 4 4 1 5
4 4 3 7
2 4 7 1 8
. 1 1 2 5 7
| B 1 4 i 4 1o
S —— 3 4 8 13
b - 2 3 5 7 12
| R— 1 2 3 7
Fi - a4 kil 14 2
1 1 2 5 7
. 1 1 2 2
3 1 4 2 )
I @ 4 7 11
1 2 3 5 i3
1 3 4 L] L]
. 2 2 6 (i}
2 1 El 1 4
1 1 2 2 3
- 1 1 1 1
1 1 2 2 3
R . 1 2
2 . 2

als. Ll T 18 35 119 126

T Ineludes some fish, sex unknown,

TABLE 2
LENGTH COMPOSTION OF THE 1939 YEAR-CLASS, AGE 2, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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COMPOSITION OF TIE SARDINE CATCII 15

TABLE 2—Continued
LENGTH COMPOSITION OF THE 1939 YEAR-CLASS, AGE 2, BY AREAS IN THE PACIFIC NORTHWEST IN 1941

Wasnrvaron

Area oo X1 X | X | VIII VI | Unrecorded Total

I"T|.\[ F T?M FoT

oA FT:M FT|M FT) D)

[
R N ]

B e =

Dz asesises el

BEES G B | e BRSO BT it |
1%

[ T - =T

[13 13 200 @ 14128 201621 3 2

1 Includes some fish, sex unknown.

TABLE 2
LENGTH COMPOSTION OF THE 1939 YEAR-CLASS, AGE 2, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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16 DIVISION OF FISIT AND GAME

TABLE 2—Continued
LENGTH COMPOSITION OF THE 1939 YEAR-CLASS, AGE 2, BY AREAS IN THE PACIFIC NORTHWEST IN 1941

OunksoN
Area.. . vin VI Uneecorded Total

Length mm, M OFT ;.\I Fr . M FT MFT

1

iR 2

1 1

. 6

1] 5 4

.. . 7 4
2 2| 9 |1 | o 12
..... 2o 34 s 2| 6 015
[ T T T B S (T T A
01 ] B 10 18| 9 10 19
ol 202 6 &3 8N
o2 202 7 8l 4 7
PO 2 5 7|2 5 7
o|-- 43 6 sri 600
1 S s 4 s
. o2 o2
. R [

- - I
1 i 1 i
[ [ 2 2
1 IR 1oz o2
.................... 504 9|1 7 I8 63 71134 |79 82161

| |

TABLE 2
LENGTH COMPOSTION OF THE 1939 YEAR-CLASS, AGE 2, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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COMPOSITION OF THE SARDINE CATCIT 17

TABLE 3
LENGTH COMPOSITION OF THE 1938 YEAR-CLASS, AGE 3. BY AREAS IN THE PACIFIC NORTHWEST IN 1941

Burrisn CoLvsnia

Area —
X1 X1 X1 X Total

Length mm. MFTMFTMFT MFT MTFT

b=t

T Ty vy

S S S5 e o e e 08 a0 5 25 8

L L L R

e L — kB

i
Total 6 5 11|20 20 40 40 27 86| 2 3 5|77 63 M2

200940
TABLE 3
LENGTH COMPOS TION OF THE 1938 YEAR-CLASS, AGE 3, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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15 DIVISION OF FISIT AND GAME

TABLE 3—C(ontinued
LENGTH COMPOSITION OF THE 1938 YEAR-CLASS, AGE 3, BY AREAS IN THE PACIFIC NORTHWEST IN 1941

‘ Wasmiseros

Area | e T

T i
XI | X | ovim | v il'nm-u:d:-d; Total

Length mim, M F T/M F T MF T MF 'r'|5| FT M FT

— 2O D e LSl e e 10— 200 SRS e

3 1 PR 2 B3 |

GRS RS a0 S U S T e 1S

—tl PRl REm——ral

Total b | v m o

Ineludes some fish. sex unknown,

TABLE 3
LENGTH COMPOS TION OF THE 1938 YEAR-CLASS, AGE 3, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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COMPOSITION OF THE SARDINE CATCI 19

TABLE 3—Continued
LENGTH COMPOSITION OF THE 1938 YEAR-CLASS, AGE 3, BY AREAS IN THE PACIFIC NORTHWEST IN 1941

OrEcoN
Area
vir Unrecorded Total
Length mm. M FT MVFT MTFT

Total. . oo 1B 13 31| 10 10 20 | 28 23 51

TABLE 3
LENGTH COMPOS TION OF THE 1938 YEAR-CLASS, AGE 3, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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TABLE 4
LENGTH COMPOSTION OF THE 1937 YEAR-CLASS, AGE 4, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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TABLE 5
LENGTH COMPOSTION OF THE 1936 YEAR-CLASS, AGE 5, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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TABLE 6
LENGTH COMPOSTION OF THE 1935 YEAR-CLASS, AGE 6, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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TABLE 7
LENGTH COMPOSTION OF THE 1934 YEAR-CLASS, AGE 7, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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TABLE 8
LENGTH COMPOSTION OF THE 1933 YEAR-CLASS, AGE 8, BY AREASIN THE PACIFIC NORTHWEST IN
1941
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TABLE9
LENGTH COMPOS TION OF THE 1932, 1931 AND 1930 YEAR-CLASSESBY AREASIN THE PACIFIC NORTH-
WEST IN 1941
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26 DIVISION OF FISH AND GAME

TABLE 10
LENGTH COMPOSITION OF THE 1941 AND 1940 YEAR-CLASSES BY AREAS IN THE PACIFIC NORTHWEST IN 1942

:g’:i;:"{ 1040 Year-class, age 2
Area C‘gﬁg‘;‘:‘ Brurist CoLumpia WasHINGTON
X1 Xt XII XI X | Total X
Length mm. M F T|M F T MF T|MTF T MTF TtM F TIM F T

1 Includes one fish, sex unknown.

TABLE 10
LENGTH COMPOS TION OF THE 1941 AND 1940 YEAR-CLASSES BY AREASIN THE PACIFIC NORTHWEST
IN 1942
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TABLE 11
LENGTH COMPOS TION OF THE 1939 YEAR-CLASS, AGE 3, BY AREASIN THE PACIFIC NORTHWEST IN
1942
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28 DIVISION OF FISH AND GAME

TABLE 12
LENGTH COMPOSITION OF THE 1938 YEAR-CLASS, AGE 4, BY AREAS IN THE PACIFIC NORTHWEST IN 1942
Bririsn CoLusBia Wasminaron
Area 1
Xur X1 X1 k X Tatal X | IX 1 Total

mmMFTMFTMFTMFT.

Dl weemosa—wan-! wew-
O O SRR

D homm ettt @@t ]

g
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2
153
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.
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L33
14
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w
£
.

TABLE 12
LENGTH COMPOSTION OF THE 1938 YEAR-CLASS, AGE 4, BY AREASIN THE PACIFIC NORTHWEST IN
1942
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COMPOSITION OF THE SARDINE CATCH 29

TABLE 13
LENGTH COMPOSITION OF THE 1937 YEAR-CLASS, AGE 5, BY AREAS IN THE PACIFIC NORTHWEST IN 1942

Brarisn CoLuueia

WasHINGTON

X ‘Total IX

Length mm.

MFT\MTFT

M F T|MF

u—-wpum—i _E _.E

3(23 27 50 |14 14 28

- A S P T I
B e ——mmamaro S o —— —

TABLE 13

1942

29

LENGTH COMPOSTION OF THE 1937 YEAR-CLASS, AGE 5, BY AREASIN THE PACIFIC NORTHWEST IN



TABLE 14
LENGTH COMPOSTION OF THE 1936 AND 1935 YEAR-CLASSESBY AREASIN THE PACIFIC NORTHWEST
IN 1942
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TABLE 15

LENGTH COMPOSITION QOF THE 1934, 1933, AND 1931 YEAR-CLASSES BY AREAS IN THE
PACIFIC NORTHWEST IN 1942

British Columbia

1933 Year- || 1931 Year-

1934 Year-class, age 8 class, age 9 [|class, age 11

Area
XII XI Total XI XII

Length mm, M F T M FT| MV F T|MTPF T|MTF T

Totals_______________ ... I..442..2246._11..22

TABLE 15
LENGTH COMPOSITION OF THE 1934, 1933, AND 1931 YEAR-CLASSESBY AREASIN THE PACIFIC
NORTHWEST IN 1942

British Columbia
TABLE 16
LENGTH COMPOSITION OF THE 1942 YEAR-CLASS, AGE 1, BY AREAS IN THE PACIFIC NORTHWEST IN 1943
Brimisn Convmpra WasHINGTON
Area
X111 X1 Total IX
Length mm. M F T MFT MVF T|IMTFT

1 Includes one fish, sex unknown.
TABLE 16
LENGTH COMPOSTION OF THE 1942 YEAR-CLASS, AGE 1, BY AREASIN THE PACIFIC NORTHWEST IN
1943
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32 DIVISION OF FISII AND GAME

TABLE 17
LENGTH COMPOSITION OF THE 1940 YEAR-CLASS, AGE 3, BY AREAS IN THE PACIFIC NORTHWEST IN 1943
Brrvisn CoLUMBIA WasHINGTON
Area
XII | XII XI Total X VI Total

Length mm. MFTlMFTMFTMPTMFTMFTMFT

0 D e T D GO B SR B e e bR et L
D sttt -
P BOG31 md e =T 60 08 B3 EN 03 i b3

TABLE 17
LENGTH COMPOS TION OF THE 1940 YEAR-CLASS, AGE 3, BY AREASIN THE PACIFIC NORTHWEST IN
1943
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TABLE 18
LENGTH COMPOS TION OF THE 1939 YEAR-CLASS, AGE 4, BY AREASIN THE PACIFIC NORTHWEST IN
1943
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TABLE 19
LENGTH COMPOS TION OF THE 1938 YEAR-CLASS, AGE 5, BY AREASIN THE PACIFIC NORTHWEST IN
1943
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TABLE 20
LENGTH COMPOSTION OF THE 1937 YEAR-CLASS, AGE 6, BY AREASIN THE PACIFIC NORTHWEST IN
1943

35



TABLE 21
LENGTH COMPOSTION OF THE 1936 YEAR-CLASS, AGE 7, BY AREASIN THE PACIFIC NORTHWEST IN
1943
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COMPOSITION OF THE SARDINE CATCH 37

TABLE 22

LENGTH COMPOSITION OF THE 1934, 1933 AND 1932 YEAR-CLASSES BY AREAS
IN THE PACIFIC NORTHWEST IN 1943

British Columbia
1934 Year-class, age 9 s Yoot || dna2 Year,
Area
x| x | Total X111 X1
Length mm. MFT|MFT‘.\{FTMFTMFT

TABLE 22
LENGTH COMPOSTION OF THE 1934, 1933 AND 1932 YEAR-CLASSES BY AREASIN THE PACIFIC NORTH-
WEST IN 1943
British Columbia
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38 DIVISION OF FISH AND GAME

TABLE 23

LENGTH COMPOSITION OF THE 1943 AND 1942 YEAR-CLASSES BY AREAS IN THE
PACIFIC NORTHWEST IN 1944

(Samples From Brifish Columbia Only)

1943 Year-class, age 1 1942 Year-class, age 2
Area
X1 ! XI ‘ Taotal X XI Tatal
Length mm. M FT/MPF¥ T MFT([(MFT MTFTMTFT
1 | S O | S

152.... O

Totals .| .. 1 I!i 5 8 13| 5 9 1) 2 . 2|16 10 3518 19 37

TABLE 23
LENGTH COMPOS TION OF THE 1943 AND 1942 YEAR-CLASSESBY AREASIN THE PACIFIC NORTHWEST
IN 1944
(Samples From British Columbia Only)
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COMPOSITION OF THE SARDINE CATCH 39

TABLE 24
LENGTH COMPOSITION OF THE 1941 AND 1940 YEAR-CLASSES BY AREAS IN THE PACIFIC NORTHWEST IN 1944
(Samples From British Columbia Only)

1941 Year-class, age 3 1940 Year-class, age 4

Arca
XII XI Total XII XI X Total

Length mm. MFT/MFTMFT(MTFTMFT|MTFTMTFT

1

1 1 1

- 2 2 2

1. 1 1 1

2 . 11 . 11

1 2 5 3 2 5

R O | - 3 4 1 3 4

3 . 510 65 11

1 3 8 741

. LI 3 (R 713 67 13

. 1 5 7 3 6 9
) ) i 11 & 412
242 5 8 3 5 8
244, 6 9 3 912
246. a7 4 3 7
248 4 6 2 4 6
250, 5 6 1 & 6
2 3 12 3

11 -1

1 2 T 1 2

|
________ R w o9 19N
|

TABLE 24
LENGTH COMPOS TION OF THE 1941 AND 1940 YEAR-CLASSESBY AREASIN THE PACIFIC NORTHWEST
IN 1944
(Samples From British Columbia Only)
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TABLE 25
LENGTH COMPOS TION OF THE 1939 AND 1938 YEAR-CLASSESBY AREASIN THE PACIFIC NORTHWEST
IN 1944
(Samples From British Columbia Only)
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TABLE 26
LENGTH COMPOSITION OF THE 1937 AND 1936 YEAR-CLASSES BY AREAS IN THE PACIFIC NORTHWEST IN 1944
(Samples From British Columbia Only)

1937 Year-class, age 7 1936 Year-class, age 8
Area
XI1 X1 X Total

Length mm, MFT MTPFT|MFT MTFT
228 . 1 . 1
230 . .1 1]
232 o -1 1.
234 1 .. 1]
236. 1 . 1|
238 1 1 2
b2 11 R RIS (RPU R BURP R | R
242 2 1 3.
244 2 1 3|-
246 .. __ P B (N
M8 S B
250 .. 1 .. 1
252 . 1 3 4|
254 ___ .2 2|
256 . 11 2|
258 e e
260 .. 1 1}
{1 . S NP H RS
{17 S IS N [ NP
266 . 11
268 .. 1 1
-7V S RN (RSP PRI AP

Totals_ .. _____ 11 16 27

TABLE 26
LENGTH COMPOSTION OF THE 1937 AND 1936 YEAR-CLASSES BY AREASIN THE PACIFIC NORTHWEST
IN 1944
(Samples From British Columbia Only)
TABLE 27

LENGTH COMPOSITION OF THE 1935 AND 1933 YEAR-CLASSES BY AREAS IN THE PACIFIC NORTHWEST IN 1944
(Samples From British Columbia Only)

1935 Year-class, age 9 c%ﬁ Eg?lﬁ
Area
XI X Total XI

Length mm, MF T MFTMTFT|MTFT

TABLE 27
LENGTH COMPOS TION OF THE 1935 AND 1933 YEAR-CLASSESBY AREASIN THE PACIFIC NORTHWEST
IN 1944
(Samples From British Columbia Only)
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42 DIVISION OF FISH AND GAME

TABLE 28
LENGTH COMPOSITION OF THE 1944 AND 1943 YEAR-CLASSES BY AREAS IN THE PACIFIC NORTHWEST IN 1945
British Columbia

é& E::T 1943 Year-class, age 2
Area
XI XIT XI VI Total
Length mm, M F T|I|MF T|MF T MFT MTFT

2
3
E
4|
1
i |
2

— s

TABLE 28
LENGTH COMPOSTION OF THE 1944 AND 1943 YEAR-CLASSES BY AREASIN THE PACIFIC NORTHWEST
IN 1945
British Columbia
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TABLE 29
LENGTH COMPOSITION OF THE 1942 YEAR-CLASS, AGE 3, BY AREAS IN THE PACIFIC NORTHWEST IN 1945

Brimisa CoLuMRIA WasHINGTON

XII | XI ‘ X Vi Total IX VIII Total

L N SO -
Totals) .. 1 1[13 19 32| 1 1 2*3.. 3017 20 38fl 1 1 2/ 1 3 4|2 4 6

TABLE 29
LENGTH COMPOSITION OF THE 1942 YEAR-CLASS, AGE 3, BY AREASIN THE PACIFIC NORTHWEST IN
1945

TABLE 30
LENGTH COMPOSITION OF THE 1941 YEAR-CLASS, AGE 4, BY AREAS IN THE PACIFIC NORTHWEST IN 1943

Brrrisu CoLuMnia WASHINGTON
Area

XI X Total IX VIL Total

Length mm. MFT MFT MPFT|MFT MFTMTFT

TABLE 30
LENGTH COMPOSTION OF THE 1941 YEAR-CLASS, AGE 4, BY AREASIN THE PACIFIC NORTHWEST IN
1945
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TABLE 31
LENGTH COMPOS TION OF THE 1940 YEAR-CLASS, AGE 5, BY AREASIN THE PACIFIC NORTHWEST IN
1945
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TABLE 32
LENGTH COMPOSTION OF THE 1939 YEAR-CLASS, AGE 6, BY AREASIN THE PACIFIC NORTHWEST IN
1945
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TABLE 33
LENGTH COMPOSTION OF THE 1938 YEAR-CLASS, AGE 7, BY AREASIN THE PACIFIC NORTHWEST IN
1945
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TABLE 34
LENGTH COMPOSITION OF THE 1937 AND 1936 YEAR-CLASSES BY AREAS IN THE PACIFIC NORTHWEST IN 1945

1936 Year-
1937 Year-class, age 8§ 1588 Years
Area Britisn Barmen
CorLuMera WassiNGTON anu::‘ "
XI IX } VIII Total XI

Length mm.

TABLE 34
LENGTH COMPOSI TION OF THE 1937 AND 1936 YEAR-CLASSES BY AREASIN THE PACIFIC NORTHWEST
IN 1945

TABLE 35
LENGTH COMPOSI TION OF THE 1943 AND 1942 YEAR-CLASSES BY AREASIN THE PACIFIC NORTHWEST
IN 1946

47



1941 Year-class, age 5 1940 Year-class, age 6

Area Brrrisa CoLuMBIia WasHINGTON BrimisH CoLuMera WasHINGTON

XI VIII Total VIIx XI VIIT Total VIIT

(S
0

2 ll--

31

1|42 6

3l 2 - 2

2|l 3 5. 3

1|2 3 5

2]l 4 4 38

13 4 7

3l 2 1 3

2l 2 2 4

- 8 8

1 3 4

o1

2 2

11

11

R B
2 3 5

TABLE 36
LENGTH COMPOSI TION OF THE 1941 AND 1940 YEAR-CLASSES BY AREASIN THE PACIFIC NORTHWEST
IN 1946
TABLE 37
LENGTH COMPOS TION OF THE 1939, 1938 AND 1937 YEAR-CLASSES BY AREASIN THE PACIFIC NORTH-
WEST IN 1946
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TABLE 38
LENGTH COMPOSTION OF THE 1940 YEAR-CLASS AGE 1, IN 194142
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TABLE 39
LENGTH COMPOS TION OF THE 1939 YEAR-CLASS, AGE 2, IN 194142

50



TABLE 40
LENGTH COMPOS TION OF THE 1938 YEAR-CLASS, AGE 3, IN 194142
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TABLE 41
LENGTH COMPOSTION OF THE 1937 YEAR-CLASS, AGE 4, IN 194142
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TABLE 42
LENGTH COMPOS TION OF THE 1936 YEAR-CLASS AGE 5, IN 194142
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TABLE 43
LENGTH COMPOS TION OF THE 1935 YEAR-CLASS, AGE 6, IN 194142
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COMPOSITION OF THE SARDINE CATCH

TABLE 44
LENGTH COMPOSITION OF THE 1934 YEAR-CLASS, AGE 7, IN 1941-42

Pacirie

N Grawn
Norrawest || Frasesco

8aw Peoro | Cavrromnia |l o

Monrerey

Length mm.

MFTMFTMFTIMFTMFTMFT

598253 12 KO RO = k2

H T

HE TS

e 3 15 0 e G0 T T e O D

Bl —wmrw

-
=

1 Includes some fish, sex unknown,

TABLE 44
LENGTH COMPOS TION OF THE 1934 YEAR-CLASS, AGE 7, IN 194142
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TABLE 45
LENGTH COMPOSTION OF THE 1933, 1932, 1931, AND 1930 YEAR-CLASSESIN 194142
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TABLE 46
LENGTH COMPOSTION OF THE 1941 YEAR-CLASS AGE 1, IN 194243
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TABLE 47
LENGTH COMPOS TION OF THE 1940 YEAR-CLASS, AGE 2, IN 194243
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TABLE 48
LENGTH COMPOS TION OF THE 1939 YEAR-CLASS, AGE 3, IN 194243
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TABLE 49
LENGTH COMPOS TION OF THE 1938 YEAR-CLASS, AGE 4, IN 194243
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TABLE 50
LENGTH COMPOS TION OF THE 1937 YEAR-CLASS, AGE 5, IN 194243
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TABLE 51
LENGTH COMPOS TION OF THE 1936 YEAR-CLASS, AGE 6, IN 194243

62



COMPOSITION OF THE SARDINE CATCH 63

TABLE 52
LENGTH COMPOSITION OF THE 1935 YEAR-CLASS, AGE 7, IN 1942-43
Nr;:;::u mﬁ“c”mo MonTerey | San Peoro | Caviwonsia E;I‘:;::

Length mm,

M FT|MF T MFT MFT|MTFT|IMTFT

S ——— E— e

B e R T

TABLE 52
LENGTH COMPOS TION OF THE 1935 YEAR-CLASS, AGE 7, IN 194243
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TABLE 53
LENGTH COMPOSTION OF THE 1934, 1933 AND 1931 YEAR-CLASSESIN 194243
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TABLE 54
LENGTH COMPOSTION OF THE 1942 YEAR-CLASS AGE 1, IN 194344
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TABLE 55
LENGTH COMPOSTION OF THE 1941 YEAR-CLASS, AGE 2, IN 194344
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TABLE 56
LENGTH COMPOS TION OF THE 1940 YEAR-CLASS, AGE 3, IN 194344
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TABLE 57
LENGTH COMPOS TION OF THE 1939 YEAR-CLASS, AGE 4, IN 194344
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TABLE 58
LENGTH COMPOS TION OF THE 1938 YEAR-CLASS AGE 5, IN 194344
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TABLE 59
LENGTH COMPOSTION OF THE 1937 YEAR-CLASS, AGE 6, IN 194344
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TABLE 60
LENGTH COMPOSTION OF THE 1936 YEAR-CLASS AGE 7, IN 194344
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TABLE 61
LENGTH COMPOSITION OF THE 1935 YEAR-CLASS, AGE 8, IN 1943-44

PaciFie Baw
Norrawesr | Frawncisco | MonTEREY | CALIFORNIA Toran

Length mm.

M F T

TABLE 61
LENGTH COMPOS TION OF THE 1935 YEAR-CLASS, AGE 8, IN 194344

TABLE 62
LENGTH COMPOSITION OF THE 1934, 1933, AND 1932 YEAR-CLASSES IN 1943-44

1933 Year-|| 1932 Year-

1934 Year-class, age 9 class, age 10| class, age 11
Length mm. PaciFre X GRAND GiRAND (IRAND
NORTHWEST Cavirornmat TotaL Toran2 Toran?

M T TIMFTMTPFT|MTPF T{(MT FT

| R Y | N

TR
3 1 4ff 1 1 2/ 4 2 )1 . 1|1 .. 1

1 Year-class represented in California only at Monterey.
2 Year-class represented in Pacifie Northwest only.

TABLE 62
LENGTH COMPOS TION OF THE 1937, 1933, AND 1932 YEAR-CLASSESIN 1934-44
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TABLE 63
LENGTH COMPOSTION OF THE 1943 YEAR-CLASS, AGE 1, IN 194445
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TABLE 64
LENGTH COMPOSTION OF THE 1942 YEAR-CLASS, AGE 2, IN 194445
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TABLE 65
LENGTH COMPOSTION OF THE 1941 YEAR-CLASS, AGE 3, IN 194445
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TABLE 66
LENGTH COMPOS TION OF THE 1940 YEAR-CLASS, AGE 4, IN 194445
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TABLE 67
LENGTH COMPOSTION OF THE 1939 YEAR-CLASS, AGE 5, IN 194445
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TABLE 68
LENGTH COMPOS TION OF THE 1938 YEAR-CLASS, AGE 6, IN 194445
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TABLE 69
LENGTH COMPOS TION OF THE 1937 YEAR-CLASS, AGE 7, IN 194445
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TABLE 70
LENGTH COMPOS TION OF THE 1936, 1935 AND 1933 YEAR-CLASSIN 194445
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TABLE 71
LENGTH COMPOSTION OF THE 1944 YEAR-CLASS, AGE 1, IN 194546
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TABLE 72
LENGTH COMPOS TION OF THE 1943 YEAR-CLASS, AGE 2, IN 194546
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TABLE 73
LENGTH COMPOSTION OF THE 1942 YEAR-CLASS, AGE 3, IN 194546
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TABLE 74
LENGTH COMPOSTION OF THE 1941 YEAR-CLASS, AGE 4, IN 194546
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TABLE 75
LENGTH COMPOS TION OF THE 1940 YEAR-CLASS, AGE 5, IN 194546
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TABLE 76
LENGTH COMPOS TION OF THE 1939 YEAR-CLASS, AGE 6, IN 194546
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TABLE 77
LENGTH COMPOS TION OF THE 1938 YEAR-CLASS AGE 7, IN 194546
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TABLE 78
LENGTH COMPOS TION OF THE 1937 AND 1936 YEAR-CLASSESIN 194546
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TABLE 79
LENGTH COMPQSITION OF THE 1946 YEAR-CLASS, AGE 0, IN 1946-47
Mosterey! | MontEreY? | Sax Proro | CaLiForsia g;:::,

Length mm. A—

|MFTMFTMFTMFTMFT

Do mea e
e Ty iy
—— T o S

—— 0 G 9 6 T Y

:IDBE!.'I 19 26 45| 1 __ 1|20 26 46

1 Includes samples of fish caught loeally; exeludes six samples from boats which fished in Southern Califernia
waters and made deliveries in Monterey.

2 Combined total of samples of loeal and Southern Calfornia fsh taken in Monterey.

# Year-class not represented in Pacific Northwest or at San Franciseo.

TABLE 79
LENGTH COMPOS TION OF THE 1946 YEAR-CLASS, AGE O, IN 194647
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TABLE 80
LENGTH COMPOS TION OF THE 1945 YEAR-CLASS, AGE 1, IN 194647
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TABLE 81
LENGTH COMPOS TION OF THE 1944 YEAR-CLASS, AGE 2, IN 194647
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TABLE 82
LENGTH COMPOS TION OF THE 1943 YEAR-CLASS, AGE 3, IN 194647
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TABLE 83
LENGTH COMPOSTION OF THE 1942 YEAR-CLASS, AGE 4, IN 194647
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TABLE 84
LENGTH COMPOSTION OF THE 1941 YEAR-CLASS AGE 5, IN 194647
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TABLE 85
LENGTH COMPOS TION OF THE 1940 YEAR-CLASS, AGE 6, IN 194647
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TABLE 86
LENGTH COMPOS TION OF THE 1939 YEAR-CLASS AGE 7, IN 194647
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TABLE 87
LENGTH COMPOS TION OF THE 1938 AND 1937 YEAR-CLASSESIN 194647
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TABLE 88
AGE (YEAR-CLASS) COMPOS TION OF THE SARDINE CATCH IN THE 194142 SEASON
(Numbers of Fish Are Given in Thousands, i.e., 000 Omiffed)
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TABLE 88—Cont'd.
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TABLE 89
AGE (YEAR-CLASS) COMPOS TION OF THE SARDINE CATCH IN THE 194243 SEASON
(Numbers of Fish Are Given in Thousands, i.e., 000 Omiffed)
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TABLE 89—Cont'd.
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TABLE 90
AGE (YEAR-CLASS) COMPOS TION OF THE SARDINE CATCH IN THE 1943-44 SEASON
(Numbers of Fish Are Given in Thousands, i.e., 000 Omiffed)
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TABLE 90—Cont'd.
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TABLE 91
AGE (YEAR-CLASS) COMPOS TION OF THE SARDINE CATCH IN THE 194445 SEASON
(Numbers of Fish Are Given in Thousands, i.e., 000 Omiffed)
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TABLE 91—Cont'd.
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TABLE 92
AGE (YEAR-CLASS) COMPOS TION OF THE SARDINE CATCH IN THE 1945-46 SEASON
(Numbers of Fish Are Given in Thousands, i.e., 000 Omiffed)
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TABLE 92—Cont'd.
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TABLE 93
AGE (YEAR-CLASS) COMPOS TION OF THE SARDINE CATCH IN THE 194647 SEASON
(Numbers of Fish Are Given in Thousands, i.e., 000 Omiffed)
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TABLE 93—Cont'd.
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TABLE 94
NUMBER OF FISH, MEAN LENGTH AND STANDARD ERROR OF THE MEAN FOR EACH YEAR-CLASSIN
194142 BY REGION OF CATCH
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TABLE 94—Cont'd.
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TABLE 95
NUMBER OF FISH, MEAN LENGTH AND STANDARD ERROR OF THE MEAN FOR EACH YEAR-CLASSIN
1942-43 BY REGION OF CATCH
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TABLE 95—Cont'd.
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TABLE 96
NUMBER OF FISH, MEAN LENGTH AND STANDARD ERROR OF THE MEAN FOR EACH YEAR-CLASSIN
1943-44 BY REGION OF CATCH
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TABLE 96—Cont'd.
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TABLE 97
NUMBER OF FISH, MEAN LENGTH AND STANDARD ERROR OF THE MEAN FOR EACH YEAR-CLASSIN
1944-45 BY REGION OF CATCH
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TABLE 97—Cont'd.
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TABLE 98
NUMBER OF FISH, MEAN LENGTH AND STANDARD ERROR OF THE MEAN FOR EACH YEAR-CLASSIN
194546 BY REGION OF CATCH

118



TABLE 98—Cont'd.
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TABLE 99
NUMBER OF FISH, MEAN LENGTH AND STANDARD ERROR OF THE MEAN FOR EACH YEAR-CLASSIN
194647 BY REGION OF CATCH
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TABLE 99—Cont'd.

121



122 DIVISION OF FISH AND GAME

TABLE 100
CALENDAR DATES OF LUNAR MONTHS FOR SEASONS 1941-42 THROUGH 1946-4T
| 1041 42 1642 43 104344
wFuly®. N . .| e 17-August

15
A-Heptember E 28 | Angust  16-Saptember 13
A-Urtaler ptembwe 24 September 14 - October 13
§ MNovernber bk | otoler 14 November 12

" Aupust” [
“ Il
- Nowewber 4-December 3 | Celober  25-N e 22 | Nevewber 13-Devernber 11
1|
1
1
1

“Uetober
"Novetnbe

-| Dreceber  4-January 22 ! December 12-January 10
-| January 2-January 3l | December 23-January 20 | Januwary  k1-February &
-| February  [-Maich Jaruary  21-February 18 |,

.| March 2-March 3

1945-4F 1647

I3 Angust  12-September 10
elober I Aupust  23-8cplember 20 | September 11-Oetober
Cuetobor  2-Owteber 3L | Seplember 21-October 20 | Oclober  10-November
K b 1-N ber 29 | Ovtoler  21-Noveber 19 | November 9-December
Kovember 30-December 28 | November 2-Decemiber 18 | Deeember  8-January
Lyerember 30-Janusty 27 | Dhwember 19-January 17 | Januaey T-February
Janwary  28-February 26 | Januery  18-Febrosry 16 | Fehroary  G-Mareh

d—Henlember

“Ootober”
ayy, |

*Decembe

P

TABLE 100
CALENDAR DATES OF LUNAR MONTHS FOR SEASONS 194142 THROUGH 194647
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