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FOREWORD
This report is the result of a cooperative investigation carried out by the United States Fish and Wildlife Service and
the California Division of Fish and Game. Many staff members of both organizations have contributed to the study,
both through suggestions of methods of procedure and in the tedious compilations of data and carrying out of the ne-
cessary calculations.

We owe much to Mr. O. E. Sette, who proposed many of the adjustments applied to the weekly boat catches and
advised freely about their application. Dr. Richard Van Cleve and Dr. L. A. Walford have aided in editing and re-
viewing the manuscript.

Part of the routine clerical work was done by employees from Works Progress Administration Projects
765-08-3-22, 65-2-08-286 and 265-2-08-34. The staff of the United States Fish and Wildlife Service has carried on
its studies at Stanford University, where working quarters are provided by the University.

The Director, United States Fish and Wildlife Service, Department of Interior, has granted permission for publica-
tion.

RALPH P. SILLIMAN
FRANCES N. CLARK
February, 1945
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FIGURE 1. Chart of Pacific Coast waters, showing fishing areas, nursery grounds, spawning area, and range of
distribution of the sardine
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1. INTRODUCTION
1.1. Catch per-unit as a Measure of Abundance
As is recognized by all fisheries students, the total catch of any species does not usually measure the size of the pop-
ulation available to the fishermen. The size of the total catch depends on the relation between the numbers of fish in
the available population and the amount of effort expended. To measure changes in this relationship, the catch per-
unit-of-effort has been devised by fisheries workers. Variations in this measure may result either from variations in
the size of the total population, from differences in availability of all or a portion of the population to the fishermen,
or from changes in the amount of effort expended. For an interpretation of the influence of these factors other
sources of information must be drawn upon. The catch per-unit-of-effort is an essential tool, however, in the solution
of the vexing problems of fisheries management.

For the sardine several measures of the catch per-unit-of-effort have been calculated. The first to be published was
by Hart (1933) and applied to the Canadian fishery off British Columbia. For the time interval studied, 1925–1932,
Hart found no significant changes in the return to the fishermen for the amount of effort expended.

In California several preliminary investigations yielded no dependable results, due to the fact that the supply of
sardines off the California coast exceeded the demands of the industry to such an extent that catch limits were im-
posed on individual boats. Any changes in the return per-unit-of-effort merely reflected, therefore, increasing de-
mands of the industry, which resulted in higher catch limits. By the early 1930's, however, the California sardine in-
dustry had expanded to the point where it showed evidence of utilizing a large part of the available supply. Clark
(1939), therefore, made a study of the return per lunar month for the Monterey and San Pedro fisheries. That invest-
igation showed significant fluctuations with a maximum availability of the sardine population in 1934–35 and then a
decline to a lower level in the succeeding seasons. In that investigation no attempt was made to correct for time lost
to the fishermen due to unfavorable weather or to adjust for the effect of "limits" imposed on the fishing boats by the
processing plants. Under good fishing conditions the fishermen can catch more fish than can be handled by the
plants. To prevent gluts the processors limit the number of tons which a boat may catch on succeeding nights. Early
in the history of the fishery limits were nearly always in effect. In the later years they were less important but still
operating to some extent.

Sette and Palmer (ms) next made a study of the San Francisco fishery which supplied the floating reduction plants
operating out of that port. This study involved a preliminary analysis of the influence of weather on the catch and
used an average weekly catch as the unit-of-effort. The results were in general agreement with the findings of Clark
for the ports of Monterey and San Pedro.
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For a more thorough understanding of the relationship between the California sardine catch and the amount of ef-
fort expended, it was necessary to bring these studies up to date. In addition it was thought advisable to make an
analysis of the external influences affecting the catch for which measurements were available. Also, for other studies
involving variations in the sizes of fish available to the fishermen, a unit-of-effort covering a short time interval was
desired. This study was undertaken, therefore, and so planned that it yielded the average weekly catch in thousands
of pounds for the San Francisco, Monterey and San Pedro sardine fisheries. As far as possible this weekly catch was
adjusted so as to be freed from the influence of weather, hours of darkness and of limits. The time interval covered is
1932–33 to 1941–42.

1.2. Sources of Data
The catch data used in this study were the records collected by the California Division of Fish and Game of the num-
ber of pounds in the daily boat deliveries. The adjustments for wind velocity and direction were based on data de-
rived from the daily weather maps published by the United States Weather Bureau. Data concerning the number,
time of sets, size of limits and other pertinent data for specific boat deliveries were collected by the staff of the Cali-
fornia Division of Fish and Game through personal interviews with fishing captains. For the 1940–41 and 1941–42
seasons the U.S. Fish and Wildlife Service conducted the interviews at San Francisco.

1.3. Methods
Fishing for sardines along the Pacific Coast of North America is carried on by roundhaul nets. In the early history of
the industry these nets and the boats from which they were operated were small units termed lampara nets and lam-
para boats (Scofield, 1929, and Fry, 1931). Such equipment is still used in California in the sardine bait fishery.
Later the purse seine was introduced. This is a larger and more efficient type of gear.

In California practically all sardine fishing occurs at night when the schools of fish can be located by the lumines-
cence resulting from the movements of fish through the water. This luminescence can not be seen when the moon is
shining nor in daylight. The fishermen plan to leave port in time to reach the fishing grounds when darkness falls.
The boat cruises until a school of fish is located, then the net is quickly payed out, all or a part of the school is sur-
rounded, and the fish brailed into the hold of the boat. This is termed a set or haul, and takes from one to several
hours, depending on the size of the catch, the smoothness of the water and the efficiency of the crew. When a catch
is made the boat returns to port the following morning.

In making the present catch-per-unit analysis, the boats involved for the period, 1932–33 to 1937–38, were the
same as those used by Clark in her study, except that at San Francisco only boats delivering to floating reduction
plants were used. The method of selecting the boats is described in the appendix (p. 45). For subsequent years addi-
tional boats were chosen in the same manner. The landings of these boats
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comprised 62 to 91 per cent of the total landings at the various ports, except at San Francisco during the seasons
1932–33 through 1937–38, when they comprised 22 to 84 per cent (p. 46, Table 14). The lower percentage for San
Francisco resulted from using the boats delivering to floating reduction plants, only. The daily deliveries of the se-
lected boats were recorded in pounds and summed by lunar weeks.

Because the California sardine is caught at night during the dark of the moon, all detailed compilations of boat
catches were made by lunar months. During the full moon there are about five nights when no fishing occurs and at
the beginning and close of a lunar period, which extends from full moon to full moon, the hours of darkness are lim-
ited. To make all weeks comparable, therefore, it was necessary to adjust each week in accordance with the available
number of hours of darkness. The method of making this adjustment is explained in the appendix (p. 58).

Adjustments for the effects of weather and of catch limits were also made and detailed methods are given in the
appendix (p. 47). The correction for limits is translated into hours of scouting time. Were a fishing boat not limited
by the capacity of the processing plant or by the boat capacity, the entire night would be spent in scouting for
schools of sardines except for the time utilized in making a set and brailing the fish into the hold of the boat. The ad-
justed average weekly catch measures the pounds of fish which would have been caught if the time lost due to bad
weather and lack of darkness had been of average magnitude and if 100 per cent of the available time had been spent
in scouting for sardine schools. To indicate the effect of these adjustments the unadjusted as well as the adjusted av-
erage weekly catches are given in each table and figure.

Throughout the history of the sardine fishery, methods of catching the fish have been continually improved. Size
of boat and size of net have gradually increased. The purse seine has supplemented the lampara net, diesel oil has re-
placed gasoline as a fuel, mechanical devices have been introduced which hasten the setting of nets and brailing the
fish onto the boats, and radio telephones have enabled the fishermen to help each other in locating sardine schools.
None of these changes has come suddenly, consequently it is not possible to select any time interval and assume that
the unit of effort expended has been constant in that interval. Insofar as addition of new boats to the fleet is con-
cerned, this difficulty has been overcome by comparing the weekly catch of any boat in a given year with the catch
of the same boat in the previous year. Where improvements have been made on existing boats, or where crews have
changed, the difficulty still remains, however, and may have introduced inaccuracies into our measure of catch per-
unit-of-effort. For the within-season changes, comparisons were always made between the same boats in any two
successive weeks. Throughout the 10 seasons covered in this study boats were entering and leaving the fishery. This
necessitated the linking of each season's average catch with the preceding season's. For this linkage 1932–33 was
used as the base season for Monterey and San Pedro and 1935–36 for San Francisco. Similarly, for the within-sea-
son changes the first week of the season was used as the base week.
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The entrance of the United States into the second World War in December, 1941, had a profound effect on the
California fishery. Free movement of the boats into and out of ports was immediately stopped. Scouting for fish was
curtailed due to danger from submarine activity, and some fishing grounds were closed in the interests of national
defense. Because of these extraneous factors this study was terminated with the 1941–42 season. Special methods of
analysis may have to be devised to bridge the gap between the prewar and postwar fisheries.

1.4. Conclusions
This study has shown that the same changes in average catch per-boat-week have occurred in all of the major
sardine fisheries of California. This furnishes additional confirmation to the findings from other lines of investiga-
tion which demonstrate that the San Francisco, Monterey, and San Pedro fisheries are all drawing from the same
population.

The maximum level of catch per-boat-week occurred in 1934–35, and the lowest level in 1937–38; in the suc-
ceeding seasons it was greater than that for 1937–38, but did not again reach the 1934–35 average (Fig. 12). The
within-season comparisons of the catch per-boat-week show that the central California fishery receives its best re-
turns from a week's fishing in the fall months (Figs. 6 and 8). For San Pedro in the first half of the time interval the
best return to the fishermen occurred in the winter. In the later seasons the catch per-boat-week was higher in the fall
(Fig. 10).

The elaborate adjustments made in the weekly boat catch had very little effect on the result in any of the three
ports. This would indicate that presence or absence of schools of sardines on the fishing grounds is the chief factor
in determining the return to the fishermen for his season's fishing. The effects of weather, hours of darkness and lim-
itation of catch are either random in character and average out, or they are nonrandom but our methods of adjust-
ment have not successfully eliminated their influence. There are sufficient differences between the adjusted and the
unadjusted figures, however, to indicate that the adjustments have brought about some changes.

For the present uses of the boat catch analysis the differences between the adjusted and unadjusted results are not
great enough to affect their interpretation. Such adjustments would be important if measures of a higher degree of
accuracy were justified or if they were to be applied to time intervals shorter than a week.
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1 By the term "San Francisco fishery" we refer to all landings made in the San Francisco Bay region, and to deliveries made to floating plants
operating in the vicinity of Point Reyes, the Farallon Islands, and Point Montara.

2. BETWEEN-SEASON CHANGES IN CATCH PER-UNIT
2.1. The San Francisco Fishery1

As a sardine fishing port, San Francisco is much younger than the other two considered in this study. The California
sardine fishery as an industry of importance began in the 1916–17 season, but San Francisco landings were not im-
portant until 1926–27; not until 1930 did they constitute as much as 10 per cent of the total for California (Scofield,
1937, Figs. 4 and 6), although more recently they have run as high as 50 per cent.

Because of the recent development of the San Francisco fishery, only intermittent sampling was carried on there
during the first few seasons covered in the present analysis. Interviews sufficiently numerous to serve as the basis
for the type of adjustments described herein (appendix, p. 47) were not started until the 1935–36 season, and as a
result only unadjusted data are available for the San Francisco seasons, 1932–33 through 1934–35. It will be seen
(Fig. 2), however, that the unadjusted data in general correspond well with the adjusted; for this reason general con-
clusions may be based on the former for the period, 1932–33 through 1934–35. In the following discussion it is to be
understood that any statements involving seasons prior to 1935–36 refer to the unadjusted data.

Referring to the course of the catch per-boat-week for the entire season (Figs. 2A and B), the change in level
between the 1936–37 and the 1937–38 seasons divides the 10 season period into two five-season sub-periods. The
mean catch per lunar week for the first five-season

TABLE 1
Between-season changes in catch per-boat-week, San Francisco, 1932–33 through 1941–42. Expressed both in

numbers and in weight. Unadjusted figures have been weighted to same total for period, 1935–36 through 1941–42,
as adjusted figures
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period was 441,800 pounds, as compared with 233,000 pounds for the second five-season period. This represents a
decrease of 47 per cent in return to the fishermen per-unit-of-effort expended. Comparison of

FIGURE 2. Various measures of catch per-boat-week at San Francisco. Unadjusted data have been weighted to the
same total for the period 1935–36 through 1941–42 as the adjusted data
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the catch per-unit in numbers (Fig. 2A) with the same statistic in pounds (Fig. 2B) indicates that the decrease was
partly the result of a reduction in the average size of the fish. Such a finding is in keeping with the now widely-held
theories regarding the relationship between fishing intensity and population characteristics such as that first ex-
pounded by Baranov (1918) and simply stated by Thompson (1937).

Considering anomalies from the five-season levels (Fig. 2B), the most striking was the high point attained in
1934–35. It seems most likely that this resulted from the appearance in the catch of one or more dominant year-
classes of sardines, which in turn may well have been established by the coincidence of good-sized spawning stocks
and hydrographic conditions unusually favorable for the survival of larvae and young fish. Two such length groups
are indicated in the length frequencies for the 1934–35 season (Clark, 1939, Fig. 4). Perhaps the high level of that
season may have been the result of the combined abundance of these two groups, plus better-than-average availabil-
ity of schools to the fishermen.

For some time it has been recognized (Andrews, 1928; Clark, 1930, 1936, 1939; Higgins, 1926; Phillips, 1937;
Scofield, 1926) that, during the early history of the fishery, at least, the sizes of sardines in the catch changed from
one level in the fall to a higher level in the winter. The fishery in the first part of the season, depending on the small
sizes of fish, has been termed the "fall fishery"; and that during the latter part of the season, involving the larger fish,
has become known as the "winter fishery." Although the two fisheries have not been as well differentiated in recent
seasons as in the past, it is of value to consider them separately in order to bring out certain features of the trends.
For analysis of length frequencies the separation has been made on the basis of size of fish in the catch (Clark, 1936,
p. 9), but in applying it to catch per-unit data it was necessary to make an arbitrary division on the basis of time
(Clark, 1939, p. 16). The division as made for Monterey was adopted for San Francisco, since the geographical
proximity of the two ports makes their biological seasons similar. Thus lunar months "August" through "November"
constitute the fall fishery and lunar months "December" and "January," the winter fishery (appendix, Table 15). It
will be noted (Fig. 2D) that there was no winter fishery during the 1941–42 season, because of the war.

Comparison of the trends of the fall and winter fisheries for San Francisco (Figs. 2C and D) shows considerable
differences between them. Whereas the catch per-unit-of-effort in the winter (Fig. 2D) declined consistently from
1933–34 to 1941–42 (with the single exception of the increase from 1937–38 to 1938–39), there was an apparent re-
covery of the fall fishery subsequent to 1937–38 (Fig. 2C).

2.2. The Monterey Fishery
As might be expected from the fact that their fishing grounds overlap, Monterey and San Francisco have similar
trends of catch per-boat-week. For Monterey, the more complete data available made it possible to add three sea-
sons, 1932–33 through 1934–35, to the adjusted series of catches per-boat-week. The entire-season trends for the
period, 1932–33 through 1941–42, are shown in figure 3A and B. As at San Francisco, the two five-season levels
may be compared by computing the
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arithmetic mean catch per-boat-week for each. This computation yielded means of 480,200 pounds for the first five
seasons, and 270,400 pounds for the second five, a decrease of 44 per cent. This is in close agreement with the de-
crease of 47 per cent for San Francisco, although the absolute level was higher for Monterey for both periods.

FIGURE 3. Various measures of catch per-boat-week at Monterey. Unadjusted data weighted to the same total as
adjusted
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Comparison of the trend by numbers (Fig. 3A) with that by weight (Fig. 3B) indicates that, as at San Francisco,
the change in level of catch per-boat-week resulted chiefly from a decrease in the average size of the individual fish.

One of the most interesting aspects of the comparison of the Monterey fall and winter trends (Fig. 3C and D) is
the great height of the 1934–35 peak in the former, and its almost complete absence in the latter. In other words, the
high level of catch per-boat-week attained in the 1934–35 season was the result of good fishing in the fall. If, as has
been suggested above, the peak for the season in question is the result of the appearance of one or more dominant
year-classes of sardines, the effect should be felt mainly in the fall fishery, which takes mostly the smaller, younger,
"entering" classes of fish.

TABLE 2
Between-season changes in catch per-boat-week, Monterey, 1932–33 through 1941–42. Expressed in both numbers

and weight. Unadjusted figures have been weighted to same ten-season total as adjusted figures
Another point of interest in comparing the fall and winter trends (Fig. 3C and D) is the greater stability of the lat-

ter. This is in agreement with the hypothesis that the influence of the entering year-classes is felt mainly in the fall
fishery. The demonstrated differences (Clark, 1936) in abundance of successive year-classes would naturally effect
fluctuations in the fall fishery; while the winter fishery, depending on an accumulation of older year-classes, would
be more stable.

There is one further difference between the fall and winter fisheries which seems worth attention. This is that the
course of the catch per-boat-week in the winter fishery (Fig. 3D) represents almost a continuous downward trend,
whereas in the fall the trend was upward after 1937–38 (Fig. 3C), as at San Francisco.

2.3. The San Pedro Fishery
The changes which have occurred in the weekly average boat catch for the San Pedro fishery are shown in figure 4
and table 3. Figure 4A gives the return in numbers of fish per average boat-week linked to 1932–33 as a base year.
The solid line represents the entire-season trend of the adjusted values and the broken line the unadjusted trend. Fig-
ure 4B shows the same comparisons in pounds rather than numbers.
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For the entire season the return per-week's fishing increased from 1932–33 to 1934–35 and then declined steadily
until 1937–38. In the succeeding years the average weekly catch fluctuated from season to season. As at San Fran-
cisco and Monterey the level of return to the

FIGURE 4. Various measures of catch per-boat-week at San Pedro. Unadjusted data weighted to the same total as
adjusted
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fisherman for his fishing effort was lower in the last five-season interval than in the first. For the adjusted data the
average weekly boat catch for the first five seasons was 274,000 pounds and for the second 130,000 pounds. This
represents a decrease of 53 per cent in the level of availability of sardines to the San Pedro fishermen, and a greater
decrease than for the other two ports.

TABLE 3
Seasonal average pounds and number of fish per-boat-per-week taken in the San Pedro fishery from 1932–33 to

1941–42, linked to 1932–33. Unadjusted figures are weighted to same 10 season total as adjusted figures
This decline was greater when measured in pounds per week than in numbers per week. In contrast to San Fran-

cisco and Monterey, however, figure 4A also shows a lower level in catch per-boat-week when measured in num-
bers of fish caught. For the first five seasons the weekly average catch was 882,000 fish and in the second five sea-
sons 618,000. This is a decline of 30 per cent and indicates that the decrease in the average weekly catch measured
in pounds results in part from a decrease in the size of individual fish and in part from a decline in the level of avail-
ability of sardines.

In figures 4C and D the weekly boat catches for the fall and winter fisheries at San Pedro are shown. October to
December comprise the fall fishery in southern California and January to March the winter fishery. The return per-
week's fishing during the winter months followed the same general pattern as that for the entire season but in the fall
fishery the trend was reversed, and short-time fluctuations were more violent. In addition there was a fairly consist-
ent increase after 1935–36 in the average return to the fisherman for his week's fishing. This indicates an increase in
the recruitment of younger fish which support the fall fishery. On the other hand the low level during the winter
months for the last five seasons indicates a decrease in the stock of larger, older fish. This is substantiated by length
measurements of samples of sardines taken daily or semiweekly from the catch. Figures 4A and B show, however, a
decrease in average numbers as well as average pounds of fish taken per-week, and imply that the level of recruit-
ment has not been high enough in the San Pedro region to offset the decrease in the numbers of large fish, as oc-
curred at San Francisco and Monterey.
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3. WITHIN-SEASON CHANGES IN CATCH PER-UNIT
3.1. San Francisco
On the whole, the within-season comparisons of catch per-boat-week show less marked changes than do the
between-season comparisons. This is particularly true of San Francisco, as illustrated in figure 5. Examination of it
reveals no such consistent seasonal variations as have been found in average length of fish. In particular, there is no
evident change in level of catch per-boat-week at the time of the transition from "fall" to "winter" length categories,
which most often occurs at San Francisco during calendar months, October, November, and December (Clark, 1936,
Table 1). This period corresponds roughly with lunar months "October" through "December," yet the graphs in fig-
ure 5 show no consistent within-season changes in level of catch per-boat-week

FIGURE 5. Within season changes in catch per-boat-week at San Francisco. Broken lines represent linkage over in-
tervals when less than 10 boats were fishing
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during those months. The seven season average, however, shows a slight decrease in January and February (Fig. 6).
It seems likely that most differences in abundance between fall and winter fish are masked by greater fluctuations in
availability of schools to the fishermen.

One feature which is brought out in figure 5 is the decrease in length of fishing season which occurred during the
period of the analysis. It will be noted that there was a consistent trend toward later beginning and earlier ending of
the fishery each season from 1935–36 to 1940–41. The 1941–42 season constituted an exception, beginning earlier
than any of the others; but also having the earliest ending, as a result of the start of the war in December, 1941. This
decrease in length of season will be considered further in the section "Total Effort Expended."

TABLE 4
Within-season changes in catch per-boat-week, San Francisco 1935–36 through 1941–42. Blank weeks are those

during which less than ten boats fished. Data are adjusted
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In an attempt to bring out any consistent within-season changes which might exist, the seasons represented in fig-
ure 5 were averaged to determine an "average season." The result is shown in figure 6. One readily apparent charac-
teristic is the lunar-month fluctuation, not entirely removed by the adjustments applied. Outside of this the only

FIGURE 6. Average catch per-boat-week, San Francisco, 1935–36 through 1941–42. Weeks represented by less
than three seasons are excluded

outstanding feature is the falling off in level of catch per-boat-week which occurs in lunar months "January" and
"February." This may be connected with the fact that spawning, which takes place chiefly south of Point Conception
(Fig. 1) begins in February, and the fish may be migrating from the San Francisco area toward the spawning
grounds.

3.2. Monterey
Some of the Monterey within-season trends, particularly those for the earlier seasons, have characteristics not appar-
ent at San Francisco. These characteristics give some indication of the way in which the schools of sardines became
available to the fishery during the different seasons. Two simple ways in which the fish might become available are
as follows: (1) the entire stock might become available at the beginning of the season, and be gradually reduced dur-
ing the season by the fishery, natural mortality, and emigration, (2) immigration to the available stock and removal
by the fishery and emigration take place at a uniform and equal rate throughout the season, so that the level of the
stock remains unchanged. Examination of the seasons represented in figure 7 reveals examples seeming to reflect
various intergrades of each of the two situations. We may select for consideration two seasons representing extreme
examples.

The 1934–35 season, with the exception of two weeks at the beginning, has the typical downward exponential
trend which might be expected in a stock being reduced at a constant percentage rate. The individual weekly values
(excluding the first two) were plotted semilogarithmically, and fitted with a straight line by the method of semiaver-
ages. Its slope indicated a decline of about 6 per cent per week, or 80 per cent for the entire season. This decline
may, of course, be attributed either to mortality or net emigration (i.e., excess of emigration over immigration).
Since the rate is higher than most of the present estimates of total mortality, it probably represents a combination of
both processes.
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FIGURE 7. Within-season changes in catch per-boat-week, Monterey, 1932–33 through 1941–42. Broken lines rep-
resent linkage over intervals when less than ten boats were fishing
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TABLE 5
Within-season changes in catch per-boat-week, Monterey, 1932–33 through 1941–42. Blank weeks are those during

which less than ten boats fished
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The level of catch per-boat-week during the 1938–39 season has practically no trend, and may therefore reflect a
condition in which uniform immigration balanced uniform mortality and emigration. Since the fleet at Monterey ten-
ded to remain relatively constant, and since the fishing grounds cover only a small portion of the area known to be
traversed by the sardine schools (Clark, 1940), such a condition may have actually obtained.

Between the two extremes represented by the 1934–35 and the 1938–39 seasons, we have a series of intergrades,
as mentioned above. However, the entire 10 seasons may be roughly classified, from inspection of figure 7, into two
groups, according to whether they have a declining trend like the 1934–35 season, or no trend like the 1938–39 sea-
son. Such a classification, arbitrarily made, places the 1932–33, 1934–35, 1935–36 and 1936–37 seasons in the first
group, and the other six in the second. From the adjusted between-season changes (Fig. 3B), it may be seen that the
four seasons in the first group have the highest catch per boat-week values of the 10 seasons in the study. In other
words, in unusually successful fishing seasons the catch per-boat-week tends to be high in

FIGURE 8. Average catch per-boat-week, Monterey, for various periods. Weeks represented by less than two sea-
sons in each five-season period have been omitted. Unadjusted averages weighted to same total as adjusted aver-

ages
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the early part (fall fishery) and to decline towards the end of the season (winter fishery). This being true, one would
expect to find the level of catch per-boat-week for the entire season more highly correlated with the fall than with
the winter level. Such a condition actually obtains, as indicated in figure 3. The coefficient of correlation for the re-
gression of entire season values on fall values is .912, whereas it is only .728 for the regression of entire season on
winter. Both of these correlations are significant, the P values being below .02.

Such correlations could result only if the highest level of availability occurred at the beginning of the fishing sea-
son. This high level might be brought about either by the early concentration on the fishing grounds of an exception-
ally large portion of the sardine population or by the early entrance of new dominant year-classes. In either event the
lower level of the winter fishery would result from failure of succeeding immigration to offset the mortality.

In order to bring out any consistent within-season trends, the lunar-weekly catches per-boat-week were averaged
for the first and last five seasons of the study, and for the entire 10 seasons. Results are shown in figure 8. Comparis-
on of the two five-season averages again brings out the association of declining within-season trends with high sea-
sonal levels of catch per-boat-week. The much greater within-season decline for the first five seasons than for the
last five is readily apparent, and it has already been pointed out under "Between-Season Changes" that the average
level of catch per-boat-week was higher for the first five seasons than for the last five. The graph for the last five-
season interval shows a decline throughout the months of December, January and February. This is in accord with
the between-season trends which indicate a decline in the average weekly catch during the winter months. (Fig.
3-D).

The average for the 10 seasons (Fig. 8B) exhibits more of the characteristics of the first five seasons than of the
last five seasons, because of the greater weight in the average given the former by their higher level of catch per-
boat-week. Peaks at lunar weeks "August"-4 and "September"-4 retain their prominence, in contradistinction to the
rest of the season, when the weeks near the ends of the lunar months usually marked minima in the curve of catch
per-boat-week. Although it will be discussed in more detail under "Effect of Adjustments," it is pertinent to note
here that the high level attained near the beginning of the season is brought out only in the adjusted curves. This sug-
gests that the catch during that time may have been held down by some of the factors involved in the adjustments,
such as weather conditions, or percentage of night spent scouting. The actual trend of catch per-boat-week, as far as
the fishermen are concerned, is only slightly downward.

3.3. San Pedro
For the San Pedro fishery the within-season changes are shown in figure 9 and table 6 for each of the 10 seasons
used in this study. From 1933–34 to 1936–37 the weekly average boat-catch was greater during January and Febru-
ary than in November and December. In 1932–33 and from 1937–38 to 1939–40 the return to the fishermen for a
week's fishing showed no definite trend throughout the season but in 1940–41 and 1941–42 the fall fishery exceeded
that of the winter.
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FIGURE 9. Within-season changes in catch per-boat-week, San Pedro, 1932–33 through 1941–42. Broken lines
represent linkage over intervals when less than 10 boats were fishing
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FIGURE 10. Average catch per-boat-week, San Pedro, for various periods. Weeks represented by less than two sea-
sons in each five-person period have been omitted. Unadjusted averages weighted to same total as adjusted aver-

ages
The reversal of the seasonal trend is shown more clearly in figure 10A. The five seasons, 1932–33 to 1936–37,

are averaged and compared with the average for the five seasons, 1937–38 to 1941–42. Such a change in the success
of the winter fishery relative to the fall fishery was not evident in a similar comparison for Monterey (Fig. 8A). At
San Pedro the weekly average boat catches throughout November and December are similar for the two intervals but
the January to March averages are greater during the first five seasons than during the second. This again demon-
strates that the decrease in return-per-unit-of-effort expended has occurred in the winter months when the San Pedro
fishery depends on larger sized sardines (Fig. 4).

In figure 10B are shown the 10-season average weekly catches for the adjusted data compared with the unadjus-
ted. For the 10 seasons the success of the fishing boats was somewhat greater in January and February than in
November and December. Prior to the past few seasons the San Pedro sardine fishermen experienced their best fish-
ing during the winter months. This was true also in the decade preceding this study.
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TABLE 6
Average weekly catch per boat in thousands of pounds for the San Pedro fishery from 1932–33 to 1941–42
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In the recent years, however, winter catches have been much poorer and the industry has relied more and more on
the return during the fall months. Because of this decreasing success during the winter months, October was opened
to sardine fishing in southern California in 1941–42 and in 1942–43 the month of March closed.

In each of the individual seasons, in both five-season averages and in the 10-season average, the weekly catch de-
clined throughout March. This decline is presumably associated with the onset of the spawning season and the gen-
eral movement of the sardine population out of the southern California fishing region toward the off-shore spawning
grounds. Four of the 10 seasons show a slight upward trend in early April. The boat catches on which these weekly
averages are based are few in numbers, however, and this paucity of data precludes any conclusions about changing
levels of availability at the termination of the San Pedro sardine season.
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4. COMPARISON OF PORTS
To facilitate the study of similarities and differences between the three major sardine fishing ports, the catches per-
boat-week are compared in figure 11. For the entire season the trends, shown in figure 11A, indicate that all three
ports have experienced the same general fluctuation in return per-boat-week. The peak of availability was reached in
1934–35; this was followed by a continuous decline until 1937–38, then a leveling off with minor fluctuations for
the remaining seasons. At San Francisco and Monterey the return to the fishermen increased slightly between
1937–38 and 1941–42, whereas at San Pedro there was almost no increase. Although the variations in average
weekly boat catch have shown the same trends for the three ports the average catch for San Pedro has been lower
throughout the 10 seasons included in this study.

Additional information can be obtained from a comparison of the fall and winter fisheries for the three ports.
These trends, which are compared in figure 11B and C, indicate some marked differences in the average weekly
catch of the fishermen. The maximum attained in 1934–35 is reflected in the Monterey fall fishery but not in the San
Pedro. On the other hand, the San Pedro winter fishery shows this 1934–35 maximum but Monterey does not. After
1935–36 the graphs for all three ports are similar. For central California the average catch per-boat-week during the
entire season was largely determined by the success of the fall fishery, whereas in southern California the return dur-
ing the winter months established the entire season level.

At San Pedro, throughout the fall the average weekly boat catch was less than that for central California until
1937–38. In the succeeding season the general average equalled that of Monterey and San Francisco. Throughout
the winter months, on the other hand until 1935–36, the weekly average at San Pedro was on a somewhat higher
level than at Monterey. After 1935–36 the San Pedro level fell below that at San Francisco and Monterey. The lower
average for the entire season at San Pedro results, therefore, from the poorer returns throughout the fall months in
the first part of the time interval and the lesser yield during the winter months in the second part.

These similarities and differences between the three California fishing regions result from the distribution and
movements of the sardine population. That the entire sardine population is moving throughout its range has been
demonstrated by marking experiments (Hart, 1943; Janssen, 1938; Clark and Janssen, 1945). This means that all of
the fisheries along the Pacific Coast of North America are drawing from the same population. The similarities in the
major changes in the average weekly-boat-catch at the three California ports reflect, therefore, changes in the entire
sardine population.

Within the seasons, however, differences occur which are brought about by annual movements of the sardine pop-
ulation. The San Francisco and Monterey fishermen experience their best fishing between August and November
when the smaller and medium sized fish are available in central California. Here the success of the fall fishery
chiefly
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FIGURE 11. Various measures of catch per-boat-week, comparison of ports
determines the success of the entire season. The larger sardines, on the other hand, are found in central California
during December, January and early February. Their stay in central California is much more transitory than that of
the smaller sizes during the fall months. Both larger and smaller sardines are present off southern California from
January through March, but in the fall, October to December, the catch consists chiefly of the smaller sizes. The
presence of both large and small sardines during the winter presumably accounts for a higher level of
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return to the fishermen in the earlier seasons of this study. A gradual reduction in numbers of the larger fish in the
population has caused the lower level in the winter months in the last half of the 10 seasons studied.

The high level of abundance attained in 1934–35 and maintained to a fair degree in 1935–36 presumably resulted
from the successful survival of one or more year-classes spawned a few years previously. This high level occurred in
the fall at Monterey, during the winter in southern California, and in both the fall and winter at San Francisco.

FIGURE 12. Catch per-boat-week, ports combined
To give a single measure of availability for the entire sardine population the average catches per-boat-week have

been combined for the three ports and the result is shown in figure 12. This calculation was carried out by dividing
the tonnage of each port per season by the average weekly boat-catch. This gave the total effort expended at each
port in terms of number of boat-weeks. The total effort for the three ports was then summed by seasons and divided
into the entire State catch, thus

FIGURE 13. Within-season changes in catch per-boat-week. Seven-season average for San Francisco compared
with 10-season average for Monterey and for San Pedro
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giving the average weekly boat catch for all the California fisheries. The decline from 1934–35 to 1937–38 is con-
sistent. Since that season there has been little change in the level of abundance expressed in terms of pounds caught.
On the basis of numbers of fish caught, since 1938–39 the level has been similar to that of 1932–33 and 1933–34 but
not equal to 1934–35 and 1935–36.

TABLE 7
Combined indices of catch per-boat-week for the three California ports. See text for method of combination

The within-season changes, for the three ports are compared in figure 13. The San Francisco graph is based on the
seven-season average, 1935–36 to 1941–42, and those for Monterey and San Pedro on the ten-season average,
1932–33 to 1941–42. The most striking difference is in the months involved in the fishing season. In central Califor-
nia sardine fishing is carried on from August through mid-February and in southern California from October through
March. These seasons although regulated by law, in general constitute the time intervals when fish are available on
the fishing grounds in adequate abundance to support the industry.

Throughout the fall months the average weekly catch is greatest at Monterey, and San Francisco occupies an in-
termediate position between Monterey and San Pedro. In January and February the weekly averages do not differ
greatly at the three ports.
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5. EFFECT OF ADJUSTMENTS
In establishing future policies regarding the number of adjustments to be applied, it may become necessary to weigh
the amount of labor involved in computing the various adjustment factors against the amount of improvement in the
final results accomplished by each. To obtain a preliminary appraisal, the between-season changes for San Pedro
were computed on three bases: (1) completely adjusted, (2) adjusted only to remove the effect of varying percent-
ages of night spent scouting, and (3) unadjusted. The results are shown in figure 14. In order to secure a better com-
parison, each of the three series of figures represented in the graphs was weighted to the same general level.

FIGURE 14. Weekly average catch per-boat, entire season average, adjusted for all factors; compared with catch
adjusted for scouting time only and with the unadjusted catch. Data for the San Pedro fishery

This particular comparison indicates that but little change was accomplished by the successive adjustments ap-
plied. Such changes as occurred were chiefly in the direction of increasing the differences between catch-per-unit
values at high and at low availability levels. The reason for this is obvious in regard to the adjustment for percentage
of time spent scouting. Since the unadjusted computations assume that 100 per cent of each night is spent scouting
they underestimate changes in catch-per-unit-of-effort between good fishing and poor fishing, for, when fishing is
good more time is spent making sets than when it is bad, and as a consequence a smaller percentage of the night is
available for scouting. Thus the catch per-unit-of-effort (i.e., per unit of scouting time) is higher during good fishing
than it appears to be in the 100 per cent scouting time computation. The scouting time adjustment was applied to
correct for this effect, and figure 14 indicates that it accomplished some change in the direction of greater differ-
ences between high and low catch-per-unit levels.
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TABLE 8
Seasonal average pounds per-boat-per-week taken in the San Pedro fishery. Comparison of catch adjusted for all

factors with catch adjusted for length of scouting time only and with unadjusted catch
In addition to the San Pedro test some unadjusted values were computed for the other ports, and are shown in their

respective text figures and tables (Figs. 2 3, 4, 8, 10; Tables 1, 2, 3, 5, 6). Most of these bear out the above statement
that the unadjusted data appear to underestimate the changes between high and low levels of availability. As an illus-
tration, we may take the comparison of the two five-season levels of catch per-boat-week at Monterey. It has already
been stated (under "Between-Season Changes in Catch-per-unit") that at Monterey the change from the first to the
second five-season level, using the adjusted data, represented a decrease of 44 per cent. For the unadjusted results,
the comparable result is 39 per cent. At the present stage of development of our use of the catch-per-unit computa-
tion, such a difference would not be important. However, it is entirely possible that more refined operations based on
measures of catch-per-unit may be carried out in the future, and in such a case differences of the above magnitude
might be of consequence. Under such circumstances it would be necessary to establish the significance of the
changes effected by the adjustments.
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6. TOTAL EFFORT EXPENDED
6.1. As Estimated from Catch per-Boat-Week
Up to this point in the report, the amount of effort expended at the various ports each season has not been expressed
in absolute terms. This has been avoided by use of the method of linkage described in the introduction under "Meth-
ods." It is desirable, however, to know the absolute numbers of units of effort (boat-weeks) expended, since these
statistics are valuable in many studies of the effect of the fishery on the population of sardines.

TABLE 9
Total catch and total effort for the California sardine fishery

Assuming the adjusted catch per-boat-week of the selected boats is representative of the entire fleet and knowing
the total catch (Table 9), it is simple to compute the number of boat-weeks expended, by dividing the total catch by
the catch per-boat-week (Tables 1 to 3). Amounts of effort computed in this way, and total catches, are shown in fig-
ures 15A, B, C. The adjusted, linked, catches per-boat-week were used in making the computations. For Monterey
and San Pedro the base season for the linked series was 1932–33, and for San Francisco it was 1935–36. Thus the
catches per-boat-week, and the numbers of boat-weeks computed from them, are in terms of the fleets fishing at
these particular ports and in these particular seasons. Also, since adjusted data were used, the boat-weeks are on
the basis of six full nights of scouting each week.

Since the numbers of boat-weeks for each port were expressed in terms of its own base-season fleet, the numbers
for the three ports are not directly comparable. However, as an approximation of the total amount of effort expended
in California as a whole, the numbers of boat-weeks were simply added for the three ports, and the result is shown in
figure 15D.

Comparison of the total effort curves for the three ports (Fig. 15A, B, C) reveals some differences. At Monterey
there was a fairly continuous increase in effort expended during the period of the study, with
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FIGURE 15. Total effort and total catch for the California sardine fishery
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relatively small fluctuations, whereas at San Pedro there was little increase after 1937–38. At San Francisco a transi-
ent increase was introduced by the entry of the floating reduction plants into the industry, which caused the sharp
rise from 1935–36 to the high level from 1936–37 to 1938–39. For the State as a whole (Fig. 15D) we find that most
of the increase in annual expenditure of effort took place between 1935–36 and 1937–38, with somewhat of a de-
cline after 1938–39. These changes resulted largely from variations at San Francisco.

6.2. Fleet and Season Characteristics
In the preceding section we obtained a relative measure of total effort in terms of the fleets operating during certain
base seasons. If there is to be any control or administration of the fishery, however, it is necessary to have the units
of effort expressed in absolute rather than relative terms. In other words, the administrator needs an answer to the
question "How much fishing effort can be exerted by a given fleet of boats operating at a certain port for a stated
length of season?" Study of this problem was begun under the assumption that the amount of effort expended would
be determined largely by three factors: (1) the length of the season, (2) the number of boats fishing, and (3) a physic-
al measurement or combination of measurements of the boats and their gear.

Length of season (Tables 10 11 12) was expressed as the number of lunar weeks at each port during which at least
10 boats from the selected fleet were fishing. Whether or not the boats were fishing was determined by the method
explained in the appendix (p. 54).

TABLE 10
San Francisco. Length of season, fleet strength and boat characteristics. Data for seasons 1932–33 through

1937–38 refer only to the fleet delivering to floating reduction plants
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TABLE 11
Monterey. Length of season, fleet strength and boat characteristics

In reckoning the number of boats fishing (Tables 10 to 12), a boat was considered fishing at a port during a season
if it fished there chiefly or exclusively for sardines for at least two months. For San Francisco seasons, 1932–33
through 1937–38, data on length of time spent fishing were not readily available. To facilitate the treatment of the
data for these seasons the determination of whether or not a boat was fishing was made on the basis of the amount it
caught. All boats whose season's catch was at least eight times the average weekly catch, were considered fishing,
thus including about the same boats as would be included under the two-month rule. Because some San Pedro boats
made a habit of fishing at San Francisco before the opening of the San Pedro season, they are included in both the
San Pedro and San Francisco lists for the same seasons. There was an average of only six such duplications, with a
maximum of 22 in the 1941–42 season.

TABLE 12
San Pedro. Length of season, fleet strength and boat characteristics
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Data on boats, crews, and gear were obtained from the annual boat registrations of the California Division of Fish
and Game, and from the yearly lists of "Merchant Vessels of the United States," published by the United States De-
partment of Commerce. For each port and season and for as many boats as possible, five separate data were collec-
ted, as follows: (1) length of boat in feet; (2) number of men in crew;

FIGURE 16. California sardine fishery; season, fleet and boat characteristics
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2 The figure 5500 involved in this expression was chosen arbitrarily for the purpose of securing the best fit to the logarithmic values.

3 The unit of 10 boat weeks was used to simplify the calculations.

(3) horsepower of engine; (4) length of net in fathoms; (5) depth of net in fathoms. The numbers of boats for which
each datum was available, and the means of the data, are given for each port and season in tables 10 to 12.

At San Francisco, all data for seasons, 1932–33 through 1937–38, refer only to the fleet delivering to floating re-
duction plants. This has been indicated in the figures by running a broken line between the 1937–38 and the
1938–39 seasons, so that curves to the left of the line refer to the floater fleet, while those to the right refer to the en-
tire San Francisco fleet.

6.3. Effort in Terms of Fleet and Season Characteristics
Considerable experimentation was carried on with the season and fleet data, which are shown graphically in figure
16, for the purpose of obtaining a measure of total effort expended. Length of season and size of fleet were com-
bined by taking the product of number of weeks and number of boats for each season. of the various measures of
boats and gear, length of boat and horsepower of engine proved to be most closely related to effort expended. These
two measures were combined in the form: log [(length x horsepower)—5500].2

This expression gives a measure which accounts for both the capacity and the speed of the boat, these two vari-
ables being measured by the length and the horsepower, respectively. The expression in its arithmetic form did not
give a straight line when effort expended was plotted against it, since the increase in effort expended per unit in-
crease in length and horsepower is not as great for large as for small boats. Taking logs, as indicated in the above ex-
pression, makes the relationship rectilinear, and thus suitable for use in conventional correlation analysis.

Since effort expended had been found to be related to both "boats times weeks" and "log [(length x
horsepower)—5500]," it was desired to obtain a single equation relating the three variables. This was done by use of
standard multiple correlation, and a regression equation obtained for each port. The regression coefficients and con-
stants are as follows:

EQUATION
Equations using these coefficients and constants give estimates of effort expended in units of 10 boat weeks.3
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FIGURE 17. Estimation of total effort from characteristics of seasons and fleets

TABLE 13
Total effort expended, as estimated from regression equations involving length of season, number of boats, and size

of boats
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Curves of the three variables involved in the equations, and a comparison of total effort as estimated from catch
per-boat-week with total effort as estimated from the regression equations, are shown in figure 17. The closeness of
estimate is seen to decrease as we proceed northward from San Pedro to San Francisco. For the latter port the regres-
sion equation differs from the other two in containing no coefficient for "log [(length x horsepower—5500)]." Be-
cause the larger boats (those delivering to the floating reduction plants) only were used for the seasons 1932–33
through 1937–38, the general increase in boat size as reflected at Monterey and San Pedro (Fig. 17) was obscured.
This caused an extremely narrow range of boat sizes during the period of the study, not permitting a determination
of the relationship between boat size and effort expended.
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7. SUMMARY
1. The catch per-boat-week at the California sardine fishing ports of San Francisco, Monterey and San Pedro were
computed, and adjusted to account for the effects of weather conditions, phase of the moon, catch limits, and vary-
ing percentages of night spent scouting.

2. For each port, adjacent weeks within seasons, and adjacent seasons within the 10-season series were related to
each other by the device of comparing the performance of identical boats during these adjacent time intervals.

3. Series of weeks within seasons, and the series of 10 seasons, were linked by the "chain" method. "Fall" and
"winter" parts of the seasons were also linked separately.

4. Changes in catch per-boat-week between seasons were similar for the three ports. At all of them a peak oc-
curred in 1934–35 and a minimum in 1937–38. Comparison of the first with the last five seasons revealed decreases
in level of catch in pounds per-boat-week of 47 per cent at San Francisco, 44 per cent at Monterey, and 53 per cent
at San Pedro.

5. The between-season changes for fall and winter fisheries taken separately indicated that the level for the entire
season at San Francisco and Monterey was largely established by the fall fishery, whereas at San Pedro the winter
fishery established the entire-season level.

6. At San Francisco and Monterey a sharp change in level of catch per-boat-week between the fall and the winter
fisheries was not indicated. At San Pedro the catch per-boat-week was higher in the winter than in the fall. For all
ports there was some tendency for the catch per-boat-week to decrease near the end of the season.

7. The average level of catch per-boat-week was lower for southern than for central California.
8. Adjustments applied to correct for the effects of weather, phase of moon, catch limits, and percentage of avail-

able time spent scouting had relatively slight effects on the between-season trends. Their future application is not in-
dicated unless it can be proved that they increase the accuracy of measures of catch per-boat-week and such meas-
ures are needed for extremely short time intervals.

9. The number of boat-weeks expended each season at each port was found by dividing total catch by catch per-
boat-week, and a method was developed for expressing this in terms of length of season, size of fleet, and physical
characteristics of boats. There was a sharp increase in the amount of effort expended per season at about the middle
of the period of study, and a leveling off towards the end of the period.
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Source Data
Catch Records
The basic data of the catch per-unit analysis were the records of individual deliveries of sardines to the canning or
reduction plants. These statistics were gathered in the course of operation of the fisheries-statistical system main-
tained by the Bureau of Marine Fisheries, California Division of Fish and Game. Catches are ordinarily made at
night and delivered in the morning. The delivery records bear the actual calendar date of delivery, so that, for in-
stance, a load of fish caught on the night of September 21st–22d would be dated September 22d. On relatively rare
occasions the catch of a given night may be delivered before midnight of that night, in which case it would be recor-
ded against the first of the two calendar days involved in the night, or September 21st in the example given above. In
recording the catch data, deliveries of other species of fish made by boats fishing primarily for sardines were recor-
ded as well as the sardine landings.

In addition to the records collected by the California Bureau of Marine Fisheries, part of the data for the port of
San Francisco were obtained by the United States Fish and Wildlife Service, directly from the operators of floating
reduction plants.

Astronomical Records
Some of the procedures described below involve the use of records of moonrise, moonset, sunrise, and sunset. These
were obtained from the "Tide Tables, Pacific Ocean and Indian Ocean" published by the United States Department
of Commerce, Coast and Geodetic Survey.

Weather Records
The data used in correcting for the effect of weather on the catch were deduced from barometric pressures interpol-
ated between isobars on the daily weather maps published by the United States Weather Bureau. For the period from
August, 1932, through November, 1941, the synoptic chart for 4.30 a.m. Pacific Standard Time of the day preceding
the landing date was used. Because of the discontinuance of publication of this map in December, 1941, it was ne-
cessary to resort to the chart for the continental United States prepared at Washington, D. C., 1.30 a.m. Eastern
Standard Time. This latter chart does not contain isobars extending out over the Pacific Ocean, so that it was neces-
sary to extrapolate the continental isobars to obtain the required barometric pressures. All weather data subsequent
to December, 1941, were obtained from such extrapolated isobars.

Interview Records
Besides the catch records mentioned above, more complete records of boat operation were secured for a portion of
the deliveries to each port. These were records of interviews with the captains or other crew members of fishing
boats from whose loads samples of fish were taken for measuring. Such interview records contain the following in-
formation: Date; name or number of fishing boat; name of cannery or reduction
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plant to which the catch was delivered; limit, if any, imposed by the processing plant on the amount of sardines to be
delivered; the amount of the catch; the time of each set of the net and the amount caught in each such set; the loca-
tion of the catch; and miscellaneous remarks on weather conditions, presence of species of fish other than sardines,
et cetera.

For the seasons 1932–33 to 1940–41 at Monterey and 1932–33 to 1938–39 at San Pedro, 10 interviews per week
were recorded. At San Pedro in 1939–40 and 1940–41 about 20 interviews per week were obtained. In 1941–42
daily records of approximately one interview for each 10 loads of fish were secured at Monterey and San Pedro. In-
terviewing was more irregular at San Francisco, around 150–200 per season being recorded from 1935–36 to
1940–41. In the 1941–42 season the San Francisco interviews were placed on the basis of one to each five deliver-
ies.

Organization of Data
Selection of the Fleet
The present study is based in part on the study of Sette and Palmer (unpublished ms), involving boats delivering to
floating reduction plants off San Francisco during the seasons 1931–32 through 1937–38. For those San Francisco
seasons boats to be included in the study were selected from the fleet of 35 boats used by Sette and Palmer. The
method of selection of this fleet is described in the following quotation from their manuscript: “"* * * a preliminary
selection was made of those boats that had fished at least three consecutive seasons, and had delivered at at least
1,000 tons to the high-seas reduction ships in one of those seasons. In addition to these, three boats were selected
which had fished only two consecutive seasons, and one boat which had delivered on the high seas every other sea-
son for three out of five years. For these boats, the addition of their deliveries to shore plants served to complete
their records sufficiently to make them conform to the 47 selected under the stated criterion."” “"Among the total of
51 boats there were some which had identical, or nearly identical, names, and since their individual landings would
be of uncertain identity, eight pairs, or 16 boats, were dropped, leaving 35 boats in the final list."”

For all other ports and seasons the fleets were selected from the records of the Bureau of Marine Fisheries of the
California Division of Fish and Game. This organization compiles the monthly landings by regions of each boat
fishing out of California ports, and the boats to be used in the study were selected on the basis of tables of these
landings.

For each of the three regions, San Francisco, Monterey and San Pedro, a list was compiled of boats which fished
sardines exclusively or chiefly for two or more months of any given season. No boat was included in the list whose
monthly landings did not consist of at least 50 per cent sardines. The numbers of boats available each season and the
percentages of the total catches which they landed are given in table 14. The low percentages for San Francisco
1932–33 through 1937–38 result from the use only of boats delivering to floating reduction plants.
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TABLE 14
Number of boats available for boat-catch analysis and percentage of the total catch landed by these boats

The Lunar-Month Calendar
Since there is practically no fishing at the time of full moon, the lunar month, or period between full moon dates,
forms a natural time unit for recording the catch, and all catch data were compiled in accordance with a standardized
calendar divided into lunar months and lunar quarters. The lunar months are numbered consecutively, starting with
lunar month one, which covered the period November 7th to December 7th, 1919. This date marks the beginning of
the sardine studies by the California Division of Fish and Game.

Lunar quarters were determined with reference to what was known as the zero lunar day. This was the day in each
lunar month following the night having the longest period during which neither the sun nor the moon was up. This
usually coincided with the calendar date of new moon, and never varied more than one day from it. In cases where
two nights had an equal "period of darkness" the date chosen was the fifteenth day in a 29-day month and the six-
teenth day in a 30-day month (where the months run from the day following the full moon to the succeeding full
moon).

Third lunar quarter included the zero date and the six following days. The second quarter included the seven days
immediately preceding the zero date. The fourth quarter consisted of the eight days following the third quarter. The
number of days in the first quarter depended on the number of days between the preceding and succeeding zero
dates. Where there were 30 days between zero dates, the first quarter included the eight days preceding the second
quarter, and where there were 29 days between zero dates, the first quarter included the seven days preceding the
second quarter. A schedule of lunar weeks for the seasons covered in the analysis is given in table 15. Lunar weeks
were assigned numerical designations consisting of a digit showing their position in the lunar month. Thus the four
weeks of lunar month 185 are 185-1, 185-2, 185-3 and 185-4.

TABLE 15
Schedule of lunar months and lunar weeks as used in the catch-per-unit analysis. First and last dates of the four lun-

ar weeks in each lunar month are given
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Calculation of Percentage of Available Time Spent Scouting
Available Scouting Time
The amount of time available to the interviewed boats for scouting was estimated from the times of rising and set-
ting of the sun and moon, supplemented by certain empirical data on the habits of the fishermen.

In determining the beginning and end of the scouting period, the first step was to record, for each night on which
one or more boats furnishing interviews made a catch, the time of moonset and moonrise and of sunset and sunrise.
As a basing point for studying the beginning of scouting time, sunset or moonset, whichever occurred last, was used.
Likewise, sunrise or moonrise, whichever occurred first, was used as a basing point for determining the end of the
available scouting period.

Using the two time data just mentioned for each night, the recorded time of each haul made by all of the boats
from which interviews were obtained, was tabulated in relation to the nearest datum. In making this tabulation, the
days of each lunar month were numbered serially starting with zero for the zero date (as described above) and pro-
ceeding either way toward the beginning and end of the month. Those days occurring before the zero date were dis-
tinguished by prefixing a minus sign to their serial number. Thus the sequence of lunar days in a 29-day lunar month
would be as follows: -14, -13 ... -2, -1, 0, 1, 2 ... 13, 14. The tabulation of time of haul lumped, for the series of sea-
sons covered, all of the days which had like number and sign. Because of the regular nature of the movements of the
sun and moon, the minus lunar

TABLE 16
Distribution of haul times in relation to sunset and moonrise, San Pedro, fishing seasons 1932–33 to 1937–38
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days always had their nights beginning with sunset and ending with moonrise and the plus days beginning with
moonset and ending with sunrise. For each lunar day the tabulation showed the time before or after the nearest astro-
nomical event when each haul occurred. A portion of one of the tabulations is shown in table 16, as an example.
Similar tabulations covering the entire lunar month were prepared for San Pedro, fishing seasons 1932–33 to
1937–38, Monterey 1932–33 to 1937–38 and San Francisco 1935–36 to 1941–42.

Study of these tabulations provided the basis for a series of rules which could be used in estimating the time of be-
ginning and end of the scouting period for each individual day. These rules, and the reasons for adopting them, fol-
low.

Rule 1. Scouting begins at sunset for lunar days -9 to -15. Reason: The haul tabulations showed that boats actually
did make sets shortly after sunset in this portion of the lunar month when there was only a short time interval
between sunset and moonrise.

Rule 2. Scouting begins one hour after sunset for lunar days 0 to -8, except for nights covered by Rule 3.
Reason: The tabulations showed only occasional instances where catches were made within an hour after sunset,

and it appears quite likely that during this portion of the lunar month when the period of darkness was long the fish-
ermen did not regularly attempt to do any scouting during the evening twilight.

Rule 3. On nights when catches are made within the hour after sunset scouting begins at the time of the earliest
catch within that hour.

Reason: This is to take care of exceptional cases where Rule 2 would ignore early catches and it assumes that if
one boat has made such a catch, other boats also availed themselves of that opportunity.

Rule 4. Scouting stops at moonrise for lunar days -1 to -15, except on nights when catches are made after moon-
rise.

Reason: The tabulations showed that on by far the majority of nights no catches were made after moonrise. There-
fore it was assumed that scouting usually ended with the rise of the moon.

Rule 5. On nights when catches are made after moonrise but not more than two hours thereafter, scouting stops at
the time of the last catch.

Reason: There were a number of instances when sets were recorded as having taken place after moonrise. Pre-
sumably these were instances when the schooling habits of the fish or overcast skies favored the catching of fish
even after moonrise. This rule assumes that where any interview boat has made a catch under these circumstances
the other boats had an equal opportunity to do so.

Rule 6. On nights when catches are made later than two hours after moonrise scouting stops two hours after
moonrise, except for catches made later than this. For the latter, scouting time stops at the time of the catch.

Reason: There were a few instances when sets were recorded in the interviews as having been made a long time
after moonrise. It did not
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seem appropriate to assume that the entire fleet scouted for such a long period after moonrise, so a compromise
measure of allowing an additional two hours of scouting time for the other boats was adopted.

Rule 7. Scouting time starts at moonset for lunar days +1 to +15, except on nights when catches are made earlier.
Reason: The numerous instances of catches within a half hour of moonset indicated that scouting must usually

have begun promptly at moonset.
Rule 8. On nights when catches are made before moonset but not more than two hours before moonset, scouting

starts at the time of the earliest catch.
Reason: Similar to that for Rule 3.
Rule 9. On nights when catches are made earlier than two hours before moonset, scouting starts two hours before

moonset except for the catches made earlier than this. For the latter, scouting starts at the time of the catch.
Reason: Similar to that for Rule 6.
Rule 10. Scouting stops at sunrise for lunar days +9 to +15.
Reason: Similar to that for Rule 1.
Rule 11. Scouting stops one hour before sunrise for lunar days 0 to +8 except when catches are made within the

hour before sunrise.
Reason: Similar to Rule 2.
Rule 12. On nights when catches are made within the hour before sunrise, scouting time stops at the time of the

latest catch within that hour.
Reason: Similar to that for Rule 3.

Time Spent in Catching Operations
To determine the actual amount of time spent scouting, it was necessary to deduct from the scouting interval as de-
termined above the amount of time spent in setting and hauling the net, and in brailing the fish into the hold of the
boat. Some observational data which had been gathered aboard fishing boats indicated an allowance of one hour for
handling the net plus one minute per ton of fish caught. This allowance was tested by correlating the time between
pairs of hauls with the amount of fish caught in the first haul of each pair. The correlation indicated that the stated
allowance did not exceed the time available between hauls in the great majority of instances. The instances in which
it did exceed the available time could be explained by the rather rough nature of the time records as reported in the
interviews. Therefore the allowance as stated was used in the computations.

Termination of Scouting
Scouting was assumed to have ended before the ending of the available scouting period if the catch in question was
affected by either limits imposed by the processing plants or limits imposed by the fishermen themselves.

For boats upon which catch limits had been imposed by the processing plants, it was assumed that scouting ended
at the time of the last
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haul if the delivered catch was within 10 tons of the limit stated in the interview. This assumption was based on the
belief from inspection of the interview records that on the average boats did not continue to fish when there were
less than ten tons remaining to be caught under the limit, and that on the average a tolerance of ten tons over the lim-
it was practiced.

A study of the amounts of fish aboard boats before and after the last haul in multiple-haul catches showed that
fishermen did not frequently make another set after having caught 60 tons of fish, even though their boats were
physically able to bring in much more. This held true, in so far as could be determined, for all purse seine boats. For
the lampara or small ring net boats a 30-ton figure was found to be most appropriate. Thus, in computing the amount
of time spent scouting it was assumed that scouting terminated when the catch of a lampara or ring net boat reached
30 tons, or of a purse seine boat 60 tons.

Special Instances
Because it was not always possible to get complete interview data from each boat interviewed, and because of cer-
tain other special circumstances, there were some landings which did not fit into the above schedule for computing
scouting time. Arbitrary treatment of these instances was necessary, and to secure uniformity certain rules were laid
down to cover them. These rules are as follows:

Rule 1. Where the tonnage for individual hauls of multiple-haul trips is not given, assume that equal tonnage was
caught each haul.

Rule 2. Where the time of individual hauls is not given, but scouting is assumed to have continued until the end of
the available scouting period, assume that the setting and brailing for the last haul was completed before the end of
the available scouting period.

Rule 3. Exclude any catches before sunset or after sunrise. (These catches were omitted because they obviously
represent a different type of fishing condition from the usual night hauls. There were very few of them).

Rule 4. When the limit is not stated in the interview, it shall be considered to be the mean limit to the nearest five
tons of those limits given in the interviews for the given date and the first preceding and first subsequent sampling
days within the lunar period.

All of these rules refer to occurrences which were relatively rare. Moreover, they usually affected only one step in
the calculations, so that their aggregate effect on the results was small.

Procedure
Scouting time was computed in units of one lunar week, as defined in the section on "The Lunar-Month Calendar."
Such a lunar quarter would have within it one or two days on each of which five interviews were obtained, making
five or 10 interviews for the lunar week. Each haul of each catch was recorded on a separate line of the work-sheets
used.

First the amount of available scouting time was determined. This was obtained by subtracting the time the scout-
ing period began from the time it ended, such times being determined as described in the section
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on "Available Scouting Time." These periods were summed for all the interviews obtained during the week, giving
the total amount of available scouting time for the week.

The amount of time actually spent scouting by each interviewed boat was determined next. In making this determ-
ination it was assumed that the times of hauls given in interviews were the times the hauls began. The times of end-
ing of the hauls were determined by adding the time for handling the net and brailing in the fish to the time the haul
began, the netting and brailing times being determined as described in the section "Time Spent in Catching Opera-
tions." Scouting was assumed to have begun at the beginning of the available scouting period, and to have ended at
the end of that period, unless terminated earlier as described under "Termination of Scouting." The data thus recor-
ded gave a chronological record of the operation of each interviewed boat for the fishing nights covered by the inter-
views. The intervals between beginning and end of scouting not taken up by catching operations were added to ob-
tain the total scouting time spent for each catch. These totals were summed for the lunar week to give the grand total
time spent scouting.

TABLE 17
Lunar weekly average percentage of available time spent scouting, San Francisco, for each fishing season
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TABLE 18
Lunar weekly average percentage of available time spent scouting, Monterey, for each fishing season
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TABLE 19
Lunar weekly average percentage of available time spent scouting, San Pedro, for each fishing season
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Having estimated the total time available for scouting and the total time spent scouting, the percentage of avail-
able time used for scouting was calculated for each week. The percentage values for each lunar week of the seasons
in the analysis are given in tables 17, 18, and 19. In some instances the value for the week is missing, indicating that
no interviews were obtained during that week. In subsequent computations these hiatuses were filled by assuming
that the value for the week with the datum missing was the same as the value for the nearest comparable lunar week.
The comparable week was determined by the amount of scouting time available per night. In general the available
scouting time was at a maximum at the center of the lunar period, decreasing more or less symmetrically toward the
ends of the month. Thus lunar weeks 1 and 4, and 2 and 3, had roughly comparable amounts of available time.

Calculation of Average Catch per-Boat-per-Night
Determination of Number of Boats Fishing
Since records of boat operation were lacking, it was necessary to estimate in some way the number of boats fishing
each night. It was of course known which boats made landings, but there were no records for those which fished and
did not catch anything. The estimation of number of boats fishing was made in units of one lunar week. A rule was
made, based on inspection of the data, that a boat would be counted as fishing in a given lunar week, even though it
made no landings in that week, if it made a landing in both the previous and subsequent lunar weeks and if at least
one-third of the boats fishing in the week under question made only one landing each. An example of the application
of this rule is given in table 20, where weeks in which boats were assumed to have fished even though they made no
deliveries are indicated by the presence of the letter "a."

Deduction for Non-Scouting Time
Before computing the average catch per boat per night, it was necessary to make certain deductions from the number
of boat-nights presumably expended. In the absence of information on the number of boats fishing each night, it was
assumed that the same number of boats fished each night in a lunar week, the number for the week being determined
as described above.

Some of the boats in the fleet occasionally caught species of fish other than sardines. Since these boats were fish-
ing primarily for sardines, it was assumed that the schools of other species were sighted incidentally to scouting for
sardine schools, at times distributed at random through the scouting period. With such a random distribution, the av-
erage time of sighting a school of another species would be the middle of the scouting period, and one-half of a
night's scouting would be lost from the effort expended toward sighting sardines. Therefore, one-half night was de-
ducted from the total scouting time for each delivery of fish other than sardines. Following similar reasoning, one-
fourth night was deducted for each catch composed partly of sardines and partly of other species.
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TABLE 20
Tabulation of number of deliveries by each boat and week of the season of 1935–36, San Francisco, as an example
of the method of counting the weekly total number of boats fishing. The letter "a" indicates the boats that were con-

sidered actively fishing during the week and included in the count although no deliveries were made
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TABLE 21
Computation of average catch per-boat-night, Monterey, lunar month 171, season 1933–34

In addition to time lost incident to catching other species of fish, the total amount of scouting time expended by
the fleet each night was reduced by the setting and brailing operations and by boats which terminated scouting be-
fore the end of the available scouting period. These effects are covered under "Calculations of Percentages of Avail-
able Time Spent Scouting." By subtracting the percentage of time spent scouting (as determined for the lunar week)
from 100, the percentage of time not spent scouting was obtained. By applying this percentage to the number of
landings for each date, the amount of time lost from scouting was computed. (Table 21, columns 2–4.) This, of
course, was done under the assumption that the boats which fished, but did not make landings, spent 100 per cent of
the available time in scouting.
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Procedure
The steps followed in computing the average daily catch per boat-night are shown in table 21, which covers one lun-
ar month for one season at one port. The calendar of days for the given lunar month, determined as described under
"The Lunar Month Calendar," is entered in column (1).

For each day, the number of landings of sardines, the number of landings of other species of fish, and the total
landings of sardines for the selected fishing fleet, were recorded in columns (2), (5), and (10) respectively. These
catch data were then compared with lists of Sundays, holidays, strikes, and other possible layup periods. By inspec-
tion of the catches of these and adjacent periods it could be determined whether or not the cause in question pro-
duced a complete or partial layup. Wherever a layup was indicated, the day or days in question were eliminated from
the analysis. In some instances it seemed probable that small catches made on layup dates should have been recor-
ded against adjacent dates, and these changes were made in the records. The lunar month covered by table 21 does
not happen to contain any such layup periods.

The percentage of each night not spent scouting for sardines was entered in column (3), this percentage being de-
termined as described under "Deductions for Non-Scouting Time." Since these percentages were determined in units
of lunar weeks, the figures in column (3) are identical throughout each lunar week. The percentages were applied to
the numbers of landings to obtain the numbers of nights not spent scouting as given in column (4).

The numbers of landings of other species in column (5) were divided by two to determine the numbers of boat-
nights spent scouting for other species given in column (6). This computation also is described under "Deductions
for Non-Scouting Time."

The figures in column (4) were added to the comparable ones in column (6) to obtain the total number of boat-
nights lost from scouting for sardines, as recorded in column (7).

In column (8) are recorded the estimated numbers of boat-nights expended by the fleet for the night preceding
each landing date. This estimation involves the assumption that each boat spent one night scouting for each day of
each lunar week during which it fished. As explained under "Determination of Number of Boats Fishing" the num-
ber of boats fishing was determined in units of one lunar week. Thus for each night the number of boat-nights ex-
pended is equal to the number of boats assumed to be fishing for the lunar week. The entries in column (8) are there-
fore identical throughout each lunar week, and are equal to the number of boats fishing for each lunar week.

In order to account for the time lost from scouting, each entry in column (7) was subtracted from the correspond-
ing entry in column (8) and the result recorded in column (9).

Finally, the total landings given in column (10) were divided by the corresponding numbers of boat-nights spent,
in column (9), to obtain the average catch per-boat-night, as recorded in column (11). These data were the ones used
in the computations to be described in the next section.
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Determination of, and Adjustment for, Effect of Lunar and Weather Condi-
tions on Catch Per-Boat-Night
Effect of Monthly Changes in Length of Period of Darkness
The catch near the beginning and end of each lunar month is decreased as a result of the shorter hours of darkness
available for fishing as compared with the center of the month. To avoid the extremely time-consuming operations
which would be involved in reckoning the number of hours of darkness available each night, the nights were evalu-
ated with respect to available hours of darkness according to their position in the lunar month. This was done by as-
signing each day in the lunar month a number, according to the system described under "Available Scouting Time."
In grouping the data for correlation, all lunar days of the same number were treated alike regardless of their sign.

FIGURE 18. Relationship between lunar day number and average catch per-boat-night. Points shown represent av-
erages over the indicated seasons for each lunar day. Horizontal lines represent mean catch for days 0–7. Sloped

regression lines are least squares fits to points for days 8–15, each point weighted according to number of observa-
tions
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At San Pedro and San Francisco, the decrease in length of period of darkness apparently had no important effect
on the average catch out to the seventh lunar day. From lunar day 8 to lunar day 15 the slope of the regression of av-
erage catch on lunar day number was quite steep. Thus the regression of average catch on lunar day number, from
the center of the lunar month out to the ends, could be represented by a horizontal line for lunar days 0–7, and a
sloped line for lunar days 8–15 (Fig. 18).

FIGURE 19. Relationship between lunar day number and average catch per-boat-night, Monterey, 1932–33
through 1939–40. Points shown represent averages for each lunar day. Regression lines are least squares fits to

days 0–8 and 9–15, each point weighted according to number of observations
The situation at Monterey was somewhat different. There the average catch fell off moderately for lunar days 0–8,

and much more rapidly for lunar days 9–15. This abrupt change in slope of the regression necessitated breaking it
into two parts, represented by two straight lines of different slopes (Fig. 19).

Effect of Wind
To appraise the effect of wind upon the average catch, trial regressions of catch on a number of meteorological ob-
servations were made. The variables found most satisfactory over the entire period and area covered in the analysis
were the daily wind forces and directions as inferred from the daily weather maps described under "Weather Re-
cords."

Barometric pressures were interpolated between isobars on the weather maps for each of eight points off the coast
of California for each day involved in the analysis. These eight points consisted of two groups of four—one group
off southern California used for correlation with the San Pedro data, and the other off central California used for cor-
relation with the Monterey and San Francisco data. Each group of
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FIGURE 20. Location of points used in computing resultant winds from barometric pressures. Vector diagram in
upper right hand corner shows method of combining pressure gradients to determine wind force and direction

(taking account of the effect of the earth's rotation and of friction with the sea surface), where P=barometric pres-
sure and subscripts indicate points on southern California square. Hatched areas show approximate sardine fishing

grounds
four points represented the corners of a square 300 nautical miles on a side, as shown in figure 20. These squares
were oriented so that the pressure gradients between opposite sides would produce resultant winds perpendicular or
parallel to the general trend of the coastline, taking account of the effect of the earth's rotation. In computing the
gradients between sides AB and CD (Fig. 20) only points B and C were used, since points A and D were so far from
the fishing grounds. The two gradients gave for each square two vectors each day, representing the wind compon-
ents perpendicular and parallel to the general trend of the coast line. The resultant of these two vectors represented
the wind force and direction for the day (taking account of the effect of the earth's rotation and friction with the sea
surface) as illustrated in figure 20, upper right.

It was found that, for all three ports, the average catch decreased as wind force increased. This relationship could
be fairly well approximated by a simple straight-line regression (Fig. 21).
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FIGURE 21. Relationship between barometric pressure gradients and catch per-boat-night. Points shown represent
averages over the indicated seasons. A pressure gradient of 1 inch per 300 nautical miles would produce a wind of
about 92 land miles per hour at San Pedro and about 81 per hour at Monterey and San Francisco. Regression lines
are derived from multiple correlation analysis described in text. Small numbers of observations represented by the

points near the right end of the curves account for their wide departures from the lines, since each point is weighted
according to the number of observations it represents
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Wind direction proved to have an effect on average catch which could be represented by a since curve relation-
ship, once around the compass rose representing one complete cycle of the sine curve (Fig. 22). This relationship
was converted to a rectilinear one by using the sines of the directions (coded to avoid decimals and negative num-
bers), instead of the directions themselves, to correlate with average catch.

FIGURE 22. Relation between catch per-boat-night and wind direction as inferred from barometric pressure gradi-
ents. Points represent averages over indicated seasons. Since curves were derived from multiple correlation analys-

is described in text
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Correlations
It was desired, for purposes of adjusting the catch figures, to obtain a simultaneous expression of the effect on aver-
age catch of lunar day number, wind force, and wind direction. This was done by means of multiple correlation ana-
lysis. A requirement for using this method is that all of the independent variables used must bear a rectilinear rela-
tionship to the dependent variable (which would be average catch per-boat-night in the present instance). It is seen
from the description above that this requirement is satisfied for sine of wind direction and for wind force. It is also
satisfied for lunar day number if lunar days 0–7 for San Pedro, 0–8 for Monterey, and 0–7 for San Francisco are
used.

The present catch per-unit analysis was originally intended to cover only the seasons 1932–33 through 1939–40
for San Pedro and Monterey; the 1940–41 and 1941–42 seasons for those ports and the 1935–36 through 1941–42
seasons for San Francisco being added after completion of the San Pedro and Monterey weather and lunar correla-
tions. Thus the correlations for San Pedro and Monterey include data for only the first eight seasons of the analysis,
while the San Francisco correlations cover the period 1935–36 through 1941–42.

Completion of the multiple correlation analyses provided for each port an equation with which could be com-
puted, for lunar days 0 to 7 or 8, a catch per-boat-night for any given set of weather and lunar conditions, as follows:
for San Pedro CI = 47.9 - .969p + .952s; for Monterey CI = 93.0 - .970d - 1.522p + 1.477s; and for San Francisco
C1 = 58.3 - .954p + 2.204s. In these formulae CI = catch/boat/day in 1000 lb. units; d = lunar day number; p = baro-
metric pressure gradient in 100th of an inch of mercury per 300 nautical miles; and s = sine of wind direction, ex-
pressed as 10 [sine (°True - 330°) + 1.0]. The catch so computed represented the average response, during the period
of the correlations, of catch per-boat-night to the weather and lunar conditions in question. It will hereafter be re-
ferred to as the "indicated catch."

Adjustments
The adjustment of catch per-boat-night to account for the effect of lunar and weather conditions was based on the as-
sumption that this effect would be measured by the ratio between the "indicated catch" and the average catch per-
boat-night for the entire period of the correlation. This does not hold strictly true for a single day, since the catch
does not always respond in exactly the same way to a given set of weather conditions. However, on the average, ad-
justments based on this assumption tend to remove from the data the effect of weather and lunar conditions on catch.
Also, even on individual days the adjustment removes this effect to some extent.
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1 This was done to avoid making a separate multiple correlation for the remaining lunar days, which would have been a very time-consuming
operation.

Derivation of the adjustment factors may be expressed algebraically. Let CI represent the indicated catch for an
individual day and

EQUATION
the grand mean catch per-boat-night for the entire period of the correlation.

EQUATION
then represents the effect of weather and lunar conditions on catch and the reciprocal of this,

EQUATION
is the factor by which the catch per-boat-night must be multiplied to remove the effect. If CO is the observed

catch per-boat-night and CA the adjusted catch per-boat-night, then

EQUATION
For lunar days 0–7 at San Pedro, 0–8 at Monterey, and 0–7 at San Francisco, CI was computed directly from the

multiple correlation equations. The other lunar days were not covered in the correlations and their CI values had to
be calculated by a special process.1 First, a simple linear regression of catch per-boat-night on lunar day number was
worked out for the lunar days not covered in the multiple correlations. Two points of intersection for these lines
were then determined: (1) with the regression line for the lunar days covered in the multiple correlations, determined
from the constants given in the multiple correlation equations; (2) with the baseline. The indicated catch for the lun-
ar day number represented by intersection (1) for any combination of wind force and direction could be determined
from the multiple correlation equations. It was assumed that the indicated catch for any lunar day between the two
intersections would be the indicated catch for the lunar day number represented by intersection (1), reduced by the
ratio between the number of days from the given lunar day to intersection (2) and the number of days between the
two intersections.

The computations just described may be illustrated by an example. For Monterey intersection (1) occurred at lun-
ar day 8.1 and (2) at 14.3 (Fig. 19). The indicated catch for a certain combination of wind force and direction at lun-
ar day 8.1 was 79,400 pounds per boat-night. We wish to find the indicated catch for lunar day 11. 14.3 - 11 = 3.3
and 14.3 - 8.1 = 6.2, 3.3/6.2 = .532 and CI = .532 X 79,400 = 42,300.
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TABLE 22
"Indicated catches" for various weather and lunar conditions, in 1000's of lbs., as derived from multiple correlation
of catch per-boat-night with lunar date, wind direction and wind force, San Francisco, 1935–36 to 1941–42. Grand

mean catch for the seven season period was 55,000 lbs. Fuller explanation in text
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TABLE 22
"Indicated catches" for various weather and lunar conditions, in 1000's of lbs., as derived from multiple correlation
of catch per-boat-night with lunar date, wind direction and wind force, San Francisco, 1935–36 to 1941–42. Grand

mean catch for the seven season period was 55,000 lbs. Fuller explanation in text

66



TABLE 23
"Indicated catches" for various weather and lunar conditions, in 1000's of lbs., as derived from multiple correlation

of catch-per-boat-night with lunar date, wind direction and wind force, Monterey, 1932–33 to 1939–40. Grand
mean catch for the eight-season period was 67,600 lbs. Fuller explanation in text
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TABLE 23
"Indicated catches" for various weather and lunar conditions, in 1000's of lbs., as derived from multiple correlation

of catch-per-boat-night with lunar date, wind direction and wind force, Monterey, 1932–33 to 1939–40. Grand
mean catch for the eight-season period was 67,600 lbs. Fuller explanation in text
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TABLE 24
"Indicated catches" for various weather and lunar conditions, in 1000's of lbs., as derived from multiple correlation

of catch-per-boat-night with lunar date, wind direction and wind force, San Pedro, 1932–33 to 1939–40. Grand
mean catch for the eight-season period was 38,300 lbs. Fuller explanation in text
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1 During the early seasons at Monterey, and during the entire period of the analysis at San Francisco, the Sunday holiday was not observed.
However, the 6-day week was adopted as the standard, since the majority of the data were on that basis.

In actual practice the indicated catches were not computed for every separate day, but were found from tables of
indicated catches (Tables 22, 23, and 24). These tables were constructed with class intervals large enough to keep
their size reasonable, but fine enough to reflect significant details of the regressions.

Adjustment factors as described so far have been for individual days, but it was necessary to have lunar week
factors also, for use in the computations of within- and between-season changes. These factors were derived in the
same manner as the daily factors, except that the CI value was replaced by the sum of the CI values for all the days
in the week and [C] was multiplied by 6,1 placing the computation on the basis of a standard 6-day week. Algebraic-
ally, letting Caw be the adjusted lunar weekly catch, Cow the observed lunar weekly catch, and cI1, cI2, et cetera,
the indicated catches for individual days of the week of n days:

EQUATION
Near the ends of the lunar month, catches were so rare and adjustment factors so large that application of the latter

would have introduced an excessive amount of random variability into the data. Therefore, lunar days 14 and 15
were completely eliminated from the computation of catch per unit of effort.

Calculation of Between-Season Changes
Linkage of Lunar Weeks
In computing the season to season changes in catch per-unit, it was necessary in some manner to eliminate the effect
of differences in size and efficiency of boats. This was done by comparing the performance of a group of boats in
one year with the performance of the same group in the next year. Then a new group for the next year was selected
to compare with the following year, and so on.

This linkage was done in units of one lunar week. Each lunar week in one season was compared with the compar-
able lunar week in the following season. Comparability of weeks was determined by matching fishing seasons so
that, as nearly as possible, the same parts of the calendar year were compared. A schedule of comparable lunar
weeks conforming to this rule is given in table 15, where any lunar week is compared with the weeks adjacent to it
on the same line of the table. For convenience, the names of the calendar months most closely corresponding to
them have been used as designations for the lunar months, and are given in the stub of table 15. This follows the sys-
tem set up by Clark (1939: Table 2).

Procedure
An example (covering part of the comparison for two adjacent seasons at one port) of the procedure in computing
between-season changes in catch-per-unit of effort is given in table 25. The numbers of the lunar weeks which are to
be linked are given in column (1). Each pair of lunar weeks includes one week of the first season (1934–35) in-
volved, and
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the corresponding week of the second season (1935–36). For each week the number of sardine landings was recor-
ded in column (2). In column (3) the average percentage of time not spent scouting was entered, as described under
"Deductions for Non-Scouting Time." This percentage was applied to the figures in column (2) to obtain the number
of nights not spent scouting for sardines, which was entered in column (4). In column (5) the numbers of landings of
other species of fish for each week were entered. These figures were divided by 2 to obtain the numbers of nights
spent scouting for other species of fish (as explained under

Table 25
Computation of between-season changes in catch per-boat-week, Monterey, 1934–35 season compared with

1935–36 season
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"Deductions for Non-Scouting Time") and the results entered in column (6). Columns (4) and (6) were added to ob-
tain the total number of boat-nights lost from scouting, column (7).

In column (8) were recorded numbers of fishing nights in each week. Dividing the number of boat-nights lost, as
recorded in column (7), by the number of nights in the week, gave the number of boat-weeks lost, as shown in
column (9). The number of boat-weeks spent was estimated from the number of boats fishing, as described under
"Determination of Number of Boats Fishing." It was assumed that each boat which fished at all fished an entire lunar
week, so that the number of boat-weeks spent was the same as the number of boats assumed to have been fishing.
This number was entered in column (10), and from it was subtracted the number of boat-weeks lost in column (9),
giving the corrected number of boat-weeks spent, which was recorded in column (11).

The total landings of the selected fleet, in 1,000 lb. units, were entered in column (12). In column (13) the lunar
and weather adjustment factors, derived as set forth under "Adjustments" were recorded. Each total catch in column
(12) was then multiplied by the corresponding adjustment factor in column (13), and the adjusted catch set down in
column (14). This adjusted catch was divided by the corrected number of boat-weeks spent, as shown in column
(11), giving the adjusted catch per-boat-week, which was entered in column (15).

The series of seasons for each port was now linked. To do this all the adjusted catches per-boat-week for each sea-
son were summed. There were two such sums for each season except the first and last, one comparing the given sea-
son with the previous season, and the other comparing it with the subsequent season. This gave pairs of adjacent sea-
sons, such as 1932–33 with 1933–34, 1933–1934 with 1934–35, et cetera. For each such pair of seasons, the sum of
the catches per-boat-week for the second of the two seasons was divided by the corresponding sum for the first sea-
son. These ratios were then used to link the successive seasons, as follows:

The average catch per-boat-week was determined for the first season of each series. Then this average was multi-
plied by the ratio between the performance of the same group of boats in the first and second season, as described
above, giving the average catch per-boat-week for the second season. The procedure was then repeated, using the ra-
tio between the second and third season, and so on until the end of the series. This may be expressed algebraically,
letting [C] represent the average catch per-boat-week for each season, S the sum of the weekly catches per-
boat-week, and using subscripts to refer to the seasons in the series.

EQUATION

Calculation of Within-Season Changes
Linkage of Weeks
In calculating within-season changes in catch per unit of effort, each lunar week was compared with the previous
and succeeding lunar week of the same season. A group of boats fishing in both the first and second lunar weeks of a
season was used to make the comparison between these two weeks. Then a new group, fishing in both the second
and third lunar weeks, was used to compare them, and so on. Thus comparisons of the
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performance of identical boats in pairs of adjacent lunar weeks within a season were made in the same way that
comparisons were made between corresponding weeks of two adjacent seasons in the between-season change com-
putation. To avoid the unreliability associated with very small samples, any comparisons involving less than 10
boats were eliminated from the analysis.

Procedure
With the exception of the difference in comparison of weeks mentioned above, the calculation of catch per-
boat-week for within-season changes was identical with that described for the between-season changes. The series
of weeks within each season were linked in exactly the same manner as the series of seasons for each port, also de-
scribed under "Calculation of Between Season Changes—Procedure."

The average value for catch per-boat-week for season was determined by the linked figure from the between-sea-
son change computation. To make the series of within-season weekly values for each season conform to this aver-
age, they were weighted so that their total was the same as the between-season linked figure times the number of
weeks in the season. The weighting factor K may be expressed algebraically as follows: K = n [C]/[E]w, where n =
the number of weeks in the season, [C] = the linked catch per-boat-week figure from the between-season change
computation, and [E]W = the sum of the weekly values from the within-season change computation. Each weekly
value was multiplied by the factor K to obtain the weighted weekly catch per-boat-week.

Correction for Seasonal Changes in Length of Period of Darkness
The annual change in time of sunset and sunrise causes a corresponding change in the length of the period of dark-
ness available for fishing, this period having a minimum at the time of the summer solstice in June and a maximum
at the time of the winter solstice in December. This is seen by inspection of a list of the number of hours of scouting
time available for each lunar month of a season representing the average of fishing seasons 1932–33 to 1941–42 at
Monterey, as follows: lunar month "August," 6.26 hours; "September," 6.98 hours; "October," 7.61 hours; "Novem-
ber," 7.85 hours; "December," 7.98 hours; "January," 7.86 hours; "February," 7.82 hours. No month from "october"
through "February" departs more than 3 per cent from the season average of 7.82 hours. Such small departures as
this do not seem to warrant adjustment, in view of the general variability of the data. Lunar months "August" and
"September," however, have 20 per cent and 11 per cent respectively less time available per night than the average.
Using the catch per-boat-week for these without adjustment would result in values which would be too low, since
they would represent catches during shorter nights than for the other lunar months of the season.

The adjustment factors for length of available time were calculated on a uniform basis for all seasons, since the
effect of the change in time of sunrise and sunset would be substantially the same from year to year. Since the catch
per-boat-week for lunar months "August" and "September" would be less than that for the other months in direct
proportion to the lesser amount of time available, the adjustment factors were
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based on the average length of period of darkness. The factor for "August" was the season average number of hours
available per night, 7.82, divided by the "August" number, 6.26 hours, making the factor 7.82/6.26 = 1.25. Multiply-
ing each weekly catch per-boat-week figure for lunar month "August" in each season by 1.25 brought all of these
figures up to what they would have been if 7.82 instead of 6.26 hours per night had been available. Likewise, the ad-
justment factor for lunar month "September" was 7.82/6.98 = 1.12, and it was similarly applied. San Pedro figures
were not adjusted for this effect, since there was no August or September fishing there.

Adjustment of Daily Catch per-Unit Figures
Daily catch per-boat-night data were desired for the purpose of weighting daily length-frequencies, and their compu-
tation is here described even though they are not used in the main text of this paper.

Table 26
Adjustment of daily catch per-boat-night figures. Monterey, 1932–33, Lunar Month 160

74



An adjustment factor for each day was derived as described under "Adjustments" in the section on the lunar and
weather effects. Each daily catch per-boat-night figure was then multiplied by the corresponding adjustment factor.

The level of catch per-unit for each lunar week was determined by the value from the within-season change com-
putation. Daily catches per-boat-night were multiplied by factors which made the total for each week the same as the
catch per-boat-week value from the within-season change computation.

An example of the working out of the above computations is given in table 26. Column (1) is a calendar scale
with the days grouped into lunar weeks. The catch per-boat-night, as previously computed, is given in column (2),
and the lunar and weather adjustment factor for each day in column (3). In column (4) are set down the adjusted
catches, resulting from multiplying each day's catch per-boat-night by the corresponding adjustment factor. Catches
per-boat-week, from the within-season changes computation, are given in column (5). Weighting factors for each
week are derived by dividing the catch per-boat-week by the total of the catches per-boat-night. For example, the
weighting factor for the first week on table 9 is 600/464, or 1.293, and will be seen entered in column (6) opposite
the 464 and 600. Weighting factors for the other lunar weeks are also entered in column (6). The weighted catches
per-boat-night are entered in column (7). They are obtained simply by multiplying the adjusted catches per-
boat-night in column (4) for each week by the corresponding weekly weighting factors in column (6).
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