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DIVISION OF FISH AND GAME OF CALIFORNIA
FISH BULLETIN No. 26

Seasonal Changes in the Daily Average Length of the California Sardine Sar-
dina caerulea

By
FRANCES N. CLARK
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FIG. 1. Outline map of California to show the location of the sardine canning sites of the state. The three names un-
derlined are the most important in the sardine industry. (From Fishing Areas Along the California Coast for the

Sardine (Sardina caerulea). California Division of Fish and Game, Fish Bulletin No. 25, Fig. 1.)
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1. INTRODUCTION
1.1. Problems Involved in a Study of the Abundance of the Sardines
Since November, 1919, the California State Fisheries Laboratory has been gathering data to contribute to an analysis
of the abundance of the California sardines. Because sardines are found along the entire coast of California and are
taken in large numbers off San Francisco, Monterey, San Pedro, and San Diego, such an analysis becomes very
complicated. Before this detailed study can be attempted some knowledge must be obtained of possible significant
and consistent movements of the sardines and of the effect such movements might have on measures of abundance.
The following questions should be answered: Do the sardines move in to or out of the specific fishing areas during
any one fishing season and if such movements are evident do they show any relation to the size of the fish? Are such
movements common to all fishing areas, and if so are there any similarities or differences in the nature of the move-
ments in the different localities? If dominant groups occur in the sardine populations how will the detection and
measure of this dominance be affected by the movements of the fish?

In addition to the influence of the movements of sardines on studies in abundance, a knowledge of the effect of
these movements on the industry is also of importance.

1.2. Relation of the Present Study to these Problems
In previous studies, the changes in daily average lengths of the sardines were discussed by Scofield (1926.1) and
Andrews (1928) for the Monterey region and by Higgins (1926) for the San Pedro region. The present work supple-
ments these studies and compares the trends of the daily average lengths of sardines from Monterey, San Pedro and
San Diego.

The results of this analysis show that sardines did move in to and out of the fishing areas each season, and that
this movement was intrinsically associated with the size of the fish. This movement was common to both the
Monterey and San Pedro regions and possibly also to San Diego. The nature of the movement was similar in the two
former localities. Because of the size relationship, any study of dominant groups in the fishery must be based on a
comprehensive understanding of these movements. Since smaller sardines were present in the fishery during the fall
months and larger fish during the winter months, data covering an entire season are requisite to give a true picture of
all sizes of fish in any fishing season. A dominant group of small sardines would be scarcely apparent if looked for
in the winter fishery, and on the other hand, dominance of large fish would not be detected in a study of fall fish
alone.
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The changes in daily average lengths within a fishing season, resulting from the movements of the fish, were re-
flected in the industry. In the fall months when small fish were present in the fishing areas more sardines were
packed in a can than during the winter months, when larger fish were found on the fishing grounds.

1.3. Collection and Treatment of the Data
During the past ten years, 1919–1929, the California State Fisheries Laboratory has collected material for population
studies on the California sardine at the two major fishing ports, Monterey and San Pedro. For the years 1928 and
1929 similar data have been gathered at San Diego. The method of making these collections was described by
Scofield (1926.1) and Higgins (1926) and need not be discussed in detail again. Briefly, the procedure was as fol-
lows: During the 1919–1920 and the 1920–1921 seasons at San Pedro, and from 1919 to 1923 at Monterey, samples
of sardines were taken from five fishing boats daily, and in the following years samples were taken from five boats
semiweekly. The adequacy of semiweekly sampling was demonstrated by Sette (1926). At San Pedro each sample
consisted of 50 fish and at Monterey of 40 fish, making a total of 250 fish and 200 fish

FIG. 2. Graph to show the effect of smoothing upon the average length data. [From Andrews, Carroll B. Seasonal
Average Length Trends at Monterey of the California Sardine (Sardina caerulea). California Division of Fish and

Game, Fish Bulletin No. 13, Fig. 1.]
measured in one sampling day. A method of sampling similar to that used at San Pedro, has been carried on at San
Diego during 1927–1928 and 1928–1929.

Each fish was measured on a measuring board and measurements read to the nearest millimeter. The standard
length used in all the sardine studies is from the tip of the mandible to the end of the silvery area exposed on the
caudal peduncle when the scales are removed. This is termed body length. The daily average body length was calcu-
lated by dividing the sum of the lengths of all fish measured on one day by the total number of fish. Sexual differ-
ences in length were not considered and all calculations were based on a combination of males and females.

The daily average lengths showed many minor variations over short periods of time, but these minor variations
were eliminated to demonstrate clearly the major changes within a fishing season. This was accomplished by
smoothing the daily average lengths by a moving average of 29 calendar days. Other methods of eliminating minor
variations to clarify the trend of average lengths throughout a season
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were not found as satisfactory as smoothing by 29 calendar days. Biweekly combinations did not eliminate all the
small irregularities, nor did smoothing over any time interval smaller than 29 days. The effect on the data of this
method is shown in figure 2 which has been taken from Andrews (1928).

California sardines are caught almost exclusively at night when the schools of fish are located by the luminescent
light resulting from the movements of the fish. For about five to ten days during the full of the moon, fishing is prac-
tically discontinued because the nights are too light for the fishermen to see the schools of fish. Because the continu-
ity of the sampling is thus periodically interrupted, and since, as indicated by Scofield (1926.1), the daily average
size of sardines fluctuates within a lunar month, smoothing by 29 days was necessary to provide a sufficiently large
time interval to span this break in the sampling series and to eliminate lunar-month variations in size. Although daily
and weekly changes in the average size of sardines are of significance in studies covering short time intervals, this
discussion deals only with the changes occurring throughout an entire fishing season and the above rather severe
method of smoothing the trends is consequently the most satisfactory.

To obtain five- and ten-season average length trends, the smoothed data for corresponding calendar days of each
season were summed and each of these sums divided by the number of seasons involved.

FIG. 3. Ten-season average trend of daily average lengths of San Pedro sardines compared with the ten-season av-
erage trend for Monterey sardines

2. COMPARISON OF THE DAILY AVERAGE LENGTH TRENDS FOR
MONTEREY AND SAN PEDRO
2.1. Ten-season Average Trends
The clearest conception of the general changes in daily average lengths which occur within a fishing season is ob-
tained from the ten-season average trend of the daily average lengths. These trends for Monterey and for San Pedro
are shown in figure 3. The contrast between the dates of the fishing seasons at the two ports is clearly indicated.
During the ten seasons studied, 1919–1929, fishing at Monterey began in July or August and continued until mid-
March, while at San Pedro fishing began between October and December and continued through April and occasion-
ally into May. This difference in the time of capture of sardines in the two localities has been pointed out by
Scofield (1928). In 1929, the California legislature restricted the time in which sardines can be taken for canning
purposes and the season now opens at Monterey on August 1 and closes on February 15. At San Pedro the season
extends from November 1 to March 31.
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The two ten-season average trends for Monterey and San Pedro show that in both localities fish taken during the
fall months, August to November or December, averaged about two centimeters smaller than did the sardines taken
in the winter months. In January or February the daily average lengths attained a maximum size and decreased
slightly at the close of the fishing season.

While in both localities the seasonal change in daily average length, from small fish in the fall through a transition
period to large fish in the winter, was the same, the time of occurrence of this change differed by about a month. At
Monterey small fish were taken from July to October; after the middle of November the average lengths increased
steadily until a maximum was reached in the middle of January. This maximum was maintained until the latter part
of February and then followed by a slight decrease at the end of the season. On the other hand, at San Pedro small
fish were taken from October until the last of December or early January. The increase in size occurred from the
middle of January to the middle of February and the maximum size was maintained from the latter part of February
through early March. This was followed by a slight decrease toward the close of the season.

FIG. 4. Comparison of San Pedro and Monterey ten-season average trends. Data for San Pedro lagged one month
to demonstrate consistent size differences between sardines from the two localities

The difference in the time of the occurrence of the changes in average lengths in the two localities obscured cer-
tain average size differences between the two localities. To indicate these size differences more clearly, the ten-
season average trends of daily average lengths are again shown in figure 4. In this figure the San Pedro data are
lagged one month and January 1 at San Pedro coincides with December 1 at Monterey. Fish taken from September
to November at Monterey averaged three or four millimeters greater than did fish taken from October to December
at San Pedro. During the transition period the average length trends overlapped and the maximum size of the winter
fish for the two localities was similar, although the Monterey maximum exceeded the San Pedro maximum by one
or two millimeters. The maximum average size, however, was maintained over a longer period of time at Monterey
than at San Pedro.

2.2. Five-season Average Trends
Although the ten-season average trends of the daily average lengths indicate clearly the changes within a fishing sea-
son, from small to larger fish, which occurred at both localities and the variant dates when these changes took place,
the sizes during the first half, 1919–1924, of the ten-season interval, differed from the second half, 1924–1929,
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of the same interval. These differences are best shown in a comparison of average trends covering smaller time peri-
ods. This was accomplished by calculating five-season average trends for the first and for the second half of the ten-
season period. The resulting trends for the two localities are shown in figure 5.

The trends for Monterey, in the upper graph of this figure, indicate that, with the possible exception of January,
the average lengths during the second five-season period were greater than during the first five-season interval. This
difference was very marked during the fall months, and although much less, was evident in February and early
March. A similar increase in average size was demonstrated by Andrews (1928) for the Monterey data in a compar-
ison of the four fishing seasons from 1919 to 1923 with the four seasons from 1923 to 1927.

The trends for San Pedro are shown in the lower half of figure 5. Since the fishing seasons during the first five
years were much shorter than during the second five, the trends can be compared only for the

FIG. 5. Five-season average trend of the daily average lengths for 1919–1924 compared with five-season average
trend for 1924–1929 for Monterey and for San Pedro

latter half of the season. During January the average sizes for the two time intervals differed but little, while in
February and March the average lengths were consistently greater in the second five-season period than in the first.
This difference in average size during the winter months was equal to if not slightly greater than the differences in
the Monterey data for the same time intervals. In both localities the maximum average size was maintained later into
the spring in the 1924–1929 interval than in the 1919–1924 period.

To compare the 1919–1924 five-season average trend for Monterey with the same trend for San Pedro, and simil-
arly the 1924–1929 five-season average trends for the two localities, figure 6 is given. As evinced by these trends, in
general the seasonal fluctuations in the average length of sardines were similar in the two localities. At both San
Pedro and Monterey, the average lengths were smaller in the fall months, increased to a maximum in the winter and
decreased slightly in the spring. On the other hand, two differences are apparent. During the first five-season period
the sardines at San Pedro did not attain
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as great an average length as did the fish at Monterey. In the second five-season interval the maximum average
length during the winter months was approximately the same in the two localities but the fall fish at Monterey were
larger than the fall fish at San Pedro. This condition is similar to locality differences in the ten-season average
trends. For the first five-year period, no fish were taken before December at San Pedro and a comparison with fall
fish from Monterey can not be made. Also, as in the ten-season average trends, the transition from smaller to larger
sizes occurred later in the season at San Pedro than at Monterey.

FIG. 6. Two five-season average trends of the daily average lengths of San Pedro sardines compared with similar
trends for Monterey sardines

3. COMPARISON OF THE DAILY AVERAGE LENGTH TRENDS FOR
MONTEREY, SAN PEDRO AND SAN DIEGO
Data on the lengths of the California sardine at San Diego have been collected for two seasons only, 1927–1928 and
1928–1929. Sardine canning at San Diego differs from that at Monterey and San Pedro. At San Diego three types of
sardines are packed, "quarter-oils," "halves," and "pound-ovals." The quarter-oils comprise small fish packed in one-
fourth pound cans. The halves are larger than the quarter-oil sizes but smaller than the pound-ovals, and are packed
in half-pound cans. The pound-oval sizes correspond roughly to the pound-ovals of the other two districts. Since this
study is concerned with pound-oval fish only, the halves and quarter-oils have been omitted from the daily average
lengths of San Diego sardines. To accomplish this, only fish exceeding 180 mm. in body length were included in the
calculation of the average length on any specific day. The upper limit of the size range for halves falls at approxim-
ately 180 mm.

The seasonal daily average length trends at San Diego for the two seasons are shown in figure 7. The fishing sea-
son at San Diego for pound-ovals is briefer than at Monterey or San Pedro, comprising the months of January, Feb-
ruary, March, and occasionally early April. Under present legislative restriction the season will close on March 31.
The daily average length trends showed an increase through January and reached a maximum in February. In the
1929 season this maximum
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FIG. 7. Trends of the daily average lengths of San Diego sardines for two seasons, 1928 and 1929
average was maintained throughout March, but in the previous season the averages decreased in late February and
early March, rising again during the latter half of that month and early April.

To make the trends for the three regions comparable, the Monterey and San Pedro data were treated in the same
manner as the San Diego data. Since a few of the pound-oval fish canned at the former ports were less than 181 mm.
in length, such fish were omitted from the daily averages. As the data were smoothed by 29 calendar days, daily av-
erages of fish taken in December affected the January averages for both the Monterey and San Pedro data. Because
no pound ovals were taken at San Diego in December, all daily averages previous to January 10 and after April 10
were deleted from the San Pedro and Monterey data before the smoothed trends were calculated. Only data for 1928
and 1929 were used. The resultant two-season average trends for the three localities are shown in figure 8.

These trends indicate that the daily average lengths of San Diego fish more closely resemble the average lengths
of Monterey sardines than of San Pedro. The maximum average size was not reached as

FIG. 8. Comparison of the two-season average trends of the daily average lengths of Monterey, San Pedro and San
Diego sardines
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early at San Diego, however, as at Monterey and a slightly greater size eventually was attained. The maximum aver-
age size of the San Pedro fish for these two seasons was less than the Monterey maximum average, and the
Monterey maximum was similarly somewhat less than the San Diego average. This closer correspondence between
the Monterey and the San Diego average length trends than between the San Pedro and San Diego trends is surpris-
ing since the latter two fishing areas are separated by about one hundred miles, while the Monterey and San Diego
regions are separated by approximately five hundred miles. Possibly studies over a longer period of time will furnish
some explanation or demonstrate that the similarities between the Monterey and San Diego trends are merely appar-
ent resulting from a comparison of too few data.

FIG. 9. Trends of the daily average lengths of San Pedro sardines for each season from 1919 to 1929

4. SEASONAL DAILY AVERAGE LENGTH TRENDS FOR SAN PEDRO
SARDINES
The ten-season average of daily average length trends and also the five-season average trends show the changes
through which the sizes of sardines pass during a normal fishing season and demonstrate the similarities and differ-
ences between localities, but they obscure the variations from these averages which take place within any one fish-
ing season. These variations become apparent in the daily average length trends for each season. Such trends are
shown for San Diego in the previous section of this paper and were presented for Monterey by Scofield (1926.1) and
Andrews (1928). Higgins (1926) discussed daily average lengths of San Pedro sardines for 1919–1923 but did not
give average length trends. The trends for these four and the six succeeding seasons are shown in the two graphs of
figure 9.

During the first five years of the 1919–1929 period (see the upper graph of fig. 9), the season extended from
December or January to
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the following April. For one season only, 1922–1923, were data available for the entire month of December. In the
previous three years, fishing did not begin until late in December or early January. In the 1923–1924 season data
were not collected until January although fishing had begun before this date. Since the dates on which changes in
size occurred varied from season to season, the trends for these five seasons do not maintain a definite relationship
to one another, but on the whole, certain changes in size occurred throughout each season. With the exception of the
1919–1920 season, the fish increased in size throughout January, reached a maximum in February, decreased during
March, and increased again in April. In the 1919–1920 season, no definite minimum size was apparent and the max-
imum size was not reached until March and the decrease did not occur until April. The 1921–1922 fishing season
was too brief to indicate anything but a maximum size. The average for this five-season period is shown in figure 5.

The trends of the daily average lengths for the following five seasons, 1924–1929, given in the lower graph of fig-
ure 9, indicate that the fishing seasons during this latter time interval were much longer than during the former. For
three of the five seasons involved, fishing began in October and continued into May. This extension of the fishing
season at San Pedro has resulted, probably not from a greater availability of the fish to the fishermen, but from a
greater demand for fish. Sardines were undoubtedly present in the San Pedro fishing area during the fall months of
the former years, but the demand for fish was not sufficiently great to pay the fishermen to search for the schools.
Also in the 1924–1925 season, the purse seine was introduced into the San Pedro fishery. This net described by
Scofield (1926.2) and Skogsberg (1925) is operated from a larger boat than is the lampara net on which, previous to
this date, the sardine industry had depended. About 1927 the ring net, described by Fry (1930), was also introduced
into the San Pedro fishery, but was used on both lampara and purse seine boats. The larger purse seine boats are run
by diesel or black oil engines with a lower operation cost than the gasoline engines used on the smaller lampara
boats. Because of this decrease in the cost of fuel, the purse seine boats cruise over a larger area in search of fish.
The introduction of the purse seine was thus a contributory factor to the extension of the sardine season at San
Pedro. This extension is most notable in the fall months of the 1924–1929 period, and as shown by Clark (1930), the
major portion of the fall fishery is carried on farther from port than is the winter fishery.

As in the previous five seasons, during this second five-season interval, the changes in size and the time of the oc-
currence of these changes differed from season to season but the trends of the daily average lengths were similar in
general slope throughout each season. From October to December, the fish were small, increased in size during
January, reached a maximum in February, decreased slightly through March, and increased in April or May. The last
three seasons, 1926–1929, reached a greater maximum than did the two former seasons, and showed very little drop
in average lengths in March or April. In the 1928–1929 season, the maximum size was not attained until March and
the decrease did not occur until late April and early May. The five-season average trend for this period is shown in
figure 5.
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During the ten fishing seasons for which data have been collected, the trends of the daily average lengths have
passed through the same changes, from small average sizes in the fall months to larger averages in the winter with a
slight decrease at the close of the fishing season. However, the dates during which these changes in average lengths
occurred varied from season to season. The fish of the 1920–1921 and the 1927–1928 seasons reached a maximum
by the first of February, while in 1919–1920 and 1928–1929, the maximum average size was not attained until the
first of March. In other seasons a maximum was attained at some point between these two dates. Similarly, the ori-
gin of the slight drop in average sizes in the spring occurred between the first of March and the first of April, except
in 1928–1929 when the average lengths did not begin to decrease until the first of May. This drop was less conspicu-
ous during the last three seasons than in former years, but whether this is a chance variation or whether it will persist
in future years can not be foretold. The explanation of this variation

FIG. 10. Correlation between the trends of the daily average lengths and the daily average number of fish packed in
a pound-oval can for the 1924–1925 season for San Pedro sardines

from season to season of the dates during which the changes in average length trends occurred is not apparent
from the data at hand. The variations may be dependent upon one or many factors, such as food, temperature, salin-
ity, or currents.

5. RELATION BETWEEN LENGTH OF FISH AND THE NUMBER OF
FISH PACKED PER CAN
5.1. Seasonal Relation
As mentioned in the introduction, changes in the size of fish throughout a season directly affect the sardine pack.
When small fish are taken in abundance more fish are packed in a can than when large fish predominate. To indicate
this relationship, records of the number of fish packed per pound-oval can were secured through the courtesy of two
canning companies at San Pedro and two at Monterey.

In the earlier years the trade demanded a careful segregation of the pack according to the number of fish per can.
This was an expensive process and has not been carried out with much exactness in the later years. For this reason
the cannery records are more reliable for the former than the last two or three seasons. Also by cutting off a larger
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portion of the fish, more large fish are packed in a can than if the heads are removed by cutting just behind the pec-
toral fins as is done with the smaller fish. By this process many fish that would ordinarily be canned five to the can
are packed under the category of "six-eights." The close relationship between the average size of the fish and the
number of fish per can is therefore more significant since the inaccuracies of the cannery records tend to minimize
rather than to increase this relationship.

These records, covering seven seasons at San Pedro and eight at Monterey, showed a seasonal fluctuation in the
average number of fish

FIG. 11. Correlation between the seasonal average lengths and the seasonal average number of fish packed in a
pound-oval can for Monterey and for San Pedro sardines

packed per can which followed very closely the seasonal changes in the daily average length of the sardines.
When small fish were most numerous in the catch, more fish were packed in each can and when large fish predom-
inated fewer fish were put in each can. Figure 10, which represents data for the 1924–1925 season at San Pedro,
shows clearly this inverse correlation between size of fish and number packed in a can. The data for each of these
curves were treated in the same manner: The daily average lengths and the daily average number of fish per can
were both smoothed by a moving average of 29 calendar days. In November and most of December when the fish
were small,
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FIGURE

approximately seven fish were packed per can; in late December and January, as the fish increased in average length
the number per can decreased, reaching a minimum in the middle of February. This minimum corresponded to the
maximum average lengths attained in the same month. The decrease in average length of the sardines during March
was accompanied by an increase in the average number of fish packed per can.

5.2. Correlation from Season to Season
The decided inverse correlation evinced throughout each season between the daily average lengths and the daily av-
erage number of fish packed per can was scarcely greater than the negative correlation between the seasonal average
length of the sardines and the seasonal average number of fish per can. These data are shown for San Pedro and for
Monterey in figure 11. In the later seasons when sardines averaged larger, the number of fish in each can averaged
smaller. This increase in the seasonal average lengths corresponded to the increase in the daily average length trends
as shown by the comparison between the 1919–1924 and the 1924–1929 periods. (See fig. 5.)

The coefficients of correlation2 as calculated for the data of figure 11 are: San Pedro r = -0.80 PEr ± 0.09
Monterey r = -0.79 PEr ± 0.09

These very high negative correlation coefficients indicate a close dependence of the type of the sardine pack on
the size of sardines caught. Canners can not plan to pack the same number of fish in a can throughout the entire sea-
son nor from season to season. As the sardines fluctuate in size so fluctuates the nature of the pack.

6. POSSIBLE EXPLANATIONS OF THE CHANGES IN DAILY AVERAGE
LENGTHS
6.1. Variations Between Seasons and Localities
The comparison of the five-season daily average length trend for the 1919–1924 period with the similar trend for the
1924–1929 interval for both the Monterey and San Pedro regions (see fig. 5) indicated that with the exception of the
transition period in January, the daily averages were greater for the latter five years. An explanation of this is prob-
ably dependent on dominant size classes. Unpublished data dealing with the number of fish at each length unit indic-
ate that in both localities dominant year classes have been reaching a maximum size during the second five-year in-
terval, and the data suggest a lack of younger and smaller year groups. This possible dependence of the fishery on
older and larger year classes necessarily would result in an increase in daily average lengths. A comprehensive un-
derstanding of the effect of dominant size classes on the commercial catch of sardines must await further analysis of
the length frequency data accumulated by the California State Fisheries Laboratory. This phase of the work was
covered by Thompson (1926), Higgins (1926) and Scofield (1926.1)
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for the years 1919 to 1923, and the later seasons are now being subjected to an intensive study, the results of which
should be published in the near future.

Reasons for the greater average sizes during October, November and December at Monterey than at San Pedro are
not apparent as yet. Although the trends from the two localities are not compared for individual seasons, these dif-
ferences, with a few minor exceptions, were manifest throughout the entire ten years and thus can not be explained
by the presence of dominant classes of older fish during the last five seasons. Furthermore such dominant groups
were present in both fisheries. Racial segregation might account for the variations, but the studies by Hubbs (1925)
and further unpublished work of the California State Fisheries Laboratory have not demonstrated significant racial
differences between fish from the two localities. A gradual northward drift of larger fish has been suggested, and if
this were true, might account for the greater daily average sizes at Monterey, but would not explain the greater aver-
ages at San Diego, since the latter port lies south of San Pedro. More knowledge concerning the movements of the
California sardine must be acquired before such movements can be accepted as a reason for size differences between
fish from the three fishing localities.

In a discussion of several possible explanations of size differences between sardines from northern and southern
localities, Thompson (1921) advanced the theory that in the southern waters spawning may be more successful than
in the more northern waters, but due to the presence of more numerous and active enemies, fewer fish would reach a
large size. This would result in a preponderance of smaller, younger fish in the southern fishing areas. On the other
hand in the northern localities spawning may be less successful but the chances of survival, because of fewer en-
emies, may be greater, resulting in a preponderance of larger, older fish. However, this theory also fails to account
for the larger daily average size of pound-oval fish at San Diego to the south of San Pedro.

6.2. Fluctuations Within a Season
The reasons for the seasonal fluctuations in the daily average lengths are, however, slightly more evident. Andrews
(1928) discussed possible causes of these seasonal fluctuations at Monterey. His conclusions are equally applicable
to the data for the other ports. Obviously the increase in size throughout a fishing season can not be explained by
growth, since the large size range indicated that several year classes were involved, thus obscuring any growth phe-
nomenon, and the decrease in average size in the spring would not have occurred if the winter increase were depend-
ent on growth. Selection on the part of the fishermen of certain sizes at different times in a fishing season is not
probable for a demand for such selection is not apparent in the industry. No differential gear selection has been
demonstrated in the sardine fishery. The fish are caught in purse seine, ring and lampara nets, but no evidence is at
hand to indicate that these three types of nets take different sizes of fish. Moreover, during the ten years covered by
this study, sardines at Monterey were taken almost exclusively by lampara nets, while for the first five years at San
Pedro fishing was carried on by lampara nets, and for the last five years by purse seines,
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3 This phase of the sardine population studies is now being subjected to an intensive investigation and gives promise of fruitful results.

lampara and ring nets. In both districts the same fluctuations in average lengths occurred throughout each season, re-
gardless of the gear used.

Neither can the hypothesis be substantiated that different sized fish are caught in different localities of each fish-
ing region, and that fishermen operate in these localities at different times in a fishing season. For San Pedro, Clark
(1930) showed that fall fish were caught chiefly around the Channel Islands and winter fish off the mainland. This
might suggest that smaller fish were taken around the islands and larger fish off the mainland; however, during the
1922–1923 and the 1924–1925 seasons when fall fishing took place off the mainland only, the small sizes were
taken in the fall months and larger sizes in the winter months as in the other seasons. In the last three seasons,
1926–1929, during the winter months a continually increasing percentage of fish were taken from around the is-
lands, but the maximum average lengths for these three seasons were as great or greater than for any other season.
Also, Lindner (1930) showed that the Monterey fishing area was approximately the same for both the fall and winter
months of the past ten years, and yet the daily average lengths at Monterey passed through the same seasonal
changes as did the San Pedro averages. Selection of certain fishing grounds can not account, therefore, for these av-
erage length fluctuations.

The only explanation which satisfies all conditions is the movement into the fishing areas at different times in the
season of certain sized sardines. In the fall months the smaller fish appear in the fishing localities, and as the season
advances an influx of larger fish takes place which raises the average lengths to a maximum in the winter months. In
the spring months the larger fish may move out of the fishing area earlier than do the smaller fish which possibly ac-
counts for the slight decrease in average sizes at this time.

For the San Pedro region at least, and probably also for Monterey, the coming into the fishing area of the larger
fish does not indicate a disappearance of the smaller fish, but their presence in the commercial catch is masked by
the greater abundance of larger fish. This fact is indicated by unpublished data collected by the California State Fish-
eries Laboratory. Data are too scanty to permit the drawing of conclusions about the movements of sardines in the
San Diego locality.

The causes of these movements of the California sardine are probably many and varied. Undoubtedly spawning
plays an important role.3 An understanding of other contributory factors involves detailed oceanographic studies
over large areas and many years, but until such information is available and before it can be applied to the problem
of the movements of the sardine, a more comprehensive conception of these movements must be attained.

18



7. SUMMARY
Throughout a fishing season the daily average lengths of the California sardine were small during the fall months,
increased to a maximum in the winter months and decreased slightly in the spring. The dates of this transition from
smaller to larger fish differed by a month between Monterey and San Pedro.

For the ten seasons studied, 1919–1929, the daily average lengths in the five-season average trends were greater
during the last five years than during the first five. This increase probably resulted from the presence in the catch of
dominant size groups which reached a maximum size during the latter period.

The daily average lengths were greater for the Monterey fall fish than for the San Pedro fall fish, and the winter
averages for San Diego more nearly approximated those for Monterey than those for San Pedro. No explanation for
these differences in averages between localities was evident.

The only satisfactory explanation of the seasonal fluctuations in daily average lengths at each locality is the move-
ment of different sized fish in to and out of the fishing area. The cause of these movements can only be surmised.

The changes in daily average length showed a marked negative correlation with the average number of fish
packed in a pound-oval can. This inverse correlation was evident between daily averages and between seasonal aver-
ages.
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