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ABSTRACT

Data are presented for 15 fishing seasons between 1941 and 1957 showing the year-
to-year trends of mean condition factor and mean length of the Pacific sardine
(Sardinops cacrulea) at San Pedro, and the trend of relative population size of the
sardine as measured by the California catch. The data for condition factor and
length are based on the four major months of the fishing season, October through
January.

There is a high degree of inverse correlation between condition factor and catch,
and between length and catch, and a high positive correlation between length and
condition factor for the 15 seasons. The correlation between condition factor and
catch remains high when the condition factor data are analyzed by restricted length
groups, but there is no significant within-season correlation hetween length and condi-
tion factor when the data for each of the 15 seasons are analyzed separately. The
high inverse correlation between condition factor and population size is interpreted
as a cause and effect relation. While population size may also affect length growth.
the primary factor causing the high inverse correlation between average length and
population size is probably that both length composition and size of the population
are affected by the size of the year-class of sardines just entering the population of
sardines exploited by the fishery. The positive between-season correlation between
condition factor and length is also considered to be a parallel correlation rather
than cause and effect.
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RELATION BETWEEN FISH CONDITION AND POPULATION SIZE IN THE
SARDINE, S4ARDINOPS CAERULEA

* By JOHN S. MACGREGOR, Fishery Research Biologist, BUREAU OF COMMERCIAL FISHERIES

Stunted growth of some species of fresh-water
hshes in denselv populated lakes and ponds is a
well-known phenomenon to fishery Dbiologists,
Hile (_1936) reviews in part the less voluminous
literature concerning the relation between density
of population and rate of growth of marine fishes.
I wish to describe the inverse correlation existing
between condition factor and population size in
a pelagic marine fish, the Pacific sardine (Sar-
dinops caerulea), a situation apparently parallel-
ing that of the stunting of fish under conditions
of high population density. Stunting reflects
growth conditions over a considerable period of
time and especially during preadult life. Condi-
tion factor reflects recent feeding conditions. Both
stunting and low condition factor may be caused
by a meager food supply which, in turn, may
result from a large population of fish.

This study is a byproduct of fecundity studies
(MacGregor 1957) conducted as part of the
broader studies of the California Cooperative
Oceanic Fisheries Investigations. The California
Cooperative Oceanic Fisheries Investigations are
carried out under the sponsorship of the California
Marine Research Committee by the California
Academy of Sciences, the California Department
of Fish and Game, the Hopkins Marine Station
of Stanford University, the Scripps Institution
of Oceanography of the University of California,
and the South Pacific Fishery Investigations of
the Bureau of Commercial Fisheries of the U.S
Fish and Wildlife Service. The number of eggs
spawned by a sardine appears to be more closely
related to the weight of the fish than to its length
or age. A sardine having a higher condition
factor will generally develop a greater number of
eggs than one having a lower condition factor,
when the two fish are of similar length and age.

NoTE.—Approved for publication Sept. 26, 1958.
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However, the increased relative fecundity of a
small population having high condition factors
does not compensate for the much larger absolute
number of eggs that are developed by a large
population having lower condition factors and
a lower velative fecundity. There is no apparent
correlation between year-class size (either abso-
lute or relative to the parent population) and the
condition factor of the population that produced
that year-class. Relative fecundity as related to
condition factor, which in turn is related to popu-
lation size, may be one component of a complex
of factors that tend to retard population fluctua-
tions, preventing unlimited expansion on the one
hand and extinction on the other.

I wish to thank the California Department of
Fish and Game for the sampling records, the staft
of the South Pacific Fishery Investigations, Bu-
reau of Commercial Fisheries, for helpful criti-
cisms and suggestions, and A. H. Vrooman for
preparing the illustrations. '

METHODS

Condition-factor data were derived from sam-
pling records compiled by the California Depart-
ment of Fish and Game. In making age and
length determinations of the commerecial catch of
sardines, a number of samples of 50 sardines each
were obtained from the commercial catch each
season. Among the data obtained for each sam-
ple were the standard lengths of the individual
fish in millimeters and the total weight of the
sample of fish in kilograms. From these were ob-
tained the mean lengths and the mean weights of
the 50-fish samples.

W X1

L’
in which A'=condition factor, W=mean weight
of fish in grams and L?*=cube of the mean stand-
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Condition factor may be defined as A=
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ard length of fish in millimeters. Multiplying
W by 10° changed A from a 7T-place decimal to a
more easily handled 3-digit whole number.

Although the condition factor derived from the
mean length and mean weight of sardines in a
50-fish sample will differ from the mean of the
individual condition factors of the sardines in
the sample, the difference is negligible. The fish
within any one sample tend to be approximately
the same size and have fairly similar condition
factors. Condition factors based on the mean
weight. and mean length of fish in a sample were
compared with the mean condition factors based
on the average of the 50 condition factors for the
individual fish for several samples in which in-
dividual fish weights were known. In no case
did the K value computed from the mean length
and mean weight differ from the mean A value
by as much as 1 percent. For example, in one
composite 50-fish sample consisting of ten differ-
ent 5-fish samples taken over a 1-month period,
individual condition factors ranged from 118 to
176 with a mean of 138; lengths ranged from 189
mm. to 256 mm. with a mean of 212 mm., and
weights ranged from 92 grams to 198 grams with
a mean of 132 grams. The condition factor based
on mean length and mean weight was 139 or only
one X unit higher than the mean condition factor.
Thie condition factors used in this paper are based
on samples that are probably all considerably
more homogeneous as to length, weight and condi-
tion factor than the above composite sample.

The data used are from a period of 15 fishing
seasons, 194142 through 1956-57 at San Pedro;
for each season the observations cover the 4 prin-
cipal months, October through January. No
data are available for December 1953 and for the
entire season of 194445,

Condition factors are used as a measure of the
“fatness,” although not necessarily the fat content,
of fish. It is assumed that no appreciable change
occurs in the specific gravity of the fish. A values
may be compared not only among fish of the same

length, but also, if it. can be shown that. there are

no changes in body proportions peculiar to any
length group within the size range studied, among
fish of different lengths.

A second formula often used by fishery worlkers,
and one related to the condition factor formula, is
that for weight-length relation. This formula

generally takes the form W =CL", in which W =
weight, ' = a constant determined by the data
and L" = length raised to an exponent determined
by the data. This formula describes the weight-
length relationship of a sample of fish. Hile
(1936) discusses the uses of and the differences
between the two formulas in considerable detail.

The formula W = C'L" provides for the possi-
bility that changes in body proportions take place
at a constantly increasing or decreasing rate
throughout the range of data. This is not neces-
sarily true, especially if the range of data includes
both immature and adult fish. Theoretically, if
n is less than 3, condition factors should decrease
with increase in length, and if » is greater than 3,
condition factors should increase with increase
in length. The value of 2 can be influenced by
sampling irregularities, such as including in the
sample fish from different environments or from
different years or months when the length ranges
of the fish are not comparable in the different
sample components, These irregularities, as well
as those caused by including immature and adult
fish in the same sample, generally show up as high
percentages of plus or minus deviations within one
or more restricted length ranges within the total
length range of the length-weight curve. - '

Clark (1928) determined the length-weight re-
lation of the Pacific sardine from data based on
fish from the commereial catch at San Pedro from
January to April 1921, December 1924 to March
1925, November 1925 to March: 1926, and Decem-
ber 1926 to May 1927. Also included were a series
of fish of less than 150 mm. standard length (70
to 150 mm.; a size range not represented in the
commercial catch) taken from January to Decem-
ber 1921. The length range of the fish taken in
the commercial fishery samples is fairly well rep-
resented throughout each of the months and years
during which sampling was conducted. Clark
found that the value of # in the formula
W = ('L" was 3.15 for this combined sample of
fish. She also concluded that sardines smaller
than 200 mm. have a different seasonal weight
cycle than sardines larger than 200 mm.

In a later paper Clark (1934) further demon-
strated that immature sardines have a different
seasonal fat cycle than adults. She also stated
(1) that the 8.15 value of # was reduced to 3.07
if fish smaller than 150 mm. are omitted ; (2) that
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there was no significant difference between the
length-weight relationships of males and females;
(3) that the value of » for San Pedro sardines
(longer than 150 mm.) between May and October
1929 was 2.80 and (4) that the value of n for fe-
male sardines throughout an entire year, October
1928 to October 1929, was 2.94. These close ap-
proximations of n to the cube indicate that condi-
tion factors of sardines of different lengths are
comparable, at least within certain limits.

A second and more direct method of determin-
ing the comparability of condition factors of fish
of different lengths is to determine the trend of
K when plotted against fish length in a represent-
ative sample. Clark (1928) has done this for
each of the months January, February, and
March. Each. monthly sample consisted of fish
taken in four different years, but all lengths were
represented fairly well in each of the years. Her
data indicated an increase in & from a fish length
of about 155 mm. to 195 mm., no change in A be-
tween 195 mm. and 250 mm. and a slight decrease
in X between 250 and 280 mm. )

I have used no sardine samples having mean
lengths of less than 190 mm., nor samples having
mean lengths greater than 240 mm. A values of
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sardines within this length range are comparable.

Measures of population size used in this paper
are (1) the California commercial catch in tons,
(2) the California ecatch in numbers of fish
(3) accumulated age estimates (numbers of fish)
Felin and Phillips, 1948 ; Mosher et al., 1949 ; Felin
et al., 1949, 1950, 1951, 1952, 1953, 1954, 1955 (in
press) ; Wolf et al. (in press) ; Clark and Marr,
1955. The latter measure is a minimal popula-
tion estimate based on the Pacific coast commercial
catch. Data for additional years have been in-
cluded with that of Clark and Marr (1955) for
accumulated age estimates. The commercial catch
is believed to be a good relative measure of popu-
lation size off the California coast over the 15
seasons covered by the data because the fishery
has been intensive over this period. The catch has
fluctuated from almost. 600,000 tons to about 3,000
tons during this period. The general trend in
catch has been downward since the late 1930%s
with temporary increases in catch following the
entries of the relatively large 1946, 1947, 1948, and
and 1952 year-classes into the fishery. The use
of catch data as a relative measure of the size of
the sardine population is discussed at some length
by Clark and Marr (1955).

TABLE 1.—Buxic data for San Pedro commercial sardine fishery, 1941—42 through 1956-57 scasons

Mean condition factor Mean length Number of 50-fish samples
Season
Oct. | Nov. | Dee. | Jan. |4month | o0 | Nov. | Dee. | Jan. [4MOnth | 64 | Nov. | Dee. | Jan. | Total
. - mean ! . . mean ! . .
1941-42_ 126 123 121 117 122 195 197 196 196 196 70 4R 33 46 202
202 82 77 ) 43 283
201 84 53 59 47 243
204 25 14 13 20 72
205 25 16 22 14 77
217 20 18 14 9 61
200 18 15 15 12 60
201 20 11 17 13 61
210 35 40 25 30 130
212 40 28 20 21 109
233 12 15 9 5 11
224 16 14 3 33
207 17 28 20 3 68
214 33 25 25 11 94
226 34 15 5 7 61

! Unweighted average.

CONDITION FACTOR TRENDS

The trends of condition factors of sardines taken
at San Pedro from October to January in each of
15 fishing seasons are shown in figure 1. Since the
sarcine fishermen locate the sardine schools pri-
marily by bioluminescence, the fishery is carried
on at. night during the dark of the moon. Because
of this, the monthly trends are somewhat in error;
sardines from portions of two fishing periods are

often included in 1 month, and fishing periods are
often divided between 2 months. Comparison of
fishing periods would also contain an error since
they do not occur at the same time-each year.
Nevertheless, the month-to-month trends and the
year-to-year changes in condition factors are well
marked. It is apparent that condition factors
generally decrease as the fishing season progresses,
although there is often an increase from December
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TasLe 2—California sardine catch data and estimated
population (by accumunlated aue) for the fishing scasons
A941-42 through 1956-57

California catch ! Estimated
population 2
Season .
Thousands | Billions Billions
of tons of fish of fish

1941-42. 585 5.34 1.5
1042-43 502 3.96 9.1
1943-44 475 3.48 7.0
194445 . 551 3.81 58
1945-46. ... 399 2,81 3.6
14647 o . 228 1.86 1.7
1947-48_ 110 0.93 1.4
194849 160 1.50 2.7
1949-50_ 334 2.75 4.3
195051 . 351 2.59 3.7
1951-52_ 127 0. 9% 1.2
1962-53 .. .. & .02 0.4
1953-84_ . __ _______. 3 .02 0.7
1954-55_ 67 .53 1.2
19585-56_ 73 .52 0.8
1956~57. . el o 33 A9 s

1 Felin and Phillips, 1948; Mosher et al., 1649; Felin ot al., 1049, 1950, 1951,
1952, 1953, 1954, 1955 (in press): Wolf et al. (in press).

2 Clark and Marr, 1955; (195051, 1951-52 and 1952-53 scasons corrected and
1953-54, 1954-55 and 1955-56 seasons added on hasis of more recent data).
toJanuary. At thebeginning of the fishing season
(October), the highest condition factor is 144
(1953) ; the lowest, 126 (1941 and 1942). At the
end of the fishing season (January), the highest
condition factor is 137 (1953); the lowest 117
(1942).

Over the range of A values observed, the rela-
tive measurement, &, equals the absolute measure-
ment, weight in grams, of a 21515 mm. sardine.

That is, from K= K;;lﬁ it follows that L3= %’.

X107, and when W=K, L*=10", and L=2151%.
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A 21515 mm. sardine is near the midpoint. of the
range of sardine lengths (190-240) in the samples
used.

Some condition factor data are available for
sardines landed at Monterey for 8 of the 16
seasons considered. These are compared with
San Pedro sardine condition factors for the cor-
responding months (fig. 2). The number of 50-
fish samples is given in parentheses for Monterey
condition factors whenever they are based on less
than 10 samples. The January, 1947-48, San
Pedro sample is based on nine 50-fish samples;
all other San Pedro condition factors are based
on 10 or more. Not only are the Monterey data
meager, but. also their relative abundance is great-
est during periods when the sardine population
was highest and condition factors lowest. It may
be seen (fig. 2) that the Monterey condition factor
trend generally follows that at San Pedro, but is
higher in value at the beginning of the season and
about. the same toward the end of the season.

The least squares regression of Monterey on
San Pedro condition factors for each of the four
months are shown in figure 3 and regression sta-
tisties and other data in table 3. Although these
correlations are based on small samples (numbers
of pairs of data), the probabilities (P) that such
high corre]ations would occur by chance alone are
relatively low.

TABLE 3.—Correlation between Monterey and San Pedro condition factors

Number of | Observed
samples r

r when P1=,05-02 | r when P!=.02-.01 | r when P'=.01-,001

Month a b
October. . iiciiiiiaas —104. 32 1.8794
November. ... i 1.043 1.0435
December. ... 5. 354 L9798
January . o imieaa-- 25.112 . 8062

;ZJ/m~I

! Fisher and Yait.es, table VI, page 54.

The Monterey data for one point (1948) on the
October correlation of figure 3 are not included
in figure 2. This is o single b0-fish sample with
amean A of 149 (mean length=196 mm.). That
this A7 value is not. aberrantly high is indicated by
the A" values of the two samples in the 180-189
mm. length group taken at Monterey at the same
time. One had a A" value of 151 (mean length
186 mm.) and the other, 141 (mean length 185
mm.).

Although the A  trend appeuars te drop more
sharply from October to January, and although
K values are noticeably higher at. the beginning
of the season in Monterey, the San Pedro A~ values
do bear a relative relation to those of Monterey.
Therefore, it is logical to examine the relationship
between San Pedro A" values (for which the long-
est series of data are available) with the total
California catch (which should be the best meas-
ure available of the total sardine population off
the coast of California).
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FISHING SEASONS

Fiaure 1.—Condition factor trends for San Pedro sardines.

CATCH, LENGTH, AND CONDITION
FACTOR RELATIONS

The year-to-year trend of the California sar-
dine catch (thousands of tons) and the inverse
trend of the 4-month means of length and condi-
tion factor for the 194142 through 1956-57 fish-
ing seasons are shown in figure 4. The trends of
catch or estimated population in billions of fish
and the inverse trends of length and condition
factors for any of the + months considered sepa-
rately parallel those in this figure.

Figures 5, 6, and 7 show the least-squares re-
gressions of length and condition factor on each
of the three relative measurements of population,
and figure 8 shows that of condition factor on
length. The regression statistics and other data
are given in table 4. -All seven associations are
signiticant, but. the three relationships involving

517548—59

2

condition factor and population have higher cor-
relation coefficients than the three involving
length and population.

TaBLE 4.—Regression gtatistics and other date for the re-
gressions of length and condition factor on each of three
relative population measurements and of condition fac-
tor on length

[Ct=California cateh in thousands of tons; Ch=California catch_in_billions

of fish: EP—estimated population in billions of fish; L=1length; K'=Con-
dition factor.)

a | b r P

220. 165 —. 04359 —.788 <. 001
136. 188 —. 02573 —. 403 <.001
219. 952 —5.36347 —. 797 <. 001
136.005 | —3.13440 —. 905 <. 001
216.244 | —2.05723 —. 685 <.01

134.641 | —1.37874 —.865 <.001
37. 667 0. 44087 . 856 <.001

The regressions involving length are more ac-
curately deseribed by curves than by straight
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FISHING - SEASONS

Ficure 2—Comparison of San Pedro and Monterey condition factor trends.

lines, even apart from the fact that the lower
lengthi limit ‘was arbitrarily ‘taken’ at’ 190 mim:
For example, in figure 9, t‘he‘ curvilineay regres-

sion ¥'=193. 11+35.08 ( Y ) ) ﬁts the plots of

length (I ) on catch in billions of ﬁsh (X ) better
than the rectilinear regression ¥ =219.95—5.363.X"
and the coefficient of correlation is increased from
0.797 to 0.907. However, the rectilinear regres-
sion demonstrates the existence of a significant
correlation, which is sufficient for the present
purposes.

The length and condition factor data taken for
each month separately also show high, degrees of
correlation with one another and with the three
relative population measurements.

It now remains to be determined which of the
above groups of correlations may représent eause

and effect and “]uch are prob‘lbly pa,rmllel or ac-
eompanymg phenomen.t wE

DISCUSSION. - i 1ore

One result of’ mtenswe ﬁshmg of a stock’of ‘i
rine fishes is‘oftén decreased catch zwcompamed by
decre‘lsed fish size (length) In the sardme data, :
decreases in catch under 111te11s1ve fishing are ac-
companied by i increases in average fish length, and
increases in catch are accompanle,d by decreases
in average fish length. The reasons for this ap-
pear to result from the interaction of t“_'_o factors:
(1) any year-class of sardines contributes. by far
the greatest tonnage to the fishery.in its third and
fourth yeurs of life (i.e., fish.whose scales show,
respectively, 2 and 3 annual growth rings), and
(2) strength..of year-classes fluctuates greatly
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FIGURE 3—Regress1ons of ‘\rIonterey -on San Pedro condltlon tactors by months

from. year to year.

third and fourth years of life.

relatively small. - On the other "hand, small

catches are associated with small year-classes in-

their third and fourth years, together with rela-
tively high'percentages of largeér,:older fish froin
seme former large year-cliss. -According to.data
presented by Clark and Marr (1955), which

Thus, the large cmtches ‘are
associated with large year-classes of fish'in: their:
.These. fish are-

covers- the penod 1932—33 through 1952-53, the
size of the year-class entering the fishery (as 2-
ring fish) has averaged 91 -percent of the. adult
population size to which it has been -added, and

" has ranged from 10 percent (1949 year-class in the

1951-52 - season) -to 286 pelcent (1946 ye1r-c1.1ss
in the 1948-49 season).

In the 16-season period (1941-42) through
1956-57) the sardine age at San Pedro, as meas-
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Fiqure 4—Trend of California sardine caftch and inverse trends of length and condition factor at San Pedro
194142 through 1956-57.

ured by mean number of annual scale rings, has
ranged from 2,01 (1946-47) to 441 (1952-53).
From 194142 through 194546 mean number of
rmg fish dominated the catch with 2-ring fish
generally more abundant, In 194647, 1-ring

fish dominated the catch for the only time during

the 16 seasons and mean age dropped to 2.01. In
the following four seasons it again increased to
2.7, and during this time 2-ring fish again
dominated the catch. From 1950-51 through
1952-58 the mean number of annuli increased from
2.73 to 4.41 and dropped slightly tc 4.21 in the
1953-54 season. During these four seasons the
1948 year-class dominated the catch as 2-, 3-, 4-,
and $-ring fish, respectively. This was caused by
the almost complete failure of the 1949, 1950 and
1951 year-classes.

Of secondary importance were sardines in the

1947 year-class as 4-, 5- and 6-ring fish in the first
three seasons and the 1950 year-class as 3-ring
fish in the 1953-54 season. In the 195455 season
3-ring fish became dominant, and the mean num-
ber of annuli dropped to 3.22 but again increased
to 8.78 by-1956-57. The relatively, but not en-
tirely abundant 1952 year-class was of secondary
importance in 195455 as 2-ring fish, and domi-
nated the catch in the two following seasons as
3- and 4-ring fish, respectively. In the 1956-57
season the persistent 1948 year-class was fourth
in abundance as 8-ring fish. During the first 10
seasons (1941-42 through 1950-51) of the 16-year
period the California sardine catch averaged 2.90
billions of fish and ranged from 0.93 billions to
5.34 billions ; the mean number of annuli averaged
2.46 and ranged from 2.01 to 2.73. During the
next six seasons (1951-52) through 1956-57); the
catch averaged 0.37 billions and ranged from 0.02
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billions to 0.96 billions; mean number of annuli
averaged 3.71 and ranged from 3.22 to 4.41.

The lack of direct correlation between condition
factor and length is demonstrated by the data in
table 5. When the means of A" and length for
Junuary of each of the 15 years are correlated
# is high and P is less than 0.001, but when X
and length are correlated for the individual sam-
ples for January of each of the 15 years, » is gen-
erally low and P is high. By using the data for
a single month, errors arising from the seasonal
K trends are minimized. Data from any of the
other 3 months gives similar results.. The data
for the years 1954 and 1955 are meaningless be-
cause /V is too small and the length range is too
restricted. AV is also too small to have significance
in the year 1953. -

The fact that 12 out of 15 of the correlation
.coefficients have a positive value might indicate

TaBLE 5.—Correlation of condition factor and length for
each of 15 seagons (by individual samples) and seqsons
conmbined (mean values) for the month of January at
San Perdro

Length range
Season N r P
(January)
Minimum | Maximum
mne. mm.

190 210 | 46 —.217 >.1
190 214 48 .183 > 1
1 225 | 47 L3821 f.05>.02
193 2201 20 . 202 >.1
168 227 14 . 000 >.1
204 231 9 .3 >.1
191 211 12 . 050 >.1
104 213 | 13 LA75 1 .02>.01
208 221 30 173 >.1
202 234 1 21 .134 >.1
228 239 5 LR >.1
221 222 3 .318 >.1
208 200 3 -. 316 >.1
210 220 11 .070 >.1
221 282 9 L7710 ] .02>.01
196 [ 233 | 15 (means) . 858 <001

that there is a slight tendency for A" to increase
with length, but this could also arise from other
causes. For example, there appears to be a tend-
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ency for the sardine population off the California
coast to move southward during the course of the
fishing season, and there is also a tendency for the
more northern fish to be of larger size. However,
this does not explain the highly significant correla-

tion of A" and the length for all years, or the
general lack of significance for the individual
years. Mean length is strongly influenced by the
size of the last large year-class, which in turn
determines in large measure the population size
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(as measured by catch). Also, condition factor
is apparently determined to a considerable degree
by population size, and hence, there has been, over
the 15-year period, an apparent correlation be-
tween length and Z, That this correlation is of
a parallel nature rather than cause and effect is
in agreement with Clark’s (1928, 1934) findings
that the weight-length relationships of the sardine
closely approximate the cubic form.

Table 6 presents the data illustrating the cor-
relation of California sardine catch and A" for Jan-
uary at San Pedro for the years 1942 through
1947. The data include the means for all fish and
for each of the five 10-mm. length groups observed
during the period. The value of » is high in each
" of the six groups and P is greater than 0.001 only

in those two in which & is very low. This consti-
tutes additional evidence that changes in A are
probably associated with population size, and not
length.

It is probable that the growth rate in terms of
length is also greater for the sardine in times of
low population density than in times of high popu-
lation density. Of the 15 year-classes 1939 through
1952, five averaged less than 200 mm. in length
as 2-ring fish. The estimated size of these five
year-classes (1939, 1940, 1941, 1946, and 1947)
(Clark and Marr, 1955) ranged from 1.9 billion
fish to 7.2 billion fish and averaged 3.34 billion
fish. Ten-year-classes averaged 200 mm. or larger
as 2-ring fish. Seven of these year-classes ranged
in estimated size from 0.1 to 2.3 billion fish and
averaged 1.04 billion fish. Data for the other three
year-classes (1951, 1952, and 1953) are incomplete,
but they were well within the range of the other
seven and would not markedly affect the average.

There are several complicating factors in the
apparent association between ye&i,r-cla_ss size and
length growth. The size of the remaining popula-
tion is not taken into account. Also, léngt.h
reflects cumulative growing conditions over the
life of the fish, while the condition factor more
closely reflects current conditions. A year-class
originating primarily in Sebastian-Viscaino Bay

.off Baja California probably has a different

growth pattern than one originating off southern
California, and one originating from a peak
March spawning probably has a different growth
pattern than one originating from a peak June
spawning.

TABLE 6.—Correlation data for condition factor (by length
groups) at 8an Pedro in January and Caelifornia sardine
catch (thousands of tons) for the years 1942-5%

Length group 'N T P
190-199 .. 7 -—. 859 .02>.01
M0-09. e eeeae 11 -.913 <. 001
210-219__ - 10 —. 846 <.001
220-229_ o 9 —. 046 <. 001
230-239_ .. __ 4 —-. 072 -052>.02
All lengths . 15 —. 954 <.001

! Each K value is a mean of all January samples for that year.

One possible explanation of the high degree of
inverse correlation between population size, as
measured by the California catch, and condition
factor is that there is a southward shift of the en-
tire population (possibly owing to hydrographic
conditions) In years of small population and a
northward shift during years of large population.
The data of figure 2 shows that the condition fac-
tors at Monterey tend to run higher than at San
Pedro. However, the high degree of inverse cor-
relation between catch and condition factor for
January, when Monterey and San Pedro condi-
tion factors tend to be most. nearly the same, does
not substantiate this hypothesis.

Although the range of the California sardine
extends farther to the north in years of large
population and contracts toward the south in
years of small population, sardine schools are
not uniformly distributed throughout their range.
During good years the population density is much
greater within the range, also seasonal concen-
trations of schools occur within the range. Al-
though the range of the sardine is bounded by
land bnl_y on the east, it is probable that it is also
bounded on the other sides by oceanographic fea-
tures, so that as population size increases, within-
range density increases more rapidly than the
total range. Therefore, the inverse correlation
of A and population (as measured by catch) could
result from less available food-per-fish in times
of large population and vice versa if the total
amount of food available within the area did not
vary considerably from year to year. If this
hypothesis is true, it implies that the adult sar-
dines have little interspecific (_-.ompetit-i_on for food.

Other similar-sized sc-hqoling species whose
ranges overlap that of the sardine in California
waters are the anchovy (Engraulis mordax), the
Pacific mackerel (Pneumatophorus diego) and
the jack mackerel (7Zrachurus symmetricus).
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Anchovies have been abundant during the past
few years, while the sardine population has been
small. To a certain extent anchovies tend to fre-
quent areas where sardines are not present and
vice versa, although they are sometimes found
schooling together. The largest anchovy catch
in the years 1916 through 1955 occurred in 1953,
when 43 thousand tons were taken by the com-
mercial fishery and 6,000 tons by the live-bait
fishery (Miller 1956). The anchovy stock is not
fished intensively.

Landings of jack mackerel reached a peak of
67,000 tons in 1950 (Fitch 1956a). The popu-
lation is probably not being intensively exploited
by the fishery. Both the anchovy and jack mack-
erel were not fished to any great degree until the
decline of the sardine population caused these two
species to be sought as substitutes for canning
purposes.

The Pacific mackerel has been intensively fished
off the California coast over the 1940-41 to
195657 period covered by the sardine data. The
highest catch in this period was 54,000 tons in the
1940-41 season (Fitch 1956b), although higher
tonnages were landed in two seasons in the previ-
ous decade. I.arge year-classes of Pacific mack-
erel seem to have a slight tendency to coincide
with large year-classes of sardines.

The anchovy appears to be a filter-feeder,
whereas the two mackerels are selective feeders.
Fitch (1956a) found that jack mackerel feed to a
large extent on small crustaceans and also at times
on juvenile squid and anchovies. Fitch (1956b)
also stated that examination of 228 Pacific mack-
erel stomachs revealed that they feed largely on
larval and juvenile fish and small crustaceans.

Lewis (1929) stated that the sardine is a filter-
feeder, but Radovich (1952) concluded that it is
also a particulate feeder. He found one occur-
rence of sardines feeding on juvenile anchovies.
Sardines kept in tanks or large aquaria have
been observed feeding selectively on numerous
occasions.

Nothing is known about interspecific food com-
petition between the adult anchovy and sardine.
There is probably competition between the mack-
erels and the sardine as, in fact, they are not in-

frequently found in mixed schools and, at times,
apparently feeding on much the same types of
organisms. However, very little information is
available on food competition among these and
other local marine species, and such relationships
must remain a matter of conjecture for the pres-
ent, at least. A second way in which population
size might affect feeding and condition factor is
by its effect on school size. Large populations
could result in large schools and smaller popula-
tions in smaller schools. It seems logical that a
small school could feed more efficiently per indi-
vidual fish than a large school.

SUMMARY

Low population levels of the Pacific sardine
(Nardinops caerulea) (as indicated by the Cali-
fornia catch) are associated with higher condition
factors and greater average lengths of these fish
and, conversely, high population levels are as-
sociated with lower condition factors and smaller
average lengths.

The high degree of inverse correlation between
population size and condition factor is interpreted
as a cause and effect relation; that is, high popu-
lation levels result in less available food-per-fish
and lower condition factors, while low population
levels result in more available food-per-fish and
higher condition factors.

The inverse correlation between population size
and fish length appears to result from the en-
trance of large year-classes into the population.
When this occurs, average size (and age) is re-
duced as population size is increased. When
small year-classes enter the population, average
size (and age) is increased (because of the rela-
tively high proportion of large, old fish in the
population) as population size is decreased.

The apparent positive correlation between
condition factor and length over the 15 seasons is
not of a cause and effect type, but rather a parallel
phenomenon. In years when high condition fac-
tors prevailed, all fish had high condition factors
regardless of size and, conversely, in years when
condition factors were low, all fish had low con-
dition factors regardless of size.
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