
Journal of Marine Research, Sears Foundation for Marine Research, Yale University 
PO Box 208118, New Haven, CT 06520-8118 USA 

(203) 432-3154    fax (203) 432-5872    jmr@yale.edu    www.journalofmarineresearch.org

The Journal of Marine Research is an online peer-reviewed journal that publishes original 

research on a broad array of topics in physical, biological, and chemical oceanography.  

In publication since 1937, it is one of the oldest journals in American marine science and 

occupies a unique niche within the ocean sciences, with a rich tradition and distinguished 

history as part of the Sears Foundation for Marine Research at Yale University. 

Past and current issues are available at journalofmarineresearch.org. 

Yale University provides access to these materials for educational and research purposes only. 
Copyright or other proprietary rights to content contained in this document may be held by 

individuals or entities other than, or in addition to, Yale University. You are solely responsible for 
determining the ownership of the copyright, and for obtaining permission for your intended use. 

Yale University makes no warranty that your distribution, reproduction, or other use of these 
materials will not infringe the rights of third parties. 

This work is licensed under the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License. To view a copy of this 
license, visit http://creativecommons.org/licenses/by-nc-sa/4.0/  
or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA. 



CORRELATION BETWEEN FLUCTUATIONS IN ABUN-
DANCE OF THE PACIFIC SARDINE (SARDINOPS 

CAERULEA ) AND SALINITY OF THE 
SEA WATER' 

LIONEL A. WALFORD 
Fish and Wildlife Service 

United States Department of the I nterior 

In the course of studying several seasons' statistics on the age com-
position of the commercial catch of the Pacific sardine (Sardinops 
caerulea)2 I have found what appears to be a fairly indicative measure 
of year-class strength in the total number of three-year-old fish3 caught 
by commercial fishermen in all Pacific Coast ports of United States 
and Canada. The fourth year is the youngest age that sardines are 
fully available to fishermen; at that age they seem to frequent the 
fishing grounds as consistently as do older fish ; they are large enough 
then to be fully desirable commercially, and fishermen do not try to 
avoid them as they do small er and younger fi sh . Hence, so long as the 
total fi shing effort does not change, the number which a fisherman can 
catch on the average parallels the total abundance. 

For present purposes, it is assumed that total mortali ty (i. e., from 
natural causes and from fi shing) of one- and two-year-old fish re-
mained essentially constant from year to year during the period 1934 
through 1941. It is lik ewise assumed that the total fi shing effort in 
all ports remained essentially constant during that period. The first 
of these assumptions permits the utilization in this analysis of three 
year classes for which data on ages one and two are lacking. The 
second avoids the necessity of adjusting the catch figures by some 
measure of fishing intensity. Al though the first assumpt ion cannot be 
tested until the catch histories of several year classes have run their 
courses, the second is supported by evidence in catch-per-unit-of-effort 
studies on the sardine fishery (Sillim an and Clark, 1945). The com-

1 Published by permission of the Director of the Fish and Wilcllife Service. 
2 Length-frequency data and scales have been collected by five Pacific Coast 

agencies: United States Fish and Wildlife Service, Department of the Interi or· Fish-
eries Research Board of Canada; Cali fornia Divi sion of Fish and Game; Fish Com-
mission of Oregon; Department of Fisheries of the State of Washington. 

' "Three year old" fish are those in the fourth year of li fe, i. e., they have three 
annual marks on their scales. 

( 48) 
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putation of numbers of fish at age three was done from the following 
data and in the following steps. 

1. Total number of fish caught, by ports.'1 

2. Percentage age composition of samples of the catch in each port.• 
3. Number of fish of each year class caught, by ports. This was 

obtained by multiplying item 1 by item 2, under the assumption that 
the san1ples represent the catch. · 

4. N~mber of fish of each year class caught along the entire coast. 
This was obtained by summing, age by age, the number landed in the 
several ports as determined in item 3. 

TABLE I. RELATIVE STRENGTH OF SARDINE YEAR CLASSES. TOTAL NUMBER OF 

THREE - YEAR-OLD SARDINES CAUGHT IN UNITED STATES AND 

CANADIAN WATERS, BY SEASONS OF CAPTURE 

Year S eason Millions Percentaoe 
Class of of De'Diation 

Capture* Fish from A~erage 
1934 1937-38 1200t - 5 .0 
1935 1938-39 930t - 26.4 
1936 1939-40 1316t + 4.2 
1937 1940-41 1350 + 6.9 
1938 1941-42 1648 +30.5 
1939 1942-43 1912 +51.4 
1940 1943-44 1028 -18.6 
1941 1944-45 721 -42.9 

A~erage 1263 

• The '"fishing season" extends from July (in northern waters) to March 1 in southern 
California. 

t Numbers of 3-year-old fish caught are not available for these year classes. They were 
estimated from the subsequent catches of those year classes, taking into account the mor-
talities as indicated by the relative numbers caught in successive years. 

In Fig. 13 these data are plotted in a dotted line as percentage devia-
tions from their average (Table I, column 4). Among the numerous 
environmental phenomena that might be responsible for these anom-
alies by affecting the early life stages when mortality is thought to be 
highest and most variable, salinity and temperature are the only ones 
on which exist data for a long series of years. Of these two, salinity is 
most closely associated with the nutrient salts, the concentration of 
which evidently fluctuates widely along the Pacific Coast with fluctua-
ting intensity of upwelling; and the concentration of nutrient salts 
presumably is correlated with the production of plankton organisms 
on which sardines feed. 

• These statistics were given by the California Division of Fish and Game and the 
Fisheries Research Board of Canada. 

6 Age determination from scale studies was done by the Fish and Wildlife Service 
and the California Division of Fish and Game. 
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Since the young crop of sardines is produced in the spring, it is to be 
expected that any relation between salinity and their survival would be 
best shown by salinity data collected in the months following that 
season. It is also to be expected that observations in southern 
California would be more closely associated with year-class strength 
than those made at other regions of the Pacific Coast; for according to 
all available evidence the chief spawning and nursery grounds of the 
sardine, or at least of that part of the sardine population that is ex-
ploited commercially , occurs off southern Californi a. 

Accordingly, daily records of surface salinit y made at La Jolla, 
California, were averaged in three- and four-month periods for each 
of the years in which the eight sardine broods under discussion had 
been spawned. The coefficients of correlation between these averages 
and the measures of year-class strength given above are tabulated in 
Table II. The results conform to expectation. The coeffi cients are 
without statistical significance (according to Fisher's t test) only for the 
early months of the calendar year. They are highest for the summer 
months. This is logical, for in summer the young sardines are still 
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very young and their demand for food is then most critical. Also, 
the produc_tion ~f plankton probably profits most from the year's 
maximum mtens1ty of upwelling, which occurs from March to July 
(Sverdrup, Johnson and Fleming, 1942). 

TABLE II. COEFFICIENTS OF CORRELATION (r) BETWEEN AVERAGE SALINITY FOR 
THREE- AND FOUR-MONTH PERIODS AND THE STRENGTH OF YEAR BROODS 

PRODUCED FROM 1934 TO 1941 INCLUSIVE 

3-Month r P* 11-lvlonth r P* 
P eriod Period 

Beoi nninu: Beginning: 
Jan. .382 .I Jan. .497 . 1 
Feb. .500 .1 F eb. .557 .05 
Mar. .523 . 1 Mar. . 594 .05 
Apr. . 708 bet .. 02 & .05 Apr. .782 .0 1 
May .890 .001 May .899 .001 
June .960 .001 June .938 .001 
Jul11 .918 .001 July .910 .001 
Auo. .838 .01 Aug. .858 .01 
Sept. .810 .01 Sept. .851 .01 
Oct. .842 .01 Oct. .909 .001 
NO!J. .948 .001 Nov. .866 .01 
Dec. .731 .02 Dec. .591 .05 

* P Is the probability (calculated by Fisher's t test) that as high a correlation or a higher 
one would occur by chance. 

In Fig. 13 the averages of salinity for June, July and August in the 
eight seasons under discussion (Table III) are plotted in a solid line 
as percentage deviations from their average. The parallelism be-
tween year-class strength and average summer salinities is perfect over 
the period studied. The coefficient of correlation between the two 
(r) is .96 with a probability (P) of less than .001 (according to Fisher's 
t test) that as high a coefficient or a higher one could occur by chance. 

TABLE III. AVERAGF. SURFACE S.\LINl'rY RECORD~ AT LA JOLLA. C ALIFORNIA, FOi< 
JUNE. JULY AND AuGURT* 

Yea.r Aver. Summ,r P ercentage 
Salinity Deviation 

0 loo from Average 
X 10,000 

1934 33.647 -12.5 
1935 33.620 -20.5 
1936 33.713 + 7 .1 
1937 33. 717 + 8 .3 
1938 33.773 +24.!l 
1939 33.830 +41 .9 
1940 33.683 - 1.8 
1941 33.527 -48.1 

Average 33.689 

* These data were compiled and made available by the Scripps Institution .>f Oceanography. 
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This is but another item in the growing body of evidence that 
fluctuations in the size of year classes of fishes is the consequence of 
fluctuating infant or adolescent mortality, and that this in turn results 

•from fluctuating environmental conditions. It appears likely that in 
the sardine one of these conditi ons may be the abundance of food. 
This must vary directly with the availability of nutrient salts, the 
latter with strength of upwelling and this in turn with the force and 
duration of northwest winds which prevail along the Pacific Coast in 
summer (Sverdrup, Johnson and Fleming, 1942) . Dr. Sverdrup, 
writing in a letter concerning the manuscript of this paper, has sug-
gested " . .. the strength of upwelling as reflected in the salinity may 
also modify the currents near the coast such that in years with strong 
upwelling, the eddies on the shore side of the main flow are better 
developed. It seems to me that the survival of the sardine larvae 
must also be related to the type of circulation . . . " 

Correlation between year-class strength and physical conditions 
has been reported for other species; for example, Johansen (1927) 
found correlation between the number of young plaice fry taken in 
special hauls and both the surface salinity and the volume of plankton. 
He wrote (p. 16), " ... when there is a relatively marked outflow of 
comparatively fresh water from the Baltic through the Belts and the 
Southern Kattegat, the tiny plaice larvae fail to obtain suffi cient nour-
ishment, and die of starvation en masse." 

Carruthers and Hodgson (1937) found a striking paralleli sm in the 
percentage of 3-year-old herrings in the catches of the East Anglian 
autumn fishery and the atmospheric pressure gradients controlling 
run of wind in the southern Bight from the Straits of Dover during 
the spawning seasons concerned. 

TABLE IV. AVERAGE MoNTHLY SURFACE S ALINITY AT SCRIPPS I NSTITUTION PrER , 

LA JOLLA, CALIFORNIA, 1934 TO 1941 INCLUSIVE* (IN PARTS PER MILLE-33 . 00) 

'34 '35 'J6 '37 ' 38 '39 '40 ·41 ' J,Z 
Jan. .54 .40 . 51 . 40 . 70 .48 .72 .32 .3 1 
Feb. .53 .28 .26 .25 .66 .49 .60 .29 .37 
Afar. .53 .42 .46 .04 .15 .57 .63 . 96 .36 
Apr. .61 .51 .58 .37 .66 .61 .58 .84 . 41 
May .67 .60 .64 .57 .73 .75 . 71 .23 .54 
June .68 .65 .67 .68 .78 .81 . 70 .49 .64 
July .68 .62 .75 . 72 .79 .86 .64 .56 .64 
Aug. .58 .59 .72 . 75 .75 .82 . 71 .53 .61 
S ept. .61 .51 .66 .76 .65 . 62 .57 .49 . 59 
Oct. . 52 .50 .45 .67 .56 .68 .52 .35 . 63 
N ov. .52 .49 .55 . 71 . 57 .72 .44 .33 .61 
D ec. .43 .54 .52 .62 .53 .76 .37 .31 .53 

* These data were compiled and made available by the Scripps Institution of Oceanography. 
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SUMMARY 
The size of a year class of the Pacific sardine is measured in this 

study by the number of individuals belonging to that class caught by 
the commercial fishery during their fourth year of life. This measure, 
determined for year classes 1934 through 1941, is correlated positively 
and significantly with average daily summer surface salinity. Judging 
from the oceanography of the Pacific Coast, it is concluded that the 
salinity reflects the intensity of upwelling which brings up material 
nourishing the plankton; and it is suggested that the summer, when 
the aforesaid relationship is best demonstrable, is the most critical 
period in the life of the young sardine, when an abundant supply of 
food is most essential. 
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