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The fishery for the Pacific sardine, Sar
dinops caeruleus, was, during the 1930s and 
early 1940s, the largest in the western hemi
sphere; it produced nearly 250/0 of all fish 
caught in the United State s. 

Research on this resource had been going 
on for about 25 years, when its decline in the 
1940s triggered the most intensive fishery 
study ever mounted in the world - -the Califor
nia Cooperative Oceanic Fisheries Investiga
tions (CaICOFI). During the decade 1951-60, 
surveys were carried out each year almost on 
a monthly basis. Their data have been used as 
a base for analysis of the sardine and other 
pelagic resources in the California Current 
region. For this serie s of reports, the data 
have been used to summarize trends in densi
ties of spawning populations by s eason and 
geography off the coasts of California and 
Baja California (Kramer and Smith, 1970a, 
b, c, d, 1971a, b). The age ncies of the 
CaICOFI, their area of survey, and the m eth 
ods of treating the data were described in 
our first report. 

One reason given for the decline of the 
sardine was the inte nsive fishing pressure 
brought on by the profitable reduction of 
whole fish to meal and oil; from 1936 through 
1945, tonnage for reduction exceeded tonnage 
for canning. Landings reached a high of 
791 ,000 tons in the 1936 -37 season and, from 
1937-38 through 1944-45, fluctuated from 
493,000t0680,000tons. The northern fishery 
off Canada, Washington, and Oregon was one 
of pressure on older fish that migrated from 
the sUbpopulations off California. The north
ern fiShery collapsed as intensive fishing off 
California reduced the age structures of the 
sardine populations on that coast. In a popu
lation biology study of this species, Murphy 

said in 1966 that th pr -194( populatl n h 
a maximum sustainable yl Id of 471,000 t n 
at a spawning population of 1 mllhon n. 

As report d by th Cahforma [ 
of Fish and Game (Fr y, 1£)71), sar m num-
bers in the variable nVlronm nt f th ah 
fornia Current region w r d'p nd nt n n 
age structure which contained s v n r 1 ht 
significant reproductive clas~ s. I h mt n
sive fishery lowered sardine lif 'xp etan y 
so that the popUlation b gan t appr eh 
single -class reproduction. I hus, wlth It 
inherent resiliency stripp d away, th n rth
ern subpopulation (off central Caliform) 
collapsed following two highly unsuec ssful 
spawnings in 1949 and 1950. 

In our report on th north, rn aneh 
(Kramer and Smith, 1971a), w dlSCUSS 
briefly two other possibl r' asons f r th 
failure of the sardine to r cov r ltS f rm r 
abundance. One was the takmg ov r f th 
sardine I s ecological niche by th anchovy, 
the other was the possibility of natural fluct
uation wherein the two sp ci s may hav b n 
independe nt of one anoth r in diff r nt p 
over the last 2,000 years (Soutar, 19 7, 
and Isaacs, 1969). 

Seasonal and Geographic Dlstribution 
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Attempts to differentiate subpopulations 
havebeenmade on the basis of 1) differences 
in vertebral counts (Clark, 1947; McHugh, 
1950)- -indicating heterogeneity but not neces
sarily significant differentiation; 2) differ
ences in temporal and areal spawning 
(Ahlstrom, 1960)--indicating fairly distinct 
subpopulations, "northern" off California and 
northe rn Baja California, "southern" off cen
tral Baj a California, and "gulf" in the Gulf of 
Ca l ifornia. (These differences can be seen 
i n a 1970 atlas by Kramer which depicts the 
relative abundance of sardine eggs and larvae 
c ollected on e very survey by the CalCOFI 
from 1951 through 1966); and 3) diffe rences 
in blood sy stem s (Sprague and Vrooman, 
1962 ; Vrooman, 1964) which substantiated 
t hose subpopulations of Ahlstrom's analyses. 
The s e r 010 g i cal studies further demon
strated the m 0 vern e n t s evidenced by the 
t a gging studies. These showed northern and 
southern subpopulations moving northward in 
spring and summer, and south in fall and 
winter . 

Summarized data for 1951-60, used topre
dict the times and locations of adult sardine 
spawning, are shown in Figures 1 and 2. The 
relative distributions of all eggs and larvae 
collected by the CalCOFI for all c ruises from 
1951 through 1 966 were depicte d in an atlas 
by Kramer (1 970). As for t he anchov y 
(Krame r and Smith, 1971a) , the summarized 
data on eggs and larvae are used to depict 
the occurr e nce s for January t hr ough July and 
for Octobe r . T he distributions for 5-mm 
larvae only are u sed because they are most 
abundant in plankt on hauls. 

Eggs and l arvae show only slight differ
ences in extent of t he ir distributions in each 
of the same months for which they are illus
trated. The lack of similarly shaded areas, 
for larvae as for eggs, 20% or more occur
rences in plankton hauls , is attributed to the 
escapement, not absence, of small larvae 
through the me s hes of t he standard I-m 
CalCOFI net (pers onal c om m u n i cat ion, 
William H. Lenarz, NMFS, La Jolla, Califor
nia). The maj or centers of spawning (shaded 
areas) are evident firs t in January in small 
areas off centra l Baja California and southern 
California . These are the north e rn and south
ern subpopulations describ e d above. With the 
passage of time, the southern group spreads 
northward and seaward; then, in May and 
June, it intermixes with t he northern group, 
which spreads s omewhat s outhward. In July , 
the two groups a re separ a t e again and, in 

October, heavy spawning occurs only off cen
tral Baja California. This is the off-season 
spawning group described by Ahlstrom (1960, 
p . 420), which he defined as the southern 
sUbpopulation. 

The Fishery 

The California Department of Fish and 
Game, in its report on the State I s living ma
rine resources (Frey, 1971), concluded its 
history of the sardine fishery: "Prior to 
1967, management of the sardine resource 
in California almost entirely was limited to 
(1) control of tonnage of whole fish used for 
reduction, (2) case pack requirements (set 
number of cases of canned fish per ton of 
whole fish), and (3) restriction of the fishing 
season to the time of year when fish were 
most available and in prime condition for 
processing. A moratorium on sardine fish
ing in California was in effect during the 
1967-68 and 1968-69 seasons. The mora
torium limited the quantity of sardines which 
could be taken incidentally with other fish to 
15% by weight of a mixed load. California 
landings for the 1967-68 season were 71 tons, 
while 52 tons were landed during the 1968 -69 
season. 

IIAn extremely lucrative bait market for 
sardines has developed in the San Francisco 
Bay area in recent years. Sardines landed 
in California for this market bring the fish 
ermen $400 to $500 per ton. During 1968, 
there were 323 tons of sardines imported 
from Mexicofor use as bait. A bill (AB 564) 
enacted by the California Legislature in 1968 
permitted the taking of 250 tons annually for 
bait. At present, the San Francisco-Delta 
bait market appears to be the most signifi
cant economic factor responsible for con
tinued fishing mortality of the California 
sardine resource." 

In its final discussion on the pelagic wet 
fish (packed in a "wet" condition, then 
cooked--hence wetfish), the Department 
stated: 

II Landings of pelagic wetfish have been 
sizable in the past but have declined in more 
recent years. This decline is due to several 
factors: (1) the decline of sardine and Pa
cific mackerel stocks; (2) prohibiting the 
fishing industry from harvesting abundant 
anchovy stocks at a level indicated reason
able by scientific evidence; and (3) failure of 
the f ish in g industry to harvest greater 
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Fig. 1 - Percent occurr~nce of sardine eggs in 1951-60 on the survey pattern of the California Cooperative Oceanic Fisheries lnvestig,lllons (C .. ICOFI). 
Each circle, line Or dot represents a pooled statistical area (.ee Kramer and Smith, 1970a)_ CD 
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quantities of jack mackerel and squid. In 1968, 
pelagic wetfish resources (including squid) 
supported a catch of approximately 115 mil
lion pounds valued at over $3.1 million to the 
fishermen. 

"A number of interrelationships exists in 
the wetfish fishery. Since the same basic 
fleet harvests different wetfish species, eco
nomic factors, changing abundance and varia
tion in local availability, and fishing restric
tions on one species may affect the fishing 
pressure placed upon others in the group. 
The northern anchovy is the sardine's pnn
cipal competitor for food and occupies the 

same gen ral geographl r ng . Th 
of thp anchovy population SIZ follo 
th d clin of sardIn stocks. Thl lOdl 
the possibility of incr aSIng sal'din 
by incr asing fIshing pr ssur son 
and -'liminatingth"m on s rdIn s. 
mental fish'ry to do thi has b 
but only has b n in i t 1 at d on 
basis b caus of pol it i cal and 
ical reasons." 
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The experim ntal anchovy fish ry w 
recommendation for 200,000 t ns, dIS uss 
briefly by us (Kram rand Smlth, 1 71 ) nd 
detailed by]VI ssersmith (1 6 ). 
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