
PACIFIC SARDINE 

History of the Fishery 
A &ncd fishcry for Pacik sardncs (sam’iinopsssogar) 

first dcvclo~inroponsctothcdcmandforfoodduring World 
War I. D c d  grcw, and fishing effort and landings increased 
from 1916 to 1936, whcnthccatchpeakcdatovcr700,000 tons. 
ThePacific sardine supportcd thc largat fishcry in Lhe western 
hcmisphcrcduring thc 1930’sand 1940’s, with landingsoccur- 
ring inBritish Columbia, Washingtoq Orcgon, and California. 
Thefishcrycollapscdbcginninginlhc late 1940’s anddcclincd, 
with short tcnn reversals, to lcss than 1,OOO tons pcr year in the 
late 1960’s. Thcre was a southward shift in the catch as the 
fishcry dccrcascd, with lan&ngs ccasing in the northwest in the 
1947-1948 scason and in San Francisco in 1951-1952. 
Through lhc 1915-1946 season, most California landings wcre 
at Montcrcy and San Francisco, but San Pedro aaountcd for 
most subscqucnt landings. 

Sardincswcrcuscd primarily for rcdudon to fish meal and 
oil and canncd for human conswnptioq with small quant ih  
taken for live bait. Although most fish landcd north of Cali- 
fornia wcrc rcduccd, California processors bcgan as canners, 
andespandcdtorcductionasalucrativesupplcment.Rcduction 
was oftcn more profitable, and for many yearr rcdudion ton- 
nage escccdcd tonnage c a ~ c d .  An ememcly lucrative dcad 
bait market for sardines dcvclopcd in cenval C a l i f o ~ a  in the 
1960’s and was primarily responsible for continued fishing on 
the dcplctcd rcsourcc. 

Prior to 1967, managemcnt of the sardine resource in 
Califomiawas mostlylimitcdto: 1)conuol oftonnageofwhole 
fish u r d  for reductioq 2) case pack requirements (Specified 
number of cases of canncd fish per ton of whole fish), and 3) 
restriction of the fishing season. The first two controls were 
intcndcd to lower the quantity of sardines used for reduction, 
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since this uas regardcd as a less desirable use and demand for 
reduction products w a s  high. The latter control m a s  designed to 
limit canningtoperiodswhcnsardineswereinprimecondtion 
and to improve the market for canned products. The total catch 
however, was not regulated. From 1967 to 1973, California 
landings of sardines were limited to an incidental take of 15 
pcrcent sardines by weight mixed with other fish. Liberal 
pro\isions for use of incidental catch, and later a 250-ton dcad 
bait quota, still supplied the demand for bait. In 1974, a 
moratorium on fishing sardines was established, which re- 
strickd landings to the 15 percent incidental limit and elimi- 
~ t c d  the usc of sardines for dead bait. This legislation also 
establishcd the state’s intcnt to rehabilitate the resouroc. 
Through 1981,sardinelandingswerelcssLhan50 tonspcrycar. 

Since the early 1980’s, sardines have bcen taken inci- 
dentally in the southern California fishery for Pacific and jack 
mackcrcl. Most sardincs from this source were canncd for pct 
food, with a lcsser amount canned for human consumption. A 
small dirccted fishcry for sardincs has bccn permitted annually 
since 1986. The quota (excluding bait fishcrics) was limitcd to 
1,000tonspcrycarfrom 1986through 1990,andwasincreascd 
t08,150 tons in 1991. Sardincslandcd in thcdircctcdfishcrics 
in southcrn and ccntral California arc primarily canncd for 
human consumption and sold ovcrscas, with minor amounts 
sold frcsh for human consumption and animal food. Small 
quantiticsarcharvcstcdfordcad baitandlivcbait. Norcduction 
of sardncs, exccpt of wastc produced from other proccssing 
opcrations, is currently taking place in California Total annual 
landingsofsardincshavcincrcascdfromlmthan 100tonsinthc 
1970’s and olty 1980’s. to 1,283 tons in 1986, and 8,543 tons in 1991. 
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California commcrcial IandingsofPacilic sardine, 1916-1969 
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Commercial landings of Pacific sardine, 1970-1991 

Landings of sardines in M e s h  have increased steadily 
during the 1980’s. and were similar in magnitude to California 
landings through 1990. In 1991. however, sardine lan&ngs in 
Ensenada totaled 31,600 tons. Sardines landed in Mexiu~ prior to 
1991wreusedforcanningandredudion.In 1991,mostsardines 
were used for reduction. The recent increase in sadne landmgs 
has bccn due in part to a decline in the availability ofanclmies. 
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canmdial landmgs ofpacific sardirc in Emx&i, Mcsico, 1982-1 991. 

A fishcry managcment plan for coastal pelagic spccies, 
including sardncs, is bcing dcvelopcd by the Pacific Fishcry 
Managcmcnt Council. Until the ncw managcmcnt plan is 
adoptcd, thc sardinc fishcry in California will continue to be 
managed by the state. Currcnt stale rcgulations provide for a 
1,000-Ion dircctcd fishcry whcn the spawning biomass is 
grcatcr than 20,000 tons. This quota may be i n a d  as 
wamtcd, providcdany incrcase isconsistent with the contin- 
ued g r o h  and rehabilitation of the resource. A quota of 250 
tons (500 tons whcn the dirazted quota is 2,500 tons or grater) 
is rcscrved for dead bait. The live bait quota may be increased 
aboveaminimumlcvelof350 tonsifsuchincr~isconsistcnt 
with the continual rehabiiitation of the muroc. At present thc 
livebait quola is 1,OOO tons. Incidental t a k e ( i n d e c t w h e n M  
or dcad bait quotas are filled) is presently limited to 35 percent by 
weight. Current policy limits the total annual harvest of 
sardines to 10 perccnt of the spawning biomass. The sardine 
resource will be considered to be rehabilitated when thc 
spawning biomass is at least one million tons, the population 
occupics much of i& formcr range, and the age structure of the 
population rcscmblcs that of the population during prcviws 
pcriods of high abundance. 
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California landmgsofpacific sardine for live bait, 1980-1991 
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The price of sardines landed incidentally with mackerel 
decreased from about $190 per ton in the mid 1980’s to about 
S 150 per ton in 199 1. The price for sardines landcd in the 
dircctedf~heryandcanncdforhumanconsumption hasranged 
from $80 toflO5 pcrton. Only limited marketsexist forcanned 
productscurrentlybcingproduced. The traditional weuishfleet 
and processing sector are in poor economic condition and have 
not succcssfully dcvelopcd new products or markets. It remains 
to bc scen whether markets will develop to utilize a fully- 
recovered population of Pacific sardines. 

Pacific sardine, Sardinops sagax. 

Status of Biological Knowledge 
Sardincs arc small pclagic fish and mcmbcrs ofthe herring 

family. The genus Sordinopsoccupics the coastal arm of warm 
tcmpcratc zones of nearly all ocean basins. The genus is 
considcrcd monotypic, and sordinops mgux is the comct 
scientific name for sardine populations in the Alphas, 
Bcnqucla. California, Kuroshio, and Pcru currcnls, and for 
populations off New Zcaland and Australia. In the northcast 
PacificoCcan, asin mostotherarcas, IhcPacficsardincoccurs 
nith anchoq hakc, and mackerel. It is generally accepted 
that the Pacific sardine population consists of thrce subpopula- 
tions or stocks: a Gulf of California subpopulation, a southern 
subpopulation oBBaja California, and the principal northern 
subpopulation ranging from northern Baja California to 
Alaska. Thcsc stocks were distinguished on the basis of scro- 
logical tcchniqucs. A fourth, far northern subpopulation was 
also postulatcd. Recent clcctrophorctic studiesand csamination 
of morphological variation showed no geneticvariation among 
sardincs from central and southcrn California, the Pacific coast 
of Baja California and the Gulf of California. 

Nstorically, the northern subpopulation of sarQncs made 
cstcnsivc migrations, mo\ing north as far as British Columbi_a 
in the summer monlhsand returning south to southern Califor- 
nia and northern Baja California in thcfall. N o r h a r d  movc- 
mcnt was grater with inacascd age. The migration was 
complex and the timing and extent of movcmcnt were affectcd 
to some degree by omnographic condtions. At prcscnt the 
population is relati\~ly small, and is found primarily offcentral 
and southern California and Baja California. Contraction of 
range and spawning area hasbccn associated with dccrcascs in 
sardine population size around the world. 

Estimates of sardine abundance from A.D. 280 to 1970 
havcbccndcrivcdfrom thedcpositionoffishscalesinscdiment 
a r c s  from the Santa Barbara Basin. Significant sardine popu- 
lationsesistcd throughout the time period and varicd widely in 
six. Q p i d l y  over pcriods of roughly 60 years. Population 

declines and recoveriesaveraged about 36 and 30 years, respec- 
tively. Scale data indicate that sardine populations were much 
more variable than anchovy populations. Studies of deposits of 
otolithshaveshownthat, whiletheanchovyhasbeenpresent for 
a million yearsor morc, notraceofsardines hasbeen found that 
is more than Sevcn thousand years old. The tendency for 
tremendous variations in sardine biomass maybe a characteris- 
tic of a spccics that has only rccently occupicd its habitat. 

Pacific sardines reach about 16 inches and live as long as 
13 ycars, but are usually lcss than 12 inches and eight years old. 
Most sardines in the historical and recent commercial catch 
were five years and younger. There is a good dcal of rcgional 
variation in growth rate, with average size attained at a given 
age increasing from south to noah. Sardine sizc and agc at 
maturity may dcclinc with a dccrcase in sardine biomass, 
although latitudinal and tcmpcraturc cKxts may also play a 
part. At low biomass levels, sardines appcar to be fully mature 
at age two, whde at high biomass lcvcls, only some of the two 
ycar olds are mature. 

Sardincsagcthmandoldcrwerenearlyfullyvulnerablcto 
thch1storicalfisheryuntil1953, buttwoandthreeyearoldfish 
bccame las available as the population declined and fcwcr 
southern fish movcd northward. R a n t  catch data indicate 
sardinabcgin tobccomcavailableto the fishery at ageonc, and 
are fully vulnerable by age three. Sardincs probably bccomc 
vulnerable to the live bait fishery. which is located closc to 
shore, at a younger agc. 

Spawning m r s  in looscly aggregated schools in thc 
uppcr 165 fcct of the watcr column, probably ycar-round, with 
peaks from April to August from Point Conccption IO Magdalcna 
Bay, and from Janualy to April in the Gulfof California. Thc 
main spawning a m  for thc northcrn subpopulation is bctwccn 
Point Conccption and S.an Dicgo, out to about 100 milcs 
offshore, with evidcnce of spawning as Br as 350 miles off- 
shore. Historically, spawning also occurred off central Califor- 
nia and may have bcen a fairly regular occurrcnce. Sporadic 
occurrences of spawning have been observed off Oregon and 
British Columbia. 

Most spawning occurs b c t w n  55“ and 63”F, with an 
apparent optimum bctwccn 59” and 61°F. and a minimum 
thrcshold tcmpcraturc of 55°F. The spatial and tcmporal 
dtstribution of spairning is influenced by tempcraturc; the 
center of sardinc spanning has shifted northward and contin- 
ued ovcr a longcr pcriod oftime during warm water conditions. 
Pacific sardincs are scrial spawners and spawn mcral timcs 
over a spawning season, although the numbcr of spa\vnings is 
not knoibn. Eggs and lanrac are found near the surface. Thc 
eggs arc spheroid, have a Qstinct, largeperivitelline space, and 
rcquirc about three days to hatch at 59” F. 

Recruitment of Pacific sarQncs is highlyvariablc. Analy- 
scs of the stock-recruitment relationship have bcen inconclu- 
sive and controversial. rtith some studes shoving a densit?..- 
dependent relationship and others finding no relationship 
\vhatwcr. From 1932 to 1965. mean recruitment only slightly 
escecdcd potential replacement of spanners at all lmels of 
abundance, indicating little resilicnce to fishing. Rccruitmcnt 
occurs in strings. uith several ycan of successful recruirmcnt 
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followdby similarpcriodsof poor rccruiuncnt. Thc timing and 
durationofthcscstringshasa largccncaonpopulationgro\\lh. 

Sardines are filter fccdcrs and prcy on crustaccans, mostly 
copcpods, and other plankton including fish lanac and phjto- 
plankton. Larval sardincs fed  cstcnsivel! on thc cggs, lanac. 
and juvenile stages of copcpods, as wcll as othcr zooplankton 
and ph)loplankton. 

Through all lifc stagcs, sardincs arc eatcn by a varicty of 
prcdators. Eggs and lanac arc consumcd by an assortment of 
invcrtcbratc and vertcbratc planktivorcs. Although it has noi 
bccn dcmonstratcd in thc field. ancho\? prcdation on sardinc 
cggsandlanachasbccnpostulatcdasapossiblcmcchanism for 
incrcascd lanal  sardinc mortality during thc 1950’s and 
1960’s. Juvcnilc andadult sardincs arc consumcd by othcr fish. 
including ycllo\\lail, barracuda. bonito. tunas. marlin. mack- 
crcl, hakc. and sharks; sca birds. such as pclicans. gulls. and 
cormorants; and marine mammals. including sca lions, scals. 
porpoiscs, and \\hales. It is likely that sardines will bccomc 
rnorc important as prcy for numcrous spccics, including cndan- 
gcrcd spccics such as b c  California brown pclican. as thc 
sardinc rcsourcc continucs to incrcasc. 

Thc Pacific sardinc and othcr closcly-rclatcd spccics un- 
dcrgo similar intcrannual changcs in abundancc in scvcral 
othcr tcmpcratc coastal rcgions of thc world. Scicntists in 
scvcral countrics haw conduacd joint studics of rccruitmcnt 
and biomass of thcsc coastal pclagic stocks undcr thc Sardinc- 
Anchovy Rccruitmcnt Program. Knowlcdgc of thc population 
dynamics and variability of thcsc clupcoid fishcs may cvcntu- 
ally contribute 10 the d c t a i o n  ofthc oceanographic cKcas of 
global climatc changc. 

Status of the Population 
Spawning biomass of thc Pacific sardinc avcragcd 

3.881,OOO tons from 1932 to 1934, and fluauatcd from 
3,136,00010 1,324,000tonsfrom 1935 to 1914Thcpopulation 
thcndcclincdstecplyovcrthcncittwodccadcs, with mmcshort 
rcvcrsals following pcriods of padicularly succcssful recruit- 
mcnt, to lcss than 100,000 tons in thc early l%O’s. During the 
1970’s. biomass lcvcls wcrc thought to be as low as  5,OOO tons. 
Sincc thc carly 1980’s. thc sardinc population has incrasd,  and 
tkspwningbiomassin 1990 \\asCstirnatcdtobc 130,000tons. 
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Maximum sustaincd yield ofPacific sardinc in the histori- 
cal northern subpopulation mas estimatcd tobc 250.000 tons or 
about 22 percent per year, far less than thc catch of sardincs 
duringthe height ofthe fuhcv. Althoughcombincd landings in 
thc U.S. and Mesico are still well below this level, landings 
have increased substantially in recent years. In the absence ofa  
bilateral managernentagrccmentbcmcen theU.S. andMexico, 
combined U.S. and Mcsican catches of Pacific sardm may be 
high enough to retard the continucd recovery. 

Disagrccrncnt ovcr whcthcr thc dccrease in thc sardinc 
population aas duc to overfishing or to natural changcs in thc 
cn\ironment has pcrsistcd for many ycars. It is now apparcnt 
that both factors arc important. Following thc ccssation of 
fishing and with thc dcvclopmcnt of favorablc cncironmcntal 
conditions, thc sardinc rcsouroc is rccovcring. 

Patricia WOK 
California Dcpartmcnt of Fish and Game 

Paul E. Smith 
National Marinc Fishcrics Scrvicc 
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