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Sir :

Three years ago, when sardine landings had unaccountably sunk to the lowest point in recent history, the State of
California embarked on a remarkable experiment in scientific
research. Under the sponsorship of the Marine Research Cornittee,
the California Academy of Sciences, the California
four agencies
Division of Fish and Game, the University of California‘s Scripps
Institution of Oceanography, and the U. S. Fish and Wildlife Service -- were asked to apply their resources and scientific skills
to the sardine problem. The scientists have been at work for almost three years; for the past two years they have conducted
oceanographic surveys off our coast that are unparalleled in scale.
In this paper they report their findings to date. We of the Committee feel their work deserves the attention of everyone interested
in preserving and better utilizing an incalculably valuable natural
resource.
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THE PROBLEM
I n order to develop plans for the responsihlr manageinelit of the sardine resource ant1 to attempt to derive
workable methods of predictinq where sardines will he found and in what quantities, it is impcrativc> to know
certain underlying principles which govern the sardine's behavior. availability, and total abundance. Work
under the California Cooperative Sardine Research Program is aimed at determining those principles.

METHOD OF ATTACK
The four agencies participating in the program are investigating the Pacific sardine in relation to its
physical and chemical environment, its food supply, its predators ancl its competitors, and attempting to evaluate.
the findings in terms of the survival of young and in terms of the distribution and availability of the sardines
when they reach commercial size.

RECENT FINDINGS
I

The 19.50 cruises have confirmed the 1949 finding that there are a t p r e w i t two centers of heavy sardine
spawning off onr coast. The first is in the vicinity of Cedros Island, OK Raja California, and is relatively restricted
in a r e a ; the second is oft' Southern California and northern Raja California. It covers the larger area ; within it.
though, spawning is more difluse than near Cedros Island.
During the spring of 1950, surface temperatiires were I o ~ e than
r
they were in 1949, which may indicate
more intense upwelling during the season.
The cruises for 1949 and 19.50 have shown that tnost sardine spawning takes place within narrow temperature ranges. J h r i n g the 1950 spawning season 98.4 percent of all sardine e ~ g ssampled were taken in waters
between 12.5" and 26°C. (54.5" and 60.8"F.).
Under laboratory conctitions, sardines have been shon.n to exhibit predictable behavior patterns in the
presence of electrical fields. Larger-scale studies of this subject are 1)lanned.
Length and age studies of the comniercial catch show that during both the 1948-49 and 1949-50 seasons
the major support of the fishery came from the 1946 and 1917 year classes. There are no indications as yet that
the 1948 and 1949 year classes will appear a n the fishing grounds in exceptional nimibers. I t is still too earlytoattempt
to assess the 1950 year class. The 1946 and 1947 groups will presurnably have to supply much of the tonnage taken
in the next two o r three years.
Studies of the mechanism of upwelling, a factor that may be of great importallce in the sardine prohlein.
have shown that spring ancl summer upwelling o f Cape Mendocino and l'oint Conception van he correlatetl
with weather conditions.
The first two full years of work under the program have brought the development of important new
instruments for oceanographic research, the accumulation and partial analysis of a great mass of data on the
offshore waters, the derelopment and refinemeilt of the techniqnes of collecting and processing the data.

PLANS FOR 1951

d

I n the main, work under the California Cooperative Sardine Research Program will continue alonr!
the present lines (luring 1951. The seagoing 11ork cannot as yet he rurtailed or simplified withont running the
risk of failing to obtain illformation of basic iniportaiice. Any changes will be those dirtated by the necessitj- of
studying changing oceanographic and hiological conditions. Both at sea and ashore, several new studies that
promiqe to enlarge o w understanding of the Pacific sardine will be pilrsued.
(
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Although the, (’alifornia Cooperative Sardine Research I’rogram has iiow been iuicler n a y f o r alniost
tlirre years, few attenipts have been niatle to review
thc work as a whole. l’apers on separate phases have
b t ~ pitblished
i
in the scientific jonriials (iiiore are
to cwmr ) . atid brief, coiitlensetl progress reports have
bwn issiwtl quart(Jrly since early i n 1949, but the
prrseiit report is one of the first to t r y to present ail
over-all picture of the program. This we hope to do by
telling how the work is done, what has been ac(~on1plished so far, and what i n the way of research is
planned f o r next year.
Whcii the aiiiiual sardine cwiference was held this
siiiiiiii(Jri n La Jolla (it was the 13th such Iiieetiiig, by
tlic way; sardine researvh on the coast has a coiisiderable history), three crowded days of cliscnssioii were
Iitwled to review th(2 year’s progress i n the field Yet
the aim of all the work on the sardine can be stated
qiiite briefly. I t is :
To seek ont the nnderlj-ing principles that
govern the Pacific sardine’s behavior, availability, and total abiuiidaiice.
( If those priiiciples were known, it should be possible
to forecast. within reasonable limits of accuracy and
soiiie iiionths o r years i n advance, where sardines will
be foiiiicl aiid how niaiiy will be found.) Scientists are
iiivestigating the sardine i n relation to its physical and
c.heiiiica1 environment, its food supply, its predators
and its competitors, and attempting to evaluate the
fiildingi in ternis of the survival of the young and i n
tc.rms of the distribntioii aiid availability of the sar(lines nheii they reach coinrnercial size. The pursuit
of t h t w studies has occasionally led researchers into
w i i e fic~ltlsthat niay seem, at first glance, to have
little to (lo with sardines. Investigations h a w been
iuidertaken that were inipracticdablt. a few years ago.
Riit the iiitcyratiiig priiicipl(>of t hetn all is the patiriit
I’arifir sartliiic.
qiwst for iiiore knowletlge of t
S o great progra’ii of srimtific research conie\-to
p u t it bliuitly-out of a hat. Sartliiie studies arc not n e w
in California ; that patiriit (411~ststarttvl iiiaiiy years
ago. \\‘hat the Mariiic. Rescarch C‘oniniittw is sponsoriiig totlay is an expaiisioii aiid acwlrratioii of investigations which have h e i i c a r r i d oil for s c w r a l tlwatlcs.
‘I‘hosc. r a r l - stndics laid the solitl fonndatioii of careful
okservation and 1olig-coiisider.c.tltlicwry upon J\ hiceh the
present proprani has bwii built.
Thc early work had to bc tloiic ; if it hat1 iiot bccw
tloiicl then. it wonltl rwiaiii to
tiickl(’t1totlay. Its mistCII(*C> Iii(Aaiit that
heti t h r Califorilia Al(~a(l(~liiy
of
Sciences. t h r Califonliii Division of Il’tsh all([ G a i i i ~ .
tlir TTiiivi>i.\ityof C‘aliforiiiii’s Scripps Iiistitiitioii of
h c h
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macle towards the. correlatioii of oceanographic. coiiditioiis with other factor\ are mentioned ill other sectioiis.
Only when a child is born, or u h c n the census taker
conies aroiuid. do most of us become even momentarily
aware of the science of vital statisticas. Yet one of the
ontstandiiig (and, scientifirally speakilig. one of the
most exciting) achieveinents of o u r ce1itur:- has been
the rapid growth and refiiienient of methods of studyi n g popiilations-humaii
aiid otherwise-by
such
iiieans. The bulk of the classical work in fisheries
research has been based on the painstaking collection
ant1 aiialysis of vital statistics. The best way to get vital
statistics of fish is by sampling the commercial catch.
I n California, this work has been carried on continuously since 1919 by the Division of Fish and Ganie,
assisted since 1941 by the r‘. S. Fish aiid T i l d l i f e 3’ ervice. This is continuing nork. I t cannot be allowed to
lag. I n the past some special studies have had to be
clropped or conducted on a part-time basis because of
the pressure of keeping u p with the flood of current
data. Expansion of the sardine program meant that
people coiiltl be hired to cope with current material,
leaving inore experienced investigators free to concentrate on special aspects of the work. It meant too t h a t
previously planned studies could be undertaken. Some
of these are described in this report, as are recent results
of the continuing studies.
From sampling of the commercial catch come the
statistics on the size and age distribution of the sarclines. The Division of Fish and Game has accumulated
almost half a million individual observations on the size
of sardines. The ages are determined by a technique first
successfully applied in sardine work by the U. S. Fish
and Wildlife Service a few years before World War 11.
The size aiid age data form the basis for several other
studies, some of which are discussed in this report.
Vital statistics on the birth rate can be gathered only
o n spawning surveys. The amount of spawning, the
areas in which it occurs, the oceanographic factors that
influence its comparative success or failure-informatioii on all these topics is badly needed. The pre-war
surveys did not cover all the areas then suspected and
now known to be centers of intense spawning. One of
the prime objectives of the preseiit program is to gather
more inforniation on spawning. The I-. S. Fish and
Wildlife Service is doing the work. Beginning o n page
37, the progress of the past two years, which is of wide
interest both to scientists and the industry, is reported
in detail.
One problem in sarcliiie research-this
a particular1;- tough aiid vitally important one-is availability,
thedetermination of how many fish are where the fishing
boats can get them. This problem is being attacked with
statistical methods by scientists of the IT. S. Fish aiid
Wildlife Service and the Division of Fish and Ganie,
and is being iiivestigatecl in the field by Division of Fish
aiid Ganw pc~rsoniielaboard thr. Yellowfin. On page 44

will be found a re\iew of what has been learnetl abont
thc subject during the past two years.
Retween the first month or two of life and the time
the fish is caught there lies a period of the sardine’s life
of which next to nothing is known. P e t it shonld be possible to make a fairly good estimate of year-class
strength a t least some months iii advance if enough
schools of yonng fish are located a i d counted. This
important work is being done by the Division of Fish
aiid Game. The findings of the 1950 survey are summarized on pagcs 33-44.
If many periods of the sardine’s life are little
understood, one reasoii is tlie lack of factual knowledge
of the individual sardine, its behavior and physiology.
The California Academy of Sciences is working on
behavior and physiological stndies. On page 46, the
results, which are very iiiterestiiig ones, are described.
We have mentioned the main lilies of attack 011
the sardine problem. I t might be well to summarize:
(1) The California Division of Fish and Game is
working on its continuing statistical studies, on young
fish surveys, and on methods of locating and identifying sardine schools.
( 2 ) The U. S. Fish and Wildlife Service is also
working on the continuing studies, and on the spawning surveys and recruitment research.
( 3 ) The Scripps Institution of Oceanography is
working on oceanographic surveys, including studies
of plankton and marine vertebrates.
( 4 ) The California Academy of Sciences is working on behavior and physiological studies.
Fortunately, tlie division of work is not quite a3
rigid as, so summarized, it might appear. Oceanographic observations are made on all cruises of all
ships ; personnel from two or more agencies frequently
work on specific projects together.
The sardine is a restless and far-traveling creature.
When California, Canada, Washington, and Oregon
were conducting tagging operations, large sardines
tagged off Southern California in February were retaken off British Columbia in the following July. Fish
tdggecl in Sebastian Viscaino Bay were found as f a r
north as the Columbia River. The same experiments
showed that sardines released off British Columbia
were taken i n Central and Southern California, and
some fish released off Central California ended up in
British Columbia, and others in Southern California.
The fact is, the sardine respects neither state lines nor
national boundaries. I t is of interest not only to California but also to X7asliington, Oregon, and Canada.
and they have for niaiiy years engaged in sardine
research. Consequently the Fish Commissiorl of Oregon, the Washington Department of Fisheries, allcl
the Fisheriw Research Board of Caiiada, though llot
partic.ipatiiig directly, have 5ho\Vll kpen iliterest in
the preseiit pro-0 rani.
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The shapc the sartliiic p r o g i ~ mhas taken reprew i t s coiiiproiiiises among the varions ageiicies. Getting
it iintler way has taken rni1c.h pla~iiiing atid hard
\\ orlr. 1)rcisioiis oil the iiiaiii liiirs of research solved
only the first of the questioiis posed. Ways of iiiipleiiieiiting the program had to be decided.
The spawnin: and oceanographic surve:-s denianded the participation of several ships if the area
was to be (*overed freqiieiitly. The survey area is just
o\.er four tiiiirs tliat of the State of California. About
140 stations were' plaiinetl for each crriise. The 1’. S.
Fish and Wildlife Service had no vessel available for
s u c h research until 1949. The E . V. Scrrpps was coniiiiitted to carrying out other studies iiiider way at
the Scripps Iartitutioii, atid the Division of Fish aiid
Game’s X. B. Ncofield aiid Yellowfin, which had been
just recently contracted for, were needed for special
studies. New ships were a Iiecessity. The (‘resf and
Horizon were obtained by the Scripps Institutioii.
A second need was crews to mail the ships and
trained technical persoimel to assist the scientific staff
in the collection and processing of data. Tlie shortage
of trained technical persolinel was especially acute.
Ordinarily such work is done by the scientists thernselves, with the aid of highly trained laboratory

assistaiits. IIiit there 11ere iieither eiiongh scientists
taiits available to carry 011 the work demaiicled
b) a progrwni of this great scope. A training program
had to be set u p f o r newly recriiitctl techiiical persolillel.

Tlie iiistrunirnts ordinarily used in oveanographic
r e s ~ a r c hcannot be operated a t the speed, and sometiiiies iiot n ith the prec.i\ion, required by the present
program. It ~ v a \obvious that much attention wonltl
haw to be paid to the developiiient of instruments.
Soiiie of the most iiigeiiions ant1 potentially valiiable
u o r k to come out of the program so far has originated
in thr norkshops of the Scripps Tnstitutioii, where
there are bring developed oceaiiographic instrmiiriits
(page 18) which often do their work faster and better
tliaii any 11 e have ever hat1 before. Other ageticies have
also made useful coiitributions to the improvement of
collecting gear.
.Is has been said, sardine research is iiot a new
thing iii California I3nt sardine research on the scale
of the past two years is new not only in California but
in the nation. Eecausr it is new, a i d becanse the many
practical problems of carrying out the work have been
adroitly solved, the TI ay the work is clone seems worthy
of description.

FIGURE 1. (UPPER) The Yellowfin, owned by the California Division of Fish and Game, i s used for young-sardine surveys and in the collection of samples
and oceanographic data from waters where schools containing sardines are present. (LOWER) The Black Douglas, owned by the U. S. Fish and Wildlife
Service, participates in routine oceanographic-biological surveys of the entire research area.

r.L

11

@-

stations oc.ciil)ic.tl p('r vriiisc. is atwilt 140 'l'liore are 311
teorological stations in the. Stat(. of C'alifornia.
Vessc3ls belonging to three agencies regularly parT h e statioii plaii non- iii i i w is a fl~xiblcone. Static+ipat(Jin the work at sea untler the sardine resrarc.11
itr(1 atlclrtl o r t l r o p p t ~ las the ntwl ariscls During
tions
prograni. The s h i p are t h e ~ ' e l l o w f i ~of
r , the California
th(. span niitg st'asoii. for instanrc, sc~c,raln ( w stations
Division of 13sh ant1 (:wine ; the Blnck Donglns, of the
art' occiipicvl 111 areas where spawniiig is most intense.
I-. S.Fish and \Vil(llife Service ; and the ('rest and
IIoncver, since the mhole point of the program is to
IIorim?t, of thc. Scripps Institution of Oceanography.
gather oreanographic (lata by nieans of whivh average'
These fonr vessels are shown in Figures 1 and 2. The
conditions in the wa can be tletc~rniiiiotl. ncwly the
S H. Scofieltl, of the California Division of Fish and
area is cwverrd on almost every vriiise.
entire
Ganie, participated in soin(' of the early cruises, and
the Scripps Institution's I'aolina T and E . IP. Scripps
The station plan was tlctcriiiincd in this n a y : a line
ocv asionally have been iisetl.
I\ as tlrawn that ronghly parall(>lst h e voast ( t r u e bearing 330 degrees) ant1 the lines of stations were plotted
The Y ~ I l o w f i n Black
,
7)oirglas, Crest, ant1 Hori-?on
at right aiiglcs to this basr line. Most oceanographic
Iiavc~all berii acquired since t h e program began. They
features off t h r ('alifornia cwast, snch as currents and
have been q u i p p e d as floating laboratories, the work
trmprratiire distribiitioii, approxiniately parallcl thc
b 4 n g only partially clone from sardine funds. I h i r w coast. 1Iaving the grit1 oricwtcltl at right angles t o the
sions and speeds of the vessc.1~are :
base
(or voast) line allons bcttrr (fewription than if it
I~iryth
Rl,"tl
were along t h e 1iiic.s of latitutlc ancl longitude. TTnder
(ff.) Toll l i t 1 (JC'
(I, I1 0 f <)
272 (gross)
10
Yellowfin _ _ _ _ _ _ _ _ 114
the system now in use (adoptcvl carly in 1950), the
371 ( g r o s s )
!)
Hltrck 1)olcgZns _ _ _ _ 118
m a j o r station lines lie 720 niilf's apart ancl are n u m (")e.qt _ _ _ _ _ _ _ _ _ _ _ _ 130
320.27 ( t l i s p l n w n i P i r t ) 10
bercd in miiltiplt~sof 10. Tlines (.an be spaved as closcly
Iloi i ~ _ _n_ _ _ _ _ _ _ _ 143
(io0 (disl)liicPiiieiit )
10
as 12 miles apart aiid still have intlioichial niunbrrs.
The rruises these ships niake can be divided into
The plan illso pcrniits indioitlrial nmnbrrs to be given
three typcs :
stations spaced only four niiles apart Most of the sta( 1) The routine oceanographic-biological survey
tions ar(J10 Iniles apart ; thcy are nuniberctl in multiples
vrnises covering the entire area under investigation at
of 10. The numbering system ~ronltlpermit the survey
approximately monthly intervals ;
area to be subdivided into many stations, each of which
woiild represent a n area 12 nii1t.s long by f o u r miles
( 2 ) Occasional cruises that are limited in scope and
t1esignc.d to fnrther special studies being made under
wide. Iio\rwer, i n the presmt plan most stations reprethe program ;
sent an area of either 40 by 40 niil(,s 01'40 by 120 miles.
Tn referring to a station n n d c r thc present plan, the
( 3 ) Snrvey cr1iisr.s made as p a r t of the work on
line niunber is given. then a decimal point, then the
availability and yonng fish.
station nuniber. The schernt~facilitates quirk identifivaThe last type of cruise is niade only by the Yellowfin,
tioii: station 120.60 is station 60 011 line 120, for exwhich, as one of the research vessels of the California
ani131e.
Division of Fish arid Game, is available for sardine work
The svhediiling of n e ~ vcruises is workcd out a t
(luring only part of the year. The other ships are availmonthly
meetings of representatives of the T'. S. Fish
able for both t h e routine cruises and those connected
and Wildlifc Servicae and thr Scripps Institution of
with sperial studies.
Owanography. and at less frecliirnt meetings of w p resrntativrs of these organization\ itith repr(J\etltilTHE STATION PLAN
ti\.(+ of thc California T)ivision of Fish ii11tl (:anir I\t
By f a r the bulk of th(x seagoing work consists of the
thrse
iitfornial ronferenve\ it is c l t v i t l r t l whic.h ships
oerupation of the oceanographic station-arbitrary
g o whpr(1. \ \ h ~
\ \ i l l h r iibo;irtl ~a('11
v c ~ s ~\\hat
l,
are
to
geog raph ic 1ovat ions-wh ir 11 pat tern the su r v q - a r m
stations will he ownpied L41soat thcw cwiif(>rt.iiws.tlic.
T h c rcy i 011 1111tlc r s i i rvc y ('owrs ap p rox iniat el y 6 70,000
tlifYkiilt problems of 1)rioritit.s ill'(' wttlc>tl 7'hc.J arc'
scjiiarc. niil(Js ( F i g . 3 ) . ,\bout 4.5 stations itre ocmpietl
tlificwlt cahicfly bevaiiw (~vc~ryonc
is intc~i*c+tc~cl
in i i \ i i i C
by rach ship on (1iic.h rrnisc. I n d(wsity of observations,
the rc~ssolscliiriiig thv \ainc~1wriocIs; 11 h v l i the sar(liii(i\
of thcl via, has a long \ray
oceanography, the s(*ioiii*(h
arc^ spat! iiiiig. oc~c~atiogriipliic~
(*oti(litioiii:IN' viiiingiiig
to go to catrh iip 11 ith t l i ~
\ci(>iiwof tlit. air, nietcwrology.
tilost ixpi(ll> i i i l t l ~ ~ ~ i t ~ ~ l It
< ~I ~I I( Il Il ~> ~ tl(~cidcvt\{ ll(~tll(.l~
'rlrc, arva of thcl wgioli siirwycvl is iiiorc than f o i i r tinic.s
oir S o r t I l l ~11
r ( ~ i l l l f o r l l l r l ('<I11 I)(> s<ltc>l>
il fP\\ \ t ; r t l o l l \
' -])il\scYl Ill t l l V l l l t ( ~ l Y ~os ft < I c 1 c 1 1 1 1 " i l f P \ \ 11101'(' off ( ' l ~ l 1 1I ) \
thitt of the Stat(. o f ('aliforiiiii 1 ' t 1 ( > totill ~ 1 ~ i ~ ~ ~ofl ) ( ~ 1 I)\
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FIGURE 2.

(UPPER) The Crest, owned by the University of California’s Scripps Institution of Oceanography. (LOWER) The Horizon, also owned by the
Scrippr Institution of OceanoqraDhv. Both vessels participate in the routine survey cruises.
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Tsland. Such decisions carry responsibility ; data froin
those few stations off Northern California may later be
badly needed to confirm variations in oceanographic
conditions.
Each vessel carries a coniplenieiit of scientists and
niarine tethniciaiis whose job it is to measure the ceaseless changes of the oveaii. (Sometimes they are called
upon for other sorts of work; in October, 1949, the
Black D o r r g l g . ~came to the rescw of the survivors of a
s1iipwrec.k off Xorthern California.)

COLLECTION OF DATA
I (

Oceanographic conditions” is a useful but rather
vague phrase in which are lumped all the measurable
characteristics of sea water. In aiiy sample of water,
scientists are particularly interested in the following :
(1) Temperature
( 2 ) Salinity
( 3 ) Amounts of dissolved oxygen aiid dissolved
inorganic phosphorus present
( 4 ) Transparency of tlie water
( 5 ) Amounts aiid kind of living organisms present
Over the years instruments to get that inforniation
have s l o ~ d yevolved. Some of them (trawls, for example) have been borrowed from fishermen. The search for
one of the most useful instruments-a device that would
entrap and allow bringing to the surface a n uncontaminated sample of subsurface water-occupied
scientific men for almost 300 years. It ended only i n the
first years of this century with the invention of the Nansen bottle, the instrument now most widely used for
tlie purpose. When a station is occupied, a series of
Xansen bottles is attached to the hydrographic wire and
lowered from the ship (Figs. 4 and 5 ) . A t the desired
moment. the first messenger, a small weight that slides
clown the wire, is let loose. It trips the first bottle and
releases the next messenger. The bottles reverse and
close tightly on the samples of sea water. Attached to
the bottles are reversing thermometers which show the
temperature a t the moment of reversal.
Details of the work on station have been modified
during the progress of the program, but the basic routine (which has been established by years of research i n
oceanography) remains unchanged. A t each station,
the following observations are made :
(1) Plankton tow to 75 meters. This is made with a
nonclosing one-meter plankton net (Fig. 6 ) . Fish eggs
and larvae are collected in this way.
( 2 ) IIydrographic cast to 1,200 meters (if possible)
for temperature, Yalinity, oxygen, and phosphate data.
Nansen bottles attached to the wire collect samples from
15 staiidard depths. The hydrographic cast takes almost
an hour to complete.
( 3 ) Bathythermograph obsrrvations. This instrument records water temperatiire to a tleptli of 137
meter4 (4.50 feet)

1:i

( 4 ) Phytoplaiikton cast (again using Sansei1 bottles) to 70 meters.
In additioii, all ships engage in dip-net fishing luitler
a light a t night, ant1 iiote the occurrence ant1 abuiidance
of niarine birds aiid niarine mammals. Weather data are
collrcted and transiiiittecl to the 1‘. S. Weather IZiIreau
four times daily. Occasioiially, deep plankton hauls are
made.
Lis the vessel arrives 011 station, it is slowed ; while
it is losing way, the planktoil net is readied and lowered
iiito the water. The quantity of water strained during a
h a d is nimsured by a current meter fastenecl ill tlie
mouth of the net. The anglr-of-stray of the towing wirr
is read a t one-minute intervals during a haul. When the
net tow is completed, the sample is removed, labeled,
and preserved for analysis ashore. The vessel then
swings into position for the hydrographic cast. The
depth of the water is read from the fathometer and
recorded. When the ship has lost way, the Nansen bottles
a n d bathythermograph are attached to the hydrographic wire and lowered to an appropriate wire depth.
Four niinates are allowed after the Nansen bottle\
arrive down before releasing the rnessenger. The wire
angle is measured with a n inclinometer just after
releasing the messenger. During the time between the
cast’s arriving down a n d starting lip the weather and
the state of tlie sea are observed and recorded. As the
cast is raised, the bathythermograph aiid the Nansen
bottles are removed froin the wire. I n the 15 minutes
or so required for the thermometers to come iiito eyuilibrium with the air (both the air temperature and the
sea temperature as recorded by the reversing therniometers are needed for computations of the true sea teniperature), the phytoplankton cast is made. This conipletes the work on station. The entire process will be
repeated a t the next station, 40 i d e s away. Between
stations, the temperatures a t the 15 standard depths are
read and recorded. Water samples are analyzed for
their chemical constituents. Salinity (which is deterniined by means of chlorinity titrations) is determined
ashore ; the rest of the measurements are made a t sea. A
250-milliliter sample from each depth is analyzed for
dissolved oxygen ; duplicate 100-milliliter samples for
each depth are analyzed for dissolved inorganic phosphorus. During an average cruise ( 3 ships, 140 stations)
the following number of analyses are rim: 2,100 oxygen, 1,200 phosphate, aiid 4,200 chlorinity.
The ships keep in touch with the shore by means
of radiotelephonc., reporting regnlarly on tlie progress
of the work.

PROCESSING OF DATA
The data collected by the techiiiques just described
are subjected to considerable refinement. The proce\sing of the mass of original data coniprises a full-tinic~
.job for 20 eniployrc~sat the Svripps Institiition of
0c.wiiography and 1.5 eniployees of tlie I T . S. Fish ant1
Wiltllifc Srrvicoe Still inor(’ orkey\ a r nwtlctl
~
Tlrc.
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FIGURE 4. The hydrographic cast. Water samples are taken as nearly as possible from specitied standard depths by means of Nansen bottles. The bathythermograph provides a continuous
trace of temperature to 137 meters (450 feet). The bottles are more closely spaced near the surface because oceanographic conditions ore more variable there. Making the hydrographic cast
takes approximately one hour.
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FIGURE 6. Plankton tow, using the one-meter net. As the vessel arrives on station, i t i s slowed; while it is losing way, the plankton
net i s readied and lowered into the water. The quantity of water strained during a haul is measured by the current meter fastened
in the mouth of the net. When the net tow is completed, the sample, which is collected in the removable cad end (lower right) is
removed, labeled, and preserved for analysis ashore.
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FIGURE 7. Two of the forms used in working up oceanographic data obtained on the sardine cruises. (UPPER) The
original oceanogrophic data noted a t a single station. Location, time, weather, state of seo, and depth as shown by
(LOWER) The processed data. Still more computations ore needed, however,
fothometer are among the items entered.
before the data ore i n their final form. Approximately 2,200 stations hove been occupied since the program began; the
collection and processing of the oceanographic data alone require the services of 20 full-time employees.
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collection and compilatioii of such data forms the core
of the sardine research program. Two of the forms
used for original and processed oceanographic data
are shown in Figure i.
Eventually the oceanographic data from the cruises
will be published in permanent form. Plans f o r the
publicatioii of the 1949 material are under way. Meanwhile, the results of each cruise are for convenience
being mimeographed and distributed to those working
on the program.

INSTRUMENTATION
During the past two years, some of the most intensive and fruitful work under the sardine research program has pone into the development and testing of a
group of new instruments designed to improve methods
of obtaining biological samples. This work has been
doiie at the Scripps Institution of Oceanography.
Midwater Trawl
One of the problems of the complete investigation
of any fishery is the adequate sampling of the adults
of the species. Most of the data on the adults of the
species from the sardine research program have come
from commercial catches or from special vessels ntilizing what is essential1,v commercial gear. The floating

fish-larvae t r a p ha.; to sonie extent approached the
problem of adequately sampling the older forms of
sardines, bnt is able to take only larvae and m a l l
juveniles. A new approach has been attempted on this
problem by the development of a midwater trawl. This
is a net of about the climensioiis of ordinary otter bottom trawls but with a mouth made considerably higher
in order to captnre fishes not ordinarily found near
the bottom.
Tests on a preliminary model of such a net have
been extremely encouraging. A net designed 011 raclically different principles, 10 feet wide across the mouth,
12 feet high, and about 35 feet long, has been developed.
The mouth is kept open by a special beam which also
acts as a depressor. The instability inherent in such
a design is corrected by a small piloting depressor
attached below this beam. One of the 43-pound honiopeneous depressors has been used with success as the
pilot. This comparatively large net has been towed a t
relatively high speeds and great depths. A t a towing
speed of about four knots a depth of 1,500 fathoms
(about a mile and a half), was reached, and several
heretofore unreported deep-sea forms of fishes were
captured. The net has also been towed at about 60
meters depth at a speed of six knots. Fish as active a4

FIGURE 8. The plankton collector was developed as part of the sardine research program. Eight are shown here. The collector was designed to allow
high-speed sampling. With the collector in the lower part of the picture are shown (at left and right) devices used in two methods of attaching the collector to the cable: a t the left ore o stainless steel boll and Allenhead screws; a t the right equipment by means of which o ball made of an alloy of low
melting point con be cast directly on the cable. I t is melted off offer use. In the center are (left to right) the recorder and bellows, propeller assembly,
and collecting net. The collector a t the upper right is o specially designed adaptation for low-speed work.
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or more active tliaii sardiiies have been captured ilk
these few shallow tows bnt tio adult sardines have been
caught. F u r t h e r tests will be made where sardines are
known to be present. A larger net approximately 1 7
feet across the mouth and 50 feet long has been constructed, and w d l soon be tested at sea.
There is apparently no limitation 011 the size of
this type of net other than the ability of the gear
aboard the vessel to handle it. It is believed that a 25foot net could be handled aboard the H o r i z o n , and
with the installation of special booms, nets u p to perhaps 50 feet could be handled. Such nets become
rapidly heavier and more unwieldy as their size is
increased. To date all tows of this net have been macle
for the purpose of determining its hydrodynamic
cliaracteristics and ascertaining the types of fish which
it can capture.
High-speed Gear
The small nets conventionally used for the collection of animal plankton have several disadvantages.
One of the more serious is of course their slowness of
operation. Making a net tow means that the vessel must
greatly decrease its speed. Now an instrument has
been developed which, although not replacing (and
not intended to replace) the plankton net, allows plankton tows to be made while the ship is under way. The
instrument is the high-speed plankton collector (Fig.
8). The U. S. Fish and Wildlife Service has cooperated
i n its development.
When a net is used to collect plankton, probably it
works an area where some of the fish larvae and other
nektonic creatures have been disturbed by the passage of the cable. Thus, a consideration in the design
of the new collector was to have the fishing end somewhat ahead of the cable on which the collector was
operated. The collector has been so constructed that
it can be mounted on the cable by means of a special
spherical cable clamp ; this allows the cable to pass
through the collector a t its forward third point. The
actual fishing is done some 12 or 14 inches ahead of
tlie point of attachment.
A separable depth-flow meter is used with the collector. (Although designed primarily for that use, the
depth-flow meter has a general application to all problems in which depth a i d distance hauled need to be
known.) A continuons record is made of the depth of
the meter and the flow of water past it. The funclamental coniponents of the meter may be divided into
(1) an impeller and gear train, ( 2 ) a pressure element
aiid stylus, aiid ( 3 ) a recorcliiig spool and tape guides.
Tltirtg-five-millimeter calcar acaetate film is used f o r
recording tape.
The spherical cable attachment designed specifically for iise with the Iiiph-speed plankton collector is
also likely to have much wider applications. I t was felt
tiecessary to design such a (.lamp so as to permit freecloni of tlie attaclietl instriunent with respect to the

l!)

cable. Such an arrangement permits the cable to spin
as loads are applied aiid prevents the instrumelits from
being twisted about. The clamp, which is made of
bronze, consists of two hemispheres held together by
Allen-head screws.
The high-speed plankton collectors were tested on
the May cruise of 1950. Four collectors were attachetl
to a single cable, giving a simultaneous record of the
distribution of plankton a t several drpths. The four
collectors were towed about 600 miles during this cruise.
Simultaneously with the development of the highspeed collectors, it was necessary to fintl a method to
keep the cable and collectors under the surface while
they wen> being towed. When a ship at full speed tows
ai1 object. the forces impelling that object to the surface
become enormous. The search for a device to bring abont
a suitable depressing force was concluded with the
development of the n e w honiogeneous depressor
(Fig. 9 ) .

FIGURE 9.

Although designed specifically for use with the high-speed
plankton collector, the homegeneous depressor promises to have far wider
applications in the field of oceanography. Cast of bronze, the 43-pound
depressor exerts a 753-pound depressing force at 10 knots. The depressor
i s inexpensive, and can be made in sizes that depend upon the work
to be done.

The depressor is cast from bronze Tt is specifically
designed so that (1) gravity orientation can be obtained with the use of a single n i a t & d , and ( 2 ) the
flow pattern is fixed over a large range of speeds. This
permits balancing in air, eliminates the iinbalanc4ng
effect of permeation bg v a t u , and pemiits operation at
various speeds. I t can be cast in several sizes, depencling
on the job t h a t has to be done. A 13-pound depressor
exerts a ‘i50-pound deprcwing force at 10 knots. A
depth of 50 meters can be obtaiiml at that speed with
:-inch cable. A depth of 100 nietcrs van be attained u-ith
:52-inch wire. The tlepressor is chcap ; the 13-pound
size should cost no niore than $25 if canmerc.ia11y produced. The depressor ha5 1)eeii towed at 22 knots by a
destroyer withont instability It then developed a
3,000-ponnd depre%inp force.
r
A siinple inexpensi.t e l i y d r a ~ ~ ltl~iiaiiioineter
ir
has
been tlesigned for iise on the cables towiiig tlepr(>ssors.
This easily read indicator of cable str(w is n nwf.ssitj
when towing plankton collectors at high s p ~ t l s .
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This new depressor is regartled by scientists working on the program as onp of the significant recent technological advances in the science of oceanography.
Rpparcntlq- it is going to permit the development and
iw of hitherto impracticable wientific instruments, and
will thus oRrr the opportunity for gaining important
new knowledge about the oceiiii.
Floating Fish-larvae Trap
Another invention (leveloped under the sardine research program is the floating fish-larvae t r a p (Fig. 1 0 ) .

Plankton-sample Splitter
The plastic plankton-sample splitter (Fig. 11) is
used i n the work ashore. It has been constructed to
obtain aliquot divisions of a sample of plankton too
bulky to handle by ordinary methods. It is i n regular
use in the recruitment studies.

.r*,

Chlorinity Titrator
One of the immediate products of a n oceanographic
cruise is a large number of bottles filled with sea water,
the salt content of which must be determined. I n order
to r u n these determinations more rapidly and more
accurately than can be done by traditional methods,
the automatic chlorinity titrator is being developed.
This instrument carries out automatically a potentiometric titration of halides with silver nitrate solution,
the end point being indicated by the difference in potential between a silver-silver chloride electrode in the
titration vessel and a reference silver-silver ion electrode. When the titrator is in use, the operator has
merely to place a sample of sea water in the titration
vessel, push the appropriate buttons, and, in a few
minutes, record the chlorinity.

ASOP
I n the past most shipboard colorimetric analyses
had been carried out with visual colorimetric instruments. Although development of the photoelectric cell
has permitted the design of much more sensitive and
accurate colorimeters, most instruments available commercially are ill-suited to the rigors of shipboard use.

.a

FIGURE 10. The floating fish-larvae trap is used when the ship is anchored ot night. Attracted by the electric light, larval and postlarval fish
enter the trap through conical holes, pointed inward, in the wire mesh
sides. Flaps a t the top collect fish swimming just beneath the sea surface.

Customarily fish larvae and young fish are sampled by
collection with a dip net. The larvae and young are
attracted by a light hung over the side of the ship a t
night and dipped u p i n the net. The floating fish-larvae
t r a p promises to do this work more effectively. It should
collect quantitative samples of the larval and postlarval forms of sardines, other surface fish, and surface
invertebrates. I n form, the t r a p is a n inverted pyramid
of wire mesh. The sides are pierced by a number of
sinall conical holes. The cones have a base diameter of 14
inches and are directed inward 1$inches, terminating
in a $-inch hole. The t r a p contains a float, beneath
~vliichis an electric light which attracts the fish. The
t r a p rests with the flat base of the pyramid on or just
below the surface of the water. At the surface are flap
Yalves which seem to collect forms swimming close to
the surface film. Tests have shown that the t r a p collects
larval and postlarval fish f a r more efficiently than does
a dip net.

FIGURE 11. The plastic plankton-sample splitter. This instrument was constructed to obtain aliquot divisions of a sample of plankton too bulky to
handle by ordinary methods. I t is in regular use in the recruitment studies.

r*,
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I n order that colorimetric determinations of nutrients
such as phosphate could be carried out as a matter of
routine, it was necessary to develop a rugged seagoing
instrument.
ASOP (automatic servo-operated photometer) is
a double photocell instrument, in which the electrical
unbalance between the two photocells is used to control a servo-motor. This in t u r n drives a slide wire i n
the proper direction to eliminate the unbalance. Essentially monochromatic light is used, resulting from a
projection bulb and interference-type filters. After the
instrument is balanced initially, one has only to introduce the sample and read off its transmittance.
Other Projects
The work ashore and a t sea has required the frequent development and modification of equipment.
Some of the other projects undertaken at the Scripps
Institution include the development of shipboard filters ; the production of stainless steel graduates, filter
flasks and other laboratory equipment f o r seagoing
use ; the design of automatic reagent dispensers (Fig.
12) for rapid metering of small fixed fluid volumes of
chemicals ; the construction of equipment for the calibration of reversing thermometers ; development of a
slow-speed microscope stage drive; design of a nonmetallic pump for the collection of uncontaminated
water samples ; the very successful modification of a
centrifuge for use i n chlorophyll analysis ; design and
testing of a wire drum and sheave to handle piano wire,
by means of which it is hoped to reach depths of more
than 200 fathoms at a speed of 10 knots ; development
of a deck-recording surface thermometer of great
sensitivity.

FIGURE 12.
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&[any of these clevices are to be protected for seientific work by patent applications.
U. X. Fish and Wildlife Service persoiiiiel h a w
devised a n angle-of-stray indicator (Fig. 13) which
consists essentially of a steel ball damped i n mineral
oil in a curved glass tube which is mounted on a large
protractor. The instrument is suspended from the towing wire during net hauls, and provides a continuous
record of the wire angle, knowledge of which is necessary in making the haul and i n estimating the depths
at which the net fished. A similar device has also beeii
developed a t the Scripps Institution of Oceanography.

FIGURE 13. Angle-of-stray indicator. When suspended from the towing
wire during net hauls, the instrument provides a continuous record of the
wire angle.

By the use of the automatic reagent dispensers, small volumes of reagents a r e rapidly and accurotely metered by the oil displaced by the
assembly. These are for laboratory use ashore and a t sea.

1’. S. Fish aiitl Wildlife Serviw perwniiel have devised a wire claiiip (14’ig. 2 1 ) eoii\istiiig of two hinged
mcmbers wliich a r e c~lampetlover the 11 ire by meaiir

Wire clamp. A small size is used as a safety clamp for
Nansen bottles, a larger size as a wire clamp for plankton nets.

FIGURE 14.

of toggle bolts aiid butterfly nuts. A small size is used
as a safety clamp for Sailsen bottles, a larger size as
a wire clamp for plankton nets.
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Use of Soundings to Locate Sardine Schools
One important aspect of the work 011 instruments
in the sardine research program has been the California Division of Fish a i d Game’s testing of sonic
methods for the location of fish schools. This work is
now a standard technique aboard the Yellowfin. The
\.esse1 is equipped with a Navy surplus sonar (echoranging ) device and with a recording echo-sounder.
The work aboard the Pel1owfi.n has shown :
(

1) The sonar equipment installed aboard the vessel is practical for locating schools of fish up to a range of 8 0 0

yards from the vessel.

( 2 ) The sonar equipment installed aboard the vessel is not
practical for locating schools of fish in water of depths
of less than 5 0 fathoms. The transmission angle of the

(3 )

projector permits return from the bottom a t short ranges
in shallow water, masking out a n y schools of fish which
might be present.
The recording echo-sounder installed aboard the vessel
is practical for locating schools directly underneath the
vessel, and f o r determining the vertical distribution of
these schools (Fig. 15), but not for identifying; their
composition. As yet species of similar size and schooling
habit cannot be separated by the trace on t’ie recording
echo-sounder.

The equipment aboard the Yel.lowfin is bulky, expensive. aiid requires the servives of a trainecl operator.
Its experimental value is cwnsitlerable, but commercial
exploitation is regartled, at least at present, as scarcely
justified.
The methods of et.)io-soiiiitliiig and echo-ranging
arc’ similar to those t l t ~ e l o p e t lby the Navy for locating
. Tlir soliar heirtl is iiot used for active
t is I(’f’t at 15 t 1 t y 1 . c ~0 1~1 either bon-. W h e n
an iiitlicwtioii of tile pres(’iiw of ti sehool of fish appears,
tlir I i c ~ a t l i:; iwtatetl aiitl tliv vcwc~liii:tiieiivtv*e(l to (:onie
tlitwtl>. o v ~ r
st*liool. \ V I i ~ i i t h f a svliool appears
;IS i l ti.itc.t’ 0 1 1 tlic. wwi.(liiig cvlio-soiiiitlrr. a small
(’s!)I o.;i
( . l ~ i IV,
i
is t l rol)ptv1 i i I I t l sitlti~)lc~s
;I I.<& c.01 Icy+xl.
I’
1 I l c s iliiltlio(l is I I S ~ V I o i i i ) . :IS ii siil)l)l(lill(’iit t o visiliil
t l i c b

\-(I

lOt,iit i o i i .

FIGURE 15. Two examples of the use of echo-sounditig apparatus aboard
the Yellowfin to help in locating sardine schools. (UPPER) On Cruise
50-Y-7-36, 23 July 1950, a school was found about one mile off Cedros
Village. The light trace near this top was made by echoes from the school
(the lower, darker trace i s the bottom). Vertical distribution of the school
was from 10 to 80 feet. The vessel probably cruised over the school. Sampling resulted i n the taking of 81 sordines and 4 iack mackerel. (LOWER)
This school was located visually on Cruise 50-Y-7-33. It was found 19 miles
south-southeast from Morra de Santo Doming0 in Sebastian Viscaino Bay.
The bottom is at approximately 260 feet. The upper trace shows the vertical
distribution of the school to be from 16 to 60 feet. More than 100 sardines were taken. Observers estimated that the school contained 30 tons
of sardines.

STUDIES OF THE SARDINE’S ENVIRONMENT
Physical Oceanography
The physical environnieiit as it affects the sarcliiie
not only directlp bnt indirwtly is being investigated
under tlie California Coopcr*ative Sardine Rwearcdh
Program. The recruitment studies have shown that
most span.ning takes place within a narrow temperature range. Oceanographic data are being cwllectetl
in the presence of sardine schools in an effort to correlate physical factors with sardine availability. The
effects of temperature on sardine behavior are being
studied in the laboratory. Much work is going into a
fourth line of inquiry-how the physical environment
affects the sardine indirectly by affecting its food
suppl:-.
The basic marine food supply, phytoplankton, live
only i n those upper few huiidred feet of the sea that
sunlight can peiietrate. These minute plants proclnce
organic matter from dissolved inorganic nutrient salts,
using light for photosynthesis. The nutrielits, which
are produced by bacteriological decomposition, are
often found in higher coiiceiitratioiis below the euphotic zone than in it.
By means of photosynthesis, solar radiation provides the energy that drives the life cycle itself; and
it is solar radiation again that, throngh a completely
independent (.hain of events, sets in operation the
physical processes by which nutrients are restored to
the euphotic zone.
Not all the energy emitted by the sun penetrates
the atmosphere, but of that which does a major p a r t
is absorbed by the surface layers of the sea. A sizeable
portion of this absorbed energy is re-emitted and/or
given off to the atmosphere as latent heat. How much
latent heat the atniosphere receives from t h e sea depends upoil season, proximity to rontinents, and latitude. The variability in ainouiit of latent heat given
off induces the prevailing circulation in the atmosphere, that is, winds, clouds, high and low pressure
areas, storms-the
elernen ts that make up weather in
g e n t ~ a l .What we have here, h o ~ r r r e r ,is not a oneway process : the latent heat transmitted to the atmosphere by the sea largely controls the weather, but the
weather also vitally affects conclitioiis in tlie sea. It
is true that the sca receives a major shai-c of the solar
eiiergy and to some exteut is influenced directly by it,
but the atmosphere acting as a heat engine is tlie factor
which effectively cwiiverts heat originally received by
the sea into kinetic energy. And i t is the drag of the
prevailing winds on the oc(~aii’s surfavr that forces
t h r \rattm in the iipper layers to rirciilate. The Kiiro

Shio cwrrciit, the C‘aliforiiia riii-wiit, and the Eqi~atorial ciirreiit all are part of a Iiiig(1 gyral niaintaiiied
by tlie \\iiidT. B u t th(1 winds (lo mor(>tliaii initiate
g w a t sloiv-moving horizontal ciirrviits ; tliey set 111)
11a v ~ s briiig
,
ahout vertiral iiiixiiig of thc iipper laycri
of tlie \wtc.i-, ciiiise the natcir. o v ~ large
r
arras to coilI c’rge and sink or to tliverg?c. aiitl riw. ,Znd thew JI iiitlinducecl phenouirna to a large tlcgree determiue the
ph? sical cnriroiirnent of the sardiiie and other owail
life.
These facts have long heeii known, but our preseiit
prograni represetits by all otltls the most iiitcnse endeal-or yet inwde to relatr thein to a practical problein
-in this instalice, the abuntlaiice ant1 availability of
sartliiies. W P need to kiion not oiily the principles
of the oceanic. circulation but its tlctails as th(.y o w n r
o f th(. California coast and aff’ert tlie I’wifc sartliiic8.
Our ships i n their routine cruises are getting that iiiformation for us.
Upwelling
One of tlir, sigiiificaiit aclvaiiccs niatle iiiitler the
California Cooperative Saidiiie IIrsearch Program h a i
been the accLniiilatioii of (lata relating to upv(~Iling.
which occurs wheii the snrfac*c.\\ aters tliverge. Th(1ii
deep water, rich in nutrients, is bronght to tlica snrfwce.
I t spreads throughout a wide area of the c.iiphotic. m i l e .
The ascent of d e ~ pwater is evitlrncetl by a sharp decrease ill temperature, a n increase in salinity, and
decided drop in oxygen conceiitration ( Fig. 1 6 ) . l y e
have found that near the California coast, notably off
Cape Mendocino and Point Coiiception. there is unquestionable evidence of the occ‘urreiice of upwelling.
This upwelling off the California roast, wliicli
brings about acconipanyiiy changes in the current
pattern at t h t a surface, is iiidncecl directly by the owurrenve of wiiidq having a strong northerly component.
I n the areas of Cape Uendocino a n d l’oiiit Conceptioii.
such winds are most frequently found during the
spring and suniiiirr. In those seasons the Pacific atmospheric high-preqsure cell intensifies and extends 1111
along the coast. During the wintw, o i l the othcr haiitl.
when storms are moving in on u s from the Sort11
PacAific, the wiiids are for t h e inost part southerly ant1
easterly ; upwelling is s n p p r e s s d The owiirreiice of
upwelling vhanges with cahanginp 11rather cwiitlitioiis.
Comp;lre the apparent ap\i elliiig i i i 1911 with that i i i
1949 (Fig. 1 7 ) .
I I o n thc n~inclsvanse npwc~lliiigis shot\ n cjiiitr I\ t a l l
froni a n analysis of tlic. (lata talwn on C‘riiisc 3 of th(.
presc-.nt prograin ( F i g . 18). ( I n the, figiir(>.th(. (lata
froiii (’riiisr 1, rcprest.nting cwiitlitions \\ lirrc. 110 I I I )
~ ~i iig1 I\ its
1 o w n rrinp. a r~ i 1 i ( d 1 I I (lev1 for w i i i 1 )it 1.i s( ) t i .
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FIGURE 16. Evidence of upwelling between Cruises 1 and 3. (UPPER LEFT) Surface temperatures, Cruise 1. (UPPER RIGHT) Surface temperatures,
Cruise 3. (LOWER LEFT) Profile of temperature along line 800, Cruise 1. (LOWER RIGHT) Profile of temperature along line 800, Cruise 3. Note cooling
odjacent to coast. Arrows indicate vertical circulation.
(LOWER CENTER) Change i n phosphate nutrient at Station 801 between Cruises 1 and 3. The
enrichment of the upper layers of the water i s a main feature of upwelling.
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FIGURE 17. Apparent occurrence of upwelling in 1941 and 1949 a t Station 801. Station 801 (old system of numbering) lay to the south of Point Conception, a t approximately the location of the present Station 83.55. There a r e 659 surface temperature observations, ranging over several years, available
for the area. The deviation of the surface temperature from the climatological mean shows that during 1941, when the average temperature was above
normal, upwelling probably occurred briefly in June and during August and September. In 1949, when the average temperature was below normal,
upwelling apparently occurred during March, April, May, and again from the first part of August through November.
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During upwelling, the northerly winds push the surface waters away from the coast and cause the deeper
waters from below to rise u p to replace the warmer,
lighter water. The result is not only that nutrients are
brought up but also that the surface of the sea is lowered
i n the region of upwelling, owing to the greater density
of the water which ascends. The actual lowering of the
sea level is slight-usually not much more than 10
inches--but it is enough to cause the currents offshore
to increase towards the south and even a t times to
reverse from north-flowing to south-flowing currents.
All this evidence is in accord with theoretical considerations.
T h e currents induced by upwelling disperse the
nutrients they have brought from depths and disperse
also the minute plants and the sardine larvae. When the
flow is directed towards the south, conditions are presumably right for spawning, f o r not only does the
nutrient material come to the snrfaiie, thus facilitating
the production of marine plants, but also these plants
are swept into regions whrre temperature conditions
are right for ~ p a ~ v n i n(Fig.
g
19).

Mixing
Gpwelling is not the only means by which nutrients
can be replenished. The overturning, o r mixing, of surface waters through the action of the winds may effevtively keep the dead organic matter i n the euphotic
zone long enough for it to become converted into nutrient material. Mixing undoubtedly plays a part,
though perhaps a slight one, in the process of enrichment. ( T h e variability in abiuldance and productiyity
of the marine plants is more than can be explainrd by
the variability i n mixing.)
Evaporation

Biiother niethod by which nutrients ascend, and
one which must play a considerable role off the California coast because of our unique geographical features, is bj- the action of evaporation. When excessive
evaporation owin-s over the sea, the water vapor takes
with it to the atniosphere a large aniount of heat in thrl
form of latent heat of vaporization. A cooling of the
surface waters and a n i i ~ r e a win salinity are thereby
brought about. Hoth voolinp and the increase in salinity
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FIGURE 18. Sea-surface profiles and wind conditions a t line 900, Cruises 1 and 3. During upwelling, northerly winds push the surface waters away
from the coast. The deeper waters below rise and replace the warmer, lighter water. Note the lowering of the sea surface on Cruise 3, when there were
strong northerly winds.
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FIGURE 19. Currents induced by upwelling. (LEFT) On the first cruise, when there was no apparent upwelling, there was only a
weak north-flowing current i n the cooler water. (RIGHT) On the third cruise, when upwelling was apparently taking ploce, there
was a strong south-flowing current in the cooler water. It has been induced by upwelling close to shore. Such currents sweep nutrients, plants and larvae into areas where temperature conditions are favorable for spawning.

2s

CALIFORNIA COOPERATIVE SARDINE R E S E A R C H

UNDISTURBED
100.-

POSITION OF
THERMOCLINE

1

n
Y

-

LATIVELY HEAVY WATE

200.-

u

E
4

I

r

iu 300"

i

3

"91
500

FIGURE 20.

STATIONS OCCUPIED AT O l f F E R E N T TIMES
WILL GIVE TEMPERATURES WHICH ARE
DIFFERENT FROM THE NORMAL VALUES
BELOW THE THERMOCLINE.

Schematic diagram of the internal wave effect. The depth of the thermocline (the region in which the temperature
change is most pronounced) varies with time.

TIME VARIATIONS AT STATION 7 0 4 K

TIME VARIATIONS AT STATION 701 K
WEIGHTED AVERAGES FOR 150 TO400METERS

lp

20

TIME(IN

HOURS)

00

04

08

12

WEIGHTED AVERAGES FOR 150 TO 400 METERS
16

34.10

f

JAN.8.1950

I?

20

00

04

08

12

I6

a

s
v

-27

t
7.0-

33.94

v)

p
.
7
4

-t

."u 7.5-

v

6.9-

Y

a

2

;7.4-

2
ul

u1

6.8-

2

I-

7.3-

6.7I

FIGURE 21.

I

1

I

I

I

I

I

I

I

I

1

I

Time variations in salinity and temperature a t fixed hydrographic stations. Note the decided differences in the two sets of curves a t 0400.

."r

-

PROGRESS REI’OKT 1950
work to increase the density near the surface and thus
cause the water to become unstable. As a result, vertical
convection cells are set u p that extend down to and
even below the lower limit of the euphotic zone. As the
surface water sinks, deeper water must ascend to take
its place. The water in the surface layers becomes
thoroughly mixed and is replenished to some extent with
nutrients from below.
The conditions for such large-scale evaporation as
would bring about a significant increase i n nutrients
are provided by either strong winds or d r y air (or
both). The coming of Santa Ana winds i n Southern
California, occurring during the fall, presents optimum
conditions. Santa Anas occur when the Pacific high extends into California and Nevada and stagnates. Very
warm, very d r y a i r is blown out towards the coast and
to sea. The presence of large-scale evaporation is evidenced by the onset of fog all along the coast region
following the Santa Ana regime.
Internal waves
Another mechanism which might be responsible f o r
the mixing of coastal waters is the action of internal
waves (Fig. 20). These waves are extremely high (sometimes 50 feet or more). Since they are present below the
surface, they are unobservable by eye from a ship.
They occur at the interface between layers of different
densities. Such a n interface can be identified as the
depth of maximum temperature change (thermocline).
To some extent, internal waves occur i n all oceanic
regions. They have been observed by making serial
measurements of temperature and salinity a t fixed
hydrographic stations. Figure 21 shows the results of
such data, as taken on Cruise 10 a t two stations north
of Point Conception. I n the Mediterranean, internal
waves have been observed to break in shallow water
very much as ordinary surface waves do. The breaking
is accompanied by a n overturning and mixing of the
subsurface waters, and consequent lifting of some nutrients to the surface layer.
If the sea were a static environment the dead organic
matter would sink out, the oxygen of the deeper water
would become virtually exhausted, and since small
amounts of nutrients would be produced by aerobic
bacteria. much less would be brought back to the surface; the present type of life i n the sea would be a t a
minimum. When the sea tends toward such a static condition. when it “ slows down, ” life in the sea slows down
as well, although there may be a large time-lag i n the
response of the living creatures to their environment.
This natural lag would be a rather critical thing if i t
were about the same as the time between successive
regimes of full replenishment, such as by upwelling or
other intermittent phenomena.

r.L

Delineation of spawning areas
The physical data collected on the sardine research
cruises provide the answer t o such questions as the
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frequency of upwelling, extent and amount of replenishment. Because sardine spawning occurs within relatively narrow temperature limits, the data can also
be used to delineate areas where spawning might take
place. la the end, it should be possible to estimate
from the weather data of a previous year, together with
supplementary oceanographic data, what the total bulk
of nutrient replenishmelit has been as well as the frequency of its occurrence. Then from a knowledge of
the nutrients ’ effectiveness on production of organic
matter (which enables larvae to live) oiie phase of the
success of spawning can be dealt with on a rational,
measurable basis. However, the very important factors
of mortality by predation or by disease will have to
be considered jointly with the question of food supply.
Problems of Processing
The problems that have been encountered in the work
of adequately describing the physical environment
should not go unmentioned. First, there is the problem
of obtaining sufficiently accurate data on teniperature
and depths. Much time and eflort have gone into this.
Second, there is the problem of setting u p a smooth,
efficient scheme for recording and processing all data,
and making final plots of temperature, salinity, and
curreiit charts. Third, there is the problem of checking
the calculations of currents from the dynamic topography of the sea surface; trajectory studies, using
specially designed equipment, are being carried on for
this purpose. Fourth, there is the problem of eliminating from the data the confusing effects of internal
waves. I t has been found in the oceanographic work
that because the stations were occupied at different
phases of the internal waves, large eddies in the current pattern were apparent. These eddies have no real,
physical existence in the sea ; they must be eliminated
before any sense can be made from the data.
These and other problems in the processing techniques have been solved to some satisfaction. B u t it
is important to remember that even with the greater
efficiency of the present techniques of processing, the
data collected from a single year’s cruises are f a r in
excesh of those taken by a n y other oceanographic expedition. The Carnegie occupied more than 160 hydrographic stations in both the Atlantic and Pacific during
a single year. It was about a decade before the data
could be published. The three ships usually employed
on the present program occupy more than 120 stations
in two weeks. So f a r about 1,200 statioiis have been
occupied each year. At each station there are 15 levels
of observation. The first year’s physical and chemical
data have already been issued in mimeographed form
to the interested agencies.
Much of the time spent to date in the physical
oceanographic program has been devoted to processing.
It is naturally expected that additional time will be
necessary in order to analyze these d a t a thoroughly
atid correlate them with the biological data.

I\ ith the dynaniic* topographies. Thesc~data s h o ~
that
Chemical Oceanography
”%
a deep high-oxygen layer is associatd with elockwise
The chemical studies under the sardine research procircwlation, or cwnvergence, and a shallow high-oxygen
gram are concerned with an investigation of variations
layer with conntc.rclockwise circnlation, or divergence.
in tlie distribution of nonconrervative chemical conThus the depth of this layer is a iisefnl indication of
stituent\ of sea water and their relation to physical
the location and ext(>nt of divergenws and convergprocesses as well as to the distribution of phyto- and
eiives. The presence of a shallow high-oxygen lager is a
zooplanktoti. 0 1 1 all cruises routine measurenients are
more reliable criterion for upwelling than is tlie presniade of chlorinity, dissolved oxj-gen, and inorganic
en(^ of a low dissolretl oxygen (mitent at a fixcd depth.
phosphorus.
Correlation of the logarithm of average diatom
Dissolved inorganic nutrient salts, such as phoscount with depth of thP high-oxygen layer yielded a low
phate, can be considered the first link iii the food chain
but sigriificaant negative correlation. I n general, low
-nutrients. phytoplankton, zooplanktoti, fish, mandiatom counts wrre associated with deep layers and
and a study of their distribution is a study of the suphigh diatom connts with shallow laycm. probably owing
ply of food available to phytoplankton, the primary
to the mechanical c4fect of vertical c*irculation on the
producers of organic matter in the sea. Dissolved
vertical distribution of phytoplankton.
oxygen is another useful chemical parameter, being
produced during photosynthesis and consumed during
Another study of E . M’. h’cripps data showed n o
respiration and oxidatioii of decaying organic matter.
correlation between tliatnm counts and surface oxygen
As oxygen is consumed, nutrient salts are released to
content. Counts of diatonis retained by a silk net gire
a poor estimate of the effective phytoplankton crop.
become again available for use. Chlorinity data are
Furthermore, other processes controlling the distribuessential to the calculation of density, and hence to
tion of oxygen are superimposed on the effect of photothe dynamic computation of currents.
synthesis and tend to obscure a n y apparent relationBecause of the great numbers of analyses to be
ship.
run, a great deal of time and thought have gone into
the improvement of these methods, both to increase
Ynder way at present are studies of the effect of
accuracy and to increase the rapidity of analysis. An
internal waves and of the wind and evaporation on
improved setup for manual titration of chlorinities
stirring in the euphotic zone. A n explanation for the
has been designed, a n d the development of a n autoobserved variations i n distribution of deep phosphate
is being sought. An attempt is being made to relate dismatic chlorinity titrator has been pushed. The method
tributions of chemical factors with those of physical
for oxygen determination has been streamlined, so that
and biological factors, so that a n iinderstanding of the
all of the samples collected on a station can be analyzed
interrelationship of physical, chemical, and biological
in less than an hour.
processes can be gained.
Existing methods for phosphate analysis were found
to be unsatisfactory. A study of the method showed that
Additional studies of analytical methods are being
reagent concentrations had to be changed, the time bemade. A wet-ash method for determination of carbon
tween addition of reagents and reading carefully conhas been developed ; it is hoped to establish the relationtrolled. and temperatures of samples and standards
ship between measured chlorophyll content of phytomeasiired. Automatic reagent dispensers were develplankton in this region and their content of organic
oped for the careful measurement of small volumes of
matter, as indicatrtl by carbon.
reagents at sea. A new seagoing photoelectric colorimAlthough the rates of utilization and regeneration
eter, simple and accurate i n operation, was developed.
of nitrate may be quite different from those of phosDuplicate phosphate saniples from all depths on a staphate, nitrate analyses are made only infrequently betion can now be r u n in less than an hour.
canse of the difficulty of the present method. A study
The pressure of routine processing of cruise data
of an iniproved niethod has betxn started. A study is also
has forced interprctation of the data to play a secondary
b(3ing made of methods for tlt%ermination of hydrogen
role. Charts of the horizontal distribution of oxygen
ion concentration. Some measurements of silicate disa i d phosphate are being prepared, and a few studies of
tribution have b e m macle, and inore silicates will be
the data hare been ~iiadc.
r u n if the data prove to be nsefnl.
R c c ~ n t l ywork has b w n clone on the “high-oxygen”
Biological Oceanography
Iaycr. This layer was arbitrarily tlefintd as the greatest
Marine botapy
depth at whivh oxygcw satnration is 90 percwit or
I’hytoplankton. the f!oating plant life of thc sea.
greater if shallower than 75 meters, or 80 perccnt or
is mcwsiiretl in an c>fYort to tlrtc.rmine 15 Elat and how
grc.atrr if tlceper than 7.5 mc~tcrs.Topography of the
i i i i i ( a 1 i thclrch is availabl(>for (.rratiirtls of the sea to (>at.
w r f a w of 80 perwnt satnration wonltl b(3 eqaally iisenlitl lie\\ tbcw. orguiiisiiis -\.;try tlirollgltoi1t th(x ~ ( > i l \ 0 1 1
f i l l and rcqnircls fcwrr calciilations. Topographic+ of
a i i t l frolii ycwr to yrwr. A \ ~ isinw
(l
~ ~ l i ~ - t o p ~ a niakes
nlcto~~
thcl bottoni of the high-oxypn lay(lr n.erc~ploi tcd for
I I ( J I \ orgaltic. iiiatt(lr, it is I l i ( . i \ \ r l ~ ( ~ tso
l tliat witi(’ estiniatcb
the 4s (.wise\ of T;: 11‘ h’c~ip/)\in 1938 aiitl cwiipar(~(1
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FIGURE 2 2 .

Distribution of chlorophyll, April and May, 1949.
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FIGURE 23. Distribution of chlorophyll, June and July, 1949.
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can be made of the amount of machinery for the production of organic. matter. A difficulty crops u p here ;
different types of phytoplankton have diflerent rates
of production of organic matter. Chlorophyll is the
likeliest factor by which the production of new organic
matter van be measured, but the rate of chlorophyll
production is variable.
What can be measured a t present are the numbers
and kinds of living cells in a sample of sea water. It is
hoped some day to measure the amount of organic matter present, but the possible methods are complicated.
The steps in measuring phytoplankton are, briefly,
these :
(1) A measured quantity of sea water is filtered
through a fine paper filter or centrifuged,
(2) The material collected is extracted with a solrent,
( 3 ) The absorption of light in the solution is measured. With some qualifications and exceptions, we can
use this final value as a measure of the amount of chlorophyll present i n phytoplankton. Figures 22 to 24, inclusive, show the distribution of chlorophyll in the top
70 meters of the sea during Cruises 2 through 7, April
through September, 1949.

120

Several features stand out on these charts. I n the
first place the stations are close enough together to
give some indication of the topography of the distribution. Although earlier in the program we drew only
generalized charts, we hare more recently come to have
some faith in the details. There are still too man?contours based upon a single value, but the majority
of the contours are related to each other in ways that
indicate real features.
I n 1949 the chlorophyll content, and hence the phytoplankton population, reached its highest over-all
levels in April and May and in September. During
each of these months chlorophyll concentrations of five
to six or more milligrams per cubic meter occurred a t
some stations. Concentrations as high as three milliprams per cubic meter occurred at more than onethird of the stations occupied. During J u n e and J u l y
no coilcentration as high as three milligrams per cubic
meter occurred anywhere. During August, higher concentrations than this were found at only two stations.
Seasonal cycles of phytoplankton populations with
spring and fall maxima occur i n many waters a i d
hare been observed locally a t the Scripps pier for 30
years.

I
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FIGURE 24.

Distribution of chlorophyll, August and September, 1949.
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The general population level, equivalent to nearly
three milligrams per cubic meter of chlorophyll cluring the spring and fall cruises and little more than
one milligram per cubic meter duriiig the summer, is
comparable with that on the high seas over large parts
of the world. However, population levels equivalent
to four or five times the highest chlorophyll content
observed during the 1949 cruises (6.4 milligrams per
cubic meter a t station 404 in May) have been observed
in other waters. There is good reason to believe that
populations of this magnitude occur locally. Many of
the largest populatioiis observed in 1949 were a t offshore stations, and only a few (e.g., during Map a t
Stations 201, 401, 402, and 701 and during September
a t Stations 201, 501, 1101, 1102, and 1103) a t stations
vlose to shore. iMany earlier investigations along this
coast have indicated that the largest populatioiis are
usually found close in. We believe therefore that although the station network is close enough for a general
survey, detailed studies of some small areas may uncover centers of large phytoplankton populations
which could be critical for a n understanding of the
sardine problem.
Another conspicuous characteristic of the 1949
situation is that there seem to be a t least three different
centers of population. In the whole area north of the
latitude of Cape Meiidocino, the chlorophyll concentration was relatively high during all the cruises. F a r
to the south, i n the neighborhood of Guadalupe Island,
there were relatively large populations during most
cruises. In between these is an area west of Point
Conception in which very large populations occurred
dnring May and September.
Marine invertebrate plankton
I n order better to understand the biological environment of the sardine and other fishes, especially
those with planktonic eggs and larvae, the Scripps
Tnstitution is engaged in a study of the invertebrates
collected with the fish eggs and larvae i n the net
samples.
The task of analyzing the plankton qualitatively to
determine the relative importance of the myriads of
constituents progresses only slowly. The samples currently beiiig collected, together with past collections
along the coast, are providing a picture of the occurrence of species that are believed to be importaiit for
reasons of their (1) abundance, and, therefore, significaiice in the life of the sardine and general biologic*al
ecoiiomr- of the coastal area ; ( 2 ) probable use as iiidicators of degree and pattern of dispersal of free-living
floating life ; ( 3 ) fluctuations in geographic range of
species shown to be characteristic of either the southern
or northern sections of the roast, or of inshore or offshore situations. An)- marked increase in southern
spe(4es to the north or northern species to the south
can be a n indication of the relative strength of the
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prevailing u ater c ~ ~ r r e i ior
t s niovemeiit of water inasses
off our coast.
Crustacean plankton-In the samples examined,
copepods are usually overwhelmingly dominant numerically and usually also ill bulk. They, together with
the euphausiids, form most of the more “substantial ”
plankton and will accordingly be given a great deal
of attention i n the analysis of the plankton.
Especially significant because of their abundaiice
or because of characteristic geographic range are the
following species of copepods :
Rcartia clazisi-inshore
Acartia danne-offshore
Calanics finmarchiciix-abLiiidant over whole range,
but less frequent a t far offshore stations
Calanus minor-moderately abundant i n the southern range
Calanus tonsus and P. crislntics-soinetimes exceedingly abundant in northern sections and extending southward to latitude of about Point Conception
Candacia spp.-on the basis of earlier collection
some of the six or inore species show a restricted
range, but more study is needed to determine the
relationships
E iscalanus bungii californicus-abundant over the
whole of the southern range, but diminishing
noticeably along the coast i n north
Eucalanus bungii bzingii-abundant
i n the north,
but diminishing towards the south where it is
apparently completely replaced by the southern
variety off the Southern California coast
Metridia lucens-sometimes abundant
Other genera of large calanoids that occur i n SUEcient numbers to enter the routine counts of aliquot
samples of each haul include especially Euchirella (six
species), Scolecithrix, and Gentropages.
There are many characteristically deep - w a t e r
species (especially of the genus Pleurowzamma) , some
of which are numerous i n night hauls. These await
further analysis together with the deep-water samples
being taken on the nime recent cruises.
The small copepods are being studied from separate
hauls which have thus f a r been taken only a t pattern
I1 stations. They include a large a r r a y of microcalanids,
and among the cyclopoids especially the genera
Olthona, Oncea, and Corycaeus.
These microcopepods (especially Oithona) , their
larvae, and the larvae of larger species must be highly
important in the diet of the sardine larva following
absorption of the yolk sac.
Charts that arc beilig prepared f o r copepod distribution show a varying degree of southward extension
of typically northern forms offshore to the regions of
about S a n Franciscw to Point Concqtioii or a little
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Distribution of Colonus cristotus and Colonus minor on Cruise 3. The 13" and 15' C. isotherms i n general
follow the northern and southern lines of distribution.
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farther sonth. There is also some indiration that as the
season progresses there is a gradual "retreat" northward or that deeper water is sought below the relatively
shallow range of the nets. The typically southern
species, for example Cala t i t i s minor or Mecynocera
clairsi, have their greatist northward extension in the
offshore w titers.
I n Figurr 25 is given an example of the distribution
of two spcvics of copepods with geographical ranges
that arc' characteristic of several other species. The
numbers given at each station are based on aliquot
samples of the total catch a t the station and therefore
represent the arras of principal population density. A
more detailed examination of the total catch shows a
considerable overlapping of the populations by stragg k r s of Calaniis crtstatirs to the south and Calaniis
winor to the north. The line of greatest deniarvation
between northern and southern forms appears to fall
most noticably between the 13" and 15" C. isotherms
a t a depth of 30 meters.
From a study of the euphausiids, it appears that
Eziphazbsia pacifica, a north temperate neritic species,
is the numerically dominant species and is important
because of its abundance in the plankton community.
There are i n the area about 17 other species in seven
genera. Some of these are mainly deep-water forms
which are probably only night-time visitors to the surface stratum sampled by the regular hauls. The following tentative list iiicliides the more outstanding exaiiiples of species thus f a r appearing to be either
southern or northern in geographical range in the area
uncler survey :
Thysanopoda aecnnlis-southern, oceanic formstraggler
E u p h a w i a exiniia - entirely southern, mainly
oceanic-promises
to be a good indicator of
southern water
E. gibba-straggler froin southern waters
E . hemigibba-southerii, oceanic form
Thysanoessa longipes-rare
straggler from northern waters-possibly very good indicator
T. gregaria-bipolar form, found at greater
i n the tropics-15.5" c. is apparently the
limit of thermal tolerance.
The season of recruitment of the more abundant
species is being considered through study of the occiirreiice of larval and juvenile stages.
The enunieration and plotting of the geographic
range of the more abundant euphausiid species suggests a region of overlapping or division of ranges
between tiorthern and southern species in the area
between the 14" C. and 13" C. isotherms a t 30 meters
depth .
The biology of several other invertebrate groups
is beittg cwtisidered ili niow o r less d d a i l . Among these

are included especially the amphipods, chaetognaths
and zoea larva of sand crabs.
Fifty-seven species of pelagic amphipods have been
identified. The frequency of occurrence and numerical
abundance of many of these are too limited to allow
conclusions relative to their distribution. The genus
Parathemisto appears to be the dominant amphipod
wherever it occurs. I t may reach considerable numbers
and its predacious habit makes i t important in the
plankton community.
Dispersal by water currents-The degree of dispersal of fish eggs and larvae together with other planktonic organisms is difficult to determine. In a n attempt to obtain evidence along this line, a special
study is being made on the horizontal distribution of
the planktonic zoea larvae of the sand crab Emerita
analoga. The adults of Emerita live intertidally from
whence the larvae must originate. The plankton hauls
taken during the present and the 1940-41 cruises off
Southern California demonstrate a surprisingly wide
dispersal of the larvae in offshore waters to distances
of about 200 miles seaward. This can be illustrated by
reference to cruises 10,11, and 12 of 1940 when respectively 73, 78, and 74 percent of the stations yielded
Emerita larvae, a few occurring a t the outermost statioiis of the lines and in numbers ranging u p to 150
per standard haul a t more coastal stations.
This study may provide useful information on the
degree of dispersal that can occur and on the extent
of lateral water mixing and type of flow.
Plankton volumes-Measurements of the displacement volume of zooplanktoii (after the larger forms
such as jellyfish, salps. etc., have been removed) were
made for each station by the TJ. S. Fish and Wildlife
Service. As mentioned earlier, a qualitative study of
these data usually shows a preponderance of copepods
and euphausiids. Thus f a r no attempt has been made
to evaliate the contribution to the volume of the more
watery forms such as chaetognaths and the small salps,
siphonophores and medusae.
I n Figure 26 is given the distribution of displacement volume adjusted to 1,000 cubic meters of water
filtered by the 1.0-meter llet towed obliquely in steps
from 70 meters to the surface. It is seen that the volume
of plankton in the northern sections of the survey
tend to be well above the average f o r the whole area,
while those in the southern section are quite consistently below average. I n both northern and southern
areas there is a general decrease in volume at the
stations situated a t the outer (seaward) ends of the
lines. While it is possible to discern major areas of
greater o r lesser plankton concentrations, still there
is within these areas a great deal of patchiness. Night
hauls are usually more ~ o l u m i n o n sthan day hauls in
the same areas owing to upward niigratiou of some
forms to the surface a t night. Data from deeper hauls
might change the pivtnre but it is believed that the
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FIGURE 26. Total zooplankton volumes shown as percent of mean volume for complete area. The volume of plankton in the northern sections of the
survey area tend to be well above the average for the whole area; those in the southern section are quite consistently below average. In both oreas there
is a general decrease in volume at the stations at the seaward ends of the lines.
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figure given depicts rather well the plankton population in which the sardille must live by day and by night,
provided these fish d o not normally go below the depth
of the hauls taken cluring the daylight hours.

RECRUITMENT RESEARCH

c

A n important phase of investigation in the program
ih directed toward deterrniniiig the factors underlying
of sardines. A
the success o r failure of year c*las~(~s
solntion to this problem is a prerequisite if we are to
attain one of our primary goals-the prediction of the
strength of year classes in advance of their entry into
the commercial fishery. The investigation of sardine
recruitment is primarily the responsibility of the U. S.
Fish and Wildlife Service.
The immediate objectives of the recruitment research a r e : (1) the determination of the extent and
time of sardine spawning ; ( 2 ) the determination of
the amount of spawning, i.e., the number of eggs
spawned, and, as a corollary, the estimation of the
size of the spawning population ; ( 3 ) the determination
of the rate of survival of the young fish; and (4) the
correlation of all of the above with environmental conditions-physical, chemical, and biological.
Given enough data, it should be possible to predict
year-class strength one to two years in advance of
the time the year class wonld be of importance in the
cboinmercial fishery. Bnt, as has been emphasized re-
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peatedly, prediction is a long-range objective. Its attainment will require : (1) intense corerage during the
spawning season of the whole spawning area of the
sardine, and ( 2 ) such coverage over a sufficient period
of years so that a norm can be established.
Sardine eggs are spawned in the open sea near the
surface, and the young sardines after hatching reniaiii
in the upper water layers (usually above 50 meters).
They can be sampled quantitatively by w i n g very finemeshed silk nets. Occurring with the sardine eggs and
larvae in the plankton collections are the eggs and larvae of other fish, as well as many kinds of small animals.
The collections are analyzed a t the laboratory on Point
Loma, where the fish eggs and larvae are first separated
from the other constituents of the plankton and then
are identified and enumerated. The sardine larvae are
measured to determine the number of larvae of successive stages present in each collection. The sardine e g g s
are separated into the several days' spawning present
in each sample. The development of the egg to the postlarval stages is shown in Fig. 27.
The first task has been to find out where and when
the sardines spawn. This must be known if we are to
estimate either the amount of spawning or the survival
rate of the young sardines. Investigations during the
1949 and 1950 spawning seasons have shown that there
are, a t present, two major areas of sardine spawning :
a compact area of intense spawning around and to the
south of Cedros Island, central Baja California, a i d a
much larger area of diffuse spawning off Southern California and adjacent northern Baja California. I n the
waters separating these two spawning centers very
little spawning has been encountered during either
season, and this little has been confined to a coastal
strip.
The 19 5 0 Sardine Spawning Season
The times of occurrence of sardine spawning in
different parts of the spawning area have been quite
similar during the two seasons covered by snrvey work.
At the beginning of each season, sardine spawning has
been confined to the southern portion of the area being
snrreyed, then has gradually progressed northward as
the spawning season advanced. This can be illustrated
b - following the distribution of spawning month by
irioiith during the 1950 S ~ ' R S O I I .

FIGURE 27. Successive stages in the life of the sardine. (UPPER LEFT)
The egg 12 to 18 hours after spawning. (UPPER RIGHT) The egg about
a day and one-half after spawning, midway between spawning and hatching. (CENTER) The egg just before hatching. The yolk sac remains
attached to the larva and is obsorbed as food. (LOWER) Postlarval sardines, The upper of these sardines is about 10 mm. long, the lower about
25 mm. long. In these stages, it is impossible to determine their ages with
any exactitude.

E ' ~ ~ x m r - a i t:r 0 1 1 this, the first cruise of the 1920 sensnii, sardine
sI)zi\\-iiiiig \vas coiltined to the southem portion of the
survey area, :iroiiii(l ;ind to the south of Cetlros
1sl;intl ( r i g . 2 s ) .
Although still coiitiiicxl to Buja California, sp:lwninp
JIAIWH
:
\v:is fount1 to estt,iitl somewhut f;lrtlirr north ( F i g .
2!)) .
,%PRIL :
The luort ilitc~iise s1i:i\viiillg of the Se'RSOI1 w a s ellct,iiiitt,rtvl (Itiring this month ( r i g . 30) . The spn\v-nirlp
estriitlrtl :IS f a r north ;is Soiitlieril ('nlifon1ia, ocrurriiig i l l ii co;ist:il Iwlt nl,out 520 niilrs loup illid 100
miles ivi(1e. 1)iiriiig this niontli s 1 i t i w i i i i g was eslieci;iIly iiitt,nse off celrtr;ll Hnjn ('aliforliia.
A\ltlloll~llf e n r r s:ir(liiie eggs were tiiken in JIily th:ln
3I.iY :
(111ri 11g t 11 e 1)revi 011s in()ut11. t lie :I I i u iitl:i nce of s:i rtl iiie
1;lrv;it. rtwcliwl its l)e:iI; (luring this month. The li\rv;le
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FIGURE 28. Spawning in February, 1950. Spawning was confined to the
southern portion of the survey area, around and to the south of Cedros
Island.
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Spawning in March, 1950. Although still confined to Baja
California, spawning was spreading northward.
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FIGURE 30. Spawning in April, 1950. The most intense spawning of the
season wos encountered during this month. Spawning extended as far
north as Southern California; it was particularly heavy off Baja California.
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FIGURE 31. Spawning i n May, 1950. Fewer sardine eggs were taken,
but sardine larvae were at their peak abundance i n this month.
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ArGG8.r :

were :il)uiitl;int i i i hoth centers of spawiiiiig. ( )ff
Southern C!;iliforiii;i and adjacent Iiajn (kliforiiiti
the larvae were f o r i i i t l o v w ; i n esteiisive ~ i r e i i ,occiirring iis fiir se;iw;irtl iis 3:W niiles 011 one line of stations (Fig. 3 1 ) . S o evidence of slmwning w a s encountered to the north of l'oiiit Conception.
Sliawiiiiig h;id progressed farther northwartl tluring
J u n e , occurring off R a n Fraiicisco (Fig. 3 2 ) . However the spiiwning to the north of l'oint Conception,
;iltliough rather wide iii estcwt, was very sni;ill in
;iniount. The ('etlros iireii, for the first time (luring
the S I ' R S ~ I I , hat1 fewer eggs or 1;irvae per collection
thnn elsewhere. The collections in the Southern California area still showed motlerately heavy spawning,
:ilthongli sardine liirviie were more i m p r t a n t in the
collections than sardine eggs.
T h e collections talten during this month contain the
tag end of the spawiiiug ( I 6 g . X j ) . Although sardine
larvae occurred in collections from Cetlros t o off San
F h n c i s c o , their iil~uritl;ince;imounted to only 2 or 3
percent of the number talten tlnring May.
T h e survey criiise extentlet1 a s far north as the Columhia River. So evidence of stirdine spawiiing was
ol)tainetl off Oregon, ;ind a negligible aiiiount off
California.

Relation of Sardine Spawning to
Oceanographic Conditions
The sardine apparently seeks out, water masses having favorable temperatnres. During the 1949 survey
all sardine eggs were taken in water of 13.3" to 16.2" C.
This is a temperatiire range of less than three degrees.
Our accwiinlated observations, made during a number
I

I

:{:I

of spawning seasons, on t h e teinperature of spawning
show that this temperature range is somewhat too narrow : a more inclusive range would be 12.5" c. to 16.5"
C. During the 1950 spawning season 98.4 percent of all
sardine eggs sampled were taken within a 33 degree
temperature range, 12.5" to 16" C.
The northward progression of spawning during
both the 1949 and the 1950 seasons was associated with
the northward progressioii of favorable spawning temperatures, while the gradual elimination of spawning
from the southern part of the spawning area coincided
with the rise i n temperature above the favorable range
for spawning.
It is noteworthy that the two centers of heavy
spawning previously discussed are in areas enriched
by upwelled water. Tipwelling appears to be important
not only because of the nutrient enrichment associated
with it, which increases the food supply available
t o the sardirir larvae, but also because the temperature
of upwelled water is likely to be favorable for spawning, especially in the warmer southern p a r t of the
spawning range.
The extent of the two spawning centers appears
to be iiiflueiiced by the manner in which the upwelled
water is dispersed by the currents in the two areas.
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FIGURE 32. Spawning in June, 1950. Spawning had progressed to the
north of Point Conception, although it was light there. For the first time
in the season, the Cedros Island area had fewer eggs or larvae per collection than did other areas.
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FIGURE 33. Spawning in July, 1950. Though spawning was widespread,
the collections taken during this month contain the tag end of the season
(only 2 or 3 percent of the number of eggs and larvae taken during M a y
appeared in the collections).

Currents carrying upwelled water from above and
around Point Conception sweep seaward in a broad
arc before bending inshore off Baja California. I n this
area spawning occurs offshore, mostly beyond the
island area of Southern California, and may extend
as f a r seaward as 300 miles or so. I n the Cedros area,
oil the other hand, the currents are much closer to
shore; as a result, spawning is concentrated within a
coastal strip 60 or 80 miles wide.
From the data available for the 1949 and 1950
seasons, it is difficult to assess the success of spawning.
For one thing, the coverage of the major spawning
areas during the 1949 season was not intensive enough
€or a n adequate determination of the amount of spawning. This fact was known and carefully considered
when laying out the 1949 survey plan. However, before the areas of major spawning could be surveyed
intensively. it was first necessary to determine their
location, and this was achieved by the wide coverage
of the 1949 survey. During the 1950 season a much
more intensive coverage was made of the major spawning areas, while a t the same time a n extensive coverage
was effected by shifting the survey northward as the
spawning season progressed.

One differeiice between the two seasons that m a have bearing on the success of the two spawnings will
be noted. Water temperatures were lower during the
1950 season (Fig. 34), and i t is likely that this was
due, a t least in part, to more intensive upwelling during the 1950 season. Walford has presented evidence
in support of the thesis t h a t good year-class survival
occurs during seasons when upwelling is more intense
than usual. However, a few words of caution should
be inserted a t this point. We have not carried on our
surveys over a long enough period to establish a norin
for upwelling. Until this is done, any comparisoiis
such as the one noted above must be tentative. F o r
we still do not know whether the 1950 season was above
average, average, or below average with respect to
upwelling intensity.

WORK ON OTHER FISHES
There are two reasons why work on other fishes
is a n integral p a r t of the cooperative sardine program :
( 1 ) many species compete with the sardine for available food and living space, while others prey upon
Walford, Lionel A,, 1946, Correlatiotr Between Fluctuations
in Abundance of the Pacific Sardine (Xardinops caerulea) and
Salzllity of the Sea W a t e r , Journal of Marine Research, Vol. VI,
No. 1, 31 December 1 9 4 6 , PP. 48-53.

FIGURE 34.
Surface temperatures,
Cruise 12, March, 1950. During the
spring, surface temperatures were
somewhat caoler than they were during the spring of 1949 (compare with
Fig. 16, upper left). The decrease may
have been due to more intense upwelling during the 1950 season.
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the cygs and young of the sardine; ( 2 ) some of these
fish may cotistitnte fishery resources of considerable
potential valne. If the sardiiie catch wcre to remain
ver>- low, it niight be possible to use the sanic equipment to catch and process some other species. As a
matter of fact. the anchovy has been suggested for
this purpose. A few are canned a t present. No recluction has been permitted. J u s t after World W a r II
there was a boom of sorts in the canning of squidexport. However,
which is not a fish, of rourse-for
there has been relatively little investigation of the
abundance, availability, and possible uses of much of
our marine food resources.
Some of the basic scientific work on fishes other
thaii the sardine is now being undertaken, with special
attention being paid to other herring-like fishes. This
work is only partially supported by sardine funds.
The studies are being made jointly by personnel of
the Scripps Institution of Oceanography and of the
U. S. Fish and Wildlife Service. The same scientists
are also cooperating on a study of another food fish
of proven importance, the albacore, dealing with the
food of the species and the relation between catches
and surface temperatures.
Young of Other Fishes Associated with the Sardine
Plankton hauls for sardine eggs and larvae also
contain eggs a n d larvae of other fishes spawning in
the area. These eggs and larvae are removed from the
plankton collections along with those of the sardine and
are identified and tabulated. Larval fishes often differ
greatly from the adults. As the young of most species
have never been described, study has been necessary
in order to identify correctly the younger stages. Fortunately, we are now able to identify almost all fish
larvae occurring i n our collections.
Jack mackerel
Of considerable interest is the information, gathered
incidentally to the sardine cruises, on the abundance
and distribution of young jack mackerel. The spawning
season is similar to that of the sardine, but the jack
mackerel spcwns over a large area. The larvae of the
jack mackerel are exceedingly abundant, with the
center of their distribution well offshore.

F

Anchovy
The anchovy is another species of considerable importance i n our study, since it occurs i n about the same
localities as the sardine and s e e m equally as abundant.
The anchovy spawns over a longer period than the
sardine. TJnlike the sardine, the anchovy larvae are
fairly abundant over the whole north-south extent of
the area being surveyed. This s p e c k constitutes one
of oiir most important latent fishery resources.
Saury
Another sprrics of excqtionallp wide distribution
is t h r sanry. The spwics has b w n sanlpled at almost
every station ocwipied, being attravtrd reatlily to a
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light hung over the side of the vessels a t night. However, the saury is not abundant i n waters close to shore
and less than 20 fathoms deep. The Japanese fish this
species, landing a considerable tonnage. It is a fish of
excellent quality, which might make a pack a t least
equal to or better than the sardine if methods can be
developed for taking it in commercial quantities. Large
numbers of these fish do, however, carry a parasitic
copepod which may affert their utilization as food. The
saury may also prove to be a desirable bait species.
The occurrence of small young at all times of the year
indicates that spawning is not restricted to a definite
season, although variations in spawning intensity may
occur i n time and space. Some progress has been made
in the determination of age and rate of growth. It would
appear that growth i n length is more rapid than i n the
sardine or anchovy.
Other food fishes
Space does not permit listing all of the species taken
that are of present or potential importance to the commercial fishery. Although studies of these fishes are not
being specifically undertaken under the sardine program, the presence of the young i n the plankton hauls
is. of course, noted. The hake is a n example of a species
abundant off our coast that is not considered particularly desirable as a food fish i n our area, although related species are prized in other parts of the world.
Rockfish larvae also occur i n considerable numbers, a n d
surprisingly enough are regularly taken as f a r as 300
miles a t sea off Northern California.
Fodder fishes
Of less immediate interest to the fishery, but of
fundamental importance i n the economy of the sea are
the “fodder ” fishes, particularly the lantern fish and
deep-sea smelts. Most of the larvae taken i n the net
hauls belong in this category. While usually small i n
size, the fodder fishes are so exceedingly abundant that
they must provide much of the food of carnivorous
species. The analyses of stomach contents of albacore
and jack mackerel have indicated this to be true. The
role played by fodder fishes has not been sufficiently
appreciated. Lantern fishes have been considered as
curiosities rather than as one of the most abundant
kinds of fishes in the ocean. More interest is being taken
i n this group, however, and the possibility of their use
as bait may soon be explored.
Adults of Other Fishes
Northern anchovy
The stocks of northern anchovy (Engradis nzordaz
iriordaz) inhabiting the coastal waters from British
Columbia to Raja California have been found to be
segregated into several populations, between which intermingling is limited or absent. A t least three snch
popnlations have been identified. These inhabit the
rcgions from British Columbia to Northern California,
Southern California and northern Baja California, and
southern Baja California, respectively.

The mean number of vertebrae, the character used
most widely in detecting the presence of fish populations, is not suficiently precise for this purpose in the
anchovy. [Jsing vertebral counts alone as a criterion it
is not possible to distinguish between adults from British Columbia south to northern Baja California. On the
basis of dorsal, anal, or pectoral fin-ray counts, however, marked differences are indicated between anchovies taken to the north and to the south of Point
Conception (Fig. 3 5 ) . ,Inchovies from Northern Cali-
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FIGURE 35. Mean number of vertebral centra and mean number of anal
fin-rays of the anchovy. (UPPER) Counts of mean number of vertebral
centra show few differences between anchovies off coast except in southernmast part of region, where consistently smaller number may indicate separate population. Open circles are adults, filled circles are postlarvae and
young. (LOWER) Counts of mean number of anal fin-rays reveal a different
picture; on this basis, separate anchovy populations may be presumed
to inhabit waters off (1) British Columbia to Northern California, (2) Southern California and northern Baja California, (3) southern Baja California.
Open circles, adults; filled circles, larvae; partially filled circles, young.

fornia and the Pacific Northwest have fewer fin-rays on
the average than do those from Southern California.
The results of this stud?- are i n process of publication.
These anchovy population studies are being continued in order to gain further knowledge of the differences between California and Baja California fish.

I'rogress is also being made in developing methods of
age-determination.
The work on anchovies has posed the question of
whether similar studies o n the Pacific sardine might
establish the existence of several relatively independent
local populations.
The distribution of mean vertebral number in adnlt
sardines had been investigated before the present
studies were commenced; there is no evidence from
vertebral counts that more than one population occurs
from British Columbia to northern Baja California.
Studies of other characters, such as the numbers of
fin-rays and of gill-rakers, now under way, so far suggest that intermingling is not complete between Southern California and the regions to the north. I t is too
early to state definitely that these differences in the
sardine are as clearly marked as has proved true for
the anchovy.
I n the central section of the coast of Baja California, mean vertebral number in postlarval sardines
varies significantly with season. If vertebral number
can be used i n this area to define populations, it would
seem that the ranges of the northern and southern
populations overlap a t this point. The northern fish
may spawn here in winter and spring and the southern
group may migrate northward to spawn in the same
region i n summer and early fall. This problem is being
given considerable attention.
Similar investigations of the herring stocks i n California waters indicate that, as is t r u e i n waters of
Alaska, British Columbia and Washington, several
populations occur along the California coast. Northsouth migration in this species is probably more restricted than in the anchovy and sardine.
Herring-like fishes
Along the Pacific Coast, from Alaska to the southern
tip of Baja California, a t least 20 species of sardinelike and anchovy-like fishes are known to occur. Information on the distribution and abundance of these
species is being gathered, and studies are progressing
on the identification of the larval stages of many.
The sardines of the Japanese, Peruvian, South
African, Australian, and New Zealand coasts, though
considered distinct species, are known to be closely
related to the Pacific sardine. Opinion is not unanimous
as to the degree of relationship between these species,
primarily because no adequate studies have been made.
A project has been under way f o r some time to compare these forms critically. The results to date indicate that the differences, if any, are extremely slight.
This work, when complete, will be of value in understanding the past history and movements of the sardines of the world.
Albacore
Records of albacore caught on jig-lines during
survey rrnises haye provided valuable information on
the teniperaturei at which the specairs occiirs in the
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surface waters. I n general, the average temperature a t
which catches are made is higher than the average
surface temperature for all stations occupied during
the cruise. This may not indicate that temperature
directly governs the presence of fish, since albacore are
not normally taken close to shore, even when the temperature appears favorable. Furthermore, the average
temperature a t which catches are made increases from
north to south, and also increases in each area as the
season progresses.
Studies of albacore stomach contents show that a
wide variety of organisms is eaten. Organisms living
near the surface constitute the most important food
ill terms of volume. However, forms are commonly
found that occur normally a t considerable depth. Often
the state of digestion indicates that the albacore must
have recently come to the surface ; however, since the
surface-living organisms are in general better preserved in the albacore stomach, their importance as an
element of diet is probably overemphasized. Species
commonly found are the red swimming crab Plezrroncodes planipes, squid, and Euphausiids. Many fish
species are eaten, those most usually found being Vincigzierria lucetia, sauries, anchovies, hake, and rockfish.

THE 1950 YOUNG SARDINE SURVEYS
It is necessary, if we hope to predict sardine catches,
to know not only the rates of natural and fishing mortality, but to know the rate of recruitment to the population. h direct approach to determining the rate of
recruitment is to measure-relatively or absolutelythe size of the successive year classes. Preferably this
measurement should be made a t some stage in the life
history before the sardines enter the fishery. The California Division of Fish and Game has undertaken
assessment of the abundance of sardines in their first
year of life, after they have passed the larval and
postlarval stages.

.-.

Methods of Approach
The division has for several years collected statistics
of the live bait fishery of Southern California. These
include rerords of the capture of young sardines, when
they are arailable. Yonng sardines (‘ ‘firecrackers”)
are a preferred bait. I t is evident from experience,
however, that in some years young sardines representing strong year classes are not available to the Southern California bait fishery. Therefore a reconnaissance
of the total area whtm young sardines might be foimd
should g i w a more reliable measure of the numbers
coniprising each year class.
A reconnaissance of young fish within their entire
possible geographic distribution would present formidable difficulties. Adult sardines have been taken
from southeastern Alaska southward along the Pacific
Coast to the tip of Raja California and northward into
the Gulf of California, a lineal distance of over 3,000
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miles. Young sardines have been taken from Vancouver Island southward. A single research vessel, the
Yellowfin, was available for the work. There is information a t hand, however, which lends support to two
assumptions which bring the geographical limits of
such a survey closer to the ability of a single vessel to
conduct it :
Scofield (1934) compared the distribution of very
young ( u p to 10 mm.) sardine larvae with the oldest
larvae (20-35 mm.), and concluded that the main
movement was inshore and to the south. Godsil (1930)
demonstrated that i n 1928 and 1929 in the L a JollaS a n Diego area all the young fish (20-100 mm.) were
taken by the commercial fishery in water less than 100
fathoms deep. By f a r the greatest number of these
young fish were taken in water less than 10 fathoms
deep. On this evidence the first assumption was drawn
for the young sardine survey-that
the significant
majority of sardines in their first year of life will be
found inside the 100-fathom curve.
Clark (1947) , 3 on the basis of a summary of vertebral counts of sardines, concluded that sardines from
British Columbia to Point S a n Eugenio, central Baja
California, comprise a mixture of populations, and that
sardines south of Point S a n Eugenio probably comprise a distinct group which does not mix with the
northern fish, or, if mixture occurs, the proportion of
southern fish to the northern population is small. This
conclusion permitted establishment of the southern
limit of the survey i n the vicinity of Point S a n Eugenio.
Later information indicates this limit is not so clearly
defined. The southern boundary was extended to Point
S a n Juanico, 180 miles south. To keep the scope of the
survey within the abilities of one vessel the northern
limit for 1950 was placed a t Point Arena, Central
California.
It is known, however, that significant spawning a n d
survival of young have occurred to the north of California. It is thought that the largest contribution to the
great 1939 year class may have originated there. Sardines with maturing eggs were taken off Oregon and
Washington in the summer of 1939. Great numbers of
young began to appear i n the inlets of British Columbia the following May. Because these young fish did
not appear in shallow water until the following spring,
survey of northern waters may yield more accurate
results in the spring months. h reconnaissance of this
area is projected, therefore, for May-June, 1951, if
there is evidence of a significant spawning there i n
1950.
1 Scofield, Eugene C., E a r l y L i f e H i s t o r y o f the California Sar(line (Sardina c a e r z ~ l e a )W i t h Special ReTerence to Distribntion o j
Byus aiid Larvae, Fish Bulletin No. 41, Callfornia Division of Fish
and Game 1 9 3 4 .
2 Godsil, H. c.,A Discussion of the Localities in W h i c h tlie Califorilia Sardine ( S n r d i n a caerulea) W a s T a k e n i l k the Sail Dieyo
k t ‘ g i o ~ 1 9 2 8 - 1 9 2 9 California State Fisheries Laboratories, Fish
Bulletih No. 25, p i . 4 0 - 4 4 , California Division of Fish and Game,

1930.

3 Clark, Frances N., Aiialysis o f Popnlntions of the Pacific S a r dine o n the Basis of Vertebinl ColtIits, Fish Bulletin No. 6 5 , California Division of Fish and Game, 1947.
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Methods of Collection
Sardines are attracted by a light suspended over,
or underneath, the surface of the water. Also, schools
of sardines can be located a t night by the bioluminescence. Schools of young sardines were located by these
means or by use of the recording fathometer as described earlier. They were taken by use of a small explosive charge dropped into the school. All the work
was done a t night.

of schools of young fish appear in Figure 36. The results of the cruises are indicated in Table I.

AVAILABILITY
There are several reasons why sardines can fail to
appear in the usual numbers on proven fishing grounds.
There can simply be fewer sardines, a decreasing

k

BODEGA HEAD

Limitations
Before any conclusion can be drawn from the young
fish survey the limitations of such a survey must be
understood :
(1) Any measure of year-class success derived from
the work must be relative. The relative measure
must be compared for several years.
( 2 ) Any change of efficiency in locating a n d identifying schools of young fish must be noted, and
a correction applied.
( 3 ) Proof of validity of the survey method is a
comparison of values obtained from the survey
with the relative measures of year-class
strength of the same year classes obtained later
from the commercial fishery. The 1950 year
class will not appear in the commercial fishery
for some time.
The 1950 Work
Four young sardine survey cruises were completed
i n 1950. The area from Point San Juanico, Baja California, northward to Bodega Head, central California,
was surveyed. Of the many schools of fish sampled, 23
contained young sardines. The first cruise of the survey
began 17 July, the last ended 20 October. Location
TABLE I.

Date

I

26 July. - -.
27 July- - - 27 July- - -.
28 July- - -.
28 July-. -.
29 July- - -.
2 Aug._. ..
3 Aug .....
17 Aug.--..
17 Aug. -.
-.
17 Aug .....
17 Aug
18 A u g . _ _ _ .
21 Aug.. -.
.
22 Aug.. ...
23 Aug. - - -.
23 Aug

10 Sept.-.-.

11 Sept..--.
9 0ct.- - - 9 0ct.- - - 13 Oct._.-18Oct.----

N.
Latitude

t

OCEAN

0

FIGURE 36. location of schools of sardines during 1950 young-sardine
surveys. Each circle represents one sample of 0-group (1950 year class)
sardines.

YOUNG SARDINES FOUND I N 1950 YOUNG FISH SURVEY

W.
Longitude

General location

Depth of
water
(feet)

Time
2240
0020
0345
0440
2300
0445
2310
0135
0015
0300
0350
2150
0410
0305
2230

0000
2120
0320
2235
0350
2030
1915
0110

26'41.6'
26' 39'
26' 24'
26' 15'
26O 28.5'
26' 59.5'
29' 27
29' 35
30' 00'
30' 03 '
30' 03'
30' 13.5'
30' 29'
31° 35.5'
31' 56'
31' 54'
32' 13.2'
32'31.5'
32' 47.6'
36' 57.3'
36" 56.5'
36' 36.5'
35' 24'

'
'

113" 34'
113' 16.5'
112'52.5'
113' 15'
113' 35'
114'05.5'
115' 16'
115O 27'
115' 50'
115' 49'
115' 55'
115O 51'
116'04.5'
116'40.5'
116'47'
116'46.5'
116' 58'
117'09.5'
118' 24.3'
121'56.5'
1220 00'
121'53.2'
1200 53'

Number
of
fish

Standard
length
range
hm.)

Surface
temperature

("C.1

Ballenas Bay _____________.___.....-..-.
45
1
40
18.5
2.5 mi. S Punta Holcombe ._.....____.____
6879
90
3
19.0
12 mi. N W Punta San Doming0 _ _ _ . _ _
2 _ 80-87
90 _ . _ _
18.95
33 mi. SE Punta Abreojos _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
280
52-89
62
20.0
3 mi. S Punta Abreojos _____._..._..___._
140
47
91-127
18.3
12.6 mi. SE Asuncion I
210
100-182
100
15.5
4 mi. N W Punta Canoas .__...._...._____
1
100
88
13.5
3 mi. SE Punta San Carlos _ _ _ . _ _ _
_.
60_ _ _3_ _ .51-56
11.7
3 mi. N W Punta Baja ____...........
....
80
28
73-122
13.1
6 mi. N Punta Baja ______._.._____._._..
78
2
83-1 18
13.2
8 mi. N W Punta Baja _ _ _ _ _ _ . _
____
_ . . _ . 13.6
210
63 _ .109-125
10.5 mi. SE Cab0 San Quintin-- - __.__....
1
120
109
13.45
1 mi. E San Martin I._.___._.__._._._.._.
4
70
56-81
14.75
Soledad Bay ............................
24
105
106-128
17.3
1.7 mi. N Punta San Miguel ............._ 150
39
78-109
18.8
1 mi. SW Punta San Miguel _...._.......120
.
10
84-97
Steamboat Rock, Descanso Bay-.. .. . _ _ _
2
130
75-96
19.2
2 mi. off Mexican Boundary-- ..._........ 80
4
84-1 11
18.4
1 mi. SE China Pt., San Clemente I.___.___
220
51-88
5
17.75
1 mi. off Capitola _....
3___._._._._....__
.
59-82
206
50
14.7
1.2 mi. E Pt. Santa Cruz .__.......
...._.. 50
18
68-83
14.9
Monterey Harbor _ _
.._
....
_
.._.
..........
69-89
292
30
13.7
1 mi. W Morro Beach _.......__._._......
3
120
75-80
13.2

._.___..____.______
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abundance. Biit the nonappearance can also be due to
the sardines moving offshore, schooling at subsurface
levels, occurring in less eompact srhools-there
is a
long list of possibilities. I t was, of course, the possibility
that these reasons are intimately connected with changing oceanographic conditions that led to the establishmcnt of the present program. The study of availability
-how many sardines are where the fishermen can
catch them-is a major aspect of the present research.
It is being attacked by the Division of Fish and Game
and the U. S. Fish and Wildlife Service.
The Division of Fish and Game is trying to determine the environmental factors which influence the
geographical distribution of the sardine schools. It is
hoped to measure the effect of variations i n physical,
chemical, and biological oceanographic conditions on
the availability of sardines to the fishing fleet.
The plan of the work is to measure the environmental conditions where sardines are found. A p a r t of
the work of the Yellowfin has been the collection of
oceanographic data from waters where sardines are
present. The methods of location (visually and b y
means of echo-ranging and echo-sounding apparatus)
have been described under Instrumentation.
The Yellowfinwas placed i n service i n September,
1949. B y the end of October, 1950, a total of 249 pelagic
schools of fish had been sampled from the vessel. Of
these 249 schools, 57 percent contained more than one
species of fish. Since the schools could not be identified
from the sounding trace, it was necessary to collect
samples. Three methods have been tried : ( 1 ) gill nets,
(2) trawling, (3) explosives. The last method has
proved most successful. Gill nets of a mesh size calculated to capture sardines have been very useful in
areas where the fish could not be taken by other means,
but the nets are highly selective with respect to the size
of the fish captured. They probably do not take a
random sample from the school. The trawl, which had
a 12-foot opening, was towed at depths as great as 100
fathoms. A t shallower depths, it was towed a t speeds
u p to eight knots. It did not prove effective ; no sardines
were captured. Other species, including lantern fish and
rock fish, were taken, however.
Once a school of sardines has been located and identified by a sample, the following environmental informztion is collected : (1) temperature ( b y a bathythermogram to 900 feet) ; ( 2 ) salinity (by water sample) ;
( 3 ) amount and kind of animal food (by plankton
tow) ; ( 4 ) amount and kind of plant food ( b y water
sample). The sardines theniselves are measured, the
scales are removed for age determination, and the
stomachs removed for analysis of food. The gonads are
saved for analysis of sexual niatnrity by the IT.S. Fish
and Wildlife Service as part of the work on spawning.
Since the Yellowfin was placed in service, 15 sardine
cruises have been completed. They covered an area
along the coast from Bodega Ray, north of Sail F r a n ciwo, southward t o JIapdaleiia Ray. in soitthem Raja

California. To 1 Sovember 1950, a total of 216 days
had been spent at sea. Samples had been taken from
145 schools coiitaiiiinp sardines.
The schools containing sardines were found in
waters ranging from 11"to 20.4" C. (51.8" to 68.7" F . ) .
The relation of salinity to the presence of sardines cannot as yet be stated ; shoreside analysis is not complete.
The analysis of the food contents of the stomachs
of the sardines taken is proceeding, as is analysis of the
plant arid animal food found in the presence of schools.
Approximately 700 stomach samples have been collected to date. The examination is necessarily a laborious job, and will take some months to complete. The
studies to date have not demonstrated a tendency for
the sardines to seek or avoid specific groups of organisms for food. Representatives of more than 35 groups
of plants a n d animals, including larval fish and fish
eggs, have been identified from the stomachs. The
smallest organism found in the stomachs so f a r was
0.02 mm. in length, the largest 14.7 mm. I n general
those forms comprising the greatest bulk i n the
stomachs of the fish also comprised the greatest bulk in
the water where the fish were taken.
Parasitic worms, trematodes of family Haemirudiae
have been found in the digestive tracts of all fish
examined to date. The role of these parasites in the life
history of sardines is not yet known. They map coiistitnte a serious handicap to the sardine or they may
be tolerated without i n j u r y to the host.
Another line of investigation of availability is being
followed by the U. S. Fish a n d Wildlife Service. The
work involves the examination of previous catch records with respect to the deviations of the observed
catch from the catch that would have been predicted
on the basis of the age composition of the prerious
catches.
The advantages of this method include the use of
a large number of data which are immediately ayailable. It is also, compared to work a t sea, inexpensive.
B u t a t present it can be considered only as an adjmict
to the work a t sea, not as a substitute for it. One disadvantage in the work thus f a r is the fact that the
deviations observed include the effects in changes i n
rate of natural deaths as well as changes in availabilty.
Information on these deviations are now available
from the 1941-42 through the 1948-49 seasons. The
catches in the 1941-42 through the 1944-45 seasons
mere greater than would have been predicted. The
catches in the 1946-47 through 1948-49 seasoiis mere
lower than would have been predicted. A manuscript
describing the methods used and discussing the results
obtained is in preparation.
Indirect evidence strong?ly suggests that sarcline
behavior, and hmce availability, is influenced by temperature. The idea is boriie out by the experirliellts on
schooling behavior carried out by the California Acaclemy of Sciences and clescaribed later in this report. and
by observations 0 1 1 span niiip. An extremely suggestive
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relationship between the deviations in cateli mentioned earlier atid water temperatures off Sail F r a n cisco has been observed. More adequate data are now
beiiig obtained so t h a t this relationship may be investigated more thoroughly.
Data on the age composition of the catch indicate
that about 2t5 to 50 percent of the decline in laiidiiigs
i t i the 1946-47 through 1948-49 seasons may be roughly
attributed to the fish being less available or to their
suffering a greater natural death rate during this
period. About 50 to 75 percent of the decline may be
attributed to reduced spawning success since 1939. As
we see it now, this reduced spawning success is not
directly related to the number of spawning fish. Therefore. the fluctuations in spawning success are apparently natural fluctuations. A manuscript on this work
has been completed.

BEHAVIOR AND PHYSIOLOGY
Experimental work on the behavior and physiology of the sardines has been conducted a t the California Academy of Sciences. The following results
have been found :
Feeding Behavior
Preference for living (brine-shrimp) over 11011living organisms as food was displayed in the experiments.
Smaller sardines, averaging 75 mm. i n length,
exhibited a selective feeding habit. They displayed a
rising motion to catch individual shrimp. Larger
sardines (200 mm.) , on the contrary, exhibited ‘ ‘seining” feeding, while swimming forward or circling
about through the cloud of brine-shrimp. These were
feeding regularly on adult brine-shrimp measurillg
around 8 mm. i n length, but showed no response to
newly hatched brine-shrimp measuring less than a
millimeter.
In addition to sight, a chemical sense was used in
locating food.
Schooling Behavior
Temporary isolation of a part of the school ( u p to
23 days) did not affect schooling tendency. Up011
return to the original holding tank, isolated sardines
joined and intermingled with the larger p a r t of the
school.
Three larger sardines (approximately 200 iiim.)
when added to a school of 50 smaller sardines (approximately 75 mm.) did not show any evidence of
leadership in the movements of the school.
W i t h reduction of the same school to 10 fish, the
three larger sardines led the school aiid appeared to
determine movements of the sartliiie school. Response,
incidentally, seems greater to a single leader.
,
I
niininiuin school unit was well exhibited by a
pair of fish prior to their complrtc adaptation to
wcliiariiini c.oiiditioiis.

Definite increase in teiic1eiic.y to form cloc\c sclioolb
was observed a t water temperature from 12” cloirn to
6°C. Reduction iu this tendency is effected by the
higher water temperature, from 12” to 25 ‘C.
Clockwise swiniming of the school was most frequently observed. However, when school of dummy
(rubber) sardines was r u n counterclockwise, the sardines joined it.
Miscellaneous Observations
Reaction to the change in direction of water current was found to be negative.
Constant swimming is not necessary for respiration of the sardine, as it is for certain other pelagic
species.
Bacteriological tests using pathogens failed to
reveal any antibiotic activity of sardine slime.
Electrical Stimulation of Fish in Sea Water
Conditions of experiments
Wooden tanks of the following dimeiisions were
used : 24” x 40” x 6”, water 5” deep ; 12’ 7 y x 20” x12”,
water 5” and 6” deep. B y using glass barriers this tank
in certain experiments was reduced to 10’ 6” in length
in one case, and approximately to 7’ i n another.
Both carbon and steel electrodes were used with
no apparent difference in effect upon the fish. Polarity
of electrodes was reversible to eliminate as f a r a s
possible other environmental factors.
Types of fish tested and their standard lengths
were: sardine 200-300 mm., top smelt 110-120 mm.,
aiid shiner, about 28 mm.
Types of electrical current applied : All the experiments carried out were made with different types of
D. C. current. They are as follows:
A. A. C. rectified current using full wave rectifier which delivers a current with low pulsating peaks
of 120 cycles per second.
A-1. This current was also used in on-and-off
pulsations from 3 to 30 cycles per second.
B. A. C. rectified current using half-wave rectifier which delivers pulsating current equal to A. C.
frequency.
B-1. The same current with frequency varying
from 45 to 68 cycles per second.
C. Straight D. C. current supplied by D. C.
welding set.
C-1. This current was cut on and off or macle
pulsating from 3 to 12 pulsations per second.
(3-2. These pulsations were used with current 011
two or three times as long as off, and current off two
to three times as lon,0’ as on.
C-3. In some caws current was cut off to zero
point bctnren pulsations, in others cnrrent was reduced
to one-half ampere only between pulsations.
D. Coiidriiscr clischarge using approximately 50inf. rondenser with voltage (pressure) varying from
100 to 600 volts. Freqwncy of discharge was varied
froni four to eight discharges per swond.
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Definition of terms
1)irectional effec:t is inimecliatr iiivoliintary oriontation antl ~ i i o ~ e n i ( ~ofi iall
t the fishes testetl toward posit i r r pole in thr tank. Slight tlirec.tional c.tfwt is ininiediatr involuntary orimtatioii toward posit iw polc, h i t
withont. or with oiily slight, niovenwiit in that clirection.
Confusiiig effect is any niovtment intliiced by the
current different from those. listed abovo.
S c g a t i w effect is one when 110 visible response to
the current was observetl.
Tabulation of records and results
Total nninber of experinimts carried out-eight.
NUMBER

OF

FISHES BY SPECIES PER ELECTRICAL

.L

Speciex

1. Smelt _ _ _ _ _ _ _ _ 1.;
2.S:irdiiie---____ 2
3. Shiiier _ _ - _ _ _ _ _ 2

TYPE-TEST APPLIED
7’!/peof elwtrictrl
- 1 - 1 I{
N-1 (7

>

4

4

0
0

0
0

-

-

Tot:ils _ _ _ _ _ _ _ _ l!)

5

-.

4

tr’.ut
Totrrl

(’-1,2,.3

I1

0

12
10

0

0

(1

-

-

-

-

4

22

14

5

1
1
0

::

T:i

I(;
1!

73

NUMBER OF TESTS PER TYPE OF ELECTRICAL STIMULATION
Typr A _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ 36 tests
r .

1 y p “ -1-1_ _ _
____________
13 _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _
T y p e 151 - _ - ~ __ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _
T g p (‘
~ ____
Type (Ll,2,3 _ _ _ _~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Type I ) _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
r .

1.qW

I

Total _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _

___

15 t e s t s
5 tests

10
37
85
14

tests
tests

_ _ _ _ _ 2W

tests

tests
tthsts

TEST RESULTS BY TYPE, A N D TOTAL
7’,1/peof elcctriccrl test

F:ffrc.t
.I
-1-1
~.I)irc,c.tioii:il____1
0
2 . Slight
( l i ~ e ~ t i i ) i i : i l _ _ - _ l l 17
~.(’liiifrisiiig_____ .
i (i
4. S t r i i i i i i i i g _ _ _ _ _ 7
3
.5. Seg:itive ~_ _ _ _ 18
1
6. s o t recl)rde(l--- 0
0

Totiils _ _ _ _ _ _ _ _ 36

I

It
0

13-1

0

1

31

0

33

4

2
1
6
2
0

21
0
4
11
0

23
17
4
10

3
4

3:3

0

0
1
0

-

-

15

5

10

(<

(7-1.2..i I )

0

-

-

3i

85

TOt(l1

il

0

16

(i

4!)

1

14

1

202

Conclusions
As a result of these tests the type of electrical current foiind to be niost eftective in directional and controlled stimulation and the least injurious to the fish
was direct cwrrent, three to f o u r pulsations per second,
the cwrrent being on two to three times as long as it
\vas oft.
A current density ill sra water higher than 35 inillianiperes per square' inch seemed to have a detrimental
efTec*t 011 the fish in the forni of temporary paralysis
or death. (lepending oii dnration of thc cdurrent and
the size of the fish. This was especially true when iionpnlsating cnrrent was used.
Strength of the current most (affective in producing
directional movenient was iiivrrstbly rr~latrdto the size
of the fish. For e x a n i p l ( ~ ,a cwrrc.nt of t h r w amperes
was iiiost effevtive with sartliiic.s of xpprosiniatc.ly 200t‘~ IIP(~PS3 0 0 111111., wherrtis (*Ilrrrlltof ~ O I I I .a i ~ i j > ( ’ r\viis
sary to stimiilatr. top siwlt of approxiniatt.l?. 110-120
111111. i l l lrnC’tE1.

13waiise resiil ts in tht. abow cxperinients h a w been
eiwniiraging, plans ani being t l e v r l o p ~ dfor siniilar tests

in larger bodies of sea water.

CONTINUING STUDIES
Length Frequencies
A very usefnl tool for the nieasiirenieiit of what is
happening to the sardine popillation is a record of
vhanges of size of fish in the c.oniniercia1 catch. S i n w
1919 the Thvision of Fish and (iame has made weekly
nwasiir(ments of the size of the sardines taken by thta
fishernien at Monterey and i n Southern California.
Similar rwords h a w bcen collected for the San Franc4co fishcry since the mid-thirties.
These measurements of the sizes of sardines, termed
length frequencies, have told us t h a t in the twenties
fish taken in both C‘entral and Southern California
were snialler (hiring the fall months and that larger
sardines moved onto the fishing grounds during the
winter The winter fish appeared off Central California
in Decwnber and off Sonthem California in January.
There are now very few of these larger fish i n the popnlation There is at present little size difference between
the sardines taken in the fall and in the winter.
The length measurements also told us that in certain seasons an unusnal number of young fish appeared
in the fall fishery arid iii the succeeding seasons the
sardines i n this abundant group inereased in size. M7e
were thus able to trace the progress of the group
through the fishery. These abundant groups have been
interpreted as representing year classes i n which surviral from a given season’s spawning was unusnally
successful mid are termed dominant year classes. Prior
to the mid-thirties the dominant year classes appeared
in the fishery a t intervals of two to four years. This
marked variation in spawning success plays a very
important role in the total abnndance of the sardine
population and in t u r n in the success of the fishery.
This has been especially true in the last decade b+
cause the larger fish have largely disappeared from
the caatch arid the fishery has become more and more
dependent on the smaller sardines. i\s a result, when
there are several season5 in wliic.h spawning success is
below average, the recruitment of yonng sardines is
poor, and fewer fish appear on the fishing grounds.
The dominant year claases, which have b w n identified in the fishery by the length trirasurenieiits, have
also given lis a nieasiirt’ of the niigratioiis of sardines
along the coast. With one or two c.xcc.ptions, a superabuntlant group has first appeared in the Soiithern
California fishery, a y a r 1att.r in Criitral California,
and two to fonr J ears latrr in t h e I’acific Sorthwest.
Age Determinations
Ihiriiig th(, lattcr part of the thirties the 1’. S Fish
antl WiI(llif(~S e i ~ i clrveloprtl
c~
nit.thotls for drterniiniiig t h r age of the sardine by a n esainination of its
scales Thc. age aiialysis of a frwtioii of the lnigth
~ , r n i p l fwas
~ s startt.0 on a systeniatic. cwoperative basis

between the federal agcncy and the Division of F i d i
and Game i n 1941. Thc work is continuing, and effort
is being made to improve sampling procedures. Samples are obtained by the state agency from boats making landings in Sail Pedro and Nonterey. The S a n
Francisco catch is sampled by the federal agency, and
scale samples are sent to its Stanford laboratory from
the Oregon Fish Commission, the Washington Department of Fisheries, and the Pacific Biological Station
(when there is a fishery in the Pacific Korthwest) .
The age and length studies have demonstrated that
very good spawn survival occurred in 1939 but that
dnring the next five years spawning success grew
progressively worse. Conditions were better i n 1946,
and in 1947 a fairly abundant year class was produced.
The percentage distribution of the Pacific Coast
sardine catch by year class for 1948-49 and 1949-50
Percentage
1.948-49
19 $.%.?I
0.1
i.8
X2.8
51.4
49.9
2i.!j
10.8
8.2
3.9
4.0
1.4
0.5
0..i
0.1
0.2
0.1
0.3
___
0.1
___
___
100.0
100.0

It is evident t h a t i n both seasons the major support of
the fishery came from the 1946 and 1947 year classes,
fishes one a n d two years old in 1948-49 and two a n d
three years old i n 1949-50. Fish older than three years
w r e scarce and contributed less than 10 percent to
the catch. There were no indications t h a t the 1948 and
1949 year classes will appear on the fishing grounds
in exceptional numbers. The 1946 and 1947 groups
will presumably have to supply much of the tonnage
talren in the next two or three years.
The collected data on age distribution are of valne
in several different lines of inquiry. Their part i n
availability studies has already been mentioned. They
are also used in racial studies and form the basis for
the study of vital statistics.
Racial studies
Racial investigations may be carried out by studies
of physical characteristics, by studies of physiological
characteristics, and by a n appropriately designed tagging program. Ideally it would best be done by all three
approaches. High costs usually eliminate tagging work.
Some preliminary collections have been made for
studies of physical characteristics, but major emphasis
has been placed on physiological characteristicsespecially growth characteristics as revealed by the
study of scales. The 1’. S. Fish and Wildlife Service
uses a s a method whereby it is believed the year-toyrar fluctuations in groa th caused by favorable or unfavorable environmental fluctuations can be distin-

tinguislied from the iiiherent or heredity-connectecl
differences in growth. This study indicates that there
is a “northern type” of sardine-which
grows faster
and attains a larger size-and a “southern type7’which grows more slowly and does not attain such a
largr size. The northern type is found wherever the
fishery is carried ont. The southern type is most
abundant on the Sail Pedro fishing grounds and is
found in decreasing abundance to the north.
One explanation of these observations is that there
are two races of sardines : one ranging from Southern
California to British Columbia, the other occurring
to the south of this area, but spreading north over the
southern portion of tlie raiige of the iiorthern race.
During the 1949-50 season, more fish of the groups
spawned in 1943, 191-4, and 1945 were caught than
woulcl have been predicted from previous catches of
these year classes. According to the hypothesis just
stated, this “surplus ” could represent an iiiflux of the
southern race into the California fishery. Further, fish
of the 1944 year class caught in 1949 were smaller thaii
expected. This difference cannot be explained by the
emigration of the larger fish of t h a t year class ; it must
represent a n influx of smaller fish. It should be
emphasized that this is only one possible hypothesis.
A t least part of the observations could be explained on
the basis of changes in availability.
The question whether there are one or inore races
of sardines is by no means settled. The above observations are only contributing pieces of evidence. This
question must be answered, however, for the interpretation of all other sardine data will be influenced
accordingly. A preliniinary report on this work is in
preparation.
Vital statistics
Since 1919 the Division of Fish and Game has
collected detailed records of the daily deliveries of
individual boats. These have been supplied by the
dealers, who furnish the division with a copy of the
original receipt given the fishermen. From these records the average monthly or weekly catch of the fisherineii has been calculated each season since 1932-33.
These measures of fishermen’s success give us the most.
reliable available estimates of tlie abundance of
sardines on the fishing grounds and of the differences
iis numbers of fish i n each individual year class ; they
are therefore of inestimable value i n determining the
conditioii of the sardine population.
The fishing success i n 1948-49, based on average
monthly catch, was twice that of 1947-48. I t doubled
agaiii in 1949-50. The greater abundance of the 1946
and 1947 year classe5 largely accounted for this increased success of the fishermen. Ifowever, although
the catches increased in the past two seasons, t h e appeared highly successful only i n comparison with
the very lean years in 1946-47 and 1947-48. They were
011 a par with the catches of 1945-46.
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With the r i t a l statistics we nom hare it is impossible to assess the relative importance of the two death
rates, that from fishing and that from natural causes.
While estimates of relative abundance of the p o p latioil may be obtained from catch per unit-of-effort
studies, we need estimates of absolute abundance of
the population. Under present conditions, it is probab1.v only possible to obtain such estimates from a tagging program or from trying to determine the total
number of eggs spawned during a season a i d calculating the number of fish required to produce those eggs.
Oii1~-the latter approach is being developed now.
Once a n estimate of the absolute abundance of the
population is obtained, iiiforinatioii froni samples of
the commercial catch can be aiialyzed to yield the death
rate from fishing and the death rate from natural
causes. These results will supplement theoretical
studies presently being carried out.
Compilation aiid analysis of data that will give
inforination 011 the age compositioii of the catch from
1942 to 1938 (before scale samples were taken) has
been undertaken by the T i . S. Fish and Wildlife Service and is nearing completion. This information will
add six years to the data series pertiiient to vital statistics and availability studies.
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MARINE BIRDS AND MAMMALS
As a matter of routine, counts of black-footed
albatrosses have been made at each hydrographic
station since cruises began in 1949. As indicated by
the regular northward progression of the region of
maximum abundance in spring, a strong northerly
migratioii of birds took place during the spring and
summer of 1949, followed by a southward a n d offshore morement in late fall. I n 1950, on the other
hand, no such regular shift in the distribution patterns
has been detected. It is possible that this change may
reflect differences in the oceanic circulation iii the two
years that affected bird movements. I n 1949 it was
noted that the pattern of albatross distribution corresponded in general with the annual northward migratioii of sardines. I n that year, sardine fishin,0 was considerably better off Sail Francisco than it has proved
to be in 1950. Possibly the movements of sardines and
birds are subject to similar influences.
Routine observations on the occurrence aiid abuiidance of whales, porpoises, and seals are being recorded. I n general, whales and porpoises, as well as
seals, are more abundant in the inshore areas. Certain
regions of dominant abundance have been noted, for
example, in the area north of Point Conception.

FIGURE 37. The occurrence and abundance of seals, other marine mammals, and marine birds are noted during the survey cruises.
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Pour seagoing vessels are used in the California
Cooperative Sardine Itesrarch Program. Tn the past
conditions in the offshore
two years oc~~anographic
area froin Oregon to ventral Ra.ja California h a w been
rc.giilarly measiircd. '1s a resnlt, a ma\s of detailed
;ind awurate data has been accwiiiilated. These data
cwiipriw a permanent contribiition to scicliitific knowldge.

I n the eoursr of tlir program, new tcxhniques for
wllectiiig and, partic.iilarly, for the provesing the data
h a w been \vorkrd oiit. N\'cwinstruiiirlnts have been designed, drvelopetl, and tested. Scveral of these, among
theni the gear f o r high-sperd tows. arc' of outstanding
intporta1ic.e.
t )iir stiitlicls of t h r sardine 's rnvirotimrnt have succ.cctlrtl in fiirthcr relatiiig (<hangingowanographic contlitions to c.hanging \wather c.ontlitions. \Ye h a w found
unqnestionable rvitlwwr of ngivelling. which provides
cwnclitions favorable for the survival of larvae, at severa1 locations off' thv coa\t, iiotahly off ('ape Meiidocino
and I'oint ('oiiception.
'lh o centers of \pa\\ ning abiindancr havr been located. 0 1 1 eis in t h e vicinity of Cedros Tsland. off Raja
('alifornia, the other is o f Southern California and
n o r t h ~ rT~h j a ('alifornia. Spii\viiing is inore intenw.

thongh limited to a smaller area, off Crdros Island. A s
shown by the 1949 and 1950 data, these are the present
vrnters of sardine spawning ofT the Pacific Coast.
I t has been found that most spawning o(wirs in
waters betwern 12.5" and 16.5" C. During the 1950
season, !)8.4 percriit of the spawning samples were
foimd within a slightly narrower range--l2..5"
to
16" C.
Surface trniperatures during the spring of 1950
were slightly lower than in 1949 in most of the area
covered.
Schools containing adult sardines have been found
in watrrs ranging from 11" to 20.4" C. Other oceanographic factors are being examined.
I'ndtJr laboratory conditions, it was found possible
to caauscl sartlinrs to move in a desired direction by l i s p
of cllwtric ciirrrnt in sea water.
Examination of the statistics for the 1948-49 and
194!)-30 sardine catches indicated that the major support of thr fishery vame from the 1946 and 1947 year
elasses. T h r r e were no indirations that the 1948 and
I!M year vlasses will appear on the fishing grounds in
exceptional numbers. The 1946 and 1947 groups will
presiiniably have to supply mnch of the toiinage taken
in the next two or three years.
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I n the niain, work iuitlcr the California Cooperativc Sardine Rcsearch Program will continue along the
present lines during 1951. The seagoing work cannot
a4 yet be curtailed o r simplified without running the
risk of failing to obtain information of basic iniportance.
The California Academy of Sciences plans to pursue further its study of the behavior of fish in a n electrical field. Other behavior patterns of sardines will be
investigated.
The California Division of Fish and Game will continue its collection and analysis of the daily catches of
thc fishermen and, in cooperation with the 1’. S. Fish
anti Wildlife Service, the age composition of the commercial catch. Collection of records of the poundage of
sardines used i n the California live-bait fishery will be
carried on as in the past and analyzed as a snpplemental measure of the abundance of the 1951 year
class. The Yellowfin will make a survey of the 1951
year class during the months of J u l y through October
a i d , in the first six months of the year, mill continue
the collection of data to measure the conditions under
which sardine schools are foiind.
The Pcripps Institution of Oceanography hopes to
make use during the coming year of a newly devel-

oped oceanogra p h ir ins t r I 1in ent of gwa t pot ent ialit ies .
The instrument, which was developed at the W o o c l ~
1101~Oceanographic Institution, is the geomagnetic
electrokiaetoyraph ( “ j o g log”). B y its use, snrface
c u r r m t direction and s p w d can be measiired. Siich information will prove extremely useful in physical
oceanography, and cannot be readily obtained in any
other manner. Also, intensive work will be clone a t the
Scripps Institution on the development of electronic
instriiments for use in oceanography. Efforts will be
niade to collect hydrographic and chemical data near
shore, and to determine the amount of replenishment
and to stitdy dispersion effects, nutrients, and the accompanying productivity. F u r t h e r work will be done
o n the heat budget and evaporation study.
The V. S. Fish and TTildlife Service mill continue
its recruitment studies and its participation in the roctine oceanographic surreys. The Service will also continue to cooperate with the Division of Fish and Game
iii the collection of samples and mill continue analysis
of vital statistics of the sardine catch.
The year promises to see the publication of several
scientific papers oil various phases of the program. The
physical and chemical data from a t least 10 more
cruises will be distributed to scientific personnel.
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APPENDIX I
PERSONNEL ENGAGED IN RESEARCH UNDER CALIFORNIA
COOPERATIVE SARDINE RESEARCH PROGRAM

NOTE: N o t all

the persons listed below are paid from sardine research funds;

all, however, are contributing to research under the program.

PROGRESS REPORT 1950

c

33

CALIFORNIA COOPERATIVE SARDIX‘E R E S E A R C H

APPENDIX II
CURRENT PROJECTS UNDER CALIFORNIA COOPERATIVE
SARDINE RESEARCH PROGRAM
C A L I F O R S I A ACADEMY O F S C I E S C E S
Chief Scientist
Physiology :inti Behavior Studies-__---_-__-ThomasC. Groodr

Project

CALI1~ORSI.I D I V J S I O S O F FISH A S D GAME
Age-Determination and Length Frequency__Anitu E. Daugherty
Leo Pinkus
Average Monthly Cutch of Fishing Vessels____FrancesS. Clark
Anita E. Daugherty
Environmental Factors ,Iff ecting Availability__Robert C . Wilson
Relation of Food to Availability _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J o h n Radoricli
Young Fish Surrey _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Robert C. Wilson
S C R I P P S I S S T I T U T I O K OF OCEANOGRAPHT
Studies in Physical Oceanography _ _ _ _ _ _ _ _ _ _ _ _ _ _ Robert 0. Reid
P a u l L. Horrer
Studies in Chemical Oceaiiography_____-_-_Warreu S. Wooster
Jluriiie Ilotairy _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Marston C. Smgent
hlnrine Invertebrate Plaiiktoii_____________~Iartin
W.Johnson
Marine Vertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . J . 1,. N c H u g h
Special Developments . . . . . . . . . . . . . . . . . . . . . . . . . J o h n D. Isaacs
James 11. Siiodgrass

U. S. FISH ASD T I L D L I F E SERVICE
Avuilability Studies _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _T. 11. Widrig
Racial Studies _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ F. E. Felin
_ ._Ahlstrom
__E.
Recruitment Studies _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _H
Yital Statistics (current) . . . . . . . . . . . . . . . . . . . . . . . . J. C. Marr
Vital Statistics (l!X31-1940)_ - _ __ __
_ __
_ _ __
_ _ __
_ H.. H. Eckles
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