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IKTRODUCT ION

This roport is mot onc of the reguler scrics of quartcerly progress ro-
ports on the cooperativo sardinc rescorch iavestigotions; it is intonded as a
supnlement to these reports. The latter, beeausc they summarize the roscarch
being corricd out during a portion of a ycar only, hrve cmphesized dotails of
the regearch rather thon the roosgons for doing it. This report is intended
to £11l the grop by sctting forth somo of tho problems and objeoetives of the
cooperative serdine rescarch investigotions.

The contributions of the four cooperating sgencics, the Seripps Institu-
tion of Oceenography, the U, S. Fish snd Vildlife Scrvice, the Califormia
Divigion of Fish sand Gome and the Californio Acrdemy of Scionces arc summarized
in th~ progross reports, cgoncy by agoncy. Incsmuck as most of the rescarch
is truly cooperative, two or more cgencics working together in the study of
most preblems concerning the sardine, the writers of tho proscnt report have
thought it advisable to conter their attontion on the problems boing investi-
gated, rathor than on the ngencics doing the work. However, o wery bricf
rosumc of the activitics of the four cooporsting sgencies scoms desirable in
this introduction.

The ococnosreshic investigontions arce the primory responsibility of the
Seripps Institution of Ccocnogrephy, although one of the threc vesscls toking
part in the colleetion of ocemmogrepnic dote ot ser 1l opernted by the Fish
and Wildlifc Service. Seripps Institution hes divided their activities in the
procent investigotion into five divisions: physicsl occcrmogrophy, chemical
oceonogrophy, phytoplonkton, zooplonkton and marine vertcbroate studics. Physi-
conl ocomogrenhy is concorned with the distribution of itcmperature cad salinity
in tho ocorn, with tho fransport of woter (norizontel currents), with mixing
or diffusion processce, with the offcet of tidnl forces, and with the mechanism
of upweolling (vortieal currecats). The physiccl ocecrnographers arc not only
concerned with the description of thesc proccsses, but alse with determining
the emigel mochnnioms behind the circulation in the occen., Chemicel cccanog-
rophy is dircctly conceorncd with detcrmining the distribution {both vortically
and horizontrlly) of inorgenic nutriconts csscatial to plant growtih. Deter-
minations are being mede of phosphote-phosphorus, which is one of the basic
metricnt metericls cnd an indicrtor of the distribution of othor inorgenic nu—
tricnte g well., Determinntions are also being made of the distributbtion of
dizgolwd oxygon in sen witert tho doterminations moy give valuoble informo~
tion on 1} the vrocess of upwelling, 2) the prosence of large populations of
merine plonts, 3) the preoscnce of large concentrotions of oxygen consumers ond
L} mixing proccssos in the surfoce leyer (0-200 M) of the occm. FPhytoplankton
rescoreh ic concerned with accessing the "erop" of marine pleate (particulerly
diatoms), the primory produccrs of foodstuffs in the ocorn., The roscarch also
deols with the relation of fluctuntions in the preductivity of marine plants
to physicnl ond cheomlcol procosscs in the occen, porticulerly conrichment pro-—
cessos, md with the offcet of thcsc fluctunticns on the animnl populations,
Tne prisciprl objective of the zocoplonkton studics is to dctorminc the signifi-
cance of plenkton in the life of the sordine, cspeciclly 1) as it affcchs the
survivol of the snrdinc larvee and 2)-cs 1t affoets the distribution, movements
end survivel of the adult snrdincs. The division of nmerine vertobrotes is co-
operating with the Fish and Wildlifce Scrviece in the study of recruitment, is
investipeting soveral of the specics of fish that competo dirceily with the sar-
dine, porticulerly the anchovy ond saury, ond in addition is conducting some
studics on productivity.



The recruitment research is the primary responsibility of the Fish and
Wildlife Service, although it is also & cooperative prosrem, especially in the
collection of material and data at sea., The long range objective of this pro-
gram is the determination of the factors underlying the success or failure of
yvear broods of sardines. If this cen be done, we should eventuslly be able to
predict the strength of a yeor class fully l% e} 2%,- years in sdvence of its
entry into tho fishery. The more immediate objectives of the recruiltment re-
search may be summarized as follows: the deoterminction of 1)} the cxtent and
time of sardinc spawming, 2) tho amount of spawning, i. ¢. the number of cggs
spawacd, and as a corollary, the estimation of the size of the spawaing popu—
lation, 3) the rete of survivel of young fish resulting from the spawnings, and
4} the correclation of all the ahove with conditions in the physical, chomical,
and biclogical cavironment.

The Colifornis Division of Fish and CGrme is also working on onc phuase of
the rocrultment problom! on attcmpt to ossess the sbundance of cach ycar class
when cbout four to six months old. They plan, after doing cxplorctory work on
distribution 2nd on metihods of censusing, to conduct an annual ceasus of Jju—
venile sardines on the nursory grounds. 4As o port of this progrom they are
obtaining statistics on young sardincs in the balt fisheory of southern Celifornia.

Studics on availability of adult sardincs to the commercinl fishory arc also
being mede by the Californin Division of Fish ond Geme., Tacy orce concerned with
the problem of why adult sordincs arc legs evellablo to the commoreinl fishery
during somc scrsons then during others. Tho problom is besicelly onc of sardine
distribution: o study of the where, waen, ond why of sardine schoels. To got
at "where! sordiancs occur it is nceessary to be ¢ble to locnte schools of fish
cffoctivoly end repidly. Jcho ronging oand ceno scunding goer on the MV "Wellow—
fin®, the vessel uscd in this reosecarch, have proven offoctive for this purposc.
To determinc the "when!, surveys cre boing mode througbout the year. The "why'
involves the rcascns for scordine distributicn: this is primorily o study of
the offccts of physicel and bioleogical cnvironmentsl conditions on the distri-
bution of odult sardincs. Synoptic ocoranographicrl dete arc being collected at
thic placcs where schiools arc found, snd these will bo correlatod with the moro
cxtonsive occchnographic drta bolag collocted by the Scripps Institution and the
Fish and Wildlifc Service. The prodlem of avoilability is treated in some de—
toil later in this reoport.

The behavior of sardincs unécr cxporimental counditions in the inboratory
is Dbeing stediecd by the Coliforunia Acodeomy of Scicaces. Tho cffocets of such fac-
tors as temporaturc, currcnts, Light, clectric currents ond sclinity on the bo-
hevior of sardines, cspeciclly on thedr schooling potteras ond movemonts, oro
beoing investigosed. Thae resulis of these studics mey oid moterirlly in under-
stonding the distribution of sardiaes in nature.

In cddition, studics on the commorcicl crich hewve been conducted ovor a
long period of yonrs, ond orc continuing, Althougn this phasc of sardine roe
soarch will not be derlt with ia tlhe prescnt ropert, it should be pointed oub
that the work involwes o number of coopernting rgoncies: the Colifornic Division
of Fish rnd Grme, the U, 5. Fish ond Wildlife Service, ns well ns the Morinoe
Fighory doportments of Oregen, Vosningion, and British Columbin, smnd is o very
importent port of snrdine rescorch.

If we wore to go exhrustively into 211 phascs of the cocperative sardine
reseorda progrom, this report would be o very leng, cad perheps dull o~ffcir,



™ ocenn is o complex cuvironment and its study involves meny problems. Each
of the divisions at the Scripps Institution ongesged in this resenrch rs o group
of problems peculinr to its own ficld., Tho somo ppplics to the worlk of the other
cooperating cgoncics. If such dotriled nccounts ore desired, they should be
propeored ny goporote reports Dy the individunl agoncios ongnged in serdince ro-
soarcia.

If the objectives of the ccoperative sardine research program were to be
condensed into o single gentence, we consider the following to be a falr staote~-
ment of the problem: The cooperutlvo sa.rdn e researcl; progrmn is stuinn_g the
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al, chomical, and biological - affects the survivel of the sardines whon zoung
and their distribution (sveilobility) when they are of commorcial size. The
regearch then has two primery focots: succoss of roeruitment and availability.
The acccunt thot follows will desl primorily with thesc two subjcets. However,
the problem of productivity will loom so large in the discussion thet with egual
Justico this could be peinted to o8 the primary problem of our investigntion.

Thig report is iutonded as a populcr account, Beeouse of this, we are in-
eluding background informetion that would be omitted from o sclontific frcatmont
cf thc some subjoet. Ofton the picture has boen simplified, but we trust not
overly so. Also wo hrve not lobelled ¢11 controversial subject motter as suchs

SUCCESS OF RECRUITMENT

Much of the rescarch being conducted by the Scripps Institution of Ococanoge
rapay ond the Fish and Wildlife Scrvice in the cooporative sardine rescarch pro-
grem is diroccted toward deotermining the cousecs underlying the success or follure
. of yoeor broods of sardincs.

To obtnin data on this vroblem, the cooperating ageaciecs arc investigoating
month by month o very cxtonsive arca off ocur ccost, cxtending from Abroojos
Point, lowor Californis, in the south be the Cclumbis Riveor in the norih and
offshore for 400 miles. Thrcc vessols nrc taking port in the survey, the "Crost!
and PHorizon" of tho Soripps Institution of Occonogrophy nnd the "Black Douglos'
of the Fish and Wildlife Sorvice. The Cplifornia Divigion of Fish nnd Gome also
furnished o vessol for throc eruises during 1949. Within this orea approximately
120 to 130 stotlons are occupied on coch cruisc (woothor pormitting). At ocach
stotion tempercture and salinity dots are obtoined ot 15 different lovels, do-
terminations of dissolved oxygen ond phosphotc phosphorus arc made from samples
colleeted nt the sseme lovels, scmples of woater ~re obtained ot & depths botween
75 meters and the surfroec for obicining ostimates of diciom abundancc, and
quantitetive somples of planltton £2r reoeruitment snd gocpleonlion studics aro ob-
tained by houling o finc-meshed net from epproxinmctely 70 mcters dépth to the
suriaco.

It should be noted thot ~lthough these dotsn ~re pertinent to the probleom
statod sbove, thoy heve, nlmest without oxecoption, o mueh wider applicebility as
well. Informetion i obtoined on the spowning of many specics of fish besides
the se .rdino. The distribution and cbundsnce of mony specics of fish con be moro

G"‘dll}’ rsscssed by this method of study than by ony othoer. The ocoanegraphic
date is of usc in o number of ficlds. In foet, mmeh of the interest ond value in
our obsorvations roesult from this wider coplicobility of our dnto.




It is a well known fact that the survival from one year's spawaing moy be
many times as great or poor as from ancther, even though the amount of spawvming
is compershle during the two years. The relative success or failure of year
classes of sardines seems then to depend less upon the number of eggs spawned
than woon the rigors of the environment to which the eggs and young are subse-
guently subjected. It is probable that the most critical period in the 1life of
eny yeor cless of sardines is during its first few weeks or months of life.

Whiat arc the envircmmental “rigors® to which the young sardines aré expesed?
Let us consider the basic oncs.

Food: The serdine larva on hatching is very smoll, indeed, scarcely more than
1/10 of an inch long, very thin and thread-like, with scarcely more than a2 3-
day supply of yolk remaining before it hes to fond cntirely for itsclf. Bocouse
of its smell size, its food regquirements must be very cxacting., The food must
be limited to the oggs oend young of invertobrate plankion animols, to very small
sanimels, ond to small meorine plonts (disntoms). If such food is not present in
sufficicnt obundance, o very high mortality must result cmong the serdine larvac.
With increerse in sige the lervoe can ubtilize os food an inercosingly lorgor pro—
portion of the plankiton population.

Predators: The very small scrdine larvae arc subjcet to predsatien by all the
larger plonkton onimels - copopeds, amphipods, arrow-worms, jolly-fish, cteno—
phores, seolps, o8 well as by all filter-feeding fish, including the older sardines.
Mony of the plonkton animols thot scrve os food for the odult sordine proy vor-
nciously upon the serdine lorvoc. Ab no perioed in its 1ife history does the sar-
dine have so large a group of potential enomios o during the first fow wecks of
life,.

Currentst Sordinc egss and young larvac arc freoe-flonting passive agents, com—
pletely ot the merey of tho currents that carry thom along. ¥ot until thoy deo—
velop their fins ond beeome of some sizc arc they oble to swim sbout freely and
resist such traasport. The cggs and lorvoe may boe corried by currents to orens
quite unfovoreble for their survival,.

The hazords of this onrly pericd in the 1ife of a sardinc arc so very groot
that there enn be 1ittle doubt thet the success of o year closs for good or ill
is lorgely detoermined during this period.

When the food supply avelloble to tho sardine larvee is plentiful, there are
good rocsons for belicving thot survival will be geod., Thus the problem of food
supply, or s it is cxprosscd tochnicelly, productivity, beocomes ono of our major
problems.” Vhet arc the conditions that favor o pleatiful feod supply?

For the sardinc larvoc to hoave a plontiful food supply, tho aninels they
feed upon mst heve adequasce plent food. The plants in furn must have adequote
nutricnt moterinls: morine pleats noed fortilizers for good growth just as do
land plrats, Thesc nutrionts arc supplicd to o groabt cxtont by vertical curronts
in the sor. Lot us consider thals problem of preductivity in sene detail.

I the oceon, o8 on the lend, the primnry producers of foodstuffs arc plonts.
In the oceon thesc orc principrlly ninute, free-floating orgrnisms kmown ns di-
ators. They nomufacture feodstuffs, as do any plants, through the process of
vhotosynthesis, Sunlight is nececcssary for this process, hence the diatoms are
confined to o surface loyor scldom deecper than 300 foet. Chomienl reow motcerinls
~rc nceded in the nenufoeturce of feodstuffs, prrticulerly such substrucces as
carbon dinzide, compounds of nitrogen (enmnonin, nitrites, and ritrrtes), phosphotes,
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gilientes, sulfur, as well ~s troces of ccortain metnls such ~s copper, iron ~nd
nanganese. The animal populations of the ocean are completely dependent upon

the nerine piants for their foodstuffs. Of course, not all animals foed directly
on the diatoms. Bui whatever the source of food of a marine animal, whether it
be figh or squid or crustacesn or the nunerous, snall free~flozating aninels kmown
collectively as zooplankton — turough sonmc chain of ovents it moy be troced back
to the primary producers of orgenic material, the marine plents. The sordine is
o plenkcbon foeder during 2ll stages of its life history. Morire plents enter inbe
its dict dircctly, but of groater importence as food for the sardinc arc snall
plonkton aninmels ~ particularly such groups &8 copeprds and cuphausiids.

Samo of the raw materials nceded by narine ploants for the namufocture of
orgrnic nottor arc presont in the surface loyers in very snell concentrotion only.
This is porticularly truc of such cssentizl mutricent natorinls as nitrntes,
phosphates and iron. If the supply of these Sfortilizers? was not being cone
stently replenished in the cuphetic zonec (the zonc of plant growth), deplotion
would scon rosult and no further growth of dintoms would be possidlo. The ro-
plenishment comos cbout, in port, as o product of the netebolisn of plents and
onineles waile liviag, or by being rolecscd through the action of beetorinl do-
ecoy ofter their death. ZHowever, mueca of the lattor process tokes pleoce below tho
cuphotic zonc, and inasmuch s theo mutrients cro not ordinn rily utilized in the
deeper wter, they tond to accwmlote there. Howeo tho roturn of nutricnt sub-
stances to the cuphotic zone rmusi come about by some process of vortical circu-
lation of the wator and/or by upverd diffusion.

Yo noy spook of the return of thesc esscuntiol plont foods to the surface
leyer as "enrichnent™. The nost importont method by which this is eoffccted off
our const is through n procoss of vertical wetber movemont lmown as tupwolling®.
One of our najor problens is the deternination of the whcreabouts, extent and
$ine of cceurrcnce of such "upwelling" of deeper water, snd its dispersion fo
adjocont wotor nnsses by horizontol curronts and nixing procosses. The detormi-
netien of the rote of upwelling is not o simplo toek., Ve comnot go to sca and
actually ncasurce the rnte at waich nutricnts src being raised to the surface,
for the verticsl currents nrc 87 very siow thot thoir dircct nensurcnont is irm—
possible, being only of the nognitude of somothing 1lilte 100 feob vertical agscent
per nonth. ZHence we ruet usc indircct necoms to estinnte the gurrcnts. Theroe
arc scvernl approoches to the problen. Onc aporoach is %o study, through ine
dircet technigues developed by physical ocenncgrophers, the procosscs involved
in tho vertical circulntion of tho cceon in order $o neasurc the rate, oxtent,
snd armunt of the wpwelling. Another methoed is to exomine the offects of the
vertien]l curronts on iho temperaturc, salinldy, oxygen content snd phospihnte
contont of the woter, sad fron these cstinate its extent. Ancther and guite
differont netied is te gob ot the ctusal foctors behind the upwelling and ass0-
cinted processes. These approcches ore not mutually oxelusive, rother they
should bo c-nsidered compleomontary, sinec an cvaluntion of cousal factors ro—
quires » kacwledge of the nmeehmnisns of woter novenents and of the offcets ro-—
sulting fron the upwelling.

It hos boen shown by H. U. Sverdrup, Director Imeritus of Seripps Institu~—
tion of Occomogrophy, ond others thot the wind is the privcipol driving forco
wiich naintnins tho nnjor cireulaticn in the ccean cnd nlso produces vpwolling.

It is only the hichor wind velocitics, thoso above 13 knets, which arc inportant
in tho gencraticn of currents, cad, of coursc, their cffeet will depend upon thoir
directirn, duration, and force, wiich will very with the seoson off the west coast
of Ferth Ancrico.




The winds off the coast of Czlifornia are characterized by a rather dis-
tinct annual cycle, and progression from one season to another follows a similar
pattern each year. Hovever, the winds are influenced by long period trexds which
causes o certain smount of year to year variation in the cycle. It may be well
to examine ths aversge snnual characteristics of winds and currents off tae coast
of California in indicating how the process of upwelling occurs or is suppressed.

The winter period is cheracterized by storms, with perieds of calm or vari~
able winds occurring between storms. Just prior to a passage of a storm, south
winds occur which in an indirect way faver the development of a north-flowing
current along the California coast. As o storm moves oato tiie coast, however,

a strong wind blows from the northwest and north favoring the development of a
south~flowing current. A calm or variable wind such as occurs betwecn storms
develops no current at all. In geaeral, the north-flowing countor-current is
stronger during tho months of bovember through February than ot any other time
of the year ond is located betwoon the coast and 40 to 100 miles offshore. The
south~flowing California current, located outside the counteor-current is usually

ratacr weoak duriung this scasor of tho yoar,

The spring period is cheracterized by provailing northerly and northwesterly
winds ncarly parallel in dircction to the coast of contral California. The nor-—
therly winds, whcn blowing parallcl to the coast at velocitics cxcoeding 13 oty
for a period of scveral deys or lomnger, sct up a currcnt pattern walch brings
about upwelling, The scquence of cvents is about os follows. The first offcct
of the drag of tho wind on the sea surfacc is to sct up motion in the surface
layers in the direction of the wind., This purc wind drift current soon veers
to the right duc to accoleration associcted with tho narthls rotation, so that

ho resultont water trensport in the surface layers ans a component offshorcs

As a result, the light surfrec water adjacent to the coast will be trrmsporbod
awey from the const and will couse the surfoee to slope up to thc west. Evon~
tunlly, however, n steady stobe is renched in which the deploted water must be
roploced ncer the ceast by heavier subsurface water, thus Mupwelling® olong with
1t the mutricents.

f wo stopped ot this point in the description of the effcects of the nor—
therly winds it would not be cloar how this semo chodn of eveats also brings
about an intonsificrtion of the Cnliforrin currcnt. The upwelliang loeods to
chongos in the distribution of nmess, with tiic donsor upwelled weter accurmlos
ting ~long the coast ond the light surfrece water boing treasported awry fronm
tho const. This alitered distribution of donsity is roflected in the surfoce
topogrophy, in that the oceen surfrcc now slopes dowmwoard townrd the shore and
duc to this slope, force of grevity will toend te cimsc the surfcce woter off—-
shore te flow downirill towsrd the coast. As soen os such flow begins, howevor,
the ncecloration duc to tiic offcet of the carth's rotation turns the woter to-
word the right, and wheon oguilibrium is roachoed thc woter flows toward the south.
This process of the cltered distribution of donsity givisg rise to o curreont
which flows ir the dircction of the wind is thus o sccondery coffcct of the wiand
in producing ocenn curronts. It is this indirect cffoct thet is showm in charts
of dyacmic heights, such os the charts issuwed in the Scripps Institution physi-~
cel nud chemicel dnto reports. As shown by thesc cherts, the finel result of
northerly ond northwesterly wind is to cousc the Celifernin current to becomo
intengificd rond cxtend noorly to the cocst. The cowntor~current, on the otlor
hend, is wook or obliternted in tho surfoee loyor of tihe ocorn slthough it moy
st1ll be present ot o Gepth. Upwelling continucs ns long os the winds arc favor—
nble. Eariched woter is tronsported sand diffuscd botl: along shorce ond offshoro



-7 -

from thc orea of upwelling, thus dispersing tho nutrionts over o considorable
TXC0

Upwelling Gocs not occur simuliocncously along the length of our coost,

bus beging in the south and grodually moves northward. It scoms te bo definitely
assccintod with the nortiward migrotion of an oxtonsive reglon of ntmospheric
high pressurc. This somi~permonent high prossuro arce moves from the vieinity

of fedros Islend in perhaps February and liarch to Cape Mendociro in September,
and has associzted with it northerly winds in the region near the coazst. Off

Pt, Conception, for exemple, upwelling occurs during the spring and early summer
months, but ceamses or becomes less apparent during the late summer. Off Cape
Mendocino, on the other hand, upwelling is most intense during the late summer
months.

In fall, as the semi~permenent high pressure cell weakens and moves rapidly
southward, thc roglon is subjected to the passage of storms at increasiagly fre-
guent intervals and the wind distribution is changed so that southerly winds are
more prodominant. This results in a weakening of the California current and
the recstabliishment of tho counter~currcnt aleng the coast. The snmusl cycle is
then completed.

Deeper water that is brought into the zone of plant growth by upwelling
has different choractoristics than surfece water. In our routine anclysis of
physical and chemical charscteristics of the water we concern oursclves Pris~
marily with four meosurcmentsd tempercture, salinity, dissolved oxygen conten®
and phosphete contont. We heve indicatod that the zone of pleat growth (the
cuphotic zone) is sbout 100 mcters deop ordinerily. It so heppens that this is
also the mexirmum depth to which the water is homogeonized by the action of waves,
currents, ond instobility associcted with ovaporation, In this mixed loyer the
temporoture is neorly uniform, but below it the temperaturc drops shoarply os
the depth inerecnses. The oxygen content also decrcoses sharply with dopth below
the mixed zonce Within the upper 100 mcters depth the water is usunlly noarly
saturrted with oxygen, but ot 800 meters dopth the saturation mey be o8 low as
5%, On thc othor hend, both salt conbent and phosphate content inmcrerse with
depth bolow the mixed leyer. Hence waber upwelled from some depth will be colder,
moro snline, of higher phosphetce contont ond of lower oxygen content thon ordinary
surface wntor,. '

It should bo possible, by obscrving the cxtont of the reduction in toempera~
ture or increonse in solinity of surfrce waters in rogions of upwelling, be osti-
moto the oxtont of the upwelling. However, this cstimetion requires o kuowledge
of rvernge conditions, othorwise thore is no stendord by which to gouwge tiic ro-
duction in tomperature or incrossc in selinity., Henco fhis is o fairly long term
projoct.

Our princry interest in upwolling is in the onrichment of the surfoce waters
rosulting therefrom. Tho cbundence of merine planis (dintoms) mndoubtedly deponds
to o lerge oxtont on thoe quantity of inorganic nutrients ovallable for their
grovth ond multiplicotion., Henee the size of the "erop! of marine plonts pro-—
dueed during o given yeor moy be direetly relosed to tie inteasity of upwelling
fluring that yoor.

Morine plents cre the first link irn the orgenic food cheoin. Thoy ore directly
uscd 08 food by many marine anincls. These onimels thot grazo upon nerino plonts
arc spoken of ns herbivercs. An incrense in abundence of plants would aet be



immedintely reflected in an inecreased number of horbivores. Thero must be o
time loge Undoubtedly o portion of thc morince plonts discppecr into the dopths
and arc net availeblo as food. Host norine plents are denscor thon sco wotor
and toad to sink downwards to depths wherc growth lsg inmpossible. Two processces
cet to provent the whole populntion from disgppecring in this wey. The first

is population incrensc: the pleoants within the cuplhotic zone are growing and
dividing so that new plants are alweys being added. The other processi verti-~
cal stirring of the mixed loyer by wind and waves., The nroportion of plants
that are "lost" from the euphetic zone may be a variable one, with the resuld
that the relation between enrichment and the size of the herbivorc population
may not be as clear cut as in the casc of the pleat population. Carry the or-
ganic chain onc step further along -~ to the carnivores thet fecd upon the herbi-
vores (the sardine is in this zgroup since its prinecipal food consists of plankton
animals rather than plants) and the relation may be morce obscurcd.

It may be asked of us ~ "But why arc you concerncd with all this? Vhat
relation cen the sinking of diatoms pousibly have to the sardine?!

Our conecern ariscs from the fact thot we do not want te do any unnoccessary
work, We wont teo find short cuts. How, if the food chain were sufficiontly
dircet - if o given amount of cnrichment would alweys result in & diatom popu~
lation of prodictable size -~ ond thosc wero always cqually available as food for
animels ~ so thot wo could prodict from the distom population the sizc of the
herbivore population - then it would be possible to bypoass thesc intormediate
stons in the cycle and prediet direcctly from the amount of cirichment what thae
cf foct would be on the survival of sardine lorveec. This we would like very much
to be ablo to de. In foct, wo would profer to teke it one steop further back
still, ond prodict from the strongth and duration of winds faworcble for upwol-
ling what the effect would be on the success of sardine recruitment. In that
way we could lot the metcorologists collect our date for us. Bub if this rolo-
tion bocomes obscurod nlong tho food chain - if a voriasble fraction of the diatom
population is avallsble ns food, for oxample - we moy not be oble to byposs the
intermediste steps in tho chain, but will howve to study it liak by lirk., Much
morc infermcbion is reguired befors the propor short-cuts con bo scleectod.

Howovor, Vnlford (1946) hos obtained rosults that cncourcge us in the
belicf thet much of this work con oventually be bypesscd. He obteined o dofi-
nitc corrolotion bobween tho stroength of yeoor closscs {as dotormined from their
contribution to the commoreinl catch) and the intonsity of upwelling during the
scason of their origin. Ho uscd the only dote thon aveilrble - solinity obscr-
vabtions of the surfoec wobers os mecsured ot Scripps picr - for asscssing the
irtonsity of upwelling. I% is now cleor that onc foctor, such ns sclinity of
the wrbtor, should not bo used alonc o8 on index of upwelling, sinece higher sclf
content may rosult from cruscs other thon upwelling of deeper votors. However,
if uscd in conjunction with othwer characteristics of upwolloed woter (tcuperature,
oxygen content, phosphate conbeont) it should bo o satisfoctory index. Much
bettor dobr on upvelling will be avellrble from the curront surveys.

We hrwve gonc into this problem of productivity ia considcrcble deteil, bow
~use it scoms to us to be the contor of our whole investigntion., DSven so, we
hrve borely scrotcehod the surfoce of mony phoscs of it.

e extent of the sardine sprwning ores mey be of congiderable importonce
in tho problom of food supply for the sardine lorvec. Then spewsing is wide-
spread, the lorvec would be put into contoct 'with o lorger food supply - therc
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would he less competition bdbotween the lrrvee for food, wit: the result thnt
chaitees for survival would bec onhanced. Whon the spowvming cree is restricted,
competition beotweon individunls would be groeoter with the rosult thot survivel
night bo mch poorer. Hence, we arc intercsted in thosc conditions thot eousc
vorictions in the oxtent of spawning. There is considerable evidence that the
extent of the spawning arca may be directly dependent upon physical features
such as temperature. All spawning during the 1949 season occurred in water be~-
tween 13.30°C and 16.20°C (temperaturcat 15 meters depth). The northward pro-
gression of spawning during the season was definitely associated with the north-
ward progression of favorsble spawning tomperaturcs, while the gradual climina—
tion of spawning from the southern part of the survey area coincided with the
rise in temperature sbove the favorable range.

One other problom concorning the food supply may be mentioned bricfly. We
arc obbtaining guantitative data on the larvec of o number of specics of fish
that undoubtedly compcte with tho young sardinc for food -~ such fish as anchovies,
saurics, jack wmackeorel, to meontion only o fow of the morc important. This com
petition may have a considerable cffoct on the success or failurc of ycar classos
of sardincs.

Although fluctuations in food supply sccms to wus to be the most important
factor behind the succoss or failuro of year broods of sardincs, we cannot over-
look tho possibility that other causcs of mortolity mey be of consideroble or
oven prime importance. Ispecially we camnot overlook the cffccts of prodation.
It has alrcady been pointed out that the young sardine larvec have a formidable
arroy of prodators — includipg many ubiquitous and excecedirngly abundant members
of the plankion comrmumnity. The abundonce of theege organisms can be determined
from the plankton collcections. Honeco, o study cen bo modo to deternmine what ro—
lationship if ony coxists betvcen the abundance of such predators as arrow-worns
and the survival rote of the young sardincs. Another form of predation may be
morc difficult to investigate — the predation of discasc-producing orgonisms.
The possible role of discescs in offceting the prosont docline in sardince abun—
dance hos not beon given duc considerotion. For onc thiag, the deeline in sbun-
denece of the folifornic sardine is not wnique ~ there scoms to be a world wide
deeline iz sordine obundrncce. The declire in the Jopenese fishery for sordines
hog boon ovon more procipitous thon our own., The Atleatic pilcherd 1s also suf-
fering o similar docline - Poriugol, for cxample, is very concerncd ovor the
decline in her sordaine fishery. Could the simltancous deecline in abundence in
those scovernl fisherics bo just o motter of chenco coincidenec? Or is there some
foactor — such ns on cpidemic anong sardincs - common to o1l three? For coxomplo,
thore hos been an opidemic rmong the Atlontic const herring pomulntion during
tho post fow yorrs thot hos scriously cripnled the fishery. Tac sardine is a
closc relotive of the hoerring, EHence 1t is likely thot it could be similorly
affeeted by discosc—producing orgrnisms. This possibility nceds to be given
scrious censideration.

Onc mneasurce of the success of reerultment con be obtained from cstinates of
survivnl during thc larval period. Another mensurc of the success of yoar broods
con be obboined fronm surveys of Juvenilo sordincs node on the nursery grounds.

Tho Crlifornin Division of Figh rad Gone plons on surveying the abuntConeeo of
Juvenile srrdines, four to six months old, on the aurscry grounds. If the groot-
cet mortality docs occur during the first fow wecks or nonths of life, the abun~
donec of Jjuvenileo fish on the nursery ground.s noy roflect the reloative streongth

of ycor classcs. Tho problon of surveying juverile scrdires is o difficult once
The nurscry grounds orc oxtonsive, and, ns yot, inperfectly known. Also technigues
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for loecoting ond sonpling juvenile fish quentitetively hrve to be perfected.
Eowever, 1f tho Gifficultics can boe surmounted, tue surveys of juvenilc sardines
siionld be of greot velue in asscesing the strongth of yoor classos in adwence
of tlhicir catry into the commercial fislory.

The Problen of Aveilobility

Wy are adult sardincs more ovnilable to the fishery during sone years thom
others? Whot ore the cuvironmontol conditicns thet affect the digtribution of
tho odult serdines? This problen of considersble inpertonee to the sardine
fishory is being invostigoted by the Colifornia Division of Figh and Gone., In
working on this problen they arc using their now research vesscl the HV "Yollow-
fin® on voarly o full timc basis.

The objoet of the rescarch is to correlate physicc)l ond biological occoncg—
raphic condiitions with sardine distribubion to deternine the effects of these
contitions upcn the availability of sardines within tho fisaing arca. In doing
this it will be possible to utilizc as bosic data the occanographic obscrvations
being collected by the Sceripps Institution and the Figh and Wildlife Scrvice,

o nunmber of aspeets of which howe boeon discussed in the proceding pnges. To
corrclate their findings with thosec data the Californie Division of Fish and
oo is taking o linited cmount of cconnmogrophic dato at the spots whore sardinc
schools are found ~ temperaturc ovservations (using a bathythermograph), somples
of splinity at several depths, scoples to deicrmine diston cbundence, ond sam-
vles of plankkon.

In carrying out this program it is necessary to develop ways o locate
schools of fish rapidly and to determine the lkinds and sizes of figh in the
schools, The "Yellowfin® is equipped with sonar and o recording fathometer,
and it has clready been demonstrated that those arc efficient tools for finding
fish schools. The schools on the surface cen be satisfactorily sampled with
small concussion grenades, but those at depths of over 20 feeot are more difficult
to sample and methods for doing so are still being perfected. Txperimental work
with gill nets and a mid-dopth trawl is being carried out in an attempt to solve
this problem. The investigation will not be confined to the fishing grounds,
but study will be madc of the distribution of sardinos in othor arcas as well,

The sampling of the schools gives valuable information on scveral points,
The scx, size and age distribution of the sardines in tho school arc determinecd
by thc seme methods used in sampling the commercial catch. Stomach samples are
obtained to study the kinds of food caten by sardincs and by comparison with
plankton scmples mode at the localities of capturc to deternine whetiher the sar—
dine sclects cortain types of food and ignores others., It hos beeon showm that
herring in the dorth Sca avoid hoavy concentrations of plant feod, but are likcly
to oceur where animnl food, partiewlarly copepods, is cbundant. Onc of tho prob—
lems of the prescat study is to find out whether thore is o similor relation be-
twoen the distribution of sardines eand the type of food in the arca.

In addition, information is being obtoined on the reletionship of the sar—
dine %o other specics - for meny of thc schiools sampled to datc have contained
o mixfure of scveral spocios in oddition to the sardince - porticularly Pacific
mackerel, jock mockercel and oncliovies,

Another ospoct of the work involves a study of sardine belicvior and school-
ing hobits, This problem is being investignted oxperimentolly undor laboratory
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conditions by the Colifornin Acadeomy of Sciences. At sce, by means of gonor ond
fothomeber, it should be possible to follow the movements of fish sehools cad
study their behnvior in schooling undor natural conditions. In this corncetion
there arce noay problens on which we nocd informotion. Practicnlly nothing is
kmown of the schooling hobits of sordines during the spowming scason. Beeouso
they ore more widely dispersed during this period, it hos boon assumod thatb they
break up into guite small schoolg. This moy or moay not be so. The relation of
schooling behrvior to environnental conditions, cspecinlly temporsturc, nccds
investigation. Studics on sardine behnvior being conducted ot the Colifornis
Acedeny of Sciences have shown that tempersturc oppears to be importont in the
sciicoling beheovior of sardinos.

The two mejor problems being investigoted under the oxprnded sardine ro—
scarc. progrom, recruitment and availcbility, hiove this in common! in both wo
ore studying the sardine Yat home'. In the preceding poges we hovo attompted
te present some of the features, biolegicol and paysical, that influcnce the
living conditions of the sordine. To dote, little more thon o gocd beginning
has been made on the study of these onvironmental conditions. Yot it is rather
certadin that before wo con liope to predict fluctuotions in chundence of the sar—
dine fishery we must first investigobe tho onvironmont thoroughly ornouzh to
understand the cffcets of phiysicnl ond bioclogical processes on the sardine popu-
lotion.



