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nnRODUGTION 

The fisher:r for Sardinops caerulea, known as 11sardine11 in California 
and "pilchard" in the ?~ific Northwest, became important dur,ing the war 
of 1914-1918 and has since grown to be the largest in North AmLrica. It 
started in California and reached its gr1;atcst development here. AS early 
as 1919, research on the fishery was Wlder vray by the California State 
Fisheries Laboratory, an agency of the California Division of Fish and 
Game . IJore r ecently, as tht:i fishing spread into northern vraters, OrL:gon, 
-."[ashington, and British ~olumbia have engaged in research and, since 1937, 
th~ U. S. Bureau of Fisheries, later becoming a part of the U. S. Fish 
and· Wildlife Service, has cl.lso participated. ilith f ive agencies working 
together, this has become a cooperative research program, in the best 
sense. In the spring of 1936 and ruu1ually since then, the biologi s ts 
have met to di s cuss the problems of t~is fishery and to coordinat e their 
efforts to solve them. 

Out of1 the r · care~ activiti~s and from these meetings ther e came 
evidLnce of t ho compl xity of thu problLm of research on the sardine and 
of th\.! need for clarifying r elations bctwc.:;en various phases of the r e­
s~arch . Thes e have b~ en discussed puriodically and at l engt h within the 
staff of the South Pacific Inv~stigations of the U. S. Fis h and ifildlife 
ScrYi.cc . At on1:; of these staff meetings was drafted a s tatumcnt of ob­
j~ctives and of th~ infonnation r equired to attain them. As t he time for 
the 1942 confcr .... nca approached, Dr. .!:tichard Van Cluv0, Chiuf of tht.. Bureau 
of Marine Fish~ries of thL California Division of Fish and Game, suggested 
the desirability of a fonnulat .... d outline as a guide for dis cussion. In 
collaboration with V ;rnon Jrock of the Or~gon Fish Gorru.dssion, such an 
outl~G was drmn1, follmring a procedural diagrara which I constructed at 
the same time, and ombodying r .... sul ts from our Service staff meetines and 
tho sugr;i.-stions of Dr. Van Cl1.. ve and 1Jr . Brock. 'ihe diaeram mentionC:ld 
( o"Joosite ) t hus r .Jprcsunts the ideas of a number. of persons . It 
was dis tributed and discussed at the 1942 meeting of the five agencies 
wi:thout eliciting demands for important revisions. :mile the program 
is thus the product of a number of pe;;rsans., the exposition given her evrith 
is that of the Fish and iiilcilife Service laboratory at Stanford University 
and includ~s argum~nt on what may be considered controversial topics . 
It is appropriat a, then, that tho .r t..sponsibility for the exposition be 
assumed by the aut hor who hastens to acld that the program is subject to 
constant r t..vision. 

This discussion i s mainly an elaboration and justification of the 
diagram, 1vhich by its !lf is s omc:what cryptic, ovring to the compression 
of complicated i deas into short phrases. In the outline the titles of 
procedures or proj~cts i;ith ... r undar nay or rather fully planned arc en­
closed in solid-lin0 r ... ct:mglcs n.nd connuctf.!d with the others by solid 
lines. Those r Lco(;l1ized as desirable or Gssential but not yet intugrated 
into the vrorking program arc indicated by broktJn linus. Hc:ivicr lines 
follow thc. main proct.,;dural path and li~htcr on8s conn'3ct tributary adjust­
m .. mts vrith tho main procedural lines . Th:: titles at th!;! l eft margin, 
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not unclosc;d '!:ly r ;:ctanglcs, refer to materinl to tho right of each.· 
To pres -.!rve the ·close::st possible con."1.ection bet\11.::en text and diagram, 
the exact phras~ology used in the diagr~~ is r~pcat~d·as headings in 
the t ext, oven though, in some mstancos, it ~sults in rather avrkward 
context. 

Objective 

Underlying the investigations of' the U. S. ~'ish an,d ~lildlife Service 
on th~ Pacific sardine or pilchard are certain ideas or theories, the 
discussion of which will clarify that of objectiv~s. In the first· place, 
it is r ecognized that bufore fishing took place th~ sardine population 
had fillud its -ecological niche and that, apart from fluctuations such 
as occur among all organisms, the deaths, on the average, equaled the 
births and the population was in equilibrium, i.e. neither increasing 
nor decreasing in total m1.;11bcrs. Moreov'.:r, the: deaths wider these con­
ditions 1mre all due to 11!1atural11 causes. Predators were, of cou~e, 
r csponsibl..: for :! substantial portion of tho natural mortality'; but the 
bas ic infiuenc~ t endin; to k·:x~p th~ population in chccl~ must have been 
comp1..tition witl-iin the population. This competition may have been o:f 
man:." differ ent forms, all, ho1·r<...vcr, connected with tho density of the 
popul ation itself. It might be failure in reproduction which could arise 
from the ov-.Jrabunciancs of spm-mers, the debilitating effects of which 
mi ght uffe ct the vi ~bilitJr o!' their eggs; or if the:: vinbili ty of eggs 
Y;crr:: unaffcct .... d, ~>impL.: 3prcad int o marginal spa\ming grounds with con­
sequent f ailure o:f er.ms to hatch would keep the populn.tion in check. 
Or thlil competition mi?ht simply increase mortality through division o:f 
a limi tGd f ood sup;>ly among more mouths. Or the pilchard population, 
grown t o maximal size, might so well supply predators \'d th food that 
they would multiply to an extent which would check further increase of 
the pilchards . ¥ihatevcr the mechanism, th~ existence of a depressing 
effect of population -size on population incrcnso is iraplicit ~the idea 
of natural population equilibrium. It also involves negation o:f tho 
idea that a fish~r:r can ultimutely destroy u population •. 

What, th.Jn, happens when an important ar.iount of fishing takes place? 
Tht3rt:: is an added ca.us £: for deaths. Thc;sC; . d.c.aths ar;:! largely among adults, 
and to ·the oxt.mt that catch mortality goes beyond replacing natural mor.­
tality, that is_, to the extent that fishermen take fish that would not 
be el~ninated by sharks and other prod~tors, the numb~r of adults in the 
population is r educed and thu size composition is chu.ngad in th~ direction 
of fewer large individuals. But the fact that the population grows lesser 
in nwnbers and its individuals smaller in size, is no proo:f that the fisher~ 
is taking mor e than it ought to take, for anqth<3r thing is happening at 
the same time . Thu depressing effect of populati9n-size on population­
increaso is diminishing. If internal competition had been strongest among 
tha commercial"' sizus, catch mortality would largely rcpl.'.lcc natural mor­
tality and the population decrease would be sli~ht. If it had been strong­
est among prG-com.~~rcial siz~s or betrrecn conunerci1l sizes on the one hand 
and pre-comm~rcial sizes on the othor hand, then r eplenishment ?f the com­
mercial population would increase somowhat in proportion ·ta the amount of 
"thinning out." 
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·So f ar tho argum~nt has b~cn spocul~tiv~ . I3ut it is not necessary 
to r~st on this. !her e h~vu been muny cxp~rL~onts in uhich populations 
have buen ruar~d lUl<ler la~oratory conditions. Th~sc. have involved such 
divurse f onns us yuast, diatoms, prot ozoans, insucts, Ll!ld even fis hes. 
In all of them the r at e of increase was rapid while the population was 
small and slowed dov-in as it gr.:iw larger, finally r -.1aching a size beyond 
which ther e was no ·incr ease . · Initially, when tho ·population is small, 
oven though the r eproductivll rate is high, r elatively f uw individuals 
ar e added bccauso ther e are only a f ev• producers. Finally, when the 
population is at its maximw:i and thera are many r eP-roducers, there arc 
al so r e;l ativcly few individuals added, either because the r l::productive 
r at e; has b~corne d~pr~sscd or because mortality has. become so high as 
t o offset th~ a dditions from r eproduction. Usually both a depressed birth 
r at e and incr~ ascd mortality operate together t o keep th~ net incre~se 
in numbers of individuals at a mini.r.lum. In contrast to the sraall increase 
in population-siz~ at both low and high population densities , is tho l arge 
incr ease th:i·t tak~s pl ace when the population i s about midway botucen 
these ext r emes. Then, t hL population is lnrge enough to have many r 1..­
pr oducer s and small enough so that the r eproducti vc r at e has not been 
gr eatly l0\·1er ed and mort.:i.lity hes not yG-t b:--en intensified. In this s t at e , 
the incr ease in number s of individuals par unit of ·time is large . 

The l ess on i s obvious. A population has its ran.xi.mum increase when 
it i s noi t her at r.iaximwn, nor minia11urn, s ize , but vthen middling in size ; 
and that i s th~· l (•vol at i7hich the most individuals can be r egularly . 
r cmov• d and still be fully r(;;pl•Jnish~d by th~ population 1 s inher ent t en­
dency to p,r ow. 

Of course, u i th A. population of fis~ :in the:ir natural ha1Ji t at, 
t hings ar c not !ls simpl~ as in t hi..S1.. cxp~riments . With t he pilchar d 
it i s aL'llost beyond qu..:stion t hat pr udnti on. would be a l ar ge infl uence . 
Fortuna t el y , there hav~ been popul ation ~xpclrim~nts that included the 
cl ;:)mc..nt of pr edati on. In these i t has bt.cn s hO\m th<.tt the pndator popu­
l ation increc.sus n.s :th<;.; prey increas1.,s - vd.th a time l ag, t o be sure . 
Th..;r~fore·, hol ding a prey population ~t a middling s ize v;ould s imilarly· 
limit its pr edat or s , .... sp.:cially with a spucics l i k._ thu pilch:trd which 
i s in a dominant position among pr ey f i s hes . So the fact or of pr~d1tion 
should not gr eatly"altt.;r thl. fact t hat r epl acement will be maximal in 
a mediw!l- s izcd population. Th~ t imt: l ag i n the growth curves of composite 
prcldator-pr ey populations does introduc~ fluctuati ons and may di s turb 
not only t he gencrnl level but al so the pr ecise l evel at which thtJ prey­
population would oth-:irvrisi.:: haw i ts maximal r epl acement. This, however, 
does not .affect t he g~neral concept. 

According t o this idea, the opt imal amollllt of fishing would be that 
which l ower s the population nwnber s t o a l evel at which maxirnur.t increase 
takes pl ace . Such a fisht.ry wi ll r~move only as uany fis h as •till be r e­
pl aced and t he nUMber r emoved wi ll be t he l argest number that can be r egu­
l arly r emoved wit hout further disturbing tho population- s ize . 



Hmmvur, thcr _ 'lrr: t'iing:; to he d,isirt:d in 1. corrua· .rcio.l fishl..!ry 
beyond mcrGly a continuin?, yi old of max:imal number :; of fish . The stock 
must b e sufficiently abundri.nt to be uconor.1ically :fishable and the sizes 
of fish in the catch should b , e conomi call;{ des:i.r.:.i.bl e . 

At the prcsq~t staee .of r Lsaarch on the pi lchard population, we 
do not have an:r notion of the l t.:vcl <lt which mmc:i.mum r~~placement woulc; 
t ake place , n or as to whethf..r the abundanco at that l uv8l would be an 
economic one or wh.:tl-i..,r the siZC:l composition would be commercially de­
sirable • Wt; can, ho~·; ·vcr, be confident that the r opl:iccmun t , thB a bun- . 
danc~, and th~ siz~ composition •1ill b~ afrec~ed by th~ fishing intensity; 
a nd we cun b e sur.:: also t hu.t vc shall want ·tho r epl acement to be equal 
t o the catch so thut no continuous decrement will ensue • 

.. l'hcr e fore, for the: tim1;;; b (:;!ing, the.:: ob j uctive i s "to det.Jrmine {lt . 
va rious .l evels of fishing intensit:r thu quantity .:intl quality (size s of 
fish) in th~ a.v.~ r:-..i,rrn annual catch. II Choice of t he optimlllit int~nsity can 
then be mad.: amens the consr.qul,nccs of th0 various fishing intensities 
accordine to Yrhc.t is e conomically and soci-nl.ly djsir<...blo . 'rhat will 
undoubtedly invol v. oth~r th:m biologica l consider at ions . 

It .should b u not ,d p.::.rticul·~rly tha.t ±t i s not an objf..ctivc to de­
t ermine vhether abund·mce is decreasing . Tho· population can be t::xpected 
to docr<::ase. l ong bl forc: nn:x:imal yield is r auched . It is not along ?..n 

ob.1cc.ti ve t o dct~rrninc rrhe the r the a ve:ra p,.; s:izu of the fish is decrt:?Sing. 
This prob .bl~' )ril l b~~ th1.; finding but is not of i ts•Jlf a sufficient in­
dicator of a dc~ir<..ble or Wldcsir.ibl e situation . No 1:icntion is mo.de of 
prot€ction of s pm·mcr s or of qp'lHning gr ounds, or of size l imj.+.,s , or of 
clos d st;asons , or of w.:is t cful p r actices in uti liza tion, or of other . topics 
that oft r.n • r t. the concern of cons crv:ltioni sts . These itcns m y or may 
not be invol ved ev~ntually. At t~is time , they aro s econdary t o the de­
t e rmination of Hhnt conse quences a ttend diff~rent amounts of fis hing and 
c mnct ba intclliguntly c ons i der ed until thes e ar c knoYm . In f a.ct, the 
method of cons~rvinr, ~ conun~rciul fish~I"J involv~s social, 0c onomic 1 

'.ll'ld politica l c ons ider utions and li~s in th~ field of political acononv. 
Biologis t s n!:.lud only det Gr mine tho cons".;qu~nce~ of certain actions .and 

.:11:.ke thf,m knmm t o th.:i l aw-r.iakcrs and ndminl.str::i. t ors . 

Char.1cit;. .:!ris tics of C.:itch and Stock 

Th~ obj ...:ctiv .... s ar e s tat d in t ,•rms of w11a t viill b<.. caur,ht a t dif­
fer..,nt luv~ls of fishing int •ns ity. With su.ffici ent infor mation, the 
characteristics of the c atch could be defined e~ch season, tlild over a 
long time , empiri cul curv .s could be made tha t v:ould sho1

; ; the r elationship 
of intcnsitY. of f ishing with quantity and quality of catch. Indeed , 
save f or data on fishin1~ intens ity, r eady collection of Yihich W.J.S pre­
cluded by c ert::dn pr actices of the fish~ry, this j ob of biol ogical ac­
c ounting has been· done by the. California Stat e Fisheri~s Labor atory over 
a p~rio<l of 2.3 years ' during which the fishing intensity has varied, Vlidel y . 
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Had it been p ossible.; t o iriclud .. f ish;inr int<Jnsity or i ts c ompl c:ment, 
r eh .ti vi:.! a bundance.!/ , today1 s t ask would be •. :norn.ousl y· f .icili t:i.t ed. 
Even s o, it woul d b e noco;;ssat y to r t.11.t c or transform t11t'.: char actor is ­
tics of cat cfi t o thos l,"; of tht... s t ock, f or rrJ;.:>lt1nis!11";~Lnt deponds on the 
fish tha t ar e l eft in the s a~ . 

Of cours e , if the f ish0ry took a r'lnd0i.1 snru.ple of vrhat is in t he 
3f~a, tho cha.r .:< ctoris tics of catch would b u thG r.ar.10 as thos \.. of stock . 
But if we can be sure of only one thing, it is thn.t th.:) f i sh- ry doos 
not take a r andom s.mpl~ ~ In the P:iciric Northwest (Orogon , \fashington, 
and ·Br i t ish Llol uobia ) the .fis her y over-s.:mpl~~s thl: ol der fis h ; in s outhi.:rn 
C"llif ornia, t ht... y oung. In contral C:ilifornin , j t p..:rhaps ovLr - s aMpl..;s 
thos:~ of int crmcdi lt n ·1r .s . L'1 cer t.:iin ar.:?'-~ botwecm ports , notabl y 
of.f northt~rn C~lifornin nnd south.::r n Or .:;gon, th~r'-3 i.s n:l fishinr, . At 
<-: sirw;l e port, thi.~ size c omposi:ti on chanr,cs si·~ificu.ntly fror:i da:,r t o 
day , week t rJ week, c:..11d rnonth t o month, a.."ld ·thur e is no u.ssur:..:.ncc that 
th•J c.J.tch of t hv ·w.rious s i zes is pr oport i onal to t he ir rel'ltiv~ 2bundance 
in the sea . In f .c t, i t is obviou s t h:.i.t tho va rious c omponents of tht:! 
stock <!.r e r cpr osclJt t;d i n th ... c~tch j.n pr oportion to the lenr t h of t ime 
~ach in s ub j ect t o i'w tiirl n,- in -'l pa:rticu11r nr-:~a :..1.nd not at .:ill in pr o­
portion t o i t s ~b\mdunco in th~ s~a . 

Thus the m:1.jor pr oblo;a of rHs~..irch is how to deduc~ the c har acteris­
t i cs of the stoc:~ frO!'l t!le · i vr.i11.tbl e SHmpl cs in t h:;i catch. Once t hose 
arc kno1'.rn , t ot:.:.l mortillit y c1.1.n be:. cs tir.lat.cd by computr.t.tional pr oe1..sses 
devol opotl by J;.;,ra•;ov, Thor:i.pson and Bsll, Ricker, and oth ·r s . Al s o under 
certain condi tions , i t ·will be poss i.blt; t o separate n~!tural from catch 
mort3:l i t y; ::md bot>i 'bei ng knc11n , t o c onpute the: r i...:cruitr.ient ( the c qui vn­
l Gnt of the uctutj;i:•' s b irth-r at o ,. tukr::n as of the at t;a.inmcmt of eonum;rcial 
size ) . 

An~lvsis . ~ 

In tho diagrar'l, the centra l p.1rt- an'.1l ysi s i s ttiken up with the 
prxt.s s t.s conc:.::rn1.,d wit h f.l.d jus .t mGnts , conv-.::r::iions, <md combinations in­
t cndod to tr:ms£or in d::!.t<i f.r om t h ... c.:.tch irlt o at t ributes of th~ st :ick. 
Thes e. processes l:e ldinp, t o uvn.t:i.l s t :it i s tics " .;~re so· cc.1mpl·::x th:.!t simple 
c.pprni s -:ls of t!i.cir reli t!bility by convent ional st~~ti?.tic.:!l r.J.t:i thods :.!Xe 
una.vO'.iling. Confir 11:1t j._oh nW>t, th r uf or c:, b1.. souGht i n r esults 3.tto.ined 
throu ";l-i indcpond1::nt :.ppron.chc.;; . T>ic only othe r npp1~0:1ch that is currently 
boinr:· frllowed fs tn.ggine. 'i'h c.: praco~rncs invol ~d in this branch of N-

s ~arch :i.r c nott:d iil t he:: l eft-hand Jortion of thl: tli:.igr u.r.i and Will be dis-
cussc..d undt r thci hc::.'din~ of "'l':•t:g:Lnr; rt:.scr~rch . 11 .Sv\.:!n .'.~.i'tor de:t~rminn.tions 
of mortali t;r und r ucr ui tm1mt .huw .: b "'cn ii:de by two m<.:thods und one. found 
t o v,.rify the oth ... r; it is s t i ll m:.c css ,..1.ry t o invost~g~tc r ecruitn .. nt be­
c ausL. c'1.111~1.! s in i t 3.r u cf diffi;r ±ng s ignificance , de pending m v1hather 
thoy b e du~ to th..; ch!!.nges in t h8 s t ock itself or t o IluctuD.ti-:·ns in thG 
envi r onmt::nt . Tho f or eSGt..!'-l.bl e oc;:ms of dn:1l i nr; with this pr oblem ire listed 
in th~ right-hnnd p.::irt of t hr.: di~errnJ,,. :md vill b·.i di s cussed under the 
hen.di'ng, 11Rec.:rui tmr:mt r.8sr;arch. n 

1/At uniform avuil ability and wit.h no conpetition bot ween units of gc::i.r: 
Ral ::.tive abund •• .nce • catch-per-u."lit-oi'-i>f fart; and 
Numbe r of tmits of effort Cl Gn.t ch 

c~tch-pcr-Urtit-of-~ffort 
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VITAL STnTISTICS 

Source Datu 

Total c;:i.tch. - The basic data for this centr al ,r anch of research 
are the. Pxperfonces of the fiahermen themselves . Their 11Total catch11 

is needed indire ctly to derive " Intensity of fishin~ . 11 ·It is used also 
to compute 11Vital ~tatistics ,11 a connection which is not shown in the 
diagram. These statistics a r e colle~ted· by the several Pacific Coast 
St ate s and the Pro.vince of British Col wnb i a as a matter of administrative 
r outi ne . 

Boat oper ation. - RPcords of acti vity, particularly of the time spent 
fis hinf; , \'lOUl:f be invaluable for computing 11C.:itc1.- per- unit- of-effort, II 
as it would perni t l:Jy- pas s inp- tY•o ad.jus t.ments and 1.ould a void an addi­
tional difficulty inhorf~nt in statistic....; of "Catch-per-boat-week . 11 Un­
f ortunately , r 'corc.is of boat operation ura lackinr, except for a very small 
s ample rcsu:it i nG 'rou an obsP~~ver 1 s i ntervieus with fll>heruen . 11hether 
or not these int '!1·vi m -de.ta m.\:r b·~ pres::.:ed into s e rvicn i~ lieu of more 
complete opt:lr ation'.l r 0r.ords r 1...mains to be set...n • 

. Joat-catcloi-rt..co~as . , - For t.l-ic tim'! be inG, the r "cords of indi victual 
daili fand~by.fishing boats, arc the main rGlitl.Ilce in deducing changt..s 
in abund:mce or in 1.VailabiliL.y of the: pilchards from time to time and 
from~place t o Jl~c . Th0sJ r~cords collected by the Stdt8 and Provincial 
Guverruncnts , giv·~ 41:,.· the quantity of s ardinc-s in t..ach dcliv.Jry to the 
proc ... ssing plants . In C<lifor.nia , 1•c1.ch deli v1... ry r c.prt..s1;nts one night or 
a fr.::iction of on..; ni,:ht of i'ishing, in the Pacific NorthWc!St, from a frclc ­
tion of a day t o S t. v•.ir~l days of fishin.cs . In n either r <..gion is there any 
r .' cord of nights or d::iys sp13nt in fruitlt.ss e ffort . 

Longth s gmpl.;s. - 11L~ngth sampli.:s " cover thl! mtJasurements and desig­
nations of s ex of a nample, usually ; o, of individuals , from a dcliv.:.ry 
of s a rdines . In California, prior t o th~ s ua.son of 1941-42~ semi-weekly 
s amples from 5 dcliv•:iri.....s were taken by th\? C<.llifornia utat~ Jlisherics 
Laboratory. ~incu then, daily samples up to t en in number wa r t. taken by 
th Cci.liforni.:i. Sta tt.. Fisheries L-:ibora tory a t San Pedro and Monterey and 
by th'~ .Fish and 1"/ildlifc SGrvicc .:i.t San Franci sco . Su-opl (;lmonting these 
are spi::cial suries of 100-fish samples c ollt:.ctt)d by tht.: Fish u.nd \dldlife 
Survice ~t San Francisco nnd Monterey da ily OV(:r certa in pt.riods during 
thL three s aasons prior to 1941- 42 . I n thL Pacific l\orthvrest, sampling 
h:.i.s bean somewhat l(;SS systematic . In 13ritis h Columb i.>t, tht: Fisheries 
Rcs oarch Boa rd of Canada ha.s taken one 100- fis l-} s..impl '=-' as nearly daily 
as f easible . In l'fashinP-ton, the Fish n.nd 'lildlifc 3orvico in some soJ.sons 
and the \ ashinr:t on Fishc.rios Dcp<lrtme;nt in others have collected one to 
s .... v~r~~l 50- t o 100-fish S'1l:apl1;;,s daily . In Oregon, the OrJgon Fi?h .. Cornmis­
sion has taken one to sJv~ral 50- t o 100- fish samples s om~timcs d.:i.ily 
and som~tim~s int~rmittuntly . 
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Scale s:unpl£~s . - Bogin:1ing in 194l-h2, sea.le samples h.:ive been sys­
tematically colh ct.ed from t en fishes in each l~ngth s..impl3 by all of 
the agencies engaged in samplini:; . During three prior suasons similar 
samples wcr 3 less r 1... gul:irly obU!inc.:d by the Fish ·md \lildlife Sarvice 
and in these and earlior sc~sons s ome scales :.ind otoliths wore gather ed 
by the California State Fisheri~s L::iboratory in California '1nd by the 
Fisheries ReseJ.rch Bo.:i.rd in Cana da . The utility of thes1.: earlier collec­
tions is dubious but i8 now being surveyed by tho Fish and Wildli f e Service. 

Antlysis 

Ca tch-]2Yr-boa t-vr.::iek . - The processes described under this hea ding 
have b~en devis~or h<u1dling th~ California statistics for the seasons , 
1932-33-1940-41. Modifications will bo necoss~ry for use with data for 
the Pacific Northwest a nd for oth~r p eriods in California. The accepted 
manner of computinr; the c~tch-pur-boat el:imina t os two sourcc..s of vuriability 
that are extran ou ;; to fl11c tu-..t ions in abund:.mcu or availability, namely: 
v.:iria tions in nurr J .r .:ind i n th~ t ype or siZ tJ of boats fishing, This is 
accomplishe d by c ompar in•; 3. bo-it 's performance duri ng two s epnrate periods. 
The r esulting p :i.irs of r <Jl <-:.tiv .! er.itches :>.r e cor.1bincd by a.v.:Jraging to r epre­
s c:nt flc. clt pc,·rfor m..u1cu , J.nd combinu d by linking ta form a time series . 
3cc -iuso thu oppor tunity to fish is W.i.ri::iblo , dup~nding on the duration 
of the moonl.Js s portion of t hL. night, th<.= s t l.tisticu sL.ries hJ.Ve been 
di vid<:Jd int o l!w1:T p1:.;r iod!3 am ... e c..ch lu1;.o.r period into f our 1 unar l'Tc~ks . 
Year-to-y.o>ar r atios ur .... t hen compute d b ctYmen pairs of homologous lun:ir 
weeks . Ho;:.:;v~r, t hi s statistic s t ill canto.ins ~,wvcral extraneous sources 
of va riubili ty. Onl~ is t he v, ir;,ring ar.iow1t of idlcm.iss of boats, assumed 
to b~; fishing, but actuall y in port on account of r cp:lirs to Iri;.J.chin~ry 
or gt::ar -md of mis c ellaneous caus ~ s . It has b r;.:m o.ssumed that this is 
r andom in occurrence , and h..lS no trt.nd E. ff'3ct; n.nd lacking any record, 
no a ccount of it is t:.iken in thu computations . Tvm otht.;)r sourc...is of vari­
ub.:i.li ty are tr~ated bulow. 

Adjust f~ L.ffict~ncy.. - Th ~r~ may b~ chnngL.s in efficit.ncy connectt.d 
l7it~ th1: skill of crows and modificu.tions of ge lr . AE Yl~t no means has 
been devised of dL.a linr, with such v ... riations. 

Adjust f or w.:;.ith~r. - By computing r a gr..:ssions of avuruge daily catch 
pE. r b o"lt accordine to uc ithcr concu tions 1. relation bctw~en the t'\·:o is 
derive d and u~. od a s •~n adjustment f actor. The cff : ct of variation of 
1.W.ilable fishinc t:i.m1J £.. :ich nif"ht i s ·::lso incorpord.tcd in tho.! r ... grc ssion 
syst. ms . 

Extcnsi v...: xp rim...:ntal analysis of wind movem•.mt a::; r~cordc:.d by 
anemomct~r a t such me;t ,:orologic.:il st ... tions .:-ts i.t_r L. avuil 1.ble , has l ed to 
the disco.rding of this s ource of w .:.i.th, r dat·t . Ins t .... :J.d , the rrind moV\:m:.mt 
i~ d.:.duc1.:d fror:i bar ometric gr~di nts in a m~mur u~ich ~.,.j_vcs a r 1.:presentu­
tion of conditions ov-.: r an ext~m>ivc s ... :J. c:.r<.. .:i. adj-ic..;nt t o uu.ch fis hing 
port . Dircctjon as well ~1s f or e·- is corr13l;J.t1,..d ;.ith c<:tch, and both enter 
into th'"' '.ldjustm. nt . Oth.:r vl c..mL.nts s uc'l-i .:i.s fot~ and precipitation apocar 
t o hav ... no statistically consist .... nt cff ... cts on th ... catch, probably b "causo 
conditions .:i.t t h13 obrerva tion points diff"'r too much fr011 those on th1.;. 
fishing grounds. 
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The w0athcr '1.d justmunts alrL...idy comput~d have m•Jasur0d the 13ffcct 
on daily catch-pLr-bout us an 8-so~son .:i.v~r.:igu effect and, while r uliable 
over :i long pl..riod, arc n ot accurate for short p~riods of time or for 
sp.Jcific days. 

Adjust f or limits . - Procussing plmits , at tim~s , havo limitud tha 
amount of .fish i•oc ..... ivi.lbl-3 frqm a bont . Under theso..: cond·itions, comoliant 
bo.:its stop fishing wh~n the li.nit is .:ipproximatuly .:i.ttJ.incd and the av~ 
or age ca t ch muat bu l ess than if there .[ud been no limit . 

The ad,ius tmcnt f or th..:: off.Jct of lilaits , howev~r, is basad on the 
.:i.ssumption tha t their principal ef.fect is to shorte;:n th:.. p0riod of fishing 
pzr night. i,nen a limit catch is attuincd by a bout ~arly in the night, 
that bent ' s fis hing effort should b,J fiE;Urt..d :i.s only a fr3.ction of .:i night. 
This may be c omputud 1.S th.J r .1tio of the actual, to thd tot.'.1.l av.:iilablu, 
fishing timu. 

Account is t :....k•n of bo:..t - cnpn.city, dti well as impos c.d, limits . The 
time of att:iining l imits is r · c orded only for thu c a tches of boats uhosc 
skippc:rs a r . ..: int.;r Vi JllVi wlien .:i. S:lmple of fish is taken . This is only 

·<:'. sm:i.ll fraction of th- >hol e numbLr l:>ut .it i~ .:issumcd th.:i.t t he <'.vuragc 
time; .,ppl i uS· t o the r.mt i rt.: fl .::•;.t . Du.L t o th~ SID:lllnCSS Of the sample, 
t ht:: .adjust.11e:nt is compu-r.c.d .:.s .:m ~v .... r ngc for an Jntirc lunar week . It 
i s probably r~liJbl ~ =or l ong, but not fo r short, puriods . Compl1..t c 
op.Jr .J.tional: r~cords for the boots would bu butter if th~s .: ••er G availJ.blc . 

Conv.J.rt ?i ..:ight to aum!:> .. r. - c~tch st.:i.tistics ar~ -always in t erms of 
•-f<=l i ght, out dat a mu:ot!J~ ir1 numb.::r s of fish for computation by th0 methods 
of Vita l stJ.tis tics . As th1... rolati( nship of i'T<:Jight to numb0r fluctuates 
in acc ordanc o 1rith siz~-composition, thL conv .... rsion is made on a da ily 
basis . From a pr~det1.. rminud l .... ngth-W...)ight r cl a tionshd:p, the 1.V<Jrage 1:eight 
of Iis h in t hu day 1s l enp,th-frcqucncy dis~ributions is computed nnd this 
av_r a g....: i.t;ight di 'rid~d into the pounds-caught-per-boat-day, conv..:irting 
t hn.t s t.'.ltisti c into nwnb .... rs-caught-p<Jr-baat-day.. For samples t~kcn in 
1941-42 and, s ubsequrm t s ._.isons, th ... uvc ragu we ight is dut ermint3d by dir<1ct 
\.l.!ighing of t..:ich s~plc . 

If now, Wi.; wer~ t o ·weight each day is fruqu~ncy by each day's nwnbt..rs­
c-:.ught- per-boat-day •md sum th •. frt..qucncius for -all ports and all days 
f :>r ~ :..:.ch s .:mson , the r .. sulting curv ... s might b1,; takon as r1Jpr,..:s1.mtin~ thL 
r . l ativo <.bund<lrlcc of .:ach siz!:l of £ish f or th..:? s ori0s of . sc:isons and the 
t 1sk of conv•.rting ca tch statistics into stock statistics be c onsidured 
compl t: t ..! . 

Indeed, Hodgson (1939) r~g~rded this ve r y procqss, less s ome of the 
i.djustm\Jnts , as '~ivil1p, the r~lativo;;J a.bund..u1C L. of 1,\J.ch year- class in the 
E'.!s t An:;lian hcrrin~ fishLI:l • To. us an analugous ··method for tht:: P '.lcific 
s trdi ne would .be t o .... ssum~ i:..it hc.r th.it: (1), 'i'he n.v.:irage boat ' s fishing 
cap:i.city •ms 8qual i n tht:: flLc..t of c: ·.ich port, or th.:i.t .:m oqua l prop ortion 
of th fish popuJ:o. tion v:~s dr.:l.\m upon by e ich port; and (-2), tho various 
s iz._,s cf fis h w.:ir~ nvail·~blu r...:.ndomly froin u:l.ch port, or that t.hi.: 11..ngth 
of t ime a compl ex of s izes of fis h u ns u v dl..!"'1la nt c.!ch port w,-...s pr opor­
t ion.:i.l t o the popult:!.tion. HOHL. vur, th..::s J <.!S suraptions :ire "d th ~r kn01m or 
suspt;Ct Jd to bu erronL.uus. Various furthc.r d.:.:vici_·s of ueightin~ , s cl '3c ­
tion , :md combination ne'-d be cmploycd . 
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Ad.ius t ~ a g:;r e3:ition h·:lit3 . - If a st:rics of S'1nplcs taken at a 
particular fishing port be CC)mpa r 1::d as to sj.:!;c- composition , it is apparent 
that 'lmong thorn there are s·i.mple s that r. sotnblc each oth~r sufficiently 
t o have c omu from the same population but diffur ~nou~h from certain other 
sampl ~s t o indicate th~t the lnttor must hnva come from different popula­
tions. Since the various S'l!ilplus c omt,; from diff!:rcnt schools it appears 
that certain groups of schools ha ve a uniform patttrn of size- composition 
·;.nd, if so, t hey mus t hJ.v-u been associa.tcd for a significnnt period of time 
during which th1::ir r ..:.tction pattern W<?.s the same YdthipJ but diff~rent E.£­
twccn, thu groups of s chools . 'i'his corresponds to· vii:ws uxprosscd by i'f. F. 
Thompson (1926 p . 163): "Catches of a certain t ypo , or '.runs ' having cer­
t ain charuct l'ristics, pr~vail f or varying ptiriods of tirne t and each of 
thes e periods is a v.iri..:.ble unit its.Jlf. 11 Our viow diffc..rs only in sup-
9osinp t hat ther e ~y b . .: si.Lrultam~ous occurr1.::nct. of difforcnt types of 
"runs, 11 -- n possibi lity doubtless appreciated by Thompson or one that 
certainly would h<lvc hE. m, if the fish"-r-.f of :i given port had spread over 
as large a n c::.r 0a, th~n :is now. It will be conv13ni~nt to r c:f er to what we 
h:i. ve c.:i.lled "gr ouos of schools" and what Thompson has called 11 runs 11 as 
sch99~-groups . 

Obvious l y the population fishe d from u given port is not randomly 
distributed as t o s ize: . Unlt:'SS thE ocriod of t imo aach s chool- group is 
11 a.vailablell t o t h..: fi::; fi,,.ry is .Jit'!'lc r : (1) Random or (2) proportional to 
th..:: :ibundance of 1.. -.c h school-group , our sampling s ys t em, ..:ven though 11strati­
ffod11 c::.s to time ., ·.nd CV\.:n though weip,hted according t o· cutch-per - boat 
in thLJ t ime strut·~ , connot fuit hfully rcpruscn·t thn p opulation of school 
gr oups fishod fron that pert during a fishing se.:ison . 

Tht3 summn.t ion of such w..:i~htt.d samplus would 11c ight the sizt:.s in 
accord:.ncc with thL: frLqucncy or l cn ;:;th of til'le the school- groups domi­
nat~d by those sizes ':ere fishl.d by the fleet. Since thG length of time 
tho school - gr oup is T)rC..sl:nt and av.::.iL"'.ble on a ground is more likely: to 
be aSsoc1.at(jd vrith its rl-J.ction pattern and th<.: fluctuations i.n ocen.no­
gr aphic conditions th<-:.n with the r~lative nwnbBrs of fish ruprcsunted 
h'J e ach school-~roup, SllCh wc. ie,hting •·rould roprcs ..::nt l:irgely availability 
r 3.ther tl'lan .::.bund mcc of fish. 

At thu present til"lc (spring of 1942) means of distinguishing school­
groups are being devel oped. Methods of employing the schoo!l..- group idea in 
adjusting s amples will hav~ t o aw·:iit :malysis of th8 occurrence .:md pcrsis­
t l3nce of school - gr ..,ups. It ma:r l tJ.:id t o n rnt.:thod of we ighting in school­
gr oups or of combining s.:i..111ples in c ertain rruJ.nnc.rs or r.ici..y merely s~rvt) as 
back-ercund inforr.mtion f or a ppr .. dsing the validity of methods based on 
othe:r principles . Since methods are still unccrt~in th~i rectangle lo.b0lod 
11Adjus t for aggrq p.tion h:ibits" has bt:Jen r :'.! l ::it 1;d t o tht.: 1':'.a:i:n line of pro­
cedure by a br oken linu. 

Compute s .~.ison.'.ll Wi:?ights . - Apart from tht.. dcparturo from random 
dis tributiun of school-groups within short periods uf time, tht..ro is an 
e v::in gr8nter dif f e r ence bt?tween thL. fall nnd wintc.:r p opulnti0ns in Cnlifor­
ni:a , e specially in thc3 seo.sons prior t o 1938-39. Th~ fall fish dre pre­
dominantly young adults, 3 t o 5 or 6 years of age ; the wint.:r fish , old 
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<!dul ts 'JV r 5 or 6 yca!'S of ag') . Usually the .fall s uas on h'.!S been l onger 
than the Hint .r s .:ison CJ.nd dir .... ct SUi1!'1ation of s 1Hpl c s "•TOuld h._ 1.Vily we ight 
the young adults . Judcrin~ fro,,1 prclininn.!""J cor.ipututlons , uhicl-i indi cate 
great3r abundance - mor e rn~rked a decnde or mnrc Qgo th~ ~t pr esent - in 
the \rint· r uh.:in t !"l() old ridults a.re doninant., u c ighting in the op!Jositc 
dir~cti...;n v.;~iuld b.2 mor e appro;>rip.t G. Obviously, these phunor.iwna need be 
tak0n into account in ctmllining' th1.:1 samples for the trro pnrts o.f the fish­
ing season. 

Compu tc i'~gil_onal m~ights ; - The. sardine at different n.g..?s t '..inds to 
ir.Jqu ·:nt ctifft...rcnt plr~C:"3"s nl ong tho P.'.lcific coast (F. N. Clark 1940 pp. 
44-h6) . In g0ncro.l , sm.:iller indi vidu :D.s prevail in the s outh cmd l a rger 
onus in tho north, vrith mj,ny exceptions in detail . Hence , t he f i s ht]ry 
a.t uny one port do s not affor d a true cress-section of the cmtirL. popu­
lati~n . To g~t t ha t, snmplus from tho differ ent ports must be conbined 
in pr?pur r~itios . L.>gi c W.ly they should be •1C:ighted in proport i on t o the 
frnction of the tot:'.l ponulat ion a w.ilnblc fr or.1 e.:ich ,port;" As these frac­
tions differ fror. ·nc p1rt of the s0ascn t o anutri1 .r~ · and in any case .:ir.:; 
difficult to det<:.rin- , the conputation of r Lgiornil weights is no s il:iple 
t:isk . 

In ~enoral , th~ basis fo r s uch weighting ni~"'lt r e;1sonably bG the 
stii11atc of rtJ13.tiv1~ 'lbundance providod by th0 c:itch-per-boat-vreek. But 

th0 m(;!thud by which this statis t i c has bcl'1n cor:1put~d us es .:i. di.ff..;r,mt y.:i.rd­
stick 1.t .ch p rt . That stanr:k!.rd must b1J calibr.?.tod by s ol'lc kind nf 
d::.tcrr.iin:1t:i:on )f th1.. r c.l a tivo fishin~ c:lpo.citi•.:s .f the b aats in t hu .fl<.ct 
of co.ch oort . Thi::; pr o j .)ct is undur dc vc;lopment but has not yGt beon 
'ldv.:mcc.::d to t hG P•)int Yrhurc its us ability is assure d . ' 

Anoth~r me.. ·1suru f or determining the 1: .Jighting f or .Jach port ni ght 
bL dLr:i.vLd f r on th.; s tatistical anal ysis of tJ.ggcd- f.:i!sh r ::iturns . I t would 
dop ·nd on cor.iputing the prnport:i.onul wnount th~!t tnfj~cd fish ur.~ diluted 
by rt. l '"'o.s1.: in t he popul:ition of .;ach .fishing r C?gion . c . .::r tai n dif.ficultic:s 
c ::>;-u-1 n t0 n-:.ny to~_;iri[~ computations hc.v·J so .far pr;;v~nt•Jd i t s 11.:;~ ; but 
it ; dcsirabilit;r i s i ndic.:. t ..:id b;{ tho br oken line :running from 11Statis tical 
n.n1lysis 11 of th·: t.J.gging procodurnl line 'to 11Comput -:: r ...::giona:i ne i ghts • 11 

C0mbin.J sa.Jplp_~ . - At prcs·:~nt , alt.:rn:itc i,;<;>.ys ':If cor:ibining samples 
:i.r c under ccns ;j.der:i.tion . Th0 f i rst :md sil.1pl Jst plan assur.i~s th:it the 
v c.ightin~s hav.;;. fully discounted v~ri,~tions in :lV.:lilnbi lity so that J. 

sinpl c sur.un::i.tion of 1·rdi'~htcd s runpl(;s will suffice t o gi v;,.; so:isona l fre ­
qu~ncy distributbns t hut will portr ay r clati v.._ :.tbundance of ca.ch s iz0 
cL1ss and s ho1·1 t h0 r c.lative ubund"lnc~ of all c or.u1crcia l s i zes .fror.i one 
s "'lson t n another . As boJfore stat ed , horn,:vcr, the r ..:: is r e·.is on t o dis trust 
this c::.s sumption :ind• unles s furth0r c :msidcrations dictat e 0th•Jrwise , an 
Clltcrn~tive will b\:! ldopt8d . 

The second · pl 'in docs not r equire assurn1:rt.fons e.s t :) whether the weighted 
sampl~s r opr cs t;;nt r el ati vu availability ,>r abundance . It i s desi gned t c 
pr vidc nn :.ldjustmcnt Clmv0rting availnbili ty to abundance that will not 
r;irnduce erron·cous r csul ts evon if a v.iil:ibili t;r i s not a .fact or t o be dis-· 
c runtcd • In es sence , it is a method of selecti ng at1nng thQ wui ghte d s a;iple s 
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for cll sampUnG '.'l..:i.ys :.t <1ll ports th,: ordin :1.t3s f or ~~r.h s izc- catclgory 
which most n .... 1rly r prl..sent h,1m ·losou;> l~v.;ls of availability. Tho method 
t:ik·~S its f orr.1 fron thu idc.:i. th:it 1..ac'.1 sizt:-C.1.tdg.)ry is pres ent ±n varying 
degrees of .J.vailub:ility to th~ fisher;; frcra time to tim1.: and from pil.3.ce 
t o pl;.:.cc throughout th~ .2x:Lnt of thu fishd:n[; az-ounds . If then, th0 weighted, 
S::!l.1pl.J -d'1y .fr0quuncii...s corr ... r.tl~r portruy thn a-y:.1.ili.:bility of each sizc-
r <.t .... g ... ry, thi.;11, i'or c..ach sizu-c -:t..;r;or~r a :frcqu·Jncy dis tribution of crdinati:i 
~Li·hts will describ~ th~ number of· times this sizb-c~tJgOr-J accurs at 
vr:.rious h . v:..:ls :) f _ TvniL.!.oili ty. 

i'~u probll.l!:l t:!'l ~ n is on<J of sil.ccting frc:m thi::~ e: ordinate - height fru -
qu .... 11ci1..s the ordin Lte clJ.ss~s r dprcs cn·ting hc:nologous ll~Vcls of ava-ila­
bility. Th Jor :.: tic..U.l,•r ,. it would bt; dusir.ible; t~ :!'lav 3. selc:ction th1t 
Y1ould r~prcs .. int w1.xiraw.: (or 100 p~rcc:nt) -~ valLi.':>ility of cc:~ch s ize - cato-
gory. 'i'his w •. mld r .. quiro s~LJction c f th," r.ia.xinum ord.inat~ ai,1ong the 
wholt. collection of "ra±na-Ws for ... giv•.m sizo-c~t ;g.:-rij . But the ordinate 
heights cont~in tl: i."Jporta.nt sourc~s of variability apart fror.l availability: 
~rr\..1rs introduc~d 0:r uci_;htlng f 4ctors :md these, i ntroduced by thu r:mdom 
departures of nur~b rs in '- ..tch size clnss from th1... true nu.'Jber in the popu­
lation frnm which dr:..11?.. Thcr for:: tho-!.imtimum ordinate in many instances 
W.;uld, by ch:Jr1ce., be -:i'.Jcv"' r~.th~r th111 :it tl'b·.: raaxir,1wa 1 1.:l vel of true avJ.il­
abilit:r. 'i':::> ~lV">id ttiis it has b~~n dec1dt.d tent:i.tivcly t o tako the ordinate 
class .J.t the ninth d _cl.l.: positi. .. n . In oth1:1r ·w rds, rm \Tould derive a 
frcqu _ncy cur ve vrhlch r cur'-s mts t~c 90 pl.rc-nt l i1vel r ! apparent .avail-
1.bili t y of t::.ich s i zc . Fur th<=· r G.;..-:.ons just st:it1.?d, this l evel of apparent 
aw..i.il:Lbilit:r m':l.y b·~ Vu!"/ closu to th\3 100 p•.irc..;nt kv1..l of r eal uva.il~bilit;-,r . 

T!1~ f i r s t plan :requires thut :.iw.iilability cf o.'.lch sizcl-category h.'.lv.., 
t11<: s ·u,1e pt:.tt crn fr·)m Y-~r t o .r~-:::.r, th.:; st.cnnd r.cquircs nBrely th..~t at 
"ne t ink. ,,r :incth,.r during th1;; fl <J.:?.StJ r. the l <:vel::;' of av.:iilnbility of the 
sev ... r '.ll size classes ..ippron.ch th .. dr maxi.r.lli. . It .:ippc<.\rZ thcit the l utter 
involv(..;s a mor e c "'nservntiv ... .:i.pproach. It is tc.1 bo .:.ixpoctud tlu.t knowl edge 
of '!gerlc ga tiun h.'.!bits, lee.ding t o thu clussific::tfon af sch~)ol-groups , 

uill provide il1!_:>ortunt m,_.dific1.tions in, or n.pprn.is.n.ls of, th(.1 propos ed 
nt.thod:.. . 

Dct .;rmine l~ngth fr..:qu.;ncies of yGur-cl.is_su§ . - Assui:dng that one 
plan or ancther has pr duced u prcp1..rzy~ciehtCd combination ::-f sampl<.:s · 
t o r <.;prt::s cmt thJ stock in thr: S .3<! , there r ema ins the problcr.l of converting 
.::-ac h s .... .ls0n' s l ,mgtn-fri::qucncy, intc .:..n age- frequet11y, distribntd.:0n . 
Its s olution, f .Jr th;.. y~..irs prior t,, th0 b.ii;inning of routine sea.le: sampl­
ing in 1941, involvas the use of certain sto.tistic<tl c .,mstants deriwd 
fr .::i1:1 sc J.l c r uv..dings . 

~r this is r.1 c1Jlt de t ermination of the p;i.r.::r.M-tors of the l cngth- fre­
qUi:.incics of sin~lo llf;<....-groups 1. r y +: l r cl ..i.ss...:s th;1t will define the shape 
of th, frcquenc3r curv~s in suffici,.mtly gen13ral terms to bi.; ..!pplicablc 
t o year s oth0r than that in which the sc .. 1.l.;s .:ir..:: coil.lccted. So :far the 
only par omut er w~ h-v~ ·1,1orkLd -riitn is th:.l st.mdard d!dvi:ition, as u func­
ti0n of ap,a , .::.ssuuin~ v 1ch u.g"l sruup to h<!.vo; a normal dis tribution of 
l t::ngths . :.hila app~rently r clbhl<: ·l\.?sults ar;; obtainad, there is evidence 
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that sk ... 1moss mny be introduced by s.;lcctiviJ a vnil.:'..bility of the fish 
- r by fishurr.in.n sc1c..ctirm in fo.vor of l '-lrg....;s t mombc.rs f y::>ung ycrrr­
c3.:1ss cs, or, in cert:.in locc:.lit i rJS, c onv .... r sc s cl ccti •n cf favored small 
fis h . It may b i:: n~ccss"lry t o inc!l.ude n. sk .. m ..f~ct --.r t some extent . 
Thor c also ar e: indications of mu!l.. timod.::.lit~r in th::: 1•.mgth-frequencies 
of individual ye :J.r cl~sscs . Whether thi s is sufficiently pronounced 
t ") r equire s t ::i.tistic.ll r..::ccgn'i:tion r<.Jroins ~o b..:; s een • 

.D<.lt..:irmino gro".rth roto . A gro\lth curv13· or curves . is needed to gi vc 
nnother ,Xll'\.!ract ur , th0 mJan er modal siz;; , of tho .fruqu~ncy distribu·tions 
cf y .nr cln.s s us . !iav:l.n~ nge .r eadings made in any ono y0ar it is simplG 
t o ..:stablish a. gro;tth curv(:, bu-t such a curve ·would be a true one for 
:--nly that yc::.r . 1'h ... r t..: is evidonc.; that ar outh differs fror.1 ye :.ir to year, 
fror,~ y<..ar-cl::ss t o y .;.ir-class, and, uoro di Eturbing still, it appears' 
t o differ o:r fishing -irc:.s . For inst·mcc , a giv<::n yw::.r- cluss has a lm·!~r 
mod.:tl L ... ngt h in tho Snn Pedro, than in thu l.iontcr .. y u.r .... ~. We are faced 
by the dilcnrna .of ·using e ither a gen1:.1 r al gr owth curv0 fitting no spHcific 

. si tu:it:i.on, "or n· v i.riuty c)f curve s t o fit situations th~t arc largely Wl­

knoun . It r emains t 'J bJ seen \:hBth;:r ther e i s sw;'fi~i1..,nt regularity in 
geographical :ir annu1.l V<~ri.::.ti0ns t o p •...;rnit !lg'- dott.rrninations of recent 
years t o be nppliud ·to tht... len;~t!l d~tn of f onacr years . 

Con v .... rt l~ngth-crnpcsition t o a.ee:-c91:i,c.s.iti'Jn . - The tr"lnslation 
cf n. L::ngtl-i-frequ t.ric'y curve t 0 .:ill ~g~-frequcmcy curv._ h-~~ proved unux- ­
pcct .3dly difficult. As uo.y hn.vc b1Jcn anticip:i.t cd fr,:1m tM pre vi0us dis­
cussi on of p:ir c: .. uot .. r :; , th8 only r.il:thod s o f.'.lr f ound to be applicable is 
tho.t of dis cow:!ring i.:;hnt c Jr:ibina tiC1n ··if y c :ir-class 11;.;ngth-frequcncios 
will f::i. t n scns un 1 s l ongth- frcqµency . The 'fixing of t~v-o of the parrunetcrs, 
s t nndur d dt;vi:rtion ~nd ouan,, l c<lvus '1n.l~· the: third par:imctur , rel "ltivc · 
~r~:i. , t o bt... v~rico ii1 th : curve fitting . Even so , ~t is a l~bori~us pro­
CQSS by the tri~.~1 .:i.nd orror m;;thod, but ::s yet .v:c know n o other . Further­
mor e , error in either of thu two f:ixud par:irniJters vcrJ s cri··1usly nffucts 
the r osul:ts. In otnar words, th . .: problem should be apprnnched with extreme 
c i.!.ution. 

An ... xpcdic.nt t!'lut gran.tly facilitat..;s the prqccss n"ly bt: ompl0yed 
in certa in si tur...tions '\'there one is justified in the n.ssur.i.ptions i (1) That 
the year-cl.:isscs wer e of uniform initial numerical stre ngth an"°d (2) that 
they cxp ·ri~nccd unif~rru armu~l mortality sincL b~c ,ning of c ornr.iercial 
size . Thcs~ assw.~tinns arc ~pproxi:r.lat~ly justitiud ~n dealing rlith a 
l .:mgth-frcquc ncy distribution of fish paolcd :fr .ra a c cmside rablo nUl!lbcr 
(onou gh t o ua vcr n.go 1utii inequalities in initial yuar-cln.ss strongth) 
of c ontir,uous s ea sons during which the fishing intensity vms ncc.rly enough 
cons tant t o havo produced nearly uniforr:i ~ortulity . This s~vorcly limits 
the ccmbinations .:if frc qur.:ncy-curvL arc.:\s :ind :.l unique fit is sor.n dis­
c0:-vcr ed. Th<~ gm.iciness :)f fit serves as an indication ·of how nearly the 
a s s umpticms vrer o fulfilled, except that lµli,fqrm tI'.onds through the series, 
either up;r1rd or d otmv1rd nnd in either y<..!c.!l'-cln.~fs str .. .mgth 1r intr.insity 
of fishing, VTould n0t btJ r evc1.lcd by poorness of fit . 
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Abundance anO. age composition of stock . - iJh~n t he weighted, combined, 
length-frequency di~tribution has been converted to a~e-frequency we have 
a series of season ' s curves representing the relative abundance of each 
age of fish in the stock. These are useful in deducing the relations be­
tween abundance and spa.\i-ning and between abundance and competition effects. 
This is indicated by- broken lines in the tliagra.rn and ·will be discussed 

· later . At the moment we shall pass on to detennination of mortalities 
and recruitments . 

Compute "Vital statistics . u - :zy- vital statistics we refer to re­
cruitment and mortali€;r, the fisheries · counterpart of the actuary ts 
births and deaths. One might also use t he term npopulation dynamics • 11 

The computations involved ar8 adaptated from methods previously developed 
or employed by Baranov, 1918; Thompson a.~d Bell, 1934; and Ricker, 1940. 

Total mortality is readily computed in s i tuations Where recruitment 
and rnortal'i.ty can bl:! r easonably assumed to havu been uniform during as 
many years (prior vo the year in question) as there are ages present in 
the stock . Then, it i~ necePsary to havo only one season ' s age distribu­
tion, for each agi:.. clas~· vrill be a constant percent.age l ess numerous than 
the next younger . ·i'hc constant percentage them is the annual mortality 
rate . 

Such simpl~ s ituations arL rare, butJ fortunately, they are not the 
only ones amanabl o to analysis for mortality. That sta tistic may~e readily 
deduced from the a~0 frequencies of two successivi; seasons, pro'li ding 
that they t ruly rc~rcsent the.. stock in the .sea . Her e the decline would 
be measured by the r :!.at ivc numocrs of a ~iven year-class i n the two 
freri.uenci ~s and thu p.Jrcentagl: r educti on of a year-class from the first 
to the second season would repres~nt t he annual mortality r at e . If all 
yca:r classes havo been fis hed with equal i ntensit y , h~nce have suffered 
~qual catch mortal i t y , 'and also have axpcritjncsd equal natural mortality, 
the indicated total mor tality will be sensibly equal f or all but the 
11entering11 year cl ass .,s . Inequaliti es , ther ufor c, may be ascribed to 
age-sGl ective , natural mortal i ty or age-s r ... l ectivc fishing i ntensity. 
Correlation of t ·he: absolute qua~ti t ics of each year - class in the catch 
with thuir r 0spective mortal iti es shoul d dist inr,uish between these two 
age- sel ective processes . 

Rccrui~~ont •. - As used her ein, r ecruitment means th~ number of sar­
dines r eachinr, comnorcial age each year. Gi ven age-dis tributions that 
r eliably r cprosent th~ ablllldance and age compos ition of the s tock, the 
r ecruitment is dircct~r proportional to t he numbers of individuals in 
the year-class that has , f or th~ first time, appear ed in the coJlllll(;rcial 
catch. The onl~ complicating f~ature i s that ther e has been nothing in 
the previous adjustm~nts to insure that the 0ntwring y~ar-class •fill be 
fully repr~sonted if, i n its first season, it is only partially available 
to thl.3 fish~ry. He.nee, in this r espect, 11e cc'.lmlot conside.r the weighted 
curves as r eiiably r opr Gscnting the s t ock. Howcv~r, from a series of 
age- distributions it should be possibl e , \lithout great effort, to dis­
tinguish th~ ag~ at which a year-class becomes fully availabl e, deduce 



further its p::irccn t 1.E;" cl vail'1b-l li ty in prt.Jvious :,•<Jars , and s o arrive 
at a numerica l ~valuation of its r(..latiw~ str~n~th at coimacrcial age . 
Indeed, trial computations havu practic.:illy provr.:d the f easibility of 
this calculation, 

Nat.-qral mort:il 1.ty. - In computations so far undf.::rtakcn we.: have as­
s umed tho pr ob:.i.bility that mortality from natural cnus~s is c ons t ant . 
T~is ~roatly simplifie s the calculation of catch rnort~lity . Howov0r, 
this assunr1:>tion should be: examine d critically and pe::rhaps revised if it 
is discov~r•~d t hat pr cd:itors ( oth..:r than man) .• and therefore pr eda t ion, 
h~s increas~d or d.cr~ased to an important ext~nt in any tv10 per iods 
unde r consider at i on.g/ .. 

Also th..:: pro'Jability of death from natural causes may va ry with 
age , and the for.:nulations may need appropriate revision . These e vantu­
alttfos cannot bl! appr a ised until a s~ries of c.ge-distributions, properly 
r c pr .... s enting t!le .; o.rdinc stock, bccoral.. ·i.v:iilaol0. 

Catch mo!'"Lt 1.it~· . - ··fuilc r e1nnining aware of the possibl<:! n13cessity 
for r 0vis ing t rie-£Sui i)t.i on of c onst.:tnt na tur=i.l uortality, it i s con­
venit:mt t o empl oy this ·-ssump"tion to simplify th1:: computation of ca..tch 
mortality. Given two p ~rioas·~ in one of which the int~nsity of fishing 
was gr'3D. tL:r th.m i n thr"' othi~r, thur c is u unique c mnbinr~ tion · of differ­
ing catch-mortali':.ies in tht:J f irs t and sGcond periods und of constant 
natural mortali t:• f or both puriods that Will account f or the total mor­
taliti e s and the. total c a tches in the two periods , r t:lspc:;ctively. The 
mathematical form11l a tion must takt. into considoru.tion that the natural 
and c.'.1.t ch ce?.uses fer dc.::ith are op1..r a tinR simultaneously and, therefor e , 
compr~te 1:ith e.::ich other for the li.v1;s of the fis h . It al so involves 
considerati on 0f u huthcr an increase in fishing intens ity, i.e. the em­
ployment of r11orc effort or gear, brings in compt?tition between fishing 
units. That is difficult of ~ppr~isal for the sa rdine fishery because 
a Jdition of bo~ts may as e~sily produce an effect t he oppos ite of c ompe­
tition, i.e. c ooperation, through cxt.;ndin~ the s couting area and com­
municating information on t!ld l 'ocation of schools. 1'ho effect of coop­
c~ntion has bcGn neglected in th~ computations s o far contcmplo.tod . 
i t s hould b e taken into account, and probably u i ll be , ns soon as a 
method of measuring it ·can be dcvi3ed . 

g/It mat be possible in such a case to regard tho s ardine as having 
a number of predators, µicluding man, and base the f onnulation on the 
effects of the si.11ultancous probabilit.ies of deat h from the suv.:~ral 
cat egories of predation . The ma themat i cs would be complicated and prob­
ably require da ta on mor e than t wo s easons , especially if a ·multipl e 
correlation met hod -:rere employed, but should be f •.:?asible , given an ade ­
qua te quantity of data. of reason~ble reliability . 
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On the other hand, it i iill prob ~10ly b .: s.:i.fi= to regard compi::tition 
betr-reen gear as ne{;ligible, a point of vii:r.: that is tenabl~ if c ooperation 
is the effective r L.sul t of incr8asing th .... munbcr of boats and also if 
the schools of sardines are so Y;idel y distribu.t€'d that instances ·are 
r elatively rare wherein n boat is prev .:?}lted from makinr, a catch by the 
pre -emption of space by '.lnothl;r boat .JI ifo do not consid'3r in the. cate­
gory of competition the. situation wher e th'"' prob.ibility of catching 
a school of sardinos has been reduce d by th(: numbor of schools t a.ken 
out of that loccllity proviously . This is a phenomenon of r~duction of 
the stock by catc!1 mortality. It is taken into account by appreciat-
ing the distinction between averar,c abundance and initial abundance 
in any particular period of time . (See Ricker 1940 p . 45). 

RELIA3ILITY 

Having computed one s~t of vnlues on natural mortality , cat ch mor­
t::i.lity, and rucruitmunt, one ga ins a general ideil of the magni t ude of 
e::i.ch, but the rt!sult c'U'lnot by any mt.ans b t. considered a do.termination . 
The varirus comput1.tions and ndjustm~nts ha v · contributed error s . Also 
the original. dn.ta had vari i.bili t J wltl.c!l p ... rhaps w.:i.s incre ase d ra t har 
than diminishl:ld b~r the subsequent trdatml;nt . Th - mathematical result, 
th~reforo, has a probability of d iffuring from the true value by an 
amount which cannot be knovm from one S(.t of valu ,s alono . 

In a series of sots of v.'1.lUL s, hmmv r, from which one might com­
pute a r~gression, say, of catch mortality on fishing intensity, the 
spread of values around th~ r ~ l!r.Jssion line 1;ould give a measure of 
variability and one could b e s .:tid to havo really ma.de n. det ermination 
if that spread is small in relation to thu magnitude of tho observed 
ch:inge in catch mortality. 

While this would appra ise tho random error, it mif;ht not dct,jct 
even a l arge amount of ~rror c onsistently above or b e low the trub value 
for tha entire S1Jries . Such un error might easily bo introduced by 
simplifying assumption~ or by f:iilurc t o take :into account c ert1.in s ources 
of consist..mt bi~s or s cl 0ction . It could be rt ~t8cted only by comput­
ing tho S llllG st:itistics by an cntircl~ diff~rant m~thod and from a dis­
tinct s ource of da ta. The t :igging t bchniqu•., affords such a mo::: thod and 
utilizes a consider ably diff '3r cnt s~t of original data, although, t o 
the extunt thnt the 53.Ine commurcial catc~ is involved , errors in fisher­
mcn1 s sampling may be :in the same diruction as in the oth1.:r method • 

.J/Pers ons familiar with the fishe ry might s ay that such instances a r G 
c ommon r a ther than rare . It is true that th~re often s0~ms to oc a r~ce 
between two or more boats to s e t their sc ini.:s o.row1d the same: school. 
This may a ctually ta.lee pLtce at timL-s , but mor e; oft~n a boat, pr~paring 
t o make o. s~t, b :Jtr<iys its intention by i t s a ctions , and so l '"'ads oth~r 
boats t o comu to thu same spot . Th;}y do s o, not necessarily in tho hope 
of beating thu orig:inul boat t o thu school it has sighte d , but :in the 
hope , often r .mlizl.!d,. that other schools n.re to be found in the same vicin­
ity . All such ins tance s should b G clussifkd as coop£..r·1tiontl rather thc'.l.Il 
competitive . Under thu l !ltt .... r cat egory, th,::r c should be included only the 
cases wher e two boats indepclndently l ocate and try to sut upon the s rune 
school. SUch c~ses of true comp ·tition probably ar~ not mar~ numorous 
than llOuld s erve +.o offset. the contro.~J .al emunt of cooperation . 
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TAGG ING R!SF.il.RCH 

.T:igging has bean cxtensi valy pr'.lcticcd 'JY th.J California State 
Fish.3rios L:?.bor n.t or:r, and th ~ E'ishnri)s Roscarch Joard of CJ.nada; also 
to a lcss~r ext ent, by th . Or.gon Fish Commission and th~ Department 
of Fishorfos of · fashinGton . H:i~1ing been an intcrost1..d spectator rather 
than a direct participmit, ~r discussion mCJ.Y suffer from 11ck of fnrnil­
fari ty uith this t echnique ,. uhich is simple .:ind direct in principle 
but difficult <l.!ld complex in its application. 

SOURCE DATA 

Tag fish. - Tht. tagging operation itsulf needs little: discussion 
but vario~spects of tho process require attontion in subsequent adjust­
ments. of the data. It may bi3 rumarkod here, hmmv...:r, that the tags arc 
of metal a nd ins .;)rtcd into the body of the fish fall.owing in general 
the method first de vclop1,;d by Rouns..:!foll and D:1hlgren (1933) . They are 
recovare d by c l cctro-m:J.gncts installed in the fish- m._nl line of the roduc­
tion plants. The fish to be: tagged are obtain0d, f or the most part, from 
commercial fish.-' rm .... n and aru subject t o the sum~ s e l e ctions that influence 
the r aw m:it erials used in thl: vital statistics m~thod. Since the:. numbers 
of nsrunplus" tagged arc f c11or, thti dangBr of non-random s alL.ctivity is 
grcatc:r. 

TM morta l i.ty. - It is lmmm that taggt:d sn:rdin~s suff .. r high mor­
tality from thc ~ optlration itself or from the attc.;nd.:mt handling. The 
only sources of'. dat1. on tho rngnitude a nd v·1ri "lbility o~ t:i.gging mortality 
are ; (1) A lir:iitc.d numb r of. ':xporimcnts by the.: Ctliforni.:i Stnto Fis heries 
Labor1.tory in which t aggad fish 1icrc held in live car s f or direct obser ­
vation, and (2) a corr .... b.tion est:i.blis hing t he r elntion botwccm length 
of t:i.na ·of confinement bLforc tagging and t nc subsequent r _turns . 

Th• liv~-c~r ~xr,>Jrim· nts pr oved t h1t mort:ility i s hig~ '.lild variable, 
thnt sno.11 surdines suffLr gr.:;.'.lt cr mortn.lit~~ than lare.:: ones, and thn.t 
the size of the t:i.g aff0cts the rat~ of mortal i ty. I t i s 1 of course , 
difficult to pJrform ~ sufficient nur:ibcr of such cxporimcnts to establish 
a r elia.blc mean mortality. Moreover, ther ... i s unccrt<J.inty as to whethe r 
the differcmcu in trcatm .. nt rccci vcd when the fish J.r o r dl cascd in. the 
liv~-car rather th:.m directly into the s ea (a s in the r~gula~ tagging 
operations) has c:mscd the live- c"U" mortality t o diffe r from that in the' 
sea r ole:?asus. This unccrt3.inty is ~spi.:cially acute with r espect t o libera­
tions in the Pacific Northwest, where tagSI have b een a pplied with n. dif­
ferent instrument (tagging-gun) from the scalp~l and f orceps used in 
California and VIherc the fish Tmrc t n.gg(.,.d dir~ctly f r om tho fishormon ' s 
scino instc·.1d of being brailcd into a hol d:I.ng nut for t .:igging: and, also, 
wher<.) the roughness of the soa generally irnposud more difficult condi­
tions for thu handling than in California. 

Recover ta.gs. - Since sardines ~1.rc hcndlod in pulk <..nd mostly by 
m'lchinc., few t.igs u ould come t o light i.·rithout a specific r o.cov<::ry systam, 
That now in use consists of m~gnGts installe d in th~ meal-lin~s at ca.n­
n~ries and reduction plants ~ Difficulties a rise in ~chieving jnst~ll~tion 
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of magnet s in all pll!.nts, mid in ccnnc.ction ·1 1. th tqcir -::ff.ecti vencss when 
installed in diff.._r~ht r.lwch:misms and U!1d "r dif f m . .mt opcr3.tj on~l rnathods . 

T...!S t ·magnuts. - This r cquirus th.l.t each inst:i.lb.ti on be t~stJd t o 
det ermine its rr::icov ... riJ l. f ficfoncy. P~riodic t ... sts of t ho s~1mc inst o.lla.t:i.:ons 
are made t o discovc.:r flucuuat~ons in pr.rform...;.nco and dct,Jct ~ny ch::mgcs 
thnt muy occur cs plo.nt op~rations arc altor od. The tes t consists of 
mixing a def i nite number of tag~~d de~d fish lrl.th an ordin~riJ l ot destined 
t o go through the r cdudion systi.:m CJ.nd r ecording tho pcrccntc::.ge of t a.gs 
r ecov Jred from th~ m:.gnet . A possibility that tho cfficicmcy of r ucovcry 
of t est-tags may d_iffer from th:.t of t'1.gs in sen.- r clc::i.scd fish aris ~s 
from thu f .:i.ct that the f ormer lie wjthin th~ body, un~tt:.lched t o the 
tissues, and not far fror.i the opun, insertion incision; >1her~as tho lat­
t er ar a encysted by tissue and tha incision healed shut. It ~s likely, · 
ther ef or e , that th..:: efficiency nay.be sor.ieuhut over-rated by t he t est s . 
On t he oth1:.r hand, a fcrr r ecoverJ cxp-rimunts indicatL a l essaned effi­
ci~ncy of r ecovery fron fish destined f or canning than from t hose des­
tinod t o go directly t o tho r oduction machinery. This i s probabl y duo 
t o the l oss of tags from the body cnvity in thl'J cutting o.nd e viscer ating 
process. Tho porformunco of t ... sting cxperir.l{;:nts in connection with c<lnning 
oper ations has mot with obst•icl~s pr0vt:onting thu nccumul:ition of suffi­
cient ~xpurionca to gaugd the rcli.:lbility of efficiency r atings , Their 
value f or adjustments is also lcss~ncd by the custom of mixing whol e f ish 
~ith cutting offal in the ordinary opcr~ting proc~dure , In all , t he ef ­
ficiency of r ecovery v~rics widely and while important f or our calculctions 
i s difficult t o detcrnine . 

Analysis 

Adjus t f or t c.i;;gi."'lg nortality. - 'l\'r.:> b.:lsic adjustments arc r.iudc to 
deduce the <i.ctunl number of via.blo t .:i.ggcd fish r cl•-:ised. The first util­
izes tho li va-cnr uxp.Jricncc in adjus tin2; r ..:lcnsc r ..:cords dovmward by 
the indicat .:.ld amount of raort.::.lity induced py the t ngging process, vrith 
duo r ... gard t o the size 0f thw snrdincs. Tho s ~cond takes into account 
the ~dditional mortality br ;ught ~bout by the incr~~sed tirn~ of holding 
t o \"lhich tha lats-tugged mombers cf a given batch of fish wer0 subjected. 
It involves establishing a r egression of r~turns on serial order of tagging 
in blocks of 100 or oth~r suitable nur.lb~r of individuals for unch batch 
or group oT batchus of fish tagged. These r egression values adjust not 
only f or th.:: tir.lc-connecteg diffcr <.!nti:il mortality 1.'ithin a batch but 
also f or thu differ ences in mortality between small batch~s tagged in a 
s hort timp Jnd lnree batches r equiring m0ra time for tagging. 

These adjustm~nts have been employed in thd analysis of returns from 
California-tagged fish, but no cor.ipar~blc methods are available for those 
t agged in the Pacific Northvmst, though it would appear that the second 
adjustment at leas t would be f e::asibl.J f or rolJast.s in th::i.t area. 
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Adjust f or rec.ovcry ~fficiungy . - Thi s c.d,justmont n.pplios the magnet 
1.. ffici .:ricy r Gcor ds .:!.nd .:ils o incorpor .:itt.s ~ c:ilcul~tion tclcing into .:iccount 
-:ny amounts of fis h run through plants whon or wh...:rc r.mgnct s i·rere n ot in 
operation. To s ome extent a diffcr l.!nti.al ~djustri!r:nt f or r c coveri'.cs from 
r eduction of v1hole fish and r c.duction of cunning offal i s f c:isiblc from 
u c omparison of r eturns fror.i tho tuo ce.t oa ories whorav~r plant rac ords per­
mit s egrega tion. Since. canning is not pro.cticed in 1fashington and Oregon, 
this f oature is not a problem thcri~ , but it c.:x-ists in Britis h Colwnbia as 
well as in Ca.lif ornia . 

Adjus t £9.E intensity of fishing. - One essential statistic sought 
through the tn.gging t tichniquc is th~ catch-1;1ort.:ility . If it VftJre possible 
t o r el ease nll the t agged fish :Ir.lr.1edi at ely prior to the fishing s eason 
nnd if they vmre irnraediut~ly distributed a t random through the: conmercially ­
fished popu11.tion, this sta tistic would be the ratio of first-se ason r e­
turns to the number t agged. Another css~ntial st~tistic , t otal stock, 
could then be computed s i 1:iply by the proportional-i ty : 

numb0r of fish t uggud = n~bqr qf ~~tutns 
t ... talstock t ot al c Elt"cl'l 

But t J.gging can bo done only at intervals during thL fishing sc.:ison nnd 
the t.:lgged fish prob.:ibl~, diffuse only er.:idually through the gcner:tl. stock. 
Hence , first s -.. '1.S on 1 s r eturns ar e al mos t usc:l~ss ~d it is nacess.:!r-y to 
deduce from subsequent y ears • r ..:turns wh u.t thtJ first y ear' s r eturns 1'!ould 
have been under the s inpl e c onditions described above. Th~t deduction 
is made by cxtrup0lating b 1.ck t o thu firs t year a line r epr esenting tho 
annual rnte of de cline 0f t :ig r e turns . 'Since: th•: 1.llnual r :.:turns depend 
in part on thu umount of fishing done, sor.1~ c.djustmunt uust be made nhen 
t he a::tount of fishing chungos durin~ t he sr~rics of y .... C!rs included in th._ 
fagging exp-.. ri1;10nt. 

The adjus~ncnt u sed f or tho- Cnlifornia st~tistics has been to com­
pute f or 1..ach season the nurnber of r 0turns p0r unit nur.ibcr of fish CLlUGht . 
An identical adjus tment uould be fc .:isibl c .:i..ls ':> f 3r tht; Pr.cif ic Northwost 
tagging r e turns. While this o.d.justmcn t m~y sufficL f c.. r usd'ul approxi.mn.­
tions, it obviously givvs idcmticr:.l t r GJ.tmunt to a fluctuation in cn.tch 
whether due to u chunge in tht; ..-~m0unt (>:f' f ishing '"'r in n.b\,ll1dancc of the 
sardines. Yet these two phen o1.1cm1. have differ c.nt cff ~cts on the r eturns . 
Furth ~rmore , th .. ~ fis"ling in a curr(mt y<i '"'..r , by r~r.1oving a ccrtJ.in number 
of t agge d fish, influ~nces the r et urns of s ubsbqu0nt y~ars . Ex:cept, 
the r ef or e , in situ<;.tions whl.!r o it may b' s1.fely assw:md tha t the fluctua­
tions in c1.tch have 1.ris on only from modt.:r :it .; o.nd r n.ndor.i chnngcs cith1..:r 
in intensity of fishing or in .:i.bundnnc c , t his adjustr~ent m"1y r equire r o­
vis i on. \fuer e a trend exis ts in f ishing i nt<Jns ity or in abundanco ther e 
would be particul::i.r like lihc od of erroneous r s ults . Such cases Yrould 
r equire additional adjustments appropriate t o tho p<!rticula r circumstances , 
.:;rid possibly matu1•ia l s fro •. 1 thl: vit['.l statis tics n . thcds c ould be drarm 
upon f or such un~lysas . This has not be en in'di.ca t c d in the dingrrun . 
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Statistical analysis . - As Pxplained in t he previous section, the 
statistiC'al analysis of tagginr; exuerinent s depends mainly on a line 
11 or curve) representin~ t?'le trend in annual adjus t ed r eturns . The inter­
cept of the line at year one (an ext r apol ati on) i s used to compute catch 
mortality. ~ another computation, i t al so r esults in estimat e of total 
commercial stock. The r ate of decrease in annual r eturns is taken qs 
the total annual mortal:ity . The remaininr, statistic, natural mortality, 
is derived algebraicly from catch mor tality and total mortality . 

~irloe the trend curve is based on r eturns during a s eries of years, 
the statis~ics resulting therefrom, r epr esent the conditions, not in any 
one year, but are an aver age (not necessarily ah arithmetic mean) for 
the series of years . 

It has already been pointed' out that the adjustments , particularly 
that involving the size of the catch, may have affected the dat a in a way 
that calls for modification of the above-described computations. Instead 
of that, determination for a number of periods of overlapping years might 
point the way to an int•1r pr et ation or correction of the statistics for 
individual periods or ev~n individual years . Thus far, however, r ecords 
are available for only two p~riods and these poss i bilities cannot yet be 
examined. 

A further aspect of the computat ions so f ar made i s t hat when Pacific 
Northwest catch and Pacific Northwest r~turns of f ish rel ~~~ed in California 
are exclud~d differ ent r at es ar e indi cat ed than when they ar e included. 
This points eithur to the non-availability to the Cal i f or ni a fishery of 
at least a portion of the stock th~t migrat es s easonally t o northern waters 
or to some discrepancy of experiment or analysis so f~r unreco~nized. 

Fortunatel y, ther e i s r eason t o believe that many of the difficulties 
of int3rpreting ta~e;ing r esults may disappear or be r~solvabl~ .:>.s more . 
data accumulate . 

The value of the tagginti method as a l ar gely independent method of 
determining mortalit i es clirulot ba over - emphas ized and it is particuli.rly 
encouraging that the comput ati ons have led t o det erminations practically 
iaentical with those r esulting from a preliminary applic~tion of the 
method of vital stati s tics . 

At tho s:J.me time it should be emphasized that both the t agging, 
·'l!ld the vital s tcitistics , methods depend, in the l ast annlysis, on the 
rcprLsentutive nature of th~ srunpl o dealt with. At its present stagd 
of development, th~ method of vital statistics includes a much larger 
sample, b~tter dis tributed in tim~ and spaco and more thoroughly adjus t dd 
to exclude the e'ffect s of e.ct+insic influcncos tha.n does tht. t agging 
method. 

RECRHITlfilNT R~EARCH 

Determination of the amount of r Jcruitlllt.::nt would b~ an outstanding 
achiGvement, but wo·il d be, of its\3lf, of only limited usc_fulnoss so long 
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as nothing i s lrnown as to which of two ma jor influences determine its 
value . Th~s o influonccs ar c those : (1) Not con:icctcd ( l~t us say, 8X­
trinsi c inf luences ); and (2) connected (i. e ., intrinsic influences) 
with the s ize of the sardj.ne population itself. · The f i rst C:).t egory would 
include hydroeraphic a.nd occruio3raphic conditions that may influence 
the amount of spmming ;i..n:f tne s'l.lrviv::il of young. It -vmuld also em­
brace competition with, or predation by, othar marine miimals . The 
Stlcond cat ugory would include the direct influence of population nwnbcrs 
on thu a munt of spavm produced and the competitive effects oi popula­
tion number s on the number surviving . The runount of spawn would be 
directly, and the amount of survival inversely, proportional ·to popu­
lation numbers . The survival r~tes might be diffcr~nt for the VcJ.rious 
stages of young. 

So f~r as intrinsic influences arc conc~rned, ona 1rould expect re­
crui tmcnt t o be small even at low levels of fishing intensity where there 
is a very l arge sp3.wning population and also a very crowded. condition 
rhich could impose a high mortality. At intermediate levels of fishing 
intensity ther e i~ould be maxim~l recruitment resulting from a still large 
spavming population and the low mortality as soc:i.atod with an uncrowded 
condition. At extr emely high l cvals of fishing intensity ther e should 
again be l ow r ecruitment due to a w,ry small population producing insuf­
ficient spawn for maximal r ecruitment ovun in a very much thinned-out 
condit i on uher e competition within the population would r esult in neg­
ligible mortality. 

If the int r insic influences were operating alone!, it would be a 
simple matt ar to construct a curva of recruitment according to levels 
of fishing intensity by merely observing what happens to r ecrui tment 
over a rang~ of f i shing intensities . But the uxtrinsic influcncos , 
op~rating simultaneously also affect the rccruitm~nt. For inst ance , 
pr eliminary analysis of vital statistics for two p1.;riods of t.hc sardine 
fish~ry showed t hat quadrupling of f ishing intensity was accompanied 
by doubling of r ccruitme:nt. The carlit!r period with thn l ow i ntc..ns ity 
of fiehing covnrcd 8 seasons, and the later one of high intensi ty, 4. 
Both periods w~rc thus of sufficient duration to h-:!va hn.d a var i ety of 
oxtrinsic influences nnd their effects on m~an recruitment should t o s ome 
extent 11aver age out . 11 Yet on'c would be bold to conclude that t hey had 
indeed av( r aged out and that the increase· in rPcruitment was in f~ct 
due to the incr~ased intensity of fishing. On the contra~J, one could 
almost as easily ~rgue th~t through the later period, there had been 
4 ye;:irs of f :wor.ible extrinsic conditions thn.t were responsible for 
the increase . 

Yet a choice must be m tde between the ::i.ltornatives. If the incre:.sed 
r~cruitment ~ere i n fact due to the thinning out of the pbpulation by 
intensive fishing, then this high rate of utilizat i on, with the attendant 
l arge annual cat ches could go on with no ill consequences other than 'l 

not intol er .:lble r eduction in aver:i.ge size of fish. But if it v:er e due 
t o a lucky run of E;OOd surviv1.l ye'lrs, the present r .:J.t e of fishing could 
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r10t o;o on rrithcut s )riou~ dininution of tho popul -..tion, resulting in both 
m .rkt dly louer nn.'1u:".l l.!<. Ltche~ nnd ·.! m:.rkcu 'lnd p(.:rh:1ps intoler:.i.ble de-:-­
crc"se in av.Jr~g1,.: size of fish-.-

At the mom.mt th0re is no bc:sis for r:;a.kinr; the choice , but the pro­
gr1r.1 ch11rt~d :i n the ri";ht-hand portion of tho dfa31"1.m, f::.cing page 1 
which is nm• t o be discussed, i ::i d~siJr1ad. to distinguish bct112en tho 
eff~cts of tht.. o:~rinsic ... md intriDsic influences . 

Soui·ce Dntn · 

E~ .ind l 1 rv·t\3 s .w!pl8s . - By. ~ plankton- .coll.Jcting pro,~r.:l!'n dosi~ned 
to s :.mple th..;: a gg ..md l arval pilch::ird ·populn.t·ion in W.J.ters of the spawning 
r .... gion, i·I; i s pl:..nn .. d to obtain lllc1tarinl for two sets of du.ta on each so:i­
son i 1) Th~ m unb._r5 o.f ~ggs sp:nmed and 2) the survival of the l.'.1.rvae to 
the po'·t- plelnl.tt onic st·~ge . 

To s orvu tnc s · lmryo~cs , quantituti vi;; col lcctions of e ggs and l a rvae 
must be made .. F : t i r . z o:~ qu•mtit'lti:>rt:? tuchniqu\. so i'ar employed in this 
br.:mch of the~ prur.:i· .m ·i.rn use of ~ Th•.; obliquH mctl1od of tov1ing to s ampl e 
n.11 egg-..'lnd-larv.:J.- °bL'!ring stra ta; current metcrr-; in tho nets to mBasure 
the qu ... mtit~f of 'lnt _r str.'.lin .:id in ~.:.i.ch haul; r<::gul<~r pattern of stat i ons; 
nnd r ..:gultlr pcriodir·it~r in m:~.king collections . Additionci.ll y, there hnve 
b een spL..ci~l col LP.!t.ions r.:r ~ip..;.-~ i.11 m'.:thods on:plo:rccl in the r "'1gu"Llar colle c­
tions to ti... s t th;.. · li".bili ty of the tov!-nct method for s .:l!'Jlpling eggs .::md 
l'.1rv.:i.c . Th~s(; spucj --1 inqui:ri~~ h ave convinced us that quantitative nork 
i s f"~siblt= , i f al:30 ci..i..f.f i c'.l.lt. Some of the t..:iclmiqti ·s still h.'..1.va to be 
improv(~d •. 

H:rrJ rugr .lp~tc 'U1d ::H .. t ... orolori;ic -il d ~tl . - Observ~tions on hydror,rnphic 
conditions t ·~si;nult'lnuou~>ly uith "t hu colluction of C... "'f!.S und larvae. , 
:.ir e int1.:ndc d to pro-.:idl.. u. r e c ord cf cond:i..tions to bi,; corrcl:i.t cd ;"fith the 
t i mo , pL 1ce, .::.n d volum:.:: oi' s Janning ·md Hith tho surviva l of l:J.rva.e . It 
is 'cl rc...1.dy kr;mm th•t th..i dominJ.nt f c·1tur ..... s of nceani:c circ1.llntion along 
t h .... ;:.;;st coas t , :md purti cularly tl-i1:.: r.1-inkn..incw of ft..rtili tJr of the wa­
t1:.r s through thu upn ... lling process, .:irt:i conn~cted 1:i th tho uinds . With 
t he ~stablishm..snt of th0 rt..lJ.tions!1ips of tho oc<;!anograp hic f eatures to 
th~ ma t c:or olagicill influences, on th~ on~ hand, D.nd to the ~ount of spmm­
ing or t o the sur vival of larv~e, on tho oth~r, ~t may b0 possibl~ to es­
tab l ish dir .... ctl:r thb r..:lntionship of amount of sp<::.wni.ng or surviv.:i.l of 
larvae , or b oth, :to th<.:: m1.3teorolo -:;icu.l conditions . Hence simultaneous 
observdtions o~ \1Ydrography, m~t~orology, and.~hc young stag~s of sardinos 
prorni so t o el uc idJ.t"' the influoncus on r..; cru:i:tr.ieri.'t ~ ·· · 

Th& particuI:!r oc~anogro.phic obsurv:.!tio1is so far progr . .urnn~d, include ; 
Those an t~!rip · ~r~turt.. and sn.linity dmm to 500 mct~rs · r. guii...:irly , and pilot 
obse:rv.:itions t o .. e r ~.:it..;r de::pths; d.:iti;rr;iin..lt:i;.on of .. ox:ygen ~·..nd phosphate 
conknt f or t he s .3.mc ~trn.ta; nnd counts of the diQ.tom p opulation for ~ach 
t en-me t e r l cvul to 60 rnet~rs in depth. ~11 of these o~sdrvatians and 
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t'1cir subscqucmt t.:r.l ysis .'.1r 0 ocin~-; undcrt<'.k n . r the. Scri;,>ps Occano­
gro;:ihic Institution in coopor::>.tion i:ith the Fi.:;h "Uld · iildlifc S(.rvicc. 
Accessory cxporii:lcntn.l ·,iork on r·.:.t~s of biolot?;ic.:d. proc<..ssos in the 
surv0y· u.rc.:i. is n.lso under 1ny at th~t Institution. 

ii.nnlys is 

Comput~ to~ nµmq .... ra of e:ich stage . - 1Tith rc1-:i!:!blc qu:mtit<rtivo 
collections of eggs ~·n"d 1.1.rvae o.t ..::ich st:ition, it is furth Jr nc..cess.:i.ry 
to 1.nt--gr:.tc the tot:i.l nwnbers over both tilnc; and space . Th<.. timt:i cle­
ment invcl v'""s prop.:.ir ·.;caghting to account for th~ ti!m·~ interval b(.;ti;cen 
sucecssivc ob.s er w ... t d.ons ov~r the station p.J.ttern . This in turn involves 
ct..rt .. in assumptions , or profer:ib!l.y n dcturminntion of .'.l curve of th~ 
voltlf.1e of sp~~1in~ ~s a time function . Th~ integration over sp~ce de-
P ~nds upon a cur·0 of distribution of the organisms in the sc~ area 
sampled. 3oth pha.:' s . uf intL;~ratic;m arG still in tho dt. vclopm<..ntal 
sta~cs . An ad9-iti ,)n.'.'.l c l 1:ment in the comput<!tion i s a n adjustment 
n0ccssita.tod hy 7.J-10 sm:'..llcr ca tches of l·irv·'.l.G by dny than by n~ ght . 

For the tim'- bc..in ;, 1:ork uill b e dir-..ctcd to' .nrd dct_rmining total 
nwnb'""rs of each sto.gl.. :...'1 the particulr-.r .:i.rc.::. i.:.1clud1 ·d \:i thin the egg 
Jid l 1.rvtl surv.:;y . 'I':1:?:s coyors onl y .'.1. part of the spm.ning r .... gion. 

Ex.t-.:nsion to othrr p-r..:;c.s must '.l':r::it eithc~r b1~tt ~r boat f.:lcilitios or 
<! f ortunatd discn· ~nr of roln tionships uith mct 0orologic..:1l c C'ndi tions 
;1hich may provide -:. ccrtcin rul:io.bility in cxtrupolution. 

In .'.lny ovont , thG intcgr~t±on must bo proceeded or folloi:rcd by 
ccrt<lin a dj us.t monts . 

Adjus t f.or g ift. - Since th.J survc~· nr r.,;a is of linitcd .... xtcnt and 
contigt'wust·o oth·::r possiblo <:i.r0<is of sp:wming, some allm;o.ncc must be 
m~do f or go.ins in nwnbcrs by org~nisms drifting into the ar .'.1. n.nd losses 
from thuir drifting out . This aspect is not s crious with r ,'SpLct to eggs, 
vhich h.itch in thr.;.,_ d<.!.ys .nnd, there.for..:, cnnnot drift far; but it is 
import:mt i n th.:; c1.s<:. of l.'.lrv.:i.c rrhich r.iay spend vccks or ev.:.n months in 
th ~ drifting pho.sc . ifith the p1.ttcrn of circul~tion d~terminod from 
hydr::1gr~phic obs c-rvations, .'.l.l1 allouancc should b ... fc::isible. The prin­
cip:.l difficuaty n ou for11sccn is the amount or r<it .:i of l;-itorJ.!l. diffusion, 
Y.:hich would nut b e :ippr..rt'!nt from tho c.ircul~tion pa.ttcrn alon<;:. This 
:djustr.icnt is them fore still in the problem st ... gc. 

~djust f gr r~t ... of dcvelo mQ..nt - The numbQrs of eggs or llrvn ... found 
in c<.?.ch st~!;C will vn:r:v inverse y Tiith th<? tim ... occupie:d in passing through 
th.:; s t ='..gc . One occupying a s)1ort intarval of time Yiill afford ~ smaller 
:iccumulation of individuals than 0111.;; occupying < longe r pl~ri.)d. Adjusting 
numo0r s t c '11101: for the "accunnµ~tion effect" in vol vcs knm:J.. .dgl. of the 
r :.t c of dc vcil.opmcnt or of groh-th. Thi.s hn.s nlr1... 'ldy bee!'l work . .l out for 
the (;:ggs, but the r.tc.. of grmrth of l nrv.:iu hns ye t to be determined. 
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Infant surviv:l . w Hiving fully ~dj°Ust.d the d~t~ on numbers ~teach 
s t.1 '~1.: of iii.fen'€ su:rvi vc.l, its rn te should l.>o qui tu simply des crib ... d by 
~ ~roqucncy dis t ribution of.the successive stages . The simplest result 
t o be expected l;ould be a J - shapcd curve tr.:msformab11.u into a stra.ight 
line by s ui tabl e r.1nthcmaticnl procedure. Diffurunccs f-rom one se~son 
t o c.n other in tho slope of this line should rcBistcr the ch~ges in survival 
r at e . If, however, thert:: aru vnriations in that rntc during the larvnl 
cxi s t ancc , <'. mor e complex curve vrould r ... sul t und its interpretation vrould 
be mor e difficult . 

Amount of sp:iYming , - There ara two approaches tel th~ mu.:i.surerncmt 
of <lr.\Ount ofsp~1ming through 1) Computations from du.ta produced b~r the 
vita l-stati s tics mclthod that would cffictivcly enumerate the spawning 
s t ock; and 2) sampling the sea l:ater for eggs . Both hJ.vc; Sl::rious obstacles . 
Tho appr oach through spmming stock involves the; appraisal of fecundity 
of f c.mal l.s by siz~;s t'r :..ges, an :i.ppraisal rc.mde:r ud difficult for lack 
of s nmplc.s of spr.wnurs which resort lurgoly to grounds fp.rther offshore 
than the a r ea i n \;11ich comrnc.rcinl fishing fakes pl a ce • .!±! Therefore, 
this approac h has bc..en indicated by a broken linu in t-he diagr.:im facing 
page 1. The :'.lppr c·.ch through sampling for ~ggs is far simpler in principl e , 
and in t erms of t he diagr·.llll would b e directly from the prtJVious computa-
tion of t otal nwnbors . Howuver, it involves surveying larger areas th<ln 
has s o f 1.r boen f c:isible lfith the single VC:!Sscl avail:1bic for this resear ch. 
Satisf~ctory ~nwneration by either mclthod depends on substantial augmenta­
tion of t he SC.'.l w,irk . 

Correl :itions vith hydrogrnphic n.nd metGordo~:il conditions. - So 
far as r ccruitm<Jnt is dl t,..,rr.dn~d by th(:; amount of spm-ming a.nd modified 
only by tho r a te.. if larvc.l survivnl, dctorrriin~ .. tion of the. fonnor and cor­
r cln tion 0f the 1 :. tt ..:r with hydrogrnphic .:i.nd met c..or ·1logical conditions 
would giv~ thu r~lati~nships nccess~ry to th~ int~rprctation and prcdic­
t'ion of chmgus in r ecruitmc.nt r~tc. This correl.::.tion r.1ust r ul nt c t o 
the c~nditions in the nnu a r c :. r f survey, but if it were found very ex.:i.ct 
nnd involv ... d ~rdroeri.phic or rnet_or olo::ri cal f~.1turcs of wido-spre.:i.d na­
ture , the r~sults \1 ~uld p ossibly apply to the entire r'.l.llge of the species . 
It is mor e likely, h '"11ev1..?r, thc.t the m.,r ,, c• 1mplux and extended procedure 
discussed in the f .:illcwing paragraphs will be ncccssc.ry. 

UultiplG c .>rruln.tion t n distinguish effects c f pop_!!).at_i on density 
from oceanogr a phic influonccs. - Thus far a rnthor simplified view ms 
bccm t :i.ke n - one that stresses the larval stngus ::is the only fact or cri t­
ically 1,i.,difying th1.: rdL:l.tii"mship between c.r.iount of sp:nming and r ecruit­
ment. A mor e compre hensive vic.wpoirtt would r ..::c )gniz,_ thc>.t ther e are ot ha r 
influences and th1~t tht",)y may be excrtud nt any stage if life. To illustra t e 
this, the r eoruitmcmt di 1.grrun facing page 2 .5 is given. Instead of D. pro­
cedur.:ll di:igram v.s in the me f acing page 1, this is ,ne <.· f mathernatic~l 
equi val en~ ~nd corr~la ti ms • 

.!!/Frances N. C1:irk, 1934, h<?.s studi<..d f~cundity in mntcri·ll t !l.ken from 
the c 0mrncrciul cntch. He r ; rurk prcv .... d the p 1ucity c..f spmming-rip..: 
individu:ils in th~ catch ~nd ~lso the difficulties in d~tcrmining the 
nunbors of c. ggs spmmcd pur femnle por s-=as .n. 
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Structuru r f th~ r ccru:j::tra9n:t di aerD.Jn. - Tho di:ier.:un r o1.ds fr '>m bot tom 
t o t op, bceinning clh the .prd"duct i on nf eggs within "t1he f emnl <.- .:ind l \..ad­
ing thr~u~h s uccessive sta r,as t ~ net r ecruitnont at thG t 0p• ~t the l oft 
.:ir o ~uri~blcs pcrtainine' t~ popul~tinn densitie s {intrinsic influences), 
at t he right <J.r c thflSC pertaining tn (i coan· Gr nphy (extrinsic influences ), 
Cllld in the r,1iddle ur e the survi ~l r a t c s ( dcpcndunt mrio.bl (:lS ) Upon 1lhiCh 
the t wo c.:it cgorics of influences (independent v;,ri~bles) ~pcrnte t o 1.ffcct 
thu rccruitn~nt. A.lgebro.ic nc~ti<ms r,cl a t u oqui val L.nts. l'hus the fr.:ic­
ti:m "number C' f eggs hatched" over "number ,..f uggs sp:nmcd" cquc.ls the 
11cgg survivnl r nte 11 , and the "numbur of ~ggs hn.tched11 als o equals the 11 don­
s i ty cf l arvae 11 , at l ens t initially . Correl <! tism notn. ti!'ms are given a s i 
arrows pointing from tho independent t c the dependent vari:i.bl e uith a s ign 
t o indi c'ltc i:hethcr th~ corrol.:iti~n s hould be nogative or positive ; and 
wher e indeterminate , i. c . , dep1:mding nn the way the indupondent variable 
i s expressed, tho plus-minus sign (±) is usc...d. 

Discussion cf tho r ccrui:t!ll-=nt di "l.gram. - It is n,,t intended th.::i.t the 
r ecruitment diagr ::u::i Sh:>uia bE.: an outline of proccdurt;; . Ratht.:r it indic:it~s 
c. complClX r)f rcl<!t i ms hips t oo cxtcms i ve and inclus ive: '1f t oo many s uqjccts 
upi:in uhich d<'lt:i a r ..: , f r th~ most part, non-exis t ent nt present and diffi­
cult t o obtc.in in the fut ure . It i llustra t ..:s t he manifold phnses of the 
r ecruitment proble1:i a.11d should serve as n. r er.dndur , f the fragrn1:ntary nnturL; 

· 0f l ess comprehensive treatnonts. 

This C".>mr:tent, howev1_r, sh\·uld n"'t disc "luragc. c ff ' rt t :; s '11 vo tho prob­
l em of r ecruitment by s onu less cnL"lprehcnsive )r ~b9r~viated process . If 
t he survival· r a t e in certain stages r f life is relatively constant from 
ye:ir t o year ·these s t·tg .... s cnn, without risk, be ignored. If this be done 
.:ind hi~h C.)rrclat i : n is f ..)und, much time uill havo been suv..:d. If, :m the 
othar hand, tho r esults turn rut tr be indcti....rr.dn.:i.tc, it· would merely mean 
that tho stagus that w .... 1·.: ignored did, in fact, have vari:ibility and should 
hnvc been c ons idered. Since that requires dn't-'!. f r uhich thc.r~ arE:? n ')l'l no 
c -llccti0n facilities, H .J will mcre:ly have to decide bot,vroen surveyinc; 
thu signific~ce .Jf c.vcil~ble dnta ur ncc;lcctincr them. It is clenr, hou­
c;vur, that n prog·r :un for dctcmining additi mal ;ispects nf certain reproduc­
tive attributes of the pilchard populat~0n and als0 of occanogr~phic con­
ditions, including study ::>f th.:'lt porti ·m o.f the marint: fauna which may 
exert pr~dntion" on any stage of the pilchard, should be started at the 
c~r~icst 1ppor~unity. 

. .... 
Discussion .2£ ~ abbr~viated rocruitmJnt nnaltsis .- ·- It is int~rest­

in?, t o speculate "n hon lir.iited a vit.W would hl!vc ,.. be taken if ~·ne Here 
confined t o d.'.l\t~ alruady ~vailnbl~ or in process " f becarning available . 
Tl:i1.. dia grq.m oppo13ite gives a scher.iu of correla.ti'm <'-'1alysis -:n Ythat 
appears t o bi:; f airly ro.:is i.mable gr.:;unds •. It ignores intra-ovarian, and 
cg3, nortulity. Such s :.unpling of eggs on the spawnina grounds as has been 
made is irJpross ivc in the ral~tive const.:incy ~f the numb0rs found nnd fails 
t o suggest i.lnportmt variability in survival. 

The scheme includes only thG oceanographic extrinsic vnri.1blc affcct­
ini:; l ;irval surviv..il bucause it hardly seems ·thqt C ')I:lpct~tii'n between· 
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larv~rJ c.:in pc ;lmp.1rtmt <.i!3 ifhcy f , 1rm ~U<lh a. very small fr.lction t.f th~ 
plankton gomn.tm;l..t,y,· 0-rl':Wg lJLl t t\t- J,a.c;ik ot dut~ .• it if~ncr~s c .mp1..tition 
from othc:r f o!'plS, 'l;'hi~ i s porh.:i.ps tho gr eat1:Jst ;.runkncss. 

It includes •)nly t°l'J..3 intrins ic influt:!nce on juv<3nile surviva l and 
c :•ns i dor s t h:tt the comp1..:t i tion t~cl-s pl '1. CC between juv~nilas and post­
j uveniles r <it hur t h:m r:i thin t:i~ juv~nile c.:it ogory i ts elf. (This p:u-ticu­
l ur sel ection h<!S 'l ba ck- gr ,mnd of observ~tion t oo ext.;:nsive t o describe 
he:: r e . It \vas suggest .d by th(:} virtual dis'lppear:ince of dor.dn.:ince c f year 
cl .'.lsscs since intens ific11tion of s.:i.rdine fishing "took pl.:~ce .), With ju­
venilc;s , ~ls o , thu c c,mp.Jtition fr .)m oth0r f .>rms i s ign0r ed f or the s . .lme 
r ci J.s .:m th,1t it ·w.:i.s <!Jl~ ,n~ l nrv.:ie . However, u tiliza ti:.)n " f data on prl-chtor 
spoci cs of c ommcrciul f i s hes invites attention . 

The diugril!.1 opposite places the el ements on a tima- s ca l _ hori-
zonta ll;r, sh oiiing the appr oxir.lut e s e..ison .:md y~ar fr m nhich the source 
dat a c...r e drmm and the ~pproximutc seas on and y~. J.r in which the independent 
w~uld bt..: oxp0 cted t o i nflul.)nce the depcmdent, v:1ri..i.bl e , r ecrui tm~nt. 
Thus r~cruitmcnt f the curr~nt se,~son (n) n oul d bu cstinat ... d from the · 
(fully adjusted) s a.raplc of the current c om1:1cr cio.l fishinB s e..is .n. The 
numcric.:il v.:i.luc Gf this r ccruitmE:nt >muld bo correl utLd with: (1) The 
dens ity of the; post-juvonil~ populc.~tion during t he pr._vious scuson (n-1) 
as estimut cd from the (fully ~djustod) s ampl e of the previous comr.icr ci a l 
fishing sca~on; (2) the strangt h (or persis t ence ) of nortm>cst erly vd.nds 
during the Spc'.l.Vming 'tnd devel opmental portion o:f t he second prt:vi ous sea-
s on (n-2) ns estimc.t -:id f r om v:-..athcr r oc ::ir ds nf th.'.lt portion of the s e cond 
previous s e1.son; nnd (3) the 1r.1ount nf s pawning during tho s e cond prl:vi 1Us 
s ao.son (n-2 ) ~s <.;s t :in'lt ud fr.1m t he (fully adjus t ed) sru:ipl {; of thl.. c or:uncr-
ci:?.l fis hing s cMs n u ith, 0f course, due al10wance f or the per ccnt:i.go of 
fish tha t ar c mature :mg/the pr opcr t i onclity be tween size of spavmer and 
nunber of eggs spa~mod .,2. The curve d arrows connoct s 1urce da t a vrith 
tho cqui val0nt der i v""'d from it. The s trai 8ht a rroHs with plus nnd r.rl.nus 
sir,ns point from dep~ndont variabl es t o t ho independent one . It is .:is-
sumud thn.t c0rrol .:::. ti on bet ween nortmrcs t winds nnd r c.:crui tmt..n t is positive 
throut:h its influence on upwe:lli ng n.nd t he c.tt,•nd.:.nt 11 f ertilizing11 of the 
so<! wat er. I t c -Juld t;>c nl:!fF'.t ivc (or curviline~r, i..:? . p _-sitive in s 1me 
p~rts cf its strengt~ or pur s i s t ancc r .:i.nr,c .'.llld nugt:?.tive in others) through 
its offuct ,m drift ing l ;;.r vue · -iv1y frora th1... m. r e f o.vor .ible nurs1Jry grounds . 
i1hich _,f thes e t:?.ctu.:i.J.iy l}ccurs ' rnuld be r c veo.l cd by thll corr ... lo.tion :malysis. 

The multipl.. .. corrul ntion process indicat es in t he din.gr am oppo-
site, . three indupcndcnt variables . If thu correl~tions or rl..gr cssiJns 
.:i.r0 rectilino~~r, 6 degr e es of froed0m would be absorbed by the multiple 
corr~l~tion process. It a ppcnr s t hat do.t a on thu two intrins ic independent 
variables will bcl derivable f or ..:i i ght Sl-US,'US when t he portion of the 
progrrua nuw in progress i s compl atcd. t3y that tir.le , hO'wcvcr, two mor e 
s ..:us ons •rill have 1.l~psed and i f t hey c ·m be 'lddcd, a s eries Jf t en s aasons 
will b.:i ava.iLtblc . Thu 1~eteorologic:il dn.ta, if r t..!gular Weather 3urea u 

'ii Us ing appru cimatc dt;t~rmino.ti0ns publis hl-d by Franct!s N. Clark, 1934. 
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observ~tion vtill suffice , would 1 cf c ourse , be av::i.ilable fer the same 
years. W'ith t en se:is,~"ls 1.nd tho l oss • f six deBTees of freedom there 
w~uld be l eft f our degrees of freedon cm vrhich t o be.so judgment 'ls to 
s ignificdllco of r es ill ts . This number .is perhaps t oo l ow to do more than 
indicat e whether th<.! gt:neral hypothesis is on the right tr~ck . Carta.inly 
it will not be c.m-oUf h k conclude thu.t 'tho hypothesis is diapr:::ived . 
(Of co~r$u , corrulu.tLn ~ulys is cru1 rmly disprr.~vc ; it ci!n ne::ve:r _prove 
l hypothesis •. ) 

SUI! ul.RY 

As tht; pilch:ir d progr.:t."11 mYw stc.nds, two lines of uvidence 1~hen the 
v:"rk n them :i s c .,r.?pl .tc:d, will give:: the rntus of cutch und n.:1tural mor­
t ::i.lity , and th~ r :.t us 0f rt.:cruitn_;nt over nn J-se~1son p1..r:.i.od , 1932-3 
t ... 1939-40, with th-.: pl'8Sp~ct of n.dding twc subs1:Jqut::nt sco.sons . By np­
pr .:-.?ri ~ta comput.~ti·m, cstimn.t z;s of th..; t ot.:i.l si:z0 of the population 
".!ld its s ize-cor:ir .sitinn •iill be .:iv<.1.il;J.ble on an :mnual b.:tsis from the 
ttvit<ll st.:itistics 11 n.ppro~~ch, und also .::1wiilablu as n r.1e.:in for u grcup 
or s n.sons throuc h t :.ig _:inr: studios . 'rhis •i'ill .:\.fford estimJ.t~s of tho 
cffocti? of fis hinG -.t difi'ar ent l v'1ol s or intensity :m the quantity and 
qu'll.ity of th~ c ·\tch . Th1 cstil:int,m 1:ill b ~ true ·:mly ror tho seasons 
covur cd by the ;i.rolys i s . 1£0 ,:nctrapol.:it,~ th<.:!!:l sc .:?.:3 t o predict what c0n­
scqucnces will f llov; ;:.ny pn.rticul..!r l ..lvel of i'is hinG int:;nsity, .:. third 
line. of evid~ncc i s n~Lldert f 0r dct arr.iining wh0thcr the.. r ,·cruitrac..nt has 
been c onditioned by the: s i:?.u '.)f th.: stock itsGli' (:md hencl} pr~dict3.ble 
from the llvital ::; t ati stic::; n ovidonc et ) or whiJthi:r it 1:;is affected to D-n 
important degreu b~r r·cennl:graphi:c c onditions (a nd thcr 0f or..; unpredictable 
c..xcupt in t.::rlilS of r.:mfG of vurd:ations a bout a certain r.icn.n c:.mdition). 
This nu ttur is beinv irp:csti gutcd . Gre<:?.t difficullitiL.s lmve been met 
:md still others mJy be :.mticipat ed, 'but in spite of th:Jse possibilities 
f s olution exist . 

An inport mt _ph '.ls0 of the entire.. probl~r.1 is Hhi..thor thn r.:mg'- of 
intcns i t ics of fishin:~, which hnppqnu{l t c ha.Yo b1Jen included in the 8 
r r 10 sur.s mw under s tudy, is sUfficknt: t o cov: ..;r r c ·1stmnbly we:ll th~ 
nn{!;e t o be nnticipat c:d in tht:: f uture . The rn.n~ · c uld b,: >!Xten.ded tc 
l ower int~nsities by g0inr.; b-:ck t o tha r £H!<Jr ds of ~till Gnrli..:r pariods 
of fishine . To extend it t o hi~her r '.lng-.:s 1:ou1d · dcp ~nd on doyal pm~nts 
in the :.'ishe:ry. Tl"\ por r.iit dcvelnpr:iont t o 'iichor rrmge;s or intunsity 
could inw'l v,; th8 rislr .:1f r educ ing tho _s tock so f-ir bc l ovr .::. dcsir.::i.ble 

· l c:Vt.:l thnt r uc0ver .r might b l:! slow. Appr.:iis<~l .of th0 derrrce cf risk in­
v0lved and cf th1;: des ir:i.bility •.)f undcr goinc th:l-t risk will deptmd on 
the n;iture uf the r esults th<;.t flow fro:n the current pr ogr:lm, and may 
well bu def .... rrcd until th.:y becvm~ kn...,wn. · 
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