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ABSTRACT

The possibility of heterogeneity in stocks of 8ardinoptJ caerulea along
the Pacific coast of the United States and Canada is examined through
evidence from growth and vital statistics of the fished population(s).
Growth characteristics of six year-classes sampled in Canada are com
pared with those from San Pedro. Significant difference in predicted
size indicates lack of homogeneity in populations of adults as sampled by
the fishery in Canada and in San Pedro.

Evidence from qualitative and quantitative differences in individual
scale and growth patterns indicates some independence in the fished stock
of the Pacific Northwest and southe~ California.

Bimodality in length composition of certain year ~lasses is evidence
that pilchard populations are not homogeneous. Large, long-ranging
pilchard may arise from spawning stocks off California while more southern
stocks, smaller in size, more short-lived, have limited migration.

In view of indications of heierogeneity in growth types of fished ·stocks
of pilchard, whether genotypic or phenotypic in origin, it appears desirable
that their population dynamics be studied not only for the coast as a
whole but also by geographic areas.
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POPULATION HETEROGENEITY IN THE PACIFIC PILCHARD

BY FRANCES E. FELIN, Fisherx Research Biologist

Tn the course of rout,ine exnminn,tion of genies
of the Pn,eific pildlll.I'cl (Snrllinlips enel'n/fa) sev
ernl investigators wOI'king toget,her hncl for it long
time noticed the consist,ent, OCCUlTellee of dis
tinet.ively small individuals nmong the 5-yeur olds.
This suggested the possibility thnt t',hiR Rpecies
might, be composed of morc thnn one populntioJl,
eneh having eommon nnd geneticnll,v distinct
attributes. One of these nU,I'ibutes lI,ppenl'ed t,o
be growth rnte; oUler's might illclude hnbits,
dist'l'ibut,ion, anntomy, and physiology. Possibly
also these populntions woulrl hnve differ'ing rntes
flf birth nnd denth. 11' this hypotJlCsis should
prove true, then the ch:lI'nctl.ll"istics of each
popuhttion must, be tnkell into account ill any
study involving popll]ntion dynitmics.

'.1.'0 examine tllt.l pl'Oposi t,ion t,]ll1.t the species
Sardi'llOlJ8 ca.el"u/,!-IJ is II complex of diffc\'cnt
populittions, distinguishable by pll/:lIli:u'itics in
growth rnte, we ulldeltook nn intensive stnd.v of
the growth chn:l'iteteristies itS I'eeol'ded on pilchard
senles, l1Jld we fl,lIalyzcd these data ill the light, of
eertain pertinent vital st,ntisties. 'rhe following
paper is a report of tJ\ll.t, st,ndy,

The mitterials fOl' this study al'e sc~les, itnd age
and length datit Jronl pild1ll,rd snmp.led by St,nt,e
and Federal agencies. These were collected in as
nearly rnndol1l n fnsl;ion ns possible from tJle
entches fl.t mnjor ports along the P:wifie coast,
where fishing was cn.I'l'ie.L on dlll'ing eil.ch fishing
seaSOll from 1941-42 t,hrough 1949-50. Sinel)
validation of scnle-reading techniques for Paeitie
pilehard (Walford and 1·.'1osher 1943n. and 1943b),
the n.ge and length composition of these snmples
have provided the vitnl statistics from which mny
be estimn.ted the annual neerun.l to the st.ocks by
l'eeruit.ment and growt,h, n.nd the losses due t,o
fishing and natural mortalit,y iOld/or lll1l1.vn.iLa
bility of fish to the f-islHwy.

'.I.'he ~ssistnnee of t,lIe Fisheries Rescardl BOfl.rd
of Cnnnda, the 'Wftshington Department of
Fishel'ies, the Oregon Fish Commission, the Cali
fornia Department of Fish and Game, amL of t.lw

many persons who have mnde possible t,he eon
tinued coopernt,ive j)rogmm of sn./11pling the
cat.ch, is g/'il.t,efully neknowledged. I wish nlso
to thnnk Dr..L. A. WnLford, O. E. SeUe, nnd .J. C.
1\11n.]'r fOJ' t.llCil' eonstruetive el'itieism mul eneou\,
ngement; Dl·. G. S. Myel'S, Stnnford Uni,'ersit.,v,
for his review of the mnnuscript; lmd T. :M.
Widrig for his assist'itnee in prepnr'ing t.he st,atis
tienl dt1.t.n.

AVERAGE GROWTH DATA

Growth elll'\'('S of a given ,n'n!; elitss of pilehnrd
may be eonstrueted f/'Om t,he menn ohseJ"'ed
Jt.ngt,hs of thnt yenr dnss ill. successive Seil.SOnS
CPhilli ps 1948). Sueh growth cUl'ves Bud,uate
in level from yeal' to yem' been.use of the dif
fel'Cntin.I llligm,t.ion of the fish of ditfel'('nt, size
(Clark nnd .Janssen 1945) and nge, nnd because
of within-senson nnd bet.ween-sotlson \'ftrint.ions
in dist.ribution of t.he populntion. Observed
lengt,hs, howe\'er, provide n useful cheek on b:tek
caleulations of lengt.lls, whieh arc based on the
p/'Opoltionn.\ity of gl'owth of sen.\e t,o growth of fish.

DETERMINING LENGTHS BY THE
DIRECT-PROPORTION METHOD

For enlculnting lengt,hs of pilclw.rd a direct.
pl'opol,tionnlit.y IS telltn.t.ively nssullled in t,his
study, so thnt

t" 8"
1;= S,

where t is length of fish, 8 is length of senle, n
represents nny given ng-e, or imnun.l ring on the
settle, ltnd t is t,ot:tl length of fish or senle. The
senle, of eOUl"se, is not formed when the fish is 0
nun. long, 'rhe extmpoln.t,ed el!l"ve of the linenr
regression of fish length on scnle length lUny show
for n.dult fish of a given year elnss, n· positi,-e, a
zero, 01' it negn,tive '!I-intercept and since the scnle
cnnnot be laid down nt n minus length of fish,
the absolut,e value of the y-intereept ean not be
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sn.id to hnye fi, biological moaning. Regressions
of pilchard length on sCide length n,ppenl' to be
sntisftlctorily describe!l by n lincar equntion OYer
t.lw mnge of nges 1- through 5-ring (Landn 1950).
'Ylwn the y-intercept, differs significantly from
zet'O, t.he percent.nge (,ITOt' in est,imn.t.ed kngt.ll
int,roduced by the nssumption of direl't pro
portionnlity will, of course, decrense with in
creasing nge.

1\. vnrie.t.y of fnct.ors renders the cn.lculat,ed gl'owth
for tho first year of life, Ot' to t.he first I'ing on the
scn.le, only an n,pproximat,ion. Tl\('. amount of
the first gl'owth increment diffel's geographicnIly,
which is part.!y explained by the nort,hwaJ'(] sllift
of spnwning itS the se:1SOIl pl"Ogt'esses. Spawning
also continues for sonw lengt.h of time nt. :l gi\'en
locn.lit,y, There is consequellt inequn.lity in dul'l1,
tion of t.lle init,in.l period of gl'owt,h, so thn.t. t.IlI'
kngt-.ll of the {-il'St, :"I'tlT, ft'om the time spnwned

unt,il the format,ion of tlle fil'st, wint.er annulus,
depends upon the place nnd date of spawning,
The Lime pel'iods represent.cd by t.lle l1> t.IlUS al'e
not entirely comparable wit,h those repl'esent.ed.
by other growt.h increment.s (l,,), FllI'Lhermol'e,
there is lenst clarity in :lppearance of the first. I'ing
Oil pilchard scales n.ne] gren,t,er difficul ty in ]ocat,ing
it tlUlll is found with subsequent mUluli, so thM
less reliability is associat.ed w~th the menn ynlue
of t.110 first. gl'owt,h increment, l\,

Average observed lengths at each nge of nIl
t,he yem' elnsses sampled in t,he coml1wrclnl cntch
oVl'r nine sensons in five regions nlong the Pnci fic
const n,re given in tnble 1. 'rhe menns given 1'01'

en,eh itgl' in c:wh region were obtained by nssigning
equnl weight to each yenr-clnss :weragc. 'l'hese
melUlS were then t,nken ns )'(.'present.at.i \'e of n
metlll curve of gl'Owth for etlch aren of cftt.ch.
(See nlso Phillips 1948, p. 7.)

T,\ 111.1, l.-:Il'l'ra!l<' ICrlalh of pilr:hard in /.II" COIl1/11.l'I·rilll <,a/.eh of Jil'c Pllcijic-<,oa,~t arl'US, by !lcar cla,~.~ aud !tOc group

J-rillg ~-I'ing 3-ring 4-ring 5-l"ing ';'-I'ing

------ -----,-------1---,----1-------1--,-----1---------
'·I~al' da~~ Num

hi"" of
li:;h

An)r~ Num- A\'rl"-
3g~ bor or 3j!O

h~lIgth Ji~h ll'ngth

Nllm- :\ \"l'I'-
bl~r of age

fish 1a~lIgth

Nurn- ..\ \"I~r-

bel' or age
fish length

Nlllu- A \"('1'- Num- AVl')'-
hl'l" of agl' hC'!" (If agl'
fish ll'ngth fish length

N"um- A \"l'I'-

bl'I' of :Igc
fish longth

------------1-------------------------------------
British Ooillmbia: ,11/11, ,11/11, Mm. Mm. Mill. ,11'/11. ,\(/II.

I\l:l~_____________________________ ~ll ~~,';

J~~t::::::::::::::::::::::::::::::::::1:::::::1:::::::: :::::::: :::::::: :::::::: :::::j~~: ::::~~~: ----2if ----g~f J~ m ~~ ~~~
l~~S_____________________________ l~~ ~H\ 104 ~:IO HS ~3(1 9;j ~45 45 ~,',O

19:iH ._._____________________ 25.~ Hl3 :H;~ 21.') 287 2::14 204 ::!-l2 !l5 247 32 ~.:'4

HI~O_____________________________ 10 li5 84 204 8\1 22~ Hi 2:19 ';i 245 2~ 250 30 ~53
l!l41 . . ~.__ ~) 2:l1 .. _. __ . . . _
Hl42 . 37 19"5 38 22":' 10 241 17 250 .. _
19~:L____________________________ 14 183 :l9 211 1,0, 243 • - _

225241)H5242236840till2:!l11170~\·Il,:ln __ ~ ~~ ":'--- _
===============

PaC'ifit NUlthwest: 1
1034 . . . ._______ 1.)2 248
1935 . . . ._._____ 112 242 12 242
W3~ .______ :131 ~:]I; 53 2H 40 24Y
H(~7 . . . __ ._ 48:.; 229 95 230 104 245 27 247
Hf:iS . ._______ ~~14 215 III ZH ]I~-I 2'39 93 245 ft;J 250
1!13fL .______________ liSO HIl a90 2Vi 322 2:i3 :"1(·14 242 12'~ :!49 lil 2f,5
1\l~0_____________________________ 35 WI; 91 ~03 101 ~2,'; H7 2:lU 8~ Ui 83 ~5;j _
1941_____________________________ (.) ~ ~.~~ ._______ 20 231 t") 19 2,\3 --.-- -- - _
Hl42 . . ._ t·) 37 195 44 225 22 244 ._ ----_.-- -------- _
1"4:L____________________________ J.I IS3 29 21l 10 Zj~ -- -------_ - - _
19H_____________________________ (') •• •• • -- ---- -------- -------- -------- -------- --------

1\ll,.ln . _ 49 IH 83i :!OO 859 235 899 007
==============

S.1I1 ·Fr:lI1cisco:19:1IL . • .___ (') J~ 240
19;16 ._____ H ~~'O 8~ ::l:11 3:] ~H

IU:~7 . .. •. ISli ~17 251j ~27 y;~ z.~!J 1::12 2-tS

l;~~~===~===:==~=========~======~= =====~~=I=======~ --i:i81~- ----i119- 11~~~ ~~~ ~~~ ~i ~~~ ~~i 4~~ ~1~ i~ ~:~~
19~0_____________________________ ~1 ISO 205 208 5i4 ~2a li65 Zl6 i8 ~40 (') --- - _
1"41.. • . I') 51 2O~ 185 ~~:j 80 ~22 I') --.----- -- _
19~2 .________________ 48 173 :l1:j 212 WI 2~~ 16 ~38 -- _

19H::::::::::::::::::::::::::::: \'>:: ----;~- .:!~ ~~_ :::::~~: ::::~~\:::::::':::::::{::::::::::::::: :::::::: :::::::: ::::::::,::::::::
',\l'·on --J;l3I~-J:"(;JGI--;7T:l.;;:ll--2~1 1-;:-;;:;2!--2~i 1-J:",J2;-I-;;-I--c..1i 1--240 1--;71--;:;;:
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TABLE l.-AverC/!7c lcn(//h of pilchard in Ilw cOllllllercial crt/ell of .-lil'c Padfir.-coa.~l (I1'C(l,~, "II !lear clu,~,~ '.In,[ "(11' !/rollp-Con,

Yea" (,Inss

I Indurtes .amples f,','m wnterS o,f Wo.hington and (I,"egon.
'I.,-s. than 10 fish sompled,

TRANSFORMATION OF GROWTH CURVES

\Vhell such growUI eurves of menns-of-nvemge
observed lengt.hs fol' eo,ch oren ~re t,rnnsformed,
using Wnlford's (1940 n) plot, of /,,+1 on I", figure 1
rcsuJt.s. These t.ntllsfol'1lw,tions show marked
devintion from tllC linenJ'ity ('hltl'ndcristie of t.his
plot 1'01' more hO\Hogelleous gl'OUpS of fish (or of
other nnimnls). 'rI,ey :L1'e illustmtive, howevel',
of gl'owt.ll elulL'u(~(,el'istics of diffcrent nrens. As
defilled by \V:t1fonl, 1.hesl' nre (0 Ule slope of the
regression, k', ropr'l·.scnt,illg t.Iw r:tt.e of decdernt,ion
of growtl]; and (:3) t.IlO l)l'edicted ult,imate size,

1/-int.ercept .
100 • 1-k . Pilchard lnnded (tt Mont.erey

ltnd Snn Frandseo shol\' growt.h charltct.erist.ics
intermediate between t,hose of ent.ehr.s landed
in the sout.h at, San Pedro nnd in the Pncifie
Nort.hwest. ofl' Oregon, \Vnshingt.on, nnd Brit.ish
Columbia.

Growth dnt.n on Emopea.n pHehaI'd (Sardin.n
pi.[ch((.)'du8) nssemhlel1 f!'Om vnriolls SOl1]'('.OS by De
Buen (1937) are plotted similurly (as t.~'nns
formltt.ions) in figm'e :3 for difl'el'ent, geographicnl

are·ns, These curves m'e based on bad-: cnlcula
t.ions of length obtnined for the most. lhtl"t. by t,he
direet.-proportion forlllUht. Differing growt.h
t.ypes, possibly representing dines (or gmdients)
of growt.h, aee indiell-t,ed from north t.o sout.h,
ext,ending 1'rom wnters off Englnlld t.hrough t.he
sout.hern Europeun At.lunt.ic to the l\1editerrnlleltll.
In figure ~, solid symbols represent t.rnnsformn
tions of gl"Owth eurves of pilchm'd off Coruwnll,
Plymou t,lt, l1.nd Nol't.humberlnud; ,'nlious erosseS
nud pnl'iJs of crosses show growth transformatiolls
of pilehard from the English Chmmel off Boulogne,
from ot.her wnt.ers sout.h along t.he l?reueh nnd
Spttnish coasts as fa.r as Cadiz and t.he Azores;
nnd opml symbols represent. pilchard growt,h
types from t.he l\tleditermnean. As endy as 191;3
Fnge :?uggest,ed, on t.he evidence of growth, t.hat
t.wo (list.inet races of snrdines exist, one in the
At.lnntie and another in t.he Mediternmean. He
also not.ed (1920) t.hat t.he relat,ive dwnrfism of
?vlediterl'anean races is not peculiar to the sardi.ne,
but hits itlSO beon noticed in the allcho\T and other
spedes common to the two seas.
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GROWTH CURVES OF 1939 YEAR CLASS

Utilizing mean calculated lengths (table 2) for a
given year class of Pacific pilchard taken in the
most northern region of catch, Canada, and in
the most southern, San Pedro, we may compare
growth curves derived from mean calculated
lengths with those derived from mean observed
lengths for each year class throughout its life in
the fishery. An advantage in the transformation
plot is graphically illustrated by figures 3 and 4.
It is not readily apparent from the conventional
growth curves of the 1939 year class (fig. 3) that

the crosses delineating the growth curves derived
from mean observed lengths of the year class ill
successive seasons express the same rate Of de
celeration of growth as do the mean back calcula
tions of length for 4-ring,5-ring and 6-ring fish
(circles, squares, and triangles) of this 1939 year
class. Solid symbols represent northern cal
culated-length data, open symbols the southern.
These same curves transformed (fig. 4) show the
relative constancy of slope (k) as well as level
(y-intercept) of the regressions for northern and
southern populations, whether plotted from
observed or calculated length data.

260

250
x

x
240

230

~ t +
•x

Ao
+

A

x
A

11# 0+
o

o
o

A

•••
160

220

+ 210
t:

W
~ 200

lei: 190,

:I:

~ 180
Z
W
-I 170

150

140
A

130

FIGURE 4.-Transformations of the growth curves of the 1939 year class shown in figure 3.

258571-54--2



208 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

TABUJ ::l.-.JI'fI"(I!lc calClllat,~d It'/I!Jth.~ (I) of Hear c/assI;s al
!,-ril1!J alld older, samp[rd in the commercial catch of
pilchard, British Columbict and San Pedro

[P,u'c'nthcses indicate :lwmge b'lseo.\ on 13 5·ring fish from Washillilton
hmekl'ts, fish froru Ol'egon; asterisks, 9 fish sampled]

Rate of decelem·
UIUnul.tu size (rum:)

v-intercept le\·els (I'" _v-intel'eelJt)tion, slope (k) I-k
Year classes

British 8:'1.11 British San British Sail
Columbia I'edro Columbia Pedro Columbia Pedrll

---------------
l'.:';ji _______ ~ O. "i 0.54 lOS 102 2.)1 2221\13S_.______ .55 5') 112 107 241.1 22:~

1\<39__ ··_· __ 1 .54 .EM 115 fl4 250 2~91940_. ______ .52 .55 120 99 2..'ilJ 2:!1)
11141._._. ___ of,2 .':1'1 123 101 256 2:l01942_____ • __ .53 .53 I 121 111 258 2:j6

TABLE 3.-Gl'owth chumcteristics ·in nOl'thern and southern
area.s of catch derived from re(lressioll,~ of me,ws 1"+1 Oil I"

estimnt,es of men.ns hayc gl'cnt,er l'elinbilit.y owing
to more extensive sampli11g during seasons 1941-42
through 1944-4:5. A decline in en,te-hes eoineided
with curtailment, of the snmpling progl'nm so thnt
from sensons 1945-46 through 1949-50 the est.i
mntes of menn lengths nre bnsed on fewer fish.

The trnnsformations for year clnsses 1937, 1938.
1940, 1941, ancl 1942 nre similnr in gl"Owth chnr
nd.eristics to those of the 19:39 yenl' dnss (sec
table 3). From nnalysis of covnriance, no signifi
cant difference was appnrent in t.he mean slopes,
l-, of the trnllsformat.ions between ench of these
yenr classes in the t\vo arens of cat.ch, ClUladn and
Snn Pedro. That slope, or rate of decelern.tion of
growth, is the more stable of t.he two' growth c1lnr
act.erist,ics, and that., wit.h relat.ively const.n.nt, en
vironments, slope is n physiological charncter of
genetic meaning, is suggest.ed from nll experi
mental st.udy of growt.h in Pla.typoecilu8 maculatu8
(Felin 1951).

For en.c.h of the year clnsses tested, two distinct.
y-int.ercept.s, or levels, for t.ransformnt,ions of menu
calculnted nnd observed lengt.hs are maint.ained in
the northern and southern nl'eas. From the c.o
varianc.e tests, the differences are significant nt,
the I-percent level. Further translated into pl'e-

I· d I' . ('y-illtereept l) I(lCte u timate sIze, l-k CC ' 1. Ie range

of the menns for San Pedro is 220-236 millimet.ers
standard length, and for Callnda, 249-258 milli
meters, with no overlnp for those year dnsses
tested (table 3).
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110

112
182
211
227

104
1iO
2f1li
2~4

234
241 •••• __ ._ •• _•• _

1-".~

[112] 100 HI;
[li9] 156 1116
[214] 18i 195
[ 231] 204 20i
(241] .__ 216
[248] •• __ •• __ ••• • •••

[108] 110 109
(170l 1;4 no
[2fl8] 198 203
[230] 211 219
[244] _••••• __ ._ ZJO
[254] • • •• __ • •

O-I'ing

[112] __ .. __ ._._ 115
[1i7] •• .____ 174
[213] ••• _.__ 203
(2:H] •••• 218
124i] • • • _

5-ring

British Culumbia

4·ring

)~(I~lr cbss
and

(·'lknlatco.\
length (I)

B<l;:
i, ....._. liS l1:j
i,__ .____ 175 173

i•. .. ~'OG ~'OS

i~__ ... __ ~~3 2~3

i~ . _.. ~a6

i,.------ .-.-..-.-. ---------.
19:i8:

il .. ----_- 103 1l.I7
i,_______ 11;9 1;3
i,.______ 203 206
i•... 218 222
;5 .. 232

i,. -------.. - --.- .... --
l!1:!V:

k.-----I 98 I 101 I
i~_______ 1;~ IiI

i...----- 207 206
i~_______ 225 2~4

is. .. .. _ 234

i,. ----- ... -- ----.-----
1\140:

i,_______ Hl8 112
i, __ .____ 179 178
i._______ 213 211

i-t_______ 230 228
i,_______ 238

i,. ------ .... -------.-,
1941:

i, ._____ (l1G)
i, . (J8G1

i. ._.__ . (2191
"i<. _ (236)
i,. .__ (~48)

i,. .. __ --._. _
194~:

il ..._ 107 95

~:~~~:::~I ~~~ ~~~ ,
i,. ... 232 ~31

i5 ... _. .______ :!4::!
i, . . __ ------ _

1943:
i,._.____ 111
i~_______ Ii::!
i,.____ __ 205
i.._ .. 2~9

is. ._ -._.. ._
19H:

i, . (1211) ._. ._ ••••• _. 133

L .._._. [196]------.--. ••• H5
i,_______ [2~8]-------.-_ 193
i._______ [246] • __ ._. 205

is._._._. ---.------ -. .... ._ .. --- ..--- ..

CONSISTENCY OF GROWTH CURVES

Y",ar classes 1937 through 1942 provide suffi
dent data :for const.ruction of c·urve.s of growth
similnr to those of [.he 1939 rInss (see [,nbles 1 and
2). For the year classes 1937 through 1910, the

BIOLOGICAL SIGNIFICANCE OF DIFFERENCE IN
GROWTH CHARACTERISTICS

Signific.ant difference in level, or the growth
eharac.terist.ic lcc' may represent, phenotypic. re
sponse of n plastic. genotype to varying hydro
graphic. envirollments. It may be useful as nn
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indicator, as suggested for vertebral counts in
European pilchard (Ruivo 1950) toO separate
homogeneous populations of certain fishing areas
without implying genetic significance. The re
sults of the covariance tests apply only to mean
growth curves, and at present it seems probable
that if significant difference were found in the
growth characteristic l- in certain individuals or
segments of the population it would indicate
genotypic difference.

There is some evidence that deviat.ions from
the straight-Jine regression for each area are
greater for mean observed lengths of a yeal; class
in successive seasons of cntch Ull1,n for mean
calculated lengths of a yenr elnss in oue season.
To compnre transformations of menn observed
lengths with those of mean cnlculated lengths is
rather difficult, sinee observed lengths are not
obtained until the scales have one ring, or the fish
are in their second yenr of life, when they have
accomplished much of their growth; whereas,
calculated lengt.1ls begin nt I-ring, nnd this first
growth increment flS nlready noted shows grent
vnrinbilit.:y. In Sun Pedro growt,h Clll'ves for
the 1942 chtss, however, vfl.rinnce of menn observed
lengths nlone about the regression is 10 times the
vnrinnce for cnlculnted lengths only. Such it·
regularities suggest thnt grenter shifts in populn
tions of a given year class mny occur from season
to season than within one senson. SmnH devin
tions from the trflJlsformations of menn eitlculnted
lengths of the 4-, 5- and 6-ring pilelulrd of eneh
year class indicate that within n single fishing
season the popllintions nt ench port nre more
homogeneous.

North-south migration of larger fish

Tagging of fish nlong the Pncific COllSt, by some
of tile' agencies engnged in pilehard research
gives evidence of extensive migrations (Hart
1943a). It is the hU'ger fish within n group tngged
in the south t.hltt. nre cnught first farthest to the
north (Clark md ,Tnllssen 194.5, pp. 19-20).
That, some of the larger pilchard cover great
distnnees is likewise indicated in the appnrent
shift nt older ages in cent.ral Cnlifornia and San
Pedro t.ownrd the level of regression of northern
growth types as shown in transformat.ions of t.he
9-year nvernges of observed lengt.hs (fig. 1).

If, however, the migrntion course for the ent.ire
populntion were of great sell.sonnll·egu]nrit.y frol11

south to north and return, one would expect wit.h
increasing age of fish a t.endency toward homo
geneity of growth types along the eoast. If
populat.ions of older fish became more homogeneous
in their growth characteristics, Il given year dnss
at 5- or 6-rings would show n tendency for the
level of northerll and southern growth types to
shift townrd a single norm of ocennic migrntor,Y
sardines common to nIl nreas of the fishery, or
at lenst to shift toward n level and slope other
than t.he one consistently associated with a
pnrtieulnr area of cntch. This shift does not so
far occur in transformations of mean e~lculat,ed

length dnta. At 4-, 5-, nnd a-rings the levels of
t.hese regressions relllnin distinct for nort.lwrn
nnd southem snrdines (t:f. flg. 4).

Complete intermixt.ure nnd homogeueit,y ill
populations of ndult, pilchnrd in different, regions
of cnt.ch is not evidenced from avuilahle dnt.a on
menn cnleulnted lengths. The distinct levels of
the growt.h transformations which are maint.ained
in nort.hern ltll(l sout.hern populntions. however,
do not cont.rovert t.he evidence from tagging that
there is migrn.tion of lltrger fish townrd the north.
As i.s shown from tagging results, growt.h datn also
indicate migration of northern pilchard into south
ern waters. That larger fish of older ages enter
the sout.hern catches is demonstrated not. only
from the 9-year averages of observed length
data (fig. 1), but likewise for a single year dass
ns it passes through the fishery (cf. table 1).
For San Pedro the increase in mean observed
lengths for certa.in individufl.l year dnsses at 5
ring and older is reflected in a sharp rise at this
stage in their length-on-time eurves of growth.
Similarly, an apparent departure from an ex
pected asymptote of length is observable in
Phillips' (1948, p. 7) curve of average observed
·length of sardines at each age over a a-year period
nt San Pedro. Such irregulnrity in the San Pedro
growth curves must be explained by an influx
onto southern fishing grounds of large, old fish
differing in their growth pattern from the smaller
fish up to 4-ring age which nrc caught in San
Pedro. Conversely, in certnin other year classes,
there hns been an actual dccrcnse in observed
lengths as a year dass reached older ages nnd
was cnught off San Pedro. This indie-ates an
influx of smaller fish of more southern growth
eharn.cteristics onto these grounds. The extent of
thc seasonal north-south migrat,ion and the
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ext.ent, of SE'ltSOn-to-SetlSOn vnrinbilit.y in inter
changc of northern nnd southern populat.ions fue
as yet. not determim'd.

Possibilit,ies of inshore-offshore migrntions of
pilchard are in the main unexplored and, short of
the use of l'odioaetive nlllrkers, may be difficult,
to determine. Hm't, (1943a, p. 17S), however,
records tagged fish moving int.o inlets on the wcst,
coast. of Vancouver Islnnd and remn.ining therc
throughout t,he wint.cr, Such wint.er fish, oc
cording to Hart., "ore occasionally cn,ptul'ed dUl'ing
the winter herring fishing season and , , . the~T

somet.imes provide ('ady in-shore fishing befol'('
the nHl.in pildHlrd shools llpprooeh tIle Vancouvcr
Island coast. in tIl(' suml1ll'r.·'

North-south variation in growth characteristics

The varin.tioll in growt.h of pilcl]fi.l'(l from llorLlI
(.0 south nUlY prove to he n physiologienl ehor
neteristit' of dinnl signifiennee. The study of
int.raspeeifie elines ill. fishes is, of course, compli
eat,ed by wluLt j\layt' (1944, p. 135) terms the
"strong nnd only rM,her recent1y npprecint.ed
phenotypical plasticity of many speci('s." It.
seems likel~T that. t.he greotlor size of fish in northel"Jl
wnt,ers is not ent.il'ely explained by northern
migr·nt.ion of the Inrger individun.Is of each yent'
group. These not'thern pilchard mn.~T represent, n
separnte stock grown to larget' sizes rnthet' thon
only a sorting ou(. of l:lrget' fish from n whole
coast.nl populat,ion. It. may be t,hnt such growth
ditferenees from nort.h t.o south cnn be explninL·d in
pn.rt by geogm,phienl grndients in envirollllwnt,al
fnetors nssoeiat,ed with gmdients in mOl'phologicnl
nnd physiologienl chnm,ders, or dines, within
t.he mnge of n species.

It. seems probable from exist,ing lwidt'nee on
growth chnl'nct.el'ist,ics of the fish in different geo
graphicnl regions thnt, there mny be senson-to
season fluetuntions in the size n.nd the loent.ion of
opt.imum living fl.!'('ns associnted with fluetlllltions
ill. mnrine elimnt.e. Such f1uetuations may lnrgely
det.ermine ",ltnt. plLrt. of the snrdine populnt.ion
will be avnililble for cnpt,ure in eneh nren." Illus
t.rntive of bet.ween-season shifts in populntions nre
t,lte nppnl'cnt1y grenkl' devint.ions in mean ob
served lengths thnn in meUJl cnleulat.ed lengt.hs of
a yenr dnss from it.s reet.ilinenr transformnt.ion.
But it n.Iso seems evident. from bl1ck caleulnted
lengt.hs t.hnt t.here is, for a givcn yenr dnss, n per
sist,cnt dine itt growth ehnrnct,erist.ics from north

t,o south, nnd thllt populnt,ions, although fluetu
nting in distribut.ion from season to season nnd
somewhnt. migrnnt., mny be more disel'cte nnc!
limit.ed Intit,lldinally t.]tnn lms been supposed from
t.he evidence of vert,ehml eounts ((,lnrk 19313,
1947) allt! tnggillg (Hnrt. 194;3n; ('Inl'k and
,Tllnssen 1945).

McHugh (19;30) hns ]'('ported on latitudinnl
vnrintion in three speeies of clupeoids of t.he North
Pneifie. Pal'tlllel gmdient.s in hydrogrnphie nnd
meristic chnrnet.el's nnd eonsequcnt homogeneity
or hekl'ogeneit,y of poplllnt,ions wit.h rcspeet, t,o
certn.in charnetel'S nn' discussed. For t.he nod,h
ern nnehovy (Eng/'U.uli8 mordaJ.~) nnd Pneifie snl'
dine, l",lcHugh found dines in :mn.! fin-rny counts
nnd signifiennt heterogeneity among' severnl pop
ulat.ions. He BOt.cS dose pnt'l1,llelism in meristic
('Ol.lJtt.s of ftllal fin rnys in nllchoy,Y and sal'(linl.'s
nud likewisl" in verLehl'nl eouuLs of both sp(wies.
:F'rom his mol'r:-' eomplet.e st,ud~r of meristil." elmr
net.ers in nnehovy. :McHugh eoncludes (p. 58) thnt
"dines in numlwrs of dorsal, nnni and pectoral
fin rl1,,\"s a.re in t,he opposite direction to thnt,
shown for gill-l'll.kers, nnd nll four fail to ('.orre
spond with the dist.ri but.ion of ll1t'l1.ll vert.ebral
Humber. "

l\·lcHugh consi(krs it. probnhle dUll. in the Pn
('i11(' Nort.ll\vest t.he fixnLion period for sltrdinc
fin-rny ('ounts On'lIt'S during n perioll of WlLt'met·
wlLter tempemt,ures, while ill sout.herll C\Llifol'l1ia
wnLer t,pmpcrnt,un,s iLvern.gt' lower nt this period.
of developm(·.nt,. Titus the usun.! inverse relat,iolt
IwLweL'n merisLi('. eoltnt, nlld tempemt.Ut'e follows
for coun Ls of fin ru,ys ns well ns of gill nl.kers, mill
Lo n lesser degree of vet't.ebrne.

Lnek of significnnt. dill'en'1lees in vl:'t't,ebral
erHlIlts !Jet.ween sl1.lnples of sardines fl'om British
Columbin t,1) soutlWl'lt (':11ifornin (Clnrk 1!.l::H3,
1947), mill the heterogeneity ill populnLiolls nc
cording t.o fin-ray ('ounts, MeHugh nttribut.es to
close dependellee of eneh met'ist.ic chnrncter 011

eoexistent. physienl fndors in the environll1ent, nt,
the t,ime of tixnt.inn of the cl1l1.rneLer. Sillec spawn
ing Of?C-UI'S wit,hin n, rnt.lll'r nnrrow t.empern.t,ure
l':1nge, plwllOt,ypic vnrint.ion could likewise be nn,r
row for n chl1.l'nct.et', suelt ns vel't.ebrnl nUlubcr,
wit.1t. nn en.rly fixntion period, whereas wit.h lllnt.er,
perhaps longer, fixnLion period thcn~ could be
grent.er concomit.llnt. ym-inbilit.y in environmentnl
fnt't.ors and het.erogeneit.y of populnt.ions ns indi
ent,ed by t,hese ot.lwr merist,ic clw.mct.ers.
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IVkHugh's results 011 vert.ebral count.s thus ngree
wit.h Clark's; I1nd he condudes (p. 110)-

Since the number of yert.ebrae drops very sharply wit.h
decreasing latitude off Baja California, it, is assnmed that
t,hesc fish belong to a distinct raee that ha'3 different tem
perature requiremellts. 1 It is also concluded that, the
number of vert.ebrae is not a particularly critical measure
of population segregat.ion in pelagic spawning spedes.

:McHugh further suggest.s t,hat.-

intermingling bet-ween populations may not be random
wit,h respect to meristic or ot,llI'r characters. If this
is 80, wandering of individuals, as shown by t,ag returns,
may not necessarily illdicate movements of t,he population
as a whole. Experimental verification of these deductious
is much needed ...

The npparent, dille in growth characterist.ics
suggest.s the prcscnee of intraspecifie populations
in whieh there is limited intermingling. Rather
than a general coast,wise migration pattern, a
series of overlapping eoastnl migmt.ions of more
than one stock appenrs more consonant with
observed data on growth.

Growth characteristics determined by origin

There is increasing reason to SUppOSl' Umt the
geographie origin of sardine populations may be
widely variable from season to season. Evidence
from spawning studics demonst.rlltes that there
were, during 1949 and 1950, two centers of
spawning; one, early in the yenr, around and to
the south of Cedros Island off central Lower
California, and n,nother, somewhat lat.cr and
farther offshore, off southern Califol'llia. It is
also reported (CiI.lifol'l1in, Coopern.t.ive Sn.nline Re
search Program 1950, p. 37) t.hat "In the waters
separat.ing these two spawning cent,ers very little
spawning hits been encount.ered during eithel'
season, itnd this little has been confiued t.o It
coastal strip ..." During these two seasons
there was little indient,ion of northern spawning.
In 1940, howevcr, nn unusual abundanee of young
fish of the 1939 veal' class WilS report,ed (Walford
and Mosher 1941) in north Pacific wnters off
Oregon, Washington, and British Columbia. The
probable occurrence of northern spawnings of
lesser magnitude is suggested by the presence in
other seasons of small, presumably I-ring,
pilchard in British Columbia waters recorded

I Fl'om data obtained in the O,difomia Oooperative Sardine Research
Program in 1949 and 1900, the spawning requiremeuts, so far as temperature
is couC*rned. h,we heen c10selr similar iu what at present appear to be the
two main centers of sp".\wning (1) o!Y ccntral Lower Oalilorni:\ and (2) south·
ern Oalilornia.

258571-54---3

by Hart, (1943b). The growt.h chnraet.erist,ies of
northern nnll southern populnt.ions may thus be
earl~r determined by their origins.

Whether t.he populat,ions sampled hy northern
and southeru fisheries 11llve gent:'ticaH~' distinct
components has not been demonstrated. The
significant.Iy different levels of their menn growth
transformations mn~- illdieitte only phenotypic
differences in growt.I. llscrihable t.o differing en
vironmental eonditions nt time and place of
spnwning or iu Inter life or both. These differing
condit,ions of growth must, lm'gely be maintained,
however, in ench nren nnd in eneh population
Si1ll1pled, sinee the mean levels of growth tl'ans
format,ions charaeterist,ic of each geographic region
han>, remnined relatively constltnt and dist,inct. as
shown from calculnt,ed length dat.a for 4-, 5-. ilnd
6-ring sardines of each of six year-c1llsses over the
sensons of study. This nppears to point, to the
conclusion tha.t, there mny be n southern spnwuing
center which contribut,es 1110re heavily t,o the
southern California stocks lmd that although some
of the more sout,hern growth types migrate into
central California, they are foullll rarely ill the
Pacific Nort,hwest,.

The existence of an area, of intense spnwnl.ng off
cenknl Lower Californin was not realized until the
expanded sardine research program under t,he
California :Marine Researeh Committee made
possible the collection of eggs nnd larvae in this
spawning center as well as in the bett,er known
area of more widespl'cnd spawning off southern
California. In both arens, t.imes of spawning vnry
bet.ween seasons and a.ppenr to be itssoc-int.ed wit.h
condit,ions of favornble t.empemt.ure and upwelling.
(Sce Cltliforuia Cooperntive Sm"dinc ResPl1.I·ch
Progrnm 1950, p. 39.) The vnrying importance of
the contributions of the t.wo m'e.as to the present
snrdine fisheries is suggested in differing prevalence
of southern or of northe.rn growth t.ypes in the
catches. It appeal'S to be It rensonable hypothesis
that the spawning grounds off central Lower
Cnlifornia give rise to the southern component.s
found in the catches off San Pedro (and to a lesser
degree in catches off cent.ral Cnlifornia), while the
large northern fish originate off southern Cali
fornia and to the north in years favorable for
northerll spawning. It is not yet knowll whether
spawning populations in t.he two main centers are
or nre not distinct, i. e., genet.ic-ally isolat.ed ill
space and time.
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Fish jll t.he nort.hern pnrt. of the range of t.he
fishery arc perhaps distinguishable as lnrge, long
ranging individuals, while sout,hern st.ocks muy
be elw,l'itct.erized by smaller size and more limit.ed
migrat.ion rollt.cs. These stocks nppen,r t.o overlap
in their distrihut,ion on fishing grounds as (wi
deneed from t.he lengt,h-frequeIH'y dil.t.n neeumll
lnt.ed over a long period of yeru's by t.he Californin
Department. of :Fish and Gnme and bt.er by the
Stnt.f' agelley in eoopernt.ion with the Unit.ed
States Fish and \Vildlife SeI'vil~e.. Over tIl('. period
of st.udy of age composition of the ent,eh for which
lengt,h eomposition by nge is nlso nvnilitblc, it is
evident t.hat the smitller sizes of eaeh year elass
fl,re rnrely caught, nort,h of centrid Cnlifornia..

Honquillo (1949, p. 29) found t.hat t.he sizes of
pilchil,rd in t.he Pacific Northwest. cluL'ing most
mont.hs of fishing did not. differ signifiennt.l.v from
those ('aught, off eent.rnl Cnliforniil., hilt, t.}lItt, fish
from bot.h thesl~ regions showed significa.nt. dif
ferences from t.hose t.nken off Snn Pedro. Own'
three scnsons, from 1945-46 through 1947-48,
in il.ll nge grollps t,herc was a significn;lt, difi'crellec
in size bet.ween fish lrmded nt Snn Pedro and
l\:Iont.erey. During the first. 2 :\'l~il1'S of life sitrdinps
t.aken nt San Pedro were sigllificnllt,l:v lnl'ger; in
older age groups t,hose litnclecl nt, }\lont,(-'I'('Y W(,I'(,
larger thnn thosc nt, Snn Pedro. Ronquillo (op.
eit., p, 25) also foulld that. the eoeffieient, of vnl'il1t.ion
fluetunted more at Snn Pedro t.lll1n itt, other
loenlit.ies which indiented gl'ent(~l' het,cl'ogeucity
in those samp!<'s. He found this measurc rel
ntivcly eonst.ant in the Pltei1ie Nort,hwest nnd
therefore inclielttive of homogeneity within t.}J(~

sltlllples.
The tendency for slUuller si7.es t.o remain in t,be

southern part of the rnnge of the speeies is il
lustrated nlso by t.ngging results (Clnrk nnd
.Janssen 1945, p. 22). The.v found n southwnrd
migrat.ion of some of t.he sardines released ill
eent.rnl California 8nd not.e-

a greater proportion of the smaller sizes have made t.his
southward lIligrat.ion. For the group tagged ill 1.940, 72
peref'nt of the recoYerif's in sout.hern California dm'ing the
first season after tagging were less than 19 cm, when
tagged. For thf' same season in cent.ral California only
.50 percent of the recoveries were of t.hese smaller sizes,
During the second season after tagging, 74 percent of t.he
sout.hel'll California recoveries were less t.han 19 cm. when
tagged but only 43 percent of the cent.ral California
rccoveries were composed of these smaller sizes,

Recoveries of snrdines t.agged off central Lower

C'nlifornin hnve been n.lmost entiI'd:,' ill Cnlifornin.
Approximately 78 pereent. were rceovered in
sout,hem Cnlifol'l1in, l,j pereent in l\fonterc:,'. 7
percent in Sltn Fmneiseo tUl(1 less thnu half of 1
pel'eent. (I'epresented by one tng) in 'Vnshingtoll
(.Jallssen 1948). Coneerning t.lle nbsence of
l'econwies ill LoweI' C'n.lifol'llill, <TllnSi'(~n (p. 7.)
st,n.ks ns follows:

No t.ag recoveries have been reported from reduction
plant.s in Lower Calif(II'nia. Facilit,ies for recowring t.ags
were ill operation there for only It brief period and t.he
quant.it.y of sardines proee8sed in Mexico is small in e01l1

parisoll wit.h ot.her loealities along t.ho eoast..

C'onsidel"ing the t,otiil ll1nnher of t.ngs reeovel'er!
wit,hollt, l'egnl'll t,o m'NI. of ]'(',~ovl:'ry, 0111:,' 1.0 per
e.l·Ut, of t,ngs put. out. off l\.fexic'o \\'ere reeOVt\rl\I.1.
while off southern C'nlifornill 2;3 percent, nnt! off
cent,rnl Cnlifornin 2;) pel'cent, \\'ere rceovl','ed
(ne('ol'ding t.o .Tllnsseu's adjust,ed percellt.nge 1'1"

eovery figures, p, 9). The Mexien.ll t,nggings
further iudicnte the tendtmcy for t.he southern fish
to remain ill southern wat,ers.

The lll.rger pilehnrd of a y('nr dass, on the other
hand, eommonly are cnught, 011 imy of the usun.I
fishing grounds from tIl(' Pneifie Northwest to
southern Cnlifornin. \Vhether the significnnt.
.liffel'l'llCl' in itU,11·1ned ultimnt.e si7.c, l"" of south
ern llS opposed to northe.rn growt.h types nrises by
reason of pl'iml1T:" diffe1'l'!lee eitlll'r in location of
spawlling ('{'nt.el·s 01' in loeu.tion of nUl'sery grounds,
or both, nnd wlll'ther in t.urn clifferenee in origin
of st.oeks nlso represent.s genetic diffen\nee nwnit
furt.her daJa from spnwning studies nnd det.ermi
lIIlt.ion of how diseret,e tue t,he n.l'ens of spnwning
nnd of spnwning stocks.

The apparent. differencl's in growth ehnrn.et,(·ris
Lies in populntions along t.lw coast. suggest. the
desirn.bility of st.udy of populnt,ion dynnmics not
only for the const. flS a whole but nlso for geo
graphic nrens, e. g., for the Pacifie Nort.hwest.,
central C'alifornifl, southern Clllifornin, and furt.her
subdivisions of nreas off Lower Cnlifornia not. yet
clearly delineat.ed.

SCALE AND GROWTH PATTERNS OF
INDIVIDUAL FISH

That, the fished stocks of t,he Pncific Northwest
and southern California have, for practical pur
poses, some independence seems indicated from
further lines of evidence.



POPliLATJON HETEROGI';NEITY IN PACIFIC PILCHARD

.(. .: .: .' : . '; ..

(\) NOl'l.hcrn type from Cal':1d:t (:!~!l-rnrn. fpllI:tk)

(2) Nort.hcrn type from San Pedro (2.J.!-mlll. female)
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FIGURE 5a.-Growt.h t'YP'~8 of Pacific pilchard at -I-riug stage a" shown ill scale patterns. The8l' "calc" show the well
defincd annual ring" of large fish caught commonly ill the north, but also cntering the .~outhl'l"lJ fishcry. They havc
a proportionately small first-growth increment and a rapid rate of deceleration in ~ro\\"th.
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(:{) SOllth'.'I'1i t.ype from San Pedro (20li-llIIH. male)

(4) Southerll type from San Pedro (20-1-mm. female)

FIGURE 5b,--Growt-h types of Pacitic pilchard at 4-ring stage as shown ill scale patterns, These scales show faint.er year
marks COmlltOIl among smaller fish in southerll cat.ches. rarely eaught. in t.he Bort.h, The proportionately large first
growth increment is ('ammon to bot·h; (;~) shows slow deceleration, (4) fast. deceleration.
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Early in the examination of scales for age
determination, qualitative differences were noticed
in the scale patterns of pilchard from different
regions of catch. An attempt was made to estab
lish criteria for separating ring types somewhat as
had been done in herring by Norwegian investiga
tors (RunnstrS'lm 1936). Although scales collected
in the Pacific Northwest showed predominantly
heavily marked winter rings of the northern type
associated with sharp cessation of growth (ej. fig.
5a), and those from the San Pedro fishery showed,
as a rule, the faintly marked annuli suggesting
milder winters (ej. fig. 5b), the presence of inter
mediate ring types in central California made the
separation too subjective for quantitative treat
ment.

. Further attempts to separate the varying growth
patterns in individual fish were made using trans
formation values (calculated by the method of
semiaverages) asymptotic length (Zoo) and rate
of deceleration of growth (k) for individuals
caught in four. geographical regions. For the
1939 class, the regression of the values Zoo on k
gave scatter diagrams (fig. 6) for Canada (N =286,
dots) and San Pedro (N =433, circles). Even
though there is overlapping in the scatter of
individuals caught in the two areas, a large pro
portion of 4-ring sardines of the growth type
caught in San Pedro are outside the scatter for
the Pacific Northwest. This type was character
ized by relatively steep slope, or slow rate of
deceleration, and small calculated ultimate size.
We interpreted this to mean that there was in
turn a large proportion of San Pedro 4-ring fish
that would never have been caught in the Pacific
Northwest. Likewise, a smaller proportion of
Canadian fish were outside the San Pedro scatter
and might never be caught in southern California.

Scatter diagrams (fig. 7) of San Francisco
(N =514, symbolized by x) and Monterey
(N =783, symbol Q) show many fish of the north
l:Jrn type. Numerous individuals from Monterey
catches also fall within the scatter of character
istically Sa n Pedro type (ej. fig. 6). San Fran
cisco show s few of the latter but a large propor
tion of tyPes common to Canada; namely, with
relatively rapid deceleration rates and greater
asymptotic lengths.

These regressions of Zoo on k for 1939-year-class
pilchard caught in the 1943-44 season were
curvilinear as in the aquarium fish PZatypoeeiZu8

maeuZatu8, and some individuals with improbably
high calculated asymptotes 2 were found as in
platies (Felin 1951).

Similar regressions for individual pilchard of the
same year class were plotted at the 6-ring stage
(fig. 8). By this time, individuals of an unlikely
predicted ultimate size were not represented in the
catches anywhere along the Pacific coast and cal
culated asymptotes were well withi!l the probable
range of size for the species. As a result of the
disappearance of these types, the regressions ap
pear linear.

The scatter for 6-ring pilchard at all four ports
included 194 individuals. Of these, 10 percent
were entirely outside the main scatter of all fish.
This group showed southern growth characteris
tics. Out of 70 from Canada only 1 percent were
of this type with slow deceleration rate and low
predicted size. Of 54 fish from San Francisco, 11
percent were of this type; of 57 in Monterey, 7
percent; and out of the small number, 13, of this
older age caught at San Pedro, 62 percent had the
typically southern growth characteristics.

The high percentage of these fish in San Pedro
is in agreement with the appearance of predomi
nantly southern-type annuli in San Pedro scales.
Many scale samples taken from sardines off south
ern Califomia and a few collected off Lower Cali
fornia show faint winter marks and wide zones of
summer growth; the yearly increments decrease
very slowly in size, illustrative of their slow de
celeration in growth. (See figure 5b.) These fish
are characteristically of small size for their age
compared with northern types (see fig. 5a), and
so far have not been observed to attain as great
age as the large northern pilchard. Their position
in this respect appears similar to that of the warm
water Mediterranean pilchard when compared
with North Sea types (cj. fig. 2).

From the few available samples of Mexican fish
taken off northern Lower California there is also
indication of another southern growth type charac
terized by a low k value (the slope is even less than
that for northern types), and by a small calculated
ultimate size. (See figure 5b.)

The pilchard scales were photographed by means
of infrared plates. This method was used by
Roper (1936), to bring out year rings as distinct

2 J. L. Hart (personal communication) recorded a standard length of 351
mm. for a pilchard caught off the west coast of Vancouver Island and landed
at Nootka.
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from false rings in opercula of perch, and appears
a satisfactory means of photographing pilchard
scales.

Hessle (1925) gives illustrations of scale types
which show differing growth patterns in various
races of Baltic herring. The autumn-spawning
herring which spawn in coastal waters (never inside
archipelagoes) show rapid growth during the first
3 years and subsequent rapid fplling off in growth
increments. This is likewise the growth pattern
of the somewhat smaller, spring-spawning sea her
ring of the Baltic in the same region. (The pat
tern correspondfS to pilchard growth with a low k
value, or rapid rate of deceleration in growth.)
The fjord herring, on the other hand, also spring
spawners, are sometimes quite isolated and show

great variability in size with some dwarf and some
giant forms. Hessle notes (p. 37) that "these two
herring forms [dwarf and giant] show a striking
similarity as regards actual mode of growth." He
figures (p. 40) the "even growth" typical of all
the fjord herrings as contrasted with the "stagnant
growth" (pp. 17, 33) of sea herring of the Baltic.
He also found (p. 45) ice herring in the Gulf of
Bothnia with a growth pattern and spawnin~

habits similar to the fjord herring. He concludes
that-

mode and rate of growth seems . . . to be very like that
of the most rapid-growing fjord-herrings of the Middle
Baltic. It is therefore natural to suppose that these
spring-spawners of the Gulf ... are closely related to
the fjord-herring of the Middle Baltic.
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measure of its relative strength in northern and
southern areas of catch is desirable. One measure
of strength of a year class in the fishery has been
the numbers of pilchard in the 3-ring stage caught
at all ports (Walford 1946b). Although avail
ability and degree of recruitment at earlier ages
are more variable, another measure of early
strength of a year class in any region is the number
of I-ring or 2-ring fish caught at any port. At this
age presumably, migrating pelagic sardines would
be less widely dispersed throughout their possible
habitftt and nearer their point of origin.

San Pedro is considered the port nearest centers
of spawning. Early strength of a year class at
this port may be taken as a measure of spawning
success in the south. Figure 9 shows ratios of
catch per boat-month (using California catch
per-unit data, Clark and Daugherty 1950) at
San Pedro to catch per boat-month 3 for the coast
as ~ whole for I-ring (dot) and 2-ring (circle)
sardmes of each year class over the period of
comparable sampling (1941-49). The year-class
strength for the Pacific coast as measured by catch
per boat-month at the 3-ring stage is also figured
(symbol x). (There is rather close correspond
ence between year-class strength at 2-rinD' and at

• b

3-rmg. For the 1947 year class, the number
caught at 2-ring is figured, by symbol +, as an
approximation of its probable strength in the
following season.)

When the ratio of San Pedro 2-ring fish to the
Pacific-coast total was low, as in the 1939 year
class, the total year-class strength for the whole
coast was well above average. The 1940 year
class was slightly above average strength;' the
ratio San Pedro to Pacific coast was somewhat
above 1.0 a.t I-ring, somewhat greater at 2-ring.
The 2-ring age group usually dominates at San
Pedro. The 1941 class, however, was the domi
nant age group as 3-ring at San Pedro in 1944-45,
showed a high ratio to the rest of the coast, was
somewhat below average in year-class strength,
and was relatively below normal numbers in
northern ports throughout its life in the fishery.
By these criteria, the 1939 year class may be
?alled a successful year class with early strength
m the northern fishery, the 1941 class relatively

3 When estimates of total numbers of sardines caught, by year class. are
used instead of those adjusted for fishing effort the results correspond closely.

DISTINGUISHING SOUTHERN AND
NORTHERN YEAR CLASSES

CONTRACTION OF FISHED STOCKS

POPULATION HETEROGENEITY IN PACIFIC PILCHARD

The even-growth pattern of Hessle corresponds
to the southern growth type of the Pacific sardine
with a high k value, or slow deceleration in growth.

To detect early in its life in the fishery a year
class that is likely to be primarily southern, some

Recent catch data may be pertinent also to the
problem of populations. The abrupt decline in
landings of pilchard in recent seasons reached a
low of 130,000 tons in 1947-48, the lowest in the
history of the fishery on the Pacific coast since
1923-24 (Anonymous 1948). To account for
this decline, a number of explanations have been
offered by pilchard investigators, all of which
may affect in varying degrees the fished popula
tion(s): (1) Lowered recruitment of young fish,
(2) reduced availability of fish to the fisherman. '(3) mcreased natura' mortality, and (4) increased
fishing mortality.

The decline in catches in central California and
in the Pacific Northwest have been almost entirely

. responsible for the sudden decline in total catch
of the coast as a whole. In all these ports there
has been poor fishing since the 1945-46 season and
in the Northwest there were no landings during
the 1949 and 1950 seasons.

In southern California, however, the total
catch did not fall off conspicuously up to 1950-51,
and in this season San Pedro recorded the largest
tonnage of sardines ever taken there. The catch
per unit-of-effort did fall in 1947-48 (Clark and
Daugherty 1950, 1952), but for no other recent
season has it differed greatly from previous aver
age lunar months. Concentration of sardines on
southern grounds has been used as argument by
representatives of the industry to obtain leO"al

• b

extensIOn of Monterey grounds 70 miles to the
south (Monterey Herald, May 14, 1951).

Contraction of areas of good fishing and ap
parent contraction of spawning areas may be
dependent on hydrographic changes, and center
ing of the available population in the southern
part of the range thus may have produced a
series of southern year classes.
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less successful and primarily a southern year class.4

The 1942 class was of about average strength and
the San Pedro-Pacific coast ratio indicated prob
able northern origin. The year classes 1943,
1944, and 1945 were below average strength and
showed early dominance at San Pedro as com
pared with the rest of the coast. The 1946 year
class was above average strength and the San
Pedro-Pacific coast rutio was below 1.0 at I-ring,
although comparatively in greater numbers as
2-ring at San Pedro. The 1947 class appears the
most successful of any year class since that of
1939, and it shows a low San Pedro-Pacific coast
ratio.

From these data the existence of southern and
northern year classes seems indicated. Early
northern strength, or a low ratio, may prove indic
ative of a widespread spawning and a relatively
successful year class. There also are indications
that a strong southern year class, such as those of
1941, 1946, and probably 1948, can make such
significant contributions to southern catches that
their year-class strength when measured by num
bers caught along the whole coast at 3-ring still
can be considerable. It is nevertheless only
those year classes 1943, 1944, and 1945 which
appear predominantly southern, by these criteria,
that so far have been much below normal strength.

The San Pedro to Pacific coast ratios at I-ring
may be a better measure of relative year-class
strength by region than ratios at 2-ring. There
are apparent wide variations in availability, as
well as in recruitment, of pilchard at I-ring as
shown in total numbers of this age class caught
during each season at each port (ej. Felin and
Phillips 1948: Mosher et al. 1949; Felin et al.
1949; Felin et al. 1950; Felin et a1. 1951). Such
wide variations are likely to be associated with
the origins of each year class. By the time sar
dines have reached 2-ring they may be more
widely dispersed and their origins more obscure.
Hart (1943a, p. 174), for example, noted that two

, William T. Miller (ms.) found that temperature conditions in the spring
of 1941 were unusually warm in the area off Lower California during February
and March, and that aecording to United States Hydrographic Office records,
water temperatures were higher than those normally associated with pilehard
spawning. His charts suggest that during this season temperatures favor
able for spawning were restricted both in space and time, namely to the area
off southern California. He contrasted the 1941 season with the 1939, an
unusually cold spring, and showed that during the latter season temperatures
off Lower California were favorable for spawning over a wide area in Febru
ary, March, and April. Water temperatures suitable for the widespread
northern spawning known to have taken place in 1939 were also recorded.
The relative scarcity of fish of the 1941 year class in northern catches might
thus be attributed to contraction of areas and time of spawning.

fish, probably of the 1939 year class, tagged at
Monterey by the California Bureau of Marine
Fisheries, were taken off the Canadian coast
early in 1941, presumably at the 2-ring stage.

In general, the assumption that 1- and 2-ring
fish have not traveled great distances is sub
stantiated by the behavior of tagged sardines of
these approximate sizes. Data from Janssen
(1938) and Clark and Janssen (1945) show that
recoveries to the north of fish from the southern
California tagging area are at first of larger sizes
than commonly would occur in the 1- and 2-ring
age classes. It is also evident from Phillips' (1948,
p. 7) average length-on-time growth curves for the
Pacific Northwest, central California, and southern
California, that for the 6-season period (somewhat
subsequent to the tagging data) the mean ob
served lengths at 1- and 2-ring are greater for
San Pedro fish than for those caught in the
Pacific Northwest. In central California, I-ring
fish average smaller than those in the other two
areas. At 2-ring, central California sardines
begin to exceed the sizes at San Pedro. At 3-ring
the sizes of Pacific Northwest pilchard begin to
exceed those caught in the other two areas.
These data indicate that few large 1- and 2-ring
fish have left the southern California area.

Further evidence that the larger I-ring and 2
ring sardines have not migrated far from the
southern grounds is provided by calculated length
data (table 4). At I-ring the mean calculated
first growth increment, 11, is greater at San Pedro
than at Monterey for all the year classes over the
9-year period of study. At 2-ring, for nearly all
year classes the 11 still is greater in the southern
area. By the time the year classes have reached
3-ring the situation has reversed and the calculated
first growth increments are nearly all greater in
central California, indicating a strong influx
of southern fish with large 11 into the area. For
nearly all year classes at 4- and 5-rings of age the
average calculated first growth increment
continues to be greater at Monterey than at
San Pedro.

Ronquillo (1949, p. 12) found statistically sig
nificant difference in mean observed lengths of 0
and I-ring fish in San Pedro and Monterey and
concluded that "fish reared in these two areas do
not intermingle at this age." Since the commercial
fishery is carried on in the winter off California
when growth is minimal and the first ring will soon
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TABLE 4.-Calculated mean first growth increments (it) for pilchard year classes from 1- to 5-ring caught at San Pedro and
Monterey, 1936-48

Monterey

5-ring

San PedroMonterey

4-ring

San PedroMonterey

2-ring

San Pedro

I-ring

San Pedro Monterey
Year class

3-ring
1----,-----:----,------ ------,------------------------

San Pedro I Monterey----- ------I------.---I---,--I-~--- --.---1--,----1---.----1---,----1---,---
Num- Num- Num- Num· Num- Num- Num- Num- Num· Num-I

~ ~ ~ t ~ t ~ t ~ t ~ t ~ t ~ ~ ~ & ~ t
~ ~ ~ ~ ~ ~ ~ ~ ~ ~

1936_____________________ =~T~~================---;~-~-1~1937. 1 --- ------ ------ --- ------ ------ ------ 160 105 193 107 53 102 159 108
1938 ' 1,169 98 1,054 100 453 96 672 101 100 98 351 102
1939_____________________ _ 1,707 93 2,512 94 1,293 92 1,581 95 424 96 1,146 97 174 98 534 103
1940_ 256 121 313 118 1,287 109 554 107 807 106 934 110 413 103 470 108 44 105 71 107
1941. 332 11.5 69 98 1,069 103 253 100 1,134 98 350 103 151 100 153 101 26 107 43 111
1942________________ 386 108 563 96 1,042 98 1,376 96 242 102 319 103 60 116 81 109 46 109 _
1943___________ 523 105 446 104 335 101 254 107 189 107 140 115 83 115 .____ 10 116 •• _
1944.____________________ 106 114 74 107 259 128 96 110 161 126 __ ._ •. 33 133 .___ 27 130 30 131
1945_____________________ 370 143 327 117 281 139 100 99 99 131 23 114 60 133 62 132 _

~i~:::::::::::::::- 1~~ ~~~ ~H m--~~~- __~~~_i--~~r~~~-/~9: ::~~~: ::~~~: _::~~~: ::::::I::::_Y::::I::J::::::i:::::: :_:::i::::~

appear, the observed length at O-ring is comparable
to the calculated length at I-ring, and observed
length of I-ring fish is comparable to the calculated
length at 2-ring.

Tagging and growth data thus both appear to
indicate a tendency for larger fish to migrate
farther north, but there is apparently not a great
deal of emigration of the large 1- and 2-ring sar
dines from the southern California grounds so that
these early ages may be used as reasonably good
indices of early year-class strength in one geo
graphical area.

ANOMALIES IN YEAR-CLASS CATCH
CURVES

Vital statistics of the fishery show that new
sources of fish were unexpectedly available in
season 1949-50 (Felin, Daugherty, and Pinkas,
1950 and 1951). The overavailability of certain
ages is reflected in certain anomalies in year-class
catch curves at all California ports. At all three
ports there was a marked deviation from the
previous trend of total mortality rate for 1944 and
1945 year classes, as 4- and 5-ring fish. In central
California ports, the 1943 and 1946 year classes
also showed increase in availability (as defined by
Marr 1951).

fornia ports (Felin, Daugherty, and Pinkas, 1950).
Study of growth transformations from calculated

lengths of individual fish of the 1944 year class
showed that coincident with the unexpectedly
large catches of this year class as 5-ring fish in
1949-50 there were many small-sized individuals
of this age caught in San Pedro and Monterey.
Some of these 5-ring fish were smaller than sar
dines of the same year class as 4-ring so that their
presence in the catches could not be accounted
for as small fish remaining after the exodus of
larger migrants going north. Their presence must
rather be explained as an influx, probably from the
south, of small fish into the southern and central
California fishing areas. That this appears to be
a strongly southern year class is indicated in figure
9. 'rhe average observed lengths of the 1944 year
class as 5-ring at San Pedro and Monterey also
show a decrease as compared with the same year
class caught as 4-ring fish in the previous season.

An appearance of bimodality has also been
observed in the length composition of other year
classes in previous seasons (cj. Felin and Phillips
1948), and is further evidence from growth that
pilchard caught along the Pacific coast do not
constitute a single homogeneous population.

SUMMARY AND CONCLUSIONS
BIMODALITY IN LENGTH-FREQUENCY

COMPOSITION

There are also indications of bimodality III

length-frequency composition of the 1944 year
class caught during the 1949-50 season in Cali-

1. The question whether the fished stocks of
the Pacific pilchard, or sardine, along the Pacific
coast arc, pomogeneous is considered in the light
of evidence from growth studies and other vital
statistics.
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2. The direct proportionality of growth of
scale to growth of fish is used to obtain approxi
mations of mean calculated lengths of sardines.

3. Walford's (1946a) transformation plot is
applied to mean observed length data and mean
calculated length data sampled in different
regions.

4. Comparison is made of growth character
istics, k (slope of the regression, or rate 01 decelera-
. (y-intercepttlOn of growth) and Zoo 1-k ,or cal-

culated ultimate size) of six year classes sampled

in the most northern region of catch, Canada,
and the most southern, San Pedro.

5. From analysis of covariance no significant
differences are evidenced in the mean slopes, k,
of the transformations between each of these six
year-classes in Canada and San Pedro.

6. For each year class tested, two distinct
y-intercepts, or levels, of mean transformations
are maintained in the northern and southern
areas, and from the covariance tests the differ
ences are significant at the I-percent level. The
growth characteristic Zoo thus differs significantly
in the northern and southern catches.

7. The use of the straight-line transformation
as a method of expressing growth differences not
readily apparent in conventional length-on-time
growth curves was noted by Walford (1946a).
The applicability of the usual statistical tests of
significance to such regressions of Zn+1 on Ztl is now
also apparent. Possible meanings of significant
difference in k and Zoo as physiological characters
are discussed.

8. Complete intermixture and homogeneity in
populations of adult fish as sampled by the fishery
in different regions is not evidenced from data on
mean calculated lengths.

9. The apparent cline in the growth charac
teristic Zoo appears indicative of intraspecific
populations in which there is limited intermingling,
and suggests a series of overlapping coastal
migrations of more than one stock.

10. The recent discovery of an area of intense
spawning off central Lower California, more or
less discrete from the widespread spawning area
off southern California, points to the tentative
hypothesis that spawning grounds off Lower

California give rise to the ,southern components
found in catches off San Pedro (and to a lesser
degree off central California), while the larger
fish originate off southern California and occa
sionally to the north.

11. Evidence from qualitative and quantitative
differences in individual scale and growth pat
terns indicates some independence in the fished
stock of the Pacific Northwest and southern
California.

12. The decline in catches in central California
and the Pacific Northwest has been almost
entirely responsible for the sudden decline in
total catch of the entire coast. It is suggested
that the centering of the available population in
the southern part of the range may have pro
duced a series of southern year classes.

13. Ratios between year-class strength of l
or possibly 2-ring fish taken at San Pedro and
taken along the coast as a whole may prove a
useful index in determining whether a year class
is primarily southern or has more northern
components.

14. The measure of year-class strength used by
Walford (1946b), i. e., the number of 3-ring
pilchard caught at all ports, is compared with
the San Pedro-Pacific coast ratios of 1- and 2-ring
fish. To date only those year classes which
appear predominantly southern by these criteria
have been much below normal strength.

15. Vital statistics of the fishery which indi
cated that new sources of fish became unexpect
edly available in the 1949-50 season appear to be
explained at least in part by an influx, probably
from the south, of small fish onto the southern
and central California fishing grounds.

16. Bimodality in length-frequency composi
tion is further evidence from growth that pil
chard caught along the Pacific coast do not
constitute a homogeneous population.

17. Whether heterogeneity in growth charac
teristics is the expression of genotypic difference
or a phenotypic response of a species to its
environment is not yet determined.

18. In view of differences in stocks on the
various fishing grounds along the Pacific coast,

.the study of population dynamics not only for the
coast as a whole but also by geographic areas
appears desirable.
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