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ABSTRACT
Data are presented fur Hi fishing seasons between 1941 and 1957 showing the year­

to-year trends of illean condition factor and mean length of the Pacific sardine
(Sa·rdhwps cacrlllca) at San Pedro, and the trend of relative population size of the
sardine as measured by the C.alifornia catch. The data for condition factor amI
length are based on the four majol' months of the fishing season, October through
January.

There is a high degree of inverse correlation between condition factor and catch,
and between length and catch, and a high positive correlation between length and
condition factor for the 15 seasons. The correlation between condition factor and
catch remains high when the condition factor data are analyzed by restricted length
groups, but there is no significant within-season correlation between length and condi­
tion factor when the data for each of the 15 seasons are anal~'zed separately. 1.'he
high inverse correlation between condition factor and population size is interpreted
as a canse and effect relation. 'Vhile population size may also affect length growth.
the primary factor causing the high inverse correlation between average length and
population size is probably that both length composition and size of the population
al'e affected by the size of the year-class of sardines just entering the population of
sardines exploited by the fishery. The positive between-season correlation between
condition factor and length is also considered to be a parallel correlation rather
than cause and effect.

IV



RELATION BETWEEN FISH CONDITION AND POPULATION SIZE IN THE
SARDINE, S,4RDINOPS CAERULE.4

.:.,.

" By JOHN S. MACGREGOR, Fishery Research Bialogist, BUREAU OF COMMERCIAL FISHERIES

Stun"ied growth of some species of fresh-water
fislU"~ in (hmse.ly populated lakes and ponds is It
well-known .phenomenon .to fishery biologists.
Hile (1936) reviews in part the less voluminous
literature concerning the relation bet.ween density
of p<nmlation a.nd rate of growth of marine fishes.
I wisIl to describe the inverse. correlation existing
between. condition factor nnd population size in
a pelagic Jl1luine fish, the Pneific snrdine (Sar­
dinops cae-rulea.), It sit.uation apparently pnrnllel­
ing thltt of the stunting of fish under conditions
of high p()plIlntiou density. Stunt.ing reflects
growth conditions over a· considerable period of
t.ime and especially during prendult life. Condi­
tion fact.or reflects recent. feeding condit.ions. Both
stunting nml low condition factor ma.y be ca.use.d.
by a meager food supply whieh, in turn, may
result from a large popuh~tionof fish.

This study is a. byproduct of fecundity studies
(MacGregor 1957) conducted as pa.rt of the
broade.r studies of the Cnliforuia. Cooperative
Oce.anic Fisheries ~nvestigatjons. The California
Cooperative Ocelwie Fisheries Investigations are
earried out under the sponsorship of the California
Marine Research Committee by the CaJifornia
Academy of Sciences, the California Department
of Fish :tnd Gnme, the Hopkins Mll-rine Station
of St.anford University, the Scripps Institution
of Oceanogrltphy of the University of Ca.lifornia,
lmd the South Pacifie Fishery Investigations of
the Bureau of Commereial Fisheries of the U.S.
Fish a.nd Wildlife Service. The number of eggs
spa.wned by a. sardine appears to be more dosely
related to the weight. of the fish than t.o its le.ngth
or age. A snrdine having a, higher condition
factor will generally de.velop n. greater numbe.r of
eggs than one having a lower condition factor,
when t,he two fish nre of similar le.ngth and age.

BuIT~i1~16'}J.'pro\'el1 for puhlication Sept, 26. 1958. Fisher)'

However, the increased relative fecundity of a
small population having high condition factors
does not compensate for the much larger absolute
number of eggs thnt. nre developed by a lnrge
populntion having lowe.r condition fnetors and
:t, lower relntive feeundity. There is no apparent.
correlat.ion between yea.r-chtss size (either abso­
lute or relative to the pa.re.nt. population) and the
eondition factor of t.he populat.ion that produced
t.hat yenr-dass. Relat.ive fecundit.y as related to
condit.ion fnctor, whi<?-h in turn is re.lated to popu­
lation size, may be one component of 11- complex
of fnctol's tht1-t. tend to retard populntion f1uctUlt­
tions, preventing unlimited expn.nsion on the one
hand and ext.inction on t.he ot.her.

I wish to thtwk the Ca.Iifornia. Department of
Fish nnd Gnme for the sampling records, the staff
of the South Pacific. Fishe·l'Y Investigations, Bu­
ren.u of Commercial Fisheries, for helpful criti­
cisms [md suggest.ions, and A. ·R. Vroomnn for
pl'epnring the illust.rat.ions.

METHODS

Condit.ion-factor data were derived from sam­
pling records compiled by the California. De.pa.rt­
ment of Fish and Game. In making nge and
lengt.h detel1ninat.ions of the commereia.l cntch of
sa.rdines, II number of snmples of 50 sn.rdines eaeh
were obta.ined from the commere.ial catch each
se.nson. Among the dnta obt.ained for ench sam­
ple were the sttmdnrd lengths of the. individual
fish in millimeters and the total weight of the
sample of fish in kilograms. From t.hese were ob­
tained the mean lengths and the menn weights of
the f,O-fish snmples.

C I" fbI > I li~ W X 107

·on( It.lOn actor may e (eline( as 1. = L3 . '

in which /{=eondition factor, W=mean weight.
of fish in grams and L3=cube of the mean stand­

215
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ard length of fish in millimeters. Mult.iplying
lV by 107 changed [{ from a 7-place deeimal t.o a
more easily handled 3-digit whole number.

Although the condition betor derived from t.he
mean length and mean weight. of sardines in a
50-fish sample will differ from. t.he. mean of the
individual condit.ion fac.tors of t.he sardines in
t.he sample, the difference is negligible. The fish
wit.hin any Olle sample tend to be approximately
the same size and have fa.irly similar c.ondition
factors. Condition fac.tOl'S based on t.he mean
we.ight. and mean length of fish in a sample were
eompared with the mean c.ondit.ion fadOl'S based
on the a.vera.ge of the 50 c.ondition faetOl'S for the
individual fish for several samples in which in­
dividual fish weight.s were knmvn. In no case
did the [{ value comput.ed from t.he mean length
and mean we.ight, differ from the mean [{ value
by as much as 1 pereent.. For exalilple, in one
composite 50-fish sample consisting of ten differ­
ent 5-fish samples t.aken over a I-month period,
individual condition fadors range.d from 118 to
176 with a meail of 138; leI:lgths ranged from 189
nUll. t.o 2fifl mm. with a menn of 212 mm., and
weights ranged from 92 grams to 198 grams wit.h
It mea.n of 132 grams. The c.ondit.ion faet.or based
on me.IUl length and mea.n weight. was 139 or only
one K unit highe.r t.ha.n t.he mean condition factor.
The condition fa.ctors used in this paper are based
on samples that a,re probably all considerably
more homogeneous as to lengt.h, we.ight. a.nd eondi­
tion bctor than the above composite sample.

The data. used a·re from a. period of 15 fishing
seasons, 1Ml-42 t.hrough 1956-57 at. San Pedro;
for eaeh season the observat.ions cover the 4 prin­
eipal months, Oetober through January. No
dat.a a·re available for Deeember 1953 a.nd for the
entire season of 1944-45.

Condition factors a·re used as a. mensure of the
"fat.ness," although not. necessarily the fat cont.ent.,
of fish. It. is assumed that no a.ppre.eiable change
oceUl'S in the. spe.eifie gra.vit.y of the fish. K values
ma.y be wmpnred not. only among fish of the same
length, but. also, if it. c.un be shown that. the.re are
no ehanges in body proport.ions pee.ulia.r to any
length group within the size rn.nge studied, among
fish of dift'ere.nt. lengths.

A second formula. often used by fishery workers,
and one related to the eondition factor formula, is
that for weight-length relation. This formula

genera.lly takes the form lV = CD', in whieh 1V =

weight., C = a c.onst.lmt. det.ermined by the data
l\.nd L" = length raised to lUI e.xponent. determined
by t.he data. This fonnula desc.ribes the weight.­
length relat.ionship of n· sample of fish. Hile
(1936) diseusses the uses of and t.he differences
between the t.wo formulas in considerable det.ail.

The formula TJT = CD' provides for the possi­
bilit.y that changes in body proport.ions t.uke pla.ce
at It oonstantly inc-l'e.asing or deereasing rate
t.hroughout t.he range of data. This is not. neees­
slwily t.rue, especially if t.he mnge of da.ta ineludes
bot.h immature and adult fish. Theoret.ieally, if
n is less than 3, condit.ion betors should decrease
wit.h inerease in lengt.h, and if n is greater than 3,
condit.ion faetOl'S should inerense wit.h increase
in length. The value of n ean be influenced by
sampling irregularities, such as ineluding in'the
sample fish from differe.nt. environments or from
different, years or mont.hs when the length ranges
of the fish a·re not compara.ble in the different.
sample eomponents. These irregula.rities, as well
as those caused by ineluding immat.ure and adult.
fish in t.he same sample, generally show up as high
perce.nt.ages of plus or minus deviations within one
or more l'estrieted length ranges within the total
length rn,nge. of the length-weight curve. . .

Clark (1928) dete.rmined the length-weight re­
lat.ion of the. Pac.ific sa.rdine from data based on
fish from the eOllllne.rc.ial eateh a.t. San Pe,dro from
JI\.l1Uary to April 1921, December 1924 to Ma.reh
1925, Novembe.r 1925 to Ml\.l·c.h·1926, and Decem­
ber 1926 to Mn,y 1927. Also induded were a series
of fish of less t,han 150 nun. st.andard length (70
to 150 mm.; n. size range not. repl'esented in the
eommereial eatch) t.aken from JI\.lUUllJ' to Decem­
be.r 1921. The length m.nge. of the fish taken in
t.he commereial fishe.ry samples is fll.irly well rep­
resented t.hroughout, e.a.eh of the months and years
during which sampling was conduded. Clark
found that. the value. of '1/. in the fOnlmla
1JT = CL" was 3.15 for t.his combined sample of
fish. She also conduded t.hat. sll.rdines smaller
t.han 200 mm. have a different. se.asonul we.ight
eycle t.hn.n sardines large.r than 200 lllm.

In a later paper Clark (1934) furt.her demon­
strated that immature sardines 'have a different
seasonal fat eyc.Ie. thnn adults. She also sta.ted
(1) thnt the 3.15 vnlue. of n wns reduced to 3.07
if fish sma.ller than 150 mill. are omitted; (2) thnt
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there was no significll.nt. diffel-ence bet.ween t.he
length-weight re.lnJiollships of males am] females;
(3) tllllt. the value of 'l/. for San Pedro sl~rdines

(longer than 150 mm.) bet.ween l.VIn-y and October
1929 was 2.80 and (4) t.hat, the va.lue of n for fe­
male sardines throughout an elltil"8 yellr, October
1928 to Oetobe-r 1929, was 2.94. These close I~P­

proxil1lat.ions of n to t.he cube indicate that condi­
tion fadors of sa.rdines of different le.ngths are
compa.rahle, at lellst within certll.in limits.

A. sec.ond and more direct method of dete.rmin­
ing the comparnbi.lity of condition factors of fish
of different lengt.hs is to determine the trend of
[{ when plotted ngainst fish length in a represent­
ative sample. Clark (1928) has done this for
each of the months Janua.ry, Febnlary, and
Mn.rch. E:\ch. monthly sample consisted of fish
taken in foul' different years, but. all lengths were
represented fllirly well in ench of the years. Her
data. indicated an increase in [{ from a fish length
of about 155 mm. to 195 mm., no change in K be­
tween 195 mm. and 250 mm. and It slight decrease
in K between 250 and 280 mm.

I lmve used no s:u'dille samllJes 'having mean
lengths of less than 190 mm., nor samples lll\.ving
mean lengths greater than 240 mm. [( values of

sa.rdines within this length l'l\.Jlge are compn.rahle.
Measures of popuhtt.ion size used in this paper

11re (1) the California cOllllue.rcial catch in tons,
(2) the Californi:l catch in numbers of fish
(il) nccumulat,ed age estimates (numbers of fish)
Felin and Phillips, 1948; Mosher et a1., 1949; Felin
et. aI., 1949, 1950, 1951, 1952, 1953, 1954,1955 (in
press) ; 'Wolf et al. (in press) ; Clark and Marr,
19M. The latter measure is a minimal popula­
tion estima.te based on the Pacifie coast eommercial
c.atch. Data for additional ye.a.rs ha.ve be.en in­
duded with that. of Chtrk and Ma.rr (1955) for
accumulated age estimates. The conlluercial catch
is believe.d to be a· good relative measure of popu­
lation size off the Cnlifornia coast. over the 15
seasons covered by the data beea.use the fishery
has been intensive over this period. The catch has
fluctuated from almost 600,000 tons to about 3,000
t.ons during this period. The general trend in
eatch hns been downwn-rd since the late 1930's
wit.h tempora.ry increases in catch following t.he
entries of the 1-elatively la.rge 1946, 1947, 1948, and
and 19112 year-c.lasses into the fishery. The us~

of cateh data. as a relative. measure of the size of
the snrdine population is discussed at some length
hy 'Clark and l\hrr (1955).

TAIlLE l,-ll/u,in flatu 101' SaJ/. Pc/lro (,Ollllllcrciul "!(/.r"illl~ fi·~h('/'y. 1941-J,:! tI"'ollnh 1!15/i-.57 s('asolls

----...-------.-------;---------- -_._--;-----,----,-------,-----Season
Mean condition factor Mean length Nnmber of 5O-fish samples

Oct. Nov. Dec. Jan. 4-month
mean' Oct. Nov. Dec. Jan. 4·month

Ulean I Oct. Nov. Dec. Jan. Total
---------------------------.- ------ --_.------------
1941-42__________________ 126 123 121 117 122 195 197 196 196 196 70
1942-43..________________ 126 122 119 118 121 203 203 201 199 202 82
1943-44._________________ 127 125 123 122 124 201 200 202 200 201 84
1944-45•• .. . ... _
1941;-46. .___________ 131 130 128 126 129 203 203 202 208 204 25
1946-47. ._._.. 135 130 i30 128 131 201 203 200 210 205 25
1947-48 ••. 138 135 134 132 135 210 217 221 221 217 20
1948-49 ._____ 134 129 128 128 130 201 200 200 200 200 18
1949-50_... ._____ 128 124 123 124 125 200 199 201 205 201 20
1950-5L __ ... 132 131 129 127 130 205 207 213 214 210 35
1951-52_... •. __ 129 128 125 129 128 208 211 212 217 212 40
1952-53 __ 137 137 135 137 137 232 235 233 232 233 12
1953-M __ 144 140 134 139 215 234 222 224 16
19M-55.... __ • .. _ 137 133 127 132 132 205 206 207 209 207 17
19M-56 .___________ 136 133 132 136 134 214 213 215 215 214 33
1956-57__________________ 140 137 135 134 137 223 226 228 227 226 34

I Unwelghted averag~.

48 38 46 202
77 76 48 283
53 511 47 243

... ----- -- -- ---- --- - - - _. .--- - ---
14 13 20 72
16 22 14 77
18 14 9 61
15 15 12 60
II 17 13 61
40 25 30 130
28 20 21 109
15 9 5 41
14 0 3 33
28 20 3 68
25 25 11 94
15 .~ 7 61

CONDITION FACTOR TRENDS

The trends of condition factors of Sl\.rdines taken
at San Pedro from October to .Janua,ry in e.ach of
};') fishing se.asons nre shown in figure 1. Since the
sardine fishermen 10eMe t.he sn-rdine sehools pri­
marily by biolumineseence, t.he fishery is carried
on nt. night. during the dn.rk of the moon. Because
of this, the monthly trends are somewhat in error;
sardines from port.ions of two fishing periods al.e

often included in 1 month, and fishing periods a.re
often divided between 2 months. Comparison of
fishing pe.riods would a.lso contllin nn error since
t.hey do not ocenr nt the same time 'eneh ye.n.r.

Nevert.heless, the mont.h-to-month trends nnd the
yenr-t.o-year ehanges in condit.ion fnctors are well
marked. It is ll.ppa.rent. t.ha.t condition factors
generally deere-nse as the fishing seasoli progresses,
nlthough there is oft.en nn increase from December
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TAllu: 2.-0aUtol"".ia Iwnn"c f.'llte1l. (fat" a.",l· ""di"",tl."t
IIO/JII·/'afi..l'/I. (bll al.,('ju/f.IIl"kf.l a!lC) til,. flU< (i1<l/.il/fl 1<"II1<f.",1I
1941-4:2 fll/',II/glI 1!/.'j(j-;j"{

I Felin and Phillips, 1948; Mosher et 01., 1049; Felin et aI., 1049, 1950, 19.~1.
1952, 19[13, 19M, 195~ lin press); WoH et al. (in press).

2 Clark and Marr, 1955; 0950-51, 1951-52 and 1952-53 seasons corrected and
1953-M, 19.~4-55 an<l1955-56 seasons added on basis of more rCCl'nt datal.

t.o.Jammry. At. the beginning of t.he fishing season
(October), t.he. highest condit.ion factor is 144
(1953) ; t.he lowest, 126 (1941 lind IH42). At t.he
end of t.he fishing season (.January), the highest.
condition fact.or is 137 (19!l;~); the lowest 117
(1942).

Over the range of K values observed, t.he rela­
t.ive measurement., K, equals t.he absolute measure­
ment., weight in grams, of a· 215% mm. sardine.

That is, from IC= W ~3107 it. follows that £3= ;:.

xI07, and when 1¥=[{, £3=107, and L=215%.

Season

1941-42. _
1942-43 _
1943-44. _
1944-45 _
1945-46. . _
1946-47__ c . _
1947-48 _
1948-49. _
11/49-00 . _
1950-51. , _
1951-52. . _
195a-53 _
1953-54. • _
1954-55 . _
19M-56 _
1956-57._ . • _

California ca1ch I EsUmatcol
population 2

Thousands Billions Billions
of tons of fish offish

r.ss 5.34 11.5
502 3.96 9.1
475 3.48 7.0
551 3.81 5.8
399 2.81 3.6
228 1.86 \.7
110 O.9:j \.4
160 \.50 2.7
334 2.75 ·1.3
351 2.59 3.7
127 0.96 1.2

.~ .02 0.4
3 .02 0.7

67 .53 1.2
73 .52 0.8
33 .19 ._--- -- - _._-

A 215% mm. sardine is nea·r the midpoint of the
range of sardine lengths (190-240) in the samples
used.

Some condit.ion fa.ctor data are avnila.ble for
sardines landed at Monterey for 8 of the 16
SeltSOnS considered. These nre compared with
Sltn Pedro sardine condition fact.ors for the cor­
responding months (fig. 2). The number of 50­
fish samples is given in pllrentheses for Monterey
condit.ion factors whenever they are based on less
than 10 samples. The .Ta11l1ll-ry, 1947-48, San
Pedro sample is based on nine 50-fish samples j

all other San Pe.dro condition factors are based
on 10 or more. Not. only are· the Monterey dat.a
men-gel', but. also t.heir relative abundance is great­
est during periods when the Sll.rdine populat.ion
was highest ltnd condition factors lowest. It. may
be seen (fig. 2) that t.he Monte.rey condition fllctor
t.rend ~enel'lllly follows that Itt. San Pedro, but. is
highe.r in value at t.he beginning of the season a.nd
Itbout t.he same t.owa.rd the end of t.he. season.

The least. squares regression of Monterey on
SltH Pedro condition fact.ors for eltch of t.he four
months a.re shown in figure 3 and regression sta­
tistics nnd ot.hel· dlthl in table 3'. Although these
eorrela.t.tons are based on smn-ll samples (numbers
of pairs of data.), the probahilities (P) t.hat such
high correlations would occur by chance alone a·re.
rehttively low.

TABLE 3.-0orreZa·tion behoeen MOfl.terey antZ Safl. Pedro c01ulifi.Q-l~fa-etors

Month a b Number of Observed r when PI=.05-.02 r when PI=.0a-.01 r when PI=.OI-.OOI
samples r

----.-------.----.---------------_·-----1-----·_--------
October _
November __ • . • _
Derember; • . . _
January . .

1 Fisher and Yates, table VI, page 54.

-104.32
1.043
5.354

25.112

1.8794
1.0435
.9798
.8062

7
6
6
5

.89l .87&-.951

.885 .882-.917 _

.1111 .88a-.9Ii •• __

.917 .873-.934 _

The Mont.erey data for one point (1948) on the
Oet.obe.r col'l'e.lnt.ion of figure a are not included
in figUl'e 2. This is It single 50-fish sample with
It meau [( of 149 (meltll length= 19f1mm.) . Tlutt
(.his !l~ va.lue is not. ahe.rl·a.ntly high is indieated by
the I{ values of t.he two samples in the 180-189
mm. lengt.h group tnken itt. Mont.erey at. the Slime
t.ime. One had It !l~ mlue of 151 (mean length
186 nll11.) amI the other, 141 (mea.n length 185
mm.).

Although the K trend appea.rs to drop more
slutrply from Oc.tober to .J"am1ll-ry, llnd although
IC values are not.iceably higher at the. beginning
of t.he sea-son in Mont.erey, the San Pedro /{ vlllues
do bear a relative l'elation to those of Monterey.
Therefore, it. is logical to examine the relat.ionship
between San Pedro I{ values (for whieh the long­
est. series of data are available) with the total
Cltlifornia ea.teh (which should be the best. meas~
ure a.vailable of the total surdine population off
the eonsI'. of Cal if0111 ill) .
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FISHING SEASONS

FIGtTKE 1.-Co\l(lition fuctor t.rends for San Pedro sardines.

CATCH, LENGTH, AND CONDITION
FACTOR RELATIONS

The yell.r-to-yea.r t.rend of t.he California sar­
dine cn,teh (thousands of tons) ILnd t.he inverse
t.rend of the 4-month mea·ns of lengt.h ll.nd condi­
tion factor fOl' the 1941-42 through 1956-57 fish­
ing sea·sons a·re shown in figure 4. 'rhe t.rends of
eatch or estimated population in billions of fish
and the inverse trends of length a.nd eondition
bctors for ILIIY of the -1 mont.hs considered sepa.­
l'll.tely plLI'Rllel those in this figure.
Figures 5, fi, lLll(l 7 show t.he least-sqUlwes re.­

gl-essiollS of length and condition factor on ell,ch
of t.he t.hree l'ehLt.ive meaSUl'ements of population,
lmd figUl'e 8 shows that. of oondition fn·etor on
length, The regresgion st.at.istics llnd ot.her dat.a
are given in tahle 4. ·All se\'en associations M'8
significant, but. the t.hree relationships involving

517548-59--2

condition factor and population hare highe.r cor­
rel:tt.ion eoeffieients t.han the t.hree involving
lengt.h llnd population.

~'ARU; 4.-Rcp1'CJJ8;On sta·tidios and other data for the re­
(IrC88;0-I18 Of l.('.lIgtl~ a1H£ oolldition factor on 00·('11. of threp.
rt'f.a·tl1'e population m,easu1'cments and of Cootf.it ion, fac­
tO'r on length

[CI=Callfornla estell in thousands of tons; Cb=Californla catch in billions
of fish: EP=estimated population In billions offish; L=lpngth; K=Con­
dltion fa~tor.J

x }" N u b r P

-----
Ct. _____ [. I.~ 220. 165 -.04359 -.788 <.001
CI.. ____ K 15 136.188 -.02573 -.903 <.001
Cb ______ [. 15 219.952 -5.36347 -.ill7 <.om
Ch ______ K 15 136 (105 -3.13440 -.905 <.001
EP__ . __ [, 14 216.244 -2.05723 -.685 <.01
EP_____ K 14 134,641 -I. 37874 -.81'>5 <.001L _______ K 15 37.667 0.44067 .85t\ <.001

1

The l'egressions involving lengt.h a·re mOI'8 ae­
curntely deseribed. by eurves than by strllight
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FIGURE 2.-Comparisori of San Pedro 'and Mo'n'terey cOlidition factor trends.

., ",.' . ,':

lines, even apa.rt· from the fact tha.t the 'lo.wer
lengfh limit 'was arbih'ai'ily .taken: , at' 19"0' mm;
For example, in figure 9, the' mii'vilinea:i' regres~

sion r = 193.11 +35.08 '~' X ~ 1 ), fits·. the plots of

lel~gth (Y) ~n ca,tch' il{ 'bilii~~ls of' fi~h" (Xo) .~tter
tha,n the rect.ilinear regression Y = 219.95 - 5.363X
and t.he coeffic,ient of correlation "is .increased 'from
0.797 to 0.907. However, the rectilinear regres­
sion demonstrates the existence of a significant
correlation, which is suffieient. for t.he present
purposes.

The length and condition factor data taken for
each month sepa-ra.tely also show high. degrees of
correlat.ion with one another and with the three
rel:ttive population mensuremeilts.

It. now rel'nnins' to be determined which of the
ahove'groups of correla.tion:;; may represent c:mse

lwd :'effect a,iii:l' ~·iii~,I~ ~~ ..p~~~a,~ly· p~r:Jjel ;~ri ac­
compnnying'phe.ilOmmln.: ' ... ";:;.,' .

. .
,. :t;>ISCUSSJ.ON.·.. ~i·, ".:,' '.'

. :aiu~ ~esult of'i~t'e~si,r~' fishing 'Of astbck'O.f:ilia>
1·iiu3'..fishes· is :ofteii dee,rensed c.a.tcliace6mpa.nieclby
clecreasedns~i size (length).' '11'1 the'sa:rdiiie data" '
deere.itses 'in catch under iilteilsive fishingiu-e ac~

e~mpl\.l;ied by'in~renses in a~e~a.ge fish length, and
increases in cRtch n.re aceompn.njed· hy decrenses
in IWerl1ge fish lengt.it. The rensoris for' this ap­
peRl' to .result. from t.he inter~et,~on of t.wo facto:rs;
(1) lmy year~class of f:lardi~es cont.ributes. by fRr
the gre.atest. tonnage to the fishery..in its third nml
fourth years of life (i.e.• fish whose scales show;
respect.ively, ~ nnd 3 allnual gro\vth..rings), nnd
(2) st.rength. of yen.r-classes fluet.ua,tes gl'eatly
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from. yea.l' to year. Thus,' t.he :la:rge ·catChes 'are
associated with la.rge year-classes of fish:intheir'
t.hird and' fourth yea.rs of life: _These. fish ltl'e·
relati"ely smalL'. On the ot,her' hand, small
catches are associated with· small. yen.r-classes in·
their third and .fourth yen.rs, together ;with rela­
tively high' percentages of larger,:older ·fish from
some former la.rgeyea-r-c1l1ss. 'According to.data
preSellted by Clai'k and Ma.rr(1955), which

cove.rs·· t:he... period 193~3 t.hrough '1952-53,- the
size of the year-class entering the fishery (:tS 2­
ring fish) hus· averaged '91"percent of ·the adult
population size to which' it has been 'added, and
has ra:.ngecl from 10 percent (1949 yea.r-class in the
1951"52 season) ,to 286 percent. (1946 year-clltSs
in t.Jle 1948-49 season).

In the 16-season period (1941-42) through
1956-57) t.he sardine age at San Pedro, as meas-
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~QU'E 'l.-Tr.end ot CaUfornla sardine catch and inverse trends of length and condition factor at San Pedro
1941-42 through 1906-57.

Ul"l}d by mean_ number of annual scale rings, has
ranged from 2,01 (1946-47) to 4.41 (1952-53).
Froill 1941-42 through 1945-46 mean number of
o,Illlldi illerea~ frolll 2.30 to 2.72. Two- and 3­
ring fish dominated the catc.h with 2-ring fish
g~l-ierany ll\ore ab\llldant, In 1946-47, 1-ring
6sh dominated the ~·l\tch for the ~nly time during.
thl} 16 seaSons and men.n age dropped to 2.01. Iii.
th~ iQllowlng fo\\r seasons it again in~.reased to
~.73, Itnd du.dng this time. 2-ring fish again
dqminat~d the cl\.tch. From 195()--,-51 through
U)f)2~53 t-he mellon m\mb~r of annuli inereased from
2.73 to -:l,U "ud dropped slightly to 4.21 in the
1,9{1a-54 Season. Dllflng theSe fOUl' seasons the
1948 Ye1w-c1nss domhll\ted t.he eatch as 2-, 3-, 4-,
!tnd !)~ring fish, respe.etively. This was eaused by
the almost complete failure of the 1949, 1950 and
1951 year-classes.

Of secondary importance were sardines in the

1947 year-class as 4-, 5- and 6-ring- fish in the first
three seasons and the 1950 year-class as 3-ring
fish in the 1953-54 season. In the 1954---55 season
3-ring fish became dominant, and the mean num­
ber of annuli dropped to 3.22 but again increased
to 3.78 by-1956-57. The relatively, but not en­
tirely abundant 1952 year-class was of secondary
import.ance in 1954-55 as 2-ring fish, and domi­
nated the eat.ch in the two following seasons as
3- and 4-ring fish, respectively. In the 1956-57
season the persist.ent 1948 year-class was fourth
in abundance as 8-ring fish. During the first 10
seasons (1941-42 through 1950-51) of the 16-year
period the Ca-lifornia sardine catch averaged 2.90
billions of fish and ranged fl'om 0.93 billions to
5.34 billions; the mean number of annuli averaged
2.46 and ranged from 2.01 to 2.73. During the
next six seasons (1951-52) through 1956-57); the
c.ateh averaged 0.37 billions and ranged f1'om 0.02
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TABLE 5.-0orrelatio1/. of cOllditio1/. factor and length for
each Of 15 sea·so·lIs (bIt ind.i-vidnaf. sam.ples) IJ/ld seasolls
combined (IIIef/1/. val-lies) for the month of Jallllu·ry at
San PCflro

that. t.here is a· slight tendency for II to increase
with length, but this could also arise from ot.her
causes. For example, there appears to be a telld-

lIlm. mm.1942___________ 190 210 46 -.217 >.11943___________ 190 214 48 .183 >.11944 ___________ 191) 22.; 47 .321 .0..;>.021946________ 193 220 20 .292 >.11947_________ :: 198 227 14 .000 >.11048___________ 204 231 9 .3!l4 >.11949___________ 191 211 12 .050 >.119511___________ 1!l4 213 J3 .675 .02>.011951. __________ 20S 221 30 .173 >.11952____ • ______ 202 234 21 .134 >.11953 ___________ 228 239 5 .278 >.11954 ___________ 221 222 3 .316 >.11955___________ 208 209 3 -.316 >.11956___________ 210 22f) 11 .070 >.11957___________ 221 2a2 9 .770 .02>.01
11 ~·ears------- 196 233 15 lme:\lls) .858 <.001

billions to 0.96 billions; mean number of ltnnuli
ltveraged 3.71 and ranged from 3.22 to 4.41.

The lack of direct correlation between condition
fadol' lLnd length is demonstra,ted by the data in
table 5. "Then the melms of I{ and length for
.Jtmuary of each of the 15 years are eOl'l'elated
'/' is high aJl(1 P is less dum 0.001, but when I{
and length are correlated for the individual sam­
ples for .Ta.nuary of each of the 15 years, or is gen­
erally low and P is high. By using the data for
a single month, elTors arising from the seasonal
I{ trends a·re minimized. Dat.a from any of t.he
ot.her :3 mont.hs gives similar result.s.· The dat.a
for the yeaTs 1954 and 1955 a·re meaningless be­
en-use LV is too small ttnd the length rltnge is too
l'est.ricted. LV is ttlso too small to have signifimtnce
in the yem' 195:3..

The flwt that 12 out. of 15 of the correlation
,coeffic.ients ha.ve a positive value might indicate

Season
(Januar)')

Length range

Minimum Maximum

N p



SARDINE GROWTH AND POPULATION DENSITY 227

235

1952-53

230

01941-42

54

.., ....... ........ ........-- ... ..............

3

01950-51

2

o 1947-48

01954-55

01948-49

'1953-54,,,,,
\,
\,
~
\
\
\

. \
, '. '0'\'"

1955-56 \
. \

\
\~1951-52

\
\

\,
\ ,,

'"
'a-~.46-47, ...., ,

......
' ...

"",
o "1949-50

210

195
OO::"" ...J.... ...J.... ....L- ....L- ...3-....L- .;;r

o

z

200

(/)
0:::
W 215
I-
W
~

.....J

.....J

:2

::c
1-.
C9
Z 205
W
.....J

-z
« 225
W
~

::c
I-
Z
0 2.2.0
~

s:

CALIFORNIA CATCH (BILLIONS OF FISH)

tion of l{ and the length for ttIl years, or the
geneml lack of significance for t.he individual
years. Mean length is strongly influenced by the
size of t.he last. large yeal;-dass, which in turn
determines in large measure the population size

I!'IGURE 9.-Comparison of curvilinear and rectilinear regressions of Dlean length of San Pedro
sardines on California catch in billions of fish. Solid line: }'=219.95-5363.I, r=.797;. . (1 .
dashed line: }'=193.11+35.0S --). r=.907.

. X+1

ency for the sardine populat.ion off the Califoi.'nia
coast. to move southwlWd during the course of the
fishing season, amI there is illS<>" a temie.ncy for the
more northern fish to be of larger size. Howe.ver,
this does not expla.in the highly significant correll\.-
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TABLE 6.-Correlation data lor c.o-1/4itim~ factor (by lel/gth
groups) at 8m~ Pedro in January and Californ.ia sardlne
ca.te1l. (tlwusUlUls 01 tons) lor file years 19J,'2-57

One possible explana,tion of t.he high degreE\ of
inverse correlation between populat.ion size, as
mea.sured by the California catch, a,nd condition
factor is that. there is a southward shift of the en­
tire J?~pulati?n (possibly owing to hydrographic
conchhons) III yea.rs of small population and a
nort.hwa.rd shift during years of large population.
The da.t.a of figure 2 shows t.hat. the condition fac­
tors at Mont.erey te.nd to run highe-r t.han a,t. San
Pedro. However, the high degree of inverse cor­
relation bet.ween catch and condit.ion factor for
Ja,nuary, when :M:ontere.J" and 81m Pech'o condi­
tion factors te.nd to be most nea.rly the same. does

1 . 'not su lStunhate this hypot.hesis.
Although the range of the Ca.Iifol"nia sardine

extends. fart,her to the nort.h in years of large
populatIon and contracts toward the south in
years of small population, sardine schools are
not ~Uliformlydistributed throughout their range.
Durmg good .rears t.he population density is much
great.e.r within the range, also se.asonal concen­
t-mtions of schools occur within t.he range. Al­
tho1lgh the range of the sardine is bounded 1;>y
lund only on the east, it is proba.ble that. it is al~o

bounded on the othe~' side!' by oceanographie fea­
hIres, l;l0 that Re popula.tion si~e 1Ilcreases; within­
rang~ density increl\.se$ ll10~'e rapidly than the
tota.l rl\.nge.. Therefore, the iIlverse correlation
of K and pop\llat.iOll (as mea!;1llred by cat-ch) cOll1d
re$ldt from le$s a,vaill\.ble food-pe~·-a.sh in ti1l1es
of large pQp1llation and vic:~ versa if the. totnl
amount of food avail!lble withiJl the area did not
va.ry considerably from yeaT to yel\.r. If this
hypotheflis is true, it- inIpii~ t}la.t. 'the l\.dl\}t $ar­
dines have little inter~pecific<,'ompetition for food.

Ot.her $imihtr-sized seh®ling spe.c.ies who$e
ranges overla.p that. of t.he S!l.rdinfi} in Californil\.
wa tel'S a.re t.he a.nehovy (E-ngrauli8 '/n.oJ'daw) , the
Pacific nUlckerel <. P'n~:llm.(l.tophO}'1.I08 di.ego) and
the jack mackere.I (Trachlu'1l8 8ynunetJ'icu8).

1Each K "alue is a mean of all January l!3mples fOf that yeaf.

p

.02>.01
<.001
<.001
<.001

.05>.02
<.001

-.859
-.913
-.846
-.946
-.972
-.954

7
II
10
9
4

15

INLength group

(as measured by cat.ch). Also, condit.ion factor
is apparently determined to a considerable degree
by population size, and hence, there has been, ove.r
the 15-year pe.riod, an apparent correlation be­
tween lengt.h and [t. That this correlation is of
a parallel nature rather than cause and effect is
in agreement. with Clark's (1928, 1934) findings
that. the we-ight-Iength relationships of the sardine
closely approximate thecuhic form.

Table I) presents the data illustrating the cor­
relat.ion of California sardine ca.tch and [{ for J an­
uary at. Sa,n Pedro for the years 1942 through
1947. The dat.a include the means for all fish and
for each of the five HI-mm. length groups observed
during the period. The value of I' is high in each

. of t.he six groups and P is greater than 0.001 only
in t.hose t.wo in which N is very low. This consti­
t.utes additional evidence that changes in [{ are
probably associated with population size, and not
length.

It. is probable t.hat. the gl'Owth rat.e in terms of
length is also greater for the sardine in times of
low population densit,y than in times of high popu­
lation densit.y. Of the 15 year-dasses IH39 through
1952, five averaged less than 200 nun. in lengt.h
as 2-ring fish. The estimat.ed size of these five
year-dasses (19:39, 1940, 1941, 1946, amI 1947)
(Clark a.nd Marl', 1955) ranged from 1.9 billion
fish to 7.2 billion fish and averaged 3.34 billion
fish. Ten-ye!tr-da$ses averaged ;300 mm. or larger
as 2-ring fish. l3evell of these ye!lor-classes ranged
in estimated size from 0.1 t.o 2.3 billion fish and
ltveraged 1.04 billiOll fish. Data for the other t.h·ree
year-classes (1951, 1952, and 1953) are lIlcomplet~,

hIlt. t.hey were weU within the ra,nge of the Qther
seven and would nOt. markedly aWeet the av~rage.

There are several complkating factors in t.he
a.pparent a,ssociation between year-c1t\!;Is si~e and
lengt.h growth. The size of the rell1!\ining popula­
t.ion is not take~l into account. Also, lengt.h
r,eftects c.uInulative grOWlIlg conditions over the
hfe of the fish, while t.he conditi()n fa,ct.or more
closely reflects current condit·ion$. A y~!\r-cia.ss
ol'iginating prill1arily in Sebastil\.n-Viscaitw Bay

.off Baja California probahly has a. different
growt.h patt.ern t.han one originating off southern
California., and One origi~ltlting from a peRk
March spawning probably has a different. growth
patt.e.rn than one originating from a. peak June
spawning.
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Anchovies have been abundant during the past
few years, while the sardine popula.tion has been
small. To a cert.n.in extent. anchovies tend t.o fre­
quent a·reas where sa.rdines ltre not present and
dce versa, alt.hough they are somet.imes found
sc.hooling toget.her. The largest anchovy clttch
in t.he yem'S 1916 t.hrough 1955 occurred in 1953,
when 4:3 thouslwd tons were taken by t.he com­
mereial fishery and 6,000 tons by the live-bait.
fishery (Mille.r 1956). The a.nchovy stock is not
fished intensively.

Landings of jack maeke.rel rea-ched a peak of
67,000 tons in 1950 (Fiteh 1956a). The popu­
la.t.ion is probably not being intensively exploited
by the fishery. Both the anehovy and jaek mack­
erel were not fished to any great degree until the
dee-line of the sa.rdine. popuhttion e-aused these two
species to be sought as substitutes for eanning
purposes.

The Pacifie mackerel has been intensively fished
off the Cltlifol'llht coast over the 1940-41 to
1956-57 period covered by the sa.rdine data. The
highest clttch in this period was 54,000 tons in the
1940-41 season (Fiteh 1956b), although higher
tonnages were landed in two seasons in the previ­
()Us decade. La.rge yettr-c.lasses of Pacific mack­
erel seem t.o ]mve a slight tendency to coincide
with large yea.r-c.1asses of sardines.

The anehovy appeal'S to be a filte.r-feeder,
whereas the two mackerels are selective feeders.
Fitch (1956a) found that jack mackerel feed to a
la.rge extent on small crust.a.ceans and also at t.imes
on juvenile squid and ancho"ies. Fitch (1956b)
also stated that, examilUttion of 228 Pacific mack­
erel stomachs revea.led that they fee.d largely on
hU'val and juvenile fish and small erustaceans.

Lewis (1929) stated that. the sardine is a filter­
feeder, but Radovich (1952) conc.luded that it is
also a pa.rticuhtte feeder. He found one occur­
rence of sardines feeding on juvenile a.nchmries.
Sardines kept in tanks or la.rge aquaria have
been observed feeding selectively on numerous
oeeasi0 ns.

Nothing is known about interspecific food com­
pet.ition bet.ween the ltdult, IUlChovy ltnd sltrdine.
There is probably competit.ion between the mack­
erels ll.nd t.he surdine us, in bet" they n.re not. in-

frequently found in mixed schools and, at times,
apparently feeding on mueh the same types of
organisms. However, very little infol1nation is
IWltilable on food compet.ition among these and
other 10C-ltl marine species, ltnd such relationships
must. remain a maHer of conjecture for the pres­
ent, n,t least.. A second Wlty in which population
size might affeet feeding ltnd condition fac.tor is
by its effect on school size. Large populat.ions
could result in htrge sehools and 81111t11er popula­
tions in smll.Iler schools. It seems logical that a
smltll school could feed more efficiently per indi­
vidun.l fish t·]Ul,n a large school.

SUMMARY

Low population levels of the Pac.ific sardine
(8al'dinops cae-rule-a) (as indicated by the Cali­
fornia cateh) are associated with higher condition
fu.ctors and greater avemge lengths of these fish
and, conversely, high population levels are as­
sociated wit.h lower 'condition faetors and smalle.r
avemge lengt.hs.

The high degree of inverse correlation between
population size and condit.ion factor is inte.rpreted
as a ettU8e. and effect relation; that is, high popu­
lation levels result in less available food-per-fish
a.nd lower condition factors, while low popuhLtion
levels result in more available food-per-fish and
higher condition fadors.

The inverse correlat.ion between population size
and fish length appeal'S to result from the 00­

tmnce of lllrge year-classes into the population.
'Vhen this OCCUl'S, average size (and age) is re­
duced as population size is increased. When
small yea.r-c.lasses enter the population, average
size (and a.ge) is increased (because of the rela­
tively high proport.ion of large, old fish in the
population) as populat.ion size is decreased.

The apparent positive correlation between
c.ondit.ion factor lwd length over t.he 15 seasons is
not. of It c.ause ltnd effect type, but. rather a parallel
phenomenon. In yeal'S when high condition fae­
t.0l'S prevailed, an fish had high condition factors
regllrdless of size and, conversely, in years when
c.ondit.ion fadOl'S were low, all fish had low con­
dit.ion fltCtors regardless of size.
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