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INTHODUCTION 

The objective of conservation r esearch on the Pacific pilchard, or 
sardine, has been stated by Sette (19l~3) thus : "To determine for diffe1·ent 
levels of fishing intensity (i.e . , effort), the quantity and quality (sizes 
of fish) in the avera~e annual catch . " The statistical computations in
volved in this detennination require a current measurement of the age 

·~composition of samples of the com:1ercial catch. Ovring to the close over
lapping in lengths of fish comprising the several ages, it is not feasible 
to deduce age composition or even to discover with certainty the growth 
rate by a study of lengt h frequency curves . To attain these ends, it is 
necessary to employ scrne other method of determining the age of individual 
fishes. 

The scales and otoliths of the pilchard, a~ in many fishes, are marked 
with rings. which appear to be related in number to age . As usual among 
fishes, these marks are not diagramatically cle:i.r in the pilchard, being 
of various degrees of obscurity, and recognitio1. of those that are formed 
only once annually (the age marks) can be easily confused by the presence 
of those that/re fanned fortuitously, the adventitious marks .. In a pre
vious repoa:'t! , the al,Jthors established ctiteria for distinguishing between 
the "t?wo types. These were critically tested on juvenile material sampled 
from the ·bait fisheries of California, and found to ser·ve satisfactorily 
for determin~g ages up to the third year. 

It is now proposed to test the application of these criteria to the 
scales of adult fish as taken in samples of the commerpial catch, and to 
ansvrer this ques tion: \iith Vlhat order of accuracy can the ag\3 o:f a pilchard 
be detennined by recognizing and counting the ag~ marks on its scales? 
The r esults of this test and the ansvmr to this question \'till furnish a 
basis for judging whether age readine from scales mey- confidently be used 
for age composition r e cords needed in the various studies on this species . 

Thanks are due to our colleagues for their critical attention and 
inter est given during the development of this study; in particular, to 
O. E. Sette, who has suggested a considerable part of the methods that 
are new. \1e are grateful also to Dr. H. U. Sverdrup and Dr. W. E. Allen 
of the Scripps Institution of Oceanography, the former for his c~itical 
r eading· of that part of the manuscript touching on oceanographic matters, 
the latter for making available a large volume of unpublished data on 
diator:l abundance. Vie are indebt~d, too, to Julius Phillips, of the Califor
nia State Fisheries Laboratory, fop his suggestions, cooperation, and 
criticism. The mounting of scales1and a large part of the routine clerical 
work wer e done by ~mployees from -iorks Progress Administration projects : 
765-08-3-22, 65-2-08-286, and 265-2-08-34. 

17 Walford and Hasher, 1943 . 



THE iAAT ..RIAL: ITS COLLECTIOI~ , PREPARaTIO!J ,·\ND EX.iV~DSi~TION 

The material fo~ this study was collected from the cormnercial fishery 
serving reduction plants and .canneries, as detailed in Table 1. 

Table 1. - Source, date, and number of specimens in scale 
cpllections used for this study 

· No. specimens 
Locality Period aged 

Agency 
collectinE; 

California·: 
San PedrO-!H~ 
San Pedro->Hi
Monterey..;~ 

1/10/40 - 1/16/40 
1/21/41 - 1/27 /41 
9/20/39 -12/21/39 

686 
761 

3072 
998 
241 

3%6 

U. s!I and Ca:).. if 3/ 
. U. s . .and Calif. 

Lion terey -.H~ 

Monterey -lHl-

San Francisc0-1~ 
San Franci scO-!HI-
Eurc-ka -:H~ 

Oregon: 
Astoria?i

Washington: 
Grays Harbor -::
Grays Harbor * 

~itish Columbia 

10/21/40 -10/29/40 
1/24/41 - 1/30/41 
9/10/40 - 2/U 

8/40. 
. 9/40. 

8)? /}+O - 8/10 /40 

'1/19/39 - sA1/39 
8/11/40 

7 /22 /40 - 9 /21/h.O 

181 
158 

140 

789 
10 

332 

U • .' S. i 

U. S. and Calif. 
Ca lif. 
u. s. 
u. s • 
u. s. 

u. s. 

u. s. 
u. s.3/. 
3 . c.-

The entire fishine seasons were sampled systematically by the Fish and 
Wildlife Service at Grays Harbor, 'fiashington_, in 1939 and 1940; at IAonterey, 
California, in 1939; and at San Francisco, California ; in 1940. In 1940, 
the Fisheries Research Board of Canada collected scales at Barkley Sound; 
these the board, through the courtesy of Dr. John Hart, contributed for the 
pre~ent study. In addition, special samples were gather ed in collaboration 
with the California State Fisheries Laboratory at J.,onterey in 1940 and at 
San Pedro in 1940 and 1941. Other special samples wer e taken, as shown in 
table l,for various purposes, The specimens collected at Eureka, California, 
were from pilchards from the stomachs of whales landed by the Whaling Station 
of the San Francisco Sea Products Company., and through the courtesy of the 
Station, sent periodical l y to our laboratory. In addition, scal~s collected 
in 1941 - 42 in collaboration uith t he California Stat e Fisheries Laboratory, 
are drawn upon in this paper for illustrative or corroborative purposes . 

In the regular collections a s a.IT1pl e consisted .of 50 fish, taken at random, 
without r egard to size, from one boat' s catch. As many samples were trucen 
daily: as to occupy a man's full time i h collecting, measuring, and tabulating. 

* Collections made in conjrmction "l'tit h routine sampling. 
~'H7~ Collect ions made for special purposes • 
.! United States Fish and Wildlife Sorvice. 
2/ California State Fisheries Laboratory. 
~/ Fisheries Research Boar d of Canada . 
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Body length of the fish was measured as described by Sett~ (1941). For each 
sample, scales were obtained from the first 10 specimens having any still at
tached. Generally ~bout 10 or 12 scales were taken f'rom the side of the body 
near the region touched by the tip of the pectoral fin. As necessity required, 
however, fewer were taken, sometimes only one, and from vtherev..?r they could 
be found. 

As the scale~ were collected from each .fish they were placed in a small 
vinl 9f.water to which had been added about two drops of 2 percent phenol 
for preser.vative. The vials were kept in covered trays, 5.0 to a tray, and 
held in numbered places by.round slots bored in tho bottom. The collections 
were sent daily to the laboratory at Stanford University, where they :were 
mounted. 

Generally the field man assigned to the samp,ling work was able to ta.lee 
five samples daily, that is scales from 50 fi~h!7 . In Washington, whenever 
the landings were too few to permit collection of this num9er of samples, 
scales were taken from enough specimens to brin·g, up to that time, the daily 
average to 50. 

In the laboratory, the s.cales wore cleaned a.'ld dried by rubbing bet\·men 
the fingers, and mounted between t\'ro dry, clean slides whl.ch Yrere then bound 
together at the ends 1·1ith cellulose tape. 'rho r.iounted scales were examined 
with the aid of a p:rojecting microscopo. For each specimen a pap Jr strip 
printed with a millimeter measure vras la~d on the image along the rnidlongi
tudinal axis of the sculptured part of the scale vrith the zero line at the 
base of the sculptured part. Locations of annuli were traced on the paper 

·strip and l at er r ecorded as dimensions after reading the millimeter measure. 

These, as wel l aa such pertinent data as sample nwnber, l\Jngth, and sex 
of fish, locality and date of collection, naine of reader, dimensions of scale, 
position of !larks , calculated l ength of fish at past ages, etc., were r~corded 
on a punch card, providing a pennanent detailed r~cor.d for every scale r eading. 

It r equired t wo hours for one person to mount 50 scale sanples; two hours 
for one person t o read 50, and about four hours for one person to tabulate 
the data, calculat e growth increments, punch tho cards, ang. check the:so steps 
for 50 r eadings . ·Thus thz routine processes in the laboratory required about 
eight man hours for one day's field collection from one port. 

The r eadings wur c all done by the authors. ·ii th certain exceptions , to 
be discussed below, each examined alt~rnate sar.iplcs of scales, \'Talford the 
odd-number ed ones , !.iosher the even. 3y this m.;.thod a check could be furnished 
on each man's r eading, since the two sets, on theor~tical grounds, should be 
satistically homogeneous if the opera~ors used i dentical standards for inter
preting annuli. The r esults of this check will be discussed below. 

Occasionally t~L scale collection from a specimen was obviously contam
inated vrith one or r.iore scalc-s from other fish. Hhcn that occurred, tho ma
t erial was discarded unlesi;; at l east thrGe quarters of the scales ·were obvi
ously fror.i the sar.ic fish, in which cas0 these wore read . 

17 Beginning with the 1941-42 scmson, an effort :vm.s made to S<ll!lple approxi
mtely one-fifth of the landings. 
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The criteria of an age mark as set forth previously ('Talford and Uosher, 
1943) remains unchanged,., namely: 

"An annulus is concentric with the marr,in of the scale: It 
is not always a sharp or unbroken line; nor are the segments 
of an intern.ipted annulus always perfectly co-circular (if 
the shape of a scale may be called circular in this discus
sion). But the course of an annulus, continuous or broken 
as it may be, can usually be traced, by careful ·Bc:rutiny if 
necessary-, entirely around the sculptured part of the scale 
from left-hand to right-hand margins. Sometimes they can be 
followed even around the unsculptured part. Annuli are 
clearly separated from each other and do not ordinarily 
meet at any point. If ~ annulus has formed, it ii.s present 
in all the normal scales of an ir;tdi vidual. ti 

In the scales of fish older than six years, the peripheral annuli are 
crowded and frequently irregul~r, so that they cannot be made out equally 
well entirely around their course , parti cularly in ver-3 old specimens. On 
such scales, the annuli are generally most distinct at the anterior 11cor
ners11 of the sculptured part of the scale (see figure 1). The:re they are 
most easily located and counted, and thence thef can be traced, eve~ though 
with difficulty, entirely around the sculptured part of t~e scale. The 
criteria of a false year ring, given previously (:'!alford and Mosher, 1943) 
apply for older fish as well as for younger ones. These are: 

11They are mer el y short or unassociated arcs ; or if they com
pl etel y circle the s culptured part; they are usually not 
concent ric with the marcinj furthermore, they frequently 
join an annulus at the base. In any case, they may be less 
dist inct than an annulus, being vaeu~ and indefinite, or 
they may be much more distinct, having a scar-like appear
ance ; that is, with ver:f pronounced irregularities of pattern, 
the folds being broken or othen:ise obviously abnormal. 
They rarely app<~ar in _!11:\. the scales ~ ~-- individual. 11 

ERROR OF INTERPRti"'TING TqE At-11.rtJLUS 

Having es tablished certain definitions of an annulus and of an adventi
tious mark, it is pertinent to learn how accurately they can be employed. 
Expected errors are of two types: those caused by faults of the scale and 
those caused by faults of the r eader. 

Of the firs t type are those caSfaS :i:n which a. scale fails to r ecord a 
year mark; also those in which an adventitious mark may look enough like 
an annulus easily to be mistaken for · one ~ These cases of scale faults pro
vide exceptions tq our criteria of true and false annuli, and they are as 
liabl e to the S·ame :i,nterpretation in ~ s econd examination as are normal 
scal es. The percentage of errors arising from these causes probably can 
never be directly measured. 
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Of the second type are i;hose cas~a in which a r eader simply mis-counts 
the rings on a clearly marked scale~; or those ~ ·1 which h1:; overlooks one or 
more unusually obscure marks; or those in \'{~iich, by. faulty judgment, he 
miscalls an advcmtitiou~ mark a true nnnulus. These errors arc, in gen
eral, the fault of the reader, and arc r elatively unsusceptible to dupli
cation in a second reading, particularly b:f .a di.fi'u:rent reader. Ther efore, 
the results of parallel r~adings m~y bo oxpected to provide a measure of 
the personal, error--thc ruader :'ault--in interpreting our criteria of year 
marks and in counting them. ·. • 

Scales of 1,187 specimens from the San Franci~co fall fishery of 1940 
were read by Walford and by Mosher, e~~~ \7orking s~parately and independently. 
Subsequent comparison showed that 1,049 or 88 percent of 'lihe pairs of r ead
ings were identical. The 138 specimens for which r eadings were in disagree
ment were then subjacted to a third e;r.f_mlin<.:.tion, this time by the two opera·
tors workiiig jointly, and without roferencG to eith~r of th~ two previo

7
·us 

r eadings. On this occasion, 4 specimens were discarded as unreadable~ ; 
123 of the joint readings agrued rvith one or th1J other of the two previous 
r eadings ("single disagreamentsn); ·and 1.5 were differ ent from either 
( 11qouble disagreements"). In 31 instances tho ''single disagreements " 
concerned the innermost ring, in 49, the marginal ring, and in 43, one 
of the intcrtnodiat~ rings. In t.~rms of purcentage these quantitie s are 
2.5,. 40, and 35, respectively. Since the ~v~rage nwnbe r of rings pres ent 
in specimens of this group is 4~2, these percentages should be closo to 
25, 25 and 50 r espectively, if all rings wero equally difficult to r ecog
nize. Obviously, the marg:!nal ring ?Jn.s morQ ops cure than tho others. In
deed, during the joint r eadings, it vms found th:i.t unc~r:tainty about the 
criteria for r ecognizing a nev1ly formed ring a t 1ih~ me.rgin during January 
and February 'Y{qS the cause of several of tho disa~eorncmts, a nd a special 
s tudy vras, indicat ed (soc page 9 ) • 

~ ····- .. .... . . 
A similar .t 1o.s.t...:was .maae hy three workers, Vfal:ford and Hdsher ; and Phillips 

·of the Calif om;~ .. St~tc FiS'.hi3.rics Labora tory. Scnl cs f r om 4~3 sp~c:iJTtlms, 
r ead first- -by Phill·ips, ucre subsequentl:; divided into t wo lots , of which 
one was r oad by Walford, tho other b:r Hasher. The two S\..ts o"f r c3.dings, 
i. e ., by Phillips and by Vfalford-Hos h.Jr, 110r c i den tical for 431 or 89 pei--
cent of the scales . · Tho 52 specimens for ·w·hich r eadings wer e in di sagree-
ment we r e then subj ected to a third ' r ca tling, this time by thJ thrc:J work.:irs 
together. When t hcsG j oint r .:iadings \'."er e compared with the origi.nal read
ings, it was found that three disagreed witq both Phillips and uit h ·walford
Mosher ( 11 doublc disagraaments 11 ), arid 49 agreqd ·;;ith one or the oth{.:.r ("single 
disagreements"). Dis~grcements conc<:rned thq firs t a,nnulus in 13 of the cas~s, 
the marginal annulus in 15, and. an inte!'II!€.diate one in 21: or; expr essed as 
percentaees : 26, 31, 1.Uld 43, r c:spcctive ly. Thus ther.o was no mar ked tendency 
for any one .annulus· to causo more dis<:?.gr eemont than any other. 

A third t est with parallel independent r 9udini:;s w~~s ma.de by Walford 
and Mosher on 97'). _ s:ge~imens . taken-- from Washin3ton. This srunple contained 
a ~gher percenta ge of fish over three years old than t~ose described above. 
For that r eason, and als o because the scales had not bGen vmll clc'lllcd vrhen 
collected., this t est vra.s more severe than tho others. Nev.:1rthel css the tYro 
r edders ucr~cd in 709 or 73 percent of tho cases. Of the r emainder, 235 
wer e 11singl e disagr eements", and 29 vrer e . "double disagreements. n 

~/ Less than 0.2 of 1 percent of the scales had been dis carded as unreadable 
on first r eading. Thes e were specimens wi~h reg~neratcd cent~rs. 
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Thus in three tes ts jnvolving parallel readings of 2, 643 specimens, 
there was disagreement on 454 of the cases--11 disagreements 11--and agreement 
in 2,45J--11agreements ·" rr"hen the former were re-examined by the two par
ticipating workers , the final decision agreed with one or the other of 
the two original readings i~ 408 cases and disagreed with both in only 46. 

In close to 90 perc.ent of the cases, disagreement involved a choice 
of two adjacent ages, and, therefore, uncertainty as to the existence of 
only one of the r ings; and only 10 percent involved uncertainty as to more 
than one ring. Save for the first of the three tests, no one amulus was 
the subject of disagreement more frequently than any of the others. For 
the first test, disagreement over the marginal annulus, which was somewhat 
in excess of expectation, was later corrected as a result of a special study 
(see page 9 ) • 

A r eader's decision as to which of tvro adjacent ages a "disagreement" 
should be r ef erred, might possibly be determined by chance . Assuming this 
to be true, half t he specimens should be assigned to the younger age, half 
t o the older. Consequently t~e size composi tion of fish comprising the 
two halves should be statistically identical, and·should agree equally well 
or badly with the s ize ,composition of the "agreements" of the two adjacent 
ages in question. ~o examine this ~rpothesis, a s eries of chi-square com
parisons was made,. the r Lsults of which are sununarized in table 2. The 
tabulated figures give the probability of obtaining, in a s econd series 
of samples , differences in size compos ition as great or greater, by random 
error. 

Table 2.- P values obtairnJd on chi-square comparison between size 
compo s i t i on of agreements and r evised disagreements. 
: Final det er mination on r evis ed disagreements 

.Agr eements , : 
number of :J : Ii . : 5 
rings • • • 

3 ; • 7!;(2,)J/; .001(2); . 
: : : 

Numher of rirtgs 

: 
6 7 . . . . . 

L. : . 004 ( 2 ) ! • 26(3 ) : ;001 ( s) . . . . 
5 : :-. 001(4) :.16 (7) :.001(5): .. ' 

: 

. . 
. . . . . . . . 

6 :.0015(6):.08(5) :.001(4): 

8 

. . 

• • • Ill 

1 

8 

9 

: 

. . 
. . . . 

. . . . 
.: :.001(4):. 90(5) :.001(4); . . . . . :.001(3):.72(2) . . . 

: .01(2) 
: 

l f Figures in parenthesi s indicat e degr e&s of freedom. 

6 
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.00(1) 

.60(1) 
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According to table 2, t he size distr ibution of t he fis h yielding 
"agr eements " on a given age, when compar ed l'lith t hat o.f fish assigned 
t o that same age by revision of r 3adings that had originally disagreed 
("revised disagrecmonts 11 ), gave P values high enough t o indicate that 
the tuo di str ibutions had boen of the same popul ation in the s tatis tical 
sense . On t he othl.or hand, when a parallel comparison was made with ad
jacent year classes, the P values were all so _low. that t her e coul d be 
no question.that tha fish-wer e oP diff~rent populations in the .statistical 
s~nse . It appears, then, t hat the f inal decisions on the disagreements 
wer e not deterr.iined by chance , but must have been; on t he \Thole, correc
tions of errors in t he firs t r eading. 

It i s , of course, not possible to l:nou the absolute error of. th~ 
final det er minations . Among the "agr ecments 11 can be erroneous readings 
that agree by chance ; but for s cales of ordinary difficulty the number 
of thes

7
e is probably low, beine something l t:ss than one percent of the 

cases!. In.addit~on, ther e mus t be errors among the joint r eadings • 

. Ther e may be nore of t hese than arc f ound among "agreements, 11 silica 
only the mor e difficult s cal es t end t o be the s ub ject of disagreement. 
Further mor e , the final decis ions in t ho j oint r eadings may· be determined 
often by the domination of ono of the par t icipants . Finally, there are 
the errors r esulting from scale f aults , r .:if crred t o above . 

Errors f rom all those causes are not measurabl~ by any known methods . 
The mat 3rial and met hods at hand provide merely t his i ncompl et e measure: 
If B disaeruos wi th A, A i s not held to be i n error if a joint/ reading 
concurs ui t h him rath:r t h<.n with B. HcncG, an index of n r '"ador 1 s error 
i s the: number of ag.: datcr minations wi t h which ther e is disagreement in 
both a parall~l r eading and in a subsequent joint re~ding, expres sed as 
percentage of t he number of specimens aged. For the thr~c t ests discussed 
above, thi s index of error, by ages and by thrc~ r cadors, A, B, and C, 
totalled ~s givon i n tabl~ 3. 

Tab l o 3 . - Index of v:rror 
!famb tjr Number of Numb ... r of Iriclc.x of error 
of rings : specimens r ead c.rror s by by r c:ider . by r.eader r -Jadur . . A . 'B : c A B c A B c .. . 

1 66 : 66 :. 26 1 2 6 1.5 3.0 23.0 
2 272 : 225 :318 5 5 13 1.8 . 2.2 . 4 •. 1 . . 
3 862 : 853 :112 22 39 8 2.6 4.6 7.1 
4 684 : 683 20 49 62 : 4 7.2 9.1 20.0 
5 .253 : 235 7 28 29 1 11.l 12.3 14.3 
6 164 : 181 0 12 33 7 .J 18.2 
7 62: 66 0 14 20 22.6 30.3 . . 
8 31 : 40 0 4 7 12.9 . 17.5 . 
9· . 33 : 27 0 9 10 . 27.2 37.0 . . 

:2,427 :2,376 :483 . 144 : 2o7 32 5.9 8.7 6.6 . 
17 This i s based on the av.,r age known error of <...ach man being close to 
seven per cent. The probability of both misreading any one scale on the 
av.,;r .'.lge , as suming puruly random error, i s (0 .07)2 = .0049. 
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Table 3 gives evidence th~t the index of error varies from age to 
age , being higher for the older than for the younger classes; and, there
fore , the error on age composition must vary ac9o~ding to the number of 
ol d fis h pr esent. The index of error varies from reader to reaQer ; also 
for any given reader, from ·time to time .~ ·being more or less propor't:i,onal 
to the degree of h±a fatigue. It has been our .experience ' that··reafi~I:s some
times Wlconsciously adopt faulty reading. techniques which result in their 
making some types of errors consistently over a period· of time • . Thus , 
Reader C (table 3) .tended during the t est to overlook the marginal ring 
on scales ivith two annuli, and consequently he recorde d an excess of· year

. lings. Faults of this kind are detected and ·eliminated during the- joint 
r eadings. 

To avoid such errors, frequent t ests should be made. Indeed, · it would 
be des irabl e to make parallel r eadings of all scales were it' not impractical 
in r outine work involving s eve ral hWldre d spt:cimens weekly. FortWlately, 
at l eas t 95 percent of the California catch is composed,qf fish yoWlger 
than 5 year s , for nhich the index of error is low enough to justify sub
s tit u-eing f or parallel readings the procedure described below. For the 
r emainder, the relatively high error necess±tatsQ making parallel readings 
on all $pecimens. 

In the l ight of the fore going r esults, the fallowing procedure vms 
adopted for future routine work: Thr slides vrill be dealt among the several 
r eader s like playing cards, so tha t all have equal- sized, randomly distrib
uted portions that should prov~ t o be satistically identical as to body 
l ength composition . Tha t be ing true , the age compositions of the several 
portions should also be statis tically identica l; and significant differ ences 
1.mong them should be detec t able by tho chi-squar e t est, as described belovr. 
Whar cvcr such differ erfcos occur, the s cales vrill bu r e-road and tht.. cause 
of the di ffcrences. f oWld and corrected. Meanwhile , spc..cimens aged as five 
years or alder will be given pa r allol r eadings; and joint r eadings will then 
be made of the disagreements. 

Following this procedure , the scal e collections t a ken during the 1940-
41 seas on at San Francisco, 3, 210 in numb~r, we r e dealt between Walford ·and· 
Mosher. That the two portions war e sta tistically ~imilar in. size composition 
is i ndicated by a chi-squar e comparison, which gave a probability· of· 0.58 
that ·a so cond pair of samples drmm from t he su.mc P,opulation ·v.-.oulc;i differ · 
in size c omposition as much or more by chance a l one·• · .. 

· For ·the sa mJ r c.:i.son, if these t wo randor:i porti'!JnS Yte r e alike in size·' 
compqsition, they. should be a like in age composition. A chi-squa r e compn.l:-ison 
was ther efore .1nad~ bctueen th_ totals . of t;ach year cl.::iss in Ualford·' s portion 
and those in Moshor 1 s. This t est gave a prob.::.bility of 0.13 that a s econd 
pair of samplc.s dr.mm· from the s ame popula tion w-oulq differ in ago composi
tion as much or mo;rc by ch:mce ( chi-sq11a.r c vm.s B. 4 vfith 5 degr ees of freedom). 
Though high enpugh to be ~cccptablc as . evidence t hat . Walf9rd and 1.!osher had, 
in the main, r ead t huir r~spcctivc lots of scal es alik~ , it is at the same 
time lon enough to s uggest 'the· pr1..sc..nci: ~f_ s om-:? non-randoll). differ ences ·between · 
the two series of ago distributions, auc, possibly to same differ ence .in · the 
interprotu.tions of ·the two r cadGr s . -· · 
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To learn then whether such a difference micht be· centered about finh 
of certain s.ize categories, a chi-square comparison of age compositibn 
was made for each size class. 

For this purpose, sj_ze classes were maae as small as possible--usually 
two millimeters--but large enough to contain, for each member, a minimum of 
ten specimens . The results of this analysis indicated no significant dif
ferences bet1·reen the two readers--all P values were v1ell above • 05- except 
for eight classes in the size range 211-226 millimeters •. For each of these 
was indicatP.d a probability of loss than 0.001 that a second pair of samples 
from the same population could differ as much or more by chance. Accordingly, 
scales of the 1,131 fish in this size range were reexamined, the two readers 
exchanging their respective portions so as to check each other's first inter
pretations. It transpired from the subsequent joint readings of the dlsagree
ments, that the chief cause of disagreement had been confusion as to the 
criteria for distinguishing between old and mm rings at the margin, par
ticularly during January and ·February, v1hen accelerated grovrth is exposing 
the newly formed annulus. 

This difficulty vras at length resolved by a special study as described 
on pages 9 to 11, which proV'.i.ded an objective method of making the neces
sary distinction. After the mdthod had been appliod, the t\¥0 original por
tions, Walford's and ).:osher•s, were again compared as to age composition, 
by the chi-square t ust. On this occasion the probability Ttas O. 44 that the 
two distributions would differ as much or mor3 by chance in a second pair 
of samples drawn from the same population. 

Thus an equivalent of parallel reading has b~on devis8d, which saves 
cons ider ablo labor, yet serves to detect and correct errors in the int~r
pr-.!tation of the crit,.r i a of age marks. T'!l~ method was applied during the 
1941-42 season, when three persons w .... re employed. Th~ av..:r age P val ue ob
tained on first readings was .48~ indicating no significant difference in 
r Gsults among the three r eaders±t. 

RECOGHITION OF 'l'HE NEW AlJIWLUS 

In a previ ous paper (i:"aiford and Mo~her, 1943), it was shovm that .. the 
new annulus appears on the scales of young pilchards, up to three years of 
age, from late fall to early spring. Judging from the present data, it ap
pears at the same season in the scales of adults. Jecause commercial fishing 

17 It has been sugge3ted by those critically reading the manuscri pt of this 
paper that the above discussion tends to over-simplify age deterr.1ination of 
pilchard scales. It must be eophasized that a considerable degree of judgment 
must be exercised in r ecognizina age marks. This r eauires skill obtained 
from exper i ence illuminated by 'mowled,~e of the biology of growth. It also 
r equires much pati ence and a certain sympathetic attitude toward sca l e r eading. 
Neverthel ess, the evidence described on pages llff r;as obtained despit~ the 
subjective nat ure of th<Jse imponderabl es . It a'''JTJ..:ars, howevdr, that age 
r eading cannot be practiced equally successfully by all investigat or s . 
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for adults i s carried on only from late July or Au~ust to February or March, 
and fish in sufficient quant i ty for study are not available during the inter
vening time, it is not feasibl e to f ollow an entire year's cycle for adults 
as it was for the young. In July, however, r1hen specimens Yrere· first taken, 
t he last ring was f ound to be fully f ormed in all exarained, and was complet ely 
surrounded by a nar row· marginal growth zone; and no s pecimens were f o\ind 
·..vi.th developing new r i ngs. Duri ng succeeding months the ~argjn beyond the 
las t ring s eemed to increase in width, and by la~e fall . neYT rings began t o 
appear in a few specimens . Whi l e these were in the process of formation, 
t hey could be easily di stinguished f rom ol d rings by the following criter ia: 

an annulus is recognized as f arming v1hen it does not appear entirel y 
around the sculptured part at once, but generally only on the most distal 
parts of t he edge (see figure 3) ; or, when it extends entirely ar ound the 
sculptured part , it touches the edge at one or mor e points . 

These criteria seemed to SBrve f or dis tinguishing new rings until about 
early January. From then on, however, an increasing number of specimens 
occurred vrith the l ast (subinar~ina.l) r ing r emar kably close to the edge of 
the s cale, but compl ete , .und entirel y bounded by a marginal zone. For these 
the above criteria could not be appl ied. Ins tead, at t he time of firs t 
r eading, the operators tried to judge v;het her t hey wer e new· by whether or 
not they wer e at any point of their course obviousl y closer t o the edge 
than could be accounted for by a year ' s grmvth. Unfortunat el y, there are 
inter medi a t e cases which could be attr i buted equally well to a year of: ab
normally slow growth or. to a f e1; weeks of abnormall y r apid grmrth. Conse
quently, the decisions on these cases r ested more or l ess with chance , and 
as s hown by the studies on parallel r eadings, this was one of the chief 
causes of disagreement among the readers. 

In an effort to devise an objective standard f or distingui shing new 
from old rings, ther efore , a statistical s t udy was made on t he width of 
the marginal grovrth zone . One would expect the l att er to be narrowest s hortly 
after a new ring has fanned; and to increase thereafter in wfdth during 
t he year, r eaching its maximum just before t~e follm'lin~ new r i ng appear s 
(\ialford and Mosher, 1943). Accordi ngl y, th~ distance bt!t ween t he last 
annulus and the edr,e of the scal e--thc mar ginal zona--was measured t o t he 
near est 0.2 millimet er of project ed image (equival ent to 0. 00667 millimeters 
in actual width), on all scales taken from July 19)~0 through F8bruary 1941.. 

These dat a w1r~ t abulated by number of rings (not by ass i gned year 
classes ), accordin~ to iridth of margins, in tho !orinOf a frequency distri
bution. For eXr.·unple, all scales having f our rings wer e tabul at ed toget her . 
It >1ouid be expect ed t hat early in the S<~as on, t hey would all be of y-ear · 
class 1936 ; later in the s eason some of them (those with new r i ngs) would 
be of year class 1937· The t wo groups would be expcct..:d to have the s.:une 
r el ative variation about their r espective means, and t o put t his on an 
absolute basis for purposes of graphical study, s izes wer e conv~rtad into 
logarithmS, l"rhich wer G tabulated into cl.asses of c...qual inter vals (Schrek 
and Li pson, 1941). n1 figure 5 the r esults of t pis transformat i on are given 
for scal es with four rings, as an nxample of a case of aver age difficulty. 
A dominant mode to tho right, v1hich can be f ollm·iCd through the season, i s 
taken to r epres ent the margins attributable to t he past s eason's growth; 
and a n~w mode to the l eft, appearing in November, probably r opres8nts margins 
attributable to the next season 1s growth. 
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These data have been fitted with normal probability curves , according 
to a graphical. method devised by o. E. Sette (unpublished manuscript). A 
single normal curve fits the data for July-August and for September-October. 
This group is assigned to yea:r class 1936 . It obviously per s i sts through 
the season, retaining certain consi.s t encies, nar.iely, f irst, a mode which 
advances slightly, indicating slow autumnal sea.l e grov1th; second ~ standard 
deviation Y1hich remains constant. For November-December, and for Janua:ry
Februar.r, it was necessary to add a second, ov; rlapping, curve on the left. 
This group is assigned to ~"ear class 1937. As ·~ n the right-hand group, 
this too has the characteristics of a mode whic.1 advances, as is to be ex
pected, from scale e;rowth, and a constant standard deviation. 

To measure the degree to uhich the selection and placing of these hy
pothetical curves fit the empirical data, comparison was made by the chi
square metpod. A f'. value of .06"!,/ was obtained, (chi-square = 30.4; degrees 
of freedom, 19), of borderline significance. 

Chief contribution to the chi-square comes from the sixth to ninth 
classes. It appears, then, that the low P value first obtained was due 
to minor irregularities of the data, rather than to selection and placing 
of ~he hypothetical curves. If th~se be combined, the seventh class with 
the sixth, the ninth itith the ei ghth, P becomes .56 chi-square 15. 59; de
grees of freedom 17). 

This , then, is an objective means of allocating propor tions of new 
to old rings where the marginal incrcr.ients overlap. In tha f our-ring 
series (Fig. 1) allocations wer e made as follow~ for Novemb~r-December: 
TC3 th . .: older age , 1/6 th~ specimens i n s ize-class 7, 3/h in size-class 8, 
34/35 in s i ze class 9 . ·rnc r emainder in these classes '.rer e assigned to 
the younger aga . I n Januar.1-Fcbruary, to the older n.ee wer e allocated 
9/26 of the specimens in size-clas s 8, 3lpJ8 in size-class 9. The r emainder 
in these classes ware assigned to the yollriger age . 

The ass i grunent of agos to individuals in t has ..? critic:il cases by t he 
method just des cribed, precludes using those i ndi vi duals for other studies 
involving sizes, a ges or gr owth, and t he s tatistical cards vrer e marked 
accordingly. 

This method of solving the probl em of dist :inguishing bct1Tecn nel•' ~nd 
old rings hu.s been incor porated into th~ r outine of ag~ analysis in pilch~rd 
r esearch. 

EVIDENCE BEARING OH THE VALI DI'.CY OF SCAL~ FOR 
DE'i'ERI mrnm TH.I!: AGE OF J\.DULT PILCHARDS 

The forLgoing sect ion has dealt exclus ivel y with the ques tion of how 
correctly one or rnoriJ s cale r~aders can as s i gn a given age t o a givt.n fis h, 
or to th~ m~asurement of the 11r eader error 11 • In th.J follouing dis cussion 
th~ effect of this error pl us that of tho scalv «~rror (cf. pag~ 4) will 
b1..; examined. 

17 I. e ., th~ probability is .o6 t hat a second s ;riJs of empiric'll dAta 
would diffar as much or mor u r.rom t his thcorctic~l s ~rics of curv~s, by 
chance . 
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The annual occurrl!nc of ag1.::/:arks jn pilchards of juvenile age had 
b een proved in th<J followin~ vm.yl:; : A stratified random sample of scale s 
was prepared to r upr8sent equally all the nonths of tho year. The labuls 
on th0 slides wcr '3 thLn r.taSkl..ld, the slides mixe d, and the scales t;Xamined 
and m1,.:i.sur13d withou.t !mmrlcdge of thd size of thtJ fish or tho tine of yi..ar 
collect~µ. Hhcn the mcasurcm..:!nts thus obta·in\.ld ~•~!l'cl collatdd, it was found 
that the n:a.rp,inal increment was nurrow.;;r at -one si.:iason--thc spring- ·-than 
at any other .• and incr--.:ascd in width during tht.. remainder of thu year . Its 
growth was r apid in spring and early SUJlll',1er follouing the formation of the 
annulus in the wint·~r , and slight from late sumr:1er to "\'linter. 

The foregoin~ demonstration was possible b t.. cause young pilchards aro 
available near s hor;; in California throu~hout the year and ar•: ta.1'~n by 
the b<dt fis hc.ries. 11Adultn pilchards , on the other hapd, arc.. migratory, 
departing for th ir spa\ming place at the time of maturity, in thu spring , 
and not r l3appu..i.rin[' until mid-summer .· Hence, th<:! commercial fishery for 
adults is s easonal, and thG scale matari~l r.ollectod for this study docs 
not include an important p \;riod of tho yoar 1 s growt:i. Despite this hi1.tus 
in data, th~ r usults discussed on. pages 9ff and given graphically in figure 5, 
indica t e ,, as f a r as they go, that in adults, as i n the yow1g, thu annulus 
appLars during onv season.of the year-- the winter, and that the marginal 
increrni.Jl)t incr.Jases in width until thL ncxt annulus is ·formed ~ 

For critical proof of tho valid ity of scale reading, the annual growth 
increm~nts on t he scales ~P.rc studied in scnrch of peculiaritir..s in dimen
sions, mD.rks or other irregularities associat ed consis tently Hith certain 
y cr..r classes s uch as Loa had discovered for the Iforr:t:Jgian hc.:rring (Lea 1919). 
To pro"l.ride hornor-~meous data , an effort v:as m~dc to sel ec t s c al es consistently 
from the same part of the body, namely the side, near thL tip of tho pnctora l 
fin. Unfortunat~ly such s e lc..ction wu.s unft3asible Vih ne vt:r thb fis h samplud 
·acr e in poor c ondition . Under theS<.. circums.t zmccs , s call.S wer e t akun v hr..re v .... r 
th.:iy could be found, often from the.. back or nea r the caudal peduncle , whur c 
pilchard s c:!l cs are chnracturistically smallur than e l scwhero . For adjust
ment to u. common b<J.sis to p t..r mit comparative: s t udios , t hor cforo , s c1.l0 mea
s urements 11e r e translated into tarms of body length of t he fish, by means 
of Len 1s forrnulac z 

f f t n - n -1 = n 

(1) 

(2) 

ii-There s is thn distance ::Crom.: the c~nt..;r of the scale to a particular annulus , 
n; S thg dis t ance from the center of th\:: s c u.le to the edga of tht; scal e ; 
fn the l Gngth of the fish a t the tirn0 the nnnulus n was formed; F the l~ngth 
of the fish at the time of the observationj 'tr! the grouth incr er,1cmt in the 
year pre ceding th~ tirn~ the annulus n was forr4ed. H.mco, t

1 
= f 1 ; t 2 = fz-f1 ; 

etc. ThG symbol llfll is the s ame as Lea's 11111; it abbr~viat-.:s the t f.. rm "fis h 
l engthll as "s " docs "scale length" • 

• 
"};;/ 1ria lford and Uosh~r , 194) . 
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This formulation assumes s imole, perfect correl ation between body l ength 
and scale length, with a r egressi'On ha.'ving its origin at ~~ro . ;rt was f ound, 
however, that the ass wnpt ion is no more valid f or pilchar ds than for many 
other fishes studied. The scales are not formed until the fish has · reached 
a length of 3 to 4 centimeters. For a time therea~er, until the body be
comes fully scaled, the growth rate of the scales i s r apid in r elation to 
that of the body; then it decelerates, until at l engt h the slope of the r e
gression, b, becomes constant. This occurs '!"le '' ow t he minimum l ength of · 
fish found-in our samples. Hence, for the material used in this study, 
the relation of scale length to body l ength may be expressed by a simple 
strai ght line regression of the type y = a +bx, and Lea 1s formula (l)· must 
be modified to: 

Sn - fn s · - F+ a (3) 

For calculating a, the r egression of scale l ength on body l ength was 
plotted separately for each of four year classes, those of 1936 to 1939, 
to' vrhich specimens had been allocated by scale studies. 

The values of a and b wer e as follows : 

Year Class 

1936 
1937 
1938 
1939 

a 

-2. 2378 
0. 6464 

-20.3317 
2~0814 

Significance of differences, in t erms of p11 
t est) is as fallows : 

b 

• 7326 
.7285 
.8405 
.72h0 

(according to Fisher's t 

Year Class Compared with Year Class 
1939 1938 1937 

1936 
a .30-.40 .01 .40-.50 
b .50 .01 .50 

1937 
a .50 .01 
b .50 .01 

193"8 
a .01 
b .05-.10 

In r egression of scale l ength on body length, year cla.Sses 1936, 1937, 
and 1939 did not Var';( from each other beyond the range of random error; but 
year class 1938 differed significantly from each of the other three, both 
as to a and b. 

~/ That is, the probability that if an additional pair of samples be drawn 
from the same population, they would diff~r as much by chance as tho two 
under comparison, or more. 
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Thus the fish assigned to one ye.:i.r class had an intrinsic quality in 
common in addition to the nwnber of rings on their scales , peculiar to their 
class, which persisted du~ing three y1;.;ars of this study. It is fortunate 
that this peculiarity applies to 'year class 1938, for it is that class 9n 
which the most complete collection of material is at hand, going back to 
first appcur~nce in the bait fisheries, wherr identification of i~ a ge as 
fish of the year was virtually beyond question. And it is th~t class from 
which the material was drarm on which the validity of age determination of 
juvenile pilchards was proved (Walford and Mosher, 1943). Thus fish iden
tified wi. th certainty as belonging to yHar class 1938 have been marked by 
Nature with a characteristic t!lat may continue to serve for distinguishing 
them as a group for sev0ral additional years. 

Since the relation of scale length to body l ength can vary among year 
classes, it is necessary, for approximating past growth as accurately as 
possible, to determine a for ench year class separately. To do this requires 
measurements over a. s.ufficien,t range of sizes - therefore years of growth -
to provide a significant measure of the regression. With present material, 
this vras possible ohly. for the four year clusscs mentioned above. Consequently, 
in the following discussion, averages concerning those year classes alone 
have been adjusted as of fonnula (3) (page lJ); and with the appropriate 
~ values (page 13). For the rest, formula (1) has had to suffice. 

Swmnarizing: To detect important anomalies in the pa.st growth of the 
sever':.l ~"E:.ar cl.::i.sse:;i, the lE:lngths at the past ages (fn) wer e calculated by 
Lea 's formula (1). Th~sc wore averaged, and averages :for year classes 1936' 
to 1939 were adjusted to take in'j;o account departures from exact proportion
ality of scal e l ength to body length; in oth~;r words for the f ailure of the 
r egrespion of sen.le l ength on body a ength to intersec~ with coordinates 
0,0~1:1 Values of~ wer d obtained by subt r acting Tn from Tn-1. 

The r esults of th~s e cal culations for the first year' s growth increment 
(t ), given in Table 4, are r emarkably variable . Among year clas ses 1932 
tonl938 collected in 1939-40, for example , the av8rage first year's gralVth 
increment (~) ranged from 98 to 115 mm. Such apparent inconsis t ency co~ld 
b..:: caused by chanr.;os with age and s ize in the scale l angth-body l ength re
lationship.· ·I t· could als o occur if increasingly larger portions of tho size 
range of ~ach year class b~came nvail~ble t o the fisherJ as the year clnss 
be.came older. Or it mi ght r esult from syst ematic errors in marking the lo
cation of the annuli, uhich wer e somehow associat ed with age • 

.!/ These adjustments wor e made ~raphically as follows: The avt.:rage total 
l ength of a year class under consider "lt ion uas located on the scale length-

. body l ength r egr ess ion line , und a line dra•m from there to the oriein of 
the graph. Each f v<tlu<:: for t hnt yanr class was them loc:ttcd on the l~tter 
line; and tho inter section bet ween the ordinat e passing throu~h that point, 
and the sea.lo l ength-bod,y l ength r egress ion line gavG the adjusted value: of 
that 1'. 
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Tabla 4. - Aver age co.l culat ed first growt!l incr ements , by year class~s 

Year 
class 

1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 

. • Average calcul at ed lengt~ for fish collected in s eason of -
:-=-......;.:..;..:.;.:~1~93~9~~~~0~:;;.;;;..;;~~:~~1~9~40~-_-41-. ---......;.....-.-.~.-----1-9~41---h-2--~-

::--U-n-nd_;.1;;;.:; • .:;.=:.:..l/...p,~. _A_d_i .-£",_,7,__ __ Un_a...;.dA..;j~,1=-7+-:-Ad-,-•• "'l'lllE.-JJ'-r; -Un_q_d_j·""".-~17_,.:_.._A_d_.i ,....,.fM/,...._ 

: 

. , 

• . . . 
.. , 

. 
111.63 ! : 108. 97 : 110.00 ; 
114.02 • 11$. 20 : 111.26 • 
102.22 107.04 • : 106.48 • 
104.49 : 107 .62 • .: 103 .84 : : : 97,95 • 99, 4 : 101.98 : 103.0 102.74 
113.91 : 114. 4 113. 76 : 114.1 112.03 
115.14 • 123. 6 108. 93 • 118. 5 : 99. 69 • 

. . 102.66 : 102.0 92.91 • 
• : 116.73 

104.3 
113.6 
113.0 
92.0 

~/ Unadjusted figures , 

'3_/ Adjusted for deviations from exact proportionality of seal·~ l ength to 
body l ength. 

It is r easonabl e to expect that all these causes would be progressive 
and r ather r egular · in their ef fec t, r esultin1; in constant i ncr ease or decr ease 
in compar able values of t with increase of age . Al so, this t r end shoul d be 
continued in the collections of lat er years . 

It is appar ent at once from table 4, however, that far from progress
ing r egularly, the comparable values of~ fluctuated with no e~dent order 
in.each of the thrae years of data studied. Thus it seems improbabl e that 
the fluctuations could be associat ed with ag'1. On the other hand, it does 
appear that they arc associated llith year class~s. If so, any given growth 
increment ('tn) of n. given yeur class should deviate from a nonn of that in
crement in the s~me direction evc>ry.ycar; . a~ long as tlut cluss is wholly 
and s i gnifi9antly r epresented in the samples with respect to the incr ement 
in question. The m~aning of this will. become· clear prcs~ntly. 

To establish a norm for ~1 , the ~l values for year classes 1932 to 
1938, inclusi ve , l'mr e nveragr.d, using the mn.terial collected during the 
season of 1939-40, and those grmid nv .. rages vrere t<lken as norms for that 

. s eason. ~viations of the ~ values for individual year classes wer e the~ 
plotted as cur ve number one ll1 fif5Ure 6. The srune procedure vms fallowed 
vrith the material collected in too n •xt S\.!nson (1940-41), furnishing a 
s econd curve in figure 6. Althoug~ an addition<ll year cl as s , that of 1939, 
was present, it did not enter into th". t s cason' s norm; but the.: deviation 
of i ts ~l value from the norm is indicated by a dotted line, Next the ma
t erial collected in 1941-42 was similarly tre.atcd and the r esults plotted 
in the third curve of figure 6. Yt:ar class 19.?9 was not included in tho 
nonn, but deviations o~ its ~l v~iue is indicat •d in figure 6 by dot t ed lines . 
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Th1.;.s e thrl"?~ curvJ~ ru.·e closely similar. In all three, the first year ' s 
growth increment for year classes 1933, 1937, and 1938 d~viutes above the 
norm. In six out of s evan points.all thr.c.e curves are in agre1.3meqt. The. 
prob;.i.bility th;it such agreem~mt could occur by chance is slight.!/ In the 
1bsence of random occurrence, then~ th~ 1grcoment rnust mer.n that specimens 
having certain growth characteristics in conunon were allocatud consistently 
to the same y1.ar classes throe years in succession. It r em.;iins to be spown 
wheth.;r the.. 1llocation was correct~ 

. E1'"'FRCT OF ENVIRONMENT ON THS GRO'.frH OF THE PI~HARD, 
AND ITS BEARE•rG ON AGE DETEd1.!.IT~L4.TION 

If t~e anomalies described in the preceding section arP- a characteristic 
of the year classes, : th~y must reflect some varying·envir9nmental condition 
that influence~ ~rovrth of body ap~ scales. The most obvious such element 
is temperature~· Surface temperattires of the sea at several poinis along the 
coas t have been compiled by the .C)cripps Institution of Oceartograp~y, and have 
kindly been m:ide available for this study by the Director, Dr. H. U. Sverdrup . 
~/ 

I 

l!ean temperatures , at these points, for calendar years and for various 
comoinations of months fo!' years l5J32 to 1935 inclusive, were averaged, and 
deviations computed in the same i'tay as had been done with the gr01vth incre
ments. In all combinations of months tried, the deviations. from the norm 
are ne~atively correla.ted with the anomalies in the calculated first year's 
growth. The means of te:nperatures measured at Scripps Institution Pier ·for 
the period June to August, hov1ever, had a higher negative correlation than 
t hose for other localities and other combinations of months; and deviations 
from their norm are shown inverted as the fifth curve of the s eries in fig
ure 6. The months represented are those in which growth of young pilchards 
is most rapid (cf. Walford and Mosher, 1943). 

Of more fundamental influence than the t emperature on the marine environ
ment, hence on biology of the pilchard, is wind. For it is the northwest 
winds. prevailing along the California coast during spring and sununcr that 
produce the phenomenon of upwelling. This results in the transport of nu
trients to the surface 1·ra.ters, making them available to the plankton organ
isms.. ThusJ ultimate;ly, it r esults in the production of food ·which the pil
chard eats.1/ 

!/The deviations given in the data collected ~n 1939-40 (top ·curve ·of fig. 6) 
are correlated with thos e corresponding in the data collected in 1940-41 
(second curve of fig. 6), ·with Dil r of .93; and p of less than .01, according 
·t o Fisher's t t est. · - -

- I • 

'!;/ Temperature data wer {? studied for the following localitiris: Scripps In
st itution Pier at La Jolla, Lat. 32° 52• N.; the Pier 'at Balboa, Lat. 33° 36 1 N; 
Huen~me, Lat. 34° 91 N.; Pacific Grove, Lat •. 36° 38t N.; North Farallon Is
land, Lat. 37° 42• N.; Blunt 1s Reef, Lat. 40° 27 1 .N. 

J./ For a discussion of th~ r elation between wind and the circulation along 
the Pacific coast, see Sverdrup, 1938.2, 1938.3; Sverdrup and Allen, 1939. 
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Lacking available records of offshore; wind force, a series was derived 
from barhmetric pressure data gi ven on daily weather maps published by the 
United States Weather Bureau ( cf. Sverdrup, 19)8.2). First were tabulated 
the daily barometric p~essurus at e ach of the four corners of a 300-mile 
square placed off the c oast of s out hern Ca lifornia (cf. table 6). From 
these data were obtained t110 serie s of diffor~ncos representing pressure 
gradients which would be expected t o p1·oduce winds par~llel and at right 
angles to the coast line, respective ly; and th(lir differ~nces )Yere summed 
by periods of time as described b elow. 

The resulting two series of sums ·werf3 treated, with due rugard to the 
eff~ct of the earth's rot ation, a s if the~~ vrer e components, the rosultant 
of whfch is proportional to direc tion and t:'lxtent of wind movement. The 
direction proved to be nortmvestorly for e ach p~riod of the entire s uries 
studied. 

Sums were . mada~ as indicated above , for c. lendar years, and averaged 
for the period 1932-38, inclusive, to furnish a norm from which devia tions 
uere determined, as had been· done with growt[l a nd temperature data , di scussed 
above. The srune procedure wns followed using variDus periods of time and 
various combinations of months. Without exc eption the yearly deviations 
from normal indicated 1.-ind force we r e found to b e correlated positive ly with 
anorn.nlias in the first year 1 s growth of pilchard. H01•;eve r, the period April 
through the fqllowing March gave a somewhat b etter correlation than other 
periods, and has beon shown in the fourth curve of figure 6. This p eriod 
corresponds with the first year's ~rowth as r egistered on the scales : i. e ., 
be-tween the ti.mo of spmming and the tim~ the i'irst annulus is f onned. 

other data bearing on the environment of the pilchard:, ·made available 
by the Scripps ·Institution of Oceanography, ure average monthly sµrface sa
linities for tne same localities as cited in footnote 2, page 16. Those 
taken at the Scripps Institution pier wero treated in the same --r:ay as de
scribed for the avGrage monthly· temper~ture records (pag~ 16). Deviations 
from a norm based on the twelve-month period April to the following March -
the same as that used for v;ind force - were plotted as the sixth curve of 
figure 6. This curve bears a strong similarity to tho other five • 

• 
Thus is indicated a positive correlation betlit:len the force of nortln':est 

winds, the salinity of t.hu. surface water, and the first year's growth of 
pilchards; and a negative correlation between the latter and surface tem
peratures . To have demonstrnted this required that the year class~s, as 
determined from scales, be allocated correctly to the years in which they 
nad been produced. It required also that.Ji high enough order of accuracy 
be maintained in the scale reading to preserve tho distinctive character 
of the curves. 

A further conclusion to be drmm from thes~ curves is that the fish 
of a given year class normally have a common his.tory during th~ir first year. 
They are subject to the s~e vicissitudes of m:ll'ine climate and therefore 
probably also of f oo~ supply. 
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According t o L~wis (1929), pilchards f eed on diatoms and ~noflagel
l at es , as well as upon copepods and other zooplankton. Moreover, the amount 
of food ing~sted is positivel y corrLl at ed wit~ the abundancn of surface 
plankton in the s urrounding wat er. Th:i.s in turn i s controlled by t empera
tures; 111m1 t emp1:;rat urcs associat ed with UIJ\'fClling of subsurface Hat ors 
favor the growth of diat oms , which in turn attract the sardine" (lewis, 
op. cit., p. 179). This being true , it is r easonable to expect growth 
in abundance of diatoms to favor grm•th of pilchards. 

For study of this ques t i on, Dr. ~{. E. Allen has kindly made available 
statistics on r el ative diatom :i.bundance, v;hich he has ob'served for· s everal l/ 
years ~t the end of the Scripps Ins titution pier at La Jolla and at Heunema.
Numbers of all species of diatoms pr3r liter per week vrerc sw:nned by months; 
and the monthly t otals summed in various groupings of months. No significant 
correl ation between anomalies in thes L. totals and anomalies in -growth was 
found, no matter what grouping of months H.as used. Howavcr, the number of 
weeks in the year that the count of diatoms per liter ~xceeded 1,000, or 
2,000 or 5,000, gave measures of diatom persis t L.ncc, all of which showed a 
positive correlation vrith grovrth. As with the t ciMpc~raturc and salinity data, 
these measures were smnmed by various combinations of months. The most satis
factory correlation was given by the numbt:. r of wec.;ks b~tween June and the 
follcr.-1ing L!ay , inclusive, that the count exceeded 2,000 per liter. Devi- . 
ations from th~ norm of that statistic taken over the pLriod 1932-1938 are 
givt?n in t he s eventh curvt.: of figure 6. The period used, June through the 
following H;iy, l ags t •·10 months behind that used for lrind data, and may -in
dic:it e the time r equir(!d for thL action set up by thJ northwes t winds to 
affect the supply of di '.l.toms. 

Al though the .:lbunda.nce of diatoms thus appear s to affect growth directly, 
it i s a sustainad abundance of those plants above a certain minimal level 
that is most 0ffective in promoting grm·rth, ratht..r than sporadic flowcrings 
of great abundance interspersed with periods of s carcity. 

The reln:tions betvrecm grouth and other fJ.ctors shown in figure 6 might 
not necessarily mc'l!l that pilchards normally spend the ~rowing part of their 
first year of life n..;ar the locality Vfher £::! these dat a wer e collected. How·
ever, second and later growth increments were found not to be correlated 
with wind force, surfaco salinities, and t emperatures measured at La Jolla. 
This m'l.y be explained in part by the fact that pilchards migrate .. successively 
gre.:lt er di.stances as they grow larger, the extent of their migrations prob
ably being a function of size more than of age. Consuquently, the history 
of members of the s~e ye.:ir class becomes l ess uniform as the fish grow older, 
though they probably never l~a'{.c the Pacific coast suve for seaward migrations 
of not more than 300 miles. This is all consistent with the conclusion that 
the bulk of pilchards in a year class do normally spend the first .year of 
life in or near southorn California, and that the subsequent history of the 
fish becomes so diverse that year-round conditions in any one locality can 
no longer reflect grm·rth among the whole population of that year class. 

17 For the method of sampling, see Allen, 1936. 
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The most striking incon:dstc.ncy in ficure 6 is the l:::.ck of corrolation 
for 1939 be"t<ween growth on thu on<; hand ..i.nd di torn pursistancc and surface 
salinity on the other; O?.lso b etween surface tei. nerature n.nd surfo.r.e s alinity. 
Although the surface wutor at La Jolla was abnoimally warm in 1939, it wa s 
also of abnormally high salinity; and though the diatom cow1t 1 ;;~s high, the 
average groVlth of fj.sh of the y ea.r 11as b .low normal. 

The breakdO\m of corrcltttion b~t-.r1...en t~mpura.t~e and 51.linity suggests 
an import~nt anoinaly in th~ current pattern in 1939 in' the vicinity of Lu Joll~. 
The relatively weak northw~st winds prcval<mt that year c:i.re consistent with 
r e lative!Jr weak up.mlling; and the increase in salinity and temp eraturu c ~n 
indicate an increase in the admixture of 11southcrn waterli (cf. Sverdrup, 
1938). The biological evidence of a chnnge in hydrographic coQditions is 
equally suggestive . Cert~in SpJci~s of diatoms normally occurring several 
>reeks of th~ yaar a t Lu Jolla were absent in Dr. Allen•s samples of 1939, 
notably, Chnctoccros curvi§..~tus, Chnetoseros laciniosus, Licmophora lyngby~ i, 
and Lithodesmium undulatum. Among species occurril1g more' frequently i n 1939 
th:m ·normally, those most noteworthy wcro Rhizosolcnia a+cta, Rhizosol enia 
fragilissima "-lnd R11izosohmia imbric.:ita. Thu ocology of thuse spEJcics is 
too little kn01m to p~rmit of int.;rprt tin~ th ·ir occurruncc i n t er ms of ,phys-i
cal oceanogr•phy. It may be.of sienific~ncc, hO\vevcr, that among sp~cics 
of the first group mentioned above, all have been listed by Cupp ~nd Allen 
(1938) ns being south tempLrnt~ neritic forms, except Licmophora lyngbyci, 
which is 11tychopclagic 11 • Among those listed in the second group, Rhizosoleni a 
'1.lata is 'll1 occ.::mic tcnpcrn.to form; and the othor two .'.!.re north tcmprJratc 
forms. 

Moro direct e vidence th'lt a. chr.ng£: in the environment of the pilchards 
t ook pl ace in 1939 i s the fact thD.t an abnormally ·high production of young 
pilchar ds occurred t ha t ye;ar in w-.:.tcrs f ar to the north of southern Cnliforniu, 
which i s r t::gnrdcd as the us u n.l chiuf spmming ~round . This may have be:en 
the r esult of abnormally high survival of youn,· hntching from the numb~r of 
c.ggs normally spn.vmod north of C•.J.ifornia . It may ulso have been tho r esult 
of abnormally hoavy egg production in northe rn ltators, purmi tt~d by .::. north
wa rd extension of oceanographic conditions favoring spawning. In s upport of · 
the l a tte r hypothesis i s the fact th~t adult pilchD.rds t~ken by fis hermen in 
mid-swmner off Oregon mid WJ.shington '1ertJ full' of spawn, in contr·iSt to their 
usu:il inun..lturo c ondition at that time. Th·1t sp:>Yming actue.lly occurred north 
of C'lliforniu is proved by the fact that t hu Fi.sh and Wildlife Service that 
year collected pilchar d eggs and l~rv3e in tow n8ts off the Orugon coast 
(Walford and Mosher, 1941) . 

Tlhat eve r may account for it, nn oxtrnordinnry number of young pilchu.rds 
of yaar class 1939 '1er o subs~qu3ntly observed and caught from Creson to 
Al'lska , as well as along the C'llifornia. coas t . It has been previously ob
s erved that the firs t year's growth decreases north\mrd (Halford' and Mos her 
1943). Thus the north~·.r..!.rd extension of the rnngc of ye;ar cl<!SS 1939 could 
.:il onc account for its u.bnorm.'.llly lon firs t ~rear 1 s e;rO\'ith in spit.e of the 
appar ently f n.vorablo food supply in southern Ca lifornic:. . 
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SU!JMARY AND COfJCLUSIONS 

Annual rings appear on tho scalas of adult pilchurdsJ as in the young, 
and c'.?.;t tho S<Uno time of year J namely, the wintcir nnd uarly spring. If tho 
sc~l~s be prop~rly pr~pnrcd, these rings can' be r~cognizcd and distinguished 
from fals~ ago marks by m~ans of critori~ s3t up in this study. The nc
cur'.lcy of following thLsc criteria differs among readers and for diff~rcnt 
age:J of fish btJing lovrer for older ag1.3s than for younger onesJ but for the 
age distribution prcv~iling from 1939 ~o 1942, and for th8 persons reading 
th1;... sc.ilos in this study, it averaged uc'lr to 93 purccnt. 

The most important evidence supporting tho validity of age determina
tion by scales is that :the fish allocated to each year class had growth char
acteristics in common,· which appeared consistently in three seasons of snm.:. 
pling. These ch~r~ct~ristics wore Lxpr~ssed ns the ~VGrngc first_ye~r 1 s 
grmrth increment, calculated from scales. Departures of these averages· 
from a norm were sif;Uific1.ntly corrcl!!ted 'l'Ti th anomalies in c~rtn.in clements 
of the environment, thl.reby proving tho.t the identification of the year 
class~s had been correct. 

The correlations indicated that, in gen1,;ral, growth during the first 
yc. 'J.r is f Lvored by n. sust'linod presence of diatoms at optimum .:ibundanco. 
In turn, the lattar is favorEid by upvmlling, which is induced by northwest 
Trinds, md accompanied by low surf.:.icc tompcr.:i.tures and high surface sr:.linity, 
'J.t le~st at the locality of observation. 

In addition to nn abnormally high first ye~r 6f grrn:th, y~~r cl1ss 1938 
was !ll'J.rkcd by ha.ving scales which uv~r~gcd smaller than normD.l in relation 
to th~ l cnp,th of th~ body. 

No mtthod has yet been devised of me<:.suring the error of scale rc<.!.ding 
occ~sioned by the scn.l~s being irregularly marked; i. ~ ., having too r.iany or 
too f evr nge rings. If this error were unduly 'high, however, specimt;nS ns
sign~d to ~ given ycar-cl~ss would actually bu compos~d of sev~ral ~gcs; 
and if such mixing be complete, thu average growth of the several ycar-cl~sses 
should be uniforl.l. In that event, th<.! correlations r ef erred to <:lbave would 
have become obliterated. Tho demonstr.:i.tion of the correlations, nnd their 
persistence for throe seasons is evidence that the error 'ms reasonably low, 
vm judge, for the age composition pr.Jvailing, something of tho order of ten 
percent or less. Thus, th~ rel1tively high accuracy of age determination 
of pilcho.rds by sco.le? reading-between 80 and 90 porcent- -and the fact tho.t 
r csul ts aru r cproducable by different persons, warrants the confident utiliza
tion of this technique in the program of pilchard research. 
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Figure 1. Left - A scale "1th 4 rings, the fourth close to the P-d~e 
and touchin~ it at the base of the sculptured portion. 

Right - A scale with h rings, the fourth well within the 
edge. 

Owing to their large size, irregular surface, and fine structure of 
the external folds, sardine scales do not photograph well. 

In reading scales, it is necessary to focus continually, and so::ie
times to alter the lighting in order to see all parts of all rings. The 
following plates show one what can be seen at a particular focus and 
lighting. 
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Figure 2. A pilchard scale with three rin~s, with a l'tide marein beyond 
the third ring. 



Figure ). A pilchard scale with 5 rings. 
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Figure 4. A pilchard scale with six rings. 
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Table 2·- Frequencies of bod~ len~ths of Eilchards at end of first lear as calculated from scales 

1932 19~~ 
l~-CL.ASS 

1934 1935 1~26 
~- Collected . _ ... .. CoV.ectud Q9J.];~-~.t e 9- Collected ·- ·--~ Collected · 

$Ody in season of - in season of in season of in season of 
... . ....... -· -... 

in season of. 
· feilgth · t 39 '40- '41- . '39 '40- 141-· '39- ' •40- 141- '39- •4o- 1 42- '39- •4o- 1 41-

'140 141 142 . '4o ~ 41 I 42 -- •4o - 1 41 142 •4o . 141 142 '4o 141 142 
51- 5~ 
55- 58 - - - - - - - - - 1 ..;;, - · - 1 1 I 
59- 62 ~ - - -: - - - - - ~ - - 6 2 
63- 66 ~ - - - - - 1 - - - 1 .::. : 5 5 3 
67- 70 ·- - ""' - ..;;, -= 2 1 - 2 - - 20 7 
71- 74 1 1 - 2 - - 3 1 1 3 1 ... 32 15 7 
75- 78 1 - - - 2 - 4 2 - 7 2 1 52 19 14 
79- 82 5 1 - 3 2 2 19 2 1 8 3 3 70 4o 16 
83- 86 6 1 ..; · 7 l - 17 4 5 16 9 ' 5 89 - - 51 19 
87- 90 4 - - 6 1 1 19 10 4 18 13 6 90 . 84 33 
91- 94 10 2 1 5 - 1 24 18 2 24 20 5 67 67 31 
95- 98 10 13 - 10 4 2 27 20 7 29 27 16 76 90 39 

I\) 99-102 16 7 1 19 4 4 20 27 4 22 36 12 64 87 40 'vJ 
103-106 9 7 - 17 6 1 21 24 1 4o 34 . 9 84 g4 34 
1,07-110 11 4 1 24 14 1 27 25 9 30 49 16 66 90 37 
111-114 11 5 - 20 7 2 10 14- 7 26 28 10 62 76 22 
115-118 15 5 1 18 10 3 14 23 3 11 27 4 47 53 26 
119-122 .!.l 2 - 17 10 6 9 9 1 19 2u 8 4o 52 15 
123-126 7 4 - 13 11 1 12 6 1 11 24 - 24 42 10 
127-130 r 

0 3 1 12 8 1 6 10 1 10 11 2 29 18 11 
131-134 9 - - 9 7 - 7 7 - 5 8 2 9 11 7 
135-:138 3 11 2 1 1 1 4 2 12 

,,. 
6 - - ) - 0 

139-142 3 2 - 6 3 - 2 2 3 2 3 ;;; 3 3 4 
lll-3-146 8 2 - 6 - - 4 - 1 4: 1 _ , 2 2 1 
147-150 3 - - 1 - · - 2 - - l " ...:. - 1 - 1 . ·~ . ~ ~ - -... . 
151-154 1 l 4 i · 1 ' 1 1 - - - - ·- - -
155-158 - - _, - - 1 - - 1 
12!=,1§2 " 1 - - - - - - - - - -

60 294 
n 

90b Totals 150 5 . 210 92 27 251 209 53 320 99 950 377 
'1JFigu.res are not adjusted to take into account departures from exact pro~ortionality ·of scale length 

to body length. 



Table 5 (Cont 1 d.)Frequencies of bodl len~ths of Eilcbards at end.of first year as calculated from scales 
YEAR-CLASS 

19J1 1~38 1~3~ 1940 
Collected Collecteci Collected Collected 

:Body . . in sea.son of in season of in season of in s-=ason of 
length !39- '4o- t.41- '39- '4o- 141- 140- •111- 141-

•4o 141 142 • 140 141 142 , 141 142 142 
51- 54 
55- 58 - - l' - - 2 - 1 
59- 62 - . 1 1 - - - 1 3 
63- 66 1 2 1 - 1 12 - 29 
67- 70 - · 3 3 - 1 17 2 69 1 
71- 74 1 2 3 - 6 49 6 147 
75- 78 5 11 12 - 4 64 7 242 
79- 82 6 7 11 - 14 131 6 365 2 
83- 86 14 19 26 2 27 184 14 442 .. 2 
o7- 90 23 37 32 9 37 238 29 542 5 
91- 94 38 32 35 12 59 261 24 559 6 
95- 96 53 95 57 34 68 237 30 490 11 

I\.) 99-102 B7 82 54 35 78 231 41 4o5 17 +:-
103-106 106 144 78 54 92. 226 34 304 32 
107-110 146 145 73 66 94 170 30 216 38 
111-114 129 147 69 93 78 162 33 119 68 
115-118 147 lH 86 74 73 128 25 75 66 
119-122 122 157 69 86 73 61 24 30 59 
123-126 102 119 68 62 71 76 15 2S 4o 
127-130 91 93 4o 59 38 42 1 8 37 
131-134 76 58 36 26 32 -31 1 10 25 
135-138 36 39 29 13 18 15 2 4 9 
139-142 11 27 23 9 g 5 - 3 6 
143-146 5 14 12 3 4 1 - 2 3 
147-150 4 4 3 - -- 2 - - 1 
151-154 - 1 - - - 1 
155-158 - - 1 
159-162 - - 1 - - 1 
T'J tals 1205 1376 822 637 876 2367 325 4093 -· 428 

~~~~~~~~~~~~~~~~~~~~~~~~~~~- -~~- .JI 
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Tabh 5 (Cont'd.) t 'r .. qu~ncit:s of body_ l~mgt}ls -~~ilchards a t end of fir s t y~~_!'_and ca lcula t ed from sca l e s 

Totals 
by 

JJi s tricts 

California 
s. p. 
Mont. 
S. F. 

Oregon 
Wa shington 
:Brit . Co l. 

Totals 
by 

Districts 

California 
5 . P. 
Mont. 
5 . F. 

Oregon 
Washington 
:Brit. Col. - - --
Y San P edro 
Y l.\onte r ey 

1932 
~ollected 

in season of 
'39- 14o- 141-
14o 141 142 

12 - ~ 

17 -
6 -

138 12 2 
25 3 

1937 
Coll£>ct r C. 

in s~ason of 
'39'- '4o- 1 41-
140 1 41 142 

- ~ I 99 
1205 - 134 

- 1288 144 
- 20 31 
- 43 145 
- 25 269 

Y San Francisco 

1933 YEAR-CLASS 1934 --- 1_93_5__ - - - -- - 1936 
Colle ctc: d Co l l ected Colle c ted Collected 

in season of , in season of in s eason of in s ea son of 
I 39- I 4o- I 41- • 1:}9- ' 40- I 41- I 39- I 40- I 41- I 39- I 4o- 'I 41-
14o 1 41 1 42 140 141 142 1 4o ·141 142 140 141 142 

1 -
38 - - 44 - 1 184 
- 24 - - 35 2 -
- 13 2 - 17 3 -f 

172 14 13 ~07 48 20 110 
- 41 12 . . 109 2Q -. -

r~-CLA.SS 

1938 1939 
Coll~cted Colle c t P.d 

.in se as on of in seas on of 
'39- 14o- 141- 14().!. 141-
14o 141 142 1 41 142 

763 - 1152 
637 - 737 - 1632 

876 590 I 325 695 
51 - 161 

101 r . ..:; 264 
125 - 189 

-
.-

114 
18 
sr 

101 

6 - -
3 917 -
2 - 546 
2 - ' 56 

29 33 134 
57 - 170 

194o 
Collec t ed 

i n s easo:i of 
141-

- 142 

176 
211 

-; 
6 

l~ 
5 

28 
33 
28 
20 
74 

194 



,Table 6. -The symbols "a", "b", "en, "d" rafer to the four corners of 
the square, mentioned on page 29, for ·which barometric pressures (in inches 
of mercury) A, B, C, D, respectively, were calculated by interpolation 
between isobars on daily weather maps. 'i'he figures given are monthly sums 
of these daily interpolations. The points are located approximately as 
follows: 

a, lat. 32° 26• N.; long. 126° 12• W.; b, lat. J5° 16• N., long. ,, 
121° 15• W'.; c, lat. )0° 58• N.; long. 118° 28 1 W.; d, lat. 28° .16 1 N.; 
long. 123° 17 1 w. 1 

· 

I I 

They are so placed that (A+~) - (B+C) will ~ive a press ure gradient in 
a direction from which one ~ould infer a wind parallel to the coast line , 
assumin3 deflection to be 7~ degrees. Similarly, the difference betrreen 
(A+B) and (C+D) would give a pressure gradient from which a wind at right 
angles to ~he coast would be inferred. For the study discussed in this 
paper, the aforesaid differences were computed from twel7e-month s \JJ!l/Ja
tions of the monthly sums of daily pressures. They were treated as com
ponents, ·and converted to th~ir corresponding resultants (R) vii.th the fol
lowing formula: 

- R • v . [(A+D) - '(B+C)J
2 

+ ((A+B) - (C+D)J2 

26 

.. 
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Table 6 (Cont 1 d .) 
1932 .!ID 1934 

A B C D A ~ C D A B C D 
Jan. 937.503 934.254 933.481 935.456 936.599 931.74s 930.6s9 931.831 937.9s9 935 .982 933.025 934.720 
Feb. 872.162 870.575 870.115 .g71.226 847.543 845.450 042.827 844.598 841.877 842.863 s42.739 842.727 
Mar. 935.457 932.554 930.931 932.860 934.889 932.997 931.767 934.214 934.818 932.747 931.110 933.473 
Apr. 903.458 900.785 899-~48 ·902.056 904.809 900.820 899.772· 902.958 902.926 900.254 098.987 901.690 
May 933.356 929 .833 929 .274 931.993 935.294 931 .828 930.7s1 934. 099 933.085 929 -577 92s.531 931.759 
Jun~ 901.243 s97.i84 896.647 899.491 902.986 g99.557 899.134 901.782 902.355 898.807 898.438 901.479 
July 932. 459 927 . 924 927.714 930.151 932.418 927.435 926.944 930.344 932.737 929.22s 928.750 931.359 
Aug. 930.615 926.625 926.515 929.183 931.178 927 .601 926.656 929.485 932.116 929.201 923.427 930.414 
Sept. 902.014 . 897.695 s97.453 g99.736 901.148 s96 .811 696.610 899.534 901.107 s96.614 s96.soo 399.179 
Oct • . 932.610 929.759 928.143 930.032 932.061 929.572 · 928.537 930.611 931.310 930.672 929.244 930.772 
Nov. 903.554 902.464 900.409 901.97s 905.609 903 .612 900.927 903.324 903.722 902.914 900.9so 903.052 
Dec. 934.674 933.557 9}1..511 932.749 933.464 933.721 932.901 933~·4o1 935.011 933.956 93L083 932.310 

ill-2 1fil .!ill 
A i3 C D A B C D A " '.B C D 

Jan. 931.393 932.337 930. ~63 931.15) 932.973 932.717 930.934 931.927 934.359 932.691 931.962 _933.671· 
Feb. 844.492 . 843. o74 341·.610 842.6s7 871.·477. 870.642 s70.490 870.9s8 slf2.57i·--s42.133 ·s4i.963 843.208 

~ Mar. 934.203 931.~49 93+ ."36s 933..275 932.155 .929.979 . . 929.129 930.3~3 931.-145 929.312 929.318 930.714 
Apr. 900.936 699.524 g99.365 901.583 903.470 902.235 901.7~2 902.708 905.-072 902.505 900.420 903.218 
May 932. 919 928. 799· 928 .. 299 93l. 281 932.030 929 .008 927 .071 931.145 932. 734 928.343 927. 707 931.072 
June 902.639 897-958 897:gg4 90l.3S2 900.523 897-752 897.061 899.:881 901.J76 89&.911 89S.246 · 900""630 
July 932.253 928. ~68 927 .965 929. 878 931.013 .926 .946 . 926.699 929 .15g 932 .191 928~394 926.672 930. 515 
Aug. 929.23s 926.54g 925 .131 926.838 931.428 927.665 927.031 929.545 931.s09 928.53g ·9~7.672 ~29.804 
sept . 900.191 898.185 896.:985 898.931 899-533 896.319 395.910 898.179 901.·258 898.041 s96.903 s99.360 
Oct. 932.282 930.607 928.907 930.704 931.466 929.075 928.161 930 .. 087 · 931.453 9~9-.601 928.297 930.648 
Nov. 904.224 902.-459 901.311 902.378 903 .985 903.471 900.497 900.915 904. 567 902.162 901.390 903 .146 
Dec. 932. 625 932 .. 188 930. 741 931.S.82 933 .114 931. 756 930. 535 931.322 932. 535 932. 482 930.623 931.305 

1938 1938 1940 
A B C D A B C D A B C D 

Jan. 935.436 934.033 931.389 933.660 935.803 932 .795 931.016 934.159 931.006 931.936 932.132 932.694 
Feb. 84o.539 840.935 841.403 841.709 847.656 844.378 842.861 845.337 872.077 s72.173 872.34o s72.4o1 
Mar. 931.252 931.167 930.817 932.559 935-508 932.832 932.446 934.484 933.038 931.453 930.551 932.067 
Apr. 904.124 901.164 900.116 903.103 904.325 901.264 900.645 902.687 
May. 933.012 929.655 928.7l4 931.683 932.814 928.755 929.182 932.076 
June 901.903 898.261 897.768 899.231 902.166 898.535 897.907 900.280. 
July 932.061 929.119 929.036 930.787 932.526 928.865 928.340 931.161 
Aug. 931.276 928.148 927.785 929.887 931.086 928.647 928.049 929.766 



Tabi'e 6 (Cont'd .. ) 
1938 - - - - 19.3.9. 

A B c D .A B c D 
-Sept. 899 .150 897.725 897.209 898.932 899-929 897-328 896 .. 329 898.018 
Oct. 932.07i 929.812 930.1g4 -931.277 933.200 930.857 .929.658 931.459 
Nov. ·904. 716 - 903.350 901.035 902. 435 .904.560 .902.551 900.911 903.103 
Dec. 933-77} 932.562 931.481 932.633 934.361 933.728 932.614 934.380 

-Table 7 .-.Average monthly surface .. t emperatures in· degrees centigrade at Scripns Inst.i tution Pier, La Jolla, Cali-
-----______ forni.a . . Recorded by Scrinps Institution of Oceanography. 
YE.ill JAN. Fli'....B • KAR. .AP.R. MAY J1ffil: - JULY AUG. ''. SEPT. OCT . iiOV. DEC. 

1932 13.28 13.27 14.80 14.81 16.08 18.99 19 .49 18.75 18 .62 17.40 16.18 14.oo 
1933 -lJ.01 12.60 13. 46~ 14.90 15.39 17.27 - 18.65 19.04 16.96 17.22 15.42 13.91 
1934 13.27 13.95 15.74 17.32 . 19.21 19.06. 20.47 20.1+7 20.55 17.87 16.96 15.46 
1935 14.39 14.05 13.-26 15-04 17 .59 18.87 19.98 20.74 19.36 17.19 15.29 14.76 
1936 13.97 14.6.4 15.11 14.24 18.-08 17 .96 22.35 22.08 20.95 18. 57 17r28 16.10 
1937 13.43 13.13 14.25 14.90 17.71 19.11 20.76 20.63 .;::0. 58 17.73 16.97 15.30 

I\) -1938 15.0l l.4.39 14.59 15.12 16.71 17.84 19.07 20.98 .20.06 17.05 14.52 14. 78 
ro 1939 14.08 11.9"6 13.21 15.-53 16.6s 18.36 20. 69 21.31 19. 45 19.23 18.17 17 .43 

1940- .15.84 15.19 15.05 16.47 18.60· 18.16 lS.34 20.63 19.22 18.62 16.03 16.11 

Table 8 .-~ver~e monthly surface salinity1/a~ the Scripps Institution Pi~r, La J.olla, California. Iiecorded 
by ScriPPs Insti tutio~__Qf_ Oceano@r·!i!_lJhy 

n.llR Jilli . .FM> • t11AR. APR. :t-l.AY Jlfri"E J!JLY . AUG.-' .S~PT . OCT. :NOV. DEC. - --- -- -- -- - .-: - -
1932 .64 .21 .39 .62 .67 .69 .68 • 59 .56 -.49 • 57 .53 
1933 .49 .45 .54 : 58 .69 .80 • 77 . 76·" .. 66 .68 .Gs. .62 
1934 .54 . 53 . 53 .61 .67 .68 .60 .58 .61 • 52 ~· . . .. .43 
1935 . 40 . 28 .42 .51 .60 .65 .62 . 59 .51 . . 50 .49 .54 
1936 -~l .26 .• 46 ;58 " .64 .67 .75 .72 .66 .45 . 55 · -~2 
i~3~ . 0 :~~ .04 :6l :1~ .68· •t2 :t~ ·l6 .66 . ~l . 2 

.40 .15 .78 :a~ . 5 :~8 • 7 .5l 
19~ • g .49 . 57 .61 .75 . Sl .82 .62 . 72 .7 
19 .72 .60 .63 .58 ."7~ .70 .64 . 71 . 57 .52 .4h .37 

Y Figu_res giyen are minus 33.00; i.e., add J3.00 to obtain actual salinities. . - -

·~~~~~~~~~- ~~~~~~~~~~~~~~~-• • 
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Table 9.-Number of weeksY. by months, t hat counts of di atom cells, as sampled by W. E . Alleng/, at the 
=-=-__,,,,"="'"'"=S c,...,.r"'""i~p"="p==s _Pi er, La Jo _1].a ·2'~~e of v_ar-:-::i==o=-u_s....,.:-ca""=t~e_..g~o=r=i=es~o~f~ma~g-..;n.;,,:i~t;..;:;u;.:;:d~e-=--=----------------
YE.AR DIA'I'OM COUNT JAN . FEB: M.nR. .IU>R . 1·1.i\.Y JUNE JULY AUG. SEPT. OCT . NOV. DEC. 
1932 499 or less - -: 3 -: --: --- --- l --1 4 ~ l 

500 -- 999 - ~ - ~ - - 3 2 - - . 2 
1,000 -- 1,999 2 - - - - - 1 - 1 1 2 
2 , 000 6: mo re 2 4 1 4 5 ~ 4 - 2 2 - - 3 

1933 499 or less - - - - - 1 - - 1 
500 -- 999 - - - ~ - 2 1 2 1 

1,000 -- 1,999 1 1 - - - - - - l 1 1 1 
2 , 000 & more 3 _J__ 5 ti. 5 l __ 3 __ _1_ __ l _ _ _J 3 4 

1934 499 or-less - - 3 - - - 1 - 2 2 1 2 
500 -- 999 - - 1 - 1 - 1 1 1 - - 1 

l,OGO -- 1,999 2 - - - - - 2 3 - 1 1 
2, 000 & more 2 4 1 4 4 4 - 1 1 l 3 1 

1935 499 or less 1 - - - 1 - - - - - 1 1 
500 -- 999 1 - - - 2 1 - 2 - 1 3 2 

1, 000 -- 1,999 - 1 - - - 2 - - 2 - 1 1 
2, 000 & more 2 L-~-- 4 1 __ 2 _ ~- _J_ 2 2 - 1 

1936 499 or l f..ss - 2 u --c- 1 - - ~ - - - 2 1 2 3 
500 -- 999 - 1 - - 1 1 - - · 2 - 1 1 

l, OOQ -- 1 ,999 2 1 2 1 - - - 1 - 3 1 1 
2, 000 & mo.r e 2 1 1 3 - 3 4 4 

-19_3_7-~499 or lt::ss - 2 1 - - - 1 -1--------2-------1--=-, ----
500 - - 999 - 1 - 2 1 2 2 - 1 2 l 

1,000 -- 1, 999 1 - - - 2 - - - 1 - 2 1 
a. 009 & mo r e 3 2 3 4 1 3 1 2 . 3 1 1 1 . -

1938 499 or l ess 1 - - - - - - - - 1 - 4 
500 -- 999 - - - - - - - - - - - 1 

1, 000 -- 1, 999 2 - 2 1 - 1 - 2 
2 ,000 & more - 1 4 3 _ _J _5 3 _L_.3 __ "'_ 4 3 4 

1939 499 or l ess - - 1 - - - - 1 
500 - - 999 1 - 1 - - - - 1 

1, 000 -- 1, 999 2 - 1 - - 1 - 1 - - - 3 
2,000 & mor e 1 4 2 4 5 3 _ 4 1 5 4 5 1 ~-=-~~~~~~:__---=----=------=-----=------=:...._--=----::---::-----:::-----:·-- L 1940 499 or l ess - - - _ : : : : : l : 1 

500 -- 999 ~ 1 1 1 - - - - 1 1 - 1 
1,000 ~- 1~~2~ ~ 4 \ ~ ~ 4 4 ~ ~ ~ 4 

!f 11. week divided between two months was assign€d to whichever one of them included most of its days. 
Yer Allen, 1936, for.method of sampling. 


