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INTRODUCTION

The objective of conservation research on the Pacific pilchard, or
sardine, has been stated by Sette (19)3) thus: "To determine for different
levels of fishing intensity (i.e., effort), the quantity and quality (sizes
of fish) in the average annual catch." The statistical computations in-
volved in this determination require a current measurement of the age
_composition of samples of the commercial catch. Owing 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 length frequency curves. To attain these ends, it is
necessary to employ some other method of deternining the age of 1nd1V1dual
fishes,

The scales and otoliths of the pilchard, as 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 clear in the pilchard, being
of various degrees of obscurity, and recognition of those that are formed
only once annually (the age marks) can be easily confused by the presence
of those that/are formed fortuitously, the adventitious marks. In a pre-
vious report_ the aythors established criteria for distinguishing between
the two types. These were critically tested on juvenile material sampled
from the -bait fisheries of California, and found to serve satisfactorily
for determining ages up to the third year.

It is now proposed to test the apnlication of these criteria to the
scales of adult fish as taken in samples of the commercial catch, and to
answer this question: With what order of accuracy can the age of a pilchard
be determined by recognizing and counting the age marks on its scales?

The results of this test and the answer to this question will furnish a
basis for judging whether apge reading from scales mgy confidently be used
for age composition records needed in the various studies ou this species.

Thanks are due to our colleagues for their critical attention and
interest given during the development of this study; in particular, to
0. E. Sette, who has suggested a considerable part of the methods that
are new., le are grateful also to Dr. H. U. Sverdrup and Dr, W. E. iAllen
of the Scripps Institution of Oceanography, the former for his critical
reading of tHat part of the manuscript touching on oceanographic matters,
the latter for making available a large volume of unpublished data on
diatom abundance. Ve are indebted, too, to Julius Phillips, of the Califor-
nia State Fisheries Leboratory, for his suggestions, cooperation, and
criticism. The mounting of scales:and a large part of the routine clerical
work were done by employees from 'Jorks Progress Administration projects:
765-08-3-22, 65-2-08-286, and 265-2-08-3l.

1 Walford and lMosher, 1943.



THE MAT RIAL: ITS COLLECTIOI!, PREPARATION AND EXAMINATION

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

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

No. specimens Agency
Locality Period aged collecting
Californias 1/ /
San Pedros 1/10/40 - 1/16/40 686 U. 8+/and calif.2
San Pedro:t 1/21/4 - 1/27/41 761 USRS andiCalif:
Honterey 9/20/39 -12/21/39 3072 U.' S.
lionterey ¢ 10/21 /L0 -10/29/1,0 998 U. S. and Calif.
Monterey &t 1/24/l1 - 1/30/L41 241 calif.
San Francisco#  9/10/L0 - 2/h1 35L6 U. S.
San Franciscosst ; 8/L0. 181 s
Furcka s¢ 9/L0. 158 IR5%
Oregons: ] . j
Astoriast 8/7/0 - 8/10/L0 140 ik )
Washington: .
Grays Harbor # 7/19/39 - 3/17/39 789 U. S.
Grays Harbor s 8/11/10 10 U. S.
Aritish Columbia 2k C.é/'

7/22/L,0 - 9/21/h0 932

The entire fishing seasons were sampled systematically by the Fish and
Wildlife Service at Grays Harbor, Washington, in 1939 and 1940; at Monterey,
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
present study. In addition, special samples were gathered in collaboration
with the California State Fisheries Laboratory at lionterey in 1940 and at
San Pedro in 1940 and 1941. Other special samples were taken, as shown in
table 1, for various purposes, The specimens collected at Bureka, 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 periodically to our laboratory. In addition, scales collected
in 1941 - L2 in collaboration with the California State Fisheries Laboratory,
ars drawn upon in this paper for illustrative or corroborative purposes.

In the regular collections a sample consisted of 50 fish, taken at random,
without regard to size, from one boat's catch. As many samples wers taken
daily.as to occupy a2 man's full time in collescting, measuring, and tabulating.

-

% Collections made in conjunction with routine sampling.
s Collections made for special purposes,

1/ United States Fish and Wildlife Service.

2/ california State Fisheries Laboratory.

_/ Fisheries Research Board of Canada.



Body length of the fish was measured as described by Sette (1941). For each
sample, scales were obtained from the first 10 specimens having any still at-
tached. Generally about 10 or 12 scales were taken from 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 wherevor they could

be found. .

As the scales were collected from each fish they were placed in a small
vial of water to which had been added about two drops of 2 percent phenol
for preservative. The vials were kept in covered trays, 50 to a tray, and
held in numbcred places by round slots bored in thc bottom. The collections
were sent daily to the laboratory at Stanford University, where they were
mounted. . :

Generally the fiecld man a551gned to the sam ing work was able to take
five samples daily, that is scales from 50 flsh_ In Washington, whenever
the landings were too few to mermit collection of this number of samples,
scales were taken from enough specimens to brlng, up to that time, the daily
average to 50.

In the laboratory, the scales woerc cleaned and dried by rubbing between
the fingers, and mounted between two dry, clean slides which were then bound
together at the ends with cellulose tape. The mounted scales were examined
with the aid of a projecting microscope. For cach specimen a paper strip
printed with a millimecter measure was laid on the image along the midlongi-
tudinal axis of the sculptured part of the scale with the zeroc line at the
base of the sculptured part. Locations of annuli wers traced on the paper
‘strip and later racorded as dimensions after reading the millimeter measure.

These, as well as such pertinent data as sample numoer, length, and sex
of fish, locality and date of collection, name of reader, dimensions of scale,
position of marks, calculated length of fish at past ages, etc., were recorded
on a punch card, providing a pemanent detailed record for every scale reading.

It required two hours for one person to mount 50 scale samples; two hours
for one person to read 50, and about four hours for one person to tabulate
the data, calculate growth increments, punch the cards, and check thesc steps
for 50 readings. ‘Thus thz routine processes in the laboratory required about
eight man hours for one day's field collection from one port.

The readings were all done by the authors. Gith certain exceptions, to
be discussed below, cach examined alternate samples of scales, Walford the
odd-numbcred ones, losher the even. 3y this method a check could be furnished
on each man's reading, since the two sets, on theorstical grounds, should be
satistically homogeneous if the operators used identical standards for inter-
preting annuli. The results of this check will be discussed below.

Occasionally the scale collection from a specimen was obviously contam-
_inated with onc or more scalcs from other fish. Yhen that occurred, the ma-
terial was discarded unless at least three quartors of the scales were obvi-
ously from the same fish, in which casc these were read.

I7 Beginning with the 1941-h2 season, an cffort was made to sample épproxi—
mately one-fifth of the landings.



The criteria of an age mark as set forth previously (‘falford and losher,
1943) remains unchanged, namely:

"An annulus is concentric with the margin of the scale. It
is not always a sharp or unbroken line; nor are the segments
of an interrupted 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 :scrutiny if
necessary, entirely around the sculptured pdrt 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 an annulus has formed, it is present .
in all the normal sd—Tes of an individual.m™

In the scales of fish older than six years, the peripheral annuli are
crowded and frequently irreguiar, so that they cannot be made out equally
well entirely around their course, particularly in very old specimens. On
such scales, the annuli are generally most distinct at the anterior "cor-
ners" of the sculptured part of the scale (see figure 1). There they are
most easily located and counted, and thence they can be traceéd, even though
with difficulty, entirely around the sculptured part of the scale. The
criteria of a false year ring, given previously (""alford and Mosher, 19.43)
apply for older fish as well as for younger ones. These are:

"They are merely short or unassociated arcs; of if they com-
pletelv circle the sculptured part, they are usually not
concentric with the margin; furthermore, they frequently
join an annulus at the base. In any case, they may be less
distinct than an annulus, being vague and indefinite, or
they may be much more distinct, having a scar-like appear-

‘ ance; that is, with very pronounced irregularities of pattern,
the folds being broken or otherwise obviously abnormal.
They rarely appear in all the scales of an individual."

ERROR OF INTERPRETING THE ANKULUS

Having established 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 reader.

Of the first type are those cases in which a scale fails to record 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 to our criteria of true and false annuli, and they are as
liable to the same interpretation in = second examination as are normal
scales. The percentage of errors arising from these causes probably can
never be directly measured.




0f the second type are those cascs in which a reader simply mis-counts
the rings on a clearly marked scale; or those i1 which he overlocks one or
more unusually obscure marks; or those in wiich, by. faulty judgment, he
miscalls an adventitious mark a trua annulus. Thess errors are, in gen-
eral, the fault of the reader, and are rclatively unsusceptible to dupli-
catlon in a second reading, partlcular¢y by a diffurent reader. Therefore,
the results of parallel rsadings may be cxpscted to provide a measurc of
the personal error--the reader fault--in 1nterpret1nv our criteria of yesar
marks and in counting them. :

Scales of 1,187 specimens from thc San Francisco fall fishery of 1940
were read by Walford and by Mosher, each worling scparately and independently.
. Subscquent comparison showed that 1,049 or 88 percent of the pairs of read-
ings were identical. The 138 specimens for which rcadings were in disagree-
ment were then subjected to a third examination, this timc by the two opera-
tors working jointly, and without reference to either of the two previous
readings. On this occasion, li specimens were discarded as unreadable}/;

123 of the joint readings agreed with one or the other of the two previous
readings ("single disagreements®); and 15 were different from either
("double disagreements"). In 31 instances tho M"single disagreements!
concerned the imermost ring, in 49, the marginal ring, and in 43, one

of the interfwediate rings. In terms of percentage these quantities are
25, L0, and 35, respectively. Since the average number of rings present
in Specimens of this group is 4.2, these percentages should be close to
25, 25 and 50 respoctively, if all rings were equally difficult to recog-
nize. Obviously, the marginal ring was mors obscure than the others. In-
deed, during the joint rcadings, it was found that uncerteinty about the
criteria for recognizing a newly formed ring at the margin during January
and February was the cause of scveral of the disagreements, and a special
study was, indicated (scc page 9 ).

A similar fest.was made by throe workers, Walford and Mdsher; and Phillips

'of the California State Fisheries Laboratory. Scales from 433 specimens,
rcad first by Phllllps, vere subsequently divided into two lots, of which

one was rcead by Walford, thc other by Mosher. Thc two scts of readings,

i.e., by Phillips and by Walford-ioshor, were identical for 431 or 89 per-
cent of the scales.” The 52 specimens for which readings were in disagree-
ment were then subjected to a third reoading, this time by ths throo workors
together. When these joint readings were comparcd with the original read-
ings, it was found that three disagrced with both Phillips and with Walford-

fosher ("double disagrecments"), and 49 agreed with onc or the other (M"single
disagrecments"). Disagreements concerned the first annulus in 13 of the cases,
the marginal annulus in 15, and an intermediate one in 21: or, expressed as
percentages: 26, 31, and l3, respectively. Thus there was no marked tendency
for any one annulus~to caust morc disagreement than any other.

A third test with parallel independent readings wis made by Walford
and iosher on 973 specimens. taken-from Washington. This sample contained
a2 higher percentage of fish over thrce years old than those described above,
For that rcason, and also because the scales had not been well cleaned vhen
collected, this tost was more severe than the others. Newvortheless the two
readers agreed in 709 or 73 percent of the cascs. Of the remainder, 235
were Y“single disagrecments", and 29 were "double disagreements.!

}f_Less than 0.2 of 1 percent of the scalss had been discarded as unreadable
on first reading. These were specimens with regenerated centers.

5



Thus in three tests involving parallel readings of 2,643 specimens,
there was disagreement on l5l of the cases--"disagreements'"--and agreement
in 2,,,53--"agreements." ihen 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 in 408 cases and disagreed with both in only L6.

In close to 90 percent of the cases, disagreement involved a choice
of two adjacent ages, and, therefore, uncertainty as to the existence of
only one of the rings; 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 reader'!s decision as to which of two adjacent ages a "disagreement!
should be referred, might possibly be determined by chance. Assuming this
to be true, half the specimens should be assigned to the younger age, half
to the older. Consequently the size composition of fish comprising the
two halves should be statistically identical, and-should agree equally well
or badly with the size composition of the "agreements" of the two adjacent
ages in guestion. To ekamine this hypothesis, a series of chi-square com-
parisons was made, the results of which are summarized in table 2. The
tabulated figures give the probability of obtaining, in a second series
of samples, differences in size composition as great or greater, by random
error. :

Table 2.- P values obtained on chi-square comparison between size
composition of agreements and revised disagreements.

Final determination on revised disagreements

.01(2) : .60(1)

Agreements, s : Number of rirgs
number of ; 3 i L . 5 I O I s T < D O 9-
rings 3. : : : : s :
3 :.7h(2)l/:.001(2):' 3 3 : :
L :.004(2) :.26(3) :.00L(S) : : ; :
5 ; 2.001(u)§.16(7) 2.001(5)2 ; ;
A 5 : :.0015(6):.08(5) :.00L(L): - 3
70 ; ; :.001(k):.90(5) :.00L(k):
8 : ; : £.001(3):.72(2) : .00(1)
9 : : : : : :

&/.Figurus in parenthesis indicate degrees of freedom.
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According to table 2, the size distribution of the fish yielding
"agreements!" on a given age, when comparced with that of fish assigncd
to that same ape by revision of ridadings that had originally disagreed
("revised disagreements"), gave P values high enough to indicate that
the two distributions had been of the same population in the statistical
sense. On the othcr hand, when a parallel comparison was made with ad-
jacent year classes, the P values were 211 so low that there could be
no question that the fish were of diff.rent populations in the.statistical
scnse. It appears, then, that the final decisions on the disagrecements
were not determined by chance, but must have been; on the whole, correc-
tions of errors in the first reading.

It is, of course, not possible to Imow the absolute crror of ,the
final determinations. Among the "agreements" can be erroneous readings
that agrec by chance; but for scales of ordinary difficulty the number
of these is probably low, being something less than one percent of the
casesl/. In. addition, there must be errors among the joint readings.

. There may be more of these than arc found among "agreements,! since
only the more difficult scales tend to be the subject of disagreement.
Furthermore, the final decisions in the joint rcadings may: be determined
often by the domination of onc of the participants. Finally, there are
the errors resulting from scale faults, refcrred to above.

Errors from all these causes are not measurablc by any known methods.
The material and methods at hand provide merely this incomplete measure:
If B disagrees with A, 4 is not held to be in error if a joint.reading
concurs with him rather than with B, ilence, an index of a rcader's error
is the number of ag: determinations with which there is disagreement in
both a parallzl reading and in a subscquent joint reading, expressed as
percentage of the number of specimens aged. For the threc tests discussed
above, this index of error, by ages and by thrce readers, A, B, and C,
totalled as given in table 3.

Table 3. = Index of crror

Number :  Number of - Numbcr oi 2 Indcx of error
of rings: specimens’ read arrors by H by rcader
: by reader : reader :
g I g ¥ BCIE: A : B 7Ty : A B : C
T8 66 =R 66 26, L B &S P Akl B S g BBl
2 PP s i g B a2 : Uasi 0 e B el
3 g Gikrin Lheb mblE 0 22l g SB ff 6 SRR O TO W I G R Ticall
LG 6B TN 68T s E20 R 1A | O I N 42 S R | s S 7 22N s O T 1 s 208 O
S 5 Hen Sbhd o 2 Bog o ah g ahbal g aknsl g athos)
S o diGha alial g lp A e EBl pl =0 i Tes aakied o -
B Oy e By Bhag k)op oo 8 Bl 8308l B -
BEES S U L O N O « hg ¥ OB =0 8 ) galkEs B -
= 8 sBlgr 2 g slf ORI Oy — g Eas d 3hAde § -
i ek s ller BB T RN 7Y velalrd 2 539 B.7 b.6

17 This is based on the average known error of cach man being close to
seven percent. The probability of both misreading any one scale on the
average, assuming purcly random error, is (0.07)¢ = .00.L9.



Table 3 gives evidence that 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 according to the number of
old fish present. The index of error varies from reader to reader; also
for any given reader, from time to time, being more or less proportional
to the degree of his fatigue. It has been our experience that: reagsrs some-—
times unconsciously adopt faulty reading techniques which result in their
making some types of errors consistently over a periéd of time. . Thus, -
Reader C (table 3) tended during the test to overlook the marginal ring
on scales with two annuli, and consequently he recorded an excess of'year-
lings. Faults of this kind are detected and ‘€liminated during the- joint
readings.

To avoid such errors, frequent tests should be made. Indeed, it would
be desirable to make parallel readings of all scales were it not impractical
in routine work involving several hundred specimens weekly. Fortunately,
at least 95 percént of the California catch is composed;qf fish younger
than 5 years, for which the index of crror is low enough to justify sub-
stitufing for parallel readings the procedure described below. For the
remainder, the relatively high error necessitates making parallel readings
on all specimens,

In the light of the foregoing results, the following procedurn vias
adopted for future routine work: The slldcs will be dealt among the scveral
readers like playing cards, so that all have equal-sized, randomly distrib-
uted portions that should prove to be satistically identical as to body
length composition. That being true, the age compositions of the several
portions should also be statistieally identical; and significant differences
among them should be detectable by the chi-squarc test, as described below.
Wherever such differerfces occur, the seales will be re-read and the cause
of the differences found and corrccted. HMeanwhile, specimens aged as five
years or older will be given parallcl readings; and joint readings will then
bc made of the disagrecments.,

Following this procedurc, the scale collections taken during the 1940-
Il scason at San Francisco, 3,210 in number, were dealt between Walford and:
iosher. That the two portions were statistically similar in. size composition
is indicated by a chi-square comparison, which gave a probability of 0.58
that -a sccond pair of samples dravn from the same nnpulation wauld differ -
in sizc composition as much or morc by chance alono.

- For 'the sams rcason, if thesc two random portions were alike in size’
comoositlon they.should be alike in age composition. A chi-square comparison
as there forh .made between tho totals,of each year class in Walford's portion

and thosc in Moshor's. This test gave a probobility of 0.13 that a second
pair of samples drawn from the same population would differ in age composi-
tion as much or more by chance (chi-squarc was 8.} with 5. degrees of frecdom).
Though high cnpugh to be acceptable as. evidence that Walford and fosher had,
in the main, read their réspective lots of scales alike, it is at the same
time low: enough to suggest the presence of some non-random differencces ‘between.
the two scries of age distributions, duc, pOSblbly to some differcnce.in- the
interpretations of the two rcaders, :



To learn then whether such a difference :ight be centered about fish
of certain size categories, a chi-square comparison of age composition
was made for each size class.

For this purpose, size classes were made 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 between the two readers-—-all P values were well above .05-~ except
for eight classes in the size range 211-226 millimeters. For each of these
was indicated a probability of less 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 thelr respective portions so as to check each othcr'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 new rings at the margin, par-
ticularly during January and-February, when accelerated growth is exposing
the newly formed annulus.

This difficulty was at length resolved by a special study as described
on pages 9 to 11, which provided an objective method of making the neces-
sary distinction. After the method had been applied, the two original por-
tions, Walford's and kosher's, werc again compared as to age composition,
by the chi-square tust. On this occasion the probability was 0.0l that the
two distributions would differ as much or morz by chance in a second pair
of samples drawn from the same population.

Thus an cquivalent of parallel rcading has buen devised, which saves
considerable labor, yet serves to detect and correct errors in the inter-
pretation of the critiria of age marks. The method was applied during the
1941-l2 season, when threc persons were employed. The average P valuc ob-
tained on first rcadings was .48, indicating no significant difference in
results among the three readersl /

RECOGHITION OF THE NEW ANNULUS

In a previous paper (lialford and Mosher, 1943), it was shown 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

I/ It has been suggested by those critically reading the manuscript of this
paper that the above discussion tends to over-simplify age determination of
pilchard scales. It must be emphasized that a considerable degree of judgment
must be exercised in recognizing age marks. This reouires skill obtained

from experience illuminated by knowledze of the biology of growth. It also
requires much patience and a certain sympathetic attitude toward scale reading.
Wevertheless, the evidence described on pages 11ff was obtained despite the
subjective nature of these imponderables. It appears, hovever, that age
reading cannot be practiced equally successfully by all investigators.



for adults is carried on only from late July or August to February or March,
and fish in sufficient quantity for study are not available during the inter-
vening time, it is not feasible to follow an entire year's cycle for adults

as it was for the young. In July, however, tthen specimens were first taken,
the last ring was found to be fully formed in all examined, and was completely
surrounded by a narrow marginal growth zone; and no specimens were found

with developing new rings. During succeeding months the margin beyond the
last ring seemed to increase in width, and by late fall new rings began to
appear in a few specimens. While these were in the process of formation,

they could be easily distinguished from old rings by the following criteria:

an annulus is recognized as forming when it does not appear entirely
around the sculptured part at once, but generally only on the most distal
parts of the edge (see figure 3); or, when it extends entirely around the
sculptured part, it touches the edge at one or more points.

These criteria seemed to serve for distinguishing new rings until about
early January. From then on, however, an increasing number of specimens
occurred with the last (submarginal) ring remarkably close to the edge of
ihe scale, but complete, and entirely bounded by a marginal zone. For these
the above criteria could not be applicd. Instead, at the time of first
reading, the operators tried to judge whetner they were rnew by whether or
not they were at any point of their course obviously closer to the edge
than could be accounted for by a year!s growth. Unfortunately, there are
intermediate cases which could be attributed equally well to a year of ab-
normally slow growth or to a few weeks of abnormally rapid growth. Conse-
quently, the decisions on these cases rested more or” less with chance, and
as shown by the studics on parallel readings, this was one of the chief
causes of disagreement among the readers. =~

In an effort to devise an objective standard for distinguishing new
from old rings, therefore, a statistical study was made on the width of
the marginal growth zone. One would expect the latter to be narrowest shortly
after a new ring has formed; and to increase thercafter in width during
the year, reaching its maximum just bofore the followidng new ring appears
(Walford and Mosher, 1943). Accordingly, the distance between the last
annulus and the edge of the scale--the marginal zone--was measured to the
nearest 0.2 millimeter of projected image (equivalent to 0.00667 millimeters
in actual width), on all scales taken from July 1940 through February 1941.

These data woare tabulated by number of rings (not by assigned year
classes), according to width of margins, in the form of a frequency distri-
bution. For example, all scales having four rings were tabulated together.
It would be expected that early in the scason, they would all be of year -
class 1936; later in the season some of them (those with new rings) would
be of ycar class 1937. The two groups would be expected to have the same
relative variation about their respective means, and to put this on an
absolute basis for purppses of graphical study, sizes werc convertad into
logarithms, which were tabulated into classes of cqual intervals (Schrek
and Lipson, 1941). In figure 5 the results of this transformation are given
for scales with four rings, as an axample of a case of average difficulty.

A dominant mode to the right, which can be followed through the season, is
taken to represcnt the margins attributable to the past season's growth;

and a new mode to the left, appearing in November, probably represents margins
attributable to the next séason's growth.
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These data have been fitted with normal probability curves, according
to a graphical method devised by 0. E. Sette (unpublished manuscript). A
single normal curve fits the data for July-August and for September-October,
This group is assigned to year class 1936. It cbviously persists through
the season, retaining certain consistencies, nanely, first, a mode which
advances slightly, indicating slow autumnal scale growth; second a standard
deviation which remains constant. For November-December, and for January-
February, it was necessary to add a second, ov:orlapping, curve on the left.
This group is assigned to y=ar class 1937. As “n the right-hand group,
this too has the characteristics of a mode whic. advances, as is to be ex-
pected, from scale growth, and a constant standard deviation.

To measure the degree to which the selection and placing of these hy-
pothetical curves fit the empirical data, comparison was made by the chi-
square method. A P value of .OQE/ vas obtained, (chi-square = 30.kL; 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 the hypothetical curves. If these be combined, the seventh class with
the sixth, the ninth srith the eighth, P becomes .56 chi-square 15.59; de-
grees of freedom 17).

This, then, is an objective mecans of allocating proportions of new
to old rings where the marginal increments overlap. In the four-ring
series (Fig. 1) allocations were made as follows for Hovember-December:
Te the older age, 1/6 the specimens in size-class 7, 3/L in size-class 8,
34/35 in size class 9. ‘The remainder in these classes wére assigned to
the younger ages. In January-February, to the older age were allocated
9/26 of the specimens in sige-class 8, 31/38 in size-class 9. The remainder
in these classes waere assigned to the younger age.

The assignment of agts to individuals in these criticnl cases by the
method just described, precludes using those individuals for other studies
involving sizes, ages or growth, and the statistical cards were marked
accordingly.

This method of solving the problem of distinguishing between new and
old rings has been incorporated into the routine of age analysis in pilchard
research.

EVIDENCE BEARING ON THE VALIDITY OF SCALTS FOR
DETERHINING THE AGE OF ADULT PILCHARDS

The forcgoing section has dealt exclusively with the question of how
correctly one or morc scale readers can assign a given age to a given fish,
or to the mcasurement of the "reader error®"., 1In the following discussion
the effect of this error plus that of the scalc error (ef. page L ) will
be examined. f

I/ I.c., the probability is .06 that a sccond s:rics of émpirical data
would differ as much or mor: from this theorcticzl serics of curves, by
chance.
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The annual occurrence of age marks in pilchards of juvenile age had
been proved in the following wayl/: A stratified random sample of scales
was prepared to represent equally a1l the months of the year. The labels
on the slides werz then masked, the slides mixed, and the scales examined
and measured without knoiledge of the size of the fish or the time of year
collected. Then the measurements thus obtained were collated, it was found
that the marginal increment was narrower at onc scason--the spring--than
at any other, and increased in width during the romeinder of the year. Its
growth was rapid in spring and early sumer folloving the formation of the
annulus in the winter, and slight from late summer to winter,

The foregoing demonstration iwias possible because young pilchards arc
available near shore in California tnroughout the year and ar. taken by
the bzit fisheries. "Adult® pilchards, on the other hand, arc migratory,
departing for thoir spawning place at the time of maturity, in the spring,
and not reappearing until mid-summer. Hence, the commercial fishery for
adults is seasonal, and the scale material collected for this study docs
not include an important puriod of the yecar's growth. Despite this hiatus
in data, the results aiscussed on pages 9ff and given graphically in figure 5,
indicate, as far as they go, that in adults, as in the young, the¢ annulus
appears during onc scason.of the year--the winter, and that the marginal
increment incrcases in width until the next annulus is formed.

For critical proof of the validity of scale reading, the annual growth
inerements on the scales werc studied in search of peculiaritics in dimen-
sions, morks or other irregularitics associated consistently with certain
yeer classes such as Lea had discovered for the Norwegian herring (Lea 1919).
To provide homogencous data, an effort was made to select scales consistently
from the same part of the body, namely the side, near thc tip of the pectoral
fin. Unfortunately such selcection was unfeasible vh onever the fish sampled
werc in poor condition. Under thesc circumstances, scales were taken wherever
they could be found, often from the back or near the caudal peduncle, where
pilchard sczlcs are characteristically smaller than elsewherc. For adjust-
ment to & commion basis to permit comparative studics, thercfore, scale mea-
surements were translated into torms of body length of the fish, by means
of Lea's formulac:

1]
]

T 1) B
5 °F » and (1)
T Sty N (2)

Where s is the distance from:the centir of the scale to a particular annulus,
n; S the distance from the center of the scale to the edgs of the scales

fn the length of the fish at the time the annulus n was formed; F the length
of the fish at the time of the observation; t, the grovth increment in the
year preceding the time the annulus n was formed. Hunce, tl = fl; ty = f2"f13
gte, The symbol "f" is the same as Lea's "1¥; it abbrueviatis thé term "fish
length" as "s¥W docs Mscale length'. '

A LS ST
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This formulation assumes simple, perfect correlation between body length
and scale length, with a regression having its origin at zero. It was found,
however, that the assumption is no more valid for pilchards than for many
other fishes studied. The scales are not formed until the fish has reached
a length of 3 to L centimeters. For a time thereafter, until the body be-
comes fully scaled, the growth rate of the scales is rapid in relation to
that of the body; then it decelerates, until =2t length the slope of the re-
gression, b, becomes constant. This occurs be'ow the minimum length of
fish found 1n our samples. Hence, for the material used in this study,
the relation of scale length to body length may be expressed by a simple

straight line repgression of the type y = a + bx, and Lea's formula (1) must
be modified tos

o (3)

For calculating a, the regression of scale length on body length was
plotted separately for each of four year classes, those of 1936 to 1939,
to which specimens had been allocated by scale studies.

The values of a2 and b were as follows:

Year Class £, _E_
1936 -2.2378 . 7326
1937 0.8L6L . 7285
1938 -20,3317 .8,05
1939 2.081L 7240

Significance of differences, in tzrms of Pl/ (according to Fisher's b
test) is as follows:

Year Class Compared with Year Class
1939 1938 1937

1936 ‘

a .30-.40 .01 .10-.50

B .50 01 .50
1937

a «50 e 012

b .50 - 01 \
1938

a .01

b .05-.10

In regression of scale length on body length, year classes 1936, 1937,
and 1939 did not vary from each other beyond the range of random error; but

year class 1938 differed significantly from each of the other three, both
as to & and b.

I/ that is

=/ That is, the probability that if an additional pair of samples be drawn
from the same population, they would differ as much by chance as the two
under comparison, or more,
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Thus the fish assigned to one year class had an intrinsic quality in
common in addition to the number of rings on their scales, peculiar to their
class, Which persisted during three years of this study. It is fortunate
that thls Peculiarity applies to year class 1938, for it is that class on
which the most completec collection of material is at hand, going back to
first appecarance in the bait fisheries, when identification of its age as
Tish of the year was virtually beyond question. And it is that class from
which the material was dravn on which the validity of age determination of
juvenile pilchards was proved (ialford and Hosher, 1943). Thus fish iden-
tified with certainty as belonging to year class 1938 have been marked by
Mature with a characteristic that may continue to serve for distinguishing
them as a group for several additional years.

Since the relation of scale length to body length can vary among year
classes, it is necessary, for approximating past growth as accurately as
possible, to determine a for each year class separately. To do this requires
measurements over a sufficient range of sizes - therefore years of growth -
to provide a significant measure of the regression. With present material,
this was possible ofily for the four year classes mentioned above. Consaquently,
in the following discussion, averages concerning those year classes alone
have been adjusted as of formula (3) {page 13); and with the aporopriate
a values (page 13). For the rest, formula (1) has had to suffice.

Swmmarizing:s To detect important anomalies in the past growth of the
severzl year classes, the lengths at the past ages (? ) were calculated by
Lea's formula (1), These were averaged, and averages for year classes 1936
to 1939 were adjusted to take into &ccount departures from exact proportion-
ality of scale length to body length; in other words for the failure of the
regresrion of scale length on body dength to intersect with coordinates
0, O._/ﬂValups of T, wer= obtained by subtracting T, from T,-1.

The results of these calculations for the first year'!s growth increment
(.), given in Table L, are remarkably variable. Among year classes 1932
£0°1938 collected in 1939-40, for cxample, the average first year's growth
increment (%) ranged from 98 to 115 mm. Such apparent inconsistency could
be caused by changes with age and size in the scale length-body length re-
lationship.®' It could also occur if increasingly larger portions of the size
range of eath year class bucame available to the fishery as the year class
became older. Or it might result from systematic errors in marking the lo-
cation of the annuli, which were somehow associzted with age.

;; These adjustments were made srephically as follows: The average total
length of a yesar class under considerztion was located on the scale length-
_body length regression line, and a line drawn from therc to the origin of
the graph. FEach ¥ value for that year class was then located on the latter
line; and the interscotion batween the ordinate passing through that point,
and the scalc length-body lengbh regression line gave the adjusted value of
Lhat.F e
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Table L. - Average calculated first growth increments, by year classes

(L]

Average calculated length for fish collected in season of -

ea . =
c{asg - 1939-10 i 19L0-l1 : 1943.-)32
: Umadi. 173 Ad3.2/ . Unadi.Y: 3d3.27 |, Unaai.Vs AdL2/

1932 ¢ 111.83 ¢ $I 0807 ! 110.00

193 3Nl L 02 SEIR1157 20 B $ 111.26

193] =] 02722 B 2 107.0h4 . T 106.48 ;

1935 ¢ 10h.h9 ¢ $T07760 0 4 103.8L .

1936 ° 97.95 ' 99,4 * 101.98 . 103.0 ¢ 102.7L | 10L.3
11973 78 013 TOTSRE ) 1| 5 (B R 13 07 6 st 11 | SIS IRA ) 2703 Ial=13.76
1193 BRSNS c 01 ) NS A1 230 6B BT 0B 303 Malis 11 § 5 K GO S B9 B#11 310
1939 ° : ST 02 16681 0270 RSN 02 COTRREEN 0220
19HORNS : : v 116573

l/ Unadjusted figures.

E/ Adjusted for deviations from exact proportionality of scale length to
body length.

It is reasonablec to expect that all these causes would be progressive
and rather regular in their éffect, resulting in constant increcase or decrease
in comparable values of t with inbraasn of age. Also, this trend should be
continued in the collecticns of later years.

It is apparent at once from table b, however, that far from progress-
ing regularly, the comparable values of T fluctuafed with no evident order
in each of the threze years of data studied. Thus it seems improbable that
the fluctuations could be associated with ages. On the other hand, it does
appear that they arc associated with year classcs. If so, any given growth
increment (%) of a given year class should deviate from & norm of that in-
crement in the same direction every.year;. as long as that class is wholly
and significantly reproesented in the samples with respect to the increment
in question. The m-aning of this will.bctome clear prcs:ntly.

To establish a norm for ¥, the ¥; values for year classes 1932 to
1938, inclusive, were averaged, using the material collected during the
season of 1939-h0 and those grnnd averages were taken as norms for that
S2as0n. Deviations of the values for individual year classes were then
‘plotted as curve number one in figure 6. The same procedure was followed
with tho material collected in the next scason (1940-l1), furnishing a
second curve in figure 6. Although an additional year class, that of 1939,
was present, it did not enter into th:t scason's norm; but the deviation
of its ¥ value from the norm is indicated by a dotted line. Next the ma-
terial collected in 1941-42 was similarly treated and the results plotted
in the third curve of figure 6, Year class 1979 was not included in the
norm, but deviations of its ¥; velue is indicat.d in figure 6 by dotted lines.
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These three curves are closely similar. In all three, the first year's
growth increment for year classes 1933, 1937, and 1938 deaviates above the
norm. In six out of seven points. all three curves are in agreeme?t. The .
probability that such agreement could occur by chance is slight.l In the
absence of random occurrence, then, the agreement must mean that specimens
having certain growth characteristics in common were allocated consistently
to the same yoear classes three years in succession. It remains to be shown
whether the 2llocation was correct,

'EFFECT OF ENVIRONMENT ON THET GROWTH OF THE PILCHARD,
AlD ITS BEARTYIG ON AGE DETARMINATION

If the anomalies described in the preceding section are a characteristic
of the year classes,:they nust reflect some varying-environmental condition
that influences growth of body and scales. The most obvious such element
is temperature, Surfacé temperatures of the sea at several points along the
coast have been compiled by the Scripps Institution of Ocearography, and have
k?pdly been made available for this study by the Director, Dr. H. U. Sverdrup.
2

Mean temperatures, at these points, for calendar years and for various
comdinations of months for years 1932 to 1938 inclusive, were averaged, and
deviations computed in the same way as had been done with the growth incre=-
ments. In all combinations of months tried, the deviations. from the norm
are negatively correlated with the anomalies in the calculated first year's
growth, The means of temperatures measured at Scripps Institution Pier for
the period June to August, however, had a higher negative correlation than
those for other localities and other combinations of months; and deviations
from their norm are shown inverted as the fifth curve of the series in fig-
ure 6. The months represented are those in which growth of young pilchards
is most rapid (cf. Walford and Mosher, 19L3).

Of more fundamental influence than the temperature 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 summer that
produce the phenomenon of upwelling. This results in the transport of nu-
trients to the surface vaters, making them available to the plankton organ-
isms. Thus, ultimately, it results in the production of food which the pil-
chard eats.l/

1/ The deviations given in the data collected in 1939-h0 (top curve of fig. 6)
are correlated with those corresponding in the data collected in 1940-L1
(second curve of fig. 6), with an r of .93; and P of less than .Ol, according
to Fisher's t test. ;

3/ Temperature data wers studied for the following localities: Scripps In-
stitution Pier at La Jolla, Lat. 32° 52! N,; the Pier at Balboa, Lat. 33° 36'Ng
Hueneme, Lat. 34° 9t N.; Pacific Grove, Lat. 36° 38! N.; North Farallon Is-
land, Lat. 37° 42! N.; Blunt's Reef, Lat. LO® 27 &.

é/ For a discussion of the relation 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 barometric pressure data given on daily weather maps published by the
United States Weather Burecau (cf. Sverdrup, 1938.2). First were tabulated
the daily barometric pressurcs at each of the four corners of a 300-mile
square placed off the coast of southern California (ef. table 6). From
these data were obtained two series of differences representing pressure
gradients which would be expected to wroduce winds parallel and at right
angles to the coast line, respectively; and their differvnces were summed
by periods of time as described below. .

The resulting two series of sums wers treated, with due regard to the
effect of the earth's rotation, as if they were components, the resultant
of which is proportional to direction and extent of wind movement. The
direction proved to be northwestorly for each pcriod of the cntire series
studied.

Sums were mads, as indicated abov:, for c. lendar years, and averaged
for the period 1932-33, inclusive, to furnish a norm from which deviations
were determined, as had been: done with growth and temperature data, discussed
above. The same procedurc was followed using various periods of time and
various combinations of months. Without exception the yearly deviations
from normal indicated wind force were found to be correlated positively with
anomalies in the first year's growth of pilchard. However, the period April
through the fqllowing March gave a somewhat better correlation than other
periods, and has been shown in the fourth curve of figpure 6. This period
corresponds with the first year's growth as registered on the scales: i.e.,
between the time of spavning and the time the first annulus is formed.

Other data bearing on the environment of the pilchard, ‘made available
by the Scripps Institution of Qeeanography, are average monthly surface sa-
linities for the same localities as cited in footnote 2, page 16. Those
taken at the Scripps Institution pler were treated in the same way as de-
scribed for the average monthly temperazture records (page 16). Deviations
from a norm based on the twelve-month period April to the following March -
the same as that used for wind force - were plotted as the sixth curve of
figure 6. This curve bears a strong similarity to the other five.

Thus is indicated a positive correlation between the force of northwest
winds, the salinity of the surface water, and the first year's growth of
pilchards; and a negative correlation between the latter and surface tem-—
peratures. To have demonstrated this required that the year classes, as
determined from scales, be allocated correctly to the years in which they
had been produced. It required also that.a high enough order of accuracy
be maintained in the scale reading to preserve the distinective character
of the curves.

A further conclusion to be drawn from these curves is that the fish
of a given year class normally have a common history during their first year.
They are subject to the same viecissitudes of marine climéte and therefore
probably also of food, supply.
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According to Lowis (1929), pilchards feed on diatoms and d%noflagel—
lates, as well as upon copepods and other zooplankton. loreover, the amount
of food ingested is positively corrclated with the abundance of surface
plankton in the surrounding water. This in turn is controlled by tempera-
tures; "low temperatures associated with upwelling of subsurface waters
favor the growth of diatoms, which in turn attract the sardine" (lewis,
op. cit., p. 179). This being true, it is reasonable to expect growth
in abundance of diatoms to favor growth of pilchards.

For study of this gquestion, Dr. /. E. Allen has kindly made available
statistics on rolative diatom abundance, which he has observed for several /
years at the end of the Scripps Institution pier at La Jolla and at Heuneme.—
Numbers of all specics of diatoms per liter per week were summed by months;
and the monthly totals summed in various groupings of months. No significant
corrclation between anomalies in thesc totals and anomalies in-growth was
found, no matter what grouping of months was used. However, the number of
weeks in the year that the count of diatoms per liter cxceeded 1,000, or
2,000 or 5,000, gave measures of diatom persistcnce, 21l of which showed a
positive correlation with growth. As with the temperature and salinity data,
these measures were swmned by various combinations of months. The most satis-
factory corrclation was given by the number of wecks between June and the
following Hay, inclusive, that the count excceded 2,000 per liter. Devi-
ations from the norm of that statistic taken over the period 1932-1938 are
given in the scventh curve of figure 6. The period used, Junc through the
following lay, lags two months behind that used for wind data, and may .in-
dicate the time requircd for the action set up by the northwest winds to
affect the supply of diatoms.

Although the abundance of diatoms thus appears to affect growth directly,
it is a sustained abundance of these plants above a2 certain minimal level
that is most affective in promoting growth, rather than sporadic flowerings
of great abundance interspersed with periocds of scarcity. .

The relations between growth and other factors shown in figure 6 might
not necessarily mean that pilchards normally spend the growing part of their
Tirst ycar of life near the locality where these data were collected. How-
ever, second and later growth increments were found not to be correlated
with wind force, surface salinities, and temperatures measured at La Jolla.
This may be explained in part by the fact that pilchards migrate successively
greater distances as they grow larger, the extent of their migrations prob-
ably being a function of size more than of age. Consequently, the history
of members of the same year class becomes less uniform as the fish grow older,
though they probably ncver leave the Pacific coast save 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 southern California, and that the subsequent history of the
fish becomes so diverse that year-round conditions in any one locality can
no longer reflect growth among the whole population of that year class.

L/ For the method of sampling, see Allen, 1936.
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The most striking inconsistency in figure 6 is the lack of correlation
for 1939 between growth on the onc hand and di towm persistence and surface
salinity on the other; also between surfuce tewnerature and surface salinity.
Although the surface water at La Jolla was abnoimally warm in 1939, it was
also of abnormally high salinity; and though the diatom count was high, the
average growth of fish of the year was below normal.

The breakdown of correlation betircen temperature and salinity suggests
an important anomaly in the currcnt pattern in 1939 in the vieinity of Lo Jolla.
The relatively weak northwest winds prevalent that year are consistent with
relatively weak upwelling; and the increase in salinity and tempsraturc con
indicate an increasc in the admixture of 'southern water® (cf. Sverdrup,
1938). The biological evidence of 2 change in hydrographic conditions is
cqually suggestive. Certain specics of diatoms normally occurring several
weeks of the year at La Jolla were absent in Dr. Allen's samples of 1939,
notably, Chactoccros curvisgstus, Chastosercs laciniosus, Licmophora 1yngb",1,
and Lithodesmium undulatum. Among species occurring norc frequently in 1939
than normally, those most noteworthy were Rhizosolenia alata, Rhizosolenia
fragilissima and Rhizosolunie imbricata. The ccology of thuse species is
too little known to permit of interprcting thoir occurrence in terms of physi-
cal oceanography. It may be.of sipgnificance, however, that among sp=ciecs
of the first group mentioned above, 2ll have been listed by Cupp and Allen
(1938) as being south tempcrate neritic forms, cxcept Licmophora lyngbyei,
which is "tychopelagic!. Among thosec listed in the second group, Rhizosolenia
nlata is an oceanic temperate form; and the other two are north temperate

T orns.,

More direct evidence that a change in the environment of the pilchards
took place in 1939 is the fact that an abnormally high production of young
pilchards occurrcd that ycar in waters fur to the north of southern California,
which is regarded as the usual chicf spavning sround. This may have bcen
the result of abnormally high survival of youn, hatching from the number of
cpgs normally spawned north of California. It may also have been the rcsult
of abnormally heavy egg production in northern waters, permitted by a north-
ward extension of oceanographic conditions favoring spawning. In support of
the latter hypothesis is the fact that adult pilchards taken by fishermen in
mid-sumer off Oregon and Washington were full of spawn, in contraist to their
usual immeturc condition at that time. That spaovming actuelly occurred north
of California is proved by the fact that the Fish and Wildlife Service that
year collected pilchard eggs and lorvae in tow nets off the Ornpon coast
(Walford and Mosher, 1941).

Whatever may account for it, an extraordinary number of young pilchards
of year class 1939 werc subscquently observed and caught from Oregon to
Alaska, as well as along the California coast. It has been previously ob-
scrved that the first year's growth decreases northward (Walford and Mosher
1943). Thus the northward extension of the range of year class 1939 could
alone account for its cbnormnlly low first year's growth in spite of the
apparently favorable food supply in southcrn Californie,
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SULTARY AND CONCLUSIONS

Annual rings appear on the scales of adult pilchards, as in the young,
and 2t the same timec of year, namely, the winter and carly spring. If the
scilcs be properly prepared, these rings can be recogniged and distinguished
from false age marks by mcans of criteria szt up in this study. The ac-
curacy of following these criteria differs among readers and for different
ages of fish being lower for older ages than for younger ones, but for the
age distribution prevailing from 1939 to 1942, and for the persons reading
the scales in this study, it averaged near to 93 purcent.

The most important cvidcnce supporting the validity of age determina-
tion by scales is that the fish allocated to each ycar class had growth char-
acteristics in common,- which appeared consistently in three seasons of sam=
pling. These characteristies were cxpressed as the average first year's
grovith increment, calculated from scales. Departures of theosc averages:®
from a norm were significantly correlsated with anomalies in certain elements
of the enviromment, thereby proving that the identification of the year
classes had been correct.

The correlations indicated that, in gencral, growth during the first
year is fivored by a sustained presence of diatoms at optimum cbundance.
In turn, the latter is favorsd by upwelling, which is induced by northwest
winds, and accompanied by low surfuce temperaturss and high surface salinity,
at lcast at the loczality of observetion.

In addition to an abnormally high first year of growth, ycar class 1938
was marked by having scales which avercged smaller than normal in relation
to the length of th: body.

No mtthed has yct been devised of measuring the crror of scale rcading
occasioned by the scales being irregularly marked; i.c., having too many or
too few age rings. If this error were unduly high, however, specimens as-
signed to o given year-class would actually be composed of several ages;
and if such mixing be complete, the average growth of the several ycar-classes
should be uniforu. In that event, the correlations referred to above would
have beccome obliterated. The demonstration of the correlations, and their
persistence for three seasons is evidence that the error was rcasonably low,
we judge, for the age composition provailing, somcthing of the order of ten
percent or less. Thus, the relatively high accurdacy of age determination
of pilechards by scale reading--between 80 and 90 percent--ond the fact that
results arc reproducable by differcnt persens, warrants the confident utiliza-
tion of this technique in the program of pilchard rescarch.
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Figure 1. Left - A scale with 4 rings, the fourth close to the edse
and touching it at the base of the sculptured oortion.

Right - A scale with l; rings, the fourth well within the
adge.,

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 sone-
times to alter the liphting in order to see all parts of all rings. The
following plates show one what can be seen at a particular focus and
lighting.



A pilchard scale with three rings, with a wide margin beyond

the third ring.

Figure 2.



5 rings.

A pllchard scale with

Figure 3.



Figure L. A pilchard scale with six rings.

=



NUMBER OF SPECIMENS

40f—
L] o
20}

JULY -AUG, p—

80—

20—

SEPT-OCT. o = |

30—

20—

NOV.-DEC. =

JAN-FEB. —_—

2 3 4 L] & 7 8 9 10 i 2 i3 14 15 16
WIDTH OF MARGIN

Figure 5. - Frequencles of widths of margin bsyond last ring in scales having
four rings. The data are fitted with normal curves to distinguish
specimens having a recently formed anmilus.



I GROWTH, 1939-40 DATA

3- GROWTH, 1941-42 DATA

5" TEMPERATURE

DEVIATIONS FROM NORM

7- DI ATOMS

( | I | i 8 |
o[ I |
B -
4 =
4 F % 18
8 A 14
\, I
b g —
. 14
. \
4r LN S 8
+ 3._.———“-\ AR
— A)
\
2l *\\\\\‘-‘--.._____-.._-___----"’,f”r \\
4 3
8} A 12
12r \ 18
\
L1 |- \ 14
/‘\‘ N7
's\ —
4 L - . S -14
2F s N\, 18
2 /\ o N,
-
42-' W ‘-'
»”
4t o7 a2
A
/l"' - .08
sl /\ ;" d b
G " 6% +
il ¥ / =3
2k 408
Al 1
=) h 0|EJ
2 L
al
L | | | | | | | |
1932 1933 1934 1935 1936 1937 1938 1939

Figure 6. = Deviations from seven-year norm of growth in body length as

compuced from scales collected during threz seasons, compared
with similar deviations for various elements of the environment.

26383

Vivd 15-0961 "HLMOHD -2

aNIM -+

ALINIIVS 9



£g

Table 5.- Frequencies of body lengths of pilchards at end of first year as calculated from scales

TEAR-CLASS
1932 1933 1934 1955 1936
2 __Lollected .. .. _ Collected Collected Collected ._ Collected -
Body in season of =~ 1in seazson of in season of in season of in season of

'le_ngth tig R ITg T 1)41_-;39 ige,  Uigj—s 139" L 17 SR 1 1%y 130~ o~  tho_ 139 Gl 1

Py thas Trhiol 941 vhosthp e el thpe thg thy o thp tho 41 142

G Gl — - = = 7 - - - = = = - - - =
hh- 58 - - - - - - - - = 1 = = = 1 1
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
7578 1 - = - 2 - I 2 - T 2 il 52 19 14
79- 82 5§ 1 - 3 2 2 19 2 1 g 3 3 7C ko 16
83- 86 6 1 - &7 1 - 17 Y 5 16 9 5 el L 19
87- 90 4 - = 6 1 1 19 10 b 18 13 6 90 gy 33
91- 94 10 2 1 5 5 2k 18 2 ek 20 5 67 67 31
95- 98 10 13 - 10 4 2 27 20 7 29 27 16 76 90 39
99-102 16 7 1 19 Y I8 20 27 L 22 36 12 bl 87 Lo
103-106 9 7 - 17 6 1 21 2l 1 4o 34 -9 gh gh 34
107-110 11 4 1 2y 14 1 27 2 9 30 ug 16 66 90 37
111-11% 11 5 - 20 7 2 10 1k 7 26 28 10 62 76 22
115-1318 15k 5 1 18 10 3 1k 23 3 11 27 i 4y 53 26
119-122 11 2 1T 10 6 9 9 1 19 2u 8 40 52 15
123-126 7 L - 13 11 1 12 & 1 11 24 - 24 - kW2 10
127-130 © 3 1 12 g 1 6 10 al 10 11 2 29 18 11
131-134 9 = = 9 7 = [ 7 = 5 g 2 4 gt 1
135-138 3 - - 11 2 1 1 3 1 4 2 - 12 6 5
139-142 3 2 - 6 3 - 2 2 3 2 3 - 3 3 1
143-146 8 2 - 6 - - i = 1 b 1 - 2 2 1!
. 147-150 3 = = 1 = -2 = = ik = = 1 = 1
151-154 1 Al - 4 - Ik - - 1 1 - - - 1 -
155-158 -~ - = - - - - 1 = = = = - - -
159-162 - - = = = - = = = = 1 = 2 = =
Totals 150 60 SRE210 9z 21 251 209 53 294 320 99 950 906 377

l/Figures ere not adjusted to take into account departures from exact proportionality of scale length
to body length. g
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Table 5 (Cont'd.)Frequencies of body lengths of pilchards at end.of first year as calculated from scales

YEAR-CLASS
1937 1938 1939 1940
Collected Coliectea Collected Collected
Body s in season of in season of in season of in season of
length , 139~ thg- 41— '39- tho- 'h1. tho~ 13- thi-
' tho 41 'L tho 'l thp Lt 1l tho
51— 54 = = = = = . = = v
55— 58 - - il © - - 2 - 1 -
59- 62 - -1 1 - - - 1 3 i
63— 66 1 2 1 - 1 12 - 29 =
67~ 70 - .3 3 - 1 17 2 69 1
71- 74 1 2 3 - 6 Lg 6 147 =
75~ 18 5 11 12 - Y oY 7 2au2 -
79- 82 g 7 L - 14 131 6 365 2
83~ 86 14 19 26 2 27 184 14 Lup 2
&7- 90 23 37 32 9 5P =51 29 - B42 5
91- 94 38 32 35 12 9 261 24 559 6
95- 98 53 55 51 34 68 237 30 490 11
99-102 87 82 54 35 78 231 41 405 17
103-106 106  1hk 78 54 92 226 34 304 32
107-110 146 145 13 66 gk 170 30 216 38
111-114 129 147 69 93 78 162 33 119 68
115-118 178177 86 T4 73 128 25 5 66
119-122 122 157 69 86 73 g1 24 30 59
123-126 102 119 68 62 71 76 15 28 40
127-130 91 93 40 59 38 42 1 8 37
131-13h4 16 58 36 26 32 31 1 10 25
135-138 36 39 29 13 18 15 2 4 q
139-142 11 27 23 9 8 5 - 3 6
143-146 5 14 12 3 4 1 - 2 3
147-150 4 It 3 - - 2 - - 1
151-154 s 1 - - = 1 - = -
155-158 —~ - 1 - - - - = -
153-162 = S ol | == =
Trtals 1205 1376 822 637 B76 2367 385 4093 lpg



Table § (Cont'd.) rreguencies of body lengths of pilchards at end of first yeer and calculated from scales

YZAR-CLASS
1932 1933 1934 1935 1936
Jollected Collected Collected Collected Collected
Totals in season of in season of . in season of in season of in sesson of
by 139 t40- 41— '39- tho-  th1-~ - ®39-  thp-  'h)- t39- tho- k- 139~ tho-  'h)-
vistricts tho' 4y g thpl 4o THO B LI I O R T LD 'Wo  'hl thp
California :
S - - - - - - - - 1 - - 6 - ~ 28
Mont . 12 = - 38 - - by - i1 1gh - 3 RO 17 = 5E
b 17 = - = E = — R 5 2 — anih 2 = G5 B
Oregon = 6 - = 13 2 .- 17 3 ~ 18 2 -, 56 20
Washington 138 12 2 172 14 13 207 4g 200 11087 29 33 134 T4
Brit. Col. ~ 25 3 - L1 l2 i - 109 26 - 101 57 - 170 194
YEAR-CLASS
195if; 1938 1939 r 1940
Collected Collccted - Collected Collected
Totals in sc=son of .in season of in season of in seasoa of
by 139 thno- 14l '39- 1ho- thy— t thos 141 : thy_
Districts tho )t 140 14 thp 1y 'y e
California
S.7P: = = by = =B T65 - 1152 ! 178
Mont. 1205 - 134 637 - 7537 - 1632 211
SiEs - 1288 1% - 876 590 325 695 : 9
Orsgon - 20 31 - - 51 - 161 3 6
Washington - 43 145 - - 101 - 264 19

Brit. Col. - 25 269 - - 125 . - 189 5

l/ San Pedro
g/ Monterey
San Francisco



Table 6. - The symbols Ma", Wbh  tfich 4t refer 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. The figures given are monthly sums

?flihese daily interpolations. The points are located approximately as
ollows:

a, lat. 32° 26! N.; long. 126° 12l .; b, lat. 352 16! N., long.
1210 151 W.; c, lat, 3Q° 58! N.; long. 113° 28! W.; d, lat. 28°.16' N.;
long. 123° 17! T !

They are so placed that (A+D) - (B+C) will aive a pressure gradient in

a direction from which one would infer a wind parallel to the coast line,
assuminz deflection to be 73 degrees. Similarly, the difference between
(A+B) and (C+D) would give a pressure gradient from which a wind at right
angles to the coast would be inferred. For the study discussed in this
paper, the aforesaid differences were computed from twelve-month summa-
tions of the monthly sums of daily pressures. They were treated as com-

. ponents, -and converted to their correSpondlng resultants (R) with the fol-
lowing formnla-

R =v [(a+D) - (B»«-G)J2 + [(a+B) - (c+D)]°

26
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Table 6 (Cont'd.)

1932 1933 1934
5 B G D A 3 ¢ D A B c D
Jan. 937.503 934.254 933.481 935.456 936.599 931.748 930.689 931.831 937.989 935.982 933.025 934.720
Feb. 872.162 870.575 870.115 -871.226 847.543 845.450 8h2.827 guli.ng8  8U1.877 842.868 8L2.739 s&ha.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. 903.458 900.785 899.648 "902.056 904.809 900.820 899.772° 902.958 902.926 900.254 &98.987 901.690
May 933.356 929.833 929.274% 931.993 935.294% 931.828 930.781 934.099 933.085 929.577 926.531 931.759
June 901.2543 897.184 896.647 899.491 902.986 899.557 899.134 901.782 902.355 898.807 898.438 901.479
July 932.459 927.924 927.714 930.151 §32.418 927.435 926.944 930.34h4 932.737 929.228 928.750 931.359
sug. 930.615 926.625 926.515 929.183 931.178 927.601 926.658 929.485 932.116 929.201 928.427 930.41k
Sept. 902.014 897.695 £97.453 £99.736 901.148 &95.811 £96.610 899.534 901.107 896.614 §9€.£508 £99.179
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 S00.409 901.978 905.609 903.612 900.927 903.324 903.722 ©02.914 900.980 903.052
Dec. 934.67% 933.557 931.511 932.749 933.u6hk 933.721 932.901 933.401  935.011 933.956 931.083 932.310
1935 - 1936 1937
A B C U T) A B e D A B W DI
Jan. 931.398 952.337 930.863 931.153 932.973 932.7i7 930.934 931.927 93h. 359 932.691 931.962 933.671
Feb. sl Ugp . g4z . 57H 841.610 842.687 871.B77 870.6L2 B70.490 870.988 8li2.571  gha.133 841.963 g43.208
Mar. 934.203 931.849 931.368 933.275 932.155 929.979.. 929.129 930.383 931.145 929.312 929.31% 930.71k4
Apr. 900.936 £99.524% 899.365 901.583 903.470 902.235 901.7s2 902.7068 905.072 902.505 900.420 903.21%
May  932.979 928.799 928.299 931.281 932.030 929.008 927.071 931.145 932.734 928.343 927.707 931.072
June 902.639 297.958 897.834 901.382 900.523 897.752 897.061 €99.881 901.376 896.911 898.245 900630
July 932.253 928.568 927.965 929.878 931.013 926.946 . 926.699 929.158 932.191 928.394 926.672 930.515
Aug. 925.238 926.548 925.131 926.838 931.1428 927.665 927.031 929.545 931.809 928.538 927.672 $27.804
Sept. 900.191 898.185 896.985 £98.931 899.533 896.319 £95.910 898.179 901.258 8&98.041 896.903 899.360
Oct. 932.282 930.607 928.907 930.704 931.466 929.075 928.161 930.087 - 931.L453 929.601 928.297 930.6u48
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. 932.625 932.188 930.741 931.882 933.114 931.756 930.535 931.322 932.535 932.482 930.623 931.305
1938 1938 1940
A B chR D A B ¢ D i 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. 840.539 840.935 g8u1.403 g41.709 8U47.656 gLUL.378 8U2.861 8U45.337 872.077 B72.173 872.340 B872.h01
Mar. 931.252 931.167 930.817 932.559 935.508 932.832 932.446 934 u4gh 933.038 931.453 930.551 932.067
Apr. 904.12h4 901.é6h 900.11& 903. éO} 904.325 901.26k 900.645 902.687
May. 1 29. 8 1.68 2.81 28. .182 2.
Jﬁie 88& 80§ %9% 22 gg? %% s 9.23 882 162 %98 %%2 23? 907 880 ggg.
July 932.067 929.119 929.036 930.787 932.526 928.865 928.340 931. 16%
Aug. 931,276 928.14B 927 785 §29.887 931.086 928 p47 Qg8 ou9 929.76
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Table 6 (Gonf'd_.)

1938 1239
A B T C D T A B c D

Sept. 899.150 £97.725 897.209 898.932 899.929 £97.328 896.329 898.018
Oct. 932.071 929.812 930.184 931.277 933.200 930.857 929.658 931.459
Nov. 904.716.903.350 901.035 902.435 9O4.560 902.551 900.911 903.103
Dec. 933.773 932.562 931.487 932.633 934.361 933.728 932.614 934.380

Table J.-Average monthly surface temperatures in degrees centigrade at Scripps Institution Pier, La Jolla, Cali-
. fornia. HRecorded by Scripps Institution of Ocesnography.
YEaR  JAN. FEB, MaR, AHPR, MAY JUNE . JULY AUG., . B=PE. QOCT. Hov. LEC.

1932 13.28 13.27 1h4.80 14.81 16.08 18.99 19.49 1g.75 18.62 17.40 16.18 14.00
1933 13.01  12.60 13.46 1490 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 20.47 20.55 17.87 16.96 15.u4f
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 146k 15.11 14,2k 18.08 17.96 22.35 22.08 20.95 18.57 17.28 16.10
1937 13.43 13.13 14.25 14,90 17.71 19.11 20.76 20.63 .20.58 17.73 16.97 15.30
1938 15.01 14.39 14,59 15.12 16.71 17.8% 19.07 20.98 .20.06 17.05 14.52 1k 78
1939 14.08 11.96 13.21 15.53 16.68 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 18.34 20.63 19.22 18.62 16.03 16.11

Table 8.-average monthly surface salinityyat the Scripps Institution Pier, La Jolla, California. Recorded
by Scripps Institution of Oceanogravhy

YoAR  JAaN. FiD. tlak. APR, MAY JUNE  JULY = AUG.. .SEPT. OCT. NOV . DEC.
1932 .6l .21l .39 .62 % 57 ) .68 .59 ' .R6 " 49 .57 <03
1933 - .hg .45 .54 .58 .69 .80 g7 767 . .66 .68 .62 .62
1934 bl .53 .53 619 .67 .68 .63 i o Gl .52 .52 JH3
1935 .40 .28 42 .51 .60 .65 .62 .59 .51 .50 .49 LRl
1936 .El .26 '.hﬁ ;58 .64 .37 .75 .72 .62 .25 55- .52
19 ho - .0 . 3 .68 .12 - . s .71 .62
19%& .ac iGE .15 .gg .?§ .18 .;g .%E .85 : .Eg .%7 .5

1939 JAg .49 55 .61 .75 Bl .8 .82 .62 .68 .72 T4

19 72 .60 .63 .58 .71 .70 64 Tk .57 he Lyl %37,

1/ Figures given are minus 33.00; i.e., add 33.00 to obtain actual salinities.
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Table 9.-Number of weeksl( by months, that counts of diatom cells, as sampled by W. E. Alleng/. at the
Scripps Pier, La Jolla, were of various categories of magnitude

YEAR DIATOM COUNT JaN. FEB.” MaR. &PR. waY JUNE JULY £UG. SEPT. OCT. =®OV. DEC.
1932 499 or 1less - - 3 - - - - 1 1 4 - 1
S002== 8 907 = 1 = = = = 3 2 = = 2 =
1,000 -- 1,999 2 - = = - - 1 - 1 1 2 -
2,000 & more 2 L Y 5 4 - 2 2 - - 3
1933 499 or 1less - - - - - 1 - - 1 - - -
500 -~ 999 = - - - - 2 1 2 1 - - -
1,000 —— 1,999 1l ]! - - - - - - 1 1 1 1
2,000 & more 3 3 5 L 5 1 3 3 1 3 3 b
1934 499 or less - - 3 - - - 1 - 2 2 1 2
5008==88 509 = = 1 - ]! - 1 1 1 - - 1
1,000 -- 1,999 2 - - - - - a5 - 1 1 -
2,000 & more 2 L 1 Y b ! - 1 1 1 3 1
1935 499 or 1less 1 - - - 1 - -~ - - 1 1 -
570 -- 999 1 - - - 2 1 5 B = 1 3 2
1,000 -- 1,999 - 1 - - -~ 2 - - 2 - 1 1
2,000 & more 2 3 U 5 1 2 4 3 2 2 - 1
1936 99 or less - 2 1 - 4 - - - 2 T 2 3
SOOI Y99 - 1 - - 1 1 - - 2 - 1 1
1,000 —- 1,999 2 1 2 1 = = = 1 - 3 1 1
2,000 & more 2 1 1 3 - 3 4 4 - - - -
1937 499 or 1less - 2 1 — = = 1 1 = > = 1
500 -- 999 - 1L - 2 1 e 2 - 1t 2 1
1,000 —-- 1,999 1 - = - (= - - - 1 - e 1
2,000 & more 3 2 3 4 1 3 1 2 3 1 1 1
1938 499 or 1less 1 - - - - - - - - 1 - n
500S==Rae 995 = e = = < = = = = = 1
1,060 —- 1,999 2 - 2 1 - 1 - 2 - - ~ -
2,000 & more 1 Yy 3 3 5 3 3 Y 3 L -
1939 499 or less - - 1 - - - - 1 = - - -
500 -- 999 1 - 1l - - - - 1 - - - -
1,000 -- 1,999 2 - 1 = = 1 = 1 = = = 3
2,000 & more il Y 2 L 5 3 L 1 5 L 5 1
1940 4% or lsss = - - - - = - = = 3 — {
1,300 - 1.5183 S 1 . . c 7 - : Lo - L
2,000 & mare 3 Y 3 3 5 4 Iy 5 3 3 L 1

Efn week divided between two months was gésigned to whichever one of them included most of its days.
2/Cf Allen, 1936, for method of sampling.



