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INTRODIDTION 

Pilchards :f'cxrm a widel.y-dbtributed group membere of which are tound 

in the ters of the south Atlantic coe.st ot Europe and i.he 'Medi terrfllean sea; 

in t he coastal mters o"f South Atrica, Japan, Austre.lia, Chi le, e.n:l the waters 

ot the Pacifie and ee.stern Atl~ntic oceans in the regions betwean the mean 

mrf ce isothems of l2 and 20 deg. C. 

Oeneric relationships. 

Regan (1916), considers the pilchards or Chile, North America*, Jai;:an, 

a c: outh A:t'rica to form one speeies; Sard.in.a saga:x (J'en.); those· of Australia 

and New Zealand to form. the species Sardiœ. neopilchardus (Steim.); and those 

ot the Europeen waters to form the s~cies s. pilchardus (Wailb.). 

ilthough the species ot Sardine. listed above have Iœ.D.y fea:bJ.res in common 

the species are not of equal Talue, tor s. sega:x and S. neopilcherdus resem.ble 

one another mu.ch more closely than ei ther resambles s. pilchardus, these two 

dif:f'ering tram one another merely by the respective length s of their nnxillaries. 

· .Accordingly Hubbs (1929), has proposed to split the t wo types ot pilchards 

generically, eupplying Sardinops as the generic naiœ tor sagax and neopilchardus. 

I can not see that an;, advantage accrues trom so doing in as much as the 11:f'e­

history, habits and gmeral appearence at these tm types enables them to be 

reoognized os pilchards or sardines wherever they occtU" The tollowing is a 

synopsie of· the points of similarity- and differences of the two types • 

.Apart from structural features which are tn the main oomni.on to all the 

members of the subolass C1upei e, and certain kEf{-characteristics: short anal 

tin, upper jaw not ·notched, lower jaw not irojecting, anteriar su:permaxillary 

lP!'he North American pilchard is gsierally reterred to the species Se.rdiœ. 

(or Se.rdinopa) caerulea (Gir.) by the inveatigatora ot Calitornia and B.C. 



bollè present, scales on lobes of ceudel, more than one radiating grocve on 

opercula.r ; the two types of pilchards have the tollow!ng points in common. 

1- Otolithe are identioal yet 1:m.isti ~1shable from other members or 

the subcla.ss. 

2- The eggs are ident ical am appear to be peculiar to pilchards alone. 

3- The g!.11-raker :irocesses are similar 1:t' not identical and this type 

appears to be peculiar to the pilchards. 

The points of dit:t'erence invol,Te certain colour ma.rld.ng, the scales, 

opereular bones, gill-rak:ers, am ventral aoutes. 

1:- Large dark spots on the •sidas are typically present in the !_• sagax 

type and typically absent in the !• pilchardus type, although these may be 

absent in the former" .F. Thompson, 1926), and present 1n the latter (Couch, 

1835 and Regan, 1916). 

2- The scales in the :tirst type are unitorm and equally. exposed, those 

or the second are large and small alternatel.y, the siœ.ller soales being nee.rly 

coverèd by the inmedi a.tel.y an teri or, larger se ales. Aeoording to De.y ( 1887) , 

am Bateson (1890), a small proportion of the Europe an pilchards are in 1)8.rt 

scales lilœ .specimens of.§.• saga:x type. The scale count 1s appr-o:xime.tely the 

sa.me 1n the two tYJ?es, and the scales ~1)8.rt from size dif'terenoe are rather 

similar., 

3.:;.. The bones of the operculum ara dit'terent for each type: those or s. -
saga:x type are rather rugged, e:xpallded and deeply marked, wh118 those of the 

second type are rather delicate and oompressed. The 1n.teropercle in the latter 

type is scarcely e:xposed,. 

.4- The gill-rskers or type ~• sage.x told aver each other at ~e angle, and 

four or five rakers of the lo11er limb are :i;rogressively shortened at thi s region. 



.5- The ventral soutes cm!!• se.gax are much wealœr in oœracter than 

those of .ê.• pilcbardus and scarcely :trojeet beyoni the scale bearing them 

posteriorly. The su ppo rting soales are of difterent sbape in the two types. 

These differ ences are illustrated 1n Platé I .. 

1>1stribution and early lite-h1story ot the North Auieriean pilchard, 

.The North American pilchard is tound in an area some 2000 miles long and 

200. miles wide; trom Mexico north to southem. Alaska. In Cal.1:rornia, where 1 t 

is kno11111 as the California sardine, and in British Columbia, where it 1s called 

pilchard, this tish is netted in great numbers to supply reduction plante and 

canneries. 

The early li:f'&-history has been worked out by E.O. Sco:rteld (1934). Be 

tinds a very close resemblance in the eggs and larvae of this parti <nlar pilchard 

to those of the Eu.ropeen spec1e s. The egg is 1 ,60 mm. in diameter, wi th large 

perivitelline spe.ce, retioulated yolk and single large oil globule The larvae 

are typically elupeoid, long, slender am transparent. These IBBS into the 

young fish stage at appron:rœ.tely 3.5.0 n:a. body length invohing forward ehift 

of dorsal and anal fin ani backward shi:ft of pelvio f1ne. 

SJllwning takes place from P'ebruary to .Tune mainly in the :tegion between 

parallels 30 .and 40 N. lat .. , w1 th spore.die spawning north and s:>uth of this 

region when water temperatures permit it~ The time of heaviest spa,ming is 

reported to be the months ot April and Mey. 

The age at which the pilchards reach maturi ty can only be surmiseda 

Clark (1934), ste.tes that .50"f. of the fŒeles are mturing at a body length of 

180 mm. and looj. are maturing at a body leng~h of .200 mm. or more. (This 

would indice.te a tiret maturi ty at three or :four years for the fanales.) There 



are no data availa.ble for the maturl ty of the males. 

GE-DETEIMINATION BY O'IOLITHS. 

Some method ot age-deta:rmiœtion 18 essential to the investigation ot a 

commercial tiah population. Thompa,n (1~ 6), reports the scal.e method to be 

both di:tfioult and unreliable in the ce.sa ot the North .American pilchard. The 

présent invest1gatcr encountered the same dit:t'iculty wi th the scales This 

difflculty was some..uet augmented by our dependency on samplea taken by purse­

seine, in which man.y of the fish had lost most of tbeir scalea thua preventing 

the selection of soeles always !'rom the ssne region on the tish. 

Aocoroingly, various s truoturea; tbe opereular and sub opercular, the 

vertebrae and hypural plata; were e:x,mJ.ned and al tho~ these showed some 

evidence of growth zones, in none were these so detinit e as in the otolithe 

Tberefore the efforts were directed meinly tc,rard the examination of the se 

latter structures. 

B'.istorical outline ot the method. 

The otolith method bas been developed mè.inly tor fish with no scales or 

w1 th soales dif'ficult to interpret. Oooaa ionally, howeTer, this method bas 

been used in conjunct!on with tbe scal.ea metbcxi as a check an the latter 

Re1b1scb. (18,9), in an investigation of the egg rroduction of the plaice 

(Pleuronttotes 9latessa), showed that rings en the otolithe o orrespon:led with 

the groupa of egg nuntiers, whioh ha took to indicate year classes. SUbsaqœnt 

1nvest1gators of plaiee are: CUnningham (190.5), wb.o investjgated the titœ of 

formt ion ot the zones. 

Age-detemination by otolithe œe been applied to members ot the follœ-
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ing groupa of tiah with some measure of s uccess: 

Flatfish - Maier ·(1906), Mohr (1918), 

Gadidae; Cunninghtw (1906), Saemundsson (1923). 

Seombridae; Nilsaon ( 1914), 

Zoarcidae; Clemens, W.A. and ~.s. (1918). 

Anguillidae; Tesch (1928). 

Ac1penser1dae; Harlole se (1924). 

Selmonide.e; MeMurrl <il (1913), Onoorhynids only. 

Clupeidàe; Jenkins ( 1902), Oorn1sh pilchard, herri~ and sprat. 

Birtwistle and Lewis (1923), Ir1Eb Hflrring - Lissner (1925). 

North Sea herring - and Rounsetell (1929), AlaEka œrring 

With the exception of Jenkins the in.vestige.tors ot the last group also 

examined scalas and in gmeral report agreement between scale and otolith 

readings. Nilsson alm reporta agreœent betweœ soale and otolith readings 

for the me.ckerel. 

Material and methods, 

This present work 1s based on the examiœtion ot eome 9942 otolithe 

collected over a period o_:r tour years. The time ot capture and the locality 

ot capture of the ti.sh fran which tbe otolithe were obtained are given in the 

:rollowing table. 
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TABLE I 

Number or specimens wi th locallty and date of capture, i'ran which otoliths 
have b een exemined. 

Year cl 
Season 

1930-SUminer 
" - Dec. 

1931-SUmmer 
193 2- " 

" - Dac. 
1933-SUmmer 
1934-Jan. 

"-Summer 

Total 

Terminal Is. Cal. 

10 

10 

Loealltz 
Barklsy Sd. 

16o0 

10;() 
62.5 

7 
625 
100 

• 4007 

Hootlœ. Sd 

490 

1900 
1800 

425 

,500 

5525 

The metho d of collecti ng the. ma.tari al wa s, wi th one or two exceptions, 
as f'ollows: 

one hundred pilchards were scoo:pe.d at random trcm the SlOWS or tenders 

in which t he fish were delivered to the reduction plants. Otolithe were ex­

tract-ed trom the :tirst t wenty-five; the remaini11g seventy-f'ive were seced and 

their weight and "standard length" tek en in oonnection wi th another phase o:t 

the pilchard investigation bei ng carrie d on by Dr. J .L. Hart. It was considered 

that twenty-f'ive specizœns for each catch, alth9ugh pemaps not alt~ether 

representati ve of tha'\ catch muld be a representati ve sample, {as rar as ag&­

groups are considered), for the total catch of the year. 

In eonnection wi th the collecting of 'the o toli ths the f'ollowing data were 

taken for each fish: 

(a) Total length - f'rom tip of snout to end of ventral remua or caudal 

fin, in mm. 

in mn. 

(b) 11Standard length" - from tip of snout to end of hypural plate, in mm. 

( c) Distance from tip of snout to insertion of first ray of dorsal tin, 
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( d) Head length - tip of snout 1:0 end of o percula.r membrane, in nim.. 

(3) Weight, in gms. 

( f) Vertebral col.lllt - abdominal and caudal. 

(g) Se:x and condition of the gonads in some cases, together wi th t he 

date, loea.tion and tonnage of catch. 

The measurt=l!lent s were made on a "measuri ng board II similar to the one 

described by Rounserell (1929). 

In this work only tœ ," standard length" and the sex of the 1'1.s h are 

taken into consideration. 

The otolithe were removed by making a transverse oblique eut through 

the skull immediately posterlorly to the eyes, with scissors, so tb.at the 

sacculi and contained otolithe could be removed wi th forceps upon ele8J11ng 

away the mid- and hind-brain. In most cases both otolithe, (i.e. sag:lttae) 

were re:t;rieved. The otoliths were cleaned by rubbi nb gently between thumb and 

1'1nger and stored for e::œmination, dry- in SI18ll envelopes. 
' 

The otolithe were e:xamined int aet by means of a binocular microscope 

ld.th me.gni:f'ication or fi:f'ty diameter~ Throughout the amminationtheywere 

immersed in a 5oi aqueous solution of glycerol which medium ap:peared to give 

the best results in bringing out the zones and mrkings on the otolith. Re­

:f'leeted light we.s found to a.id in the interpretation of the otolithe ~ reso 

than tre.nsmitteti light, so the for.r:œr method was adopted. Measurements were 

made by means or an occular micrometer. 

Position and s tru eture of the o tolit ha • 

The otolithe or ear-stones are small retrous bodies of characteristio 

shape situated in the so.cculus of t h e inner-ear apPJ.ratus, :f'unotioning pre­

sumably as accessory equilibria organ s. There are two otoliths to each sacculus, 



the sag1tta and thé astariscus, respectively. The asteriscus 1s minute, 

sb.aped somewhat like a eock's comb, and is mor&-or-less transparent tbrough­

out. It oceupies the posterior put of the sa.ceulus which is imper:f'eetly 

aeparated from the main part to fo:nn the lagena coohleae. 

The eagitta, which is the only otolith applied to age determination in 

general, 1s sornewhat the shape or an arrowhaad as tœ ruuœ suggests. It 1s 
. . 

present in the young f'lsh at hatching, and hence ranges in size trom the micro-

scopie dimensions of the larval fish to a struc1llre about eight nm. long, by 

two mm. in its widest :p3.rt. 

'l'he following · is an aeoount of the main features of the morphology ot 

the sag1 tta; the posterior b?rder is blunt, rounded and even j the dorsal border 

1s generally even in outline; the ventral border 1s more inolined to be serrate; 

the anterior border is broken by a deep noteh, the e:z:cisura o st11, This notch 

causes the sagitta to terminat an.teriarly in two irocesses of whieh the ventral 

1s the longer and stronger. This p;-ojeotion is temed the rœtrum, the dorsal 

process the anti-rostrum. 

The surfaces are madian and lateral,. The median surface is eharacterized 

by a deep groove, the sulcus, eitending :rrom the exc1sura ostii to about three­

quarters along the body of the otoli th posteriorly. The lateral surface is 

snooth, except :ror a series of ehallow depressions and intervenixig low hUD11tooka 

which follow the conteur ot the mrgin of the otollth. This is beat demon­

strated by means of a median aag1 ttal eection through the ortolith. 

The la ter el s urtace of the body of the o toli th wban v 1 aved by refleoted 

light displays the f'ollowing appearance; directly posterior to the e:z:cisura 

there 1s a dark or hyaline e.rea whieh I will term tœ "nucleus"; thio is 

bordered posteriorly, dorsally am vant rally, by nearly concentrio al ternating 



areas, the one, 'lè.ite and glistening, the other, dark as 1n the case of the 

nucleus (ie. hyaline)• In eome spe ci mens the hyaline aree.s are reduced to 

mare lines in the inner arees. Now tbese alterœting areas correspond to the 

elevations and depressions mentioned above; the white areas occur:ring over 

the hunmocks and the dark areas or liœs in the shallow depresstons. It is 

probable that these irregilarities œ the surface end tle "colour" differenees 

are iroo.ucts of the sema mechanism. 

By transm1tted light the pi cture 1s reversed; the hyaline area, nucleus 

and others, being translucent ·now appear light, and the white areas being 

rather opaque appear dark. 

With higher magnification the nucleus i tsel. f appears t o be oonstructed 

f'rom a series of minute, concentric, al ternating light am dark "bands" of 

whioh the latter, the circuli, ap:i;aa.r to be radially striated,, Thia e:f'feet 

is possibly due to the diffraction of light by the ma.terial. oan.posing the 

circu+i• Similar affects are seen again at the margin and to a lasser degreë 

in the portion between the nucleus and the margin. 

It would seem tœ.t wherever these oirculi are close together an opaque 

or white area is formed, am where they are more scattered a hyaline area 

appears. 

The complete pioture 1s of neoessity eomewhat more eanplicated tha.n this 

becai.lse the inorease in size of the otolith talœs place in three planes. The 

ma.nner in which the otolith increases in si ze is net knam by the author but 

it seems likely that the . constructional rœ.terial is layered on suc.ces~ively 

over the previous: ,surfaces, the material. itsel:t' possibly bei ~ secreted by the 

inner cell layer or the saoculus which is in cloee contact w1 th the otoli ths. 

I:t this be the case, it would ex.plain why the hyaline areas nearer the nucleus 
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are prominent in the o1oliths of snaller and presUJœbly younger fi.eh and 

partially obl.iteratad in those of larger :t'iàl. 

The nucleus 1s si tuated arer the deepest :rart o-r the sulous am henoe 

the otolith ia relatively thin at ttiis place. The marginal area la likewisei 

thin. At the se two places the otolith presents the hyaline api:ea:rance. 

Bimilarly the other hyaline areas appear lthere the surface of the otolith 1s 

depressed and theref'ore relatively thin, 

Thus the degree of sce.ttering of the eircul1 ani the relative thiekness 

of the otolith at certain areas 110uld appear sutr1c1ent to account for the 

zones appee.ring on the surface of the otolith. 

The chœlical can.post tion of the pilchard otolith has not been determined 

but i t is qui te possible that 'the «>nsti tuante are the sa.me as those of otoli ths 

of other s:P9cies, namaly, calcium carbonate with an organio matrix. 

V.ALIDIT'f OF THE OTOLlTH 1,ŒTHOD 

• 
General consi deratione. 

The otolith method of a.ge-determina tion de pends on two eondi tions; 

tiret that two types or areas are laid oown alterœtely, am seoondly tbat 

tbese areas each correspond to detinit e periods of the year cycle. 

The :first condition 1s readi ~ d enonstrated by the examination ot the 

otolith: the second condition is more dif'ficult o'f demonstrat1on due to the 

tact that most ot the fiah were taken during the months of July and August. 

ll'urthezmore the marginal area. always 8.pJears to be rather h;ye.lina beeause the 

otolith is thin in that region am henc e 1 t 1s dif'.tioult to ascerta.in the exact 

time at whioh one type of area sœoeeds the other. 



- 11 -

From various imications it ould appear that the o:p3.que areas are 

deposited during tha months ot greatar gro th activity and the hyaline areas 

during those of lasser aot1v1ty. The former period would ccrraspond roughly 

to the sprlng rotd sUll1l!J.En." months end the lAtter to the autumn and winter months . 

The e v:!.dence for thi s point of view 1s: :f'irst, the opaque bands nre much more 

brœ.d than the hyaline bands end secondly, Cunninghan ( 190.5), and alla.ce (1905), 

have sh01m th11t the sumr.ier r.t.ng is opaque in var1ous speeies of ood, plaice end 

TJb.iting. 

Graham (1928), bas advanoed an hypothes1s eonceming the cause of the 

periodic siructure of otoliths, scales, am bones. He considers the formation 

of the se structures to be dependent on two fact:,rs, one ot these ha terme 

"metabol!sm-rate" and the second, 11 calc1um-seeret1on-rate", whi ch is one of 

the manifestations of metabolian-rate. The first factor depends in part on food 

supply and tE111perature yet these conditions being optimum, a high metabolio-rate 

need not resul t in a hi@tl growth rate or high ce.lcium-secretion-rate·.. The 

second fa.et.or may depend on a number of oondi tions among which ne.y be the ave.11-

ability of certain accessory food stuffs. Under this hypothesis it is conceive.ble 

that conditions occur in whid1 growth tekes pleoa with littJ.e or no C$lcl.um 

salts deposited and eonversely deposition of calcium salts with little or no 

growth. 

In p11charda otoliths are occasionally foum· whioh are, a-part from a. am.ail 

area around the nucleus, entiraly hyaline in appearance. These otolithe are of 

charaoteristia shape and of the' same size as the normal o tolith or the other side. 

Tho tact t _8t these peouliar ot.oliths ocwr in fish which generally have the 

rElllaining otolith perfectly normal would imi œte the.t the oom.1 tions eausing 

this abnormslity were looal ra1:her then general. 
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P'rom a s erias of otoliths e:xh1bi ting varying degrecs of this abnormali ty 

I lnve obse!"Ted thet the median surface is in no way altered, vrbereas the 

lateral surf<>ce is abruptly t0rm.1nated at the ma r gin of the otaque aree. and 

the otolitb. then e:xtend.s as e. th1n plate. ,'q inter.pretation or thts i e that 

:ror scme r ea.son, poss1 bly throu~h rupture or pulling l'\Way from the otolith, 

the eells cf the le.teral wall of tho snceulus have oeased deposition of calcium 

ealts wbi.le the eells of the medial wall r0main active, aecret1ng a substance 

high in organie mat ter. Thus, in a restrlc ted aroo 1 t is possl ble tha t growth 

oc~irs without depos1t1on o·r oa.laium salts. Needle:3s to say, such otolithe 

are worthless in age-determination work for they emibit no periodfo struetm-e 

apart :trorr the s1"8ll nuelear ares.. 

W1. th the exception or füose imestigat ing Olupeidae, Salmonidae, AJl8uil­

lidae and Seolt'.bridae, and the foremen tioned e-xpcrimsnts of Cunningham, the 

variou.s workers on age-determination by otolithe attribute the 015-que a ea.s to 

winter growth and the hyaline areas to sunmer gi•owth. Althou1:11 th1e :my be the 

east'I 1 t ap ear.s strange that two opposed sets or candi tions are present 1n t'he 

srune group of anima.la. In the examination of otoliths t'rom widely divergènt 

s:peeies I t'ind tbat thase always prasent t b.e same a.pJ>$a wice as th.ose of pilchards. 

VALJDITY OF TEE METHOD 

Special cons1derat1ons. 

Size 1nerement in ot ol.iths with rei"erenoe to zones. 

A zone ie uaed here as inolud 1ng one OJ:e. que area t ogethe r with the byal ine 

area 4umediately posterior. The measurements of each zone were iœde along the 

lins connecting the mid-point of the nue leus to the i"arthest p;-oject ion of the 
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poaterior morgin ot the ot oli th, Thus, the d5 stance f'ran the nucleus to the 

end ot ny on zone, repreaents ppro:x:imately one-halfthe total length of the 

otoli th, ,men 1 t teJ!!Dlinated o.t th at i:arti culëU.' place. 

In T le II only t Tiidths of the nJ 1 vidual zones a1·e gi ven but the 

length of the otolith e t the and of any p ~tt ular zone cWl be obtai ned by the 

addi ti n of the widths or the mnes. 

The :f'ollowing method 1s used for typing the otoli ths wi th reterance to 

the number of zones e.p:pearing: 3;lll', possessing three oomplete zones with a 

terminal zone net neoesserily complete: 4~, .5R-11 , etc. 

TABLE II. 

ATerage widths or zones in mm. fer otolithe wïth di tter.ent zone numbers 

'fyp• No. l 2 J .4 6 ? 8 

3R1' 24 0.72 0.22 0.20 0.10 
4R• 4 0.60 o. 2.5 0.26 0.18 0.08 ,. 10 0.71 0.24 0.23 0.14 0.12 0.08 
6R1' 10 0.70 0.23 0 .. 23 o. 20 0.13 0.09 0.08 0 
7R1' 10 0.70 o. 2.3 0.23 0.22 o.14 o.~ 0.08 0.0.5 

If the distance fran the nooleus to the md of each zone be plot ted 

si.ooesaively against 'the number of zones includad in the pe.rticular portion of 

the otolith, a type of curva ( ig. I) sinilar to a growth curve ia obte.ined. 

In view of ot'her biol~ical grœth phenoiœnA. the only 11Iter:i;retation of this 

curve ie, that the titœ for the complet! on of each zone is tœ aarne but the 

growth-rate of the otolith ie progressively alowing. It r001ains to be shown 

that thA period neoessaey for the l o.y ing dovn of each zone ia of one yeara 

duration, 

It will be seen trom Table II tœt the growth-ra te of the otoli th is 

relatively gree.t for the first zo:œ format i on, lesser.ed yet et ill rather great 
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for the next three zones and greatly lesaene d fer subsequent zones. It will 

aleo be noted tœt, regardless of how many zones an o1Dl1th possesses, tœre 

1s good agreeiœnt between tœ ~verage wid th a of the seme zoœ for dif'f'erent 

otoli ths. 

A noticeable exception to this . statanent 1s the terml.nal zone of 

otoli tbs of type 3R'I' and 4wt'• I believe 1h at in these ot oli ths in question 

the terminal zones are not yet oompleted for the speciiœns w ere c aptured in 

August. T,he terml.nal zones of the other types of otolithe mey likewise be 

incomplete but due to the low growth-ra.te of the se mnes it is not very evident. 

The three inne:rmost zones represent the size of the o tolith when the 

f1 sh was snall and imlœture and theref'ore cannot be interpreted as si:awning 

checks. The zones mare peripherel œ.y be spawning checks but I believe this 

not to be the case. 

Evidence for the yearly f'oriœti on of' zones f'ran the conaideration of cl.osaly 
related species. 

Although agreement in ag• readings between seale am o tolith can hardl y 

be cited as evidence as to the validi V ot e1 ther method the tact rsnains 

that in herring investigations where the scale zœthod is generally accepted, 

many ot the investigators have reported :fair agrea:œ nt b etween readings by 

scale and readings by otolith. Rounsetell (l.929), reJ)Orta agreezœnt in .ifJ 

cases out of 4.5 The f ive cases of non-agrem1e nt oc curred in fish aix and 

seven year s old in 1bich cases the otolith gave tœ age of the :f"lsh as one year 

younger than the scale reading. These discrepancies proœ.bly occurred thro~h 

the failure to detect the first hyaline aree on the otolith which is almost or 

qui te obliterated in the e 8.11-- stoœ s or older 11 si. 



,;.. 1; -

Evidence 1'rom the rec::>rd ~ a special population. 

In early sunmer months ot the year 1930 mey ot the pilchards taken in 

the :f'irst hauls in tœ BarklEtr Soum reglon were in a state o i' se::mal ma.turity. 

In the se tish the goœds fl. lled most o:f' the body cav1 -tu and in tœ avaries the 

eggs were transpirent and appt"axiimtely l mn. in dianeter. The f'irst catch 

was ma.de on July 1.5 some ;o mile s l!DUth-west of Cape Beale an:1 about ;oi oi' 

the :f'ish in this haul were ripe but not sp3.wnin& SUbsequent hauls nearer to 

shore were made on July 29 am throughout August. These showed a greatly 

lessened pereentage of matur:l.ng fish and a . considerable i:ercentege o:f' "spent" 

t.1.sh wherein the gonads ware slaek and bloa:1.-shot. In the ovaries a few :rœ.ture 

eggs were visible. 

Althoue,n it is possible that ihese tis:h attaiœd a state of' sexu.al 

.maturity but did not spiwn am tœ f'analea subsequently abs:>rbed the mature eggs, 

the state ot the ovaries trom "spent" i'ish indieated that these f1sh did spawn 

in the neighbom-hood or Barkley Sound. This opinion is i'urther strEmgthened 

by the report of Scotield (1934), in wh ioh be states that the pilchards were 

sp aming north of San Fran ois eo in 193 O but œ ve not b een ob served to do so si ne e 

tha.t year. The f'irst catches for Ba:rlcley Sound region in sti:> saquent years bave 

never presented tish in en.y advanoed stage of im.turity. 

In December 193 2 a school ot ;roung pilcœrds were reported in tœ Barkl.EU 

Soum region. I obtained oioliths from s even manbers or this school am the 

otoliths ail showed t110 well--detined hyaline aree.s or "rings" and a te:nninal 

"ring" not so well-detined., In Auguet of' th,e r ol.low ing year a nunl::l er of these 

SJQÏll pilchards were c aught in t œ same regi on. The ot oli ths at these showed 

three well-dei'ined "rings" and an opique i:eri Jheral e.rea s:>me1'hat hyaline at 

its extre:rœ iœrgin. In JaD.Bry of 1934 otoliths were obtained f'rom two small 
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pilchards taken in the SEme region but w1 th a number rL larger pilchards. The 

otoliths or the se showed three well-de:tiœ d "rings" and a peripheral "ring" 

in the process of be1ng fonned. 

Ve.rious t.lshermen 1n the district reported this school of anall pilchards 

from time to time since 1932 end almys in the seme region~ Thus, tbere oan be 

11ttle doubt that the spealmens exmnined cane fran the same school of :f'ish, or 

tbat the school was hoI10geneous am oompœed or :f'ish resulting tram eggs spawned 

in t be early &mmer mont hs of 1930 • 

The data for the se pilchards are given in Table III. 

TABLE III., 

Giving data cm. spe oimen s of' sœll pildlards telœn in Berkley Sound reg1.on. 

Date of capture 
Nuni>er 
Average stand. length {mn.) 
Number of "rings" 
Approx. age in years 

Dec. 1932 
7 

1.51 9 
3 

2 1/2 

Aug. 1933 ~ 
293 
178.8 

3 
3 

J"an. 1934 
2 

198.; 
4 

3 1/2 

.Thus, there is very good agreement between the actuel age or the tish and 

the number or "ri~s" p:-esent an the 01011th. There is also a corre sponding 

increase in the average size or the fish fort be œ.lf-yearly int1ervals r ecorded 

here. 

Unfortunately larger sample s of the fi s1 ~en in the win ter months were 

not ava11able and hence oomp,.rable meal!llrEIJlents on the otolith inorement could 

not be zœ.de. The otolithe or 3:ait' type in Table II are from. fis h of the Augus t,, 

1933 catch or Table III. 

An exami11at1on of the otolit œ of t en s:nal 1 pilchards te.ken from Oali­

fomia waters at Tenniœ.l Island in Decen.ber of 193), l!howed eadl o tol1th in 

the irooess of :f'omii~ a fir st de:tinit e terminal hyaline area. The se fish 
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ranged from 83 - 9.3 nm. standard length w1th en average length of' 88.2 .:!:. 0.7 

mm. and were re:ported to have been tish from the spa1VI11ng of the se.me year am 

hence from 1/2 to 3/4 years olda 

In the case of young pilchards therefore, 1 t 1 s a c ertai nty that hyaline 

zones or rings are formed sanetime during tbe winter m,nths, opaque areas some­

time during the sU1llll8r months. The exact date at which one ty:i;a of area succeeds 

the other can not at present b.e ascertained owing to t ha impossibility of obtain­

ing speeimens throughout the year. 

It rray be mentioned here that most of tbese otoliths from smll pilchards 

ahowed a secondary :f.'aint "ring" between the tir st winter "ring" and the nucleus. 

'l'his was taken to be a summer ,check or "ring" eaused pe:rlll:iI)s by a change in feed­

ing habits (or. E.c. Scofield 1934). 

Various investigators, Higgl.ns (1926), Gad.sil (1931), of the pilchard 

taken in Califcrnia waters, give modes of 100 mm., 150 mm., 190 mm. appro:nmately 

for the standard lengths of young f'ish talœn in the caruœrcial catches of the 

winter months. These are believed to represmt the t'ish of' three oonsecutive 

age.-groups, the first being f.rom one-halt' to three-quarter years old. 

In consideration of this interpretati on of' the mdes, by the 08.111:tornia 

workera - an interpretation wi th which I em in :tull agreement - 1 t 1110uld appear 

that thoae i'ish spawned and reared in Oal11'orn.m 111ters, grew at a raster rate 

than those reared in British Oolu'Di:>ia waters (inasnueh .as the former at 2 years 

nre as large as the latter at three yeers o:f.'age). The zone :iœasura:n.ents giTen 

in Table II for tyP9 3R* appears to bear out this content ion with the exeepti on 

of the f'irst searon•s gi-owth. 

The :tac·t that the schools of small BrJ. tish Columbia pilchard inhabited 

mainly fjords and basins iœy have some bear:lng on the retarde.tian of the growth 
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rate, ei 1her tran the standpoint of temp;,ra:lrure or availa.ble food. 

Evidence tran dominant year-classes. 

Oonnnercial catches bave been sampled :f'or a ieriod of four years and 

age-determinations have been made on theae semples. The percen tage trequeney 

of the age-groupe as determiœd by otolithe is gi -ven iJ1 Table IV. It is 

assumed that these pereentages represent ihe approxiiœ.te proportion of each 

age-group in the commercial catch. 

The data of the follaring table are presented as histograms in :f'ig. 2. 

TABLE IV. 

Giving the percentage of the various age-g:roups in the commercial ca tch of 
Nootka and Barkley Sounds for the years 1930-1933. 

Local.ity. Bark:lff/ Sound 

Age-group ;. 4. .5. 6. 7 • 8 .. 
1930 o. 2.42 20.,43 48.,,56 2.5.39 3.20 
1931 10.46 30.10 38.72 20.42 ç.29 o. 
1932 3.37 20"'24 ;1.09 22.60 2.-70 o. 
1933 o. 0 1.5.63 71.87 12 • .50 o. 

Local1ty · Nootka Sound. 

Age-group ;. -4. ,. 6. 7. 8. 
19.30 o. 11.14 .56.16 29.86 2.84 o. 
1931 ;.sa "JQ.27 40.81 22.19 O 8; o. 
1932 o. 64 7.08 46.11 40.08 6.09 o. 
1933 o. o.41 17.83 7.5.91 .5.,78 0 

In 1931 the percent age of :f'iâl in their f1fth year (4+) is relatively high, and 

in the naxt year 1932, this sa:ne gr'oup or 1'1sh now in their sixth year (5+) are 

seen to compose over fi :f'ty p;,roent of the fi sh takEll. The tollovd.ng year 1933, 

this · group contributes about seventy percent of the fi sh taken. Rence, a dominant 

year-elass entered the :t'ishery for the first time in 1931 and bas conti nued in the 

:rishery for a period or three years or more. Hart (193.5), trom a study of vertebrae 
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numbers in these same fish has suggested the possibility that a oomimnt yea~ 

class entered the Br1 tish Columbia fi shezy in 1931. The otolith reedings were 

made prior "to ,the date of Rart"s pap er and wi th no lmowledge of the :results of 

tbis IBrticular investigation, hence, it is evident that tbese results oonfi:rm 

the possibility suggested by Hart. 

The case 1s further strengthened by- the work of Clark (1931). She shows 

by Paterson• s method, that daninant year--clasee s have o ceurred in the Califomia 

r:t.ehery every three o~ trur years over a period ot ten years. · The dates for the 

appearanee of the se groupe are the win ters of 1919-1920; 192 2-23; 1926-27; and 

1929-30. The fish :t'irst appear at a mode of 200 mm. approximately am rspresent 

f1sb. in their tlird yee.r. (Clark 193.5). 

Now the dominant grrup does not enter the British Columbia fi àlery until 1t 

1a in its fi:fth year (4) and the time of entry in the swmœr of 193+, hence the 
1 ' 

cycle for the dominant group of the fi sh in the waters of British Columbia is 

in phase wi th that cf Cal11'ornia pilchards. Figure 3 1s taken direetly from 

Clark' s data (1931) to illustrate this roint Cominant year-olasses A. B. c. and 

the tirst Point on D. represent the zoodes of the dominant group for the oombined 

fisheries of Montere.r and San Pedro. The subsequent points on D. are from my 

data which 'Will be presented in the next section. Owing to the tact tha t the 

:t'isheries ot OalU'ornia and British Columbia are one-ball year out of pl).ase the 

progression of the last group (D.), does not appear to be as regular as the other 

groupa. 

Since the irogress1on or the dominant yee.r-classes :rrecludes the ross1-

bil1ty of including o years growth in one, and the f'aet that the year-class 

1e in phase with the dominant classes of California (where the age at the tirst 

appearance is def1n1 tel.y lmown), the r e is but one interpretation to make from 
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the evidenee: this is, tha.t the otolith :rœthod 1s valid in the najority ot 

cases ror e.11 fish entering into the British Columbia. fimery am possibly for 

the fish of the California fiaheries. Furthe:nnore, the possi b111ty tha.t these 

t-., fish populations are really one and the same population is very great - a 

possi bility w.hi dl is rather to be susiected trom the result s obtained from the 

work done on spawning areas by SCQ1'ield (1934). 

Unfortunately, a statistical s1udy of ttle vertebrae of the populations 

supplying the se two fisheries is able nei ther to support nor contradict this 

possibility (Hart 1933). 

Discussion. 

In order to 1'1nd to what degree double readings of the same otoliths 

oheoked, one thousand otolithe were re-read after an interval of one year. All 

but four percent of the double readings were in agreement• 

Thus, the otolithe ars fairly legible, exh1bit regu.l.ar alternate light and 

dark areas and in general. would appear suitable for aga--detezminations. HoweTer, 

aince 'the direct demonstration of the validity of the method would involve the 

removal of the otolith of one aide and subsequent reoapture of th.a fish for 

e:ramination of the :remaining ear-stone - :practically a physioal impossibility -

certain indirect evidan.ce bas been brought .:forward in sipport of its validi ty. 

Theae are: 

(1) The otolith has a typioal growth-curve and henca the :7,ones are laid 

down OYer equal periods of time but with :progressively slower rates of depoai tion. 

(2) Fro!ll a study of f1sh of known hatohing time the period of zone forma_­

tion is fixed at one year - the hyaline area being to:med dur 1ng the winter 

months and the OJeque area during the àunmar. 
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(3) The demonstration of a domina.nt year class in the fishery and the 

discovery that th1s is in phase wi tb a simila.r dominant yea!'-class in Californie. 

waters, and in whi ch the age of entry into the fishery is known. 

Bowever, in view of the f.act thnt the pilchards ot the British Columbia 

• 
fishery are on the average longer than those of the OalU'ornia fishery and the 

growth increments of' the former as determined by mysel:t' appœr to be much 

greater than those of the latter ea determiœd by Clark, it might be argued 

that the British Columbia pilchards should be mu.oh older th.an the southern 

pilchards. In answer to this I po:f.nt out the f'act the.t Clark used a method in 

Whioh i t is vacy bard to de termine t he exao,t length of the mode - in fa.et a 

method that is not held to be accurate bayom the fi rat few years. urthennore, 

es the northern fishery 1s one-halr yea-r later in the season than the southern 

a period ot active gro th hae 1ntervened in the ea.se of the northern :f'ish. 

A third point is auggested but is wi thout muoh supporti ng ev1denoe. This 

1s that the northern :t'ish actual.ly have a higher growth-ra te in tbeir la.ter 

years due to their failure to atta1n to a state of sexœl I!!iturl ty in most oases. 

In this case the re tardation of body grow't.!1 to accommode.te gonad growth would 

not take place. 

Age,,.enal.ysia or the :f'ish populations supporting the 
British Columbia :tishery. 

The Tables inmediately following are comp1ied trom the record of the 

samples takan from the commercial cat oh during the eummer months of tive - • s 

(1930-1934). 

F~om 85 to 90 percent of t he otoliths eollected were round capable of 

being interpreted• 
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An examination of e ach sagitta of n number of :tUirs of otolithe showed 

these tructures - left a.nd right, respectively - to be mirror images of one 

another, and the otoli ths oould be separated into corroctly :iœ.tehed pli.ra when 

a number of pairs were mixed together indiscriminately. 

Thus in proctice, only one otolith of the pair was examined, except in 

t he rro,e easos when the t'irst otolith e:xaminad was not normal. 

The locality given in the Tables 1s the locallty of the plant to which the 

tish were delivered rather than the actual l oeality of each eatch, 'Which latter 

could not al 1111:iys be ascertai ned. 

e avera.c,e standard le r1:th (in mm.) is represented in these Tables by -

1 Av. L.-; the standard error or the mean by S.E. 

T e age-groupa e:r r,presented thus:- tish in their fourth year by 3*, 

those in their t'it'ty year by 4*, etc 

'l'he tollowing points concerning thA populations of pilchards supplying 

the tisheey of British Columbia ara notad trom Tables V - IX: 

(1) In most cases the average ste:ndard length crf eaoh age-group 1s 

se~rated from that of the oth-r groups by a well-detine d 1nterval. 

(2) 'l'he tsnalea ot one aga-group are slightly longer than the males ot 

the same grœp in the majori ty of cases, and hence, in tœ general population 

the average length of the fainales is slightly larger the.n that of the males. 

(3) Similorly tœ number of females 1s slightly higbe than that of the 

males of the same age-group, exeept in a few instances where the numbers of each 

sex is r ther flllall and perhaps net representative of the population. 

l 
S.E.= • _Q)I 

n 

where Etd2is the sum or the squares of deviations from the ari thmetic 
mean and n is the nullber ot measirements 0M is the standaro deTiation 
or. 
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4., A dominant year-class entera the :t'ishery in 1931_ e.nd continues to 

supply it for two or three years subseq_uently (et. Fig. 2). 

5• The fish e.ppear to enter the fishery in tœir :t'ourth year but at 

this stage do not contri bute greatly to the fishery. This mey be due to the 

seleetion o:t' the :purse--seines used in their ca.ptur~ or mey be due to their 

relative scaroity in the waters :t'requented by the older :t'ish. 

6. The fi.ah in tbeir ninth yea.r (8+) were relativaly more numeroua tban 

usual in the fishery o:t' 1930,., These flsh in question may have been the rem.nants 

o:t' e. dominant yeal'-class but 1t so the dominaoy was not ln phase with the pil­

obard populatiollà of Ce.11:t'ornia, Those :t'i sh in their el.ghth year (7+) in the 

:t'ishery of the same year are more probà.bly the final appea an.ce of a daninant 

year-olass, for Clalit: (1931) notes the beginning of a domina.nt year-olass in 

Cal1:t'orn1a :t'or the winter of 192.5-1926. Since the Californie. flsh were in 

their thiro. year when first ctering the winter fishery and hence in their :f'ourth 

year the following sumJIBr (1926), it will be seen tbat both these fish populations 

were si:awned the sem.e year, namely the s:iring or summer of 192·3, 

It may be turther noted that there i s marked agreement between the :t'ish­

eries ot 1he two loce.11 ties - Barkley Sound and Nootka Sound - one yea.r, and 

less marked agreeiœnt another year. This ma.y be due i:e.rtly to the number ot :t'ish 
, 

in tbe respective s8llll.>le s, and JB.rt'ly to the tact tba.t o t'ten the bœtJ :t'rom the 

two plants tiah, aide by aide, on the seme grounds. At intervals, generslly at 

the beginning o:t' the season, one plant may :t'ish heavily :t'ran an 

Growth rate ot the Br1 t1 sh Columbia pilchards. 

In order to show the rate of growtb. of tbe various year-classes, Table 

X bas been oonstructed from the data of Tables V - IX. The length of each age­

group given in this Table, 1s the averaged standard length for the two locali ties. 



Table v,,, - Age analysis ot the cœnneroial catches tor 1930. (semples ot 
1.532 and 422 :t1sh). 

Looality Bark ley Sound. Kildonan Plant. 

Age-group. 4 .5 6 7 8 

Ho. 18. 143. 328. 168. 21. 
Av. L. (mm.) 240.2 245.4 247.4 ~48.,5 253.,1 
S.E. 2.20 0.74 0.76 0.89 1 64 

No. 19. 170. 416. 226. 28 
Av., t. (n:m.) 244.7 250.6 2.52.0 254.6 256.5 
S.B. 1.10 0.99 o.44 0.49 1.,99 

Av. L. ot Age group 242.4 248.o 249.8 251.6 2.54.8 
Total No. tt " 37 ;13. 744., 389. 49 

Locality. !foot ka Sound Nootka Plant. 

Age-grrup 4 .5 6 7 8 

No., 23. 114 .54 4. 
Av. L. (mm.) 238.3 24.5.4 2.51.7 253 2 
S.E. 0.89 o.;4 1,2.5 .. 
Ho 24 123 72. 8. 
Av. L. (mm.) 239.8 248.8 2.57.1 26; 2 
s •• 0.96 o 63 1.03 ... 

Av. L. of Age-group 239 .l 247.l 254.4 259 .2 
Total No. lt " 47 237. 126. 12. 



Table VI. - Ag&-analyeis of the commercial catches for 1932 (sa111>les of 
1033 and 1870 t.l.sh) 

Iooality. Barkl.ey Sound Ecale Plant .. 

Age-group :5 4 .5 6 7 

Ho. .53 l« 165. 77 .. 2. 
Av. L. (Llill. ) 226.4 239 ~3 243.9 251.8 271.0 
S.E. 1.47 0 62 O .53 1.00 -
No. .5 .5 167, 232. 134. 1. 
Av. L. (mm.) 229.3 240 .9 247 .8 2.56 .3 266.0 
S.E. 1.43 Oe.59 O 49 0.98 

ÂTe L. of. a e group 227.8 240.1 24,5.,8 2,54.l 268 .5 
Total no. " tl 108. 311. 400. 211. 3. 

Looality Nootka •ounà. Nootk Plant. 

Age-group 3 4 .5 6 7 

No. .58 286. 341. 169. 7. 
Av. L. (mm.) 226 • .5 238.4 243.8 247.1 261.4 
-S. E. 1.39 o.49 0 • .53 o.86 

No., .52 280. 422 246. 9. 
Av. L. (Dlll.) 230 • .5 240 6 248 6 2.51.6 264.4 
S.E . l 52 0.47 0. !l') 0.92 

Av. L. of ge-group 228 .. .5 2.39 • .5 246.2 249.4 262.9 
Total no. " " 110 ,566. 763 41.5 16 



Table VII. - Age analysis or the commercial catches for 1932. (semples of 
.593 and 1709 fi sh). 

Locality Barkley Sound Eo ole Plant • 

Age-group 3 4 .5 6 7 

No. 8 67. 127. 52. 3. 
ÂV., L. (mm.) 220 .. 6 237.7 243.4 247.8 249 . 6 
S.E. 1.00 0.77 1.13 

No. 12. 53. 176., 82. 13. 
Av. L. - ( mm. ) 217.5 242«7 247.8 253 4 256.5 
S.E . 1.19 0.70 0.90 

Av. L. of age-group 219.1 24i0 .2 24.5. 6 2.50.6 2.53.1 
Total no. " lt 20. 120. 303. 134. 16. 

Loœ.lity. Nootke. Sound Nootlœ. Plant. 

Age-group 3 4 .5 6 7 

No. 8., 61. 3.53. 287. 38. 
Av. L. (mm.) 199.0 232.5 242.; 248.3 256,3 
s •• - 1 • .53 0145 0.47 1.17 

No. 3. 60. 434. 398. 66. 
Av. L. (mm.) 199.6 233.9 246.5 2.53.0 2.57.2 
s. 2.04 0.4; o.42 1.01 

Av . L. of ege-group 199.3 233. 2 244 • .5 250.6 2.56.7 
Total no. " " 11. 121. 788. 68.5. 104. 



'f'lble VIII. - Age-anal.y-sis ot the eonmercial catches for 1933. (samplas of 
96 a.nd. 415 fish). 

Locality Balk ley Sound. Ecole Plant e 

Age-group 4 5 6 7 

No. .... 12 28. 2. 
Av. L. (nm.) - 244.,3 251113 265 • .5 
s. • ,... lia,51 0.-94 

No. 3-. 41. 10 .. 
Av. L. (mm.) ... . 2.42.7 256.0 266.3 
s .'E. - - l 23 1.90 

Av. L. of age-group - 243 •. .5 2,3.6 265.9 
'Total No. .. " '1;. 69., 12 • ., 

Loeality Barkley Sound Noot ka P+ant 

Age-group 4 .5 6 7 

No. 1. 32,. 132., 7. 
Av. L. (mm.) 216 .. 0 231.6 246.7 262.1 
S.R. 1.20 , 0.62 

No. 1. 42. 183. 17. 
,".T. L. (mm.) 223.0 238..2 249.,.5 265.9 
S.E. ... 0.03 0 • .52 1.59 

Av. L. of age-group 219 • .5 234.9 248,.1 264 .. o 
Total no. " 1f 2. 74 315. 24/ 



Table IX. - ,lge-analysis of the conuœrcial catches for 1934, (494 fish). 

Loce.. lity Nootka Sound • ?Iootlœ. Plant. 

Aga-group. 3 4 .5 6 1 8 

No. 12. 39 • 13.5. 3;. 
Av L. (mm.) ... 23.5..,5 241.3 2,50.2 253.0 
S.E. .h-61 1.03 0 • .51 1.,34 

No . 2. 14. 27. 181 58. 3. 
Av. L. (mm.) 21.5 .. 0 237 • .5 2,46 5 251.6 260.,4 271. 2 
S . E. ... 1.42 o.;B 0.93 

Av. L. of age-groupe 215.0 236.0 243.9 250.9 2.56 7 271 .. 2 
Total no. in " 2. 16 66 ;16. 91. ;. 
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The age-groups are ar-ra~ed under the 1r respeotiTe year-olasses. 

TABLE X. 

Length ( in mn.) ot each year-class for e ach year ot a ppearanoe in the :f'1 à:lery. 

Year or Year of ha.tcbing (Yea:r-olasses) 
Capture. 1928 1927 1926 192.5 1924 1923 

1930 - 240.7 247.5 2;2.1 257.0 
1931 228.1 239 8 246.o 251.7 26.5 7 
1932 236.,7 245.0 250 6 254•9 ------- .,.. ____ 
1933 239.2 250.8 265.0 ..,_. ___ 
1934 250.,9 2.56.7 271.2 

With the exception of the yea:r-cla.ss or 1928 and thoee tish in their 

eie,ith year in oh year-class, th are 1s a good agreement between t be lengths 

ot each age-group in the respective year-olasses. In the case of the eie)lth 

year groupa the actuel numbers in the semple œy not be equally repreaentative 

f or each year or posai bly the longer members of the older age-groupa have more 

ohance of su viTal in tbese Upl)9r limita. 

In the case of the year-olass ot 1928 where the growth for the tifth year 

1a noticeably less than tbat of other year-olaases at the same age, I offer the 

followin e:xplanation In the year or their capture (1933) the tisœry waa 

a.ltnost a failure. Accordingly :rœ.ny local schoola were nsœd to supply the 

plants and hence it 1a quite p:obable that a large proportion or sl.O\'f-growing 

f ish were taken. 

A general gro h-curTe tor the Br1 tish Columbia pil<ilards has been 

attempted a:Dd ia iresented in Fig. 4. This 1s of canpoait e nature, tor the 

mid-points 1/2, 1 1/2 and 2 1/2 f!re trom the data or the Calit'ornia state 

P'ieheri es Laboratories, and mid-point 3 1/2 is that or' n ah 1n their tourth 

year (3+) in 1931 (year-claee ot 1928). The subsequent mid-points are thoae 

trom the year-class ot 1927 and repreaent the i;rogrese ion ot a dominant year-
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class tbrough the 1'1.shery. 

In the same tlgure 1s presented a curve obtained tran Clark' s data 

(1931). These are her highest values ror the modes representing the pro­

gression or a dominant year-class through the San Pedro f1shery. 

From this figure it would appear that the fish of the north have higher 

growth-rate than those of the south. However, since the methods of handling 

the data p ertaining to the se t wo populations were not the same, sub saquent 

investigation 1s necessary to d1scover if this difference in growth-rate· is 

actua.lly a true one. It will be noticed from Figure 4 the.t the fi ah grow 

rapidly tor the first three years, -less rapidly during the next year a~ quite 

alowly for subseq)lent years. 

Relationship 9f len.gth of otolith to length of fish. 

In connection w11h the exsninat ion ot the otolithe for ag~etermination 

the general observation was mde that the large tish had large dJtoliths and the 

siœ.11 fish, smal.1 otolithe. Accordingly an attE111pt was mada to find the e.ctual 

relationship, if any, between these two factors - the length of otolith and 

length of fish. 

!n the :f'irst place the relationehip is not simple, fQr if the fish are 

separated into their respect! ve age-groups and the ratio, hal1' length of otoli th 

/ standard length ot ti sh 1bund, 1 t is noticed ~at the smller fi sh of each 

age-group have a relatively large otolith. This phencmenon is represented 

graphically in Figure 5 ., 

It is suspeoted tha.t the size of -the otolith depends on the size of the 

head and henee. the smaller tish of any one age-group would haTe a relatively 
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larger head than the larger tish of the same age. Untortunately there are 

no data ava1lable tor tbe study of the growth of the head rarts and henoe thia 

sus;p6c1on can not be oonf1rmed., 

When the half-lmgth of the otol11h is plotted against· the respective 

standard length of the fi t:h, an:l this for each age-group a series of ourves is 

obtained. From Figure 6 it 1s seen tbat 1he slo~ of the curves is :irogressively 

lessened as the older age-grc:n:P5 are approacbed am in tbe case of :fish in théir 

èighth year {7+), the smaller f1.sh bave otoliths almo et as large as those or the 

larger fish. 

Now if the logari tbm of the average length or the :f'l sh of eaah age-group 

is plotted against the lo(!;.lri thm of the average halt-length of the otolith for 

the seme group, the points representing groupa .5+, 6, and 7+ fal.l along a 

straight line but thi s Une extemed do es not pass through the point repi•esenting 

grcnp 3+ (ng. 7). 

Sin ce the :f'iah of group 3 +· are 1nma. ture and th erefor e on a di fferent 

growth cycle to the older age-groupa this is to be aispected and must be taken 

into account if e.ny method, comparable to the method of estimating the s:f.ze of 

t'ish by the scales, 1s to be attempted 

Much material representing all age-groups is necessary :tor .the completion 

of this investigation on tœ rel.ationahip between otcrl1th size and lengtb of fish. 

Since this material is in no way available a.t present, I am canpelled to leave 

the inTeetigation in ita nresent·state, but with the hope the.t this preliminary 

work may aid any sub saquent investigator who a ttempts to use 1he otoli th tor 

estimating the ·1ength of tœ fish at dif:ferant stages of its life-history. 
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CONCLUSION 

The otolith method ot ag&- daten:nination is shown here to be reliable 

for the North American pilchard., Since investigations ot this fish by British 

Columbi a and Oalitornia workers, œ ve b een hindered to s:,me degree by the laok 

ot any relieble method of a ge-determination, 1 t 1s boped th_a t the acoount 

presented here will aid grea tly in tutu.ra investigations. 
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1 A. enyopsis ia given of' the generic relationships and ea'tly life-history 

!'or t he North American pilchard. 

2, The reason for applying t he otolith method of ager,dete:i:mination 1s sta.ted 

as being due to the unrel iA.bility of t he scale met hod for 1nis species. 

3,. A short account is gi ven on the use of the otolith m.ethod in various species 

of :fish. 

4. The structure end appearance of the pilchard otolith are desor1bed • 

.5• The validi ty of the method for the North Aiœric an pilchard 1s deduced f:rom 

the following eonsiderations. 

ft•- agreement of otolith and scale in elosaly related sP3eies 

where the scale method is l'e ld valid., 

b .. - :f'rom the periodic nature of the growth of the otolith. 

c.- :t'rom the record of fish of known a ge taken o.t half-yearly 

intervals. 

d.- :t'rom the record of one dominant yoax,.. olass which is in phase 

with a dominant yeal\-class of California. 

6~ Reasons are given for considering the f.1.sh supplying the fishories of 

Californie Md British Columbia, to be drawn t'ran the sema populations - thosa 

hatched in Californie waters. 

7. An age analysis ot tœ British Columbia popula'!;ions 11!1 made with the fol-

1.owing points noted: 

a·.- the f'ish entor the f1shery 1n their fourth year but the bulk 

of the :tishery is dra.wn from :tish in their t'itth, sixth and sevanth 

years, any one of the last two age-groupe predominating. 
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b.- the females are slightly- more numerous than tœ males in the 

general population and in most ag&-groups. 

c . - the :f'emales of oœ age-group are on the average slightly larger 

than the tœ.les of the seme group. 

di,- the i;assage of a dominant year-clas s through the fishery is 

noted .. 

1 

8. The growth-rate or the Br1 tish Oolumb1a pilchard populations is di scmssed 

and comiared to that for Oalifomia populations,. 

9• 'l'he relationship of the sim of otolith to size of fish is 1nvest1gated 

m. th the finding that tb.is relat1onsh1p 1 s complicated 
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Table I - Size distribution of snall 1'1sh taken at Terminal Is .. , Oal11'orn1a 
Deo. 1930. 

Stand. 
length 
in mm. · 

83 
84 
8.5 
86 
87 
88 
89 
90 
91 
92 
93 

Total 

Males and l!'emal.e s 

Age-grcnp l 

l 

3 
2 

l 

2 
l 

10 Av. length - 88.2 

'l'able II - Size dis tri but ion of small tish taken at Barkley Sd., British 
Colunbta, Dec. 1932. 

Stand. 
length 
in mm. 

141 
148 
1.56 
1.58 
164 

Total 

Males a m. Female s 

Age-çrup 3. 

l 
3 
l 
l 
1 

7 



Table III - Size distribution of anall fish tek:m at Be.rkley Sd. in one oateh, 
Aug. 1933. 

Sts.m. Males l"emalea 
Length 
in mm., . Age-grcnp ,3. 

1.53 l -1.54 ... 1 
1.58 1 
162 l 
16; - l 
164 l ... 
166 2 4 
167 ; 1 
168 1 .5 
169 4 4 
170 .5 2 
171 4 4 
172 .5 .5 
17, 7 6 
174 3 9 
17.5 .5 2 
176 4 3 
177 .5 8 
178 3 .5 
17? 8 6 
189 ' 8 
181 7 ; 
182 6 6 
183 7 10 
184 10 ' 185 7 ' 186 2 7 
187 6 4 
189 .5 7 
189 .5 4 
190 .5 ; 
191 4 2 
192 3 7 
193 1 3 
197 l .. 
198 - l 
199 2 1 -

Total 141 1.52 

Av-. length 180,.2 179 • .5 



Table IV -

Size d istri buti on ot pilchards wi th reterence to ag~group, Barkley Sd. regl.on; 
aeason ot 1930. 

Stand. Males lemal.ea 
LEllgth Age-groupa 
in mm. 4 .5 6 7 8 4 .5 6 7 8 

220 * - - .. 
222 ~ - l 
224 l 
226 l l l - l 
227 l 
229 l l 
230 2 2 l ... 
231 2- 2 l l .... 
232 l 1 1 - - - ... ... 
233 l 2 6 l l 2 1 
234 .5 .5 2 - ... - 4 l -
23.5 l 4 5 - --- l 1 -
236 l 3 4 l 2 2 l l 
237 2 6 .5 2 1 1 1 l .. 
238 6 7 .5 l .3 3 .5 1 
239 .5 11 3 - 1 1 
240 2 9 12 6 - l .5 1.5 l 
241 G 18 7 4 8 1 
242 .5 14 6 ... 9 16 1 
243 .5 13 11 l .5. l2 6 l 
244 2 .5 1.5 8 3 9 14 .5 
24.5 1 3 17 .5 1 2 7 17 6 1 
246 1 4 23 13 2 6 14 10 
247 l 18 8 l 1 8 · 16 .5 3 
248 l 9 11 7 11 21 9 
249 3 10 6 l 13 19 8 -2.50 3 19 7 1 - 6 26 9 1 
2.51 .5 1.5 8 1 3 13 14 
2S2 l 9 11 8 l 1 8 18 10 1 
2.53 1 l 9 .5 ... 1 3 18 12 
2.54 1 12 .5 2 10 14 13 4 
2.5.5 4 11 11 2 3 22 1.5 -2.56 l 4 6 6 2 8 17 1.5 2 
2.57 .5 7 4 2 3 19 14 3 
2.58 4 4 2 - 6 8 11 2 
2,, 2 2 1 1 ) 19 6 
260 1 4 2 1 10 10 9 
261 2 3 9 1 2 14 7 2 
262 1 4 1 1 3 • .5 
263 2 3 l 3 6 6 
26-4 2 1 2 3 3 -
26.5 1 2 1 2 .5 .5 
266 2 l 6 1 
267 3 l - l '.5 4 
268 - 3 l 2 .5 
269 1 .5 - -
270 1 l - 4 2 



Tabla IV ( oont ' d) 

Stand. M!le11 Jemale11 
length Ag&-grcupa 
in mn. 4 ; 6 7 8 4 .5 6 7 8 

271 1 - 3 1 
272 - - 2 2 
273 .. 1 - 1 
274 l 1 2 
27.5 1 - 1 -
1'76 l -
278 1 l 
279 1 
280 .. 1 
283 l -28.5 1 
287 l 
288 2 

Total 18 143 328 163 21 19 170 416 226 28 



'l'able V - Size distribution. ot pilcœ.rda with rerermoe to ag• grœp Noatlœ Sd. 
reg1on; seas:,n ot 19;o. 

Stand. Va.les. 1flll8.les. 
lcmgth Age-groupe 
in lllll. 4 .5 6 7 8 .. .5 6 7 8 

229 1 
230 1 -... 
231 1 l l ! 

232 1 1 
- \ 

233 1 1 1 -
2;4 }. 2 
23.5 2 4 1 2 1 
236 6 l l 2 1 
237 1 ; 3 
238 2 3 l .. 2 - 1 
239 3 1 4 4 
240 2 3 1 6 
241 - .5 1 l 1 
242 ; 8 ; 2 
243 l ·10 1 2 2 2 
2.44 2 8 1 l 1 .5 
24; 6 l 4 l -
246 11 1 2 12 2 -
247 7 2 1 l 8 1 ... 
248 1 7 1 1 l 10 l 
249 4 ? l 
2.50 3 3 - 8 3 
2.51 6- 4 2 4 l 
2.52 4 5 6 4 
2.53 .3 3 9 .5 
2,64 .5 2 6 3 
2.55 2 l 5 3 
2.56 6 7 2 
257 2 6 2 3 l 
2.58 1 1 6 4 
2.59 1 l 2 3 
260 l ... 6 
261 1 2 2 
262 l 4 
263 2 3 2 
264 - 3 
20, 2 
267 3 2 
268 1 
269 · l 
270 1 1 1 -
271 1 
272 l 
273 l 
274 l 
27,. 1 
280 1 -
29.5 - - - - - - - l - -- - ·- - - - - - -
Total 23 114 .54 4 1 24 123 72 8 0 



Table VI - Size distrl l:ution of pilchards with reteremce to age-group, ls,rkley 
Sd. rel!!J. on; season of 1931. 

Stand. l&l].ea !'anales 
le~th Age-groupa 
in mm. 3 4 ; 6 7 3 4 5 6 7 

21.5 l .., - ... - - -
21? .... 1 
218 1 2 -
220 3 l .- - 4 
221 2 

~ 

1 - -
.222 8 1 1 -
223 l 1 
224 6 1 2 ; 
22.5 ; .5 2 
226 .5 - .... ; 2 ... 
227 3 6 ... 
228 .5 1 8 2 
229 7 2 l .5 2 ... 
230 1 6 2 3 1 
231 3 2 l 6 1 
232 1 .5 4 2 2 4 
233 l 8 7 .5 2 
2}4 .5 7 4 9 2 1 
23.5 1 il .5 1 4 7 3 
236 1 3 6 3 2 1 
237 10 .5 1 9 4 
238 il 7 1 ... l2 11 
239 .5 8 - 9 6 
240 11 7 .. 1 7 13 
241 '1 9 6 .5 
242 11 9 10 12 
243 .5 11 1 l 8 9 
244 1 9 7 3 3 5 
24.5 3 .5 3 1 5 13 1 
246 4 7 3 7 13 3 
247 4 4 .5 8 13 6 
248 - '1 11 8 -- 6 14 8 .,, 
249 2 4 3 -= 4 6 6 
2.50 3 9 7 .5 4 7 
2.51 4 .5 2 14 6 --
2.52 1 3 7 3 8 11 
2.53 2 4 2 ... ... .5 9 
2.54 l l 1 4 4 8 .5 
2.5.5 l 3 3 4 9 6 -2.56 1 2 1 1 3 6 6 
257 1 1 1 6 10 
2.58 .5 1 - .5 7 
2.59 1 8 1 l .5 -
260 2 .5 - .5 ; 
i61 l 3 6 9 2 
262 2 2 .5 
263 1 1 2 1 
264 1 ~ 4 



Table VI §conttd) 

Stand. Males l!'anales 
length Age-groupa 
in mm. 3 4 .5 6 7 3 4 .5 6 7 

26.5 1 2 
266 ,.. l 1 1 2 3 2 
267 l 3 
268 1 
269 ...: 1 
270 1 l 2 2 
271 1 2 l 
273 . - l 
274 ... 1 -
27.5 ,- 1 1 

Total .53 144 16.5 77 2 .55 167 232 134 7 



Table VII - Siza distribution at piloharde with re:terence 1o age-group, Nootka 
Sd. regl. on; s eason o't 19 31. 

Stand. flales ll'mi.alea 
length Ag~grcnpa 
in mm. .3 4 .5 6 7 3 4 .5 6 7 

202 l 
208 l 
2ll l 
21.3 1 -
216 l ... 
218 2 
219 1 ... 1 
220 J 2 l 
221 2 1 l -
222 3 3 l 
223 3 3 3 -
224 1 4 4 1 
225 4 3 4 5 
226 ; 4 - 3 2 
227 7 4 2 3 .5 
228 .5 9 4 8 
229 .5 .5 2 3 1 
230 1 7 3 2 10 4 
231 1 12 6 2 7 l 
232 1 9 9 2 l 7 l 
233 2 17 1.5 22 2 11 2 2 
234 1 12 8 2 3 8 6 
235 1 10 11 2 l 13 .5 l 
236 1 13 12 7 l 9 2 2 
237 13 10 7 2 17 18 3 
238 2 14 17 ; 1 14 10 4 
239 12 18 7 11 9 3 
240 21 7 e 17 14 l 
241 l 17 12 3 2 9 7 7 
242 1.5 23 8 10 18 4 
24.3 1 10 21 .5 4 19 9 
244 l 8 19 9 l 12 13 11 
24.5 8 22 9 l · 11 21 12 
246 4 12 7 9 26 14 
247 10 14 8 9 18 15 
248 .5 18 7 l 10 23 1.5 
249 8 9 8 11• 14 8 
2.50 .5 9 .5 l 9 2.5 12 
2;1 3 7 6 1 7 19 11 
2.52 3 12 8 1 7 21 10 
2.53 3 .5 6 3 1; 6 
2.54 2 5 .5 6 20 9 
25.5 2 17 3 1 l 7 7 1 
2.56 5 .5 1 2 13 11 
257 2 2 l 2 9 8 
2.58 2 .5 2 7 6 
2.59 5 3 4 13 6 
260 3 2 8 6 9 l 



Table VII (Cont 'd) 

Stan d . Males l!'tmales. 
l engt h Age-groupa 
in nm. .3 4 .5 6 7 3 4 5 6 7 

261 5 :; 1 ... 11 9 l 
262 2 2 4 7 
26.3 ":" 2 4 10 l 
264 I 1 3 3 2 
26; 1 1 3 3 l 
266 l l 4 1 1 
267 l 3 
268 1 2 
269 2 3 
270 1 1 2 l 
271 1 ... 1 l 
272 l 
27.3 1 -
274 1 
277 1 
280 1 
281 1 
282 - - - - - ...L - - - - -
Total 58 286 ,341 169 7 .52 280 422 246 9 



Table VIII - Size and dhtri bution or :pilchards w1th reference to ag• group, 
Barkley Sd. regl.on; sea1:1on or 193 2. 

Stend. Males J'emale 
length · Ag&-groupa 
in mm. 3 4 5 6 7 3 ' 4 .5 6 7 

193 1 1,, 1 
198 1 
201 2 
20.3 l 
205 1 
209 1 
214 l 
220 1 
221 l 
222 l 
224 1 l 
225 3 ' -
226 3 2 . - ... 1 
227 l 
228 3 1 - 1 1 
22' 1 3 2 1 1 
230 1 1 1 1 l 
231 3 1 1 1 
232 l l 1 1 1 l 
233 1 1 3 1 4 
234 4 6 2 3 3 
23.5 2 3 3 3 
236 1 4 3 l 4 
237 .5 7 l - 1 6 
238 3 8 2 4 ' 1 
239 .5 11 2 3 
2-40 2 6 - 4 4 2 
241 3 3 2 1 3 3 
242 2 .5 4 2 12 2 
243 2 7 2 3 6 2 
244 1 3 3 1 4 3 
245 1 .5 1 3 8 2 1 
246 3 2 2 ' 6 
247 6 2 l 4 4 1 
248 3 6 2 1 2 7 2 1 
249 6 3 2 10 1 
2.50 .5 8 4 10 .5 2 
2.51 - 2 3 6 l 1 6 2 1 
2.52 4 2 2 10 3 
2.53 2 .5 6 
2.54 2 l 2 4 6 2 
2.5.5 1 2 6 2 
2.56 1 2 2 2 
2.57 3 1 8 4 
2.58 2 1 4 
2.59 1 1 2 1 1 
26o 1 1 2 1 .5 J 
261 l 3 1 



Table VIII (cont•d) 

Stand. Ma.las Fan.ales 
l ength Age-groupe 
in mm. 3 4 5 6 "fi 3 4 5 6 7 

262 l l 3 2 
263 l 1 3 3 
264 1 3 l 
26.5 5 1 
266 2 
26'1 1 l 1 
268 J. 2 l 
26, l 
270 l 1 
271 1 l 
273 - - 1 
27; 2 
276 1 

-
'11otal 8 67 127 .52 ;, 12 53 176 82 13 



'l'able IX - Size distribution ot pilchards with referen.ce to age-group, Nootka 
Sd. region; sea.rt>n ot 1932. 

Stand. Males l'an.ales 
lmgth Ag~groups 
in mm. 3 4 .5 6 7 3 4 .5 6 7 

191 1 
192 2 1 
194 - l 
19.5 1 1 l ... 
197 1 -= - -
199 1 1 1 
202 1 l 
203 1 
204 1 2 ... 
205 1 -
206 1 
207 1 2 
212 2 - 1 
213 1 
217 l 1 1 
218 1 
219 1 -
220 - 1 
221 l -
222 1 1 
224 l ... ... 
22.5 1 2 - - 2 
226 · 2 .5 1 1 
227 ; 1 1 
228 .5 - 2 2 1 .... 
229 2 1 2 
230 4 8 3 3 
231 1 4 1 2 .5 
2.32 .5 11 1 -- 10 1 
233 1 8 2 1 .5 
234 3 9 2 ..,. J. 9 3 
23.5 1 13 2 ... 3 11 2 
236 s 11 3 l 9 
237 2 11 8 4 1.5 1 1 
238 ... 7 13 12 2 12 .5 l 
239 1 14 3 1 11 6 
240 3 14 8 1 3 19 6 
241 1 19 13 1 1 13 9 
242 2 1.5 13 3 22 6 
243 4 25 11 4 12 6 1 
244 l 14 9 2 3 12 9 
24.5 1.5 12 1 16 12 2 
246 ..... 1 12 10 2 1.5 10 1 
247 l 12 24 .. 1 23 16 1 
248 11 14 1 2 17 17 2 
249 l 17 13 3 21 18 3 
2.50 17 18 3 2 13 22 2 
2Jl 6 10 1 14 24 4 
2.52 8 9 3 1 18 2.5 1 



Table ll {cont•d) 

Stand. Milles Fanal es 
lengt h .àg• groupa 
in mm. 3 4 ; 6 7 3 4 5 6 7 

2.53 l 8 12 25 14 4 
2,54 9 9 3 1 10 16 3 
25.5 3 11 4 1 13 21 2 
2.56 1 6 15 2; 2 
257 ; 14 2 10 10 ~ .,, 
2.58 2 7 9 14 ~ ,, 
259 6 ; 2 9 17 2 
260 2 7 2 6 8 1 
2.61 l 3 2 6 13 3 
262 2 3 .5 7 3 
26.3 l ; 3 4 13 
264 1 3 2 7 4 
26.5 l 3 l ; 2 
266 l 2 5 3 
267 8 3 
268 1 l 1 
269 l .5 3 
270 l 1 
271 l 3 
272 1 1 
273 l l 
274 1 3 
27.5 1 
276 l 1 
280 1 

Total 8 61 3.53 28·/ 38 ; 60 434 39 8 66 



Table ·x - Size distribution of pilchards with re:t'erence .to 
age-group, Barkley Sd. regl on; sea son o:t 1933. 

Stand. Males :raiales 
length Age-group 
in Dlll• ; 6 7 .5 6 7 

2.54 ~ 1 
23.5 i 
239 l 1 
240 1 - 1 
241 ... 
242 2 l - .... 
243 2 1 
244 1 ... 
245 3 1 
246 1 
247 - - - 2 ... 
248 3 1 1 ... 
249 2 1 
2So 6 1 ... 
2.51 2 .. 3 
252 3 4 
253 3 ... 3 -
254 3 l 
25.5 1 4 2 -
2,58 l 1 
2.59 · 1 2 -260 2 
261 1 - -
262 - 3 1 
263 1 2 
264 2 
265 l 1 
267 - 2 2 
268 - 4 .. 
270 1 2 
273 ]. 

274 1 

-
Total 12 28 2 3 41 10 ,, 



Table n - Size distribution of pilchards w1 th ref'erence 1D ag&-group, Nootlœ 
Sd. region; season of 1933. 

Stand. Males Fanal.es 
length Age-groupa. 
in mm. 4 5 6 7 4 .5 6 7 

216 1 
213 1 ~ - - ... 
224 - 1 
226 1 
227 2 
228 2 
230 4 l 2 
231: ... 1 1 
232 1 - - -
233 4 2 .5 ... 
234 1 .5 l 2 
23.5 2 4 .5 3 
236 2 2 3 2 
237 4 3 - 3 
238 1 2 3 2 -
239 l 4 4 4 
240 ~ l 4 2 7 -
241 - 2 7 
242 6 2 3 
24.} 1 .5 7 
244 2 7 ... 11 -
24.5 9 ... l 6 
246 12 2 9 -247 6 ..., - 14 
248 1 .5 - - 3 1.5 
249 1 4 1 .5 
250 ... 7 2 8 -2.51 1 2 4 1 
2.52 9 11 
253 6 7 
254 8 - 7 
255 2 11 -2.56 5 == 8 l 
2.57 4 . - 4 -258 3 .5 
259 - - - 1 6 
260 1 5 l 
261 2 l l 
262 2 l 
263 - l 
264 l 3 l 
265 2 l 
266 1 2 -267 2 
268 - ~ 3 
269 1 .1 
270 1 
273 2 
276 - 1 
278 - - ,.... - ... .... l - - - - - -

Total 1 32 132 7 1 42 183 17 



Table nI - Size distribution ot pilchards 111th re:t'erence to age-group, Nootka 
Sd. regl.on; aeaaon of 1934. 

Stand. Jlal.es Y91lales 
len.gth Age-groupa 
in nnn. 4 5 6 7 8 3 4 ; 6 7 8 

208 l -209 1 -
214 1 1 
222 1 -
229 1 l 
232 l 
233 l 2 
234 1 2 l 
235 1 - 1 
236 l .4 1 1 
237 l 3 2- 1 
238 · 1 2 1 1 
239 l 1 1 1 2 
240 3 9 1 = 1 3 
241 3 2 1 4 
242 3 2 1 2 
243 4 3 2 6 
244 l 1 4 3 2 ; 
245 2 5 1 ... 8 1 
246 1 10 2 Î 1 
247 12 2 4 8 1 
248 1 6 1 - l 10 1 
249 2 9 1 2 11 2 
2.50 l 9 l - ... l 11 l .. ,1 - 1 8 1 ... 12 
2.52 1 l 11 l 1 12 1 -253 .5 2 13 2 
2.54 8 1 - 9 2 
2.5.5 .5. 4 .. 2 8 1 
2.56 1 2 2 1 6 3 
2.57 ..l 4 2 11 2 
2;8 4 3 10 1 
2;9 .5 2 .5 
260 1 l 3 7 
261 - 4 . - ..... 3 .5 
262 1 1 3 .5 
263 1 1 ; 2 
264 1 2 55 l 
26.5 l l ; -267 22 ... 
268 l 1 ... 
269 l 1 -270 1 
271 2 
273 l l 
274 1 1 
277 - - - - - 1 1 - - - - -

Total 12 39 13; . 33 0 2 4" 27 181 ;8 3 




