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Duri ne; t he SUlCI", r of 1950 a rca,io r investi ,a t i on in -

to va ri ou s a sp ects of th e ,juvenile sta r;e s of t h e li f e hi s ",",",

ofth~ Pacificherri nl';(~pallasii )Vlasund s :'takenby

the Pacific Bdo Lo c dca L Stati on . Up to t hat t ics , mor-e or

l e s s co mpr-eh enai ve s tudi s sh,i'l b e uninitiated ( an d at l e ast

parti a l ly c a rried out ) in a ll other pha se s of th e lLe h i s -

tory 01' the pa c i fi c he rri ng. St u di e s o f t nc a du lt pop u lat.1 on s

ha ve be e n i n pr or,r a s s si nc e s h o:·tly a f t e r t h e t u r n of t he

ce n t ur y. A s t u d: of sp awn deposition was begun i n 1928 , and

i ntensifi ed in 1946; since 1949 vari ous stu die s conc e r ning

de vc Lopraan t an d mor t a r t t~ · of the he r r ing spaw n ha ve a l s o been

c a rri e d out . In 1947 a cocp r ehen si Ye inve sti gati on of th e

Lar va L s tace was ini t iated . An i nvesti e ation of the ,juv e n i l e

s t age should t h e r e f or e se r ve to f i l l t he l a st ma j or- gap in

o ur knovl.e dge o f the life hi story of t he Pac ific he r r f ng ,

t hus, coc p leti nc t h e ba ckgroun d f or c or e s pecificstud i es.

The pur pos e of t h e ,iuYeni le he r-r-Ln > studias is to

f'o Ll ow t h e ~:" owtl". , d is t r ibu tion , r ovcr.cn t and ab undance of

t hsherri nc: fr om r::etamor phos i s t o c:a turi t y • . ne s t irc"teof

su r viva l du ri nsth i s pori od sh ould gi ye a e;oodi ndicationof

the pJOb ab l erecruit rce ntof a ys a r -clessi nto th efishery

a t nu t.ur-i t y , Thi s ro le of prediction of t he f ishab le stocks

1s U~ i r portant one in f i sr..e r-Le s n ana ger.en t , and a s suet ,

r orc s t he pric.a r y ob je c t i Ye of th i s Lnv e s t I g e t i.on ,

! 'ore s pec i fically t he aims of th i s inves ti gat ion

1. To esti r..at"the a bundanceof a newyearcla s s an dits



c ontr i bu t i on to t he pop u lation as a who l e .

i nte r vals du ring the pe r i od un de r study.

2 . To investi c ate th e dispe r sa l and mixing of th e schools .

3. To f ollow t h e mi g ra t i oI's of th e ,Juve n i le s .

4. To s t u dy the rate of gr owt h of youn he r ring and eom-

pa re t h is factor from year to ye ar a nd f rom

l a t i on f or po s si b l e control ling f actors .

5. To stud, the de ve l opme nt of s ca l e pa t t e r n s .

','Ii t h these obj ectives in mi nd a pr-og r-amme Lnvo Lvi ng

a I.:i nimum of three year s of investi gatl on was set up . Fo r

th e flrstye a r , t.e ch n j qu e s andrre t hod sVler e to be evo lved

an d t ested i n a l oca li t y c lo s e t o the Paci fi c Bio lo gica l

s tati on ( L e. De pa r t ur e Bay ) . Usinf, t his i nformat io n an in -

ve s ti r,a t ion wou l d be l a un c he d on the we s t co as t of Vancou ve r

I sland in the fo llo'f/inf,year . Thi s s tudy wou l d be c ont inued

a s l ongas it 'Nasrequired an d ',vou ldfo rm nninte gr a l purt of

t he lif e history studi es now beins carri ed out there i n co n -

ne ction wi t h t he " '/les t c oa s t e xpe r-i r-e n t " (Te s t e r a nd stevan-

son , 1947 ) . The pu r pose of th e we s t co ast ex periment i s t o

fo l lo '.'l the ch an ces which take pla ce in a he rring population

sub j e c t ed to pr-a c t.Lca Ll v unlimite d e xp l oitati on by the fishc ry

i n c or-pa r Lso n wi t h popu lat io ns wnos e e xp l o i t a t i on is lin:i t e d

by annua l quotas . One of t he chief a s pe c t s of t h l s investi ­

e a t l on i sa s t udy of t he caus es of ne t ura l f l uc t ua t i on s i n

abu nda nc e of her ring , a nd t he life hi s tory s tudies fo r m one

of t he r::os t ir::po rtant par t s of this resea rch . I nde e d i t



wou l d s e er; that a s t u dy of th c sta ge i n the life hi s t or y

i = e di a t ely pre ce ding r e crui t J:;"r:t ·.lou l d oi ve the bast ad -

va nc e i ndica ti on of t he ano un t of na t u r-a l f luc tuat ion a nd

pos s ibly some of i t s r.aj o r cau s e s .

I' r i or t o t h e pr e s e n t i n va s t i ga t i on , t hc on l y s t u di e s

onthis pha sooft r.e l ife hi s t or yof t heI'acific he r rine on

r-e co r-d we r-e ca r r i e d ou t in De par tur e Eay f rorr 1938 t o 1940 (l.:c -

Hugh , 1940 ) . Ver i o us unpu b Lt vl.ad r-o po r t s " i ve a n out li ne o f

r.is wor k on j uve n i le s d ur1n e th i s e r t od , Thi s t nve st. t s-at.t on

i nvolve d s e ve r a l ha ae s of the j uv eni le IOrk , b u t l a i d empha s i s

on ver t e br al s t udi e s . The s e l a t ter sho .le d :

1. Si g nifica nt d i f fe rences be t vre en yo un , he r r i n g r r on d i f fe r e n t

bay s a nd i n le t s ( i. e . d is t i n c t po pu l a t i ons ) ex i s t

s i mila r t o t ho s e found f or a du l t f i sh a nd a r e po s -

s i bly u li t t l e mor e discre et .

2. Si e nificant d i f fe re n ces ex ist be t we e n young fi sh a nd ad u lt

fi shcaptur edc or.n3 r c i ally i n t he s affie ge ne r alloc a ­

lity and t he s ame ye a r , Thi s wou l d be ex pe cte d s inc e

t he y ·;;e n t t hro ugh th e criti ca lfornati ve pe r i od a t

differe nt t ime s and there fo r e un der d iffe re nt c on di -

3 . The pr oporti on of abno rme L ve r-t.e br-o wu s co ns id e rab ly h i g he r

in t he you ng f i shthun i n the ud u l t s . Thi s o.l s o i s

to b e ex pe c t e d s ince t he UbJlO:'O'ul f ish a re pr e s umab Ly

Le s a we l l adapt ed a nd wou l d t hus s urvive i n s me ller

pr opor t i o ns th an t he no - mal fish .

4 . Lar-ge r- f i sh in a sa r'n l e t e nd t o ha ve hi "her vertebrul counts .



5 . Thecausative a gentinthe t y e s of abnor rraliti clsliste d

s ee ms t o b e d i f f e re n t ia l g r-owt.n ,

b . The re i s a s i g nif i can t diffe r ence i n t he numbe r of ab normeL

ve r te bra i n d i ffe ~'ent r e e;i ons ( e . g . De pa rtur e Bay

and llanoos e Bay ) . Thi s pr e sumab Ly is t he . re su lt of

the d i f fe rent ial to l l of envi r onme n ta l re s i s tance a c -

t ing z ore stron~ly on the l e ss we l l adapted fi sh.

7. Thr a e se parate pop u I a t .Lons of j uven i le s -ser e f oun d in De­

partu:-e Bay .

I n one of his fi na l repo rts, I.:cHugh s ta te s t ha t t he vertebra l

studi es l'ler etoo ti o:e-c ons umi ng t o r;ake furtherin ves tig ation

a dv i sab le at tha t s t a ge .

Ot h ar s tudie s we r e a l s o carri ed ou t . Stomach co nten t s

of a du l t s pr i n a nd coho s almon, fin ge rling coho a nd chum s a l -

rnon , a nd yo ung a nd ad u l t lin g-c od s howe d the se f is h to b e pr e ­

da t or s on j u ve ni l e he r r i nc . St ud i es of t he me t hod s of a ampLi ng

using di p ne t ( su rfac e) , be ach-seine (i n s hore ), a nd dynam i te

(of f s hor e ) s ho'.'le d thatsrraller fi sh fo r m t heuppe r a ndins hor e

po s i tions of a s choo L wh i Le l a r c e r f i sh fo rm th e deeper l a yers .

A sieJ1i fic un t d i f f e r e n ce wus fo und i n t he s i ze of s pe c I me r s

from the s ame p La ce and c a pture d by different ne thod s , a nd

thus s ampLe s taken by d iffe re nt method s were not con s i dc r ed

co mpa r-ub Le , By co mpari ng t he s ize a nd ro wth of fi s h i n s ample s

e xamined , KcHugh was ab l e t o dist i nguish the pro geny of ea r l y

and l a t e r paw nt ng s i n Depa r t u re Bay . He a l s o s hove d t hat the

to t al si ze a t tained in t he f ir st ye ar' t e nde d t o be a bou t the

s ume f or bo t h populations.
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Some taE.:;ing e xpe r i c en t s He r e c arrie d out by l:c :.u gh

us i ng severa l d i f fe re n t t ypes of t a gs . From the e xp eriments,

it was conc luded t hat s maLl, , f la t, bo dy -c av ity t ags, 13 x 3 x

1/ 2 n:n: . , we re t he mos t satisfac tory t y pe of those t ried. Ta g -

g i ng r.:ortalit:· on 70 =. f ish he l d i n tanks was fo un d to be

58~ - 75'/., a nd rca gne t recov er ,' a t t he Noo t.ka p lan t of t en

t e st tags of t h i s t ype was 90~.

REC31iT OP3lUi.TI ONS PRIOR TO 1 950

I n 194E a nd 1949 , sc ou ting for schools of ju ve ni l e

he rri ng wa s c urried out on th e we s t coa s t du r i ng the r.:ont h s

of l:ay an d J un e a t the c on c l us i on of t he l a r val studies. This

work was pr e limina ry t o th e pre se n t stU dy a nd su bsi di ary to

the l arva investi r;a tion , an d wa s ca rried out by various member s

of th e he r r in£; staff . Thr e e sc hoo ls we re si ghte d in 194 8 , t wo

near Nu chuti li tz villa ge i n Eape r a nz a I n l e t O,'ay 31 a nd J un e

10 ), and one near Uni on I sl a nd , Kyuq uo t Soun d (J un e 10). No

schoo l s we r-e s i gh t e d i n 1949 but th at ye ar the seine boat u sed

for the su rvey ha d t o be l a i d of f ne a r the be ginning of J une ,

whe n t he juveni les we re pr o bab ly ,iu s t b eg i nni ng to school u p .

I n t he Departure Ba:' v i c ini t:; , observations of s chools duri ng

the surrme r of 194 9 we re r ec or de d. J u ven ile herring we r e f oun d

t o be a bunda n t f ro m mid - June t o la t e in Au gust .

TIE 1950 JUTImr:::ERRING I NV3STI GATI ON

Oneof t hemai n purposes ofthe1950pro gram: e ·.vas

to tryout vari ous r.:et hods and gear wi th the ob ject of esta -

b l is:. i ng a pro ced ure f or a more intensive study i n tho future.

To tl1i s end , t h e f ol l ovilng obje cti ve s we re se t u p .

1. TO l oc ate th e he r r-i n g 1it a ll sta ges f ror ea r lyrre tan:o rpho s i s
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2 . To de vi s e met h od s of cu pt ur f ng the herring a t a l l of these

sta ge s .

3 . To t ak e sa mpLc s a t r eg u Lar inter va l s fo r t he pu r po se of

s t .ud y i ng gr o\ /t h a nd r,en er u l d i s t r i bu t i on .

4 . To carry out a rar-k inr (fi n cli ppi ng )prog:-amn:e to fo llow

the d i spe r s a l a ndmixi neofthe schools a nd t o ob tai n

a r o u h i nde x o f co pu I a t t on a bunda nce .

5. To t a g ,i u ven l l e he r-r f ng ',,1th sma l l bo dy-cavity tags (1 3 x

3x l /2Jrll1 . ) .

The s e ob j e ctive s met "li t h va !'ying d e gr e e s of succe ss

a nd wi ll be d b cussed separate l y.

Ju ve r.ile He r r i nG Su rvey on the ,le s t Coa st of Vallco u ve r

I sla nd

As i n 194 8 and 1949 effor t s » et:e made i n 1950 t o loca te

a nd captur e juveni le he r-r Lng on the we s t co a st of Vanc ouv er I s ­

l an d . Thi s study was ca r r i ed out in c on j u nc t i on wi t h , a nd a s 0.

con t i nuu ti onof th e l a r va l he r r i nG s t ud i e s . Th e s ur vey wa s

c a r r i e d out f r on: a se i ne bo e t( F i gur e 1.) opera t i ng t hr ou ghou t

t he wes t co a st of the is l e nd a nd f rom a f ie l d s t ation a t Toquar t

Eay inBarl: le y Sound (F igure 2 . ) . The met hods e c p loyed a r e

discussed separate l y be lo w.

Dus k a nd Da wn Ob s e r va t i o ns for Su rface Schoo l s

Eerring sh ow a ten dency to ap pe ar near the surface a t

dusk a nd dawn, Vir-en th eir flip ping a nd f l as hing c ay be r e adi ly

ob serve d . Scoutin for thi s pur pon e li a s n:ai n l: ' ca rri ed o ut

f r on: a n ei£ hteen-foot sc ou t bo a t (Fi"Ure 3. ); obs e rv atlons were

a lso lCbde r r-om t he de ck of the seine r and from th e shor e ne ar

t he :' io l d s tat ion a t Toqu art Buo' (Figure 4. ). Between ~:ay 17
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a nd Ju ne II , t ',le ntv- t wo s e t.s of dawn a nd dus k observation s we r e

are re co rdedir: Tab les lan:l l lrespil ctive ly . lioschoolsof

j u veni les ,teresi shted durin r, t his period, althou!3:hseve ra l

large sc h ools of adults we r efour:d . :,o ',leve::- , it is no t cons i ­

de red pr ob ab Le t ha t the juv;,,,i les ;Lid schooled up be rcr e j t

be can.e ne c e a aar v to c on c l ude t he les t coast operations.

At traction of Youn " HerrinI'; t o a Li sht

Her ::-in s are kno wn to b e s ocewh at pho t ot r o pi c and a t -

t e rrp t s s e r e therefore made t o a t t ra c t the ju veni l es to lights

se toutoverthe \rdte r at ni cht . "lhe ne ve rt he s e i ne b oa t',va s

ancr,ored at ni ght, a 200 ',m t t lic h t ','IU S hun g ove r the s i de abo u t

tw o feet above t he ':lUt <3 r s ur f a ce e nd an mve s t.t gat or- stood rea dy

',,'i t hn dil' ne t t o sc oop out any fish that ,;e re a ttracted t o it

( Fi c:u r e 5. ) . At the fi e l d sta ti on two 20 0-wat t Lamps were

p la ced on buoys at e a c h end of a 40 0-foot waterproof e lec t r ic

c able (F i g ur e b,). I n vest i f,nt or s s t ood b v wit t di p n" t s a t

e ac h La r .p , one in a d i ng hy ( Fi r ur c 7. ) a nd one l n a n e igh t ee n ­

f oot sc out b oa t ( Fi ~re 8 .. ). The pove r for these li e:h t,s was

provided bv a r.,otor generatorrounted on the dec k of t he sco ut

boa t . The moblli t: ' ofthi sequi pr:en t na lec ontinuou s ni gh t

ob s erva t i on s po s s i ble a t a nyr" a s ona b l :' s helt a r edlocat i on near

t.he f i eld station. .~s a n a Lt e rn e t.i v s to t he e l e c t r i c light ,

ga s l amp s .ver-e u sed fror: both t he sei ne boa t a nd the fi ~ ld

s t a t i on . " n i nv e s t i ga t or't e ndedthelar p fr or., a d i nghy and

s t ood by wi t h a di net (Fi g ur e 9. ) . c ood we a t he r a nd a ca lm

seapr o'l edto benecessar v pr ere quisite sforthis',';ork .

The f i r s t youn"herrinr; c aug h t. by t hi s n:ethod vzer e

t a ke n about 35 0 f ee t offsh ore f::-or:thefi e l d stati on (c ab i n
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Po i nt) on J un e 2 , ten days bo ro re t h e we s t co ast operations were

co nclu ded. The resu lt s of these niE.htvigi l s a re t.a bu Le t e d i n

Ta ble III (s e i ne bou t r;roup ) a nd Tab l e I V ( fi eld stati on g r o up ) .

Sllmpl es taken by t his means a re s ummar i zed i n t he fo l lo win g

I<o . o f
You ng

Her r i ng

J une 2
J un e 3
J une 6
,Tune 7
June 8
June 8

~~: 16
J un e 11
J un e 11

Cubi n P t . , Toqu ar t Bay 15

g:~ i~ ~~ :: ~~~~:~~ ~:~ 4 ~
c a bi n Pt., Toqua r t Ba y 6
St o ppe r I slan d s 2
c a b i n Pt. , Toqu a r t Ea y 1
c ab i r. Pt. , Toqua r t Ba y 25
Bet.:een St opP3 r Is landsand

Cab i n Pt .
Ca b i n Pt ., Toquart Bay
Betwe enStopP3r Is l a nd s

and Ca bin Pt. 2
TOT

moonligh t
c l oud y
c l ou dy
r a in
c l ou dy

~~~~~r h t

cle ar, no I:"oo n
fo f':, li r,htra i n

fo g , l1 gl1t ra i n

Al l of t he s e he r ri ng were j n the r oc es s of metar.:orpho s i s and

Vle re takenfror., the Toq uar tllay regionofEark ley So und . » t -

tra c t i on t o an e lectric lie ht .IUS tri e d t we n t.y - n f ne t i rre s f r om

t h e sei ne bout and ten tir.:es a t th~ fie ld s t.a t i on , The gr. s

l amp s we re u s e d s ix t imes f rom the seine boa t a nd t wic e a t the

fi e l d s ta tion but fai led t o a t t ruct unyherring . The li ght

fr an' the s e l ar.'p s d i d no t penetrate to t he sam e e x ten t a s t hat

fr om the e le ctri c li ~ it s and cou ld no t be d i re c t ed str a i gh t

down t nt o the wate r . Tr.i s may ac co un t fo r t hei r f a i l ure to

a t t rac t the he rring .

Mo s t of t hos e met.ac.orp ho a l ng he r r ing were capt ur e d be-

t we en 23 00 and 0 230 h our s and on cloud y n ig h t s . On these oc-

ca s l on s the Lan p s vsere p lace d dire c tly above ee l -g ras s bed s ,



a nd wi thin 200 ya rds of f s hor e . Their li gh t pe netr a t e d the

',la t e r t o a dep th of two to thre e t' a t.noms , ./hen the he r-r i n g

ap pe a red t he y seemed to be swt mming aga i n s t a mod e r-a t e cur ren t .

They c arr.esi ncly i nt o t heli ' h t r a n 'e a t a de r t h o f one - ha lf

f a t holL s nd ,e r e qu i c kl)' pursuedu to the s urfa ce by t he s choo l

of pe rch "hich "as a lways l u r l: i n be ne a t.h , Since the:' a ppe a r e d

singl ;' a lld spo rad ica l ly t he he rri ng co u ld not have been s c hoo le d

u p at ttis s t e r;e .

i, l l the youngherrinr:, ta ken in t his part of the i n ­

ve s t i ga t f on -"e ,-e l e s s t hun 30 r..J:. l one and undergoing metem or -

ph o s l s , The y were still J:lor e or l asstra ns pa re n t tin d had a

slight r e dd i sht i n t an t e r ove n t r ally . The body -.lUs j u st begin-

n i ng t o de e pe n and the pigmentation sta r t i n g t o t a ke f or m.

Afte r metemorphos is Has con:p l ete and the juve ni le

he r r i ng hud s chooledup , thra J s ampl e s '" a " o t ak en b y di pnet

i nthe d a yt i r efrorc ot her ',lu s t c oustreGio ns . The sesarr.p le s

a r e r e c or de d i n Ta b l e V . J t t h at t i me, t he j uve ni le he r r i ng

were reported t o be a va i La b Le i n Lar-ge qua nt i t i e s .

J u ve nile Herrin g I nve s tie a t i on i n De partur e Bay

Dur i ng 1950 efforts we re rade to l oca t e, ca p t u r e ,

mark , tagands ar.")lethe,juven i leherring inDepe r t ureBay .

Th i s inve st i f,a tion ..ra s be u n on June 20 , a f te r r.etarro rpho s i s

and s choo l i ng had t a ke n p la ce . The last aari p Le wa s t a ken on

Oct ober I f . The work fal ls ro ugh Ly i n t o f ive ca t e gorie s ea ch

of whi c h wi ll be d iscussed ind i vidua lly .

Loca t i on and c apture

The l oc u t i on an d c apture of the ju ven i le he r r inG\idr e

t he prin:uryprob ler:of t his Lnve s t Lga td on , Schoo l s were l oca t e d



by attra c t i on to a 200 \latt li ght o r h)' sc outing in a sixteen

foot inboard pcwe r boa t . Of t en schoo ls of j u ven i l e s were l oc a -

t e d, but rre t.~ od s of c ant.ur-c r b s n in U53 r vo ve d f ne r re c t t ve , I n

s uc h ev e ntua liti e s :lo ·.l r e t ' oAs ·va r etr i ed out, and i n this

men ne r, seve ral d i ffer~nt r. e t a o.' sox' c ombi na t i on s of met hod s

wer e emp Io ye d , a l l ;'Iith var -yi n« de r-e e s of s u c ce s s . The method s

u se d , t i me i nt er va l ove r ';Ihi ch t hJY s s re e f f e c t i ve , a nd t ~,s i r

r e su Lt s ( numb e r c f sarcpl=st'k3n unl nurr.be r o f fi sh i nv o lved )

Ti I"e I n t e r va1 3f - No. of No . of
fective Samp les Jm 'en iles

June 20 -July17 17 3 , 758

BeachStlilling Ju ly 13-Ju l y 28 469

Dr a r, sei ni n g - du sk July 25 -0ct. 18 16 3,442
- da y t i me 8 1 , 369

He r-r l ng r-ake Se pt 18 - Se pt 20

Sept 20 -Sept 21 25

Se pt 26 -Sept30 208

Dyna mite Oct. 26

Hauls 'I ith a conical p lankton ne t ( b o lt i ng s i lk - 29

meshe s t o th e i nc h ) hav e been su c ce s s f u l i n obtai ning l a r va e

u p t o a bout th e beeinnin" of June on the we s t co ast, but since

the Departure Ba)' i nvesti p'ation was no t be gun until one month

a f te r t his method ge ne r a Lf.y c e a s es t o be e ffe c t i ve i t was no t

us e d i n th i s s t udy , Thu s, no r-e t amor r-ho s i ng herring rere

cau ght by this rreari s in 1950, a Lt h ough 90F.Ie ha d b ee n t a ken on

th e .re s t c oast i n pr e vious years . " ttraction t o a 200 wat t



e lectric liFht a nd ca pture ':Ii th a dip ne t was effective fo r

the ear l :' ju vcni b s t age s (mi d-Jund to d:! - J u ly ) . It :..150

yi e l ded s orre r e s u lt s du r i n> t.he r e t a r.c- phosi nr; pe r i od a l t hou ,h

t h" ca t cl.pe runiteffo r t':lasquite lo''1 . Day Lt e.h t bea ch sein­

ing (i.e.pulli nr th " s e i ne on t o u be ac h so t hu t thefish are

cut off fr on: e a cap i rr- t' r or tl.e ba y b)' the cor', line on t h e s ur ­

face und t he Lea d l i ne d-ac'in~ on t h e bo t t or.) a t l ow t id e

pro vided t ',IO cooc sar-les bu t in ros t sets no ju veni le he r r i ng

vte t:» t ake n . I t wou Ld s e er' ~hat t h e r-e r i ou co ve red by tr.Ls rr.e t hod

wou ld pr ob ab L j be rror e sa t isfac tor i 1:,- aampLe d by dra g se Lnl ng

(i.e . u s i ng a bea ch seine i n d e ep s r waters where the lead line

is we l l ab ove b o t tom und t he r i s.n a re secured in" b ay by

hau Li ng t h e l e a d l i ne i nt o Q bou t or onto " roc k ) a t t wili ght

whe n t he f ie h are on the su rface. The l at t e r r::e t hod pro ved very

e ffecti ve f r om mid -July to t ne b e cinn i1l8 of Se pterr.ber. Af t e r

that tir:e th e ,juve n i l es b e carre rru ch swifter a nd r-or e active,

an d con ae quen t l:' the i r lo c8 ti onandcu pt ure pr e s e n te d con ai de r " b l e

diff i culty. The su ccess fu l use of t he drag sei ne be ca r.c l arge l y

de pen de nt onthe ':mat her :..nd thes tE:te of tr.e t ide a t du sk ;

IIr.fjn t h e s e c o nd I t i on s ',IB'!'e u d v e r-s e i t :18 S ne ce s sa r y t o ad o pt

o t her n.e t hod a , ,,-ur se s ei ne (whe r e i n the f ish a r e tra ppe d by

c Lo s t n> off the b o t torc li k e 'he rout hof a pu r s e ) of on a -inch

rr.esh',la sus edsucces s f ull:' onc e, bu tth 3sr:alle r fi sh esc epe d

too e esi l'th r ou ghthe r e sh, ' husl ntroducinc acertai naOloun t

ofse lectivity a o "lell asloo si n ,; a l a r ge por t i on of the c a tc h.

I n ad d i t i on, the t arred ,Ieb us ad .ra s ve r-y r-ough on thos e fi s h

cau ght . s oco sr:u l l SUCCilSS ',ILlS a ch ie ved with a he r r i ng r ake.

(An elonga t e f l atte ne d ,)0 1" , ab ou t 2 i n. x 1/2 in . x 15 f t.



wi th nai ls p r-ot.rud i rv- r r or the end on one of the narr ow sides .

':/hen th's pole is swept t nro ur-h a school of sma ll fish s orce

a re usual lv cau'·htontr.enails) •.,1so,anatte1'pt,vasrrade

to attrac t t he juveni les to a 200 watt light , set out on a bu oy

a t night; thosefishattruct3d.rarecdpturedinanursclsdine

set " round the buoy.

I t .lo u l " t h u s s e e1'. t ha t t he n ti n ne e d f o r t h i s parti-

cu lar&spectoftheinvJsti ·&tionistofindanaequatelte thod

o f locat in and ca pt ur i nr he r r i nf' d ur i n " t he periodofme tarror ­

pho sis and during the ear ly fall.

A mark i rig p ro j.r-er.r-e was carried out on the .iuven i le

he r ring i n the Departure Bay vicinity principa lly to tes t i ts

f e a s ib i li t Y and to de t ern:i ne a ppI' oxi rate Lv h0 'a extens i ve su ch

a programme wou Id have to be to ensure adequate r e s ul ts. I t

was a lso r-Lanne d to de t e r-raine a r-ougn inde x of po pu Ia td on a bun-

dan ce and to f'o LLow t o some extent the d ispe r sa l and mix i ng of

schoo ls. I n co njunc t i on 'lith t"is project, expe riments re r e

Af ter a r-andorr sarnp Le h ad been pr e se r-ve d fron: e uc h

catch taken , the r-er.a i nd e r- of the nsh were put into" "b ox-

t ype" li ve-pe n t o b e 1'a r ked a nd r e l J a s e c a r;a i n . Thi s live-pen

consisted of four cn ar-be r s abou t two feet cub e with sc r-ee u f.ng

downcitheJr side,"nd las attached to the out side f loa t at the

Bio lo[lical Sta tio n wharf. Fish taken at so zie d istance fron; the

floa t "e re t rensp or t e d t he re in a r-owboa t; wi th a se r ie s of sli t s,

one -halfincht··t.loinches, cut in the bo t.t.om, Thi s " boa t -

t~'pe" Iive - pe n pr ove d t 0 be e r e Lot i ve Ly e f fi c i e n t ne an s of

movi ng the fish and in a ll cases r -or-t a l i t.y was quite l ow.
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• live-pe n s cre s f.c l n i n Fi r-ur " 10 Wh e r. t h" b oo t -ty pelive-pen

was t i e d ur- u t 00' , q . j uv ..ar.Ll. .... s i:l it s u; vived b e t t. e r

s ub j e c t to t he «t t ac..s Lf b i r c s , ,.. IS I ....tt r difficu lty ,Id S

JXb •. t b: t t clio - oor to the top o f

a ne t ; ou t .;v a t h ~ ne t IE S t su "fi cien to nr o v i de co r.r-Le t e

protection fro! tt~ a t.t. ....C:..i c,f uLls ,

ne t (Fi Ul'J 11)

cuar-t rr-s ful l 01' r-..... l t .1... 't c r' , Tr ~ ,I t ..;l ./US c l; I. ad ubcut e ve r y

a ppr ox f nu t.e Lv at t.na t of t he b nv , Theharde idesof the b asin

wer e cc ve r-e d .'11t h re t t f nr' , j n or ~ sr +,0 P: e ven t t he he rr iJlf

fr om j n ~iuri n tr the:- se Lv J S by hit ti n .. . i r st t he ha rd J na r.J 1 s ur -

sha llow be.s i n end ell 13d b cuttin off both ven tra I f i ns wi t h

a pa i r of c lippe rs (F i -llIa 13). ...ft.3r t.h e first l ot of fish

;/U S r e L e e sed , ~very su ccessi ve eli nine IRS .....l s o an e xaz.t r- a t. L o n

fo r rrevious lyrarked fi sh. "n",stir teoftheror ta li ty ca u s a d

b y the cLrkin, o pe r-e t i on IuS obtained for e e ch s at o f f i sh by

k e e p i n ' or,e ou t o f ev a r ;- t a n r a r ::e d :uveni 1J sove r:l igh t i n t h e

bo x-ct.ype li -e-pe n (F i "llT e 14 ). Fo r avery za rkud fi s h ke p t , one

unrr.a rkerlcontro1/us1"utintotl:3ne;:tehar::be rofthe,en. The

pe r ce n t« _ rror-t a Li t.y of t1"3 e c tu c I ru.r k i n wa s t a'ce n tobe the

pe r'ce n t e' 0' t~ l:' t cf I J'i sr; c' r}.oj r.d l.e p t oV3ruicl1t r.Ln u s



t h e pe r ce nt a ge r:or t a li t ,' cf the co nt r o l s ke p t ove rnigh t .

I n t his man ne r , 11, 9l4 j u vcn i l e s ' le r e r:a r k e d , of

',tll i cl: i t i s e stir.nted 9 ,2 09 survived the mar-k i ng ( a pp r o x . 751-l.

Th i s e s t i r:ate i s for t h e o pera ti o n on l y . Holdi ng onto t he fi s h

duri ng t he o pe rat ion may b e r e s po nsible for some of t he mo r t .a-

lity. Also, d i f fere n t ial rcor t a Lt t.y r r om t he a c t i o n o f pr e da t or s

rJaybequ i t e l ar ge hn d t h e he r r i nt; po pu l a t i on ofDe pa r t ure Ba y

may ha ve be e n ch angin g b y illlr:li gr a t i on and emi gr at i on . In a n

e ffort t o r e duce ",a :-kingrrorta li t y an :J. to spe ed up t h e op era t i o n s ,

nume r ous t ria l r:a rki ns s we r e c a rr i ed c u t using the a nae s t h e t i c s

uretha n e a nd ch lorbuto l in va r i ou s c o nc e ntra t i on s , bu tmor t a li ty

wa s not s i gn ifi c a n t ly r e duc e d a nd the t i r e s a ved by t h e ea s e in

wor f: inr, with a na e s t het i zed f ish wa s l o s t i n prepar ing a nd a p-

p l yi nr;the an ae sthe ti c .

Mea nwh i l e , i g nor i ng the a bo ve f ac t ors , som e e s t i mat e

of t h e si ze ofa ju ve n i le h e r r ing pop u l a t ion may b e ob tai ne d

vzhdch c ou l d se r ve f or c ompari s on f r om yea r t o year . Schnabe l ' s

f or r:ua l f or e s t i r:a t i ng a po pu l a t i on fr or: r e cov e r i e s made wh i l e

rra r k l ng i s i n pr ogr-e as (Ri cke r , 19 48) s e e ms to be be s t s u :' t e d

t o t h e d a ta . Th e r e sult s of t his ca l cu l ati o n a re g i ve n in

Tab l e VI I , f r om v.t. i c h it may be seen that i f these f i gures wer e

truly r e pr es e n t ati ve , there wou ld b e be t we e n 1. 5 r:li l li on a n d 17

l!!i llion ju ven i le he rrLng i n De pa rture Bay . Howe ve r , such a n

a bsol utee s t irr.ate c ould s carcely be c o n si de r e d r eli a b l e s ince

t h e rr.or tal i ty of th e mar-ked fi s h was no t cons i d e red i n the s e

ca lcu l ati on s; a l s o i n:mi r a t i o n i nto t h e bay , e r:Jigr a t i on outof

t he ba y , a nd the pos s i b i l ity of incomp lete r:ixi ng within th e

b ay ha ve a l l b e e n i gn or e d i n t h es e cons i de r ati ons . I t i s howe ve r ,
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of va l ue a s an i ndex of the ponu la tionss ize .

The nwrb e r of r e c ove ri 0 s d u r i nc1950 \'la s i r.s ufficien t

t o g i ve anys if, n i fi can tda tu on the d i spe r sa l and rJi x i ngo f the

juve ni l e he rr in g i n De par t ur e Bay • .';'11 t he fi sll marked we r e

r ele a s e d a t t he Eiolo<:ica l 3tatio n ':lha r f a nd t h e r c ur r ec ov eri e s

we r e a l l rod " wi th ir: one - ha l f c i l e o f th e wna r r , There were

ho wev er , a t l e a s t t wo l a r ge sc hoo ls i n tt i s vici ni t y both of

\'Ih i ch c ont a i ne d roa r ke d fi sr. • A l a r Ee r a j ori t y oft he catches

wer-e rrade i n tr. i s r ee i 0 n an d c on s e que n t l ~ ' r e co ve r i e s cou ld no t

be expe cte d r r-om rr.ore d i s ta n t Loca Li t I e s , c onsi de rinc th e smal l

r:a rkinG proerar.m:J i s f e a s ible . Eo ' o'aV0r , i t wou Ld s eer:: th a t

ab out 10 0 , 00 0 j uven i l es wou ld ha ve t o be mar ke d in or de r t o ge t

ana de qu a t e nw.,b e r of rc co ve r ie s .

A t a gci ng pro g r arr.me was i nc luded i n t he ju veni l e s t ud i e s

inor de rto es tirr.a t e po pu la t i on s i ze a nd t o de t e rmi ne th e e x t e n t

o f t he ho rii n g tender.c y of t h e he r r l ng , The us e of i nt e rn a l

body -c av i t y t a g s wh i ch c ou l d be r ec ov ered f r or:the f i sh e r y ap ­

pe a rs to b e the on ly meth o d of a s ce r ta in ing t o ','Iha t e x te n t

the pop u Le.t don s of a du l t he rring '..t: i ch tend t o r eturn t o mor e

or l e s s d i s c r eet sp awni ng e r o und s are a c t.u u Ll.y the fi s h whi ch

hatc hed i n that arti cu lar l oc a li t: ' . l:o r' ,'o'cgian ':lorke r s (Ra s -

rru a se n , 1950 ) ha ve s!1 0\ 1I'. t ha t t he schoo Li rig of the At.Lan t i c

he r ri n o; i s a t e r "'or ary nr.e nor e non .li th t he s choo ls disper si ng

a f te r a .:lli l e and tno ~i sh La t.e r fonmi nc i n t o new c roups whi ch

r.ay be qu ite d i f f e re n t f rorJthe r reviousoro s . I f su ch a
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On t he other ha nd , t he c on t inued sur viva l of the l ar ger fish

t agge d wou l d s ee m t o i nd i cate t hat i f th e j u ve ni l es we re still

avai lab l~ i n quan t ity by the t ire t he y ha ve r eached a l e ngt h

of about 90 C'.ID., a f u l l sc a l e t aCGi ng pr ogr a=e v,Qu ldbe i n

Dur-i ng t he 1950- 51 fi s h in g season , f ou r set s of te s t -

t ags were pu t t.hr-ough t he r ed uct i on p l an t s at Stev eston , B. C.

t o de t er mine the eff i c iency of de te c to r a nd magne t r e cover y of

th is type of t ag. The r e s ult 3 0 f t he de t e c t or li s t s aretabu-

Detector Rec overi e s of Juve nile Tes t Tags

No . Rec ove ri es
Used Number Percentage

Nov 29/50

Nov 29/5 0

I mpe r i al

I mpe r i al

.. De t e c t or s e nsi t ivity tuned up be yond pr a c t i ca l

• ope r-a t Lng l e veL

The r e sult s of the f i r otde t e c t or r e cove ry te s t ca nno t

be i nc luded inany con side rat io n of de tectoreff ici e nc :;at re cov ­

en' of juvenile t a s si nce t he de tec to r s se ns iti vity was tuned u p

we ll be yond it s pract i ca l ope r a t Lng l e 'l'e1. The r ec ove r y of 81.

observed on .;ovembe r 2E ca nnot be cons ider e d t r ulyrepre se n t a tive

s i nce i t is based on t he r e cov e r y of only one t a g. Howeve r ,

i t d w s s eer- li l:el" tha t de te c to r r eco ve ry of j u ven i le ta g s 'iii 11

be well be Low 101.. Dur i ne the 1949- 50 fi sh i n g s ea so n , de tec t or

r ec over y of the l a r g e r ad u lt tas s (1 9 x 4 ex 1.6 rem.) wa s a ppr ox i ­

ma tely 701. (Ste ve ns on and Lani e an , 1951). Thus t he de te c t or
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r e cove r y of juvenile t ag s co uld only be a bou t one tenth tha t of

adult t ags a nd wi l l thus be of l itt l e value a t t he sc a le of pr o -

gr-ar.me p l anned .

The r.at n data on popu lation si ze and mig rati on wi l l

th erefore have to c or;e fr om magne t r ec overies. The r esults of

four t ests of r::agne t e f f i c1ency a t the re cove ry of j u ve ni l e t a gs

a re tabu latedce lo·:I.

t' a gnetRecoveri 3 s of J u ve nileTestTa gs

No , Ti r:;e Laps e in Rec ov e r i e s
Us ed . Da ys Tot a l 1-

2 3 4 5

lIov 29/50
Dec 6/ 50
J an 12/ 51
Fe b 5/5 1

I n:pe r i a l 20
I mperial 20 5
GulfofGeorr;la20 3
Gulf of GeoIgJa 85 72

2
21

13 65
13 65

7 35
76 .JtL

Ave rucepe r ce nt L.ge
63'/.

The magne t a t t he I mpe r i al plant r e covere d 65'/. of t he

t e s t t ag s passing over it whi le that a t th e Gulf of Geor gia

plantrecove red61'/.ofitstestta cs. Thus an ove ra l l r ecove ry

of abou t 63'/. ma y be expe cted from these a nd compar ab Le plan t s .

A r-e cover-y of 901- wa s f ou nd by l ~cHugh i n 1940 for a sild La r t e st

a t t he Hootka plant , b u t t hi s e s tima te cannot be considered i n ­

dicetive si nce i t i nv ol ved onl y t e n tags .

Thus t he chanc es of r ec overy of j uv e ni l e t ags b y plant

magne t s a re nea r ly2 01- 1o·,lCr t han for the adu l t t ags. I n addi tion ,

t aggi n mor ta l ity and na tu ra l r:ortality be twe en t he time of tag­

ginr.;andthe t ilCe fo rre cove ryarebound tobe conside ra b ly

greate r fo r th e ,iuv en i les . I t '.lOul d t here f or e benec e ss a r yto

cou nt er act tilis higher r.:or tali t :: by t a in g l ar ger numbers of
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The maI n pu rpo se of the aamp Li ng pr-ogr-amme wa s t o study

t he g r owth a nd de ve lopmen t of the herring be twe e n t,r.e s t a ge of

metamo rphos i s and I,h en t he y migrate offshore a t t he end of the i r

firs t s ummer , Ten samp Le e o f he r rin/ll.: the ea r ly stage s of

ce t aaor ph oa i s a nd t wo aar pLes of f u l ly rcet.a mor-pnose d j uve ni l e s

we:- e taken i n Bark Le y Sound dur -n -; t h i s study . Fifty s amp l e s of

ju veni le herring, f rom l a t e rrea t .mor phosLa o nwar d , were o b t a i ne d

i n Departure Bay . Two aar.p Ie s wer e a l s o t a ke n i n the Kyuq uo t

area bu t were ex c luded r r on t he s e cons idera t ions be ca u s e of thei r

r-emo t e ne sa Yr-om vt. he l oc a li t y of the re s t of the study .

Th e age-length a nd aile -wei gh t re la t ionshi p s f or th e '

s amjL e s f rom Depar t u r e Ba y are sh own in Fi gu r e 1 5. ,'"ge i s e x­

pressedinterIr.s ofti Ir.eofc a ptur e . The t r end l i ne s ha ve b een

dr awn in ei t he r c a s e t o sh ow the pr ob ab l e a ve rage l en gth a nd

wei ght o f s pecime ns a t a ny t l rre durin" t he inte rva l aamp I e d , The

age -we i gh t r ela ti on s hi p sh ows the c u at onary c oncave - upwa rd s

cu r ve s howin g th at the r a t e ' of ab s o l ute incre a se i n wei gh t inc -

r e a s es wi th age . The cus t omery a ge - leneth r e l a t i onshi p of a co n­

c av e downwa rd s curve was not s hown b y th e da ta fron: t h i s s t udy .

Rathe r, a li ne a r r e la ti ons h i p was fo un d . Si nc e t he inter va l sam ­

pl e d during this invest igati on fo rms a c orr.pa r at i vely sma l l po r t i on

of tt.e li f e span ofthe Pa cifi che r ring , it s ee nsprob a b l e t h a t

t his line represents the initial slope of the u su al curve be f o r e

any a pp reci ab le l e ve l li ng - of f has occurred .

The length-Itei gh t re l ationshi rfor the De parture Bay

and =a r k l e y So und s ar-p Le s i s shown Loge r i t.hr ai ce l.Ly i n Fi g ure 16 .

The da ta seen: to c ompa r-e but fa l l into two separat e li ne a r t r e nds

of dif ferent s lope . The t wo l ines meet. a t e. po int r e pr es en ting
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a l e ng t h of 33 mm, a nd a weigh t of 3 . 0 ems . (It. i n t he fi gur e ) .

Th i s co rres pond s a pproxi mate 10' to the s t a ge of c on pIe t ion of me t ­

amor pho si s (F i Gur e 17 ) , when a ch an ge in t his re l ation sh ip rr,i gh t

be expecte d . The equa t I on s of t he se two li ne s " e r e de t.e rn. i ne d to

Seforethe c or:rletionof netnrror ploosi s
l OB ',1- 1. 170 51ogL-1. 31 45

Thu s , u r on t h e eor-r-Ie t fo n of me tnr:o r pho s i s t h e rate of

inc r ease in wei ght becomes grea t e r with re spect to the r a t e of

Lnc r ea se in l e ng t h (i . e . t he fi sh t e nd t o put on we i gh t mor-e

afte rrretarr.orphos inB). Thi s f act is evide nt f rom t he genera l

form of the s pe c Irr.en s above a nd be Lovr 32 rrm, in l e ng t h in Fi Gure

17 ~

The c on.pa r a t I ve dcve l opment of he rr i ng during met.umor-«

ph o s i s and the e a r l y j uve n i Le c t.ag e s is shown i n Fi gur es ' 17- 19.

The ma j cr s t age s in P.leten:orphosis a r e sn own i n Fi g ur e 17 . The

21 rrn . s pec i me n . i s t h e norma l pos t l ar va l f o r m. The bo dy i s l ong .

na rrow an d more or l e s s t r a n s pa r e nt : t he dorsa l pe ctora l a nd

c au da l fi ns are deve l opinsbu t the gut is s till att ec h e d t o t he

bo t t om of t he bod~' 'Na l l. Pi gmentation i s c onf ined to a fe w black

s pot s a r r a nge d n c r e or l sssrc ula rly d or salto t h e b\l t . tthi s

s t age the bo d:' b e gf n s to ce ape n - a n c thi ck en , a t th" sane tirre a s ­

aumi ng a wh i t i nh opa quene s s . The g ut b e ccre s en c l os ed i n the

body wal l an d t.he ve nt r a l and ana l f ns be Gin to be come e vi de n t .

Th i s sta G3 i s r e pr e s e n t e d by t he 25 rcm, fish in Fi b\lra 17 . As t he

body inc reases in de pth. the Gu tbeco rre s lCor e co rr,ple te lyenc l os ed

a nd. da rk pi grr.e nt a t i on s po t s be g i n t o appe ar in t he c auda l a nd

do r s a l r e g i ons (Figure 17 - t he 2b rrJIl. speci r-en ) . The P.louthde -

ve l op s r a pi d l y an d b y the t i ne t h e he r-r i ng i s about 32rrJIl . l ong

i t r e s e rrb l e s the adult f or rr. for the first t ime . p i grr.en t nt ion



the n procee ds r a pidly, a nd b y the 33=. s tagep.>e tamo rpho s i s

is mor e or l ess comple t e and t he he r ri ng embar-k upon a pe riod

ofrapid grolVth .

The g r owt h of t he juveni l es th ro ughout the summer

months i s sho wn gr ap h i ca lly in Fi gure 15, a nd i s illustrated by

th e se r ie s of :::;e c i r arls i n ~i ~ura If . Tte r apid i ncr e ase, bot h

" ~l':_ 5 (Jul :: ...\1 ·us t ) . 1 r e nm aoly this i n t.ne he i gh t

..;vi uo;.l"t. clu:-l ru.:: tr.is ~3ri 0 1 ot. hc r th en

c l' .~ U •3 n i 1 0 S '.; i tt~ i Il C r J r en t S 0 f 6 mm,

~ :: 0'. 1" i n !'i I"llre 19 . The 0 nl;,' note -

r v G-=ner~l i ll Y ~s t i r:;.tion <.;1 tL ~ j U'1;::rd LJ 3tt.. :;.:) 01' the:

l i1'o3 :~i stor:; of t :-. ~ r ,ic ific h .:r :-i D;: .rn s c arried ou t d u r d ng the

sur.ne r of 1950 in Ba r};e ly Soun d ( l.:a y - J u ne) and Depa rtu re Ba y

(J un e-Oc t ob er ) .

The ju ven i l es wer . located by a ttr ac t ing them t o a

lic h t a t ni ght orscout i nr, f o r t he r:i n an 18-foot s cout bo at.

A t o t al of se ven me t h od s of ca ptur e were er:p l oyed the mos t ef -

f e c tive of whi c h pr ov ed t o b e a t t rac t i on t o a ligh t a t nicht a nd

capture wi t.h a di p ne t ( rr.i d - J un e - !:li d - J u l y ) an d d rag seini ng

( ,"i d- J u l y- zri d - Oc t obe r ).



3 . A re rking progr-e r.me WB S carried ou t in Dep a r ture Bay

r r-om vn i c n , u s i n g Sc hn a bel' s f'o r reu La for es t i rra t I ng pop u l a t i on

f ro m reco veri e s ma de wh i le rrark i nr; i s i n pr o gr e s s , a pop u la t i on

e s tir_"t e\lesr.:ade . l ntr: i s proc r ar:r:e ,ove r e l e ven t tous" nd

juveni l es .zer e ma r-ked , of ',/!: i c h only f our .ve r-e recov ered . On

the b asis of thes e results a :::i n il::= popu la t i on e s t in:a t e fo r

De part u r e Ba r lia s se t a t 1. 5 n:i llion to 1 7 mi l li o n ju ve n ile s .

The r e co ver i e s we r-e too s c unt y t o p ro vi d e r e li a b l e da t a o n the

dispersal a n d mi xi nc; of th e young h e r r i ng .

Fi v e e xpa r-t rren t e l tagM ng s of j u veni l e he rring were

carri ed out uai ng s ma Ll, Lnt e r-na I t a gs . Fr om the re sults o f

t he se t ag g i n ' s i t wou l d appea r that exce s s i v e t aggl ng mort a lit y

o c c u r s i n f ish s na l Le r th an ab ou t 90 mm, i n l e n gth . Even f or

fi sh o f t h a t si ze mor ta lit y wou l d be r e Iut I ve Ly h i gh bu t not

prohi bitive .

Re c ov er y tests of t he sma L), i nte r na l tags show a re­

c ov ery ofle s s t hu nlO1.canb e e xpectedfroClthe elec tronic

d e t e c t or s a n d a r e c ov e r y of 60- 7 01. b y ma gnetsin t h e plant rneal

l(eta mor ph o s i s invo lves a pe r i od of 3 - 4 ', I~ e ks a n d be -

g i n s a ta l e ngth o f a b ou t 22= . a nd i s co Clple t e d ':lh e n t h e fish

is a ppr ox f rra t e Ly 3 3 mm, l on g .

7. The Le ng t h - vre i.gh t r elationshi p c ha n ge s at t h e coople t i on

o f me t arac r-pho r Ls , the r ate o f i ncre a se in leight be c oming COCl­

para tive ly g r e a t e r t h u n t hat fo r I e ng t h , Thu s wh en plot ted

l og e r i t hmically , t h e l e n gt h-':le i g ht r e l e t Lo nsh Ln s h ows t wo slope s

mee t t ng a t th e point o f c o mpl e tion o f me t arr o r-p no sf s ,



8. Over t he pe riod of t ime i nc l ude d in th is study the

aBe -we igh t re lationship i s conc a ve upwa rds but t he age - le ng t h

r e la t i ons h i p tends t o be li ne a r . Th i s li ne wou ld pro bab ly re -

pr e se n t. the init ial sl ope of t he usua l co ncave do wnwards t r end

for the aE;e- leneth re lat io nship if the who le life span of t he

Pac i f i c he r r ing we re c o n si dere d.

The a utt.or ~ /i s he s to tr. an): l"r. J . C . St ev e ns on and the

membe r-s of t he he rri nc s taff of t he Pa c i f i c Bi o l og i ca l Station

for thei r co - ope r ation a nd intere st i n t l: is proj e c t . Spe ci al

th a nk s go t o I.:r . D.N . Outram ',m o wo rked clo sely wi t h t h e au t hor

t .hr-c u gnou t th e en t i re pr-og r acme , Hi s ke en i nt erest and he lp ­

ful su gge at.Lori s we re a gr ea t a sse t to the wo r k .
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, Dawn and dusk obser vl1t io nsfor iuveIli l e herr i D.Bon t he we s t c oas t
Of Vanc ouver Island ,

(Sc 1ne bo" t g r oup )

May 26 da"1n llet t l e s ndPr1 deauxIs. 011 clear
llay30 dann Rel'uL eCove one i sol at e d f l ip s clear

- not he r r i ng
Head of Kendr ic k I nlet acr-e isol ated fl ip s

Kendri ck Arm
~~~t he r ri ne

cl oudy
Que en Cove 1 l llr c e sc hoo l (pes- ~~;~t and

dus k Uni on Isla nds
~~~lY adu lt he r r 1ng )

strone wind
dawn Unio n Isla nds ml ~~::~~inddus k Q.uat s i no Vi l lag e m I
dawn

~~~~:i ~~l~~~; ge
nil ra.in

dus k nil
~;~~dYdawn Uni on Islands nll

dus k Nuc hat litz nll ove r-ou st,
dawn Queen Cove rn I ove r ca s t
dus k Q.ue en Cove nll cl ear
dawn

~¥r~~~~:~:t
nil clear

du s k nil light r ai n
dawn

~~ih~:~so;.r~:n~~~~~s
light r ain

(poss1bly ad ulther-

dus k St opper I slunds ~~~) c le ar
dawn St oppe r Lal .anda f ewflips -nother - clear

r 1ng
ext en s i ve flipping

davin Nettls a nd Pri deaux Is .
pos si bl ehe r r 1ne

clear
June 10

fewfli ps not herr1ne
dus k St oppe r I sl ands fewf l i ps -probabl y ss l - c l ea r

June 11
dawn Islands nil cl ear
du s k Bay m I rain
dawn Bay nil rsin



f Lf pa obs e r ve d opp o s i te Magg i e ri ver
andopponit e Spi 11 i ng s i s ls ad - a dul t
her ri n--: schoo l s - s al mona l s ojump­
Lng ,

dawn St opper Islan ds ni l
dusk Toqu ar t Bay n11

lJay 3 l Geor e e'sIslan d f1i ps -t\lOsna ll sch oo lsof la r eehe r -
ri ng •

.Ea~~l:~~e s noe den :3 La r ge s choo ls obse r ved , l ar e he rr i ng .

du s k St opper LsLa nds
dawn Mayne Bay

n11
3 l ar ge sc hool s of ad ul t her r i ng seen

i'l1 pp i nc .
2 s cho ol s :. dult herr1ng



Attraction of luvenileherriW!toli$ts

on the 'fest (~:~~eo~o~~n~~~~:r I s la nd ,

Date
1950

Method of ~;'t tract ion Ti me No .
Caught

!day 19 Nuc hatlit z

!Lay 18 Bowden Bey
Me" IE Roae Paas ege
May 19 Chro w I s 1an d
May 19 For be s I s1 sn d
May 20 Hsnk i n I sIand
'ay 26 Toqua rt Sa y (Fi el d "

St at i on )
May 28 HonkinIs1and
:,:" y 28 Net tle I s l an d

showe rs
over-cas t

cl ea r
cl ea r
ligh t r ain

light r ain
light r ein
l1 r;Lt ra t n
lignt r a l n

;;~~~r:i n

2230-24000
013O-0 4000 over ce s t

(1 adul t ) '
2230-01150 moonlig ht

o moo nlight
2130-2300 0 moonl i ght
2330-24300 moo nlight
0 130-0330 0 moonl i ght
2130- 2315 0 moonlight

~~~:;:~~~ g :~~~~i::~
et .er-s

moonl i g ht

:~~~~lght

0945-1015
0200-0330
1000-12 45
0130-0430
2130-0030
2200-0100

2315-0030
2200-0015

gaslsmpfrOOldln,;hy 224 5-0 130

20~e7:;t b~;~ht from 2145-0330

Bas lXlpfromdi~hy 2215-2315

20~~~:~t;,~~bt .rron 2200-0330

0015-0345
gas lsmp from dinghy 00 4 5-0 315

20~s7~:\~~~ht from 2115-2300

gas lemp fromdiJlghy 2215-2300

20~e7n:tb~~bt from 2130-0215

ga sla'1lpfromdinghy 2300-02300 overca s t
(B8 1a r va e)

200wettl1ghtfrom 2130-0330 0 BhCMerB
dinghy

gas lamp from dinghy 2200-0300

2~e7::tb~~~ht from 2130-2245

June 1
June 1
June 2

Jun e 2 Union I s1 und
June 3 Quat sinoV111age

June 3 c,uatsinoVillage

Ju ne 4 Unt on Ts Len d
June 5 Nuchet li t z

Ju ne 5
Jun e 6
June 6
June 7

Jun e " M narl Ck Arm
Jun e 8 St opper Is landB

f.lay 29 /orbas IB1 sn d
!.lay 29 MayneIJa y
I'a y 30 Refu ge Cove
lla y 30 Houtla-Kou t1 a
May 30 Ref uge Cove
May 31 P1umpe r ilay

~~~e 3~ :~~:~ ~~t~m

Jun e 9 Nettle bla nd
June 10 Toqua rt Bay"'::ab in Pt . "
June 11 Toqua rt Dsy- Cabi n Pt . "

2130-0330
2130-0330
:ll3ll.-{l3:lO

c le ar
cle ar
r aln snd

fog



Attracti on Ol' lu venila her rinr;t o116hts
1n Bur kl eySQund .

(neld s tat ion group )

N'o. -.ieather
CAJ! Q'bt

LII.y 29 Toquartilay-C abin
point

2 Toquurt Bny-C l:1bin
point

June 2 S:1.mlde n Ls , - east
s i de

June :3 'r oquartl1ay- Cab1n
po int

4 Toqus rt lJuy- Cabi n
point

6 ToquurtBay-Cab in
po int

7 'f oqu ar tlJ8)'- Cab1n
point

b Toquart .Jay-.Jabin
point

June 9 'f oquartBay- Cab i n
point

JunelD Toquurt Bay- Gabi n
point

roquart ilay-Ca bin
point (nort h
side)

Ga s l ump l 'r o:n di nehy 2300 - 164 5 0 moonlight

20~C::~t b;;~'1L f ro m 2230 - 03 30 1 5 :m;~ght

Gas Lamp 1 rom dir.'hy 2130-034 5 0 moonLi gh t,
windy(fsst
current s )

2100- 04 00 43 clou dy

2100- 033 0 0 cloudy an d
win dy (fast
curren t s )

r at n und
fog



Da t e
1950

Pl ac e of Capt ur e ~:~~~~t ~~n No.
Caue:ht

Ju veni le her r in 6 sumples t aken in Depa r ture Ba y

Lf gh't a 2230 -0300 41
light s 2230 -0200 36 7
Ll g bt e 300
Ll.g ht s 22 30-0500 356
lig ht s 2230-0400416
light s 2230-03 15256
light s 22 15-0345 15 7
ligh ts 2215 - 0230 130
lig ht s 22 15-0100 232
li ght s 2215-0345 200
light s 22 15 -0200 189
lig hts 22 30-0300 17 6
light s 2300- 0415 2
light s 2300-0100 3

Method of Cspture No.
CauBht

Dr ag seine-dusk 1930- 21 30 447 dusk:
Beae hseine - dsyt i me 1500-1 600 242 ove rens t

Two
Two
Two
'i'wo
'1''110

Two
Two
'i'wo
Two
Two
Two
Two
'i'wo
Two

Ju ly 26
July 28

June 21 PBS dock:
J un s 22 PBS doc k:
June 23 PBS dock
June 25 PBS doc k:
June 26 PBS do ck:
June 27 PBS dock
June 28 PBS dock
J une 29 PJS doe k:
Ju l y 2 PBS dock:
JUly 3 PBS doc k:
Ju ly 4 PBS dock:
Ju l y 5 PBS dock:
JUl y 6 PBS doc k
July 7 PBS dock

Ju ly 17 Two 200wstt light s 1000- 00:50 1
Ju l y 24 Islard Beach s ei ne- daytime afternoon 1

Ju ly 10 Two 200 watt light a 22 15- 0500 133
Ju l y 13 Two 200 wa t t lig hts 223 0-0330 44
J ul y 14 Bay bs ech Bs a ehseine-dsyt ime 1030- 14 30 1



Tab le VI ( co nt ' d)

Juven11e her ri nssamplestakeninDeparture Bay

No.
Caught

Aug 1 Off Jesse Island
Aug 8 Off Jesse Island
Aug 10 Of l'JesseIslend
Aug 15 01'1' Jesse Islan d
Aug 16 We st ol' PBS doc k

Aug 1 6 Opposite Jesse Is .

::g:: ~ :::~~ :~
Dra;se l ne - dus k
Drag seine-dusk
Drac s e i ne-dusk

1930- 21 30 232 dusk
1930- 2100 231 dus k
1930- 2100 191 clear at dus k
1750-2130213 dusk
17 00 -2 030 150 c1e arnew

2030 -2 14560 c1a arnew

1900- 2015297 c1ea rnew

20 15- 2200 244 c1earnew

0900 -1100232 sunshl ne
183 0-2 030 260 -
2030 - 213036 -

Sep t 21 l!;~~~h::::~o~e i~_
l a nd and shore

Oct 12 Off PBS dock
Oct 18 Off Jesse Isl an d

Sept 20 OUl1hite l!arke r
Sep t 20 Ol'f lJlac kRock

Aug 18 Opposlte Bl ac kHockDras
Aug 22 ',le s t ol' PBS dock Dra g

Aug 22 i~~1B~e ~~c~i.ore Ore s

Aug 23 OUHor se we11 bluff Dra g se ln e- dayt l me 0900 - 1100 201 -
Aug 24 Off Horsewe11 bl uff Dr ag s el ne-daytl me 0900-1100 196 -
Aug 25 Off buoy nearlegocnDras s el ne- dayt l me 0900 -1100 234 -
Aug 28 01'f BlackHock Dragsel ne - day tlme OSOO- 11 30 218 -
Aug 31 Off Bl ack Rock Dr ag s el ne- ds yt l me 09.;\) - 1130 48 -
Aug 31 J e s s e I s1 end Dra sselne - dusk 1830- 2030 255 -
Se pt 9 01'1' BlackRock Dr as s e l ne- dey t l me 09 30- 1130 197 -
Se pt 18 Off'!/hltelJarker Her rlng rake 1600 - 1700 1 s uns hl ne

Herrlng r a ke 1400- 1600 3 S~::~l~~g
L~:~ ;~~md~:e:el'" 2000 -2 200 1 c~~:~~~~~~r

Ll ghtl'rom power 5 moonlight
~~:t and dr~G s eine

Purseselne -d a ytl me 0930 -11 0044 clear
Pursese lne-daytl .e 1630-1830 104 dusk



No. of No.of No.of
IIar ke d f i s h Marke d
F1 sh a t i n Sam- l' i sh i n
Large pl e Sampl e

16 156
26 187
27 286
28 757

1 1, 223
2 2 ,50 9
8 2 ,68 4
9 4 , 603

15 5 ,344
17 5 ,6 53
i e 5 , 679
23 7, 0 99
24 8, 120
25 8 ,2 44
28 8 ,56 0
29 10,463
1 10 , 607
9 11, 517

2 ,522 ,6 70
7, 673 , 266

11, 08 7, 950
1 2 , 739, 24 6
12, 88 6 , 224
20 , 950 ,404
28 ,2 69 , 473
29 ,0 2, 753
31 , 796 ,0 1 7
48 ,085 ,69 7
49, 592, 369
59 ,2 44 , 73 9
67 ,08 7 ,8 16

2 , 522 ,6 70
7 , 673 , 2 66

11 , 087, 950
12,739 , 246
1 2, 886, 224
20 ,950 , 40 4
9,423 , 1 58
9 , 677 ,584

10, 598 ,6 72
16, 028, 566
1 2, 398 , 0 92
14 ,811 ,1015
16 , 771 , 9 54

Poi s s on Li ni ts of 95~ c on fi den ce 1. 0 - 10 .2 • •••• ••••••• • • •••• 16 , 771 , 954 _
1, 644 , 309 .



r ", J..

F1gure 1 . A se ine boa t used in the F1.,;ur e 2. The ficIn sta.1on a t
west coa s t Juven lle survey . A Toquar t Bay inl:laruey SaunCl.
scout boat h car r 1e Clon de cl<.

F11,'\U"eS. Alll8 rt. s cout boat us ed Figure ". Tnesnorel1ne atoro quar.
l"orscout 1ng l"or J uvenlles. Bay t"ie.l.dsta.1oa . It was 1n th1s

Lumed1a t e v1c1nH~ ""at most or the
:::.l:~:.Ulet Wil.Ori'h081.ng herrl.n~



H~:: ~e ~1~0;": ~~~r::'~~e
boat. An 1nv~st1gator i s s t""Il1ng
by w1t.h ad1pnet t o ca pture any
f1"" wIl1c.n appro a cn t he 11j:')lt.

H gur e 6. At the 1'1e111 s tat10n ,
power 1'0r tJl e t wo 200 watt .litlll ts
us ee to at tract ta e b er ric. e; was

~::~~ ~~O~;;(lg::a~~ram~:~~u
boat. The .L i~ts Vli ~re at ta ctteu to

:~Y~~Ll~~60:\~Ll~e~~o~~ ;~~~:.
w&.ter!Jroofcab.J.e.

i1~e:;~ f~ec~~f.:tw:; :~Cll"';~ 01

fromad.1nghy by an 1nvest1gat or
with a d1p n et . 'nl eCb ul.e W8.S
huoy ellup Dycor k s .



F1guI '" 10 . J uvenlle her r1 n b be1.tlt!;
marl<ed " t tn e Bi ol o.,;ico.l ::it " t i on
f.Loat. Tne boat -typel1vc-p enLu
:;1;;~r;E:~a cont.aans til e UD -

~1blll"B 11 . 1.'Jltt ju ve.ni .1t;1 htlr ri ng
are r t:moved n"QW. t.oc: DObt - t yp e

;;;~~~1'~~~t::~en:~~ 1:U1e
oottoJJl of t .L1erowbout toallow
a fret: eXCJlWlbU of" it'atttr.

]'i:~;r~~· t oT:: ~:::J.::5:~tl:~un-
" bout. 1'ul l of c1 , ,,,, "o.lt wat er .
Tb.en et t in garounatlle s 1ae s tlD.d
bottou.i t:>to yre v en t in Jur,ytoth6

;;~ilS:f::~1.tlg Luto the hard enb-

~'1gure 13. The n 5h ar e r ""lov ed
s1n t!;ly by h"" a. an d lll6rk ed by
r ew.ov in b 1'1ns ~ith a pai r of
cl1 !'Per s .

i "1b\lXe14. A ct3rtb.ill.verceutati6 0f
t t e mu.r.to. tlu. juven1 .Ll3s1 s re t tdn ed

;~u~tln:~;;i~~ ~::;~: ~~:r:s
i ll til e next comiJtlrtment .



.....>:.>:

Figure 1 5. 'l'he age-1 en gt h end a ge- v:e1 ght r e1 at 1on ah1ps fo r Juv enlle h er r 1ng
ca p t u re d1n Departur e Bay dur 1ng 1950 .



Figure 16 . TIle 1 en gt h_we1ghtre1a t1 onsh 1p f or met amol"­
phos1n g 611d j uvenll e herr1n g s t ud1eci du r 1n!! th e 1950
surv ey .



Figure l ? A s erie s of yo ung herring sbo\\1.ng me-t amor ­
ph o s i s from t .he larva to th o ju v enil e . The pe r i od In ­
volv ed i s app ro xi mat el y between s ix and t en week s
aft e r hat.c b In g ,



Dateo!
Capture

.7une20

.7une'Z'l

Figure 16. Aeer1eBofJuvenlle her r 1ng ahoV/1n g growt h
and dev el opnent th ro ughout th e SUlIlII1ermonthB . The
t1me 1nt erv al bet wean apec1men B 1B appro x1matalyone
week in most c8aes . Spe o1mens ar e t yp1cal on8s troIa
th e lar ger s ampleB takeo.



Dat e of
Capt ur e

Aug . 8

Fi gur e 19. A se ries of juv :;.nile he r ring sh ovd.ng an lne m­
ment i n length of epproadmut.e.Ly 6 mm. from spe c imen to
spe ci men .
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