
International Council for ~he 

Exploration ef the Sen 

C.M. 1954 
Special S0 i entific Meeting 
n~!I r'rl!lg TE..6g~.!1g Teohn:'.que send 
P:-;e,t"!.~4-r?~:~ 
No.58 

ESTINIATION OF THE STOCK STRENGTH OF TEE NORWEGIAN WINTER HERRING 

Ola.v Aasen 

1. Theog. 

The idea of employing the recaptures from taggings in astimation of the stock
strength, is founded on the assumption t~~~ tagged and untagged fish are caught 
in the ~ame proportion. In mathewntical terms we may express our assumption in 
the following way: 

v R 
oi.. = -t 
S 

(1) where 

y denotes the fishery yield, 
S the stock present, 
R the number of receught tagged fish, and 
t the tagged fish present. 

In principle the calculation of the stock-strength is very simple. For various 
reasons, however, the practical task is more complicated. A necessary condition 
for the validity of our b?sic assumption is that the tagged fish are evenly 
distributed in the stock. Also it is required that they are suffic~lrnumerous 
to appear in representative numbers in the catch. From this follows firstly. 
that we must allow for a certain time after tagging befere the spreading can be 
effected, and secondly that th3 number of liberated?rish must be in relation to 
the suspected fishing mortality~ It must be left to a consid~ration of the actual 
recoveries to decide whether these basic requirements are satisfied reasonably 
weIl for practical purposes o But even if wo knew this to be the ease, the calcu
la.tion of the stock would still not be a straight-forward task. The figures y, R. 
und t are not known and have to 'oe derived from the catch-statistie, recovered 
tags~ and tagged amounts respectiv01y~ We migt express this for shorts 

where 

y p (e) (2 ) ... 

R = :f (r) (3) 

t 'tlJ (T) (4) 

c is tte landing figura 

r the racoverad tags, and 

T th3 tagZ3d amount, 

Bofare the stock calculation can -OC carri'3d out, wo must establish thesG r~lation
ships. l,ife will consider the functions in turn. 

. l = f (c). Tho form cf this equation is dependent on the unit in ,Yhich ws 
choose to express our stock-figuro. In Norway, the landing figura, c, i5 usually 
given in hl. which 1s thB origi:xü moasuring unit when the f'ishermen bring in their 
catches for delivery. Owing to the rather unique fishermans aales organisation, 
in which all catches are recorded, the statistic, o. ia brought to a very high 
standard of accuracy. We IDAy therefore place confidence in this figure, the e1l'1"OI' 
of which i8 probably enly a fraction of one per mille and ought not to intl~!'.u:e 
the result unduly. If we want to have our stock: figura expretfsad in hl. 
equation (2) takes the simple form y = c and this will be s:Qtfictent in mo8t CClBe8~ 

t 
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For some purposes , howevor. i t i s desirablo to h'we the catch expressed in number 
of individuals. The figure, C, must thon be convortod by menns of s[®pling data. 
This enn bo done in various \mys. In any ease it will bo a formidablo task if 
aoeuruey is required. With a propor knowledge of the average number of herring 
per hl equation (2) VIOuld takü the form: y = ä • c, whore ä denotes tho average 
numbor of infividuc.ls por hl. Tl"cc first approximntion to ä is obtained by averaging 
all tho samples. A better ostimate is effoeted by br ~king down tho eatch stati
stic into "area-timo" cells and weighing the snmplos. How far this breaking enn be 
ca.rried, will dopend on tho number and distribution of the s~_mples 'lnd on the 
structure of the statistical sYRtem. In Norway, wo will havo to be contont with 
pooling tho samples within each wouk ~lnd waighing thom by weokly landings. If i;hQ 
average number of herring por hl within eU9h weok is dEmoted by a l , a I ~ ••• " a 1.11) 
and the weokly hmdings by c' ,rf' •••• ol.n), wo got: 
y '" a • Cl + a'l. c'! + •••••• + a (n) • c{n). Naturally we eannot bo fully confident 
in tho figure y in this case. A rough calculation shows that thoro will be about 
half a million timos more herring in the catch than thoso covored by thc sampling 
in tho Inter yoars. Moroover, tho samplos are almost exclusively based on seine
caught herring bocauso tho gill nots act seloctively. This will in turn bias th,J 
result since tho gill nots are responsible for a substantial portion of the catch. 

R =1) (r). In our tagging oxperiments wo have mainly been using internal 
.teel tags as will be evident from this Rnd earlier roports from the taggings 
(~'ridriksson & Aasen 1950, 1952). In theestimation of th0 stock the results from the 
internal taggings only will bo considered. 

To tho actuul numbor of tags returned to the proper authorities, wo rnay 
allow for Q certain number of tags lost [eftor rocovery. This problem, however I is 
greatly simplified by tho fact that tho overNhelming majority of the roturns come 
from the mQgnot-sepurators which havo beon installed in tho reduction plr,nts. In 
the factories thero are only a taw workers vmo attend to that part of the machinery 
where the n~gnets are placed, and thus wo have only to deal ~nth a fairly limited 
numbor of poople. In all the plants thero are place~vdth detailed instructionsjposte 
of .vhat to do with the recoverod tags. The objoct and importaneo of the tagging ex
periments are explo.inod, 8-nd in order to further stimulo.to the intorost n worth-
while rcmard is offored for aach r'Jcevery. This lr"st is not the least important in 
carrying the tagging scheme with duo rospect to the gonuim intorGst on tho part of 
thG managoments and employoes of th? reduction plr,nts. The premium p~dd is evident-
1y so tempting that it is reasonablo to suppose that tho finder will try to get his 
money. In some faw ease s thora h9."8 been reports on los se s of tags after rocov'Jry. 
In such easas no rO\mrd is paid unloss the numbcrs are noted !lnd tho nctual finding 
is certifiod by reliablo witnosses. Sueh reports run about one per mille of the 
total returns and mny be regHrded as insignificant. In a eouple of instances fvlse 
tags havo been forwarded. They are aasily spottod und no rOW'D.rd is ptüd. Thoir 
numbor i5 quite neg1igiblo. T'lgs rnr_y also be rendored unreadable in tb3 Illf',chinery. 
For such tags the premium is paid to eneourage reports of this kind. The numbor 
of unreadable tags is about threc per mille cf the total, 'lnd w~y be disregarded. 
That tags should be kept for souvenirs is not very likely sinee horring tf,gS f.'cre now 
c. quite frunilütr object in the f::cctories, und it is likewise not probable thut c, 
significant nwnber of recoveries should ffdl to bo for.vnrded through noglect. A.s II 

whole we nmy bo justified in disregilrding los ses of tags ,:'<fter recovery in thc reduc
tion plants. ~üthout doubt th8 STIlE.II error thus introduced vnll be completely over
shadowod by tho orror arising from 'lnother souree presently to be dealt with. As wel 
known, only f. P'~,rt of the Cfltch is redueed to oil aEd mGal. We mr:.y well fcSSume th'lt 
thore will b'3 proprotiOl1:'. tely the samo D..'T'.Qunt cf tugs i~, tue other pr.rt used in fresh 
frozen, er cured condition. It is 0~SY to correct for the number of cverlooked re
captures in this p~rt ~e the fuetories keep vor! cccurate rocerds cf th8 reduced 
quantity. The diSQl"lllA~merging from this operation would not runount to much. In 
the same way we may cut out a.nd correet for the ~irrruunt going through fuctories .vith
out magnet-separators er with faul~! installations. But the question still remains 
hdw many tags, going through a plant ,vith satisfnctory nngnets~ will got stuck in the 
machinery or fail to show up on th3 separator for ether rElUsons. No doubt there will 
be a substantial amount of recaught tags disappearing this way. Tc overeoma this 
difficulty tha affioioncy of thG ~.gnet8 bns bacn testod by t~gging u known number 
Qf herring n.nd placing tham on tho conveyor-bolt fron the storage bins. The fracticll 
between the recovered tags und the tagged numher provides an estimate cf the 
efficioncy of the mngnat. Such efficienoy tests have been carried out in most of the 
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plants, but unfortunately it has not been possible to cover eV0ry fnctory in al: 
years. These tests may sometimes show val"ying fig\.~!"os f:~or.~ yonr to Yo'lr and OVdl1 
within th0 sarne season for thG S8.Illo .factory in v,hich caGe wo Illay chooso on:3 or the 
other or taking the averago vf.lu,) i1' tho resl:.Its !''ere fairIy eloso c ObviouslY,;, here 
:nay be introducod orrors ll/hich soriously will affoct our cfJ.lculs..tions" It is/ccm
forting thought that since we cp,;r::cto with r;,f~ny p1:"nts the orron viiIl supposodly 
be on either side of the correct figure nnd thus in thG end be oVGnec. out. As n 
rGsult of the precading discussion the following expression fcr equation (3) 
emorges: 

R I" C 
o .., •• 

e p 

r is the actual n1L'TIber of re"~urns, 

o tho efficiency of the ~ngnets; 

c the landing figure, 'lnd 

p quo.nti ty rGduced in plants 

since r, e and p are procisoly knovm this expression dGmonstr'1tos clG?.rly the prim3 
imports..ncG of e. 

t = 't' (T). As soon 'l.S ü bateh cf tagged herring is liberc,tod on the fishing 
ground, things start happening w::üeh will reduco the nurnber. 1;'lhen ano.lysing these 
reductivo agents, "NO might f:',S well str.rt thinking in türms of sotlsons beenuse both 
the ICGIQndie c,nd tho NOrYlogian fish6ri-:lB for rnE',ture herring f',re typically se,:"sol1'ü. 

It is importnnt to know whQt is left of the taggod f5_sh ",hon the S6f,-son cleses. 
Any tagging mortality and sh,Jdding of tags will presurr.r..bly t3.ke pl~1Co rolQtively 
soon f',ftor tagging. It is thon possiblo to investigato empirienlly vrhether excessive 
mortality is induced by the tagsil1g, Cl" if any shedding oceurs. In Repert Ne. 1 on 
the t~ggings is roferred to some oXPQrir.~nts with rüspect to tho vitality of the 
herring after tagging. 1'he conelusien drf'.vffi from these experiments wr.s th'='et th0 
tagging did not affect tho horring ,c;eriously vih0n properly oxocut0d or, fish in good 
eondition (Fridriksson& i.r,sen, 1950). The fact thc.t tags 'lro still returned in 
number rtfter six yen.rs in the so:., supports this v i 01;1; • So da ~.lsc tho rosults from 
the double t!J.ggings, in vihich botll internr:l s.nd extornal t:::.gs o.ro fitted to tho fish. 
Doubly tagged herring have been brought in to the 1~rine Research Institute in 
Bergen after different lengths of time in liberty. Although the material is scanty 
for a thorough judgment J i t see;n.s that the viOur_d shov.· signs of healing after a fort
night. It may be visible for a couple 01' months, but a.f'ter one year in the sea. 
the wound is eompletely healed and not even a. sca!' can be seen, In 11.0 case the in
ternal tag eould be seen to have dene dfu":lfJ.ge to vits.l orge,ns, cut th:;y arg frequently 
found inside the gonads which is quite natursl sinee it is mostly rU.lI herring whlen 
have been doubly tagged. Nounds in trie gorill.ds arG evideE~ly XlO't; fatal. Thc:' ts.gs 
show never any signs of corros ior'~ "cui as & whole ws r..E,y conclud'3 tl~,8.t ints!,~,··.l tags 
cause r.lO he.rm "T.vhich is not h'78.1'~.i after ccrrJ.p~'~r8.ti;J81y shor't ti:r .. -~. -'"Tith tr-~e /}~"'id.8Y:..~t3 

from the vitality experir..ents. supporteci by tbc ot3ürvations on the internal tags in 
reeaught doubly tagged harring, and further eorroboration f'rom the returns six years 
after tagging, it is reasonnble to assume thnt no significant excessive nortality is 
induced by the tagging. 

Parallel with the "live" e:·q::",riments in 1948 (',nd 1950, there '.-vers also carried 
out shodding tests. The first of ttcse experir.lents yielded r:. Sh3c.ding, perca of' 
1% aft0r 14 ds..ys. The S0COnd exp5!'irr..ent s~b.ovv>3d no shedding Cl? :'J.rter 19 d~~rs 
(FridrikssQ!: & i-~senJ 1950)~ .. ~c::orr.i to this, sc.ddding r::').j~ b'3 rjE-:~·-:,c.·3d ~,.S ln.3 
fice.nt. Thero is, hO~Hever, 3vid8::C':) ';,'l:icr-l. eor ... tr:.-;.di0ts t::is ~;cr-. ~lusicr.:..~ ::y_ t~lJ0 

i:1 1952, the interns.1 ta.gs ,fe!'J r3ported tüssing in rSG'C.:.ght t8 horrin:,;, 
One of these roports en.DO in i'rolT~ S"'l;eden, tr~'3 oth'3r oue frGTIl Sco'~18::1.d" f~nd tr_9Sü ob
servations le!:'_",; doubt f,S to tn-3 vs.lidity 0:' the 61:'J"lif.;r c:r: ... clusio~~ rsgecrding c;ha 
shedding r These herrine:s wer:~ ti? in ths r:::-st l'::crger sC<Üf) doubly t""g~ing <"ne.. the 
techniQ~G MS sin.ce the; b,.;3,-:n c:rrrplatsly raViS0G intrcGuctic!1 cf t~h.0 rtt'? ... ;gi!lg 
sI uice~ From the Inter experir.,8!'.ts thsre 8.re no rscords 01' -cü" into:r."L.l. -tags. 
The cplestion will roceive elose s.ttention in the fut'.lre, In thc] C1,?;s.!'~ti:nG. hOW37'3r 1 

ws l!lD.intain the first conclusicn that no significant shedding ;:<tke:: viith intar-
nal taggings 'Nllen proporly oxecuted. 
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Whon tag ging mortality o.lld shedding thus may be rulod out c,s irlsignificnnt, 
the only other sourcos for doplotion of the tp,gged number of fish vlithin the 
tagging season are natural Qrrl fishing mortality. The first of these cannot 
be ova.luated at present, and thG other will also offer difficultios. Beco.uso 
of the time lapso neces8ary for tho tagged horring to spread in the stock, wo 
cCl.l1not b2 sure that the tagged fish 'Nill bo caught in the same proportion as th,') 
untagg8d o i.'ho celcuh,tion of the probebIo numbor of rocaught tags within tho 
tagging soason is thus rendored difficult. Fortunately, the returns o.ro fOVi. 
The nctual numbe r of returns must be rockonod in por mille, !lud tho error in
troduced whon disregarding them will not seriously affect the result. This is 
particulnr1y true for tho Spring horring bggings executed at the very end of 
tho season. (For one tagging in 1951, 8B, exücuted in inshore waters, tho roturns 
werG very numorous.. This expGrim-:mt will ho.vQ ~o bo discardod for thc stock 
calculations). 

After the herring has 1,3ft the fishing grounds, there aro two possible wnys 
of accounting for tho number not returning the following season. One part vliI1 
meet daath for some renson. The quotiont betweon tho remaining und the origina.l 
number of tagged herring wo will eall the eoefficiont of survival, P • Ws cQnnot 
bo sure, hov,evor, thflt ~ül tha surviving herring will bo presont ort ths fishing 
grounds in the n0xt season. It has been customary to regard the Eorwegi'3.n winter 
herring as 11 frürly weIl defim3d tribo vihieh only to n moderate Gxtent intermixes 
with the herring tribes in adjo.c9Lt wrttcrs. The taggings havo reveaIed, ho;yever, 
thc-t, in some yeo.rs at least, sU.bsto.ntial numbers migrc.te into the North S68. and 
tho Skagorak fLnd mix with the herring thora (Fridriksson &: Aa.sen, 1952, Aasen,1953). 
This observat ion is not new, for Binar Lea found the same genoral f'Juture many 
years ago through his seale studi\3s (Len, ). This "dispersal" hns IJ.n importE',nt 
bearing on our problem. It may and may not bo thü.t tho herring spraad out in this 
manner I will be lost in tho futuro for tho spawning sho111s on the :Norwe gian Coe.st. 
The taggings havG yielded evidonee that horring may visi t ontirely differont 
spawning grounds in differont Y3ars (Fridriksson &: Aasen, 1952). ö;'Io should k<;Jep 
in mind that it is not only the North Soa and Sk""gcrak Ilreo.s thc,t rn.8.Y draw on 
thG Horwogian wintor horring and cl inünish thair number on tho usua.l grounds. E..'l{
tensiv0 spavmings undoubtGdly t",k3 place J in SODe years at LJast, on tho Helgal':..:-cd. 
banks a.nd outside the Lofotcm Isl:'.nd m:d Vesternalon (Runnström, yriborg, ). 
Thos0 grounds ere not fished for hdrring, €md t::te taggings h9.V'J 8.ccordingly givon 
no evidence whether tagged horring mc.y oe lost throug.~ "dispersall1 this way. 

To a.ccount for the tagged herring dis8.ppos.ring in this manner, wo introduco a 
dispersal coefficiont 0xpressing tho quotient botwoen tho herring moving to other 
grounds and the origiru:.l ntL.'11bar. It is more convoni8nt, however, to calculato 
>'li th tho complement to this quotiont, an expression we 'NiU tern tae " gathsring 
coefficient" and denote it by i 0 'Ne may "~ssurr.e thc.t tIn disp8rsal v,HI bo 
dotorrnined from tho route tho horring tr:.kos when l:Javing thG fishing grounds. Tho 
natural mortality has by thon t'7.ken an insignifico.nt toll only and. wo ~'ly r0gard 
the gathering coeffici,:mt "( a!d the sUr"'.Tival cOGfficiant P as indGpendent cf 
each other. Introducing tho parar:.etcrs ~{and f in (4) thisJxpr3Ssion tab,s the 
form: 

t 

+h O 'l'lroduct Y~; dJJ!lct:JS t~12 qucrti-::T_t [,~;t~Ht-Jcrl th.o r<·;tur:lir..~ h':;rrini-:: 8.:.;.0 tbJ3 Gri?;ir:~zl ...,l. v 1:' , ; _ :;::J _ '_ 

n.UIrillsrs. As ~.vi.ll b0 s3en, ;<titrlin r.f)~~SO::--~ r0capturss, taggirLg mort'3.1ity and sh'Jddi::g 
aff3cts, are disrege .. rd8G. in p"cccrQa::~co ~~vith thD prec8d~!1g discussion" Th(; first of 
thesiJ will probably not CD quitc insignificant oxc·;:Jpt for tho Spring herrbg 
tcggingo 

Sub st ituting the axpressions for (2), (~ ) 
\V , and (4) in (1) and rG-arrengi:ug, 

wo get our stock figure! 

S = TYP· 2.!.E. 
( 5) r 
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If wo want tho stock oxpressoa l.n number of individual 5 , wo have to multiply p 
with the average numbor of horring per measuring unit, 

s e.p 
• • a and this Qxprossion simply statos 

r 

that the stock is oqual to the tagged herring prescnt, multiplied by the ratio of 
unt~gGed to tagged fish. This statement is rathor self-ovident, ~nd if no 
dispersal oxistod, the stock-calculation wou1d be n rather straight-forward task. 
Let us examino such a C6.se. If wo in An experiment ta.g a numbor Tl , there will 
af'ter one yoar bo T1.Yllof't whon'?l is tho ooofficiont of survival in the first 
yoar. Wo will assume that one yoar is arnply sufficient for tho taggod herring 
to(get thoroughly mixod in tho stock. In the second year this tagging yields 
r1 2) returns of an amount of .( 2P 2 cloftred for tags. The stoak is thon in 
year 2, 

= (6) 

For the noxt yoar we get with ,,,-müogous symbols: 

If VfO now in year 2 had taggod an amount of TZ, wo could construct anoth3r expres
sion for 83. liko\1rise with Rn8.1ogous symbols: 

(7) and (8) yie1d: 

G3P3 

r z(3) 

(3) 

(8) 

o 
j. 1 = 

'1:Z • r l (9) which togethor with 

= T
2 

• r 1 (3) • ~ _ (10) 
(8) givGSJ 82 %"2 (3) rl \1) 

This oquation, (10), is importo.nt, bocause, if 'N8 could Ctssumo that the herring 
tagged in a soason would disporse in the s~e Dannür üs the u~tQggcd, the s~me 
exprossion (10) would be obt&inJd: 

(11) 

.--':'\.~ ;-' 82 P2 
'.l.2.2,r2 ==- (3) r Z 

irrc;:, (11) [',nd (12) WG d3rivJ: 
m r l 

(3) 
.l.2 

( , 'Z , 
,lu) ",tdch tc. r 

r2 (3) Tl 
"l;litr--~ (E) yi'31ds (10). EO"j'.+l.j7;.:r, ,:t'.~· c~._nr_ot bD suro t!':..r:.t th-::" di.~:),~,rs~l -HilI b~:: i:;rL1 

SCLIT0 Sll:",:ce the within-sfJ€:..scn t~.;~s LTG not e~lenly distribut<:::d in th.:.) stock. Ir-.istec.d 
cf (13) ','10 g>1t in this c~se: 

(14) whero 

"{ 2 and 'Y'2 r".fer to the within-soa.8~n tB.gs an~ the sto~k rGSPQotiV01y. Th.a iSSUEl 

15 still more complicatod bOCe..UBG Y 1 l!lt1y be intluenoed by roentarlng of dis-
persed herring tagged in tho first year. This, howovor. is a point of minor interast 
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T r (n) 
2 1 

7-::.-rnr n) 
.1.1 2 

from yoar 3 and onwards will be constant 

if thora are no lator immigrations of di spersod horring or. in case suoh immi
grations do take placo. the horring from tho two tnggings ru-entor in the same 
proportion. Thnt would be a. rathor odd coincidence to happen if different 
proportions cf dispersod horrin[ were g9i{lg into differont aroas in tho two 
years. By studying asories of T2 rl,n) we may therefore docide whether 

Tl r2 Cn) 

disporsa1s and re-entoring have taken plaoo. Fig. 1 represents, in diagrammatic 
form, the iden btahind this structure and domonst rat es how an irregularsaries 
(obtainod by tho 1948 nnd 1949 Spring herring taggings) may bo oxplained in a 
ratio~l wuy. Tho yoarly coefficiont of survival is chosen at 0.80 and app1ies 
both to dispersod and undisporsod herring. Any dispersal aftor year 3 (1950) 
is not considorod bocauso it vlQuld not inf1uonce the proportion of the returns 
in this series and thus un-noc8ssarily complicate the diagram which is shown 
for the purpose of illustration only. 

It is obvious that such dispersal effects. if tracod, will serious1y affect 
any cn.lculation of mortality r::rtes r.nd stock. It must bo loft to a cronsidera
tion of the rosults to decido ... Jhother such ca1culations are possible or not. 

2. Discussion of Results. 

Since only tho recapturos in Norwuy ara numerous enough to attempt any 
quantitative troatmont, this soction vdll only deal with these data. In tho 
Tables 1 - 5 are shown tho distribution on tho factorios of tho rooaptures fram 
tho different experiments in thc years 1950 to 1954. Befero 19GO thore ware 
too few factories with ~~gnets in Norwuy and the roturns ware aocordingly tao few 
for statisticF.l.1 treatment. Th3se tables will fÜSO sorve as an illustration of 
the development in the building up of the recovery-installations. The first row 
in the ~~bles gives the year of recapture. In the second roware listed the 
differont experiments. LH. SH und üH rofer to Large herring, Spring herring and 
North COllst herring respoctively. In this last is also inoluded herring tagged 
in the Norwogian Sen. Tho symbols 0 and p has tho same meaning as explalned in 
the thooretical part. The tables includa only tags from factories in which 
efficiency tests have been made, and will therefore not correspond with the 
figures given in the text table~i~ chis earlier reports. 

nd 
Generally spoaking wo rnay say that tho tags are raasonably woll rnndomly 

distributed in the catches~ In this first treatmont. however, wa shal1 not 
attempt to demonstrate this by any tests. 

'fable 1 - 1950 

Factory H748 1948 1949 1950 1950 
No. p. (hll e o.!:_ (hl) S.H. O.H. S.H. L.H. S.R. Tote.l 

1 147.532 0.97 143.106 4: 1 4 0 2 11 
2 201.052 0.96 193.010 1 1 2 0 0 4 
5 104.929 0.94 98.633 1 1 2 0 0 4 
7 123.169 0.87 107.157 1 0 1 0 0 2 

12 73.157 1.00 73.157 0 0 2 0 0 2 
17 40.349 0.94 37 ~928 0 0 1 0 0 1 
18 230.181 1.00 230.181 0 1 4 0 0 5 
23 340.507 0.39 132.798 2 2 4 0 2 10 
29 261.024 0.67 174.886 1 0 0 0 0 1 
31 415.402 0.89 369.708 1 1 3 0 0 5 
42 158.991 0.78 124.013 0 1 1 0 0 2 
43 116.040 0.97 112.559 3 1 2 0 0 6 

Total 2.212.333 0.81 1.797 0 136 14 9 26 0 4, 51 ~. 
, .' ~', ' 
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Tabl0 2. - 1951 

Fa.ctory 1948 1948 1949 1950 1950 1950 1951 1951 
No. o.(hl) e e·E·(hl) S.H. O.H. S.H. L.H. S.H. O.H. L.H. S.R~. Total 

1 160.526 0.97 155.710 1 0 2 0 1 0 3 0 7 
2 206.626 0.96 198.361 2 0 3 1 1 1 2 0 10 
5 109.226 0.94 102.672 0 0 0 0 0 0 2 0 2 
7 125.028 0.87 108.783 0 0 1 2 0 0 1 0 4 

11 198.969 0.53 105.454 0 0 0 0 0 1 0 0 1 
17 47.465 0.94 44.617 1 0 0 0 0 0 1 0 2 
18 249.253 1.00 249.253 2 0 4 0 0 1 6 0 13 
23 315.131 0.39 122.901 2 1 4 0 2 0 3 0 12 
29 220.189 0.67 147.526 1 0 0 1 0 0 1 0 3 
31 418.790 0.89 399.423 1 1 1 5 1 1 7 0 17 
35 438.625 0.18 78.953 1 0 1 0 0 0 0 0 2 
37 242.557 0.95 230.429 0 1 3 0 0 0 0 0 4 
38 258.200 0.59 152.338 0 1 1 1 2 2 2 0 9 
40 125.075 0.67 83.800 0 0 0 1 0 0 0 0 1 
42 447.319 0.78 348.909 0 3 0 :3 2 4 1 0 13 
43 181.889 0.97 176.442 1 0 2 0 0 0 1 0 4 

Total 3.774.868 0.72 2 ~ 705.571 12 7 22 14 9 10 30 0 104 

Table 3. - 1952. 

Fact. 1948 1948 1949 1950 1950 1950 1951 1951 1951 1952 1952 .. 
~10 • p. (hl) e tl.p.(h1) S.H. O.H. S.H. L.H. S.H. O.H. L.H. S.H. O.H. L.H. S.H. Tot. 

1 186.531 0.97 180.935 3 1 1 1 1 2 1 4 1 2 0 17 
2 253.455 0.96 243.317 1 1 1 0 1 1 0 4: ? 1 0 13 v 

5 125.365 0.94 117.843 0 0 5 0 0 2 0 5 3 0 2 17 
7 164 .492 0.87 143.108 0 1 0 0 0 1 1 0 5 1 0 9 
6 112.826 0.78 88.004 0 0 1 0 1 0 0 1 1 2 0 6 

11 153.997 0.78 120.118 1 0 1 0 0 0 0 6 1 0 1 10 
15 213.626 0.91 194.400 2 0 :3 0 0 2 0 6 2 0 0 15 
17 42.226 0.94 39.692 0 0 0 0 0 0 0 0 0 0 0 0 
18 243.759 1.00 243.759 3 1 1 1 2 0 A 11 4 1 0 28 "% 

20 280.171 0.97 271.766 5 0 2 1 1 2 2 9 5 0 0 27 
22 37.244 0.88 32.775 0 0 0 0 0 0 0 1 0 0 0 1 
23 455.830 0.87 397.442 1 0 1 1 2 2 2 4 2 0 1 16 
29 146.563 0.93 136.304 0 0 1 0 0 0 1 0 1 0 0 3 
31 562.801 0.89 500.893 1 1 2 1 1 1 2 1 6 :3 9 28 
35 472.537 0.35 165.388 1 0 0 0 0 0 1 0 0 0 0 2 
37 320.845 0,,75 240g634 0 0 0 2 0 1 2 2 4 16 C 27 
38 327.947 0.71 232.842 0 0 1 0 0 0 0 2 1 C 0 ,\ 

:l< 

40 121.100 O.7!: 89.6g 0 0 1 0 0 0 0 1 :3 2 0 7 
42 538.400 0.89 419.176 4 0 1 5 0 1 4 0 9 8 0 32 
43 185.133 0.91 119.579 1 2 3 2 0 1 1 6 4 1 0 21 
52 328.564 0.68 289.136 0 2 0 0 0 0 2 0 0 11 0 15 

Total 5.274..412 0.83 4.386.725 23 9 25 14 9 16 23 63 55 48 13 298 



Tab1e 4. - 1953 

Faotory 
"-~----_ ... _~_ .. -

1948 1948 1949 1950 1950 1950 1951 1951 1951 1952 19b2 1952 1953~5 
~_)2.:i.h1 ), __ El e.p.(h1) S.H. O.H.S.H. L.H. S.H. O"H. L.H. S.H. O.H. L.H. 8.H. O.IL L.H. S.H. Tote,l ._-_ ..• 

1 69.351 0.97 67,,270 1 0 0 0 0 0 1 0 1 0 0 9 1 0 13 
2 112.352 0.96 107.858 0 0 0 0 0 0 1 2 3 0 0 9 0 0 15 
5 78.919 0.94 74,184 0 0 0 0 2 1 1 2 1 0 3 5 0 0 15 
7 112.380 0.98 110.132 1 1 0 1 0 1 0 0 3 1 1 6 0 0 15 
8 94.229 0.78 73.499 0 I) 1 0 0 0 0 1 1 0 2 8 0 0 13 

11 111. 535 0.?8 86.997 0 0 3 0 0 0 0 0 3 0 5 14 4 0 29 
12 59,,332 LOO 59.332 0 1 1 1 0 ° 0 2 0 0 2 2 0 0 9 
15 116.130 0.91 132.978 2 0 1 ° 1 1 1 3 2 0 9 9 0 0 29 
16 Im.540 0.99 149.038 1 1 0 1 0 1 2 ? 1 1 8 9 2 0 34 
17 28.318 0,,94 26.619 0 0 0 0 0 0 0 0 0 0 1 2 0 0 3 0') 

18 1'71.492 1.00 171.492 2 1 0 0 1 0 0 7 1 0 12 8 0 0 32 

20 308,359 0.97 299.108 1 1 3 0 0 1 3 10 0 3 9 7 0 0 38 
'01 216.065 1.00 216.065 1 1 2 0 0 0 1 7 2 2 8 16 0 0 40 f-', 

22 39.336 0.88 34.616 0 0 0 0 0 0 1 1 0 0 0 3 ° 0 5 
23 194.320 0.87 169.058 0 0 0 0 0 1 2 0 2 0 3 14 2 0 24 
24 158,,064 0,,83 131.193 0 1 0 0 0 0 2 1 0 1 0 :; 2 0 10 
29 163,349 0.93 151.915 0 0 0 0 1 0 0 0 :3 0, 0 '.4 0 0 18 

31 2'10.362 0.83 224.400 2 2 0 0 0 2 1 6 6 0 7 27 2 20 75 
35 303,340 0.35 106.169 1 0 0 0 1 1 1 1 2 

, 
0 J8 n 0 26 .. 

37 222.199 0.75 166.493 0 0 2 3 0 1 1 4 7 ,1 1 18 0 0 38 

38 224.253 o. ~l 159.220 0 0 1 0 0 0 1 1 0 () 0 4 0 0 '7 

40 81.903 0.74 60.608 0 0 0 1 0 1 0 0 1 0 0 3 0 0 G 

42 312.802 0.89 278.38<1 2 0 1 2 2 0 1 4 9 5 0 22 0 0 48 
4:; 190.662 0,97 184.942 0 0 0 1 0 2 1 0 6 2 1 11 0 0 21 

45 59.0613 0.66 38.984 () 0 1 0 0 0 0 0 0 0 0 1 0 0 2 

52 88.113 0,88 77.803 1 0 1 0 0 0 0 1 0 1 0 2 0 0 6 
55 33.74U (j,96 32.39,)· () (.) 0 0 0 0 1 0 0 0 1 2 0 0 4 

_.~,--,_ ... __ ._-- -_ .. ,,-_..-.... - .. _-_ ..... - ..... ' ..... __ . ~-- -'--- ----~> ------~"-,-->-~--_._. -~-

Total 4.000,814 0.85 :'\390.757 15 9 17 10 8 13 22 60 54 18 73 246 13 20 5'~8 

-----------_.-



Tab1e 5. - 1954 

Factory 1948 1948 1949 1950 1950 1950 1951 1951 1951 1952 1952 1952 1953 1953 1953 1954 1954 
ne. p.(h1) e e.p.(h1) S.R. O'R' S.R. L.R. S.R. O.R. L.R. S.R. O.H. L.R. S.H. O.R. L.H. S.R. O.R. L.H. S.R. Total 

1 101. 349 0.97 98.309 1 1 0 2 0 0 0 0 :3 0 0 2 0 IJI 8 0 0 17 
2 177.207 0.96 170.119 f) 0 5 0 0 0 0 4 4 1 0 11 0 2 11 1 0 39 
5 94.814 0.80 75.851 0 0 0 0 0 0 1 1 0 0 3 4: 0 0 7 1 0 17 
7 178.288 0.98 1 H. 722 0 1 3 0 0 2 1 1 '1: 1 2 10 1 0 7 4 0 37 
8 121.087 0.78 9'1.4'15 2 1 3 0 0 1 0 2 2 0 3 5 0 0 6 7 0 32 
9 133.938 0.83 11l.1ß9 0 0 0 1 0 0 0 1 0 0 1 3 0 0 5 1 0 12 

11 138.650 O. fl3 115.080 1 0 1 0 1 0 0 1 2 0 2 6 0 1 8 4 0 27 
15 193.3&1 0.91 175.979 0 0 1 0 0 0 0 2 1 1 6 8 1 5 7 5 0 37 
16 192.399 0.99 190.475 0 0 4 0 0 1 0 :3 2 0 5 16 2 3 10 8 0 54 
11 41.546 0.93 38.638 0 0 0 0 0 0 0 2 1 1 0 1 0 0 0 0 0 5 
18 243.921 0.95 231.725 1 :3 :3 1 5 8 14 

tO 
2 0 0 7 0 2 2 12 5 0 65 

20 312.36'l 0.89 278.007 0 1 1 1 0 0 0 5 3 0 7 16 1 2 11 3 0 51 
21 278.424 1.00 278.424 1 0 1 0 0 1 0 :3 5 1 4 7 :3 1 14 7 0 48 
22 53.210 0.9·1 50.017 0 0 1 0 0 0 0 1 0 0 1 3 0 0 5 4: 0 15 
23 301.233 0.80 240.986 1 0 1 0 0 1 0 :3 :3 1 3 16 0 3 9 7 0 48 
24 495.000 0.83 110.850 1 1 1 5 1 1 6 4 6 1 2 33 0 1 25 10 2 98 
29 270.402 0.80 216.322 1 1 1 2 2 1 1 2 :3 0 13 12 2 2 13 2 1 59 
31 406.963 0.70 284.874 2 1 7 0 3 1 5 3 4 4: 5 28 2 3 22 11 3 104 

33 2'10.'189 0.88 238.29:± 0 1 1 1 1 1 1 1 3 0 7 18 3 0 14 3 0 55 
35 417.695 0.68 284.033 0 1 2 1 0 1 1 1 6 2 1 23 0 0 13 0 0 52 

31 416.154 0.75 312.116 1 1 4 0 0 0 2 4 4 2 3 13 1 2 11 1 6 55 
38 513.120 0.'11 3M:.315 2 0 0 0 0 0 2 2 2 1 6 8 0 4 6 6 8 45 
40 177.410 0.82 145.·176 0 0 0 0 0 0 1 1 1 2 0 5 0 0 5 0 1 16 
42 629.338 0.82 516.057 0 0 1 2 2 2 4 7 13 3 15 36 1 2 2<1 2 19 133 
43 402.40,1: 0.97 390.332 0 0 2 0 0 0 0 8 1 3 4 11 0 3 11 6 10 59 
45 171.310 0.66 113.065 0 0 0 0 0 0 0 0 2 1 2 7 0 1 3 0 0 IG 
52 16,1.166 0.88 14-1.'157 1 0 1 0 0 0 2 1 2 1 ;) 10 0 0 5 0 0 26 
55 38.071 0.96 36.5'18 0 0 0 0 1 0 0 0 0 0 1 2 0 0 2 0 0 6 

Tote.l 6.934.629 0.83 5.780.685 15 12 4·4 16 12 13 27 68 8,1 26 107 328 19 37 274 96 50 1228 

--~-- _._"-_ ...... __ .~-"------_._-~-_._- -----"-- _._----_._--
~"'!' 
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In Table 68. is presented a surmnary of the total n-.lIr.bol" of recov3rios, In ~hG 
top part of the table is given the year of tagging, the rrumboi' J.:;uggoG., aud the 
category of herring. The within season recoveries are loft out, In Tablo 6b ~he 
recaptures aro expressed as % returns per million hl c Thoro ar'3 two striking 

. foatures of this table. Firstly, wo shou1d normn.]_ly oxpect i:.he percentage of 1'0-

coveries to decroase with time 1;)ecauso of tho mo::"ta1ity. Wo notice c however, that 
most of tho experiments do not conform to th~s ru1e o In 1953, for ~nstanco, wo have 
an almost allover rise in tho figures giving the % rett:rnE por million h1 (TabIo 6b). 
Secondly, WB see that the herrings tagged off the Ice1andic North Coast and in the 
open ocean yie1d re1atively more returns than the herrings -i.;aggod on the Norwegian 
Coast oxcept for 1948, Genorally; the VJ.rge horring givos thc'3 lowost percen':;age 
of recovGries~ Tho Spring herrinG tagged in 1950, ho,~ver, is an Gxception. 

Tab1e 6a,-}Junber of returns for th'3 different oxperiments. 

Year 1948 1948 1949 1950 1950 195,) 1951 195:'. 195:'_ 19E2 1952 :i.95S 1953 1953 1953 
of Re- 6018 7475 8261 9885 ll215 182 '! 5998 9986 5<]7:) D23 5 J.C17G3 ::'7'.108 n0801J046 10181 
ca.pture SR OR SR LR SR OR !.B SE OH LI-:.. ~~II OR LH SB: OR ..... <--_. ,-----,~--

1950 14 9 26 
1951 12 7 22 1"'< 9 10 
1952 23 9 25 14 9 16 23 63 55 
1953 15 9 17 10 8 13 22 60 C; ,1 

... ':r 18 73 246 
1954 15 12 44 16 12 13 27 68 84 26 107 39 >1 

"'~ 19 37 274 

1950 1.30 0.67 1.75 
1951 0.74 0.35 0.98 0.57 0.30 2.03 
1952 0.87 0.28 0.68 0.35 0.18 2.00 0<87 1 0 41 2"48 
1953 0.74 0.36 0.61 0-33 0.21 2.10 1.08 1.77 3.14 0.52 2.08 ~.:Z 
1954 0.43 0.28 0.92 0.31 0.19 l s 23 0.'/8 L18 2 0 86 0.44 Ln 3.27 0.33 0.64 '1.66 

The first of these phonomonons rJD.y bo 0xp1ai::lOd in part by failure of rocruitlilont 
to thc stock in 1953. It is also a fact that tho herring in that yoar 'was oxcop
tioDP.11y largo. But that wou1d not account for the riso in the por ffiille returns 
por unit of catche Thoru must also havc tukan plr-ce a ~o-ir.migrution cf dispoI'sed 
tagged herring which has beon on some othor grounds in tho pr<3vious soason or 
seasons. In 1954 the si tuntion S83DS more norr:J9.1 in corroborotion with the fact 
that the sampling of the harring shows thB_t tho rocruit:mant to the stock -was good< 
Tho returns for the 1949 Sp:".':.ng 'herring, however. shows a markod incro9.sa in thair 
relative ~bupnanc8, showing tr~~t a re-L~~dgration ~ust have takan place. It may 
be of intorost to study this more dotailed, In Tab10 7 er;] prosentod thJ o:-:press:ion 
equivalont to (1':;'), soparntely for tho Spring h;:~rint: ('7a)) th0 Large herrmg(7b), 
and thü North CC8.st herring (7c), Bc~ch 01' tho1xpJr:r,en"':;s within 'che dif'f3ront 
categorios is cornpared -Nith nll tie others o Totha lof"::; .on this tablo are given 
the yeflrs of recapture ~ TllG top pc.rt c.nd "':he right hFtnd sid"l giv." ths d~fferent 
experirI1.Bnts c The table 1s ~.;haL -::;) bo rand like a cO-0l':iinatG7stom, for instaneo • 
thc Spring herring tflggings for 1948 aud 194a give 0.74 in J950 ~cnd 0 ~4 7 in 1954. 
If thore wer", no disturbing offocts of dispnrsnl und re-en"';c:°ing, t!lis -:able should 
he.VG thG follcwing properties: 1. all tho figuros 3hould b;; lernr thc~~ one, 2. thera 
shou1d be a regular docroaSd from 1eft to rig.l-tt vn:th:n each partition, 3 broad varti
oally each column should givo tho sarIl€ fig-ure for all yoars, ,An inspection cf this 
tnb1e rovoa.1s such a spreading cf t':l.a figu:"es, that all 'l;;ho o:xpe~"im::mt8 soom to 
have been effocted by dispersal (~nd re-entoring), soma ~ery seriously. 



Tabla 7. 

a. SErinh herriEf b, Lnrt:o horringj 

1949 1950 1951 1952 1953 1951 1952 1953 

1950 0.74 1952 0.40 
1951 0.75 2.49 1953 0.30 0.63 1950 
1952 1.26 i.r.77 0.61 19,18 1954 0.39 0.70 0.93 
1953 1.21 3.50 0.41 0.37 1953 2.09 
1954 0.47 2.08 0.37 0,25 0.68 195t;; 1.78 2.39 1951 

1954 1.34 1952 

1951 3 0 32 
1952 3.78 0.48 1949 
1953 2 0 89 0.34 0.30 c. North Const herring. 
1954 3~ 71 On68 0.54 1.45 

1950 1951 1952 1953 

1951 0.17 
1952 0 0 15 1952 0 0 14 0.11 1948 
1953 0,15 O.ll 1950 1953 0.17 0.11 0.08 
1954 0.16 0.11 0.29 1954 0.23 0.10 0.09 0.06 

1952 0.81 

1953 0.89 1953 0.67 0.50 1950 

1954 0.69 1.85 Fl:~l 
1954 0.43 0.38 0.26 

1953 0.75 
1954 0.87 0.62 1951 

1954 2.70 19 [)2 1954 0.70 1952 

If wo intorpreto tho evidonco furnished by Tablos 6 und 7 from tho viowpoint cf 
the dispersa.l hypothesis , tho mochanisr:l producing tho obtnined figures would be thnt 
tho rnB.SS of herring congrog'ating on tho spawning grounds on tho !Torwügian cOP.st in 
the wintortime, spli t up in several bodios which J::1.ay bo separatod for muny yec..rs bo
fore rojoining o More·liküly thun not thü mr..in part will follow tho highway to tho 
foeding groums stretching frora north of tho Faroes past the North-E8.st Icolandio 
Const to tho Jan l\lfcyen area, uthür pe.rts, 7.T) know, may enter tho !lorth SOft region. 
Still others mo.y take different coursos v.lhich we do not kno,v of. It Si':'OIr,S not un
reasonabl0 to suppose that whon 3. comparc..tively SITl!'<!l numb>Jr of taggod horring is in
jected in thG huga stock, thaso muy bo cB.rried off in numb."rs by one of the "stray" 
bodies bofore h<lving time to penetr9.t'3 properly into tho rnain body. Thi5 herring mny 
later rejoin as wns the C0.S,,) in 1952 with th8 5pr ing herring tagg'ld in 1948, in 1954 
wi th the Spring herring tagE;ed in 1%9, arrl in 1953 'In th herrings fram s:rveral of the 
experiments. Also for the Large herring may oe quoted similr.r examplvs; for inst0.nce 
the 9th liberation, experimont 8B at Lot re_ in 1951 (1010 herring) ~'VG no returns in 
1952, 5 returns in 1953, 8.nd 12 in 1954. These example s show clen.rly ths.t te.ggings. 
,mich perhaps at first soom to oe 9. failure, lM311 might bo succesful; but it is still 
<:in unsolved riddle why the Lnrge herring generally should oe more suscoptible to dis
persal than the Spring horring. It is mors e!lsi1y concoivable that th0 tagged North 
Coast herring, being injected mora diroctly into the major body on the ~Rin high-ro<ld 
should appoar more numerous in the catchos. Wo have, to be suro, similo.r ef'fGcts b3re 
also, due pr'Jbably to the fe,ct th~t t:t,:; tngs h&vo becm inj'Jctod rr:ostly on the VGry 

fringos of the distribution. In this connsction it is significftnt thnt the tsggings 
in th>3 Norv18gian Sea proper in 1951 (thc only oper: ocean tagE;ing comprising <l. sub
stanti'11 :::lU_TIlber) gives high9r r0C3.pturo .:Jerc9ntago in the fcllo'Jring 17NC yes.rs thBr: 
doos the North Coast h>,gging exocutüd in 1951. In 1954: the results o.re prf:lctiica.l1y 
the sDJnü. 

Ths problems horo discussed arc highly intoresting and demonstrnto the intricasy 
of the herring migrations. Tho Axplo.nütion of'fered tr~ow new light on this ccmplex 
phanomenon. and it a.lso gives a rn.tional explnr.ution to certain irregula.rities in the 
age-distributior~; for instance, trst a. regularly docreasing yoar-class may showa 
suddan riss as we hnve seen happen onee and agpin in the Norwegian Winter hürring. 
But. unfortunntely. nny exact culculation of tho stock striJngth and th0 mortulity 
rates is rendered impossible for thü presont through these cc~~lications. Tho para.
meters introduced in tho theorotical part carulOt bo oliminatod with our present sar1es 
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of observc.tion; but opportunity to da so may woll ariso by further invostigations. 
At pres,mt wo havo to be eontent with rough esti:r:Jates e 

For the evnluation of tho mortality rote wo will disreg8.rd the Spring herrinE 
taggings of 1950 and 1953, all the Lcrge herring tacgings, nnd the 194:8 North COftst 
taggings sinee these experiments yield 8.bsurdly high or hopelessly low figures when 
eompared with the other experiments (Table 7), -vie rey now obtain an estimate of the 
yearly survival rate by avoraging the re~ining ~igures, - assuming that the ups !lnd 
downs will bc.lance eaeh other c.-;; the end 0 Wo then get the following figures I 
p = 0.79. P 2 = 0.50, 9 3 = 0.42 and p 4 = 0.31. Tho grand average survival 

rat.:; will thus
J 

be f = 0.75. This figura ·is not so very far from LOt').; s average sur
vival rate of y D.81, found by analysing a long sorios of age-detorminations of 
the Norwogian Winter horring (Lea ) e ~oroover. tho observations da not cover the 
same period and the hugaly oxpanded fishery in the post-war yoars w.a.y 8.ccount for 
some of the discrepancy. 

For tho stock Gstimr.tes wo Ii1A.y uso 8.n indiroct approach which will givo sorne in
formation about tho stock present on fishing ground, We know thc.t thera is r, con
tinuous loss of tftgs due to mortality and the or iginal ~agged e.mount is the uppor 
limit for tho numbor present on the ground- From this follows that tho exporiment 
giving the highost percontago of raturns por uni t of catch me.y ba usod fo:- establi
shing an ostimate of tho lower limit for tho fishing mortality, From this may furthor 
be calculated tho uppor limit of tho stock level (Le- stock prosent on the fishing 
ground). Using the figures for OH in Tablo 6] wo obtain tho follovänG values: 

Fishing mortality 1951 1952 1953 1954 
(lower Umi t) % 1,,9 2,2 3.0 5.,4: 

Stock lovel mill. 
(uppor 1 imit) tons 50 40 24 22 

Judging from these figures thera sooms to havo been a rapid dealinG smce 1951 
of tho ~tbu!ldance of h<Jrring on thJ usual Winter herring grounds, somewhat chocked in 
1954. These figuros are based on the North Goast taggings< 'da cannot compa.re these 
values for evory year with the results from the taggings on tho Horwegian coast oi-ring 
to tho difficulties montiorled carlier. For 1954, hov.'"8ver, tho Spring horring tagged 
in 1949 sooms to havG ro-joined in force~ hssuming that these have had a yearly 
reduction of 25% (the survival rate 0.75), WB rnay cnlculato the probable nu.n~mu.'TI. 
fishing mortality for thoso horrings in the same wny. -rie will thon find f\ vf:.luG for 
the fishing mortality of thü saIlB order of mr.gnitudo as for thn taggings on tho North 
Icalandic Ccast in 1~53 (a littlo lowcr)~ The same applios to tho 59th liboration 
(Largo horring) previously montion,)d, the order of I!1fJ.gnitude is thc sam,;, but this 
time a little higher. This is corroborating evidenco cf SOllG importlC,nco. These ex
periments are widely distribut8d in time !.lnd placo and are yot linkod up fairly wall 
through the estimated mortality rate. Moreover it t~ in conformity ,rith tho dispersal 
hypothosis which, in fact, eXpl5.i!ls sFl.tiefactorily ... ) these rath"r unexpectod results 
from the taggings and brings some order in u1'. intricato seriss cf L1.'l7',bors otherwise 
incomprehensible., 7[0 must stress thc.t no undue iIllportanco should b:; plac,,,d on tho 
stock figures given, They are sololy to oe 5.nterpreted as I:axiL'ß. figuros i.o. trrtlt 
thG stock cannot bo any largor" providod cf course, th'lt our aasic assulr:pticns hold 
good. For that matter not even the appe.ront trond might bo right - It is, howover, 
reasonable to suppose that the estirr~to for 1954 - vdth the corroborative ovidence. -
might not be far f'rom the truth. al thOi.lgh too high. '{fe might, therefore, conclude 
that the fishing mortality this year runs about 5-6% end tt~t the stock accordingly 
lies about 20 million tons. 

+)In brond outlines, the details are not followed up here~ 
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