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1, Theory,

The idea of employing the recaptures from taggings in sstimation of the stock-
strength, is founded on the assumption the% tagged and untagged fish are caught
in the same proportion. 1In mathematical terms we may express our asgsumption in
the following way:

% = %A (1) where

y denotes the fishery yield,

S the stock present,

R the number of recaught tagged fish, and
t the tagged fish present.

In principle the calculation of the stock-strength is very simple, For wvarious |
reasons, however, the practical task is more complicated, A necessary condition |
for the validity of our basic assumption is that the tagged fish are evenly
distributed in the stock. Also it is required that they are sufficledlynumerous

to appear in representative numbers in the catch, From this follews firstly,

that we must allow for a cerbtain time after tagging before the spreading cen be
effected, and secondly that the number of llberatedfflsh must be in relation to

the suspected fishing mortality. It must be left to & consideration of the sctual
recoveries to decide whether these basic requirements ars satisfied reasonably

wall for practical purposes. But sven if we knew this to be the case, the calcu-
lation of the stock would still not be o straight-forward task, The figures y, K,
and t are not known and have to Le derived from the catch-statistic, recovered

tags, and tegged amounts respectively. We migt express this for shorts

x f=l
/tagged y = £ {c) (2)
= ¥ (r) (3)
t = (1) (4)
where ¢ is the landing figurs

r the rscoversd tags, and

T the tagrzed amount.

Bofore the stock celculation can be carrisd out, we nmust agto hlish thess I'K?l%t}.(}n'
£
Ships. 3558 Will consid@r thf} zu;;ctlcns in turn,.

y=£¢f {¢). The form of this squaticn is dependent on the unit in which we
choose L0 express our stock-figure, In Norwsy, the landing figure, ¢, is ususlly
given in hl, which is the original meesuring unit whsn the fishermen bring in their
catchas for delivery, Owing to the rather unique fishermens sales organizetion,
in which all eatches are racorded, the statistic, ¢, is brcught to 8 very high '
standard of accuracy. We may therefore place confidence in this figure, the srror
of which is probably only a fraction of one per mille and ought not to lnfluﬁnee )
the result unduly., If we want to have our stock figure expressed in bl,
equation (2) takes the simple form y = ¢ and this will be sufficient in most amas; :
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For some purposes, however, it is desirable to have the catch expressed in numbsr

of individuals, The figure, ¢, must then be converted by means of szmpling datsa,
This can be done in various ways, In any case it will be a formidable task if
accuracy is required. With a propsr knowledge of the average number of herring

per hl equation (2) would tako the forms y = & ., ¢, whors & denotes the average
number of infividuels por hl, The first approximation to & is obteined by averaging
2ll thoe semples, A better cstimate is effocted by br aking downm the catch stati-
stic into "erea-timo" cells and weighing the smmples, How far this breaking can be
carrisd, will depend on the number and distribution of the semples and on the
structure of the statistical system, In Norway, we will have to be content with
pooling the samples within each weok and weighing them by woskly landings, If ?h
average number of herring per hl within safh wock is denoted by a', a'l ,,,,, 2
and the weokly l&ndlngs by ¢ 5 87y eens , W2 gets

vy . +a’, 0" ... +e nj . (n) Naturally we cannot bs fully confident
in the figure y in this case, A rough calculation shows that there will bs about
holf a million times more herring in the catch than thosec covered by the ssmpling
in the later ycars, Moreover, tho samples are almost exelusively bassd on seine-
caught herring becausc the gill nets act selectively. This will in turn bias tho
result since the gill nets are rosponsible for a substantial portion of the catch,

=% (r). In our tagging cxperiments we have mainly becn using internal
stesl tags es will be evident from this end earlier reports from the taggings
(fridriksson & Assen 1950, 1952)., In theestimstion of thas stock the results from the
internal teggings only will be considered,

Te the actual number of tags returned to the proper authorities, we may

allow for & certain numbsr of toags lost sfter recovery, This preblem, howsver, is
greatly simplified by the fact that the overwhelming majority of the returns come
from the mognet-separators which havo been installed in the reduction plants, In
the factories thero are only & faw workers who attend to that part of the mechinery
whers the magnets are placed, and thus we have only to deal with a fairly limited
number of people., In all the plants there are placed/with detailed 1nstructlon§%oste
of what to do with the recovercd tags. The objoct and importance of the togging ex-
periments arc expleincd, and in order to further stimulete the intorest & worth-
while roward is offered for each reocovery., This last is not the least important in
carrying the tagging schems with duc respesct to the gonuinc interest on ths part of
thos managements and employess of the reduction plants, The premium pzid is evident-
ly so tempting that it is reasonable to suppose thet the finder will try to get his
monsy. In some few cases there have been reports on lossss of tags after recovery,
In such cases no reward is paid unlcss the numbers are noted and the actual finding
is certified by relisble witnesses, Such reports run sbout one per mills of ths
total returns and may be regerded nos insignificant., In a couple of instances false
tags have been forwarded, They arc easily spotted and no rewnrd is paid, Their
number is quite negligible, Tags mey also be rendered unresdable in the machinery,
For suech tags the premium is paid To oncourags reports of this kind. The numbeor

of unrea dable tags is about threc per mille of the total, and may be disregarded,
That tags should be kept for souvenirs is not vsry llkely since herring tags are now
o quite familinr object in the foctories, and it is likewiss not probable that o
significant number of recoveriss should faeil to bc forwnrded through neglect, As o
whole we may be justified in disregarding losses of tags after recovery in the reduc-
tion plants., Viithout doubt ths smell error thus introduced will be camplstely over-

shadowaed by the orror arising from ancthsr socurce prassntly to bs dealt with, As wsl
known, only & part of the catch is reduced to oil and meal, We moy well sssums thas
thers will bs proprotioncntely dhe sams omount of btags in ths other port ussd in frss h
frozen, or cured condition, It is snsy to correct for the mumber of overlocksd re-
captures in this part singe the factories keep very sccurate rocords of ths reduced
quantity. The dlsn;;guuszeme“glng from this operation would not smount to much, In
the some way we mey cub out =nd correct for the swmount going through factories with-
out mognet-separstors or with foulty installations. But the question still remsins
how many tegs, going through a plant with satisfactory magnets, will get stuck in the
machinery or fail to show up on ths separator for cther reasons, No doubt thare will
be a substentisl amount of recaught tags disappearing this way, To overcome this
difficulbty thse efficiency of the magnets has beson testod by togging » known number
of herring and placing them on the conveyor-belt from the storage bins, The fraectior
betwoon the recovered tags nnd ths tagged number provides an estimate of the ~
efficiency of the magnet, Such cfficiency tests have besn carried out in most of the




plants, but unfortunately it has not been possible to cover evary factory in all
yoars. These tosts may sometimcs show varying figures from year to yeor and aven
within the same season for the sams factory in which case we mﬂy choose onz cor the
other or teking ths average voluc if the resvlts sarc feirly closs. Obviously, hers
moy be introduced crrors which seriously will affsct our calculations. It i§7bcm-
forting thought that since we cporate with many plants the orrors will supposadly
be on ¢ither side of the correct figurs and thus in the snd bs ovenad cut, As =
result of the proceding discussion the following exprassion for equation {(3)
emargess

r c
R = &~ + - where

© P
r 1is the nctual number of reiurns,
¢ vhe efficiency of the magnots,
¢ the landing figure, and

p quantity reduced in plants

since r, ¢ and p aro precisely known this exprossion demonstratos cles rly the prims
importance of e,

=7i?(T). As soon as a batch of tagged herring is liberated on the fishing
ground, things start happening which will reduce the number, When analysing thsse
reductive sgents, we might as well stert thinking in torms of seasons bscnuse both
the Icclandic and the Norwegismn fisheriss for mature herring are typically seasonal,

It is importent to know what is left of the tagged fish when the senson closss,
4ny tegging mortality and shedding of tags will presumsbly take place relativsly
soon after tagging. It is then possible to investigete empirically whethsr excessive
mortality is induced by the taggzing or if any shedding cccurs, In Report ¥c. 1 on
the tagzings is referred to some cxporiments with rospect to the vitality of the
herring after tagging, *he conclusion drawn from these experiments was th’t the
tagging did nct affect the herring seriously when properly sxscuted on fish in good
condition (Fridriksson & issen, 195C)., The fact that tags arc still returned in
number after six years in the ssr, supports this view, So do ~lsc tho results from
the double taggings, in which both internnl end extornal togs ars fithed to the fish.
Doubly tagged herring have been brought in to the larine Research Institute in
Bergen after different lengths of time in liberty. Although the material is scanty
for a thorough judgment, it seems that the wound shovw signs of healing after a fort-
night, It may be visible for = couple of months, but = ter one ysar in the sez,
the wound is completely healed and not even a scar can bp seen, In no cs
ternal tag could be ssen to have done damage to v1+ 1 o*‘gfmss but Th
found inside the gonads which 1 i
have been doubly tagged. Wounds
show never any signs of corrosio
cause no nerm which is not }
from the vitality expsrlments,

ne gongds ars edeenul; not
2 wholes we may concluds
ations on the intermal tags in
from the reburns six years
caent axcassive mortelity is

on
after tagging, it is reascnable to sssums that no signif
induced by the tagging

R

Parcllel with the "live" sxperiments in 1048 and 1¢
out shadding tests. The first of these sxpsriments yislde
1% after 14 days., The sacond sexpsrimsnt showsd no shsddi
{(Fridriksson & hmsen, 1950). Accoriing %o this, shedding
ficant, Thaers is, howsver, asviderncs »hich contradicts th Gon
in 18562, the internsl tags wers D missing in rscaught dou
One of these reports cams i S the othor ons Seo
saervations lsavs doubt ns ol the esrlier clus
shedding. These hsrrings he first lsrgsr seals
technique has sines then ? : revissd by inbrocducticn
sl e% From the latsr gxparimer ars no rscords of missi
The question will roceive close in the fuiure. In tho
wo mnintain the first conclusicn that no significant shadding ==

nal taggings when properly oxscubed,



When tagging mortality and shedding thus may be ruled out as insignificant,
the only other sourcos for dopletion of the tagged number of fish within theo
tagging season are natural and fishing mortelity, The first of thoss cannot
be cvaluatsd at present, and the other will also offer difficultics., BRscausc
of the time lapse necessary for the tagged herring to spread in the stock, we
cannot be sure that the tagged fish will be caught in the same proportion as the
untagged, +he celoulation of ths probeble numbsr of raecaught tags within the
tageging scason is thus rendsred difficult, Fortumately, the returns ars fow,
The actual number of returns must be reckoned in per mille, and the srror in-
troduced whon disregerding them will not seriously affeet the result, This is
particularly true for the Spring herring taggings executed at the very end of
the season, (For ono tegging in 1951, 8B, exccuted in inshore watsrs, the roturns
werc very numerous, <This oxperiment will have %o bo discarded for the stock
caleulations),

After the herring has loft the fishing grounds, there arc two possible wnys
of accounting for the number not returning the following season, One part will
rmeet death for soms reason. The quotiecnt betwoen the remaining and the original
number of tagged herring ws will call the coefficiont of survival, ¥ , Ws camnot
be sure, however, that all the surviving herring will be present on ths fishing
grounds in the next season. It has been customary to regard the Vorwegisn winter
herring as a falrly well definsd tribc which only to a moderats extent intermixes
with the herring tribes in adjacent waters, The teggings have revealsd, howsvar,
that, in some years at least, substantisl numbers migrate into the North Ses and
the Skaperek and mix with the herring there (Fridriksson & hasen, 1952, Aasen,1953),
This observation is not new, for Einar Les found the same general fsaturse meny
yoears ago through his scale studiss (Lea, ). This "dispersel" has an important
bearing on our problem, It mey and may not be thot the herring spresad out in this
menner, will be lost in thoe futursc for the spawning shoals on the Norwsgian Cosst,
The taggings have yielded evidence that herring may visit entirely diffsront
spawning grounds in different ysars (Fridriksson & Aascn, 1952). We should ksep
in mind that it is not only the North Sea and Skugersk arsas that mey draw on
the Norwsgian winter horring and diminish their number on tho usual grounds, Ex-
tensive spawnings undoubtedly take place, in somc years at least, on the Helgsland
banks and outside the Lofoten Islend and Vesterazleon (Runnstrom, Yiborg, 7,
These grounds are not fished for horring, snd the teggings have sceordingly given
ne evidence whether tagged herring may be lost through "dispsrszl" this way.,

To account for the taggsd herring disappsaring in this mammer, we introduco =
dispersal coefficient oxpressing tho guotiant between the herring moving te other
grounds and the original numbsr, It is more convenisnit, however, to calculate
with the complemsnt to this quoticnt, an exprsssion ws will term the Y"gathering
coefficlent" and denote it by | o We may assume that ths dispersal will be
determined from the route the herring takes when loaving ths fishing grounds, The
netural mortality hes by then token an insigrificant toll only and we may ragard
the gathering coefficiosnt 7 d ths survival cosfficisnt ¥ as indsopends
angee &

sach other, Introducing the paramstors Y and £ in (4) this oxprasssion tekss th
forms

Tt = TYy® whars
the product Y ¥ donctss the original
numbsrs, As will be ssen, shodding
effects, are disregardsd in first of
thess will probably not be g

Substibuting the sxpressions for (2), (3), snd (4) in (1) and rs-arrenging,
we get our stock figure:

m e GUE
5 = Lﬁ{E" r (s)
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If we want the stock expressod in number of individuals, we heve to multiply p
with the average numbor of herring per measuring units

S = TV ¢ .22 , 7 and this oxprossion simply statos
e r

that the stock is equal to the tagged herring prescnt, multiplied by the ratio of
untr gged to tagged fish, This statement is rathor self-svident, «nd if no
dispersal existed, the stock=-calculation would be a rather straight-forward task,
Let us examine such a case, If we in sn experiment tag a number T1 , there will
after one year be T19; left whon$ 3 is the ooofficiont of survival in the first
year, We will assume that one ycar is amply sufficient for the tagged hesrring

to %et thoroughly mixed in the stock. In the second ysar this tagging yields

rl( ) returns of an amount of 2 2532 cleared for tags, The stook is then in
year 23

-] P
N 2
S, = T)¥y 5o (8)
1

For the next ycar we get with anelogous symbols:

&3p3

SS - l‘:JZ r1(3$ (7)

(]

If we now in year 2 had tagged an amount of Tp, wo could construct another expros-
sion for Sz, likowise with analogous symbolss

8zP3
S, = Toly 8
2 22 -;_-2-(5)- (8)
(7) and (8) yield: iy o (3)
o, = 1 ($) which togsthor with
7y o B
r (3) '2 p:
= » 1 f [
(8) givess Sz T2 (10)

-
£, (3) r (2)
This equetion, (10), is important, becauss, if we could assums that the herring
tagred in & season would disporse in the sams mannor as the unbagged, the sams
oxpression (10) would bs obtainsd:

8, P
- [ N BN ~ 2 2
S5 = (TIV 1PV a9 —o 3T (11)
- - €5 P2
S = TNep {12)
S No P g ——ema—— (
=t r, (3)
From {11) =and {12) wo doriva: (3)

s b o (3}

R fa 71 ‘

i< 0 (1) where
. Lt Ty r,(3)

2% andfﬁrz rafer to the within-season tsgs and the stock rospsctively. The lssus

is still more complicated bocauss ", moy bs influenced by roontering of'dis-
psrsed herring tagged in the first ysar, This, howover, is 2 point of minor interes
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I, r (n)
What 1s important is thats ——g-l=(— from yoar 3 and onwards will be constent
Tl r n)
2

if there arc no later immigrations of dispersod horring or, in case such immi-
grations do take place, the herring from the two taggings re-enter in ths same
proportion. That would be a rather odd coincidence to happen if different
proportions of dispersod herring were g€i§g into differont arcas in the two
yoars, By studying e series of Ty rj‘\® we may therefore decide whether

T rp )
dispersals and re-entering havs taken place, Fig, 1 represents, in diagrammatic
form, the idea bsohind this structure and demonstrateshow an irregularssries
(obtainod by the 1948 and 1949 Spring herring taggings) mey bo cexplained in a
rationgl way, The yearly cosfficicnt of survivel is chosen at 0,80 and epplies
both to dispersod and undisporscd herring, Any dispersal aftor year 3 (1950)
is not considored becausc it would not influonce the proportion of the returns
in this seriss and thus un-nocessarily complicate the disgram which is shown
for the purposse of illustration only,

It is obvious that such dispersal effects, if traced, will sseriously affect

any calculation of mortality rates and stock, It must be left to a considera-
tion of the results to decide whether such calculations are possible or not,

2., Discussion of Results,

Since only the recaptures in Norway are numsrcus onough to attompt any
quantitative troatmont, this section will only deal with these data, In the
Tables 1 - 5 arsc shown the distribution on the factories of the reeaptures from
tho different experiments in tho years 1950 to 1954, Beforc 19G0 there were
too few factories with magnets in Norwsy and the reoturns were accordingly too few
for statistical treatmont., These tables will alsc sorve as an illustration of
the development in the building up of the recovery-installations, The first row
in the Bebles gives the year of recspture. In the second row are listed the
differont experimsnts, LH, S8H and OH refer to Large herring, Spring herring and
North Coast herring respectively, In this last is elso included herring tagged
in the Norwegian Sea, The symbels ¢ and p has the same meaning as expleined in
the thooretical part., The tables includs only tags from factories in which
officiency tests have beasn made, and will therefore not corrsspond with the
figures given in the toxt tables in chis earliser rsports,

nd

Genorally spoaking we may say that the tags arc roasonably well randomly
distributed in the catches, 1In this first treantment, howsver, we shall not
attempt tc demonstrate this by any tests.

Tabls 1 - 1950

T Pactory 1548 1948 1949 1950 1850
No. p.{hl) o e.D.{hl) S.fe C.H, S,H, L.H. S,H, Totel
1 147,532 0,97 143,106 4 1 4 0 2 11
2 201,052 0,96 183,010 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 10 0 2

12 73,167 1.00 73,157 0 0 2 0 0 2

17 40,349 0,94 37,928 ) 0 10 0 1

18 230,181 1,00 230.181 0 1 4 0 o 5

23 340,507 0,39 132,798 2 2 4 0 2 10
29 261,02¢ 0.87 174,886 1 0 o o© Q 1
31 415,402 0,89 369.708 1 1 3 0 0 5

42 158,991 0,78 124,013 0 1 1 o o 2
43 116,040 0,97 112,559 3 1 2 0 o &
Total 2,212,333 0,81 1.797.136 14 g 26 0O 4 &8




Toble 2, - 1951

Factory 1948 1948 1949 1950 1950 1950 1951 1951
NO. D.(hl) e O-Po(hl) ScHo O-Ho S-Ho L,H. SaH- OoHc LoHo S.Haﬂ 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 o] 0 1 0 4
11 198,969 0,63 105,454 0 ¢ 0 0 0 1 0 0 1
17 47,465 0.94 44,617 1 0 0 0o 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 ¢ 12
29 220,189 0.67 147.526 1 0 0 1 0 o 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 O 4
38 258,200 0,59 152,338 0 1 1 1 2 2 2 0 9
40 125,075 0,87 83,800 0 0 0 1 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 o 4
Totel 3,774,868 0,72 2,705,571 12 7 22 14 9 10 30 0O 104
Table 3., ~ 19562,
Pact, 1948 1948 1949 19560 1950 1950 1951 1951 1951 1952 1952 .
No. p.(hl) e o.p.(hl) S.4, O,H., S.H, L,H, S.H. O.H, L,H, S.H. O.H. L.H, S.H, Tot,
1 186,631 0.97 180,935 3 1 1 1 1 2 1 4 1 2 e 17
2 283,455 0.96 243,317 1 1 1 o 1 1 C 4 2 1 o 13
5 125,385 0.9 117.843 o] G 5 0 0 2 0 5 3 0 2 17
7 164,492 0.87 143,108 0 1 C o 0 1 1 0 5 1 C 9
8 112,826 0.78 88,004 ¢ G 1 ¢ 1 0 ¢ 1 1 2 o 6
11 163,997 0.78 120.118 1 ¢ 1 0 0 0 0 6 1 ¢ 1 10
15 213,626 0,91 194,400 2 9] 3 0 O 2 O 8 2 0 c 15
17 42 4226 0.9 39.692 0 0 ] 0 0 a C ¢ o Y] 8 G
18 243,759 1.00 243,759 3 1 1 1 2 0 4 11 4 1 C 28
20 280,171 0,97 271.7686 5 C 2 1 1 2 2 g 5 0 e 27
22 27.244 .88 32,775 O 0 0 0 e] 0 o] 1 o o ¢ 1
23 455,830 0,87 397,442 1 ¢ 1 1 2 2 2 4 2 ¢ 1 18
29 148,863 0,93 136,304 O 0 1 ¢ 4] 0 1 0 i o 4] 3
31 562,801 0,89 500,893 1 1 2 1 1 1 2 1 8 3 2 28
35 472,537 0,35 165,388 1 ¢ 0 ¢ o ¢ 1 O 0 0 ¢ 2
27 320,85 0,75 240,83 O© O o] 2 0 1 2 2 4 16 c 27
38 327,947 0,71 232,842 C o 1 0O ¢ ¢ c 2 1 ¢ o 4
4¢ 121,100 0,74 89.61¢ O 0 i 0 ] 0 5] 1 3 2 0 7
42 538,400 0,89 478,176 4 G 1 5 0 1 4 ¢ g B o 3z
43 185,133 0,97 179,579 1 2 3 2 C 1 1 8 4 3 0 2%
52 328,564 0.88 288,136 O 2 0 0 0 0 2 o g 1 G 15
Total 5,274,412 0,83 4,388,725 23 g 28 14 9 16 23 83 48 13 Zzg8

<
[44]




Table 4. - 1953

Tactory 1948 1948 1949 1950 1950 1950 1951 1951 1951 1952 1955 1052 1953 1953
no., p.(hl) e e.p.(hl) s.H. O0.H.S.H. L.H4. S.H. 0.H. L.H. S.H. 0.H. L,H. S.H. 0.H., L.H. S.H. Total

1 69. 351 0.97 67.270 1 c o o] 0 0 1 o 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 o o0 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 8 0 0 15

8 94, 229 0.73 73.499 0 n 1 0 0 0 0 1 1 0 2 8 0 0 13
11 111.535 0.78 86.997 0 o 3 0 4] 0 0 o 3 0 5 14 4 O 29
12 59.332 1.00 59.332 0 1 1 1 0 0 0 2 0 0 2 2 0 0 9
15  146.130 0.91 132.978 2 o 1 o 1 1 1 3 2 0 9 9 0 0 29
16  1ED,54% 0.99 149,038 1 1 0 1 0 1 2 7 1 1 8 9 2 o 34
17 28,318 0.94 26,819 0 0 ¢ 0 0 0 0 0 0 0 1 2 0 0 3
18  171.492 1.00 171,492 2 1 0 0 1 0 0 7 1 o 12 8 0 o 32
20  308.359 0.97 299.108 1 1 3 0 0 1 3 10 O 3 9 7 0 0 38
1 216.065 1.00 216.065 1 102 0 0 0 1 7 2 2 8 16 0 v} 4c
22 39,336 0.88 34.616 0 0 O o 0 0 1 1 0o 0 0 3 0 0 5
23 194.320 0.87 169.058 0 o O 0 0 1 2 0o 2 0 3 14 2 0 24
24  158.064 0.83 131.193 W) 1 o0 0 0 0 2 1 0 1 0 3 2 0 10
29 183.349 0.93 151.915 0 o © o 1 o 0 0 3 o 0 4 0 0 18
31 270.362 0.83 224.400 2 2 0 o 0 2 1 6 6 0 7 27 2 20 75
35 303,340 0.35 106.1869 1 0 ¢ 0 1 1 1 1 7 1 o 18 0 4] 26
37 222.199 0.75 166.493 0 o 2 3 0 1 1 4 7 1 118 0 0 38
38 204.253 0.71 159.220 0 0o 1 0 0 0 1 1 0 o ) 4 0 0 7
40 81,903 0.74 60.608 0 0o 0 1 0 1 0 o 1 1] 0 3 0 0 6
42 312.802 0.89 278.3%4 2 o 1 2 2 0 1 4 9 5 0 22 0 4] 48
4% 190.862 0.97 184.942 0 o 0 1 0 2 1 0 6 2 1 11 o) o 24
45 59,088 0.66 38,984 0 0 1 0 0 9! o 0o 0 0 0 1 0 1] 2
52 88,413 0.88 77.803 1 o 1 0 o 0 0 1 0 1 0 2 b} 0 6
55 33,740 3.96 32,390 0 0o 0 0 0 0 1 0o o0 0 1 2 0 0] 4
Total 4.000.814  0.85 3390.757 15 9 17 10 8§ 13 22 60 b4 18 73 246 13 20 578




Table 5. ~ 1954

Factory 1948 1948 1949 1950 1950 1950 1951 1951 1951 1952 1952 1952 1953 1953 1953 1954 1954

no. p.(hl) 8 e.p. (hl) S.H. 0.H. S.H. L.H. S.H. 0.H. L.H. S.H. 0.H. L.H. 8.H. 0.H. L.H. S.H. 0.H. L.H. S.H. Total
1 101.349 0.97  98.309 1 1 0 2 o o o6 0 3 0 o0 2 0o 0 8 o 0 17
2 177,207 0.96 170,119 n 0 5 0 6o o0 o 4 ¢ 1 0 11 0 2 11 1 0 39
5 94,814  0.80 75.851 o 0o o0 o© o o 1 1 0 o 3 4 0 0 7 1 0 17
7 178.288  0.93 174.722 0 1 3 0 0 2 1 1 4 1 2 10 1 0 7 4 0 37
8 121.087  0.78  94.445 2 1 3 0 0 1 0 2 2 0 3 5 0 0 8 7 0 32
9 133.938  0.83 111.169 0 0 0 1 0 0 © 1 0 0 1 3 o 0 5 1 0 12
11 138.650  0.83 115.080 1 0 1 0 1 0o o0 1 2 0 2 6 0 1 8 4 0 27
15 193.384  0.91 176.979 0 O 1 0 0o 0 o 2 1 1 6 8 1 5 7 5 0 37
16 192.399  0.99 190.475 0 O 4 0 0 1 0 3 2 0 5 16 2 3 10 8 0 54
17 41.546  0.93 38.638 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 2 3 3 1 0 0 5 7 0 8 14 2 2 12 5 0 65
20 312,367 0.89 278,007 0 1 1 1 o 0 o 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 o0 48
22 53,210 0.94 50.017 0 O 1 o 0O o © 1 0 o 1 3 0 O 5 4 0 15
23 301.233 0.80 240.986 1 o0 1 0 0 1 0 3 3 1 3 16 0 3 9 70 48
24 495.000 0.83 410.850 11 1 5 1 1 6 4 6 1 2 33 0 1 25 10 2 98
29 270.402  0.80 216.322 11 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 ) 3 1 5 3 4 4 5 28 2 3 22 11 3 104
33 - 270.789  0.88 238,294 o 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 o0 13 0o 0 52
37 416,154 0.75 312.116 11 4 0 0o o0 2 4 4 2 3 13 1 2 11 1 6 55
38 51%.120  0.71 364.315 2 0 0o o0 o O 2 2 2 1 8 8 0 4 6 6 8 45
40 177.410  0.82 145,476 o 0 o 0 o o 1 1 1 2 0 5 0 0 5 0 1 16
42 629.338  0.82 516,057 0 o 1 2 2 2 4 7 13 3 15 36 1 2 24 2 19 133
43 . 402.40¢ 0.97 390.332 0 O 2 0 o o0 o© 8 1 3 4 11 0 3011 6 10 59
45 171.310 0.66 113.065 0 0 O 0 0 0 o o 2 1 2 7 0 1 3 0 0 16
62 164.156 0.88 144,457 1 o 1 0 0 o0 2 1 2 1 5 10 o o 5 0 0 26
- BB 38.071 0.96 36.548 0 0 O O 1 0o o0 o0 o0 O 1 2 0 0 2 o ¢ 6
12 44 16 12 183 27 68 8¢ 26 107 328 19 37 274 96 50 1228




~10=

In Table 6e is presented a summary of the %total mimber of recovsrics, In the
top part of the table is given the year of tagging, the mumber Sagged, and the
category of herring., The within season recoveries are lafs out. In Table 6b *he
recaptures are expressed as % returns per million hl. Thore ars two striking
‘features of this table. Firstly, we should normally sxpect the percentage of re-
coveries to decrease with time because of the mortality. We notice. however, that
most of tho experiments do not conform %o this rule., In 1953, for instance, we have
an almost allover rise in the figurss giving the % returns por million hl (Table 6b),
Secondly, we soe that the herrings tagged off the Icelandic North Coast and in the
open ocean yield relatively more returns than the herrings Yagged on the Norwegiasn
Const excopt for 1948. Generally. the Large herring gives the lowsst percentnge
of recoveries. Tho Spring herring tagged in 1950, however, is an exception,

oxperiments.

Table 6a,.-Fumbsr of returns for the diffaregt

Yoear 1948 1948 1949 1950 1950 1953 1951 1951 1957 18E£2 1952 195:; 1953 1953 19563

of Re~ 6018 7475 8261 908511215 1827 5998 9986 537810225 10763 17508 108010046 10181

copture SH OH SH IH SH OH T8 SH OH Lk #H OH LH sH OH

1650 14 9 26

19561 12 7 22 14 9 10

19562 23 9 25 14 9 16 23 63 58

1953 15 9 17 10 8 13 22 60 b4 18 73 246

1954 15 12 44 16 12 13 27 68 84 26 107 328 19 37 274
Table 6b. - /o Returns pev million hl.

1950 1.30 €,67 1,75

19581 0.74 0,35 0.98 0.57 0.30 2,0

1952 0.87 ¢.28 0,68 0,35 0,18 2,00 0,87 1.41 2.48

19563 0.74 0,36 0.61 ©.33 0.21 2,10 1,08 1,77 3.14 0,52 2.00 £.1%

1954 0,43 0.28 0,92 0.31 0,19 1,23 0,78 1.18 2,86 0.44 1.72 3.27 0.33 C.84 4,66

The first of these phenomonons may bo explained in part by failure cf recruitment
to the stock in 1953, It is also @ fact that tho herring in that year was oxcep-
tionelly large. But that would not account for the rise in “he per mille rsturns
par unit of catch. Thors must alsc have teken place o re-irmmigration of dispersed
tagged herring which has bheen on some obhsr grounds in the pravious scason or
seasons, In 1954 ths situation ssams more normal in corroboration with the faect
that tho sampling of ths herring shows that tho rocruitment to the stock wes good,
The returns for the 1949 Spring herring, howsver, shows s marksd increass in their
relative ebundance, showing that a re-immigration must have taken place. It may
ba of intereost to study this mors dotailed., 1In Tabls 7 ars presented ths erprsssion
squivalont to (14), separstely for the Spring he-ring (7a2), the large herring(7b),

n

and the North Cosst herring {7c). Each of the axporimen®s within She diffsront

categorics is compared with all the others. To the laft Iz this tabls ars gziven
the years of recapture. The top part and the right hand side givs ths different
axperiments, The table is thean t> be read liks a co-ordinsis system, for instsnes,

the Spring herring tagegings for 1948 and 1949 give 0.74 in 1850 and 0.47 in 1954,

If thore wers no disturbing offccts of dispersel and re-snssring, this table should
heve the folleowing propertisss 1, all the figurcs should be lowsr then one, 2, there
should ba =z regular dscreasse from lef%t To right within esch partition, 3.read vsrbti-
cally each column should give the same figure for all years, An inspection of this
table roveals such s spreading of the figures, that all The expe-imants seenm te
have been effocted by dispersal (and re-enbering), some very sericusly.



Table 7.

a, Spring herring b. Largs herring
1949 1950 1961 1952 1953 1951 1662 1953
1850 0,74 1952  0.40
1951 0,75 2.49 1963 0.30 0.63 1950
1952 1.26 4.77 Q.61 1948 1954 0,39 0.70 0,93
1953 1.21 3,50 0.41 0.37 1963 2,09
1954 0,47 2.08 0,37 0.25 0.68 1954 1,73 2.39 1951
1954 1,34 1952
1951 3.32
1952 3.78 0,48 19495
1953 2.89 0,34 0,30 ¢. Horth Coast herring,
57 006 L L
1954 5,71 0.88 0.5¢ 1,29 1960 1951 1952 1953
1951 0,17
1952 0.15 1962 0,14 0,11 1948
1953 0,15 0,11 1950 19563 0.17 0.11 0.08
1954 0,16 0.11 0,29 19564 0,23 0.10 0.0% 0,06
1962 0.81
19563 0.67 0.5 1950
1953 0,89 - .
1954 0.69 1,85 1901 1954 0,43 0,38 0,26
1953 0.75
1964 0.87 0,62 1951
1964 2,70 1952 1954 0,70 1952

If we intorprete the evidence furnished by Tablos 6 and 7 from the viewpoint of
the dispersal hypothesis, the mechanism producing the obtainsd figurss would ba that
the mass of herring congregating on the spawning grounds on the Norwogisn coast in
the wintertime, split up in several bodies which may bo separated for meny years be-
fore rejoining, More-likeoly +than not the mein part will follow the highway to the
feeding grourds stretching from north of the Faroes past the North-Esst Icelandie
Coast to the Jan Mayen area, Uthor ports, we know, may onter the lorth Sca region,
S$till others may take difforent coursos which we do not know of., It scoms nct un-
reasonablc to suppose that when o comparatively small numbsr of tegged hvrrlné is in-
jected in the huge stock, thoso may be cerried off in numbsrs by one of the "stray"
bodiss bofors heving time %o penatr ste properly inte the main body, This herring may
later rejoin as was the case in 1952 with the Spring herring tagged in 1948, in 1954
with the Spring herring tagged in 194§, ard in 1953 with herrings from soversl of ths
experiments, Also for the Large narrlné may be quoted similsar examplesy for instancs
the 9th liberation, expsriment 8B at Letrs in 1951 {1010 herring) gave no returns ixn
1852, 5 returns in 1953, and 12 in 195 These examples show clenrly thst teggings,
which perhaps st first seem %o bs 2 foilure, woll might bo succesfull but it is still
an unsolved riddls why the Large herring generally should be more suscoptible to dis-
persal than the Spring herring., It is more sasily concsivable that tho tagged North
Coast herring, being injscted more dircctly intc the major body on the main high-road
should sppear more mumsrous in the catchss. We have, tec be suro, similor effects hsre
also, dus probably Lo the fact That The tags hove bson injscbsed mostly on the very
fringecs cf the distribution. In tnls comnaction it is significant that the taggings
in the ¥orwsgisn Ssa proper in 19 1 (the only cpen ocean tagging comprising 2 sub-
stantial 1umbcr) gives highsr rscapturc percentage in the fellowing twe years then
dozs ths North Coast topgging exceuted in 1951, In 1954 the results are practically
the same,

The prcblems hsro discussed arc highly interesting and demonstrate the intricasy
of ths herring migraticns. Ths sexplanaticn offersd throw new light on this complex
phenomenon, and it also gives o rotional explanstion to certein irregularitiss in the
age~-distributions; for instance, that e regularly docressing yosr-class may show a
suddsn rise as we have sscen happen onee and agein in the Norweglan Winber herring.
But, unfortunately, any exect calculaticn of the stock strength and ths mortslity
ratos is rendered impossible for the pressnt through thess cemplicntions, The para-
moters introduced in the theoretical part cannot bs sliminsted with our prosent serles
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of observation; but cpportunity to do so may well arise by further investigations.
At present we have to be content with rough estimates.

For the evaluation of the mortality rete we will disregard the Spring herring
taggings of 1950 and 1853, a2ll the Lerge herring taggings, and the 1948 ¥orth Coast
taggings since thsse experlnents yield absurdly high or hopelessly low figures when
compared with the other exporiments (Table 7). TWe may now obtain an estimste of %he
yearly survivel rate by averaging the remaining figures, - assuming that the ups and
downs will bolenge each other si the end. We then get the following figuress

= 0,79, 5°=0.50, §°=0,42and P 4 = 0,31, The grand average survival
rate will thus’ be § = 0.75, This figuroc is not so very far from Leais average sur-
vival rote of P = 0,81, found by analysing a long series of agso-detecrminations of
the Norwegian Winter herring (Les )e Morcover, thc obssrvations do not cover the

same pericd and the hugely oxpanded fishery in the post-war yeers may account for
soms of the discrepancy.

For the stock estimates we may use en indirect approach which will give soms in-
formation ebout the stock present on fishing ground. Vie know thet there is s con~
tinuous loss of tags dus to mortelity and the original %agged emount is the upper
limit for the numbor present on the ground. From this follows that tho oxperiment
giving the highest percentago of returns per unit of catch mey bo used for establi-
shing an ostimate of the lower 1limit for the fishing mortality, PFrom this may further
be calculated the uppor limit of the stock level (i.e. stock pressnt on the fishing
ground), Using the figures for OH in Table 6, we obtain the followinz values:

Fishing mortality 1951 1952 1953 1954
(lower limit) % 1.9 2.2 3.0 5.4
Stock level mill,

(upper limit) tons E0 40 24 22

Judging from these figures thers scems to have besn a rapid decline sinecs 1951
of tho asbundance of herring on ths usual Winter herring grounds, somewhat checksd in
1954, Thsse figures are based on the North Coast taggings. We cannot compare thsse
values for every year with the results from the taggings on the Norwegisn coast owing
to the difficulties montioned earlier, For 1954, however, the Spring herring tagged
in 1949 seems to have re-joinsd in force. Assuming that these have haed a yearly
reduction of 25% (the survival rate O, 75), we may celculato the probable minimum
fishing mortality for thesc horrings in the same wey. Ve will thon find = velus for
the fishing mortelity of the sams order of magnitude as for tho taggings on the North
Icelandic Ccast in 1€53 (a 1ittls lower). The same appliss to the 5%th liberation
(Large herring) previously mentionsd, the order of magnitude is the sams, but this
time a little higher. This is corroborating evidsncs of soms importance, Thess ox-
periments are widely distributed in time and plece and arc yot linkod up fairly well
through the estimsted mortality rats. MNorsover it 1s in conformity with the dispersal
hypothesis which, in fact, explains satiefsctorily */ these rathor unexpected rasults
from the taggings and brings some order in an intricats seriss of rnumbors cthsrwiss

incoamprehensible, We must stress that no undus 1wncrtunca should be placed on the

stock figurss given, They ars solely to be lntorproted as meximn figur cs 1 . that

the stock cannot be any lerger, provided of course, that ocur basic assu 1 ns hold
It

ien
gocd, For that matter not even the apparsat trend might be right. 1, howaver,
roasonable to suppose thet the estimnts for 1884 - with ths corrcborative evidenes, -
might not be far from the truth, although teoo high, Ve m¢ghu, therefors, concluds
that the fishing mortality this year runs asbout 5- 6% and that the stock accordingly
lies asbout 20 million tous,

+)

In broad cutlines, the details ars not follgwed up here,
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