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INTHODUCTION 

The Institute of Marine Research has carried out tagging of capelin 

with internal stainless steel tags since 1970, mostly during the 

winter fisheries on capelin migrating to the coasts of Finnmark 

for spawning. 

Most of the capelin caught by Norwegian vessels is processed into 

oil and fishuea1. The tags arc recovered by magnets in the pro­

duction system, and during cleaning of the machinery, 

Estimates of the spmming stocl<s in 1970 - 72 from tag recoverios 

have been published by DIU\.GESUND f GJ0SlETEn and HONSTAD, 1973. 

Taggi~g during the winter cape1in fishery is usually severely 
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hindered by the weather. The fishing has to be done 'vi th purse-

seine to get fish in good condition. Neither the purse-saining 

nor the actual taGGing procedure can be carried out in rough seas. 

In addition come the problems with finding capelin. During the 

spm.vning migration the capelin goes too deep to be reached by 

purse-seine most of the time before it reaches the spawning areas, 

,Only occasionally \vill the schools come up to a depth 'where they 

can be fisIled successfully, and when such schools are discovered, 

a larGe part of the commercial fi.shing fleet is likely to be ;there 

as well as the purse-seiner that has been chartered for tagging 

operations. This results in two serious disadvanta6es in the 

tagging of capelill, as compared to ideal conditions: 1) It is 

possible only to a limite~~lgn~hoose time and place for the tagging 

operations, and 2) the tagged capelin have to be released fairly 

close to the commercial fishing fleet, The main consequence of 

this is that one gets a relatively poor mixing of tagged and un­

taggod fish. In addition, it becomes difficult to time the tag 

releases in relation to the fishery in order to obtain the maximurn 

amount of information from the recovered tags. 

One has had little knowledge about the survival factor for tagge~ 

capelin. DHAGESTJND, GJOSJETEH and NONSTAD (1973) used 0.80 as an 

estimate of the survival factor for both females and males. The 

lack of information about the survival factor has been one of the 

factors that seriously reduced the reliability of stock estimates 

based on tag returns. It "ras therefore decided to carry out during 

the winter capelin fishery 1974 an experiment to get more know­

ledge about the survival of tagged capeline 

THE SURVIVAL F ACTOH 

J-.IATERIAL JlliD HETHODS 

The experiments were carried out in Nordv&gen, approximately 7 
kilometers east of Honningsvag (Fig, 1), in February and March 1971~. 
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Two vessels were used for the experiment: the 70 feet research 

vessel IIAsterias" chartered from the University of TromS0, and 

the 130 i'oet purse seiner 1Ij\1. Ytterstad", also chartered 0 

The capelin to be used in the experiments were caught with purse 

seine approximately Go nautical r.lile s off the coas t. After 

capture the fish were transferred to b'lo tanlcs (each approx. 

1.5 m3 ) on the doe!: of the vessel. The tanks "lere continuously 

t:;uppliod ,,1 th ne,', scmlTater from a pump, 

of the experiment took 16 hours. 

The transport to the site 

The tagging took place at the site of the experiment. After 

tagGing f the tagg'od. :fish and the untagged cOl1.troJ.s were trans­

ferred to two net enclosures approximately 3.4 x 3.4 m at the sur­

face and approximately 3.4 m deep. The surface of the enclosures 

was also covered by 11 net. In each enclosure a 25 W electric lamp 

was placed to enable the fish to see the net. Experience has shown 

tha t if' no J.ight is provided, the fish may suffer quite extensj.ve 

skin damago due to collisions ",i th the net (J. HAHP-E, personal 

information). The surface temperature ,,,as 3.2 0 C '\',here the fish 

were caught. At the experiment site it was 2.2 oC. 

The tags used 'vere tbe same as those 'used during "normal" tagging, 

standard stainless steel "sprat tags", 14 x 3 x 0.3 mm (Fig. 2). 

Tl1e tagging was done according to our normal tagging procedure, 

No taggin[!; [,run, scalpel or other equipment was used. The tags 

were pressed into the body cavity without any section having been 
-made in advance. Our experience shows that this given the smallest 

,,,ound. The tag ,']as ab'lays pushed in on left side, a little in front 

of the anus (Fig. 2), After the tag had penetrated the body wall, 

it ''las turned so that it pointed straight fore,vard, and then pushed 

completely :i.n. Hands and·tags were washed in alcohol before tagging. 

Only fish large enough to be maturing were used. 

400 tagged. and 400 untagged fish 'vere released into the first en­

closure (IIExperiment 111), in such a way~that each time 50 tagged 
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fish had been releasod, 50 untaggod I'ish ,;rore also released. 

In the second onclosure (If Experiment '>If) ,- 300 tagged and 300 un-

tagged fish were released. 

Dead fish were picked up Hith a dip-net bv'ico the first day 

after the experiment started, and ovary morning the other days. 

All f'ish that died, were r:1Oasurecl, and sex and ma turi ty \'lero not ed. 

For the taCGed fish we also noted the position of' the taC, or 

'~1ethar it had been lost. At the end of the experiments all re­

mai.ning fish ,,,ere picked up, and the sa.t:le infon71ation WD,S recoverod. 

The fish wore not sexed before they were ~eleased into the en­

closures, as ,"e expected to get the nutllbe)~s of each sex as the 

fish were recovered. It was also considered important to reduce 

handling of the fi.sh before release to a minimum. 

rm::3ULTS AND DISCUSSION 

At the cnd of the experiments ,,,e found that some fish ",'ere missinG: 

in experiment 1, 29 tagged and 5 untagged fish, and in experi.ment 

2, 79 tagged and 77 untagged fish. 

There may be several reasons for these losses: 

1) Some fish Here ta.ken by Id.tty,,,alces (nissa tridacty:la) at the 

release into the enclosures. These were fish that were dying, and 

lay at the surface, before we had put on a covernet. As far as we 

could see, only a fe,,, fish were lost in this ,,,ay from each enclo-

sure. 

2) Some fish '\-lere probably taken by eider ducks C?or:18.teria .!!:0l:lis-

sinw.) • We did not see this for ourselves, but people ashore said 

they had seon eider ducks take fish from the enclosures. lIo,", many 

they can have taken is not possible to say. On two occasions 

corners of the covernet were torn loose by the waves and the wind, 

so that it' may have been possible I'or the ducks to dive into the 

enclosures. There were large flocks of "eider ducks around the site 

of the experiments, 
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.3) It is likely that some fish hetve managed to swim out of the 

enclosures. In some periods a strong' local wind set 1.1p small ,·.,ravEls, 

<wd under such conditions it may have been possible for fish to 

swim over the float-line when tho covernet was torn loose. At the 

end of the experiments it was also found on one occasion that one 

cornor of the second enclosure ("Experiment 2"), , .. here an ancl10r 

rope was fastoned, was pulled down under the surface by the current, 

At the same time the current had also torn loose the covernet. Tllis 

15 probably the main reason WllY so much fish disappeared from 

experiment 2. 

The three first ~;eries (50 fish in each series) of taGged fish in 

experiment ]. had very high mortality the first 20 hours (Table 1). 

Nost of them seoDed to die immediately after the release into the 

enclosure. This ",as probably dUEl to lack. of oxygen in the buckets 

where the fish were kept between tagging and release into the en­

closure. For the first three series about 25 fish were put into 

the bucket before they were transferred to the net enclosure. 

Later no more thwl 10 fish were collected in the bucket before 

transfer. For untagged fish the transfer has probably not croated 

problems, as it was much quicker for them. For all calculations 

the first three series tagged in experiment 1 (Numbers N 98501 -
N 98650) have been disregarded. The remaining tagged. fish :i.n 

experiment 1 (N 98651 - N 98900), together with the 400 untagged 

fish in that experiment, will be referred to as Experiment 1 a. 

Most of the fish recovered were in maturity stage Ill, some in 

maturity stage IV (stages as defined by NAIER, from LAEVASTU, 
• ].9 65) • In 'rabIes 2, J and hare 8hol·.,rn the courses of experiments 

1, la and 2. 

In calculating the size of' ±he population from tagging results 

the following foroula is used: 

(1) " N C 8 
V= rr 
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V~.:: the es tima te of the population at the time of tagging 

N= number of fish tagged 

c~ the size of the catch a:ftor tagcing, in the same unit as V 

TI= number of taGs recovered 

s= the survival factor, ,":41011 also tal,es into account the loss 

of tags. 

Loss of taGs must be included in the taGging mortality because 

taCGod fish that have lost thoir tags will not be recognizable 

as such with out reoovery system (collection of the tags by 

magnets at .fi.sh meal :factories). In a I1free ll population fish 

that loose their tags will go baok to the untaggod population 

wi.thout any signifioant change in the proportion between taggod 

and untagged fish. But in experiments like this the number of 

1'ish that loose their tags is relatively large compared to the 

number of untagged fish, and those that loose their tags can not 

be added to the untagged ones, but must still be deducted :from 

the tagged specimens. 

The survival o:f tagged fish Bnrl untagged fish, respectively, can 

be expressed as folI01'1S: 

(2 ) Sl= N 
-(H+Tl+T +L) • t 

I 
• e 2 

(3) S == N • e-(H+T2 ) • t 
2 2 -

N
I

= number of fish tagged in the experiment 

N == 2 

S == 1 

S ::: 
2 

11 

11 

11 

11 11 untagged in the experiment 

" tagged f'ish that survive "dthout loosing the tag 

11 untagged fish that survive '\d thout loosing the tag 

M::: instantaneous natural mortality 

T ::: 
1 

11 mortality caused by the tagging operation 

11 " 1",., = 
,::.. the tagging operation 

L == instantaneous loss of tags 

t == the time interval 

" 11 " handling apart from 
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'1'2' as \'l0 get it from these experiments, can not be expected to 

ropresent the Ifhandling mortnlitylf as it is during "normal" 

tageing, as the fish normally is not kept in a tank for 1110re 

than 2 - J hours before tagGing, and it is not kept in a llet en-

closure after taGGing. COllcequently, stress factors other than 

the actual tagging operation are probably much s~aller dtlring 

"normal" tagGing operations. The survival factor to be cal-

cula ted from these experil:JOnts sbould therefore only tal;:() into 

accoLLnt the mortali ty caused by the actual tagging operation, aJ1.d 

the loss of tags. 

overestiJ:w.to: 

It will thon, of course, represent a slight 

s= e ... C1\ + L) 

(4) 

• t_ -('1'1 + L + '1'')+ - e r_ --:T'l;-..... .j:-'?JT. t 
e .. 2 

S :::: SI • N2 

S2 • NI 

n) • t -
:1 
NI 
--~ 

S2 -N 2 

SI • N2 

S2 • 1{1 

" 

The resul ta (Tables J and 4) sho,., a very high mortality for both 

tagged and untagged females, and much higher than for maIE)S. It 

is not possible from tllese results to calculate any reasonable 

value of the survival factor for females. The results give reason 

to suspect that for females the mortality from other factors than 

the tagging operation is so large that is obscures the tagGing 

mortality, It is therefore necessary to calculate the survival 

factor for males alone. 

Survival factor for male capelin 

To get an estimate of the numbers of eacb sex that were released 

into the net enclosures at the start of the experiment, I have 

assumed that the sex ratio was the same among the fish that were 

released as among those that were recovqred, and that the mortality 

was the same among the fish that were lost as among those recovered 

in the groups "tagged" and "untagged", respectively. The corr08-
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ponding values of SI' S2' Nl and N2 are given in Table 5, combi­

nation A. UsinG for~ula (4), the two experiments give the follo­

winG values for sd~ 

Experiment la: 

Experimcnt 2 

s er _. 

s <1 _. 

147 • 29~ = 0.91 
250 . 192 

197 . ?'ll::= 0.87 

217 · 255 

Us inc: Lt me an value 0 f the two experiments, "le ge t 

s cJi == o 91 -I- O.g7 := 0,82 --'-<= ___ #"_0...0.-_- . 

2 

. 
It is not possible with the present material to use statistical 

criteria to get an idea of the accuracy of the results, both be­

cuase we have too fe", experit:1ents and because of the large number 

of lost fish. 

HO\.,ever, onc can use a rough reasoning to find the possible extx011W 

values 0:[' the survival factor. Huch of the uncertainty is connected 

with the sex ratio among the fish originally released into the 

enclosures, and with what happened to the lost fish, In Table Sa 

are given some of the possible combinations, and in Table 5b are 

given the resulting values of SI' NI' S2' N2 and s~. 

The extreme values of sd from Experiment la and assumptions D and 

E, are 0.92 and 0,85 as the highest and ].owest values, respectively, 

It is reasonable to assume that if all the fish that were released 

could have been accounted for, the experiments ,yould still have 

given a value of sa somewhere between those extremes. It is also 

probahle that small variations in the handling and tagging technique, 

as are likely to occur if the tagGing is done by differont persons, 

may cause the survival factor to change beyond the extremes found 

from these considerations. 
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It mU8 t be remembered, further, that s cl' only represents a maximum 

valuc for the survival factor, because it does not take into 

account Dlortality due to stress from the catching procedure or the 

stay 1.11. the storage tanks. 

Taking thesc qualifications into account, the accuracy obtained 

from the experiments should be considered satisfactory, and 

s -,1, = 0.89 c an be adopt ed as a mnxj li1Um value for the survival fac t or __ ~o_...-.-_____ _._- --
for male capelin. 

22~.E_:'..iJ:~.1- :f~9_i; 012.. for f~mal.e capel i.n 

For most of the capelin tagged during 1974, each series of 50 tags 

'''HS used either for females onJ.y or males on.ly. It is thus possi-

ble to calcu.lat0 lttag recovery factors" (p) separately for tags 

appli.ed to female and male capelin, respectively: 

p'_ number of tagged :fish recovered 
- number of tagged f'ish released 

". 

If one assumBS that fishing mortality is the same for male and 

fem£l.le capelin, different values of the tag recOVery :factor must 

be due to di:fferent mortality. Natural mortality is probably 

small for both sexes compared to the tagging mortality so that 

the difference bet",,'een tag recovery factors can be assigned to 

different taggi.ng mortality alone. The tag recovery factor can 

then be assumed to be proportional ,dth the tagging survival 

fact or, and the relationship can be expressed as 1'0110,.,5; 

s 
~ = sJ 

s = 
.~ 

P 
~ 

Ft 

It' 
5 • 0 ifI '1~ --Fa' 

Using s~ ='0.89 and tagging data from 1~74, we get: 
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S5?- = 0.89 • 
644 

6850 
911 

5650 

= ~ 

s = 0.51 can thus be adopted as a max~mum value for the survival -0----- -~ 
~-

:t'actor for female capelin. 

THE SIZE OF THE 197 1j SPA1'lNTNG POPUL.'\TION 

N ATE1IT M~ Aim 1 IETHODS ----_._--_._---

Altogether 13.500 tagged capelin were released dur~ng the winter 

fishery 1974. In F~g. 3 are shown the pos~tions where tagged 

capelin ,,,el~e ral.eased. 

For calculation of the results, the releases were divided ~nto 

th~o0 groups according~o time: 

Grou.r...-1. • The tags N 9701 - N 10000 and N 11101 .. N 11800, 

al together 1000 fish, ,"ere released Februar 19 on. the North Cape 

Bank. The sexes ,,,ere not tagged with di.fferent series of taes, 

illld it is therefore not possible to know the sex ratio of the 

tagGed fish that were released nor of those that were recovered. 

Gro...:!:~.,.g .• The tags N 11801 - N 14000 and N 15001 - N 20800, 

altogether 8000 fish, were released during the period ~Iarch 11 -

14, in the outer part of the Varancer fjord and outside Yards. 

For these tags and those released later each series of 50 tags 

was used either for males only or for females only. It is thus 

possible to know whether recovered tags are from male or female 

fi~h. 4000 of the tagged fish were males and 4000 were felna1es. 

G!'oup .1. The tags N 20801 - N 25300, altogether 4500 tags 

(1650 male capelin and 2850 females) were released from March 

19 to Narch 25 along the coast of eastern li"innmark, from the 
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outer part of the Varanger fjord to Ber1ev&g. 

The spawning population (V) at the time of tagging can. be esti­

mated from formula (1): 

A 
V = N. C • s 

R 

]l'or the tac;s in Group 1 this formula can be used directl.y. 

For Group 2 and Group J we also ha.ve information about the numbers 

of each sex that were tagged. The most direct way to use this 

additional information is to calculate the populations separately 

for females and males, and then add the results to get the total 

population. Ilowever, with a survival factor of 0.51 for female 

capelin, the calculations based on females are likely to be un­

reliable. The calculations from tags in Group 2 and Group J were 

therefore based on male capelin only, and formula (1) ,.,as adapted 

for the purpose: 

V ::: 
N 

( 5) 
N 

V = 

, 
(C • kef!) • 

0 

He? • k<f 

• C • s o 0'" 

H:n o 

• s rl' 

kc1 = the proportion of the catch that is made up of male capelin. 

The other symbols are as in (1) with the addition that the index 

cl' signifies that the appro.p·riate values for male capelin should 

be used. 

Tho total spawnj.ng popu~ation, P, is estimated from the formula 

(6) p::: V + C 
o 

where C is the catch taken before tho tags were released. 
o 
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More interesting than the actual values of V obtained from the 

calculations are the limits of confidence for the results. 

DATLBY ~ 1951) 
for ( -.1_ ). 

V 
and the 95 'I> 

has given formulas for mean and standard deviations 
A A 

Although V is not normally distributed, (~~ )is, 
- V 

confidence interval is: 

R - ~.26 · R < ....l.- < R + 1 • ..2£ H 

N C s V N C s 

A 
The corresponding "confidence interval" for Pis: 

(7) C + o 
N C s 

H + 1.96 • n 
{P<C+ 

. 0 
rI C 3 

R -1.96 R 

Formula (7) was used directly for the calculations from Group 1. 

For Group 2 and GrouP.3 the formula was, according to (5): 

(s) 
C + 

o 
Nd' • C • s , cl' I~d' -I- 1.96 • . r--o---r < p <' Y Ha' 

Number of fish t~~d (i-n 

C + o 

N 'C's;, 
0" 0 

Rci' ., 1. 9 6 • V'iT"' cl' 

1'he numbers of fish tagged "lore kno,m. Fro Group 1 ' .... e kne", on.ly 

the sum of females and males. For Group 2 and Group 3 both the 

number of females and the numbor of males were known. 

Sizo of the catch after tacging (C) 

The 12 factories that were considered most important were tested 

for "tag return efficiency", 100 capelin taken from the conveyor 

bel t were taggod in the usual ",,'ay, but ,.,ith unnumbered tags. The 

tagged fish were thonput back on the conveyor belt just before it 

entered the production machinery. Tho unnumbered test tags ' .... ere 
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collected together with the numbered tags from magnets in the 

production system an.d during cleaning. In Table 6 the tag, 

return efficiencies (the proportion of the released test tags 

th.at "lere returned), and the numbers of recovered numbered tags 

por (hectoli tre x' 105 ) are given, Only factories ,,,i th tag return 

ef'ficioncie s > 0.50 were used in further calculations. 

Al.l catches of capelin that are dolivered, are sampled by stati­

stics collectors, and among other information they also record the 

date the catch "las taken, the size of the catch, the factory that 

takes delivery, and tl1.e length frequencies, based on one or tw'o 

sa"~le5 of approximately 100 fish from each catch. 

From the above information "le obtained the catch fished in any 

period of til;1e that was 4elivered to each factory (Tables 7, 8 

and 9). 

C was then calculated from the formula: 

, 
f e f • Pf C ::: 

f signifies the factories A ... G, that had tag return 

e:fficiencies > 0.50 

C:f "" tag return efficiency for factory f 

P
f 

= catch of capelin from the date tagging started and 

out the season, delivered to factory f. 

Tho calculations of Care sh0\1n in Tables 7, 8 and 9. 

Catch taken before the tags were released (C ) 
o 

C 'is the total catch fished before the date when the first tag 
o 

in each group was released, and has been taken from the same 

statistics as C. 
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Grou~ C (fished Febr. 18 and earlier)= 0,6 • 106 hI 
0 

Grou~ C (fished March 10 and earlier)= 2.5 • 106 hI 
0 

GrouE-J. C (fished NarDh 18 and earlier)= 4.8 • 106 hI 
0 

TagGing survival factors (s) 

The maximum values from the experiment were used: 

s = Op5l and s~ = 0.89. For Group 1 it was assuDed that half 
~ 

the taGGed fish were females and half males, and consequently 

S = -H s ~ + s cJJ = o. 70 • 

NumbeEs of tags recovered (R) 

Each tag that was returned was taped to a card with (among other) 

information about 'vhich factory the tag 'vas returned from. Thus, 

it was easy to count the tags from different series that had been 

returned from the factor;i.es in question. As the correction for 

tag return efficiency has been incorporated into C, the values for 

returned tags can be used directly. The results are given in 

Tables 7, 8 and 9. 

rmSYI./TS AND DISCUSSION 

..... 

llsing the above information, the "95 % confidence intervals" for 

P can be calculated separately for the three groups of tags. A 

factor of 0.097 is used to transfer the results from hectolitres, 

as used in the catch statistics, to tons (for commercial purposes 

one reckons 97 kilos in 1 hectoliter of capelin). 

(0.6 • 10
6 + 1,000 • 1,88),265 • 0.70 I. 0.097 tons < po( 

22 + 1.96 • y'221 -; 

(0.6 • 10
6 + 1,000 • 1,88).265 • 0.7Q). 

22 - 1. 96 • (22:, ) 
0.097 tons 

6 6 
4.2 • 10 tons <1> <10.0 • 10 tons 
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(2.5.106 
+ ~oo~ 

538 + 
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1,282.129 • 0.89\ 
1.96 ,1538 ' ) • 0.097 tons 

(p( 

(2. 5 • 10
6 

... L~;OOO. 1,283,129 0 OL8..2.) . 0.097 tons 

538 - 1.96 • (538 I 

1.0 • 10
6 

tons <P <1.1 · 106 t~ns 

.0 rou 12. •. ~ 

~.f..8 • 10
6 + .1,650 • 6I~6t999 • 0.89 ) 

65 + 1.96,v651 • 0.097 tons < P < 

(4.8 · 10
6 1,650 • 6~6,999 • 0.82 ) • 0.097 tons 

+ 65 - 1.96 • f(5? 

1.6. 106 tons <P( 2.3' 106 tons 

As can be seen, the estimates of the spa,ming population diff'er 

widely according to which group of tags has been used. This 

variation is much larger than '''hat can be accepted if the popu­

lation estimate is to be used I'or regulation of the fishery. 

The obviously most important reason for this is that the tagged 

fish were not randomly distributed in the popu1ation. As a 

result of this, fishing mortality for the tagged fish may have 

been subst~ntially different from the f~shing mortality for the 

rest of the spawning population. 
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In the case of Group 1, there is also reason to believe that 

natural mortality has been much higher than for the rest of the 

population: Immediately after the tagging a storm blew' up and 

stopped the fisJling almost completely for a week. After the storm 

the concentration of capelin in which the tugged fish from Group 1 

had been released could not be located. Information from our 

research vessels (ANON. 1971~) indicate that a fairly heavy con­

centration of cod was found in the area where this capelin was 

lost, J=n any case, ,."hether this concentration of capelin was deci-

mated by predation or it just avoided the fishing vessels, there 

can be no doubt that fishing mortality for the capelin from G:roup 1 

was much lower than for the rest of the spcnn1.ing population. The 

extraordinarily hiGh popUlation estimates resulting from the tags 

in Group I should therefore be disregarded completely. 

As for the capelin tagged :i.n Group 2 and Group J there are fe,,, data 

to indicate, for the groups as a ,."holo, ,.,hether fishing mortality 

for tagged fish was different from that for the whole population. 

However, release of the }agged fish occurred fairly close to the 

fishing fleet, and fishing mortality was at least likely to be very 

variable from batch to batch of the tagged fish, 

There are also considerable possibilities of bias in the values 

used for the survival factors, the tag return efficiencies and the 

way the catch statistics have been used, but a discussion of that 

would carry too far here. 

We arc then left with two estimates of the spawning population. 

The calculations based on the tags in G:r011P 2, with 4,000 tags 

released and 53S returned , indicate a spm"ning population of 1.0 

1.1 mill.ion tons. The calculations based on the tags in Group 3. 

,."ith 1,650 tags released and 65 returned, indicate a spa,,,ning 

popUlation of 1.6 - 2.3 million tons. 

The larger number of tags released in Group 2, and the fact that 

the tags were released earlier in the fishing season, might 
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indicate that the results from Group 2 are less likely to be bia­

sed. This estimate a1_so agrees l'lell ,,,ith an acoustic estimate 

carried out in September - October 1973 (Dml1-IASNES, NAICK8N, SiETRE 

and t'HOILAND, 1974), that indicated a spmv.ning population of 1,0 

million tons, with a possibility that the value might be as high 

as 1.5 million tons (NAE.:KEN and DOf-iHASNES 9 1975). 

The ,-,ridely differing estimates of the same stock using three 

different groups of tags indicate that at present stock estimates 

for capelin based on tagging experinents shoul.d be treated ''1ith 

caution, HOi'1ever, even nOl" the tagGing experiments are useful as 

controls for the acoustic estimates, and efforts should be made to 

improve the reliability, 

SUHHARY 

I, Capelin tagged ,\,,,ri th internal stainless steel "sprat tags" 

have been kept in net enclosure for 9-10 days to get the survival 

factor. , 

The "maximum survj.val factor" was found to be 0.89 for males. 

Additional information from routine tag recoveries indicated a 

maximum survival factor of 0.51 for female capeline 

2. The 1974 capelin spawning population in the Darents Sea was 

calculated separately from three different groups of tags released 

at different times during the fishery. 

estimate 
The resultingl\f'or the population size was h.2-l0.0 million tons, 

1.0-1.1. million tons, and 1.6-2.3 million tons, respectively. The 

highest estimate is obviously too high, and the reason is be-

lieved to be that the part of the population into '\'111ioh those tags 

were released had lower fishing mortality than the rest of the 

population. As for the two remaining estimates, the reason for 

the difference probably is that the tagged fish was not randomly 

mixed into the population. The tagging experiments give little 

basis for choosing one or the other of those two estimates, except 

that the J.o'Vlest one is based on the largest number of released tags. 
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Tablo 1. Numbers of' dead fish picked up each day f'roll1 the different series of' tac-s, plus the nt..l::it,crB 

of survivals picked up at the end of' thc cxporilllonts. Also given is thc nut:lber or l·G .... 

covered taGGed f'ish in experiments 1 and 2 that had lost their tags. 1'ho i'ish Hero relo;.'.scC\ 
into the net enclosures February 20, February 2.1 dead i'ish were taken up in tho ~lornirtg 

and the afternoon, the other days in the morning. Exporiments 1 and la \~ere finished on 
February 28, and Experiment 2 'ins finished on ~Iarch 1 , 

February .., Narch 
~ 

Dnd of Totn1 numbGr 

21 22 23 21j 25 26 27 28 1 Exp. rocovored 

N 98501 " 550 36 1 .1 38 
N 98551 600 38 3 1 3 2 10 

N 98601 - 650 28 3 3 1 1 1 7 1111 

N 98651 - 700 1.1 2 3 1 2 1 1 26 117 
<j 
rl N 98701 - 750 1.1 3 2 2 1 2 23 4h 
.1-> 98751 - 800 12 3 2 2 1 26 46 r: 
() 

98801 E' 
.r! - 850 5 1 1 1 1 39 118 

H N 98851 - 900 8 1 2 2 2 1 2 25 43 C) 
0.1 

Fish that have KI 
r4

J lost the tae; 5 '1 8 11, 
"-

N 98901 - 950 4 3 ], 2 2 1 1 25 39 

N 98951 - 000 1 l. 1 1 29 33 

(" N 99001 - 050 2 3 l. 2 3 J. 1 23 36 

N 99051 - 100 6 4 3 3 1 l. 17 34 

N 99101 - 150 5 3 1 28 37 

N 99151 - 200 2 2 1 1 3 2 2 1 23 37 

~ l'i8h that havo 
i-l lost the tag 1 4 5.\ 

Table 2 • 

. 
SurvivinG fish ~ t 
recovered at the end 
of the experiment 1 155 

Su·rvivinc f'1sh 
rocovered that had 
kopt the taGs 1 1117 

Tag rctninl:Jent 
factor 1.00 0.95 
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Table 5a. 

Table 5b. 

Some possible combinations of sex ratio and 

mortality for the lost fish 

A The sex ratios among the fish initially released 
into the enclosures was the same as among those 
recovered, and the ratio dead/surviyals was the 
same among those lost as among tho~e recovered in 
the groups "tagged" and "untagced", respectively. 

B The sex ratios amollG' the fish initially released 
into the enclosures "'as the salne as amone; thosc 
recovered, and all lost fish are considered as 
survivals. 

C The sex ratios among the fish initially released 
into the enclosures "'as the same as among those 
recovered, and all lost fish are considered as dead. 

D All lost fish are considered as surviving mal cs. 

E All lost fish arc considered as dead males. 

F All lost fish are considered as f'emales. 

ya1ues of 5 ,)~ I 5 I N and SA for the combinations of' 
1 1 2 2 "'-

sex ratio and mortality given in Table 5a. Loss of' tags 

has been included in 51' using the "Tag retainment 

factors" given in Tables 2 and 4. 

Experiment la 
, 

Experi"lOnt :~ 

N1 ~1 :.i
2 ::;2 .6.-." NI ~l 1\2 ~2 1 .--~:;" 

A 192 147 296 250 0.91 255 197 244 217 0.87 

B 192 149 296 251 0.92 255 210 2114 218 0.92 

c 192 138 296 247 0;86 255 145 241, 161 0.86 

D 196 153 297 252 0.92 267 222 258 238 0.90 

~ 196 138 297 247 0.85 267 145 258 161 0.87 

F 180 138 292 247 0.91 188 1115 181 161 0.87 

-



Table G. Tag return eificiencies. and recovered tags per (hectolitre x 105 ) 

corrected for tag return efficiencies 

Tag 

Factory return 

design«tion effkitmcy 

p"r (lIec tolitr e x Recovered tags 

were rdeas",d (n • l05*\ 

~~--~~-----~~. p ) 
N 9701.10000 1:\ 1180l-HOOO 

10
5

) fished after tht' tags 

~~~_-~1~1~8~0~0-r_~N~J~~~O~0~lr-~2~0~8~0~0_·-+~~N~2~0~8~0~1~-~N~2~5~3~0~0~~ __ ~~ 

---______ I-_-.l~ ______ ---'90--+ -=-cfI __ 
I
I-------.5L I cfI Q T _-=-0' _____ _ 

Fa 

A 
D 
C 
D 
E 
F 
G 

H 
I 
J 
K 
L 

O. 90 0 
0.81 1.1 
0.79 3.2 
0.78 0.4 
0.74 0.6 
0.61 3.8 

- - Q.- ~ ~ - - - - - - - - - - }_.)- - - - - -
0.44 1.5 
0.39 4.5 
0.21 3.6 
O. l7 0 
0.10 , 0 

I I 
-1-7.9 50.3 30.2 19.1 
89.8159.8 12.1 I 14.7 
72.4 74.5 18.6, 17.4 
51.7 168.6 l7.4 I 17.4 
88. 1 1 93. 3 30.7 I 10. 3 
84.3,81.9 7·1.1 21.6 

__ ~ 2 :.. ~ _ ~ _5_8_. _ ~ _ _ _ __ ? } :. '} ___ ~ ___ ~ ~ ._ ~ _________ _ 
76.9 1135.3 56.9 1 13.8 

244.8 187.9 47.9' 46.4 
90.5 '172.4 38.3 1 46.4 

344.3 1303.1 0 1 91. 7 
o 1 0 0 1 0 

_____________ L-_____ --l-_____ L-I __ ~------1'--------

* 

-

ctory 

Rand (e . p) taken from Tables 7, 8 and 9 for factories 

A - G, and calculated in the same way for factories H - L. 

Table 7. Quantities of capelin fished after Febr. 18, delivered to 

the factories in question and corrected for tag return 

efficiency, together with the numbers of tags from GroupJ. 

returned froln those factories 

Tag Quantity received Corrected Returned tags 
return that had been fished quantity in hI N 9701 - 10000 
efficiency after Febr. 18, in Nl1101 - 11800 

de sir-ation (e) hecto1itres (p) ( e· p) 

A 0.90 171 789 154 610 0 

B 0.81 222 941 180582 .2 

C 0.79 236414 186767 6 

D 0.78 987 701 770 407 3 

E 0.74 435 498 322 269 2 

F O. 61 217 329 160 823 5 

G 0.55 196 012 107 807 4 

Sum of corrected quantities, C' lR83 265 

Sum of returned tags, R 2Z 



Table 8. Quantities of' c4polin f'isltoL! nf'tor Nnrch 10, delivered 

to the f'nctories in question and corroctod for tug­

roturll eff'iciency tOGether with the numbers of tags 

i'rom Group 2 returned from those f'nctories. 

I 

TaG ~t1antity received Correc~ed I Heturncd tags 
Factory return that had boen fisiled qualltito)' in from male 

le5ianation oi'ficiency uf'ter ;·iarch 10, in hI cupelin, in 
(e) hectolitre ( p) (e . p) the sories 

~ 11S01-1!~OOl) 
X 15001-2080.) 

A 0.90 121 591 109 1132 3~ 

B 0.81 167 193 135 426 117 

C 0.79 207 876 1611 222 72 

D 0.78 554 652 432 629 17;~ 

E 0.74 332 393 245 971. 131, 

F 0.61 176 1.48 107 450 51 

G 0.55 159 999 87 999 30 

Sum of' corrected quantities, C 1283 129 
! 

Sum of returned tags, Ht 538 

Table 9. Quantitics of capelin fished after Harch 18, delivered 

to the f'actories in question and corrected f'or tag­

return ef'f'icieney together with the numbers of tags 

from Group 3 returned f'rom those f'actories • 

. ~.~ 

Tag Quantity received Corrected I Hoturned tags 
FRetory roturn that had been f'ished quantity in I fron male 

ef'f'iciency af'ter ~larch 18 ~ in h1. 

I 
eapelin, in 

designation (e) hecto1itres (p (e . p) the sories 
N 20801-25300 

A 0.90 69 987 62 988 7 
B 0.81 72 979 59 113 5 

C 0.79 113 036 89 298 9 

D 0.78 280 057 218 444 22 

E 0.74 178 7/f8 132 271, 8 

F 0.61 78 953 48 161 6 

G 0.55 66 766 36 721 8 

Sum of' corrected quantities, C ·61,6 999 ----
65 Sum of returned tarrs , Het &.-.----------
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Fig. 1. 

Fig. 2. 

~ HONhIlNGS-
~\I' . 

~:) ~AG 
N o 

W~~_E 
S 

The Honningsvag - Nordvagen area. The experiment site 

in Nordvagen is indicated by an arroW. 

-----~----~-= ~ 
."",,-~ 

~~ 

·A capelin. The position where th~ tag is pushed into the. body 

cavity is indicated by the arrow .. .P,;.. tag is shown in cqrrect 

relative size. 
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Fig. 3. positions-where tagged capelirl were released. 1) Tags N 9701-10000 

and N 11101-11800 (Group 1), 2) Tags N 11801-14000 and 

N 15001-20800 (Group 2), 3) Tags N 20801-25300 (Group 3). 


