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JTHTRODUCTICH

BExcept for the ICES herring tagg

ing experiments in 1957 and 1958

on the Bleden Ground (Aasen, Andersen, Guiland, Poprp Madsen and

Sahrhage 1961) no large scale tagging of herring with internal metal

tags nave been carried out in the North Sea., However,

rapid develspment of the

eastern North Sea in the

recent years,

in view cf the

herring fisheries in the northern and north-

ST

the derring Committee of ICES

(Anor, 19653) in October‘1965 recomiended that: "for a better understanding

6f the relationship between the herring in the north-eastern North Sea

and those on the traditicnal fishing

~

of the fishing mortality an intermational

grounds, and alsc for an estimate

tagzing prograruie should be

launiched immediately”, It was

reconmended

tc carry cut botir intermal

and external tagging of overwintering herring in tie north-eastern

Horth Sea and tagging of feeding and
Horth Sea: By that +time Imstitute of
January 1964 carried out ome tagging

area.,

attempts have been made by several natioms to tag herring,

spawvning herring in the western

Marine Research had already in

with intermal tags in the Skagerak

Since the recommendation of the Herring Committee was given,

and Ncrway

has carried out three experiments (November 19635, June 1966 and July 1966).

The main objective of this report is to give a description

of the

experiments carried cut in 196k and 1965, and to comsider scme preliminary

results that can be drawn from the

re

captures, The 1966 experiments can

not be dealt withfin this repcort due tc the shert time between the libera-

tions -and this neeting.,



THE TAGGINGS

All the herring were tagged with internal steel tags and the method
applied was briefly the same as described by Fridriksscon and Aasen
( 1950 and 1952). It should be ncted that the herring released were
measured as to length, and scales were taken from cach fish tagged.
The taggings were performed from a small tagging craft at drift and the
herring secured for tagging, were kept in a keep net tied to the side
of the tagging craft, Herring were taken individually from the keep net
by a dipnet, and released directly into the open sea, All the fisn tag-~
ged had been caught by purse-seine, Weather conditions were favourable

during the tagging coperations,

The 1964 experiment (Fi€-1)

During a cruise of R/V "G.M.Dannevig" a total number of 1000 herring
were tagged about 30 nautical miles southwest of Lindesnes (Table 1)1
An analysis of a sample taken from the same catch as the tagged herring
indicated that autumn spawners made up about 90,0 % of the herring in
the sample., Unfortunately nc otsliths were taken and it is difficult
to give a cef%in classificaticn in autumn and spring spawners according
to age., However; it is likely that the 1960 year-class of the autwmm

spawned fish predeominated the sample (Table 2).

»

More than 50 ¢ of the herring in the sample were in maturity stages

VITI and VIIT (Table 3} and conseguently these herring are autummn spawners.

The mean number of vertebrae cf the herring in stages VII and VIIX
was 56.48, and those in stages I and II 56.51, whereas the herring in
maturity stage IV showed a mean number of 57.25, This latter group is

“certainly spring spawners, and Jjudging from the mean number of vertcbrae
rgi herring

in maturity stages I and IX, it is likely, that most of these herring

e
,t.-—)-l

belong to the autumm spawned fis

-

The 1965 experiment (Pigz,1)

This tagging took place during a cruise of R/V "Johan Hjorit"
(Haraldsvik 1966), The first batch of 1700 herring ( liberation 1) was
released 5 November 25 nautical miles south of Ryvingen (Table 1),

The herring consisted of 91.2 % autumn spawners, and stili
the 1960 year-class predominated followed by the 1961 year-class (Table
2). The distribution of the maturity stages of the herring is shown in

Table 3.
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The next batch of 2300 herring (liberation 2) was released 7'
Hovember 20 nautical miles northwest of Skagen (Table 1)}, The herring
tagged were aliost entirely autwm spawned fish (97¢h %)
of the 1963 year~class (Table 2). Most of these autumn spawners were in
maturity stages I and II (Table 3) and the mean number of vertebrae was

56.59.

STATISTICS OF HERRING LANDED IHANORWAY PRCM T JAWUARY 1964
TO 30 JUNE 1966

Before analysénﬁihe tag returns it is mnescessary to consider the
catch statistics and scme biolsgical data of the herring ccllected in
the area under consideration, This is especially important in case the
recaptures are used for stock size and mortality estimates. For the
present investigation it is suggzgested that the catch statistics together
with bioclogical data may give valuable informetion about the overwintering
area for the autunm spawned stock in the north-zastern North Sea.

In 196k the total catch of herring landed in Norway from the North
Sea and Skagerak amounted to 192,520 tens, being more than five times
the yield in 1963. This great increase in the yield is largely due to
the purse-seiners participating in the North Sea and Skagerak fishery
for the first time, The monthly catches landed in the different areas
are given in Table 4, The landings from Skagerak derive mainly from an
area at the entrance of Skagerak, about 20-40 nautical miles south and
scuth-east of Lindesnes, In January 1964 the fishery mainly tock place
in this arca, whereas during the following eight months most of the
herring were caught at the Egersund Bank, and Coral Bank., From HMay to
July (inclusive) herring were also caught at the Patch and Viking Banks.
From October cnwards the Skagerak again became the most important

fishing area.

In 1965 the fishery yielded 603},886 tons. During the first two
nonths ¢f the year the main fishery tock place at the entrance of
Skagerak, whereas from March throughcut the next eight months the

fishery was centered at the Egersund Bank,- Coral Bank, except in July

and August, when a good purse-~seine fishery cast ¢of Shetliand develosoped

.
A
obtained at the Viking Bauk., During the last two . wmonths of the yvear the

t

fleet was fishing in the Skagerak and at the Zgersund Bank,

Throughout the rest of the pericd from I . January 1966 up tc 30 June

[N

the fleet shifted between Egersund Bank and Coral Bank noving somewhat
more towards west at the end of the pericd., The total catch during this

period amounted to 160,000 tomns {Table 6).
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Pcoling the sampies collected during the pericd from 1 January to
30 June 1964 from Skagerak and Egersund Bank - Coral Bank, 85.8 % of
the herring examined consisted of autumn spawners (Table 7), the 1960
year-class predominating (52.9 %), followed by the 1961 year-class

(34.9 %).

Herring caught at the Egersund Bank - Coral Bank from 1 July to
31 October were alsc predominantly of autum spawned fish (81.9 %)
(Table 7). The 1960 and 1961 year-classes were the dominant cnes in
July, whereas the 1962 year-class strongly dominated the samples from
the end of August to COctober, It should be noted that the admixture of
spring spawners in August was relatively high., This is alsc reasonable
since nmost of the mature herring at this time are more westerly dis-

tributed.

The samples taken from 1 November 1964 to 30 June 1965 in Skagerak
and at the Egersund Bank - Coral Bank consisted of 94,9 % autumn spawners,
among which the 1960 year-class predcminated, followed by the 1961 and
1962 year-classes (Table 7). North of 59°N {Patch Bank and Viking Bank)
the autumm spawners contributed only 66.1 %. Ia this latter area the

older age-groups showed up somewhat more frequently than further south,

During the summer and early auturm 1965 the recruits of the autumn
spawners (1963 yvear-class) were predominating at the Egersund Bank -
Coral Bank, However, off Shetland the sampleé showed a completely diffe-
rent age composition, Alsc in this area the majority of the fish consis-
ted of autumm spawners (8&.2 %}, but in contrast to the Egersund Bank -
Coral Bank samples the older age groups were more abundant. The 1960

and 1956 year-classes were represented with 18.3 % and 14,3 % respectively.

In the samples collected from 1 November 1$65 up to 3C Jume 1966
at BEgersund Bank - Coral Bank and in Skagerak, the 1963 year-class con=-
stituted 41,2 ¢ of the autwm spawners, whereas the 1961 and 1960 year-

classes altogether coniributed with only 34.5 % (Table 7).

Table 8 shows the mean number of vertebrae arranged according to
period, area and spawning group. The means of the autumn spawners varied
between 56.35 and 56.49 indicating that the Bank herring constituted the
main bulk of the autumn spawned fish, During the summer and early autumm
pericd (1 July to 31 October} some of the samples from Skagerak and
BEgersund Bank - Ccrél Bank show slightly lower means than in the periocd
1 November to 30 June. It is likely, therefore, that scme admixture of

A . . -
Kattegat autumn spaihers may take place during summer and early autumn.

The spring spawners appearing in the samples seem to originate

mainly from the northern North Sea,
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THE RETURNS

Comparing the biological data of the herring collected from
1 January 196k up to 30 June 1966 with those of the herring in the
samples from the same catches as the tagged herring, recaptures from
the following periods and areas are of special interest: (1) 1 Novewmber
toc 30 June, Skagerak and Egersund Bank - Coral Bank and (2) 1 July to

<
30 October, Viking Bank - Shetland areas.

As it appears from Tables L,5 and 6 the first area will probably
cover the main overwintering grounds for the mature autumm spawned stock
in the northzeastern Horth Sea., Lccording to the bislogical characteris<
tics of the herring ccllected in this area it is likely that no extén~
sive emigraticn from and immigraticn to this area takes place from

1 November to 30 June the following vear,

e second pericd and area can at present only be dealt with in

connection with the 1964 experiment.

Returns from the 1964 cxperiment (Fig.1)

In Table 9 is given a complete list of all returns during the
period from the tagging up to 30 June 1966, Altogether 17 tags have
been recaptured from this experiment, of which 11 are detected at
Norwegian plants equipped with magnets., Mcst of the tags were recaptured
in the Egersund Bank -~ Coral Bank area, However, it should be borne in
mind that internal tags recovered at c¢il and meal factories cannct be
allocated with certainty to a particular area and day cf landing, because
the tag may not reachh the magnet and be recovered until some time has
passed after the herring have been landed, Notwithstanding this disadvan-
tage it is likely that most of the tags recovered can be mapped out
correct yéccording to the informations given by the factories, which
usually know the time it takes a tag from landing until it passes through
the machinery. As the fishing area of the catch (reduced) is known, the
area of recapture can be figured cut fairly well, It should be mnoted
that only one tag of the 1984 experiment has been recovered in 19635,
eventihough the yield from the Norta Sea and Skagerak this year was
extremely high compared to the previcus vear. In 1966 only 3 tags have

-

been found up tc 30 June.

Returns from the 1965 experiment (Fig.1)

-

Table 10 shows the summary of returns for the two liberatiocms in
1965 up *tc 30 June 1966, A total of 83 recoveries from liberation 1 are
returned, of which 67 are detected at Norwegian plants equipped with mag-—
nets, From liberation 2, 67 tags are recovered, 36 at Norwegian plants
equipped with magnets., The tags both from liberatioms 1 and 2 are mainly
recaptured at the Egersund Bank and in the Skageralk, Most of the 26

recoveries from Skagerak are from Danish coil and meal factories.



Returns from Norwegian plants

Only the recoveries from herring landed in Norway will be dealt
with quantitatively in this report, and special attention, therefore,
will be paid -tc the returns from Nérwegian il and meal factories., .
However, nct all the returns from factories equipped with magnets
can be dealt with quantitatively due to low efficiency of the magnets
and unreliablie data cn the catch reduced,

During the periocd 15 January to 30 Juue 1964 all the 6 recoveries
were detected at one factory (Table 11), Out of a toctal catch of &7;828
tons landed in the same period, 18,251 tons were reduced to oil and!meal
at factcries equipped with magnets, Unfortunately omly four factories
with tested magnets can be counsidered. The recapﬁure rate was estimated

to C.366 per mille returms per 1000 tons.

From July to Gctober {inclusive) it is likely that most of th
herring tagged were out of the area where the Horwegian fieet operated,
and judging from Table 7 the catches were alsc strongly dominated by

. N - -
recruits, The low number of returns (1 tag;, therefore, is reasonable

during this periocd, However, from 1 Hovember 1964 up to 30 June 1563
s

only one tag was recovered (Table 12}. This low figure is strange taking

intco account the relatively good fishery that took place in this period
(Tables 5 and 6) and bearing in mind that the same year-classes predomi-
nated the catches as the year befcre, (The per mille returns per 1000

tons was only 0,008),

During the summer/autumn period from 1 July to 31 Ogtober 1865 no
herring were recaptued froem Skagerak and Egersund Bank - Coral Bank.
his is also reasoconable since the 1962 and 1963 year-classes made up
rmore than 60 % of the herring caught (autumm spawners). Off Shetland,
however, the purse-seiners exploited the same vear~classes as those
tagged. Out of a catch of 187,842 tons frem this area only one tag was

recovered (Tabie 9),

Turning to the returns of the 1965 experiment (Table 16) it will be
seen that almost all the tags were recovered in the Skagerak.and Egersund
Bank - Coral Barnk area, Taking intc account the recoveries only from
this area and pocling the number of returns from liberations 1 and 2 a
total number of 99 tags were detected at 10 factories (Table 13)zgiving

a per miile returns of 0.239 per 10006 tons,

FACTORS AFFIECTING THE RETURHS OF TAGS

The percentages of rcturns of tags may be infiluenced by several
factors, among whichh the following are the most jmportant: (1) uneven
dispersal of the tagged fish and the fishing effort in the area under
consideration, (2) nocn-returns of tags recovered and losses of tags not

being detected, (3) mortalities due to tagging, handling and bad condi-

ey

- -~ 3 - B » b - - - a1 - X3
tlo%ﬁx the fish tagged, (&) iosses of tags from the fish by shedding

and (5) lcsses of tags through migratiomn,
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3

Uneven dispersal of the tagged fish and the fishing effort

L]

t is striking that only one factory (lo,.2) has detected all the
tags from the 196k experiment (Tables 11 and 12), It should be mnoted

that during the first 6 momths of 1964 the herring landed were reduced

at only a few factories compared with the period from 1 November 1964

to 30 June 1965, Wevertheless, it is expected to find tags at all factc-
ries listed in Tables 11 and 12, The explanation for this bias in returns
must be the failure of the tagged herring to disperse randcocmly, 3ince
alsc the fleet obviocusly did not fish at random, such an uneven distri-
bution cf the returns 1.ay. oOccur,

Hor did the herring tagged in 1965 seem to mix evenly during the

=
e

d
rst 8 months after release (Table 13). By using the mean number of

tags per 1000 tons of reduced herring as the expected number and compa-

ring it with the actual number of returns per 1600 toms in each reduc-
. . .o 2 ’\/2

ticon plant , it proved possible to carry out at"- test, The-y - values

cbtained (pii0.0B) indicate that the tags are not randomly distributed
between reductiocn plants, both when considering the returns from libera-
tions 1 and 2 separate and pcoling them, Also when excluding the recap-
tures during the first three nmonths after the release the distribution

of the tag returns was biased {(p.< 0,05).

Non-return of tags recovered and lcsses of tags not being detected

Hot all the tags from recaptured fish are returned, some tags are
not sent to the Institute of Marine Research, some fish are processed
at factories not equipped with magnets, and scme tags are nct detected
by the magnets,

The non-returning rate of recovered tags of cod, coalfish, haddock,
halibut and catfish in Horway was estimated tc be at least 4-6 ¢ (Hylen
1963). However, it should be noted that the reward for each of these tags
is 5 N.kr,, whereas the reward for a herring tag is 10 M. kr, Almost all
the recoveries cof imternal tags come from oil and meal factories and in
these plants there are only a few workers whoe attend to that part of the
machinery where the magnets are placed,., Thus, only a fairly limited
number of people are dealt with, and in all the plants there are placed
posters with detailed imstructiomns of what to do with the recovered tags,
Due tco this circumstances and a worth while reward, the loss in Norwegian
plants due to non~returns of tags recovered is probably negligible.

The returns from factories without megnets and with magnets of
especially low efficiency are rejected for further gquantitative treat-
ment in this report. To test the efficiency (e} of the magnets the returns
from a known number of tagged fishi introduced into each factory is measu-
red. The figures for e at the different plants are listed in Table 11,

12 and 13, The efficiency (e) at each factory nmultiplied by the quantity
(p) give the effective gquantity of herring reduced (e x p) in Tables 11,
12 and 13,
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Nc special. test was carried.out to. investigati .the taggihg-
mortality din connection with. the presemt tazgging cxperiments
However, several attempts have been done to study this problem on
Horwegian spring Spawners (Fridri;ssaq and Aasen 1950, 1952).
These experiments 1nalcate that the tagging mortality can be regarded

as almost insignificant,

During the summer 1966 a tank experiment was carried out at
Institute of Harine Research, Bergen, to test the mortality of inter-
nal tagged herring, In August 1965 herring were brought to the Insti-
tute from a purse-seine catch near Bergen, The herring were kept under
chbservation by Haraldsvik for growth studies {these experiments are
not yet fimished), and on 17 June 1966 104 of these herring (Teble 14)
were taken from one of the tanks and tagged with internal steel tags

2
and tramnsferred into a tank of the same size (6x3x1.80}m“; close by

The herring swam restless avround without forming a shoal Jjust
after the tagging and did not eat the first two days, When the experi-
rient was finished 9 September 1966 311hiortunatbly 25 of the tagged

herring were lacking, those fish probabT§M€§ﬁbnt by biris. 4 total of

8 herring were picked up as dead, of which & died during the first
three days of the experiment, Wien examining the dead herring and ithe
positicn of the tag, it seems likely that non of the herring had been
directly hurt by the tag itself. A more likely rcason for the mortality

is the tagging operation, including catching and handling of the fish,

Excluding the loss cf the 25 herring the tagging wmortality is
estimated to 10.1 per cent, whereas including these herring the mortali-
ty amcunts to 7.7 per cent, For calculating the effective number of

herring tagged the mean value of these two flﬁure»,(8.90 %) is used.

Differences in percentages of returns of herring tagged by various
1

in
taggers have been democumstrated by Aazsen et al, {1961 ) In the present
investigation all the herring tagged in 1964 were tagged by the same
tagger, whereas the 1965 cxperiment was performed by three different
perscns, Judging from Table 15 no special trend is noticed, and it

seems likely { p>0C.01) that the herring have been subjected tc the

milar handling by the different taggers.

“\

specially in cpen sea taggings, where herring have to be provide

58

by purse-seiners and transferred into a keep net before the tagging ¢
start, sometimes in unfavourable weather, the herring may soon be

descaled and the condition cf the fish will become reduced
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If this was the case in the present experiment one might expect to

find more returns from Tfish tagged early in each liberation (first half

of release) than those from the second half cof release, In two cases
(Table 16) the rate of recaptures is slightly higher for the first nalf of
release, whereas it is liower in one. Testing the 1:1 ratic by applying
a¥? test no significant differences could be found (p>0.,01),

The extremely favourable weather during all the tagging operations may

explain this close agreement in returns,

Shedding of tags

The present tank experiment showed that 4 tags were lost by shedding,
Control sampling the tagged herring it was revealed that the woun
caused by the insertion of the taégﬁ;uled after 9 weeks, and loss of
tags due to shedding will not take place after this time,

Tests have also been made on HNorwegian spring spawners by Dragesund
(unpublished data), and according to these experiments special atten-
ticn should be given to herring tagged in prespawning and spawning
stages, Tags were frequently found in one or both gonads, and these
tags will be subjected to a pressure during the spawning process.
Consequently the shedding will be relatively high when fish are tagged
in thesc stages, Since the herring tagged in the present experiments
were all in post spawning stages or immature, the shedding rate sioculd
be compareable with those of the herring in the tank experiment, giving

an average voluc of L. L5 per cent.

Variations assosiated with the sime of fish and losses from migration

Almost all the herring {98 %) landed from the North Sea and
Skagerak have been caught by purse-seine, and it is unlikely, therefore,
to expect any selection effect due toc fishing on the number of returns,
However, the mortality of the tagged herring may be associated with the
size of the fish so that the larger fish survive better than the smaller

ones, Or Vvice versa,

Q

In Table 17 is given the length distributions ¥ fie ‘togrel and
recaptured Tish, together with the means and variances. The differences
between the means are small and far from being significant both separa-
tely and combined.

Losses of tags wmay also take place by segregation. From Table 7
it will be seen that mainly old herring were caught off Shetiand by
the purse-seiners in the summer 1965, It could be that the older age-
groups of the tagged herring remained in this area and did nct return
to the Skagerak and Zgersund Bank - Coral Bank after spawning to the

same extent as the younger mature fisix, However, this possibility can
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hardly explain the low rate of recapture of the 196k experiment during
the period from 1 November 1564 to 30 June 1965, since the same year-—
classes occurred in the catches from Skagerak and Egersund Bank - Coral

Bank as of the tagged fish (Table 2),

CCHCLUDING REMARKS

The present results are not sufficient to give a descriptiocn of

the movement of the herring from the overwintering area in the north-

orth Sea tc the feeding and spawning area in the northern and

=

eastern
western Horti Sea, It should be pointed out that for more detailed and
reliable analysis of the migration pattern as indicated by tagging experi-

wents, external as well as double tagging should be carried cut,

Even though not all the requirements for an unbiased stock sige
estimate are fulfilled a tentative estimate for the overwintering stock
in the north-ecastern North Sea is given. For an ideal experiment of
this kind it is necessary that: (1) the tagged fish or the fishing
effort is evenly dispersed throughout the area under consideraticn,

(2) data for adjustment for losses of tags in reduction plants and
tagging mortality, handling of the fish and shedding of tags is available,
(3) there is no recruitment during the period in guestion and (4) no
nigration of fish into or cut of the tagging and recapture areas takes

place.

Defining the overwintering area as the Skagerak and Egersund Bank -
Coral Bank and considering the returns of the 1965 experiment during
the pericd from tagging to 30 June 1966, the requirement (1) is not
fulfiiled, This is shown by the results from the ﬁ?- test comparing the

expected number with actual number of returns in the reduction plants.

It should be noted that not the whole gQuantity reduced in the plants
come Irom the overwintering area, However, making correction for the
amount caught outside this area would hardly influence the test,

The further analysis of the results would be more reliable if the local
fishing intensity on each liberation could be calculated. This requires
detailed effort statistics by arecas and some assumptions about the move-
ments and dispersal cf the tagged fish, Unfortunately no effort statistics
is available at present and comsequently the figure of the stock size

will be biased.

Te acdjust for losses of tags menticned under requirement (2) the

data presented in Table 13 and the results of the tanmk experiment are
the
used, Applying figures obtained for tagging mortality and shedding of

tags in the tank experiment, the effective number of tagged herring is
calculated to be 3465,
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The third and fourth requirements are difficult to judge thioroughly
from the present material, It is likely that recruits were present
throughout the periocd iﬁ question although the samples collected indicate
that the 1963 year-class is less abundant from March onwards (Table 18),
Tiie rate of mixture between the spring and autumn spawners were almost

the same during the pericd under consideration.

The westward migraticn from the overwintering area tc the feeding
and spawning grounds in northern and western MHorth Sea usually starts
in June and it is reasomnable therefore, to assume that the dominant part
of the auntunm spawners is concentrated in the Skagerak and north-castern
North Sea during the period from MNovember to June (inclusive).
On the other hand it should be noted that the fishery off Shetland star-
ted somewhat earlier in 1966 than in 1965 and the first catches frem this
area were caught in the nmiddle of June., However, only a few herring have

>

been recaptured in this area up to the end of June 1966,

In the absence of reliable effort statistics and data on local
fishing intensity a reasconable estimate of the stock size in the over-
wintering area can be obtained from the 1965 experiment using a modifi-
cation of the simple Petersen method (Aasen et al, 1961). In Figure 2,
the number of tags returned each month by factcries egquipped with tested
magnets have been plotted against the weight of herring reduced at the
same factories in that month., These data have been Tfitted by a simple
proportional line, giving 9.7 tags per 10 000 tons landed.

The individual fish mayv have grown since the time of tagging, so that

the 10 00C tons of fish in May/June represented less than 10 000 toms

at the time of tagging. However, during the time in question the number
of tagged herring has decreased due to fishing and natural mortality

and this will to some degree balance the increase both in the leagth

and fatness, For the present calculatioms therefore, no correctiocon has
been made for these factors influencing the number of returns in relation

to the quantity landed.

The number of herring effectively tazged was 3465 and the estimated
stock at the time of tagging is calculated to 3465 x 10,000/9.,7= 3,572

mill, toms,

Omitting liberation 2 and only taking into account the herring
tagged in Jibderation 1, the estimated stock size is calculated to
1473 x 10,000/6.2: 2,376 wmill, tomns, The cause of this difference in
stock sizé is probably that the herring tagged in the eastern part of
Skagerak (liberation 2) were mainly recruits and did not appear in the

. P t . oo .
main fishery area for %%rweglan fleet to the same sxtent as the herring

)

tagged further to the west (liberation 1). Prom Table 10 it will be

seen that a difference in pattern of returns cexists between the two
liberations as 80,7 % of the returne from Iliberation 1 and 53.7 % of the
returns in liberation 2 are recovered by NHorwegian plants equipped with
magnets respectively., The rest ¢f the tags not returned from lforwegian

plants, are recaptured by foreign vessels, mainly Danish and German.
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At present no further steps can be taken toc estimate the total
catch/stock size relaticmship in the overwintering area as the catch
statistics for the other natiocns fishing in the same area are not yet
available. However, the catch taken by the Horwegian fleet from 1 Hovem-
ber 1965 to 30 June 1966 expressed as percentage of the stock present

at the time of tagging is 5.29 per cent and 7.96 per cent respectively.

ot

Further experiments are needed to confirm the validity of the results
obtained from the present investigation, However, the tagging experiments
have already shown some reascnakle estimates of the stock size in the
north-eastern North Sea, and further tagging will be of great importance

to solve some of the urgent problems in the IMorth Sea.
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Table 1, Norwegian tagging experiments in north-eastern North

Sea and Skagerak, 1964 and 1965

7 1 :
Date Position Mode of %Lib.: Type of | Serial Total
N 2 catch !No. E tag % numbers

o o | |

1964 17 Jan.[57 37' 06 35'|Purse- | 1 Internal; N 2405C01-241500| 1000
: seine i ;

1965 5 Nov.|57°30' 07°20!| Purse~ % 1 Internal[ ¥ 255501-2569C0] 1400
seine I

1 n " o _n R 1 - no_ ‘ H 257001-257300 300

"7 Nov.|58%12' 10°551| Purse~ 2 Internal: I 2569061-257000{ 100
seine f

1 " 1t o - - 1 - n : H 257301-259500/| 2200

Total eeveesss | 5000

Table 2. Age composition of autumn and spring spawners in samples

taken from the same catches as the tagged herring *

1964 b 1965

Lib. 1 Aufﬁmnrs awners o vi‘Spring spawners
Winter- Year- Lib, 1 Lib, 2 Year<}{ Lib. 1 Lib., 2
rings N, % rclass it} %  w § % class| I I

0 -1 - 11963 4| u.8] 91| 96.8 | 1964 - 1
1 -1 - l1962 13 | 15.7; 21 2.1 1963 | 1 1
2 28 [30.L4 | 1961 23 | 27.7] - - 1962 3 -
3 53 151.6 | 1960 33 | 39.8! 11 1.1 1961 3 -
L 212.21]1959 - - - - 1960 | 1 -
5 -1 - 11958 2 2.4 - - 1959 | - ~
6 21 2,211957 Lo 1.2] - - 1958 | - -
7 22,2195 | 7 | 8.4l -1 - 1956 | - -
8 b4 1955 | - -] - - 1 1955 - -
8+ 1 11 1.1 | ‘ : '

Total 02 100.0! ?783 5100.0 94 100.0 | 8 2

¥ 8 herring from liberation 1 (196L4) did not fit for age determination,
nor did 9 herring from liberation 1 (1965) and from liberation 2

(1965) f£it for age and type determinations.



Table 3, The maturity stages of the herring in samples taken

from the same catches as the tagged herring

1964 | L 1965
Liberation 1 Liberation 1 _ Liberation 2
Maturity | Autumm Spring Luturm Spring
spawners Spawners spawners spawners
stage 1) % 5] % {1 . ‘ 4 | 3]
I 27 27.0 : L L,7 1 57 65.6 1
IT 14 4.0 4 L.y 1 35 372 -
7Y 3 3.0 - - - 1 1.1 2
Iv L L,o - - 3 - - -
e - - - - I - - -
VI - - - - - - - -
Vit 5 5.0 7 8.2 - 1 1.1 -
VIII L& 46,0 70 | 82,4 1 1 -} - -~
Total L 100 100.0 85 1100,0 10 ok 1 100.0 3
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Table 10. Summary of returns from the 1965 experiment
arranged according to area and month after release.
The figures in brackets are number of tags re-
covered at Norwegian plants equipped with magnets
Month after release
Liberation Area 1965 1966
1 2 3 4 5 6 7 8 Total
1 Skagerak 11 1 12
(6) - (6)
" Egersund B.
Coral B. 1 2 6 8 32 49
(1) | () (6) (7) (30) (46
n Shetland 8 8
(7) (7)
" Uncertain 3 2 1 2 6 4
(1) - - © 1 (@
" Total 14 2 4 1 2 6 8 46 83
(m ) @ &) - (6 (7 (¢3) (67)
2 Skagerak 7 3 i 1 2 14
- @ - - - 1)
" Egersund B.,
Coral B. 1 3 1 14 16 35
(1) | 3 (1) (1g) (16) (35)
" Shetland
1" Uncertain 4 1 1 1 8 1 1 1 18
1" Total 11 5 4 2 9 4 15 17 67
- 2) [ (3 - - (1) (19 (16) (36)
1 and 2 Grand total {25 7 8 3 11 10 23 63 150
(G 16 &) - (1) (2i) (62) | (103)
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Table 14, Length distribution (number) of herring tagged with
internal steel tags in the tank experiment
Length in cm
Dimension of
tag (mm) 13 .5 14 .5 15 .5 16 .5 17 .5 18 .5 19 .5 |Total
15x%2x0.5 1 5 10 6 14 4 40
20x3x1 i 3 17 14 15 4 3 2 2 2 63
Total 1 5 10 7 17 21 14 15 4 3 2 2 2 1163
Table 15. Number of herring tagged and tags returned
separated according to taggers {1965 experiment)
Liberation Tagger Number tagged Returns Rate of recapture (%)
1 1 850 46 | 5.41
1 2 850 39 4.59
2 1 750 20 2,67
n 2 750 18 2.40
n 3 300 7 2.33
Table 16, Number of returans from the first and second
half of the tagged batch of each liberation
Number of returns E Number of returns x
Experiment from the first half from the second half Total
of the tagged batch of the tagged batch
1964 (lib. 1) 9 6 15
1965 (lib. 1) 42 43 85
1 (1ib. 2) 35 32 67




Table 17, Comparison of length at liberation Hr the total
number of herring tagged and herring recaptured
Lib, 1 1964 Lib. 1 1965 Lib. 2 1965

Length at
liberation
(cm)

Number of
fish tagged

Number of
fish recapt.

Number of
fish tagged

Number of
fish recapt.

Number of
fish tagged

Number of
fish recapt.

19.0 - - - - 3 -

.5 1 - - - 1 =
20.0 3 - - - 27 1

.5 2 - 1 - 59 1
21.0 14 - 1 - 190 3

.5 15 - - - 352 S
22.0 20 1 1 - 408 8

.5 26 - 2 1 413 14
23.0 63 1 9 - 371 10

.5 51 - 5 - 229 8
24,0 68 1 11 1 130 7

.5 63 - g 1 61 1
25.0 84 1 15 - 14 -

.5 79 - 17 1 7 -
26.0 97 3 50 4 7 1

.5 75 1 36 1 & -
27.0 g1 3 84 5 2 -

.5 52 - 92 4 2 1
28.0 54 - 147 5 1 1

.5 41 1 105 9 2 2
29,0 24 1 181 15 - -

.5 20 - 137 3 3 -
30.0 27 2 236 8 2 -

.5 6 - 132 2 2 -
31.0 13 - 182 7 1 -

.5 5 - 86 3 1 -
32.0 2 - 83 5 - -

.5 - - 25 - 1 -
33.0 3 - 29 - - -

.5 1 - 9 - - -
34.0 - - 4 - - -

.5 - - 4 - - -
35,0 - - 2 - - -
Total 1000 15 1695 81 2296 65

x = 25.86 x = 26.47 x = 29.32 x = 29.07 x = 22.46 x = 22.48
tagged recapt. tagged recapt. tagged recapt.
s%z 5.14 %= 5.3¢  s°= 3.95  s%z 3.74 %z 1.48 s°= 3.27
tagged recapt. tagged recapt. tagged recapt.



Table 18. Age composition (%) of the autumn spawned herring in
the samples from Skagerak - Egersund Bank - Coral
Bank, 1 November 1965 to 30 June 1966

1965 1966 Total

Year
class | g/11 10/12122/1 10/3 10/3 20/4 25/5 27/5 26/6 27/6 | n | %

1964 - 1.1 - 1.2 - - - - - - 2 0.2
63 163.0 94.3[70.0 85.2 18.7 23.1 8.7 19.6 20.9 24.2 {365 41.2
62 [31.0 4.6(11.3 3.7 11.0 24.1 18.4 29.3 33.7 12.6 {160 18,1

61 S A 2.5 3.7 6.9 17.2 21.4 15.2 22.1 13.7 | 98 11.1
50 3,6 - 15,0 5.0 40,6 26.4 39.8 31,5 18.6 44.1 {207 23,4
59 - - - - - - 1.9 2.2 - i.1 5 0.5
58 - - - - 2.2 - 1.¢ - 1.2 1.1 5 0.5
57 1.2 -~ - - 3.3 2.3 1.0 - - - 7 0.8
56 - - 1.2 1.2 14.3 6.9 6.8 2.2 3.5 3.2 36 4.1
< 1956 - - - - - - 1.6 - - - 1 0.1

Number| 84 87 80 31 91 87 103 92 86 95 {886 [100.0
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