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Introduchtion.

Tha present repoert is only concerned with the results of the internal
taggings carried out by the Norwegian purse-seiner "Rygrunn",

The background to the experiment, the methods used, and some of the early'
results have been reported in Parts I, and II. presented at the Bergen Meeting
of ICES. ZBriefly the main data available consist of

(1) catches of herring delivered each wesk at the main factories in
Dermark and Germany;

{1ii) catches and fishing effort, each week, in each square (about 15
miles square), for certain Danish cubters. These date cover about
half the landings at Esbjerg, and rather less at other ports;

(1ii) date of recovery of each tag returned, with usually, the estimated
date and positiorn of capburs,

The bulk of the catches, and of the returns of tags,occour during the first f
six wesks following marking, i.e. up to the snd of September, when the water
became mixed by storms, and the thermocline vanished. There are several pieces
of evidence showing a fundamental change in the fishery at the end of Sepbember
(ebout week 39). The fishing position (see Figure la ste.) show a marked
scattering of the fleet, varticularly westwards. The market measurements
(Figure 4) also show a blg change in the size-composition of the stock, Flnally
the wind records (Figure 2) show 3 days of high winds on 27-29 September, and the
hydrographical records suggest that this gale was responsible for mixing the
water and removing the thermocline. The detailed analysis in this report will
therefore be concernsd only with the first six weeks. The returns from each
marking, separated according to the place of landing (Bsbjerg, other Danish
ports, or Germany) are given in Table 1,

Table 1, Number of tags reburned sach week,

Tagging Date Exp:; 1, 4041 tags Exps. 2, 1989 tags Exp: 3, 3900 tags

Wieek 5th August 14th August 17th August
Bs, o:Da,; Ge. Es, o.Da. Ge, Es. o.Da, Ge.
32 { ¢/8 - 10/8) 29 2
33 (11/8 = 17/8) 48 1 :
34  (18/8 - 24/8) 48 14 1 85 37 3 32
35 (25/8 - 31/8) 5 1 6 3 2
36 {1/9 - 7/9) 5 3 2 9 4
37 ( 8/9 - 14/9) 7 0 3 1 1 0
38 (15/9 - 21/9) 0 o 0 1 o] 0
39 {22/9 - 28/9) 9 0 3 1 0 0

This table shows marked differences in the return rates from the 3
liberations, From Experiment 1 there are about 1% for each of the first three
weeks, and then a rapid decline; from experiment Z, 6% in the first week, and *
then nearly nothing; f£rom experiment 3, nearly nothing., There is also big
differences in the relative shares of the landing places in the three experiments.

This suggests that at least for the first few weeks after marking, there was '
1ittle mixing between the groups of marked fish, and, as a corollary, that the

fiszh had not moved far from the marking position, Unfortunately when the reported
positions of recapiured tegs were examined in detaill, it was obvious that they

could not be relied upon. This is really only to be expected from the

circumstences of recovery: +the tag cannot reach the magnet until quite a time S
has passged, and camnot with certainty be allocated to a particular day of landlng, -

far less to a particular cutter., There are exceptions for which movemsnt can be
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proved where a tag is returnsd from a port whose fleet does not fish in the
marking area, However for the bulk of the returns from ports whese ships have
been Pishing both in the marking area and elasswhere, we may strongly suspecth
that the tags coming back in the first few weeks are nearly all caught close
to the marking position, dbut from the evidence of internal tags above, there
is no direct way of proving it.

In the further analysis, therefore, particular emphasis has had to be
placed on the data of catch, effort and position of the commercial fishing.
In the analysis so far carried cut only the data from Esbjerg has been used,
both because this port handles the greabest catches and provides most returns,
and because the cateh and effort data from Esbjerg is the most complets. Using
these data an effective fishing intensity (effort per unit area) was calculated
on each bateh of liberated fish for each week, making some assumpbions about
the dispersion of fish from the marking position. These calculations were
made in three steps, set out in full in the appsndix tables. First the total
effort by Esbjerg ships in each square was caloulated, using the relation

Total catch

Total effort = Effort by reporting ships =x catch by reporting ships

where the reporting ships are those for which data on catch, effort and
position are known. The handling of these data was made easlser by being
compiled on punched cards, cne card to each landing {(or sometimes two or
more, where a ship had fished in more +than one square).

Secondly, the average effort per square was calculated for 4 areas pf
differing sizes (1,2,4 and 12 squares ) surrounding the marking position.
(For experiment 1, which was nearly on the border between two squares, the
smallest area wes not used). The particular squares used ars shown in the
appendix table, the choice being determined by the probable general movement
from the liberation position, viz., north and west from experiment 1, north
and slightly east from experiments 2 and 3.

Finally the best estimabe of the fishing intensity on the tagged fish
is found as the weighted mean of the intensities in the 4 areas. In the first
week after marking greatest weight is given to the single sguare covering the
marking area, and in later weeks greater weight to the other areas., With our
present information the weights uscd must be purely arbitrary, and those
aoctually used are given in Table 2. The weights for experiment 1, for which
ne single square region was used, were obtained by adding the first two weights.

Teble 2, Weighting factors used to debermine average fishing intensity.

Weelk after tagging: 1 2 3 4 G 6 7 8
1z square region 0.8 0.6 0,3 0.1 0.1 0.1 0,0 0.0
2¢ square region 0.1 0,2 0.3 0.3 0.1 0,1 0.1 GC.l
&~ sguare region 0,05 0,1 0.2 0.3 0,32 0.2 0.1 0,1
18- square region 0,05 0,1 0,2 0,3 0,6 0,8 0.8 0.8

For the weeck immediately after marking a factor must be applied to
correct for that part of the landings which consists of fish caught before the -
tagging date. For insbance, for a ship landing 3 days after the tagging, and
which had been fisghing for 6 days, only half the catch, and half the effort,
should be used in the cslculations, For experiment 1 this factor is o.5, for
experiment 2 nearly 1, and for experiment 3 &lso nearly 1,

Using the estimate of fishing intensity thus obtalned, a figure for tags
caught per unit intemnsity (100 hours fishing per square), or more conveniently
to allow for the different mumbers tagged in each experiment, tags per 100
hours per square per 1000 fish tagged, These figures are given in Table 3,
and are also plotted in Pigure 3.

Table 3, Tags caught per 100 hours fishing per square per 1000 fish tagged.

Wesk: 32 33 e .36 L, 36 37 39

Liberation 1 5.5 8.7 10
Liberation 2 5,
Liberation 3 6
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Noetes: 1) in week 38 thers were bad storms and the landings fell to only
200 tons. This week has therefore been omitted in the snalysisg

2} in weeks 37 and 38 there was no fishing near the third liberation
position, and only 1 tag was returnsd.

Though there is congiderable variation in the teble the results from
the thres liberations are reasonable consistent. Ideally the points in
Pigure 3 should lie on & line, falling off with a slope proportional to the
decrease in mesrked fish in the sea {dus to fishing and other causes). In fact
the poinks are too scattered to draw such a line, vhough it 1s perheps worth
noting & line deoreasing from 8.0 Yo 4,0 in 8 weeks is & reasonable £it and
also gives a tobal mortality {33% in 2 months ) which is not unreascnabls,
considering that most of the mortality at least due to fishing is concenbrated
in those months. Using this 1line, then, we have a figure, lmmedistely afier
marking, of 8 tags per 100 hours fishing per square per 1000 fish %agged.

That is, each 100 hours fighing will catch 8 out of 1000, i.e. 0.6% of the fish
present in the square. Now, during the time of tagging the cateh per unit
effort was about 50 tons per 100 hours, Therefore the density of fish at the .
time and place of bvagging was

1000
8

50 x =" 8,333 tons per square.

The area fished by the Esbjerg cutbers on the Blgden Ground covers
about 60 squares, and if we assums that the density in each of thess squares
is the same as in the marking position, the size of the exploited steck at the
time of marking was 80 x 8,333 = 500,000 tons, If from this we can estimatbe
the size of the stock at the beginnisg of the fishing season, this btogether
with the size of the catch, will give us the percentage ceaught. Alternetively
we cen calculate the fishing mortality from the relation above that 100 hours
Pishing per square catches 0.68% of the fish present, i.e., causes an instanta«
neous fishing mortality coefficient of 0,008, Then the fishing mortality for
the whole season, for tha whole fishery will be egual to

total catch

0,008 x 100 hours f£ishing by reporting ships x
cateh of reporting ships
1

%
number of squares occupled by Blgden stock

This assumes that the effective effort {i.e. the mortality caused) by 100
nours flshing per square is the same throughout the season, In Pact the
figures of catches per unit effort week by week (see appendix) show marked
shanges, some of which cannot be due to real changes in abundance of fish
(0.g5. the decrease after the thermocline disappear), bub to changes in the
effeotiveness of the gear, For the present analysis, thersfore, we have made
the simple assumption that the stock weight was the same at the beginning of
the seagon as ab the Ltime of marking; in effect that the mortality has bsen
balanced by the growth of the individual fish. In fact the growth of fish
between the spring and avtumn fishing is about 2cm. i.e., about 10% in length,
and therefore rather more than 30% in weight. If the mortality in the same
pericd was 30%, then the total weight of the stock will remailn almost exactly
congtant,

The figures used for total catch must of course include only catches
from that pert of the stock on which the tagging experiment was made.,
Considering the dsta from the Esbjerg merket samples see Figure 4. (from data
from Popp Medsen (MS.)) and the lengths distribution from the research vessels
Figure 5. fThe sample from "Rygrunn" II was taken sfter tagging wes finished, =~ .
and consisted mainly of fish rejected as being too small to tag. The opinion .
of the naturalist~-in-charge is that the fish tagged were the same size as for
"Rygrunn" I i.e. 17-20cm, long. It seems that the tagged population consisbed |
of fish mostly from 17-20cm. in length, and that this group of fish made up moast
of the landings at Esbjerg for the weeks 29-38, At the beginning and end of
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+the season The catches inciuded also a large number of smaller fish: as a
working approximation we will Take only half the Zsbjerg catch during this
period ag coming from the tagged population, The landings at Thyborgn will
he baken as having the same composition as the Esbjerg catch and the landings
at Hirtshals as being taken from outside the tagged population (mostly in the
Skagerak). The German catch, taken almost entirely in July and jugust will
be assumed to be entirely from the tagged stock. The total cateh from the
tagged stock is therefore as follows:~

Helf the Esbjerg and Thyborgn catch befors 13/7 3,567 tons
Esbjerg and Thyborgn cateh 14/7-21/9 37,563 "
Half the Esbjerg and Thyborgn catoh after 22/9 5,667 "
German catch 15,000 7

Total 61,787 tons

The percentege taken of the stock at the beginning of the season is therefore:
61.8/500 x 100 = 12,4%

A correctlion must be made for those tags which do not go to a factory
equiped with magnets, or which are not detected by the magnets. From Table
3 of Part II, the combined effect of these two factors is that only 95% of the
tags landed at Esbjerg sre likely to be detected. Therefore the estimated
number of tags returned should be increased by a factor of 1/395 = 1,05,
The correscted figurss are therefore as follows:

tags returned per 100 hours fishing per square = 6 x 1.05 = 6.3
weight of stock at marking = 500,000 x .95 = 475,000 tons
percentage taken by the Blgden fishery = 12.4 x 1.05 = 13%

Late recapbures,

Though by October the main season had finished and the later landings
and number of tags returned are very small, they may be used %o give a check on
the calculations above., By the middle of November the tagged fish should be
well mixed with the rest of the population. There should be then 10,000 tags
mixed with 500.000C tons of fish i.e. 1 tag to each 50 tons of fish. In the
period since say 16th November 5 fags have been rebturned from tThe Esbjerg
facgtories. In fact becausc of the growth since tagging the figure for tons per
tag should be rather greater. The catches from the btagged vopulation are not
sgsily determined because they are mixed with a large amount of other species,
and with small herring. A good estimate is 300 tons, which gives 1 tag to every
60 tons of fish - in remarkable agreement with the detailed analysis, |
particularly coznsidering the small numbers concernsd,

Mortality at tagging.

Obviously it is impossible to guarantee that all fish tagged survive the
shock of being tagged and merked, At the same time it is equally impossible bo
measure such mortality directly. The recovery of two tags in the stomach of
whiting suggests that cne form of this mortality during the Blgden experiment
was a high mortality due to predators while the herring are recovering from
the shock of marking and are less active. In fact, considering how elight must
be the chances of finding a tag in the stomach while gubtbing & whiting, this
form of mortality might well be considerable. If it does cccur it probably
would be higher among those figh kept longest in the live mnets. Accordingly
the tags used by each taggin%/%g¥% divided in half, and the returns from the
first and segord sets noted soparately. The results of this analysls are shown
in Table 4,

Table 4, Percentage of tags reburned from first and last sets
of fish tagged by each team

Sxperiment 1 Experiment 2 Experiment 3
Tagging Team: N B C A B ¢ A B C
First fish tagged 4.0 3.9 7.3 6.4 8.9 4.4 1.2 2.0 1.0
Iagt fish tagged 4,0 3,3 4.4 6.8 7.0 9.2 1.6 1.5 1,0

There are no marked difference between the first snd sccond halves; certainly
the reburns from the first half are not consistently greater than those from the
second half, We mey therefore conclude that the mortelity of tagging is small.



Week

32

Ralsing
factor
3,99

33

o)

& "

s34

R.T.
2,68

35

Rﬂf&
5.84

36

Ref's
4,29

37

R.T.
4,98

39

wa!a
4.4

Tags

29

48

48

(a)
(b)
{e)

(a)
(b)
(e)

(2)
(v)
()

(a)
(b)
(e)

(a)
(b)
{e)

(a)
(v)
(e)

(a)
(b)
(c)

Bxperiment 1.

Position squares used:
{a) 185, 186:

Total report.

Effort

155
183
812

g2
92
418

1310
148
184

25
2b
78

18
542

221

269

weighted

welghted

weighted

weighted

weighted

welighted

weighted

(b} 165, 166, 185  186;
(¢) 145-7, 165-7, 185-7, 205-7.

72
46
68

mean

46
23
&5

mnean

55
37
18

meaxn

12

mean

45

mean

18

mearn

22

mean

Report ;Effort Tctal Effort
per Sguares
(hours)

Tage per Tags per 100 n,
per Squurp Unit ELf. per 1000 tags
289 0,10
183 0.16
__-70 0.11
277 0,11 8.5
148 0.32
74 0.64
112 0,43
136 0.36 8,7
148 0,32
29 0,48
41 1,17
117 0,41 10,2
£9 .07
33 0.15
38 0.14
42 0,12 3,0
0 -
19 0.286
193 0.03
120 0.04 1.0
92 0.10
72 0.13 3.8
‘92 Q.10
74 0,12 3,0



Week  Tags

34 85

Raising
factor
2,68

38 2

R.fe
4,29

37 3
R.F,
4,98

39 3

4,14

Experiment 2.

Position squares used:

(a} 270; (b) 280, 270; {c) 249, 280, 269, 270;
(d) 229-231, 249-251, 269-271, 288-291,

Tags per .

Total report, Total report. Total Effort Tags per
Effort BEffort per per Square 100 h. 100 hours
Square per 1000
releages

(a) 353 353 945 3.0
(b) 520 260 895 12.2
(c) 822 205 550 15.5
{d4) 1113 93 248 35.7

weighted mean: 865 9.8 4.9
() 0 0 0 -
{b) 0 0 -
(¢) 124 31 172 3.5
(d) 200 17 92 6.5

weightsed mean: 26 22.7 11.4
(=) 80 90 386 0.5
{p) 198 99 425 0.5
(c) 279 70 300 0,8
(4} 299 25 107 1.9

welghted means: 325 0.6 0.3

Mo fishing in a, b, ¢, or d nearest effort in square
228 3600 h, mean effort <20
> 15 >7.,5

(a) 0 -
{v) o 0 -
(e) 0 -
(a) 71 5.9 24 12.5

wolghted mean: 14 20.8 0.4



Experim@ﬁt B,

Position squares used:

(a) 310; (b) 2310-308; (c) 310, 309, 290, 289;
(a¢) 331, 829, 311309, 201~289, 271-269,

Total report, Effort per Total effort Tags per Tags per 100 h.

Weok Tags Effort sguars per squara 100 hours per 1000
minutes {hours) releases
34 3 {a) o 0 0 -
(») o o 0 -
Raising
Fotor {c) 173 43 116 0.03
2.68 (a) 731 81 163 0.02
welghted mean: 13 23 8.7
35 3 A{a) 0 0 0 -
0 -
Rofs (b) 0 0
5,54 (¢) 21 5 28 0,10
{a) 164 13 71 0,04
weighted mean: 10 043 TeB
36 9 {a) 0 0 0 -
b o 0 0 -
R, {b)
4,28 {e) 20 5 21 0,42
(&) 191 16 68 0,13
weighted mean: 17 0.58 13,2

Weeks 37 and 39 no fishing near to liberation position,
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FIG. 3: Recapture of tags each week in the form of number of
tags caught per 100 hours fishing per square,for ‘1000
tags liberated.
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FiG.5: Percentage length distribution of tagged herring.
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