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PREFACE.

The present paper is an account of the Norwegian—Icelandic
herring taggings and of the results so far obtained. The authors are
greatly indebted to the Icelandic Ministry of Fisheries, Reykjavik and
Fiskeribedriftens Forskningsfond, Bergen, whose grants have made the
work possible. We offer our best thanks to Fishery Supervisor Mr. Hakon
Vikse for valuable services rendered, and to the great number of fisher-
men who readily have supplied the live herring for tagging. Especially
we wish to thank the owners and managers of the herring meal factories
who, with great expense to themselves, have installed magnet separators
in the factories for the recovery of the tags. We also wish to express
our thanks to Director Gunnar Rollefsen of Fiskeridirektoratets Hav-
forskningsinstitutt and Fishery Consulent Finn Devold for valuable
advice and for their great interest in the tagging work. Thanks are
also due to Fishery Consulent Gunnar Dannevig for criticism of the
manuscript, and particularly we wish to acknowledge our indebtedness
to Dr, William Hodgson for reading over and amending the English text.

Bergen May, 1950.






INTRODUCTION

Tagging of fish is frequently used by the fishery biologist as a means
of studying the migrations, and of demonstrating the effect of fishing on
a stock of fish. By means of tagging, it is also possible to follow fluctua-
tions in the stock strength and to arrive at an estimate of the size of the
fish stock concerned. A thorough knowledge of these questions is of
fundamental importance for the rational exploitation of the commercial
lishes and also for furnishing the necessary information needed to meet
possible threats from overexploitation.

The idea of tagging fish is not a new one, for succesful experiments
were carried out in the last century. Tagging on a large scale was first
done in the year 1872, but the marking of fish originates from much
earlier times. Tagging of salmon was mentioned in »The Compleat
Angler« published in 1654.

Regarding the tagging of herring, practical difficulties were encoun-
tered, but in spite of that, herring marking was introduced at least as
early as in 1892 by the Scottish scientist T. Wemyss Fulton, this marking
being done by punching holes in the caudal fin of the herring. He also
succeeded in ticketing” some 600 herring (Fulton 1893, page 191).
Fulton’s experiments, however, were unsuccessful and no recaptures were
reported. Unfortunately, no further attempts to mark herring were made
for 30 years and it was generally assumed that herrings were unsuitable
for marking. The specific difficulties were supposed to be, firstly, the
delicacy of the herring, and secondly, that the marks would easily escape
detection owing to the fish being caught in large numbers and the sub-
sequent mass handling in reduction plants etc. Through information
furnished by Dr. Erik M. Paulsen of Copenhagen, it appears that the
next attempt at herring tagging was made by the Danish scientist A. C.
Johansen who made some attempts to mark herring in 1922 using exter-
nal tags, but his experiments, too, proved unsuccessful. It was Rounsefell
and Dahlgren, of America (1933) who first found a solution to the
difficulties of herring tagging. The performance of different types of
tags was tested by making comparative experiments, and the most suc-
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cessful proved to be an internal belly-tag. The recovery of this kind of
tag presented certain difficulties, which were eventually overcome by the
ingenious method of installing magnets in the reduction plants, This
method of tagging has been carried out in the U. S. A. and Canada for
quite a number of years with good results, and it has now also been
tried out successfully in Europe, as will be seen from the following
account.

1. PREPARATORY WORK

When Arni Fridriksson, in 1935, arrived at the conclusion that the
herring caught during the summer off the north coast of Iceland (Nordur-
landssildin) were, at least, partly identical with the Norwegian winter
Lerring, he found it desirable to carry out some kind of tagging in order
to prove or disprove this theory (Fridriksson 1944). Tt was, however,
evident that such experiments could not be successful unless carried out
in close co-operation between Icelandic and Norwegian scientists.

Immediately after the World War II, contact was established be-
tween the Icelandic and Norwegian authorities, on the initiative of Arni
Fridriksson, and the idea of collaboration in a herring tagging scheme
was greeted with enthusiasm by the Director of Fisheries in Norway,
Mr. Ola Brynjelsen, and Fishery-Consulent My, Einar Lea. Conse-
quently a preliminary meeting was arranged in Oslo in May 1947 at
which Fridriksson and Lea discussed the matter and formulated a plan
for a Norwegian-Icelandic tagging scheme. In a memorandum, dated
May 4th 1947, to the Norwegian and Icelandic governments, they recom-
mended the introduction of the American method of herring marking by
internal tags, but, owing to special conditions in the Icelandic and Nor-
wegian waters, it was considered necessary to design special equipment
for operation in the open sea. It was further recommended that the first
tagging experiments should take place in Icelandic waters during the
summer of 1947.

Following up this scheme, the authors of this paper met at Siglu-
fjord, Iceland in July 1947 in order to make the necessary preparations
and, if possible, to start the work, but owing to unforeseen difficulties, it
proved impossible to carry out any marking that summer. On the other
hand, some experiments were made in order to gain experience for fu-
ture work. They were as follows:

a. The efficiency of the separator-magnets in two reduction plants with
different types of machinery was tested. These trials were tmsuc-
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cessful and it became evident that all the magnets in the factories
had to be inspected and if necessary amended.

b. The tagging equipment was tried out on dead herring in order to
find out the best way of cutting the herring open, and inserting the
tag. The results will be given later on when dealing with the tech-
nique.

¢. Experiments were carried out on 80 marked herring which were
kept together with a similar number of untagged herring in a wooden
tank on board the patrol ship »M/S »Algir«. After 36 hours
20 % of the untagged and 25 9% of the tagged herrings were
dead. Four herrings had shed the tag.

At the close of these experiments a short preliminary report, dated
Reykjavik, August 9th 1947, was prepared, containing information about
the experience gained and recommendations for the detailed methods for
future work.

Following drom the results mentioned above under (a), all herring
reduction plants which were already equipped with magnets were inspec-
ted and any necessary amendments were made. IFurther provisions were
made for furnishing the plants which did not have magnets, with such
equipment, but naturally, to do this in all the factories would take some
time. The present situation is as follows: On the north coast of Iceland
all the factories are now fitted with separator-magnets, the majority of
the plants having been already fitted with magnets prior to 1947. On the
west coast of Norway 25 factories are now equipped with magnets, only
a few of these having had separator-magnets at the beginning of these
experiments. There still remains a number of factories which have not
yet got magnets, but further efforts are heing made to get these also to
participate in the scheme.

2. TECHNIQUE AND EQUIPMENT

Tagging of herring has now been carried out during four fishing
scasons. Different gears and vessels have been used and in the following
section a description will he given of the equipment and methods which
are now regarded as being the most suitable under different conditions
in Norwegian and Icelandic waters. For a working team of four men
(excluding the crew) a boat of say 40—50 feet will be large enough, but
when working from land bases, a smaller boat will suffice. This, how-
ever, usually means considerable travelling to and from the working place,
with a corresponding loss of time. On the other hand, on a small craft
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one may work from the deck and this is an advantage. On the larger
vessels one cannot work from the deck and a large rowing hoat will be
required in addition. Any craft with ample working space for four men
will do. When operating in the open sea, a motor dory is to be preferred
to a rowing boat, for the use that can be made of a hand driven craft,
especially in rough weather, is very limited. It may also be required to

4 m.

Fig. 1. Net purse for keeping live hevring.

tow the purse containing the live herring for some distance into sheltered
waters. Such towing operations must be done very carefully, and at slow
speeds, which is always difficult with a large vessel. Towing with a
rowing boat can only be effected in smooth weather and over very short
distances, and furthermore, one may tag whilst towing with the motor
driven craft. Transport of live herring in well-boats has turned out to be
a failure.

To keep the herring handy for tagging, one may use any equipment
which keeps the fish in good condition and within easy reach, and it was
found that a “net purse”’, having small sized mesh, is quite useful. The
purse is floated by cork and kept stretched vertically by small pieces of
lead in the bottom, and to prevent collapse, wooden bars are placed across
the diagonals. The dimensions of the purse are 4 X 4 X 4 metres (Fig. 1).
Tn this purse one can always maintain a convenient concentration of fish,
from which one can easely take single herrings, as required, by means
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of a dip-net. This is important because experience shows that the dip-
ping of the herring is that part of the operation which requires most time.
It is also important that the meshes in the net are small enough to prevent
the fish from being damaged and unfit for tagging. A purse is fixed on
each side of the boat, one to hold the newly caught fish and the other, to
nold the herrings immediately after tagging. (Fig.2). This arrangement,
using a second purse, is employed because experience shows that single
herrings when liberated, seem to be lost, and very often even try to join

their comrades in captivity. Omce a small shoal is formed in the second
purse they behave normally and most often swim away when liberated.

Rough handling of the fish must be avoided when filling the “net
purse”, and for this reason, only herring caught in land seines or purse
seines are used. A good way of treating the herring gently when filling
the purse, is to tie together a number of the adjacent floats on the purse,
and of the net in which the catch is held, and by submerging these floats,
a suitable quantity of fish may be led to swim into the purse. It is of no
advantage to pack the purse with herring, for if the fish is not allowed
ample space, it easily becomes damaged and has to be thrown away as
useless for tagging, and as this is not apparent before the fish is taken
up in the dip-net, it often leads to a considerable waste of time, In a purse
of the afore-mentioned size, it was found that 10 hl was a convenient
amount.

For taking up the herring from the purse, a special type of dip-net
— designed after some trials and errors — has proved very useful.
In the bottom of this there is a piece of thick cotton cloth. By
using cloth instead of net, the pressure of the fish, when held, is evened
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out and furthermore the fish is not actually touched by hand. By this
procedure one may operate on the herring without undue loss of scales.
Between the cloth and the ring of the dip-net there is same ordinary
small-meshed net so that the water can flow freely away when the dip
net is lifted out of the sea. The net is fastened to a circular ring which
moves freely inside another ring mounted on a handle. The point about
this rotating dip-net is that one may move the herring into the right
position for tagging without touching it — more precisely and quicker
than with an ordinary dip-net. The importance of this labour-saving
device will be clear from the fact that after its adoption, the work was
speeded up by 50 %, and besides, the fish is handled more gently. The
dip-net is operated by one man, and here again it pays to take things
quictly for, as a general rule, the work goes more quickly when less
energy is used in picking up the fish. Furthermore, the fish hehaves bet-
ter when it is not unduly scared.

The herrings are taken up one at the time and, lying in the dip-net,
it is moved towards the man who is to hold it in position for tagging.
He orientates the dip-net so that the herring is lying with the head
cowards him and with the ventral side up. He then takes a firm grip
with both hands under the dip-net, one hand holding the fore end of the
fish and the other the tail end, and between his hands and the fish there
is the above-mentioned cotton cloth. By resting his fore-arms on some
sort of a table, he can hold the fish very steady.

The next step is to make a small incision through the body wall of
the herring. For this purpose a scalpel of a special type as shown in
Figure 3 is used. The incision is made at the distal end of the pelvic
fin on the right-hand side about two scales from the keel, and one has
to remove two or three scales before cufting. This is most easily done
with the point of the scalpel. The cut is made parallel to the myomeres
so as not to damage the ribs and costal blood vessels. When the herring
is in the maturity stages V & VT it seems wery difficult to cut without
doing damage to the gonads. This, however, is usually not fatal unless
considerable quantities of the sexual products are emptied into the body
cavity. As investigations of dead tagged herring have shown, this may
be a probable cause of death. The scalpel is used by a man sitting just
opposite to the man holding the herring.

The tag is inserted into the body cavity by means of forceps of a
type shown in Figure 3. These forceps must be thin and flexible so that
they follow the tag easily into the wound and with a minimum of pres-
sure from the fingers, otherwise the work will become very tiresome,
especially in cold weather, as one has to work without gloves and the
fingers easily go numb. The tag itself is a small plate of soft steel with
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Fug. 3. Forceps, scalpel and tag.

rounded edges and with a serial number stamped on it. In each series
there are about 250 tags. The dimensions of the tag are 20 X 3 X 1
millimetres and to prevent it from rusting it may be nickel plated.
The tags have to be carefully sorted and counted beforehand. In our
routine the series was subdivided in small envelopes with 50 tags in
each, and on the envelopes were noted the number of tags and their
serial numbers. The empty envelopes are collected and the journal of
the day’s work may then be made up from them afterwards. The reason
why 50 tags per envelope was chosen, is that this seems to be a rea-
sonable quantity to work up at one stretch. Once in a while there must
be a break in the work and it is wise to let the men change jobs fairly
cften. One easily gets cramped and uncomfortable when one has to work
in the same position any length of time and cold weather may — and
often does add to the discomfort.

The tags, scalpel, and forceps are disinfected before use. For this
purpose a 70 % solution of alcohol and distilled water is used, and it is
quite handy to keep the disinfectants in small jars embedded in a solid
bilock of wood to prevent them drom sliding about. The contents
of one envelope are then emptied into the alcohol when work starts and
the tags are picked out, one by one, with the forceps and washed in
distilled water before insertion. The tag has to be carefully inserted in
from behind and pressed forwards through the wound parallel with the
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body to avoid doing damage to vital organs. The forceps are operated
by the fourth man in the team. The herring is now tagged and is put
into the sea.

The procedure here described may seem complicated but actually the
tagging is done much more quickly than the description seems to indicate
and with a well trained team the fish is only out of the water for about
ten seconds and the whole operation does not seem to effect it much if
the above instructions are carried out,

3. THE TAGGINGS

In the following section a survey of the different markings will first
be given, each particular cruise being dealt with separately. Then fol-
lows a summary of all the experiments with details as to place of libera-
tion, number of tagged fish etc. Lastly, will be set forth some results of
the ohservations made on the behaviour of the herring.

a. Spring herring lagging in 1948

The first tagging cruise was carried out with M/S »Armauer Han-
sen« which was chartered for the purpose from the Geophysical Institute
in Bergen. The tagging took place from March 4th to 12th, when the
vessel had to be returned to Bergen. The marking team was stationed
on board the vessel and the tagging was executed from a life-hoat. The
live herrings were seaured mainly from a land-seine, but purse-seine-
caught herrings were also used. The first portion marked was caught
by a purse-seiner at night and transferred to the "live” net by dip-nets.
The herrings were in a very fine condition and very few had to be rejec-
ted as unfit for tagging. The tagged herrings were kept in captivity for
a couple of days in order to test the effects of the tagging. The remainder
of the herrings tagged this season were secured from a land seine in the
vicinity of the first tagging locality.

In the second part of this season’s tagging a land base was used.
For the transport to and from the tagging place a motor vessel, M/S
sKonvallen« was used. A rowing boat was used as the tagging craft.

The weather was favourable during this first season. The fish were
abundant and there were no difficulties in securing material.

b. Tagging of Nordurlandssild in the summer 1948

A small half-decked boat M/S »Glasir« was used for the tagging
which was intended to start in Siglufjord about July 20th. Owing to
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poor fishing that summer it was difficult to get suitable material for the
work. Ony purse-seine caught herring were used, since no land seines
are used in Icelandic waters. The tagged herring were liberated at seven
different localities.

The weather was not altogether favourable during this second mark-
ing cruise, as might be expected when the taggings lasted for five
weeks.

c. Tagging of Spring herring in 1949,

On this cruise a “commercial traveller” hoat M/C »Sundt & Co. I«
from Bergen was used. The live herrings were secured from a land-
seine and all the marked fish were liberated at the same place. The tag-
ging took place from February 28th to March 10th,

The weather this season was partly rough, but as the tagging took
place in sheltered waters this did not hamper the work to any serious
extent. Continuous icing during the later part of the season caused some
trouble.

d. Tagging of Large herring in 1950.

M/C »Johan Hjort« of the Fisheries Directorate of Norway and
M/C »Gunnerus« hired from the Biological Station in Trondheim were
used for the tagging in the large-herring district. On this cruise we
experienced similar difficulties as on the tagging cruise in Icelandic
waters. In the beginning of the season the live herrings had to be pro-
cured from purse-seiners in the open sea and the weather was at times
stormy. On the later part of the cruise land-seine caught herrings were
used. The tagged herrings were liberated at five different places.
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e. Spring herring tagging in 1950.

The same ship was employed as in the previous spring. The tagging
was carried out from March 9th to 22nd. Land-seine caught herrings
were used and the tagged fish were liberated at the same place. The
weather conditions were favourable.

Table 1.  Number of Herrings lberated and Localities of Liberation.

. dé MRS é"’ o §° 8 §° .
Year Date Place of gl 82| ¥ | 8% ITotals] § &
Liberation LR a8 3898 it
@ o|PE jus il = ;
1948 6.1IT | Hestvik A 1016
11—23. » Breivik B 5002 6018
4.V11I| Tjornes C 667
8. » | Skoruv.bjarg D 1412
17. » | Skagi E 927
20. » | Gjegur F 1205
22. » | Lundey G 769
26. » | Leirhofn I 1001
27. » | Snst.nup. H 1494 | 7475| 13493
1949 | 28.11—10. III| Trosnavag J 8261 82611 8261
1950 1.— 2. II | Vaulen K 117
6.— 9. « | Torskangerp. L 2494
13.—14. » | Fafjord M 2250
15.—16. » | Vagsvagen N 2236
18.—19. » | Batalden O 1988 9085
10.—22, IIT| Vespestadv. P |11215 11215 | 20300
Grand Totals: 25494 | 9085 | 747542054 |42054

In Table 1 a summary of the different taggings is given. In column
3 the places of liberation are recorded (see also Figs. 4 & 5). It is
worthwhile to note the quitesubstantial numbers of liberations that have
been made, as is apparent from Appendix I. From Table 1 it is evident
that three different »categories« of herring (Icelandic morth coast her-
ring, Norwegian large herring and Norwegian spring herring) have
been dealt with in the experiments (column 4—6). Altogether 25494
Norwegian spring herring have heen tagged. The corresponding num-
bers for Norwegian large herring and Icelandic north coast herring being
9085 and 7475 respectively. The total number of tagged herrings liber-
ated amounts to 42054 (column 7). The yearly totals (column 8) are
13493 in 1948, 8261 in 1949 and 20300 in 1950. Except for the 7475
herrings which were tagged in Icelandic waters in the summer of 1948,
all the taggings have been done at the west coast of Norway.
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As mentioned in the introduction of this paper it was generally
accepted that the herring was too delicate to stand tagging, but according
to the experiments made in U. S. A. (Rounsefell and Dahlgren 1933)
it became clear that this assumption had to be revised. One of the first
tasks was to find out to what extent the tagging operation would effect
the vitality of the fish. Consequently, mortality experiments had to be
made. As already pointed out the first catch marked was kept in cap-
tivity for two days in a land-seine in order to observe the behaviour and
general conditions of the herring after tagging. As far as could be seen,
the herrings behaved normally after marking. When left quietly in the
live-nets both tagged and untagged herrings were swimming constantly
in an anticlockwise direction at a speed of about 6—8 meters a minute.
When properly picked up and handled the herring showed no signs of
panic and during the tagging operation a violent reaction was only noted
in exceptional cases. It might happen that a struggling herning lost so
many scales that it had to be rejected as unfit for tagging. During the
work constant attention was paid to the condition of the fish picked out
with the dip-net and only those which were apparently in good condition
were selected for tagging. As an indication of the correctness of our
judgment of quality it may be mentioned that individuals regarded as
unfit for tagging also were placed in the live-nets with the tagged her-
rings. In some cases dead or dying herrings were observed at the time
of liberation. Almost without exception these were found to be untagged
fish. This strongly suggested that tagging did not effect the herring to
any serious extent, and to clear up this point a further 800 tagged her-
rings were placed in a land-seine and kept under observation for a fort-
night during the first tagging experiment. The result of this was that
6,25 % of the herrings were dead at the end of the experiment. It was,
however, evident that some of the herrings had become injured in cap-
tivity, and consequently the mortality experiment had to be repeated in
order to test properly the effect of tagging. In 1949 such an experiment
was carried out but failed to give proper evidence owing to unforeseen
difficulties. In 1950 another mortality experiment was attempted. 912
tagged herrings were kept under observation for 13 days in a land-seine
together with the same number of untagged herrings, in order to elimi-
nate the effect of captivity. The mortality of the untagged herrings turned
out to be 2,30 % (21 fish) and 2,52 % for the tagged herring (23
fish). This difference is not regarded as significant and the conclusion
drawn is that properly executed tagging will not effect the wvitality of the
herring to any considerable extent. Tt is intended, however, to make
further experiments regarding this question,

As indicated on page 5, care should be taken when towing live her-
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ring for marking. Experience shows that the damage done to the her-
mng through transport in a careless manner, may largely exceed the
effect of marking. The first indication of this phenomenon was observed
in Iceland in 1948, The first portion of live herrings for marking was
towed in the net purse over a distance of about % n, m. in order to reach
a suitable place for marking, and about 60 hours later, when the tagged
herrings were liberated, 136 (17 %) out of 813 were found to be dead.
This high rate of mortality was in marked contrast to the experience
earlier in the year in Norway. The question arose as to what extent the
herring could stand towing under different conditions. With this expe-
rience in mind, we carried out some experintents on different methods
of transporting live herring for marking in the large-herring district in
1950. The following summary of the results is interesting:

a. The vessel M/C »Gunnerus«, furnished with a ‘live’ tank for the
transport of fish, was tried for transport of live herring for tagging.
This experiment turned out to be a complete failure as 100 % of the
fish were unfit for tagging.

b. The usual 'live’ net (purse-net) was used for towing herring over
distances up to 3 n. m. After this handling, about 10 % of the fish were
found suitable for tagging.

c. Live nets were equipped with lead weights (30 kg) and towed at
the side of the vessel in order to avoid the current from the propeller.
The result was that 18 % of the herring were considered fit for tagging.

d. The live nets were furnished with four floats and four heavy lead
weights. The purse squared excellently and this arrangement is regarded
as suitable for towing. It was, however, only tried out experimentally
without herring.

e. The nets were fastened to the side of a rowing boat which was
towed sideways by means of two wires. The squaring of the purse was
effected by wusing weights placed in the bottom front corners. By this pro-
cedure 60 % of the herring were fit for tagging after being towed for
1 n.m.

As far as our experience goes, and judging by the above-mentioned
results, the transport of live herring for tagging cannot be carried out
successfully by using well-boats, at least not those of the »Gunnerus« type.
On the other hand the transport of live herring may be successfully
accomplished by means of adequately equipped ’live’ nets.

Another question of great importance to be settled is to obtain
thorough knowledge of the extent to which the herrings are able to shed
the tags. From the preliminary experiments mentioned on page 3—4
it was clear that the herring under certain circumstances, could rid itself
of the mark. Consequently, shedding tests had to be carried out. Two such
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experiments have been made, the first one being in 1948 in the spring
herring district, when the shedding percentage was found to be about
1 % after a fortnight from the date of marking (one out of 103 fish
examined). The second test took place in the spring of 1950 when 99
herrings were picked out for examination from the fish kept for the
mortality experiment. These herrings had been in captivity for
13 days. 1t is worth noting that in this case, no shedding of tags
had taken place and we incline to the view that the shedding of tags is
quite insignificant when the taggings are properly executed. However,
further experiments on a large scale are needed and will be carried out
at the first opportunity.

4. THE RETURNS

The greatest part of the herring catches in Norway and Iceland is
reduced to oil and meal. Thus in 1948 77,7 % of the herring caught in
lceland went to the reduction plants, the corresponding portion in 1949
being 83,0 %. The remainder of the yield was cured, or frozen for bait.
In Norway, as an average for the last three seasons, 73,7 % of the catches
have been reduced to oil and meal, the remainder being mainly exported
fresh, cured or used for bait. Furthermore it must be pointed out that
in Iceland almost the entire quantity is taken by purse seiners. In Nor-
way the catch taken by seines amounts to 56,7 % (average for the last
three years), the rest being caught by driftnets and bottom-nets. Owing
to the methods employed in catching the herring and the subsequent
treatment of the catches, one must consider about 25 % of the tags in
recaught tagged herrings to belost. On the other hand, by using any
kind of current external tags, only a minor part of the tagged recap-
tured herrings would have a proper chance to be detected. As will be
mentioned later, 149 tags are now on records, only four of them ori-
ginating from other sources than reduction plants. (Two of the latter
dags were found in herrings being prepared for cooking, the other two in
herrings being cut for bait). From these facts the internal tag is con-
sidered to be the best one to use in these fisheries. However, it is equally
clear that it can only be used with success in countries having a highly
developed herring industry. Regarding the number of returns, these
cannot as yet be considered from a quantitative point of view as the
process of equipping the factories with magnets has been in progress
during the tagging work.

In order to secure a constant look-out for tags, the workers in the
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factories have been fully informed of the procedure of tagging, and of
the importance of furnishing every discovered tag with proper informa-
tion about date and locality of the catch from which the tag originates.
In Appendix IT is given a complete survey of all the tags which have
been returned up to now. Unfortunately, it was not possible to secure,
in all instances, information about the time and place of fishing. In such
cases reference is only made to the factory concerned. This applies espe-
cially to the recoveries made in Tceland, as will be seen from the Ap-
pendix.

Table 2. Duration of Liberty.

Number of
days at
Liberty

NUMBER OF TAGS RETURNED

ist. Exp. |2nd. Exp.|3rd. Exp.Jath. Exp.|sth. Exp.| Total

0— 30 4 21 3 7 35
31— 60
61— 90
91~120

121—150
151 - 180 1 1
181—210
211240
241270
271300
301—320 3
331360 2 12 11
361—390 1 15 18
391—420 4
421—450
451 —-480
481—510
511—540 1
541—570
571—-600
601—630
631—660
661—690 3 3
691720 7
721750 7 7

25
34

No returns

WU W
[ ERT NN

~J

Totals 25 64 35 7 131

In Appendix 1I, last column, the number of days during which the
recaptured tagged herrings were at libery is also recorded. A more sur-
veyable representation of this feature is given in Table 2, in which the
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time at liberty is graduated into periods of 30 days (Ist. column), The
number of tags returned from the different experiments is entered in
the following columns (2nd. to 6th) and the totals in the last one
(7th). As will be seen, the grand total is different from the figure
alrealy mentioned and which appears in Table 3. This is due to the fact
stated above that some of the returns are undated and had to be omitted.
The groupings of the returns, according to the time scale (1lst. and 7th
column), are effected through the sharply limited fishing seasons: the
winter herring fishery in Norway (January—March) and the summer
herring fishery on the north coast of Iceland (July—September). A
glance at the figures in the last column will show that about 25 % of the
recaptures have been made within 30 days, that is to say, during the
marking season. After that there are no possibilities of recaptures hefore
the next season, which takes place one year later in the same country
and half a year later in the other one. Already the fact that the group-
ings in the figures show a half yearly sequence, indicates transoceanic
migrations between the stocks. This will be dealt with later on. Table
2 shows further that quite a number of tags has been returned two years
after liberation. This may be taken as a proof of the vitality of the tag-
ged herrings, and as an indirect verification of the correctness of the
earlier mentioned miortality experiments, As the taggings have only
been carried out over a period of two years, it is as yet too early to
say for how long after marking the herring will appear in the catches.
In Fig. 9 a diagrammatic representation of Table 2 is given, the black
colummns representing the transoceanic returns. The half yearly sequence
in the recoveries is clearly demonstrated.

Another important feature can be extracted by a closer examination
from the table. It appears that a batch of tagged herring liberated at
the time as a small shoal has given returns on widely distributed localities
and scattered over a large period of time. This is a feature of con-
siderable biological interest as it seems to indicate that a shoal of herring
will not be permanently maintained as such, but must be considered as a
nmiore or less temporary formation. It will be evident from the liberations
inade at Tceland 1948, where the catches are made almost exclusively by
purse-seine, that a bunch of tagged herring, representing only a very small
shoal on liberation, must either have been joined by other elements to
form a catchable shoal of herring or must have been absorbed by a larger
unit. As an example of this the liberation made at Iceland (locality G
Fig. 5) from which 15 returns have been recorded, can be noted. The
first 3 are recaptures at Iceland during the same season, one tag being
‘returned from Raufarhgin on August 30th, the next from the same plant
‘on September 4th and the third one from Siglufjord at the end of
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August. Further it will be seen that the next return came from Norway
in the spring 1949 (February). The following summer 10 returns were
made in Iceland on at least six different dates and in three different
localities. Finally one was caught in Norway in January 1950. For
further details regarding this point the reader is referred to the records
given in Appendix II, from which several other similar instances may be
extracted.

Table 3. Swummary of Returns from the Different Liberations.

Locai 1948 1949 1950
. i, of
Land of taggmg hboecrzti;): - Perc. of
Spring |[Summer| Spring |Summer| Spring Total Lib: n‘umb.
Norway Spring A 1 1 5 7 0.69
1948 B 3 1 12 18 0.35
Tot. 4 3 1 17 25 0.40
c 0.00
D 1 3 2 6 0.42
0 1 5 6 0.64
Iceland Summer F L 7 2 10 0'8§
1948 G 3 1 10 1 15 1.95
H 12 7 3 22 2.20
1 3 15 3 21 1.40
? 2 2
Tot. 21 1] 49 | 11| s2 1.20
Norway Spring J 3 32 35 0.42
1949
K 0.00
Norway Spring L 0.00
1950 M 0.00
N 0.00
O 0.00
Norway Spring p 7 7 0.06
1950 ’
Grand Totals 4 21 7 50 67 149 0.36

In Table 3 the returns from the different liberations listed in Appen-
dix IT are summarized. As mentioned earlier (page 20), the total num-
ber of returned tags is 149, or 0,36 % of the total amount marked
(42,054 fish). The relatively low percentage of recaptures may at first
seem suprising, but the following facts should be kept in mind: Nearly
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half of the tagged herrings have been liberated during the very last
season, and have consequently not vet given any considerable number
of returns; the reduction plants are still partly in the process of deve-
loping their magnet equipment, and many tags have necessarily escaped
detection. At the moment, the Atlanto-Scandian herring stock is cer-
tainly by far the largest ome in the Atlantic, yielding more than
10.000.000 hi annually without showing any signs of depletion, therefore,
the recapture percentage must he expected to be low.

From the table will be seen that the different liberations have given
a varying number of returns. The percentages are given in the last
column. Thus, the first experiment has given 25 returns scattered over
four fishing seasons. From the second experiment carried out in seven
localities, 82 returns have been made, amounting to 1,20 % of the tagged
amount. However, the first liberation of this experiment might possibly
be a failure as no returns have been recorded. The reason for this might
be bad condition of the marked fish, as earlier mentioned on page 19.
On the other hand, the highest percentages of returns originate from
the last three liberations of this same experiment (locality G. H. I Fig.
5), the figures being 1,95, 2,20 and 1,40 per cent respectively. The
third experiment in Norway in the spring of 1949, has given 35 returns.
Finally, the two last experiments carried out this year have given only
7 returns, all of which are from the taggings in the spring herring
district.

In Table 3 is also shown the number of returns from each of the five
fishing seasons during which tagged herrings have been in liberation.
From the first season in Norway in the spring of 1948 there are 4
returns, and from the next season at Iceland during the summer of 1948
there are 21 returns all of which originate from the taggings there the
same year. During the spring season in Norway 1949, 7 tags were
recorded, 3 of these originating from the first experiment the previous
spring, another 3 from the third experiment (same season). The seventh
record (serial no. G 3) originated from Iceland. The herring was libe-
rated at Lundey (G Fig. 5) on August 22nd in 1948 and was recaught
in the Florg—MAlgy district north of Bergen, the tag being found at the
AJS Stord reduction plant on the 9th of February. This is the first
direct verification of migration of herring across the northern waters
from Iceland to Norway. In the summer season in Iceland in 1949, 50
tags were returned all of which originated from the second experiment
at Iceland in 1948, except one which had heen liberated in Norway
during the first experiment. The last fishing season (Norway 1950) 1s
of particular interest. In all 67 tags were returned, 17 of these originated
from the first experiment, 32 from the third and 7 from the fifth one.
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Fig. 7. The transoceanic wigvations.

In this season altogether 11 returns came from the second experiment
in Iceland. Whereas the first two transoceanic returns clearly indicated
an intermixture between the herrings of North Iceland and Western
Norway, these last year’s recaptures show that the migration must take
place to a considerable extent,

The most important results of the marking experiments so far, are
these transoceanic migrations. In Fig. 7 an attempt -has been made to
illustrate the main features of these migrations as far as present know-
ledge permits. From the seven liberations in Tceland in 1948, returns
have been made in Norway from five of the liberation Jocalities. Refer-
ring to the map in Fig. 5 there are 2 returns made from locality D
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(Skoruvikurbjarg) 2 returns from F (Gjggur), 2 returns from G
(Lundey), 3 returns from H (Leirhgfn) and 3 from I (Snarstastada-
nupr). From the most western locality E (Skagi) no returns have been
reported except in Iceland and as already mentioned the first liberation
C (Tjgrnes) has not given any returns at all. As will be seen from the
map (Fig. 7) the returns from Iceland are fairly well distributed all
over the winter herring district. The recapture in Iceland of the herring
from Norway is also shown on the map. The arrows indicate the general
direction of the migrations, hut no attempts have been made to indicate
the exact routes.

As it has not been possible to determine the actual localities of the
recaptures in Icelandic waters, one can only show in the graphic repre-
sentation (Fig. 8) the number of return reported from the different
landing places for the two fishing seasons 1948 and 1949. The number
of returns is given and these returns are illustrated by black circles, the
sizes of which correspond to the numbers. It is worth noting that by far
the greatest number of the tags has been returned from the most easterly
situated reduction plant, whereas no returns have been recorded from
the western part of the north coast in spite of the fact that all the fac-
tories situated there are also equipped with efficient magnets.

The returns in Norway from 1948 and 1949 are so few that a gra-
phical demonstration has not been found necessary. On the other hand
the returns from 1950 are so numerous that a detailed demonstration
will be of value. In Fig. 9 the distributions of the returns are demon-
strated separately for herring tagged in 1948 and 1949, As the returns
from Tceland have already been dealt with and there are so few returns
from the tagging in 1950, both of these have been omitted. In the Figure
the black dots represent the recapture localities based on information
from the reduction plants. Open circles denote returns for which no
recapture localities are given. These are placed on the localities of the
reduction plants in which they were recovered. In some instances two
possible recapture places are given. In such cases both are entered in
the figure with identical symbols: upright or oblique crosses, open
circles with crosses, dots or a line across. The open triangles represent
the localities of tagging, which in these two years only was executed in
the spring herring district. An interval between two imain areas of
returns will be seen. It is of particular interest to note that a great part
of the returns has been recorded from the large-herring district. This
teally means that at least a part of the spring herring (varsild) will later
on in turn appear in the catches of the large herring (storsild). As a
further indication of the relationship between the spring herring and the
large herring it will be recalled that a tagged spring herring appeared in
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the Tcelandic catches and tagged herrings from the Icelandic waters were
caught on the large herring grounds as well as in the spring herring
district. Another striking feature will be seen when comparing the two
maps on Fig. 9. Relatively more recaptures are made in the large her-
ring district from the tagging in 1948 (ca. 50 %) than of the 1949
tagging (ca. 23 %). This may possibly indicate a gradual northwards
transfer of the spawning stock according to age (Fridriksson 1944).
However, further experiments and more returns are required to give
any definite answer to this guestion.

Finally in connection with the migrations of the herring the question
of the travelling speed will arise. The taggings have also furnished some
observations on this point. (See also Appendix IT). The following cases
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Fig. 9. The distributions of the veturns in Novway 1950 from the taggings
on tho spring herring district in 1948 and 7949.
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nay be mentioned: This year (1950) a tagged herring was recaught 2
days after liberation at almost the same spot, and most probably this fish
has been stationary during this time interval. In contrast to this there
is another example from the previous spring. A tagged herring liberated
at Trosnavdg on the 9th of March at 11 a.m. was recaptured 10 n.m.
from there at about 7 a.m. the 10th of March. This corresponds to a
minimum speed of about % n.m. per hour. Information may also be
gained as to the minimum average speed of the herrings on the long
distance migrations. This is, for instance, the case with No. 70 in Ap-
pendix II. This fish has migrated over a distance of at least 660 n. m.
in 171 days. This amount to an average speed of nearly 4 n.m. in
24 hours.t

1) Since this report was prepared 509 herrings have been tagged in the open
ocean (July 1950) about 100 n. m. east of Iceland, and 1321 herrings were tagged
at the north coast of Iceland (August 1950). Furthermore 11 additional tags have
been returned from Icelandic reduction plants during the summer of this year.



CONCLUSION
B

In the preceding chapters it is demonstrated that the Norwegian—
Icelandic herring tagging experiments have met with success. When pro-
perly handled the herring is capable of withstanding the shock of tagging,
and this first successfully exeouted herring tagging experiment in Euro-
pean waters is certainly encouraging. Herring tagging is now being
done in several European contries, with the use of different kinds of
external tags and it is demonstrated that the herring also can stand up
to this treatment.

Tt is further shown that a herring shoal must be regarded as a tem-
porary phenomenon, for the shoals evidently disperse after a time, the
fish later reforming themselves into new omnes.

Another important result of the taggings is that tagged spring her-
rings appear in the catches in the large-herring district, and an inter-
mixture between large and spring herring definitely takes place. If this
feature continues to manifest dtself, the morphological differences obser-
ved (Rasmussen 1940) (Rundstrgm 1941) need further explanation.

An outstanding feature which may be stressed as being of particular
importance is that transoceanic migrations also take place to a con-
siderable extent, this being in direct support of Fridriksson’s theory,
(Fridriksson 1944).

From the results already obtained through this tagging experiment
it is strongly recommended that this work be continued and, if possible,
extended. As the herrings in the northern waters are only caught com-
mercially during limited fishing seasons, difficulties are encountered in
the very interesting problem of fixing the routes of the migrations, but
attempts will be made to find and mark herrings in the open sea in the
close seasons in an attempt to clear up this special point.
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Appendix I. Recordings of Liberations.

1st Experiment, Norway 7948.

2nd Experiment (continued).

g Locality § E Locality §
Series | & Date of “ Series | g Date of 4
73 liberation ;: g liberation ;;2'
A 1 2541 6.1I1 | Hestvik A E 4 243 l 17.VIII | Skagi E
A 2 255 » » » E 5 203 » » »
A 4 247 » » » E 6 27320, VIII | Gjogur F
A 5 260 % » » E 7 248 » » »
A 6 211123, 11T | Breivik B E 8 248 » » »
A 8 205 » » » E 9 227 » » »
A 9 210 » » » E 10 209 » » »
A 10 23 » » » F 1 2461 27. VIII | Snartastada- I
A 10 |219|11.TI » » F 2 (234 » nupr »
B 1 260 » » » F 3 246 » » »
B 2 178 » » » G 1 264 |22, VIIT | Lundey G
B 2 82|12, 111 » » G 2 262 » » »
B 3 256 » » » G 3 243 » » »
B 4 263 » » » G 4 2201 26. VIII | Leirhofn H
B 5 264117, 111 » » G 5 260 » » »
B 6 150 » » » G 6 261 » » »
B 6 106 18. I1T » » G 7 260 » » »
B 7 259 » » » G 8 259 27. VIII | Snartastada- I
B 8 262 » » » G 9 254 » nupr »
B 9 257 » » » G 10 255 » » »
B 10 256119, 111 » »
C 1 260 y » » 3rd Experiment, Novway 1949.
c 2 100 » » »
C 2 1149120, 111 » » NG 1{198[28. IT |Trosnavig J
C 3 263 » » » NG 2 |211 » » »
C 4 }266 » » ¥ NG 3 |246 » » »
C 5 252122, 111 » » NG 4 | 246 N N N
C o6 251 » » » NG 5 258 » » N
NG 6 |204] 7.11I1 » »
2nd Experiment, Iceland 71948. NG 7260} 2, 111 » »
NG 8 1259 » » »
Cc 8 204 | 4. VIII | Tjornes C NG 9 (259 3.1II » »
C 9 248 » » » NG 10 | 258 4. III » »
C 10 215 » » » NI 1255 » » »
D 3 2531 8. VIII| Skoruvikur- D NI 2254 » » »
D 4 254 » bjarg » NI 31256 5. 1III » »
D 6 246 » » » NI 4 ]251 » » »
D 7 252 » » » NI 5 253 » » »
D 38 254 « » » NI o6 ]252 » » »
E 1 153 » » » NI 7258 o6.11I » »
E 2 240 | 17. VIIT | Skagi E NI 8 1255 » » »
E 3 241 » » » NI 9 |246 » » »




Appendix I (continued).

3rd Experiment {continued).

4th Experiment (continued).

g Locality ‘;E% E Locality ‘Eﬁ
Series | H Date of s Series | & Date of «
32 liberation E 7"? liberation é
NI 10 (243 6. 11T Trosnavag J NL 2 1234114, 11 Fafjorden M
NH 1261} 9. 111 » » NL 3 252 » » »
NH 2260 » » » NL 4 1246115 11 Vagsvagen N
NH 3256 » » » NL 5 (24916, 11 » »
NH 4258 » » » NL 6 |251 » » »
NH 5256 » » » NL 71250115 11 » »
NH 61253 » » » NI, 8 [246 » » »
NH 7]261}10.I11 » » NL 9 [24916.11 » »
NH 8255 » » » NL 10 1245 » » »
NH 9254 » » » NM 1 ]248 » » »
NH 10251 » » » NM 2 |24618. 11 Batalden O
NJ 1{249 » » » NM 3 |247 » » »
NJ] 2} 37 » » » NM 4 255 » » »
NJ 31256 » » » NM 51252 16.11 Vagsvagen N
NJ 4,178 » » » NM 6 |250}18.11 Batalden O
N} o6} 27 » » » NM 7 [249119.11 » »
NJ] 8 7 » » » NM 8 {248 » » #
NJ 10| 20 » » » NM 9 243 » » »
NM 10 |250| & » > »
dth Experiment, Novway 71950.
Sth Experiment, Novway 1950,

NJ 1-0f 2} 8. 1I Torskangerpoll.] L
NJ 2-0] 55| 2.1 Vaulen H NN 1 1253[11.1IIT |Vespestadvigen| P
Ny 300 2] 8.1I Torskangerpoll; L NN 2 )250 » » »
NJ 4-0] 62 1.1II Vaulen H NN 3 252 » » »
NJ 5-0]254} 8. 11 Torskangerpoll.] L NN 4 [251]12. 111 » »
NJ 6-0{228( 6.11 » » NN 51252 » » »
NJ 7-0/2691 8.1I » » NN 6 |25013. I1I » »
NJ 8-0]258 » » » NN 7 {251 » » »
NJ 9-0{258 » » » NN 8 [250 » » »
N7J 10-0] 240 » » » NN 9 |252 » » »
NK I]243 » » » NN 10 {253 | 14. I1L » #
NK 2§245( 9.11 » » NO 1 1224)22 111 » »
NK 31251 » » » NO 2218 » » »
NEK 4125111311 Fafjorden M NO 34209 » » »
NEK 5252 B » » NO 4 1139 » » »
NK 61250 » » » NO 5 |252)10.I11 » »
NEK 71251 » » » NO 6 |252 » » »
NK 825214, 11 » » NGO 7 253 » » »
NK 9258 » » » NO 8 |254 » » »
NK 101250 » » » NO 91251 » Vespestadvagen! »
NL 1 244} 8. 1I Torskangerpoll] .  NO 10 | 263 |11. IIL » »
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Appendix I (continued).

Sth. Experiment (continued).

g Locality § E Locality §

Series | ‘g Date of o Series | g Date of o
:2 liberation g 2 liberation j::;

NP 11249 }14.TI1 |Vespestadvagen] P NR 4 [249119.I11 [Vespestadvagen| P
NP 2 ]246 » » » NR 5 247 » » »
NP 3 {254 » » » NR 6 }250]20. 111 » »
NP 4 |250 » » » NR 7 {252 » » »
NP 5 [150]15. I1II » » NR 8 {249 » » »
NP 6 [244 16, 111 » » NR 9 253 » » »
NP 7 |244 » » » NR 10 | 24722, 11T » »
NP 8250 » » » NS 1 |254 » » »
NP 9 |249 » » » NS 2 {253 » » »
NP 10 {24817, 111 » » NS 3 {237 » » »
NR 1 1251 » » » NS 4 {254 » » »
NR 2 {26418, 111 » » NS 5 (248 » » »
NR 3 ]243 » » » NS 6 |251 » » »




Appendix I1. Recordings of returns.
1st. Experiment. Novway 1948.

LIBERATED RETURNED Nos. of
days at
R Ret. to ’ 1948 1949 1950 :
Series Date Place maps Date Place liberty
p. 00 Spring | Summer| Spriag |Summer| Spring

1 A1 6. 111 Hestvik A 5. ITT | *Utsira 1 364
2 « % « 23. 111 | TFjeldberg Bruk 1 max. 747
3(4A2 « « ? Essen, Germany 1 ?
4 « « « 1. IIT | *Egersund 1 725
5 « 4 « 9.—10. III | *Karmoy or Egersund 1 734
61 A4 « « 3.1 *Statthavet 1 696
71 As « « 11. T1I | *Ramsholmene (?) 1 735
81 A9 9. 111 Breivik B ? Fjeldberg Bruk 1 ?
9|A10 11. IIL « 12. VIII| Raufarhefn 1 519
0| B6 18. I11 « 5. III | *Ryfylkefjord or Karmey 1 353
11 B7 « « 10.II | *Rundofeltet 1 694
12| BY 4 4 7. 111 | *Egersund 1 719
13} B7 « ¢ 9. I11 | *Karmpy or Egersund 1 721
14| B8 4 ¢ 11. I | *Floredistriktet 1 695
15| B8 « « 10. 111 | *Hjeltefjorden 1 722
161 B9 « « 27. 1 *Vallaboene 1 680
17 | B 10 « « 2. IIT | *Egersund 1 714
18| C2 | 19.—20. I1I ¢ ca. 11. IT | *Floredistriktet 1 ca. 693
191 C3 20. 111 « 26.—27. 1 *Statt 1 679
20| C4 « « bf. 10. I1 | *Flore or Alesund 1 max. 692

* Cases where time and place of recapture have been determined.



st Experiment. Norway 1948 (cont.).

Appendix II (cont.). Recordings of returns.

LIBERATED

RETURNED

Nos. of
days at
Ref. to 1948 ;
Series Date Place maps Date Place liberty
p. 00 Spring | Summer
21| Cs 22. 111 Breivik B 7. IIT | *Bgmmelfjord 350
22| Ce « 4 15. 11T | Stoerd Sildoljefabrikker max, 723
23| C6 « « 27. 1 *Goksgyrvika 676
24 ? ? ? ? Kopervik Sildoljefabrikker ?
25 ? ? ? ? « « ?
2nd Experiment. Iceland 7948.

26 | D 3] 6. VIII Skoruvikurbjarg D Ult. VIII Siglufjord 1 max. 25
271D 3 » » 1. IX Raufarhefn max. 391
281D 3 » » 9. IX » max. 399
291D 4 » » 29. 1 *Goksgyrvika 541
30| D 6 » » 8. IX Raufarhein max. 398
311D 6 » » 3. 11 *Flors 546
32| E 2| 16. VIIL Skagi E 4. IX Raufarhefn 1 max. 19
331E 2 » » 14, IX » 1 max. 394
341E 3 » » 4. VIII » 1 max. 353
35 | E 3 « » 7. IX » 1 max. 387

36 |E 4 » » ? Siglufjord 1 ?
37| E 4 » » 7. IX Raufarhsfn 1 max. 387




Appendix II (cont.). Recordings of returns.

2nd Experiment. Iceland 7948 (cont.).

LIBERATED

RETURNED

Nos. of
- days at
. Ref. to 1948 | 1949 1950 | i
Series Date Place maps Date Place - Y
p. 00 Spring |Summer Spring | Suawmer| Spring
381E 6| 20. VIII Gjogur ¥ ? Siglufjord 1 ?
39 [E 7 » » 15, VIIT Raufarhain 1 max. 360
401E 7 » » 20. VIII » 1 max. 365
411E 7 » » 13. IX » 1 max. 389
42 1 E 7 » » ? Hjalteyri 1 ?
43|E 7 » » 9. I1I Fiellberg Brulk 1 | max. 566
4 1E 8 » » Ult. VIII Siglufjord 1 max. 12
45 | E 10 » » 27. VIII Raufarhefn 1 max. 372
46 | E 10 » » ? Siglufjord 1 ?
47 |E 10 » « 23. 11 *Sletta or Sognesjs 1 552
48 | F 1| 27. VIIL | Snartastadanupr | H ? Siglufjord 1 ?
491F 1 » » 16. VIII Raufarhefn 1 max. 354
50| F 1 » » 30. 11T Storesund Salteri 1 max. 580
511 F 2 » » ? Siglufjord 1 ?
521 F 2 » » 15, VIII Raufarhein 1 max. 353
533{F 2 » » 16. VIIL » 1 max. 354
541 F 2 » » 2. IX » 1 max,. 371
*Sunnhordland or
5 | F 2 » » 28. 111 Mélpydistriktet 1 577
56 | F 2 » » 31,1 *Floredistriktet i 522
57| F 3 » » ? Siglufjord 1 ?
5831 F 3 » » 17. VIII Raufarhein 1 max. 355




Appendix II (cont.). Recordings of returns.

2nd Experiment (cont.). Iceland 1948,

LIBERATED

RETURNED Nos. of
days at
) Ref. to 1948 1949 1950 . .
Series Date Place maps Date Place - liberty
: p. 00 Spring | Summer| Spring | Summer| Spring

591 G1 21. VIII Lundey G 15. VIII Raufarhein 1 max. 359
60 | G1 » » » » 1 max. 359
61| G1 » » 16.VIII » 1 max. 360
62| G1 » » 17. VIII » 1 max, 361
63| G1 » » 8. IX » 1 max. 383
64| G2 22. VIII » 30. VIII » 1 max. &
65| G2 » » Ult. VIII | Siglufjord 1 max. 9
66 | G2 » » 28. VIII Raufarhefn 1 max. 371
67 | G2 » » : ? Hjalteyri 1 ?
68 G2 » » ? Siglufjord 1 ?
69| G3 » » 4. IX Raufarhgin 1 max. 13
70 | G3 » » 9. 11 *Floro—Malay 1 171
711 G3 » » ? Siglufjord 1 ?
72 G3 » » ? » 1 ?
73| G3 ) » 26. 1 *Statt 1 522
74| G4 26. VIII Leirhafn I 3.IX Raufarhafn 1 max. 8
75 1 G4 » » 5. IX » 1 max. 10
761 G4 » » 8. IX » 1 max. 13
77 | G4 » « 27. 111 *Haugesund (?) 1 578
78 { G5 » » 30.VIII Raufarhsfn 1 max. 4
791 G5 » » 7.IX Husavik i max. 12
80| G5 » » ? » 1 ?




Appendix II (cont.). Recordings of returns.
2nd Experiment (cont.). Iceland 7948.

LIBERATED

RETURNED

Nos. of.

Ref. to 1948 1949 1950 d-ays at

Series Date Place maps Date Place liberty

p. 0D Spring [Summer | Spring |Summer | Spring

81 ] G5 26. V111 Leirhgfn I 27.1 *Svineyhavet 1 519
821 G6 » » 7. 1X Raufarhefn 1 max. 12
831 G6 » » 15. VIII » 1 max. 352
84 | G6 » » 29. VIII » 1 max. 368
81 G6 » » 30. VIII » 1 max. 369
86 | G6 » » 7 Hijalteyri 1 ¢
871 G6 » » 18. 11 Stord Sildoljef. 1 max. 541
881 G7 » » Ult. VIII Siglufjord 1 max. 5
89| G7 » » 4. 1IX Husavik 1 max. 9
90 1 G 7 » » ¢ » 1 max. 9
91 | G7 » » » » 1 max. 9
921 G7 » » » » 1 max. 9
93| G7 » » 19. VIII] Raufarhein 1 max, 358
94 | G7 » » 28. VIII « 1 max. 367
95 | G7 » » 1. IX « 1 max. 371
96 | G8 26. VIII| Snartastadanupr | H 3. IX « 1 max, 8
97 | G8 » » 8. IX « 1 max. 13
981 G8 » » 12, VIII « 1 max. 351
99 | GS8 » » 1. IX « 1 max., 371
100 | G38 » » ? Siglufjord 1 ?
101 G¢ 27.VIII » 13.IX Raufarhefn 1 max. 382




Appendix II (cont.). Recordings of returns.
2nd Experiment (cont.). Iceland 7948.

LIBERATED

RETURNED

Nos. of
— days at
i Ref. to 1948 1950 L
Series Date Place maps Date Place liberty
p. 00 Spring {Summer Spring
102 | G 10 27.VIII | Snartastadanupr H 31X « 1 max. 7
103y G 10 » » 27. VIII ¢ 1 max. 365
104 1 G 10 » » 13, IX « 1 max. 382
105 | G 10 » » ? Siglufjord 1 ?
106 ? ? ? ? « 1 ?
107 ? ? ? ? Husavik ‘ 1 ?
3rd. Experiment, Norway 1949

108 NG 2 28. 11 Trosnavag J 21. 11 *Rundefeltet 1 358
109 | NG 4 » » bf. 15. 11 TFloredistriktet (?) 1 max. 353
110 | NG 5 » » _ 2,111 | *Egersund 1 367
111 | NG 8 2. 111 » bf. 31. 1 Alesunddistriktet 1 max. 335
112 I NG 8 » » 5.11T | *Ryfylke or Karmay 3
113 | NG9 3. 111 » 14. 111 Karmpens Sildoljefabrikk max., 11
114 | NG 9 » » bf. 8. 111 | *Rever (?) 1 max. 370
115 | NG 9 » » 20, 111 Fjeldberg Bruk 1 max. 382
116 (NG10 4. 111 » ca. 8. 11l | *Flore or Haugesund 1 ca. 369
117 | NH 2 9. 111 » 28. 11 *Moster 1 356
118 {NH 3 » » ca. 8. 11 *Malpydistriktet 1 ca. 336
119 | NH 3 » » 10. 11T Fjeldberg Bruk 1 max. 366




Appendix II (cont.). Recordings of returns.

2nd Experiment (cont.). Iceland 71948.

LIBERATED

RETURNED

Nos. of

days at

Ref. to 1948 1949 1950 . X

Series Date Place maps Date Place liberty

p. 00 Spring | Summer | Spring !Summet Spring

120 (NH 3 9. 11T Trosnavag J 10. IIT | *Kavholmen 1 1
121 INH 4 » » 3. 111 | *Urter 1 359
122 {NH 5 » » ca' 1. IIT | *Sletta 1 ca. 357
123 INHS5 » » 2.1 *Bremanger 1 330
124 |NH6 » » 2. 11T | *Egersund or Karmgy 1 358
125 | NH7 10. 11T » ca. 2. II1 | *Egersund 1 ca. 357
126 | NH7 » » 6. IIT | Stord Sildoljef. 1 max. 361
127 INH7 » » 18. IIT | *Sunnhordland or Milsy 1 373
128 | NH 8 » » 5. I1I | *Sletta 1 360
129 (NH 8 » » 10. IIT | *Ferkingstadeyene 1 365
130 INH 10 » » 26-27. 1 *Statt 1 323
131 |NH 10 » » ca. 28. Il | *Sve -Rover (?) 1 ca. 355
132 |INH 10 » » 4. IV Storesund Salteri 1 390
133 ' NT 2 4. 111 » 2.-3. 111 | *Sletta 1 364
134 | NI 2 » » ca. 9. IIT | *Haugesunddistriktet 1 ca. 370
135 | NI 3 5. 111 » 10. III | *Ramsholmene 1 370
136 | NI 5 » » 2. 11T | *Egersund or Skudenes 1 362
137 | NI 5 » » 27. 1 *Svingyieltet 1 328
138 | NI 8 6. 111 » bi. 15. 11T | *Sunnhordland or Malgy 1 max, 375
139 | NI 8 » » 6. 111 | Stord Sildoljefabrik 1 max. 365
140 | NI 10 » » 7. IIT | *Ramsholmene 1 366




Appendix II (cont.). Recordings of returns.
3rd Experiment, Norway 71949.

LIBERATED

RETURNED

Nos. of
days at
. Ref. to 1948 1949 1950 Hberty
Series Date Place maps Date Place - iberty
p. 00 Spring | Summer| Spring | Summer| Spiing
41 1 NJ 1 10. 111 Trosnavag J 20, III Haugesund Sildoljef. 1 max. 375
142 | NJ 4 « » 7. 111 | *Lesgrunnen, Egersund 1 362
4th Experiment, Novway 1950.
| | | NO RETURNS 1 |
5th Expertment, Novway 71950.
|
143 | NN 3 11. 111 Vesbestadvagen P 21. IIT Ronglan Sildoljef. 1 max. 10
144 |NO 8 10. 11T » 28. I1T | Lorentz Nilssen A/S 1 max. 18
145 | NO 8 » » 10. 11T | *Karmey or Egersund 1 0
146 I NO 9 » » 10, II1 | * » 1 0
147 | NP 4 14, I1I » 18. IV Stord Sildoljef. 1 max. 4
148 | NP 7 16. 111 » 18. IIT | *Vespestadvagen 1 2
149 | NR 7 20. 111 » 31. 111 | Stord Sildoljef. 1 max. 11
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