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Part 1

Description of tagging methods

Introduction

So far as is known, scientigts of the Fishery Board for Scotland made the first
efforts at marking and tegging herring (Fulton 1893), The first method waes to punch a
triangular hole in the tail fin, but this experiments was unproductive and later a
metal tag consisting of a barbed hook carrying e rigid numbered plate on the shaft wes
used, unfortunately also without success,

American scientists in 1927 experimented with external tags on Pacific herring
without, however, achieving conspiouous success (Rounsefell 1930). They finally made
the bold sxperiment of inserting a smell numbeored metal plate into the body cavity,
which could be recovered magnetically during processing, This innovation has proved
most successful both in North America aend, since the war, in Norway and Iceland, where
the bulk of the fish is converted into meal and oil,

Preliminary experiments 1948-1950,

Yihen herring tagging experiments were again undertaken in Scotland in July 1948,
most of the North Sea catch was prepared and sold for human consumption so that it
was necessary to use an external tag which had a chance of being seen by fishermen or
others engaged in the industry., The tags first used consisted of a strip of plisble
green plastic, tapsring at both ends and sbout eight to ten millimetres wide at the
widest part, as shown in Figure 1, The tag was applied round the body of the fish
immediately behind the pectoral fins and was secured by & small fastener of stain-
less stesl, which bore a serial mumber, The herring used in these experiments were
caught by drift net from the Scottish research vessel "Clupeae™. In 1948, 892 herring
wore tagged and one fish was recovered, and in 1949 out of & total of 1,124 fish
tagged four were recaptured,

The application of this band tag wes & slow and chilling process and by the end
of 1950 experiments had been made with three other types of tags. They were as follows

1. Yumbered rubber band (fixed immediately behind the pectorsl fins),

2, Lea's hydrostatic tag (attached with the customery bridle irmediately in
front of the dorsal fin).

3. Plastic strip (Danish "flag" tag), attached by wire through the dorsel
misculsture in front of the dorseal fin,

411 of the liberations with thess tag types in the period 1948-i1950 werc mede
on the Scottish north-east cosst and Shetland fishing grounds from drift net catches
teken by F.R.S. "Clupee! A small fleet of 17 nets was worked in the customery manner,
but facilities were provided on board to ensure that the hsrrmg ware placed in running
ges water immediately they wore brought on board, Only the liveliest, undamaged herrin
were selected for. tagglng" thase were taggpd,nnds,,nater and1_<harateé individuel
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A total of about 7.000 herring was liborated in this manner in the three yesars,
and 23 recaptures were recorded., Bach of the tag types used was represented in the
returns, but the numbers of rscords were too small to assess their relative merits
effectively.

The most inportant result which smerged from these experiments was that reasonsbly
long period recapiures could be obtained from herring caught by drift-net. It was
evident, however, that, in order to increase the numbers of recaptures without in-
creasing the scalec and cost of the investigation greatly. it waes necessary to devise
a tagging technique which would provide a much larger number of liberations during the
oourse of the fishing season.

It was evident that tagging mortality was only one of a number of important
factors which resulted in the loss of recapture data; others suvch as tag-shedding,
missed tags in catch, etc, wore mostly independent of the condition of the fish
at liberation,

In these circumstances it was decided to investigate the possibility of con-
ducting la"g@ scale tag g;ng axpGV1ments from commerciel erft not vessels, A prellm1-
Laboratory, now m;tn th° wlnlstry of Agriculture and FlshorleS), on board a commerclal
drifter in 1950 had indicated tThe possibilities of success by this msthod, It was
considersd that if liberations could be inereased feur or fivo-fold with ths same
effort in scientific manpower, substantially groatesr numbers of recsptures might be ob-
tained even if tagging mortality was increased as a result of less careful handling.

The first step in developing a method of tagging from commercisl drifters was to
dovise a tag and & tagging tochnique which allowed the work to be carried out on the
deck of the vessel without interfering seriously with the fishing operations. The
technique had %o be as simple as possible, and the number of operators on each vessel
as small as possible, preferably one man,

Two fundamentally different methods of herring tagging, "internal® and "external"
were possible, each appropriate to particular prectical circumstances, Intormal
tagzing is the most eppropriats when the herring are bulk handled in reduction plants,
and thoe possibilities of spobting the tage in the cateh are vory small; and external
tageing is most appropriate when the fish are handled singly or in small guantities
and where thero is no easy method of rocovering the tags mechenically, Norwegian
workers have shown recently that both mothods cen be used together on the same fish,
The choice of method is governed largely by the type of fisheries practised in and
adjeacent to the centres of tagging.

In the North Sea, the fisheries for adult herring ars conducted meinly by trawl
and drift-net by 2 number of countries and the catch is treated in = variety of ways.
Large quentities are bulk handled in reduction plants and the romeinder sre treated
in one way or another for humsn consumption, It would appear, thercfors, that the most
eppropriate tagging technique for the North Sea herring investigetions wes one incor-
porating both "internal" and "external' mothods. However, for this to be justified,
tag separstors would have to be installed in the main reoduction planmts in 211 the
countriss fishing in the North Sea, Under the circumstances, thorefore, it was de-
cided to continue to concentrats ths Scctbish effort on Pextornal® tagging, and to rely
for reocaptures mostly on the fish which were treated for human consumption., Sc far sas
could bc judged from the rather scanty information as to the disposal of the adult
herring catches in ths North Sea, talq would net introduce any serious bias in ths
biclogical results which acerusd.’

+)Exper1msnt< were conducted in 1951 and 1952 on the possibilities of extracting the

Tsxternal® tags from reduction planbs, by incorporating 2 smell numbewed strip of thin
steel (0.5" by 0.1") in the body of the tag. The results of these experiments showed
that while the metal strips were recovered when they were distribubed free amongst the
mass of herring fed to the plant the tags conbaining the strips were nobt recovered.
This was probably dus to the bulkiness of the tag, after heating, preventing it being
drawn through the mass of pertly processed material pessing over the megnetic saparatar.‘
Its use was therefore discontinued in suhseqpent ﬁagging experimeats,“ i



The development of a “one-man" tag.

Attention was first given to developing a simple and ropid method of attaching
the tag to the fish which could be worked by o single operator¢ After several
trials a form of "toggle" attachment shown in Figure 2 A was adopted and this has
been used in almost all the experiments conducted since 1950, Recently, however,
further experiments have been made with a new form on one-men "bridle" attachment
shown in Figure 2 B, The "toggle" attachment consists of & wire “"anchor" which is
attached to the tag by a loop of nylon thread, It was found thet a cheap and
offective "toggle™ could bs made by twisting two strands of nickel or stainless steel
wire tightly together and feeding the nylon thread through tha "toggle" during the
twisting processy this eliminated any need for knotting the nylon at any stage in
making the complete tag. A simple apparatus, shown in Figure 3, for making "toggles"
in large numbers was designed by Mr. G, Davies (now with the Ministry of Agriculters
and Fisheriss), and with it they can be made at the rate of about 100 per hour. They
are made in strings and are then out up into single toggles of any required length.

The development of a suitable tag was conditioned by demends for (a) availability
in large numbers,(b) cheapness, (c) hydrostatic properties, and (d) conspicuousness
on capture, The tag adopted is illustrated attached to the fish in Figure 2 C, It
consists of two “"boat-shaped" sections of a plastic "polystyreno" (Figurs 2 A),
comented togethar and containing a numbered strip of paper which ocan be read through
the materianl of the tag. One of the sections is marked with "Roward" and the address
of the Laboratory., The specific gravity of the tag without a metal strip is approxi-
mately 0.81 which gives it a positive buoyancy in all sees wanters, VWhen a metal strip
is incorporated in the tag the specific gravity is 1,05 which still gives it & positive
buoyancy in "average" sea water, The sections of the tag are mass-produced and they
are made up into the complete tags in the laboratory. Ths cost for sach complote tag
is approximately 6 d,

This, and small numbers of tho "Lea" hydrostatic and "Danish flag" typo tags have
boen used with the "toggle" attachmont in all tagging experiments made since 1950,

The method of tagging.

The adoption of a "ono-man" tag nccessitatod rapid handling of the fish to
ensure the largost possible numbsr of live libsrations, Early trisls showed that
the whole tagging operation with the "toggle" attachment could bo easily worked by =a
single operator; furthermore, it was soon found thet with somo experisence it wes
possible to dispense with water containers for testing the liveliness of the herring
befores and after toagging.

The technique which had been adopted in the experiments since 1950 is as follows:
the operator sclects the liveliest herring as they drop from the nets on to the deck
of the vessel, tags them quickly in =ir, and thon immedistely drops them back into
the sea, Cloth bandoliers, eadh holding fifty or sixty tags, arewermround the waist
of the operator to snsurs a ready supplye

Experience has shown that the best method of handling is to hold the fish firmly
in the cup of one hand, with tho head pointing forward, and to insert the "boggle™
in the mid-dorsal line =and press it forwerds and sidewsys through the flssh of the
back sc that it emsrges in front of and to the sids of the peint of swbry,

Tegging rate.

The numbor of herring which an operator can tag effoctivoly with the "one-man"
tag in the course of o single-drift-net heul will bo detormined by 2 number of factors,
Chief emongst these aros

(2) The a?ailabllxty of live harring.

(b} The caro taken in the solsction of the fish for t&gging‘
(e} The woather conditionss cold, state of ses, atc.r

(d) The skill of the cperator‘



A number of experiments have been performed to determine the maximum rate of
tagging which an operator of average cxperience can attain undsr good conditions,
ise, a constant supply of live, undamaged fish and a calm sea, In those experiments
the tagged herring werse placed in a tank on board ship and were kept there under

observation for an hour before being liberated.

The numbers of herring which

feiled to swim away after being liberated were 2lso noted, Ths results of these
trials are given in Table 1,

Table 1,
i ] Number of | Total time jAverage time E Number of i Humber of
i BExperiment herring taken taken per t herring dying ! herring failing
; tagged (mins.) |tagging(secs.) | within 1 hr.of|tc swim eway

| tagging on liberation

’ }
L1 60 25 I 25,0 | omin. I |
L2 43 21 | 29.3 | n N §
i 3 66 30 . 27.2 S 51 Nil
§ 4 75 32 25.5 | Nil Nil
| ; i
! !
. _Total 244 108 | 26,5 I owil ! ,

These data show that, given a constant supply of live hsrring under favourable
conditions, an opsrator might tag between 400-600 herring during a drift-net haul

lasting 3~4 hours,

Furthermore, they demonstrate that the numbers of immediate

deaths resulting from the handling technique should be negligible,

The conditions encounterscd in ths open ses drift-net fisheries are , of course,
seldom suitable for this tegging rate to be aseccomplished, In some hauls most of
the fish are dead when they are brought aboard, and in others they are too tightly
to be taken from the net in & completely undemeged state, The
average rates actually accomplished in the experiments in tho North Sea in 1951-1953
are prosented in Teble 2,

meshed for thom

Tabls 2.

T

t

Tagging area | Year %Total No. ofiNumber of hauls (ons| Average No, of liberatiﬁn%
i liberations loperator per haul) | per operator per haul
Scottish 1951 5714 55 105
North-East 19562 8214 52 158
Coasgt 1953 6811 35 196
Total 20739 142 145
1951 | 1867 22 85
Shetland 1952 2979 18 166
1953 9g8 15 67
Total 5844 : 58 106

These figures epply to 211 the hauls made with a tagging operator abosrd, and
include thoss in which no livs herring worc avaeilsble. The grestest number of
liberetions during eany one haul was made on the Scottish north-esst coast grounds in
1953, when 1000 herring wers liberated in s haul lasting approzimetely five hours.

On the basis of thess figures an opsretor can be expscted, under averasgs condi=
tions, to teg 600-80C herring by this method in & normel fishing wedk comprising
five hauls., The tagging rate from commercisl vessels has been approximately four
times greater than that accomplished from the research vessel; it has afforded
greater flexibility in the choice of tagging centres at any time, and has enabled
the rescarch vessel to underteke othor work., ' B



Cost of tagging operations,

The adoption of the “"one-man" tagging technique on board commercial drifters
not only rosulted in a higher tagging rate per haul than was accomplished in the
eerlier oxperiments from the ressarch vesssls, but it also resulted in & reduction
in tho cost of oach liberation,

Obscrvations of tagped fish in captivity,

In the proliminery trials with the new technique only short term observations
could be mede on the fish after tagging and, as shown in Teble 1, these indicated
that mortality due to the handling technique wes negligible up to one hour after
the attachment of the tag. Nothing, howsver, was known of the magnitude of the
mortality dus to tagging, or the incidence of tag shedding after longer intervels,
The magnitude of these sources of tag loss relative to other methods had in fact to
be judged from the recapture datea,

In October 1953, however, & small number of tagged and untagged herring were
successfully established in aquarium tanks at the laboratory, and these have pro-
vided longer term data on the relative mortelitiss of tagged and untagged fish, the
incidence of tag shedding, the course of the wound made during the attachment of the
tag, and thc general behaviour of the tagged fish,

Ten herring between 18-20 cms, in length, tegged in the normel way with the
"Scottish" tag and toggle attachment and ton untagged horring of the same size range
from a beach seine catch were placed in the aquarium tank on 26th October, Focod wes
offersd to the fish daily, After & period of sbout 12 days, during which neither
the tagged nor untagged herring tock food, regular fesding commenced by members of
both groups and up to tho time of writing no differences in their feeding hebits
and general behaviour have been detectod,

Up to 15th lay 1984, 200 days aftor introduction inte the tank, 2 btagged end 1
untagged herring heve died, In addition 3 tagged herring have shed their tags,
In one instancc the tag becams detachsd from the tcggle due to a faulty sttachment,
but in the remainder the tag with togzple ettached was shed as & result of ths nylon
cutting through the flesh, Ths two tegged fish deaths tock placo the day after and
10 days after tegging respectively =nd the tags wers shed after 72, 95 and 118
days respectively. The untagged fish died 10 days after introduction into the tank,

These results smggest that long torm mortality due to the effect of ths %ag is
probebly not a serious source of tag loss, but they are of interest with regard to
the incidence of tag shedding, It would appear that this may become e significant
sourco of tag loss afYer periods of throe to four months at liberty as the result
of a gradual incrcease in size of the tagging wound by the movoment of the nylon
thread, Observations taken at intervals after tagging havse shown that the increecse
in size of the wound may vary sccording to the angle of the nylon at the point of
emorgence from the back of the fish, Thc increeasc has been least in those instances
where the nylon runs approximately anteroposteriorly, as in disgram A, and grestest
wnen it mekss e large angle with the longitudinal exis of the fish at the point of
emargsnce, &s in disgram B, In 2ll instances the wound has romeined open, but thers

has been no gvidence of decay of the tissue,
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In the light of these observations it is thought that tag shedding has been
a substantial source of lcng term tag loss in the Scottish experiments since 18950,
In support of this are 13 records of Scottish tags found stranded on the beach
along the coasts of western Europe, after time intervals which have alwnys been
greater than two months from the time of liberation,

As mentioned earlier, a new design of bridle has been designed recently, and
oxperiments will be conducted in 1954 in the aquarium and at sea, to debormine
whether with its use long term tag shedding can be reduced,

During the course of these experiments in the aquarium, a number of easily
romedied defects of the complete tag assembly have been brought to light which may
have contributed to tag shedding in experiments to date, These concern particulerly
the method of atbaching the toggle to the tag and the use of adhosivs material
along the toggle to prevent +the nylon pulling away from the twisted wire, Hitherto,
the toggle has been attached to the tag by looping the mylon thread through the eye
in the tag, as in diagram C} theso experiments have shown that this form of attach-
ment can comc undone when long nylon locps ere used as in Diagram D, The loss of
tho tag after 72 days was fromthis causc. This will be remedied in future by
inserting a double loop at the point of attachment of the tng, It has also been
found that the presence of an adhesive on the toggle efter o long immersion in sea
water results in a gradual decay and eventual breckage of the nylon at the point wher:
it joins the wiro toggle.

H

‘o o ito)
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Recaptures from "one-man" togping experiments and comparisons of teg types 1951
experiments.

The first experiment with the one-man teg was made in May 1951, and further
experiments designed tc study the migration of herring from the north-western North
Sea wors made at intervals between Moy and September on the north-east coast
and Shetland drift-net grounds. Experiments were also made in the Minech in June,
July end September,

c

Three types of tag were used in 1951, the "Lea"™ hydrostatic tag, the new
"Scottish" hydrostatic tag and the plastic "fleg" teg; all were used with the
toggle attachment, The first deliveries of the "Scottish" teg were not made in time
for the Mey experiment, when only "Lea" tags were used, but thersafter most of the
liberations were made with the "Scottish" teg.

The recaptures reported to date from the 1951 liberntions are given in Tsble
3, togother with the percentage of each type of tag racapturg? and the period of
time after liberaticn within which the recaptures were made.

the corresponding information for the research vesssl experimonts in the North
Sea in 1949 and 1950 mre also given,

*) The returns repeated in this and all subssquent tebles include only those
~which are known to have been recaptured during fishing operations,



Table 3 2

o e

Recaptures from Commerciesl Experiments in 1951

~ Aros of ; Type of ; L, Month of Liboreation Total !
leeratlonj Tag . May June ‘July Aug. Sept,
: ; : P
! i ' ! ; § 1 :
- Leo No,Liberated P 1440, - - 1 - 0 - 1440
{ Hydro- No.Recaptured Bl - = e - 51
; ' static 7 Rac%puhryd ¢ 3.54 -~ N - 3,54
| ‘ Times a% liberty | 1-263 - A 1-263
, . 4 R | : i '
j \D ’s) . i i ; J
Seottish | ScottiSthc.leerqtuu L~ 1293 §1827: 494 | 160 3764
North- | Hydro- . No.lecaptured ; -, 2 | 18 1! 1 46
ast static % Recapturod -] 2,01 10,99/ 0,20 - 0,87 1.22
° | [Times at liberty | - | C-1001-70{ +) +) 0-100 *)
; | !
Coast ; (Days) ; ; i
; ! T i i
| MFlag" No . Liberated | - ' 410 - - - 410
| ‘Vo.Recaptured | - 10 . - | - - 10
% Recaptured o= 24 - - - 2.44
Times at liberty = i10-1400 - | - - 10-140
(Days) : 3 ; |
j | e ; i { %
Scottish [No, Liberated | - 11247 {720 ¢ - - 1967
Shetland- [Hydrc-  No.Recaptured © - 12 | 6 - , = 18
orkns lstatic  |% Recapturasd i -10.96 0.83 - - 0.92
Yoo Times et learty: - |21-28B 1548, - - 13-238 |
l /DWVS/ i ; {
; T , !
iScottish |No,Liberated f - :299 200 ¢ - ! - 499
North Hydro- No. Rocap*urad - 2 - - - 2
Minch istatic ﬁRﬂc»ptur : - 10.87 - - - 0.40
; % ‘Tlnes nt Liberty | - 11-53 = - - | 1-53
i i (Days ) f : ;
| : :
; No.Libsratoed ' 1440 32492747 494 | 150 8080
£11 Liberationms Yo,Racaptured . 5L ! BO! 24 1 1 P 127
 in 1951 FRecaptursed ' 3.5¢ 1,54/0.87 D,20 [0,67 1,57
I Times at Liberty 1—463 0-238/1-70 §+) | +) . 0.263
i (Days) %
} No.Liborated f2335 196611206 {329 | - | 6036
A1l Liberations ?O.Recaptured ; 7 10 3 2 - : 22
I, % Receptured 0,30 {0,51{0,21 DO,61 | = 0,36
Fn 1949 and 1950 Times at Liberty 75- 257 4-9213-68 [1-2 ; - | 1-257 :
i (Days) i § | i 3

+)2 fish liberated off Scottish N,E, cosst in Juns and 1 in August and September
recapbured on night of liberatiocn in vicinity of tagging area.

The most important result from the 1951 experiments was the large incresse in the
numbsr of recapturss over the two provicus yesrs. Thess wors spproximetely five times
greater than the combinsd reeeptures from the 1949 and 1950 liberations; +the percentags
rocaptured vos alsc mueh greater, While the recovery of tags was promobed by & growing
imterest in the sxperimesnts, 1t is nobt possibls to ascertein whether the grest increase
in teg reccoveries in 1951 wac dus entirely to the differences between the tegs or tagging
techniques employed in the %wo periods; since no comparable rossarch vessel experiments
were conducted during thet year, but the results, particularly from the MNorth Ses experi-
monts, indicated that the new technigus was mmoh more effective than the cme hitherto in
USS s

Of the three types of tag ussd, "Tooms t&g gave the highest and the “Scattish“ tag
thﬁ lowast rocapture percantagsﬂ’ stavsr, on.enly'ana 0pcE - the




s
of "Scottish" and “flag" tags on this occasion vere not significantly different.
Thus, i% was not possible from these oxperiments to assess rcolizbly the relastive
merits of all the tag Ltypes, but it was evident from the recaptures from the North
Sea liberations in Mey and June that all thres gave worth while resulis. Experi-
ments designed to test the relative efficiencies of the two moin types, the "Lea"
and “Scotsish” hydrostatic tags wers subsequently conducted in 1952,

same cxperiment, The percentages recaptured from the two sets of libsrations

’

Because of ths ralatively encouraging rosults obtained following the introduc-
tion of ths one-man bagging technique in 1951, it was agein omployed in 1952 on a
more extensive scale. Jnce moro; the main objective was to study the migrations
of herring from “he sumer drifi-net grounds in the North Ssa, and bagging was
carried out in this arsa in each of the months from May %o August. A smell number
of liberations was alsc made in this area from F.R,S. "Clupas® ix April and May.
The btagging effors cn the west coast grounds was also increased, and tegging waes
undertaken for the first tims in the north-castern Yorth 3sa in April, in the
vicinity of the Coral Bank,

A small scale experiment was also conducted on the "halflin™ sbtoeck in the upper
reaches of the Firth of Forth in January ard March 1852, The objective was to
trace the subsequent movements of these herring (in %hoir 3rd yoeor) from the nursery
area to the open sea grounds. A tounl of 529 liberations was made end 20 recapturss
(3.78%) were reported, but 2ll oame from the viclinity of tuae tagzing area. No
returns were mads from the open sea grounds.

In addition to these goneral btagging operetions experiments were also made in
1952 to compare {a) the resulbs from libsrations made by the ncw Scottish technique
and those made by the imuch more meticulous technique used by Swedish worksrs in the
Bohuslan area; (b, the relative eofficiencies of different “ypes and colours of tags
when used with the Scottish toggle attachment, The first of these comparisons wes
madc possible by the kind invitebion to cne of the suthors by Dr. Hoglund of the
Swedish Pishery Board to teke part in She spring tagging experiments along the
Bohuslzn coast. The second set of cxperiments was conducted during the courss of
the mein surmer tegging experiments in the North Sea, when two different types of
tag and a number of difforent colour versions of the Scotbtish tag were ussd in
liberations from the same hsuls,

The total (and percentage) recaptures from all the open sea experiments mede in
1952, exclusive of those obbainsd from “Clupea" liberations end those from the
Bohuslfn coast experiment, aro given in Tabls 4 (see page 8), They includs rs-
captures from the experimsnts designed to compare tag types and colours.

The number of liberations made in 1952 and the numbers of recaptures repcrted
wers both over twice as large as in 19513 percentage recapbures were alsc larger,
particularly for the mein Worth Sea summer experiments from which all buvt 30 of ths
recaptures vwere cobtained.

Again, as in 1951, there were marked differences bebtwsen the percentapge rscapture
from liberaticns mede in differsnt arcas and months, Recoveries from the North Sea
summar liberctions ware once mors roletively very mmch greatsr thon from the west
coast experiments, from which the percsntage recaptured vwas only slightly then in
1951 despihz & large incrense in the number of tagging staticns, The results from
the north-western Iorbth Ses sxporiments showsd the soame general time differencas as
in 1951; recarburaes from libsrations wmmde in sugust vere agnin relatively very much
smallsr than thoss from liboretions made in the earlisr months,

An oversll diffsrence in recoveriss cof the twe mein Llypes of bag ussd in the
experiments is also shown in Table 4, The "Lea" tag, used Snroughout with the "togg
attachment gave o higher recapture percentage then the Secotbish tag for liberstions
made with the two typss in all aress, bui espscislly for those msde irn the morth-
enst comst region. Hsre the Lea tag gave over twice the recapburs percentage of
the Scottish tag for all liberations,
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Toble 4.,

Recsptures from Commercial Experiments
in 19562

T

{ hrea of | Type Month of Liberaticn ;

{
- Liberation jof Tng 1 U Fob. ! iprill My !June .July - Aug. %TOtal
i A H i .
? Lon | No.Liberated - - | 330 | 331 133 : - | 794
; Hydro- io.Recaptured P - 10 | 24 5, = 39
; statici/ Recaptured | - - 13,03 16,25 3,76 . - 4,91 +)
‘Scottish Times at Liber-| - - 67-39950-15 0-1303 - 0-399
INorth- ty (Days) f ; ?
lonab Scot- INo Liberated | - - 11649 [2756 1797 | 1218 | 7420
| tish |No.Recaptured . - - ¢ 8 , 8 @ 42 7 164
Const Hydro-|% Recaptured = - - 12,12 12,90 2,84 | 0,57 | 2,21
: stetic{Tines at Liber-. = - B6-161 |1-397!1-95 | 0,25 0-397
| ty (Days) L i i | |
Lea  |No.Liberated . - - | 45 | 258 ' 115 = 100 g 518
Hydro- No.Recaptured | - - 2 6 1 2 11
static |6 Recaptured [o- - 14,44 |2,3%3 :0,87 2,00 | 2,12
Times at Liber-| - - #4363 |39-218 18  5-149 |5-218
Shetland ty {(Days) | ’
; Scot- |No.Libsrated - 0 - | 226 11287 1 749 . 199 | 2461
| tish |No.Recaptured - b 3 31 5 , = 43
Hydro- |% Recaptured , = | - |1,33 |2,72 10,67 = - 1,75
static |Times ot Liber-| - | - B5-77 |2-48 ;6-50 = - 2-148
% ty (Days) i % ? i
North Scot- |No.Liberated - lisos | - - -y - 1308
%;Stern tish |No.Rocaptured - 6 - - - - 6
Ngrth Hydro- | Recaptured - 1046 - - - - 0,46
: static (Times at Liber-: - 40-134 - - - - 40-134
pee ty (Days) | %
! T T :
! Lea  [No.Liberated 200 | - - - 1B 249 624
g Hydro- Nc.Recaptured 2 = - - 2 1 5
North static % Rocaptured  1.00 | - - ;- Lad 10.40 0,80
and Timss at Liber- 1-44 | - - | - ?-416 0 |0-416
W Scot- |No.Liberated 689 | 200 - | 156 468 1747 | 3260
i tish iNo.Recaptured 3 i - - i 2 3 11 19
; Hydro- % Receptured 044 | - | - 1,280.64 {0.63 |0,58
@ static|Times at Liber- 4-27 | - | - | 47 48195  22-181 | 4-195
i ty (Days $ f ; ‘
! No.Liberated | 889 | 1508 ;2250 [4788 3437 {3513 | 16385
All open sea We.Receptured | 5 | 6 | 50 ! 147 58 21 287
gcommercial“ 7% Recaptured 0,55 ; 0,40 ;2,22 '3,07 1.69 |} 0,60 1,75
liberaticns ‘Times at Liber- |l-44 . 40-206 36399 [0-397 0-416 ' 0-181 | 0-418
in 1952 ity (Deys) 7 \ i i

+)

1 herring in Juns and 1 in July rscapbured on night of liberation in vicinity of
tagging area,

>

++)2 herring in August receptured on night of liberation in vieinity of tagging ares

+i+)

g

Recapbture in August meds on night of libereticn in viciniby of tegging area,

The numbers of liberations,however, with the twc types cf tags wers very different
each month, and "Lea" tags wers not used ot all tagping stations] e better assessment
of the rolative merits of the two types is obtained from the resulbs of the comparetiv
axperiments when the twe types of tag were used con the seme night,
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Comparison between tag typss and colours,

Expoeriments in which "Lea" and "Scottish"
ogqual numbers on herring tagged from the same
vessels in the north-western North Sea in liry end June, when & total of 54173
herring were liberated., In thosc experiments a number of different colours of
"Scottish" tag were used. In 1951, when the "Scottish" tag was Pirst prcduced,
only red tags were used, but in 19562 tegs of different colours were employed, The
colour types wero, (1) Red, (2) Bright yellcw, (3) Dull yellow (amber), (4) One
section red, one section bright yollow, (5) One section blue, one section bright
yellow, On 211 cccessions the tags were used with the "boggle" attachment,

tags were used in approximetely
haul, were underteksn ¢n commercial

Te ensurc a random distribution of tag types amongst the horring
gach haul, bandoliers, each holding equel numbers of tho various tag
buted along them at random, were worn by the tagging operators,

liberated from
types distri-

The data from these experiments are surmarised in Table 5. This
numbers of recaptures of each tag end colour type at successive time
liberationg ,

gives the
intervals after

Teble 5,

' T

i Lea | Scottish Tag | §§§a1 !

! ar | ; ] . ! ; | '
Tag | Dull | Red | Blue | Tags |
i | Red Yellow | Bright | Bright ! Bright @ Total
: ! Hamber) Yellow: Yellow| Yellow | :
: ] \
Number tegged 863 | 864 : 862 } 861 861 862 4310 5173 |
‘| !
Numbsr recaptured No, %’ No. v No. 7; Noo %! Nei %Yo, % No. % No, %é
. ! - ( i ;
within 30 days 2 042313 0.35|3 0,35 ‘ 40,463 0,35) 4 0,46 | 17 0,39 |19 0,37 |
*Betwean 31-61 days] 1.16(5 0.58!5 0,58 512 1.39112 1,39 | 8 0,93 | 42 0,97 |52 1,01
*  62-91 " 11 14279 1,04{2 0,23 ;7 0.81 !9 1,041 8 0,93 | 35 0.8l ' 46 0,89 |
" gg.183 ™ ; 6 0,705 0.58!2 0,231 2 023 ; 30,35' 2 0,23 | 14 0,32 | 20 0,35 |
% 182365 " | 1 o0.12 § § f10.2! 10,02 | 20,02
After 365 days | 1 0.12! 10,12 ; 10402 | 20,02 !
Unknown | 3 0,352 0.23 2 0,23 3 0,35 7 0, 81i 2 0,23 | 16 0,37 . 19 0,37 |
Totals 134 3,94 242 78115 1,74 | '28 3.25 '35 4 7'24 2,78 |126 2,92 D60 3,09 |
! e T -Jg e T ‘\,’/‘ !

; 2,26% 3 577’ :

Tho most striking difference betwsen tag types was that betwseen tags with and
without a bright yelleow component, Statistical analysis of the complete data shows
nc significant difference betwesen the percentage rocapturss of the Len Yeg and the
Scottish tags with & bright yellow component but both of these give significantly
greater valuss than the averags for the other colour types of the Secottish tags,

Thus it would appser that ccleur plays s largs part in determining the relative
2fficisncies of two basicslly similar designs such as the Lez and Scottish bags,

Yo very marked differences ars shown botwesn the recovery times for the twe tag
types, but the number ¢f recoverics of both typss after six months at liberty wes
too small for relisbls conclusions e be drawn ragprdinv the1r relative "long-term"
merits, It is probable, however, thaot the provision in the Lea tag of dstailed
instructions tc the finder in mere than one lenguage mekes it mors efficisnt than
Scotbish tag when used in regicons fished by a number of different countries,

While it is not possibls tc say to what exteont the differences in efficiency of
the colour types is attribubsble to difference in conspiommensss to predstor specis
or in ecmsploucusness amongst the mass of fish after recapbure, it is thought that
conspicuousness on recapbure is perhnps the more important factor. This is borme
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out by the marked difference in rscapture percentags betwsen the "bright yellow"
and "amber" tags, The absorption spectra of these colours ars very similar, but
experiments on board ship have shovm the bright yellow tag 4o be much more con=
spicuous and much moro sasily picked out amongst & mass o? herring.

Further data of the rslative effieciencies cf different tag types and colours are
available from the experiments made off the Swedish coast in April 1952, The same
colour types of tho Scottish taz were used as in the NortH Sea experiments, and
these and Lea tags were distributsd in equal numbers amongst the fish taggeds The
rosults from these liberations are contained in Table 64

Tabls 6,

Teg 5 Number Kumber § Percentage
Type Colour tagged | Recaptured | Recaptured
Lea Blue and bright
57 - -
yellow ,
Scottish = Red 56 3 5.36) o 40
Dull yellow(amber) 57 3 5,26) °*
Bright yellow 57 6 10,53,
Red-Bright ysllow 57 11 19,30412,28
1 Blusg-Bright yellow 57 4 ; T OOS
!
Tctal all Scottish 284 27 9.50
Totel all Types 341 27 7.92

Apart from the absence cf returns of the Lea tag, these results show the same
general features as those from the Horth Seo experiments, Tags with e bright
yollow component provided the greatest numbers of recaptures for the various celcur
types of the Scottish tag, sand the red-yellow combination agein gave the highsst
number of any one type., The practical significance of the greatsr efficiency cf
the red-yellow combinaticn is cbscur=z. The sbssnee of recaptures of the Lea is
vary surprising considering thet this tag is the one used in the Swedish experiments
and is familiar to the fishermen cperating in the Skagsrrak, from which all ro-
captures from these experiments were obteained,

Compsrison of tagging methods.,

The Swedish experiments also provided information on the relative merits of the
Scottish method of tageing and thes Swedish technique used by Dr, H, Hoglund,
Approximatsly squal numbsrs of herring caught by pcund-net wers tagged on each of
several days by sach method 2nd the twe batches of hsrring were liborated togsther,
Unfortunstely, the quantities of herring caught during the course of the experiment
wers very small, and the number of comperable liberations mads by the Swedlsh and
Scottish methods wes restrictsd tc 23T and 238 respectively (The differencs bstwesn
the total ”fr Scottish libersticns given here end thoss stated in Teble 6 is dusz to
additicnal liberstions, conbainsd in Table 6 but not in Tebls 7, being made after
ﬂmamm‘r+nm:xmrmwﬁsfx“:

Ths harri*g togged by each mothod wers placed in the same wator conbainsr, and
waere liberated togsthsar, Cbsorvaticns tekon at the tims of the oxpsriment showed
no differences in th livelirass of ths herring tagged by the two methods, and gave
po indication of = differcnecs in short term tegging morbtality betwesn the two
metheds,

The numbers(and parcentagzc) of rscaptures from the two sets of liberations are
presented in Table 7, (see p.ll}.

*) The reader is referred to Dr. Hoglund's contribution for details of the tagging
tachniqus employed in ths Swedish expﬂrlmsn‘s, and for a more éﬁt&lled analysis
of the recapture dat-g. S
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Table 7.
No, Racaptured Pesrcentage
Swedish: Scottish | Swedish | Scottish
1 ;
After 1 month 1 5 5.5 2.1 (2.2)"
" 3 months 21 12 ! 8.9 ! 5.1 (5.4)
v o 27 17 5 11.4 | 7.1 (7.6)
nog " 33 ¢ 18 13.9 | 7.6 (8.1)
Pom o1 42 18 17.7 7.6 (8.1)
L , |

+) . . 3
)Flgures in brackets nre porcenbages rscaptursed of Scottish
tog, excluding the "Lea" tag,

Thesc results show a higher rccapture percentege of Swedish tags than
Scottish ones for all periods at liberty, but in particulasr they indicate a much
more rapid fall off in the numbers of recaptures cof Scottish tags after three
months, Whereas returns of the Swedish tag continued to be mnde one year after the
experiments, no recaptures of Scottish tags have been reported after six months,
These results are of particular interest in the light of those obtained subsequent-
ly with the herring kept in the aguarium, and point %o a2 relstively high incidence
of shedding c¢f ths Scottish tayg, It is considered therefore that the difference
in numbsrs cf recaptures from ths twe sets of liberastions are meinly due to diffs-
rencas in efficisncy of the msthods of attachment used rather thon in the handling
methods,

Heowsver, these results must be viewsd in the light of differcnces in the
tegging rate with the two metheds, On average, four herring were tagged with the
Scottish method by a single operator during ths time teaken by a teem of three
soisntists te tag one by the Swedish method, Thus, givem 2 constent supply of
herring a team of thres operstors would libsrate much larger numbers by the
Scottish than by the Swedish mathod, znd ot smellsr cost. The greater tagging
potential of the Scottish method more than compensetes for the smsller recapture
percontage ot loast up to six months sftor liberstion,

One featurs cf the tschnigue usaed in the Swedish experimonts is tho collection
of length data and scale samplss from all herring tagged. This has not been
underteken in the Secttish exporimonts; instead these datm arc only taken at the
time of recapbture, This inevitably results in 2 substantial loss «f such inform-
ation since with & lerge numbor of roturns only the tegs are recsived, Stsps ars
baing taken in the Scottish expsriments to investigate the possibility of c¢cllec-
ting scalss &t the timo of liberation, It is clear, howover, that the technique
tc be adopted will depend on the moin objectives of the investigations, ths re-
sources available and on loeal fishing circumstances,

The 1953 experiments,

The c¢pen see tagging experimenbs in 1953 followsd the samc genersl linssas in
1952, The "commsrcinl" technique wns employed throughout, and either “Scobtish"
or "Lea" tags were used with the toggle attanchment, Smell numbers of liberations
wer: alsc made with the cne-man bridle shown in Figurs 20, All Scottish tags
used in 1853 pcsssesssd & ysllow componont,

The total mumbers of libsrations and recaptures to dete, including those mads
with the bridle sttechment, for sach of the open sea experiments in 1983 ere
given in Table 7 4 (sec p.l2).
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Recaptures from Ccmmercial Experiments in 1953,

lirea of | Type of | | Month of Libersticn b otel
ELiberation' Tag 5 - April | May |June | July ' hsugust
t : - ' t
Scottish | Scottlsh; No.Liberated = 3995 |1418 | 1229 169 | 6811
\ Yorth- ¢ Hydro- | No.Recaptured |- 41 7 19 1 i 68
ieast | static % Receptured - 1.03 10,49 | 1.55 | 0.59 L 1,00 9
 Coast z | Times at Liber-/ - 0-157 11-203| 1-202! 16 . 0-203
! |ty (Days) i |
i Scottish | No.Liberated |- | 338 | 565 85 | - 988
Hydro- | No.Recaptured |- 9 9 1 - i 19
 Shotland G iio | %Recaptured 3- 2.66 |1.59 | 1.18 - 1.92
| Times at Liber- - [69-252{1-70 | 16 | - 1-252
| ty (Days) o
1 !
North of | Scottish| No.Liberated 200 |400 | - - - 800
Fladen Hydro- | No.Recapbured : 6 : 4 - - - 9
(approx. static % %Re captured P 0 1.00 - - - 1,50
58°45'N | Times at Liber-143- bs 136 - - - 83-179
1°00'E) [ { ty (Days) L79
! T ! ;
. Lea | No.Liberated |- | - - | 120 880 1000
| Hydro- | No.Recapbured |- | - - 0 2 . 2
! static ‘% Recaptured |- - - 0 | 0,23 0.20
North 4 ,Tlmes at Liber-| - - - - 4-118 4-118
' | ty (Days) i ‘
Hinch | Scottish | No.Liberated |- . - - 1769 | 1389 2158
| Hydro- No.Recaptured |- - - 2 | 5 : 7
| static ﬁ% Recaptured |- - 1 - 0,26 10,36 0,32
i ' Times at Liber-| - - | - 79-193) 3-138 | 3-193
L 'ty (Days) i ] | :
| { N ! :
| No.Liberated | 200 | 4733 11983 2203 | 2438 | 11.557
. i No.Recaptured , 5 54 | 16 | 22 | 8 ; 105
A1l Liboretions % Recaptured | 2.50, 1.14 (0,81 [1,00 | 0.33 = 0.91
in 1953 i Times at Liber- 143- 0-252{1-203 |1-202 3-138 . 0-252
“ty (Days) 1179 ¢
+)

1 herring in Mey racapbured on night of liberation in viecinity of the bagging arsa,

The percentages recapbured from the 198563 liberations were apprecisbly lower than
in 1951 and 1952 oxcept for the eoxperiments in the north-castern North Ssa, The
most marked drop in recoveries wes from liberaticns made off the north-east coast of
Scotland in lMay and June' whereas rscoveries from libereations made in these months
in 1952 averaged 2 .8% thoss from the 1953 experiments averagsd cnly 0.9%. While
further returns from those oxperiments may yet be received, it is unlikely that
they will be in sufficisnt numbers tc increase this percontags.apprecisbly. The
reason fcr this decrease in returns is not known, but it is believed that it may be,
in part st least, the result of a gomeral increass in 1953 in the proportion of the
total Europsan herring cetch which wes bulk handled in rsduction planks, It is not
possible to assess alternatively tc what oxtent this drop in recoveries might be
related bo an overall decreass in effcert and cateh in 1953 since no sffort
statistics for the total Eurcopoan herring fisheries in the North Sea erc availskle,

Features cf the 1951 and 1952 recapture data which are agnin illustrated in the
1953 figures are,

1) The much smaller recovery of tags from the Minch experiments than in,tﬁe
North Ses,

2) The smaller percentage recapture from liberations in the North Sea in
August compared with the earllar mﬁnths
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Comparisci betweon toggle and bridle attachments,

Experiments in which the bridle and toggle attachments wers used together were
made on the north-east coast grounds in June, and on the Minch grounds in July.
In addition, liberations with both typos of attachment were made on the "halflin"
fishing grounds in the uppor roaches of tho Moray Firth in Docember and again in
Mearch 1954,

The numbers of liberaticns and recaptures from these oxperiments ars given
in Table 8,

Table 8,
§ Number NMumber 4Percentage Times at
Liberatsd jRecaptured !Recaptured | Liborty(Days)
Scottish | Toggle 100 0 ! 0 -
North- g
Bast Bridle 199 5 ' 2,51 1-203
Const
Shetland Togglo 60 0 0 ? B
Bridle 120 2 1.87 79-193
Upper . .
Moray Togglo ' 130 2 +)
Firth Bridle | 251 6 2,39 5-67
*)

Both fish caught on night of liberation in tagging ares,

On the besis of these rather limited data it would seem that better returns
would rssult from the adoption of the bridlc attachment possibly as the result of
a reduction in the incidence of tag shedding, Larger scale exporiments to Test
the relative merits of these two abtbtachmsnts will be masde in 1954, both in the
aquarium and in the fisld,

Discussion,

The rscaptures obtained from the experiments in the yoars 1951 to 1963 pro-
vide adsquete material from which to ossess the respective merits and shortcomings
of tho one-man tagging technique from commerciel drift-net vessels, on which almosh
the whole of the Scottish contribution to the Europecan hsrring tegging progremme
has besn based,

It is evident from the data which have accurmilated since 1951 that this
teochnique has satisfied the initisl demands of much greater numbers of liberations
and receptures per unit cost than hithorto, and has at the same time s8llowed the
rather limited resources of cne rescarch vessel toc be used entirely for octher im-
portant investigations. These, it is considored, are considerstions of very grsat
importence, which can bs over-ruled only if the technique is failing to provide
some cssentisl data which would be forthcoming from the sdoption of an altsrnetive,
mors sspensive bechnique,

I'ne lsast satisfactory featurs of the results to date is the absencs of sub-
stantial numbers of long-term rscaptures, especislly after psricds et liberty
exceeding one yesr, This is shown by the date conteined in Table 9 (sec p.l4),
which gives the numbers of recapburss afbor successive thrse monbthly intervaels from
all the Horth Sea experiments made in the period 1951 to 1953,



Timo at liberty Number of % !

Reeapturss

Up to 3 months 376 81.9
3-6 " 72 15,7 (

6-g " 9 2.0

9-12 " - -

12-15 *® 2 0.4
i 15-18 " - - ,
| Over 18 " - - )

Sineo the herring fishod in the north-western Worth Sea in the summer months
are m=inly an indigenous stock of autumn spawning herring which are probably
fishod intensively throughout tho greater part of the yoar, the most likely
explanction of the absence of tho long-term rocapturcs must boe sought nmongst the
variocus sources of tag loss, colloctbively termed “tagging mortality", The two most
likely sources are (1) denths of tagred fish due cither to ths direct offect on
the fish of ths tag itsolf or its cttraction of prodators, and (2) the shedding
of tags after long periods st libsrty, The second of thess sources is considered
to bs the more important and it was in an attompt to reduce this loss that cxperi-
ments with a further bridls stbtachment were undsrtaken in 1953, It will not be
possible, however, to assess the relative morits of ths two attachments and to
determine whether the numbers of loug-term recaptures can be increased substentially
by ths use of the bridle sttachment until further field amdaquarium triasls have
been madee. Ths mlternative possibility that liberated drift-net czught herring,
whether tagged or not, suffer a relatively high mortality after several months at
liberty cannct be ruled out,

It is thought that the poor raturns from the iineh sxperiments are ssscciated
with the absence of arsas of shoal ccncenkration, such as are found on the Flgden
Ground and in the regicn of the Dogger, whers the shoels are much mere ef?sctlvely
oxploited by trawl than by drift net. Recently, there has ?eon a mn?ked 3ncfease
in tho propertion of the Minch catch which is bulk handled in ?oduct}on plants,
and in 1953 it comprised 68% of tho tctal cateh, Steps are belng teken, tnere?ore,
to install magnstic tag separators at the main roduction plants in this ares with a
view to the imtroducbion of interrnal tagging in the Minch,

it the present time it is not considered possible te chenge from the basic

method of external tagging in the North Sea bacouse of the.lack of tag scparstors

in the roduction plants of most European countries. In view, however, ?f the
presont tremds in the dispcsal of tho BEurcpean catch'frog the North §ea it i§
becoming increasingly important that, in crdor to maintain an effoctive he?rlng
tagging programme in the North Ses, steps shcould be takeg to eff§ct their 1§stalla-
tion, Not until this is accomplishcd on 2 largs scals will = major change in the
North Sea tegging tochnique bs justifiade It is considsred that ?utu?e ﬁevelap-
ments in herring tegging in the North Ses should be towards “comb1na?1cn sxternsl
tags which con b§/mngnetically from reduction plants S well 2.8 rcadl%y sp?tted
on tho Pish treated for human consumpticn, The oxpsrimgnts with thg Scottish ta;
containing a metal strip, althcugh unsucesssful in thams?lveg, pr?v1d?d %nformatlon
which pointed to the possibility of developing sn ef?ect}V€ ‘ccm?lyatlon ‘tag. )
Trials with & new design of such 2 tog will bs made in tho Scottish experiments in
1954,
*/ separated
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PART II,

Biological Results from Scottish Tagging

Experiments.

This part of the poper dsals with the more important biological featurss of
the rosults from the Scottish tagging oxporiments. Preliminary reperts of soms
of these have already besn submittud at the Couneil's meetings in 1951 and 1852
(o.g. Wood 1951, McPherson 1952) and further summaries of cach year's recaptures
are contained in Annales Biclogiques, volumes VI to IX,

Area distributicn ¢f recaptures,

and Firth

The arcas in which rscaptures hove been made from all}cxporimonts since 1948,
excluding these on the juvenile stocks in the Moray Firtb/cf Fcrth, and that off
the Swedish coast (ses report by Dr.H.Hoglund), are listed in Tables 10-13 (at the
end of the text). These give the numbers of rocaptures made in ecach main fishing
region frem liborsticns made cach menth in each tagging loeality; only thoss reccerds
fcr whfoh thero is ccmplete informetion as to time and place cf recapbure are in-
cluded, The numbers of rcecords, which wors unusable due te the absence of this in-
formation, wns small, but for completoness thoy mre recorded under "unusable"
rocords in the tables. Most of the datas are alse reproducsed in Cherts 1-10,

Before any biclogical interpreteticn of thsse results cen be mads, it is
nocessary to consider the more important factors which mny influsnce the numbsrs of
rocapturses in different areas and which, if not fully recognised, may lead to
faulty biclcgical interpretation, Tho most important of such possible factors ars:

1, The distribution and amcunt of fishing effort,

It is an cbvious limitation of all such tagging experimonts thaot recapturss can
only come freom areas in which fisherics operate, Furthermore, the chances of re-
capturcs bsing made in each fishery vwill bo a function of the amcunt and kind of
fishing effort to which the population of tagged fish is subjected after liberation,

2, Th2 influencec of the gosr on tag loss at recapture,

Unreprosontative numbers of rocapbures will be made in diffarent fisherics if
thore are diffsrences in ths incidence of tag loss at recaptursc due to the mede cof
aetion of the gears, This factor is possibly important in the present enquiry
since tag loss on recapbure by drift net is thought to be higher than by trawl,

3. Difforences in the chances of the togs boing spotted in the catches teken by

differsnt goars and in diffsrent handling processos on board ship and ashere,

4., Diffsrences in the awnrensss of fishormen and othor opersatives in diffsrent

areas to the tagging experiment,

The composition of the herring fishsries in the Nerth Sea is such that all of
thoso factors arc important in the preosent snquiry. It 1s svident that s full
gquantitative appraisal ¢f tho recapburc date cannct be mode without complsts details
of the distribution of fishing effort by each typs of gear in the North Ser and
its approaches, Unfcortunstely, <+thess are not svailebls for sny of the years in
which liberetions have been made, and in consegqusnce it is not possible to maks
deductions as Yo the magnitude of any migraticn from cns area to asnother., Ths oro-
blem is further compliceted by the suspscted relatively high (bub unkncwn) inersase
in the incidencs of tag shedding after periods at libserty oxceeding four months
(sec Part I, p,.6).

For these reasons deductions from the rvcapture dsts must be to a large extant
tentative and qualitative. Nevertheless they provide some important end interssting
pointers to the migrations undertaken by the hsrring populations which iphsbit
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the north-western North Sca in the swmer months, Meany of those support
deductions made from other biologieal date, while some point to possible
channels cf future investigetione

North Sea BExperiments.

Shetland end Scottish north-cast censt liberations.

The most noticcable features of the rocapturs dats from thesc experiments,
showvn in Tebles 10-13, are:

le The ebsence of recoveries from arcas outwith the North Sse or its near
approaches,

2+ The wide spread of the rocoveriocs within the Ncerth Ss: boundariss,
3+ The high incidence of rscapturcs from the Fladeon ground.

44 The reletively small numbers of recaptures from the arecas in which tagged
fish were liberated,

Bach of these festures has importent biclogieal interpretations,

herrin
(1) It is now generally accepted by Burcpear/workers that ths main North Sesa
sutumn spawning stock, cn which most of the Scottish tepggings have been mads,
lives within the boundariss of the North Sea and thatitis largely independent of
herring populations in adjacent arsas, althcugh there might bo somc mixing of
these populations at the boundaries, Tags from North Sea liberations have besn
roturned from the Skagerek and the Straits of Dover, but none from the West Comst
of Scotland, the west of Norway or from the English Channel west of Dever, The
absence of recaptures from the Minch grounds is of particular interest, Fisheries
based on sutumn spawning herring, with similar characters tc the Horth Sses stock,
ars ot prosent conductsd in ths inch during the greater part of the year, The
absence of recaptures from North Soa liberaticns in this area, or indesd in thes
roverse direction, points to 'ectrﬁohlcal independence cf the populationgin the
two regions, It must be sdmitted that the chancze of getting recoveriss from
some areas are greatly reduced by the nature of the fishories, This is particue
larly so fer the Norwegian coast where r of the herring arec bulk handled
in reduction plants. On the wost coast of Sc otlond the horring fishery is carried
on meinly by drift-nets, which probably gives rise to n much higher tag loss at
recapturs thoen the trawl,

Yho recoveries from ths ncrthzrn Skagorek hevs all been mede during the
courss of the winter fishery for recovering autumn spawning herring,which tszkes
placs «ff the Bohuslén cosst of Swoden and noerthwerds from the Skaw, Nonc hes
baen made in the immer roasches of Skagorek and furthsr south, It would sppesar
that the northern Skegsrak mnrks the limit of extension of the Forth Ses autumn
spawning stock into the Transition irea,

The absence of recoverivs from the Norweglan const alsc peinbs to the
existeonce of an sastern boundery in the northorn North Ssa at tho adge of the
desp waber channel off the Norwoglan coast, Howsver, this must be regardsd
tentatively since the external tags used in the Scottish oxperiments are nct
recoverable from the Norwegian mesl factoriss at which the grector part of ths
Norwegian cetch is processed,

(2) The data contained in the tables and charts show that one or more rseapturss
have been mede from 2ll of the regioms of the Nerth Sem in which mejor fisheries
for sdult aubumn spswners opsrate, Thus, on the assumption that the movemants
of taggoed end untagged herring are epproximetely the some, it is evident thet ot
lsast part of the hoerring stock which inhebits the north westarn ¥orth Ses in
the summer months subsequently spreads over a wide aren, The movements suggesteﬁk
by the recapture dats arg predcminartly scuthwerds and ensbwards, snd while such
a movement pettern would necassarily by accantuated by thﬁ se&sonal shzfts of the .




fisheries through the different arcns, it is clear that the disposition of the
herring fisheries corresponds closz2ly with the dispositicn of the herring shoals,
It is clear 2lso that fish which ars constitusnts of the nerth-western North Ssa
population during summer later invade the fishing grounds a2t Fladen, the Gut, the
Dogger, off the north-sast ccast of England, East Anglia,. the sastern part of the
English Channel and the northorn Skegerck,

It is not possible to gaugs ths mamitude of tho migraticn to each of thess
areas for reascus already given, nor is it pcssibls to trace the routos followed
by ths fish in erriving at each locrnlity, but it is very probabls that herring
moving scuthwards from the north-wesstern Nerth Sea to the central North Sea
(Doggar and Tyne) and Bast Anglian arces meke up & quite substantial part of ths
adult stocks which arc fished in these regicns, in the period Sgptember to
November,

The ages of the horring recaptured in thesc scuthern aress are of particular
intsrest in that fish between 3 and 8 yeers of ags have besn included in the re-
capturss, Unfortunantely, however, the npumbors of returns for which ages could be
determinad have been disappointingly few, The meturities of the reoeaptured fish
from theso srecs have ranged botwsen strgee I (ono specimon) and VII, Thoss from
the Dogger prounds have mostly besn in strgss V-VII and those from Rast Anglia in
stages IV-V, It is most probabls, theroforc, that the immigrants to these areas
lsave tho mors northerly grounds nt the end of tho summer pericd of active feeding
end when maturation of the gonads is in progress.

{3) Of thc grounds from which recovoriss of tags liborated in the north-western
North Sce hove becn obtained, the Fladen has provided by far the greatest numbsr
sach yoar., The numbers of recoveries from all liberations mado on the north-esst
coast and Shetland grounds since 1948 arc shown in Teble 14 apd 15 at ths end of
the text, Those from the Fladen Ground constitutsd sbout 84% of all recoverics
from Shetland liberations end 60% of all north-osst cosst liberations, Further-
more, it will be seen from Taobles 10-13 that the proporticn of the tetal recoveries
from this aren has increassd appreciably betwsen 1950 and 1953, Factors which
undeubtedly contribubs tc tha relatively much higher number cf recsptures from this
area than elsewhere zre:

a) The proximity of the Fladen ground to the tegging centres.
b) The high intensity of fishing by trawl in this area.

c) The relatively short time intervel between liberation and the
commencement of fishing at Fladen,

Despites the presence of these ractors, the data show quite clearly that s large
proportion of the autumn speawning stocks which are fished off the north-east coamst
of Scotland and at Shetland move from these regions tco the deep water basin et
Fladen, It would sppesr that this movement takes place continously betwsen June and
September, It is as yet impossible Ho sey whether the movement is a random one
within a relatively wide summer bourdary which includes “he Fladen Ground, or a
directional movement of & stock whichk is continously replenished from another source,

The composition of the herring stock on the Fladen Ground undargoes & rmarked
change following the spawning season on the neighbouring coastasl banks, Wheress in
the pariod pricr to the mein spavming %ime the composition ef thes aubumn spawning
stock there is similer to thet on the grounds to the north and west (Shetland end
N.E. coast grounds), consisting of fish in maturity stages III-V, after spawning
season the composition is rade up largsly o newly spent fish {Amiles Biologiques,
Vole VIII and Vol. IX). This change is zlso shown by the maturities of recaptured
tagged fish for which complete date huve been obtained, Thas, it is probsble that
the rscaptures at Fladen betwsen June asnd October are successively made up of:

1) Herring which have moved eastwards from the north-east grounds and south-
_wards from Shetland, and which will subsequently return to spawn on these
grounds(Probably very few cf the recaptures from Shetland liberations sre

of this type). '
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II) Herring which have spent the summer in the north-westernm North Sea but
which proceed via the Fladen and Gut to other grounds before the onset
of spawning., (Their probable destinetions sre the spawning grounds in the
central southern North Sea),

III) Spent herring from the neighbouring spavming grounds, These have an
increasing dominance in the o#tches from about mid-September,

It is not clear at present whether I) and II) represent different spawning
communities (races) of herring or whether they are members of the same community
which has an extended spwaning season over & wide aresa,

It is hoped that further information on the movements of the herring from the
Fladen Ground will be obtained from large-scale tagging experiments there, parti-
cularly in August and September, Some attempts have been mede to tag trewl-caught
herring in this area without marked success, but further offorts will be made in the
next two or three years,

(4) An umusual feeturs of the records from the north-western North Sea liberations
is the relatively small number of recaptures in the region of the tagging places;
only 2/ of the recaptures from Shetland liberstions and 16% from north-east coast
liberations have come from fishsries in these regions, However, both of these
fisheries are conducted by drift-net, emd it is likely that the smell number of
recaptures from them may bg)due, partly at least, to a high incidence of tag loss
on recapburs by this gsar If this ie indeed true, biological interpretation

of the data becomes very difficult, For exampls, any tendency *to migration between
the more or less coastal shoals fished by drift-net would be masked by the relative-
ly unsuccessful recovery of tags from thess fisheries, "By the same token, the
rolotively few recaptures to the south of the Fleden Ground should be weighted con-
siderably in any assessment, both for this reason and because of the tendency for
tags to become detached with the passage of time. They do suggest, however, that
the herring stock in the north-western North Sea during the swmmer undergoes fairly
rapid movements into and away from the ereas fished by the Scottish drifter fleets;
as stated earlier, it is not yet known whether these movements are mainly at rendom
or directional, but the evidence tends to support the latter visw,

It will be seen from gharts 1-10 that while the movements of fish teggsd on the
north-east coast during the sumer months heve taken plece in a number of dirsctions,
no herring from this source havs been recaptursd on the Shetland grounds in the
same year, Also, all but one of the recoveries from Shetland liberations show a
southerly movement., It is probable, therefore, that there 1s little rscruitment of
herring to the Shetland grounds from those further south after the mein invasion
of the north-western North Sea has taken place each summer; recruits of sutumn
spawners to the Shetland grounds probably come from the same source and 2t the seme
tims as those on the north-east coast grounds. Evidence of a common source is pro-
vided by one rscapturs on ths Shetland pgrounds one year after liberation on the
north-east coast grounds (see Chart 5).

Skegerak Recoveries,

Two interesting series of recaptures werc made in the Skagersk or within
Denish wnters, one from a tagging experiment mede in the region of the Corel Bank on
4th April 1952, the other from cxperiments made off Shetland end off north-ssst
Scotlnand during Msy and June, In ths case of the experimsnt carried out near the
Coral Bank in April 1952 ths rscoveries from near the Danish coast wore made between
13th May and 8th July of the same ysar, and four of the five racoveries wsre made
from the Skagersk in the region of the Skaw between 27th June and 8th July (see
Chart 5), On the other hand the seven recoveries from the tagging experiments in
the north-western North Sea were made between 16th Januery and 12th February. All
of them were in/condition of recovering after spawning., It is interesting to note
that the Skagerak recoveries in January and February were derived from fish tagged
in May and June, which also yielded the majority of the recaptures made in the

+)

Loss than 26% of the rocaptures from tho North Sea have beon teken by .
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Dogger area, Thore is therefors o recsonsble possibility that the spent fish,
which were recovored in Danish wators in January =nd February, had spawned on ths
Dogger or its neighbourhood during the autumn,

It is evident from the results of sampling surveys in the Coranl Bank area in
the spring that the stock fished there is a mixed one of spring and autumn
spavning herring., It is probable that the recoveries of Coral Bank liberations
between May and July were members of o spring spewning population which inhabite
the Skagersk and eastern North Sca throughout most of the year, while thoss teaken
in the winter were members of the North Sea autum spawning stock, These recove-
ries certaeinly suggest that ot least part of the stock which inhebits the north-
western North Sea in the summer travels vie the northern Skagerak in the course
of its annuel migretion,

West Coast Investigations.

The numbers of recaptures of herring tagged in the Minch grounds have been
digappointingly few and some possible reasons for this have been given in our
esarlier section. However, there are features of the recovery data worthy of
mention. These are:

(1) The ebsence of recoveries from arees outwith the Minch,

This has been mentionned already ( p.lG) in relation to the possible inter-
change of herring botween the west coast of Scotland and the North Sea, The
recapture data from both area have so far produccd no evidence of intermixing of
the two autumn spawning stocks in these sreas, There is no svidence e¢ither of
movements of linch herring to Irish Sea grounds (Islc of Man) wherc seasonal
fisherics for sutumn spawning herring teke place,

(2) Records of recaptures in ths southern part of the Minch from liberations
mrde in its northern regions,

These records suggest thet the autumn spawning herring fishsed throughout
the Minch constitute & cormon stock, and there is a circulation of them within
its boundaries,

(3) Two recoveries from Minch liberetions ere of speeial interest. The first
is of a herring liberated off the island of South Uist in July 1952, which was
rocaptured in the same arsa in August 1953, and the second is of 2 herring libs-
rated off the coast of Lewis in Fobrusry 19562 and recaptured off the Scottish
mainland at about the same latitude in February 1954, This is the only Scottish
record of a two year interval between libsration and recapture,

Tageing of "halflin" Herring.

In 1952 and 1953 tagging oxperiments were conductsd on the adolescent
"alflin" horring stocks which inhebit the upper reaches of the Firth of Forth and
the Moray Firth. Fisheries for these herring, which are mostly in their third
year of life, are conducted by small meshed drift and ring net in the winter months
between Yovember and March, after which the fish migraste from the areas, The
objective of thess tagging oxperiment wes to trace the movement of these emigrants,
after they left the nurssry aress,

Wrils a pumber of tagged fish wers receptured within the estuarlas during the
tagging season, none has been recaptured so far in the open sca.*t) lMors extensive
sxperiments have been plammed for tThe winter of 1854,

+ .
)Slnce this report wns prepsrod one recovsry hes been roported from the drift-net
grounds off the Scottish north-esst coast. The tagged fish was liberated in the
upper roaches of the Moray Firth in March 1954, ané,was recaptnreé 55 milaa gastA
from Peterhoad on 21,7,1954. -



SUMMARY,

Part 1 of this paper desls with the methods used since 1948 in the Scottish
tagging oxperiments, and discusses the relative merits of the different tag types
and tagging techniques which have been used, Part II summarises the biological
data which have resulted from these experiments,

Summary of Pert I,

In the years 1948-1950, tagging cxperiments were conducted in the North Sesa
from catches made by drift net aboard F,R.S. "Clupea", A number of extsernal tag
types werc used, which included 2 plastic band tag, a plastic "flag" tag, =a
coloured rubber band and lLea's hydrostatic tag. About 7000 liberations were made
in different parts of the northern North Sea in the three years and twenty-thres
recaptures wers recorded., These showed that sslected herring could survive
cepture by drift net and subsequent tagging,

This method of tagging was costly and time consuming, and in 1951 trisals wers
first made with a "one-mon" tag on board commercisl drifters, A much larger
number of herring were tagged much more cheaply by this method, and a larger
number of recaptures were reported than in the previous three years, This method
has besn adopted in 211 subssquent cxperiments,

Aguarium observations of herring tagged with the onc-man tag show that tag
shedding may be substantial after poriods at liberty greater than four months,
This might be a main contributory cause of a marked fall off in the numbers of
rocaptures after perlods exceeding four months at liberty,

Comparisons between tag typss and cclours showed that the "Scottish" tag
possessing a bright yellow component and the "Lea" tag wers about equally
effoctive when uscd with the "one-man" technique. Scottish tags without a bright
yellow component proved less sffsctive thon the "Lea" tag. Conspicuousness on re-
capture is thought to be the major reeson for the greater offesctivensss of the
bright ycllow tag,

Comparetive experiments betwsen the meticulous Swedish tagging tehenique, in
which "Loa" tags were used, ond the one-man Scottish fechnique show a higher
percentage recapture from the Swedish methods, particularly after intervals
oxceeding three months, It is Tthought that the main reason for this diffsrence
was the higher incidence of tag shedding of the Scottish tags, To reduce this,
trials have been made with a new form of ons-men bridls attachment which will be
used in the Scotbish experiments in 1954,

The limitations of exbternal tagging in the North Sea and Scoltish west coast
experiments are discussed and because of a progressive incrsase in bulk hendiing
of tha catch the need for e ocmbimation externsl tag which is bolh megnetic and
conspicucus is stressed. It is furthsr recommended that steps be taken to effect
the installation of magnetic separstors in all EBuropean reduction factories,

Sumary of Pert 11,

The main objsctives of the Seottish tegging expsriments have been to tracs
the movements of herring from the summsr concertrations of aubtumm spawners in
the north-western Horth Sea and from tho summer and winter coneentrations in the
North and South Minch, ZExporimonts have alsc bssn mads on the adolescent
"halflin" stocks of ths Soray Firth and Firth of Forth tc tracs their offshore
movements,
orth 8e¢a have bsen rocaptured ocutside its
s havs come from widely scparated loealitises

-

No herring tagged inside ths ¥
immediste approaches, but recevaric
within its boundariss.

The greatest numbers of recaptures from liberetiocns in ths north-westerm
North Ses have been mads on the Fladen ground, and others have come from central
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and southern North Sea fisheries including those on the Gut, the Dogger Bank, off
the English north-east comst, at East Anglis and in the eastern Chammel, It is
ovident that a substantial part of the autumn spawning stock which frequents ths
northern North 8Sse &m summer subsequently moves to the south in late summer and
auturm, probebly wia the Fladen Ground and the Gut, and that probably a reverse
migration takes place in the castern North Sea in winter and spring when some of
the fish penetratc the northern Skagerak,

The small numbsr of rscaptures from liberations made in the Minch show no
migrations outside its boundariss, but poinmt to = free circulation of herring
within its limits, The only Scotitish record of a two-year interval between libe-

rations and recapture was reported in February 19564 from the North Minch, about
50 miles from the point of liberation.

A1l recaptures of taggings of "halflin® herring hove been taken on the nursery
grounds, Largor scale oxpsriments on these stocks are planned,
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Table 10,

Records of rocaptures of herring tagged in the
years 1948, 194% end 1950

gArea of Liberation and Month of Tagging | :
: Number Tagged Arsa of Recaptures Moy : June July Aupust Total: %
: ~ ) : ; !
Shetland-Orkney i i | j
May = 70 - e Wil | - : o
o = ees Fladen 1 RN 7 | 100,00
July = 105 i ; |
| Scottish N,E.Comst  |Scottish N,E,Comst | 1 | 2 [Nl ; 3 = 6  37.50
Fladen 1 2 g 2 Mil 5 i 31.25:
My = 2265 Gut b1 IWil oWl W] 1 0 6.25)
Junc = 980 : . ; 3 i
Boglish N.E. | 3 tws1 w1, w1 1 6.25
Coast i
July = 1482 Dogger 1 Wil o1 Fil | 2 | 12.50
Angust = 1040 Skegorak 1o imin o lwsl ) w1
| Total | 6 14 ! 3 1 3 |16 |
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Table 11,

Records of recapturss of herring
tagged in 1951

1
i

Aroa of Liberationi

wonth of Tagging

and Number tagged | Area of Recapture % May ; Junc | July |Aug.; Sep.| Total %_
i ! :
1 : :
Shetland -1 mNel - - 1 5.6
Scottish N.E,Coast; - § 1 Nil | - - 1 5.6
Shetland-Orkney ; Fladen N 6 . - - 14 77.6
Dogger o= 11 Nil @ - - 1 5.6
June = 1247 : cy
July = 720 Ske gerak 1 Nil . 1 5,6
1967 Total - 12 6 1 - - 18
Unusable records - | Nil Nil | - - Nil
: Scottish N,E.Coast 13 6 5 1 1 26 27.4
E . *

Seottish N, ‘fgaSt Fladen 16| 20 | 9 (Nl | Nil | 45 47.4
Apry = 28 /Ly Gut 4 11 2 |l w1 7 7.4
May = 1458 Bnglish N.E.Coast 4 | Nil Nil !Nil Nil 4 4,2
June = 1703 Dogger 7y 3 Nil [Nil | Nil 10 { 10.4
July = 1827 Bast fnglia 2 I Nil Nil ;Nil | Nil 2 - §
Aug, = 494 Skegorak 1 Nil ¢ Nil Nl | Nil 1 1.1
Sop. = 150 Total 47! 50 | 161 | 1| o5

! T . 3
Unusable records 41 6 ! 2 INil | Ni1 12 §

North Minch | Horth Minch -2 | omNlg - 1 3 75.0
. a2 4 - 5 a N - 1 H

Jume = 299 South Minch il Nil 1 1 % 25,0
July = 200 +) gTotal - éNil Nil LT 4 i
Sept.= 359 .y - - i
Oct, = 51 +) - Unusablc racords - Nil Nil ! - Nil Ni1 |
Doc, = 24 ’ | | |

+)

Liberations made from F.R.S, "Clupoa®

++)Includes 18 liberations from F,R,S,"Clupea™ )

Liberantions and recaptures
not included in Tablse 3.
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Table 12,

Rocords of recapturs of herring
taggsed in 1952

Ares of Liberation! » i Month of Tageing
and Number Tagged | Area of Recapturec | Fobr.; Apr. May June ;July {Aug, | Tobal %
N ) .
T N
N.E.North See Gut - 11 - - - - 1 16.7
(Coral Bank) Skagorak - 5 - - - |- 5 83,3
April = 1308 Total _ s _ _ _ . 6
Unusable records - Nil - - } - - Nil -
L. i
Shetland - | - |Nil| 2 | Nil| Nil 2 4.3
Shetland Scottish N,E.Coast - - 1 | N4l Nilj Nil 1 2.1
May = 271 Fladen - - 4 30| B 2 41 87.2
June= 1545 i Doggor - - |Nil 2 Nil| Nil 2 4,3
July= 864 | Skapgerak - - |Nili 1| Nil| Nil 1 2.1
Y !
hug.= 299 | Total - - s i3] 5| 2| a7
Unusable records - - ¥il 6 1 | Nil 7
Shetland - - 11 {wil oMl owl| o o1 0.6
Scottish N,E.Coast | Scottish N,E,.Coast - - 1 11 5 6 23 13,2
Aoril = 121,%) | ¥laden - - |24 | 58135 1 | 118 67.8
Moy = z764*t) | Gut - - (10 elzml 9 | 53
- 3087 English N,E.Coast | - - 13 | 4} 1 N1, 8 4,6
‘ule - 1930 | Dogger - - 16 i a1 lml; o1l | 6.3
e = 118 Bast Anglia - - N1} 2 1 {ml) 3 1.7 |
Ug. Skagerak - il Wil I NSl imil) 1 0.6 |
Y il
Total - 1 36 | 85145 7 1174 f
!
Unusable records - Nil 13 19 2 Wil 34
Febr, | Mor.|Juns| July] Aug., Nov,
North Minch North iinch 6 Nil | - 2 6 | - - 14 77.8
e . o T i .
Fobr. = 889 South Minch Nil Nil Nil| 4 4 22.2
Mar, = 200 .
July = 300 Total 6 Nil 2 10 18
fuge =199 ynugable records Wil |NAL | - |Nil| 2 2
i M
South Minch i Norgh Minch g - - |Nil i Nil| - Wil Wil
_ ¢ South Hinch H - 1 1 - 1 3 1100,0
June = 156
July = 343 - P
Nov, = 1504») Totel ‘ 1 1 1 3
Unusable records - L= 1 2 - jmil 3
H :
+)

Liberetions mede from F.R.S. "Clupea",

++) 785 Liberations mede from F.R.S. "Clupea®,

giving 4 recsptures.

e A

Liberations and recapbures

not included in Table 4.,
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Table. 13,

Records of recaptures of herring
tagged in 19563

Ares cof Liberation

1

Month of Tagging

and Number Tagged |Area of Recnpture lAprs ! May , June [July jAug.] Tobal %
| Shetland - | wWil) 1 w1l - 1 5.3
Shetland Fladen - 1 6 8 1 - 16 | 79,0
Dogger - 1 (NIl | Wil - 1 543
Mey = 338 - : _
June= 565 Skagerak - . 2 Nil Nil 2 10,4
i July= 858 Total - 9 9 1 - 19
t
| Unuseble records | = Nil [Nl [ Ml | -] Nl
| orth of Fladen Scottish N,E,Coast [Nil 1] - - - 1 14,3
(58°45'R O1°00'E) | Fleden Wil 1 - - - 1 14,3
“ - - - 71.
Apr. = 1.y Dogger 4 1 5 4
Moy = 400 Total 4 3 | - - - 7
Unuseble records 1 1 - - - 2
Scottish N,E,Const| = 6 g 2 4 Nil 12 19.4
Scottish N,E,Coast | Fladen - 22 | 2 11 mil{ 35 56.5
- Gut - 2 i Nil 1 Nil 3 4,8
May = 3995 . !
vy - English N.E.Coast | - 2 | 1 [Nl 1 4 6.4
June= 1418 *
= Dogger - 3 1 1 Wil 5 8,1
July= 1229 . : ,
Aug.= 169 Bast Anglia - Nil | ¥il 1 Nil 1 1.6
g o :
Skagerak - Nil: 1 1 Nil 2 3.2
Total - 35 1 7 |19 1] 62
Untisable records - 6 | Nil | Nil | Wil 6
North Minch North Minch - - - 1 4 5 71.4
July = 889 South Minch - - - 1 1l 2 28,6
Aug.= 2269 Totel - _ _ 7
% Unuseble records - - - Nii 2 2
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Table 14,

Recaptures of herring tagged at Shetland 1948-53,

Yonth of Tagging

Area of recapture May | June July [Augustl Totals
Shetland - 4 - - 4 4
Scottish N,E,Coast 1 1 - - 2 2
Fladen 11 52 12 P 77 84.6
Dogger 1 3 4 4
Skagerak 2 2 4 4

15 62 12 2 91 100.0

Table 15.

Recapbures of herring tagged off Scottish N,E.Coast
1948-19563

Month of Tagging

Arsa of recapture. hpr, | May |[June {July ' Aug, ! Sept.| Totals %
Shetland 1 1 0.3
Seottish N.E.Coast 21 21 14 10 1 67 19,3
Fladen 63 82 | &7 1 203 58.5
Gut 8 7 5 20 5.8
English N,E,Coast 10 5 1 1 17 4,9
Dogger 17 8 3 28 8.1
East Anglis 2 2 2 8 1.7
8kagerak 1 2 1 1 5 1.4

1 (124 126 | 83 12 1 347 100.0

- - -
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