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Introduction

The iTorking Group was set 'up ut thc' 1969 ICES Heetin13 (C.Res~1969/2:6)~
thc resolution passed by lCES being th~t;in thc first instance, the Group
should study thc interrelationships between the cod in'different parts of,
the North Sea, with a view to reconsidering ona regional basis, thc assess
ments made by the "Working Group on AssessI'lcmt of Demersal Stocks in the
!forth Sea" ,for theUorth Sea cod stocks as a ~lhole.

Thc Group h~s revicwed what is kno.m cf the spawning and nursery grounds
of thc cod. and, fron thc returns of tagginr, cxperinents, has attempted to
assess thc interrela.tionships between groups of cod in different pa.rts of
thc North Sea.

Thc first 'meetinG was convencd ut Charlottenlund fron April 14 to,17,
1970, and thc Group then rcviewcd what was'lU1own of thc spaWl1ing und nursery
grounds of thc cod and curried out a preliminary p~ulysis of thc very exten
sive cod tuggirtg datu"available. The results of thc survey,ofthespawning'
und nurscry grounds we;;re'prE!scntcdte the 1910 ICES Hceting (Anon,1970), and
it was thon recommended (C.Res.1970/2:7) that there should be 0. second neet·
ing to comp1etethe ana1ysisof tho'tagging dnta.· This secondmeetinc took
place at Char10ttenlund rrom January18 to 20,1971.

Thc slJo,wning areas 'fcre rcvicwcd on thc ba.sis of ege; und 1arvo.1 data,
and on thc d~stributio~ of 1arge, meture,"cod"duriuG the spa1fning season.

Distribution cf Eggs und Larvae

'Spa~mirig occurs from the beginning cf January te Apri1~ with sI'la11
variations in thl.: time of peak cf spaWning in thc different areas. J\ccord
inG to Meek (1924), thc eggs; which are pelagic, hatch in about 12days ut
an average temp0ratur~ of 5.5°C, a1thoughWise (1961) gives 17 days at:5°C.
Some recent observations cöncerning the hatching time of cod eßgs in
different tenperatures 'and salinities, ure given by t'1esternhagen (1970) ~ ,
usingBa1tic cod. .

A difficulty of using egg distribution datu to detcrroinc the positions
of thc main spavnling grounds is that cod eggs nre virtual1y indistinguishab1e
from haddock eggs ~~ti1 piGmentation deve10ps just before hatching (Graham, ,
1934) • Thus in the northern Horth See. 'tvhere cod' and haddock eggs are liab1e
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to bc to.ken togethcr t on1y thc distribution of the 1ntc stage ecgs can bc
uscd to provide information nbout the spawninG regions of cod. In thc
southcrn North Sea this prob1cu docs not normo.11y urise.. .

In division IVB t results obtained by car1ier workers nnd in purticu1nr
those of Damns (1909) ßnd Scl~idt (1909) show thc occurrcncc of 1arvßc over
a wide aren of thc castern Horth Sen between 1atitudcs 540 and 57°U t
densities incrcasing from west to cast•.Larvac were found from March to
Augustt maxim~ numbers beine tnkan in A~ri1nnd May. Graham (1934) gives
a simi1ar account and also refcrs to thc oeeurrcnee of 1nrve,e p.t .F1a.rnborough
and south of the Fishcr Bank.

In thc southcrn North Seat Aurich (1941) nnd Buek.'!l~nn et 0.1. (1955)
found coneentrations of eod eggs in thc Hhitc Bank c.rca,butvery few in thc
Southcrn Bight. ~bre rcccnt1Yt howcver t cse survcys carried out by Daan
in Jnnuary 1970 indieated eonsidcrab1e numbcrs of.eod aggs in eoastal
waters nco.r Texc1 t und also neer thc Freneh eoo.st (Fig. 1).

Off the Danish North Sen eonst t 1arvae have also bean obscrvcd t
although thcrc the typiea1 situation is 1ess eertain. Poulsen (1931).
found 1arvac nround the Dnnish eoast in Harch-A:Qri1 1923 both in the Uorth
Sca and round'into the Ko.tteg3.tbut with negatiye hauls in the northern
Kattegat.ln 1924 t however, he found no 1arvaeoff thc Danish, North Sca
eoast o.nd in 1925 only a few wcre.t~~en•. BaDGe (unrub1ishcd dato.) found
1arvae in April 1952 and 1953 in thc North Sea (Fig. 2) o.nd in.the Kattegnt
in !hrch-Hay 1960 (FiC;. 3). LindQuist (1970) states thnt thore were no cod
in vertical Hensen nct hauls off thc Danish llorth Sea coast ~~d inthc
north Sko.ger ak in Uay.

Off the Seottish north und north-west eoastst·eod 1arvo.e have becn
reeordcd by Schmidt (1909) •. 110re recent1Yt Rnitt .(1967) has deseribcd
thc oeeurrenee of 1arvac in Seottish wntcrs from surveys made in thc ycars
1953-1956. Larvae were found around thc Seottish coasts and over oost of
division rlA. Maximum 1arva1.eoneentrations in Ibreh and April "ere dis
tributed in patchcs extendin3 north-eastcrly fron the Butt of. Lcwisand
Seottish north coast (XXl6 to ZZ17)!to thc north of the Shct1ands (D20):'
Conecntrations of 1arvae \ferc o.lso obscrved in thc vieinity of· thc ~'1oray.

Firth (B15). In May end Junc thc 1arvacvere mainly eonecntratcdto thc
cast of the Greenwich ncridian and·scuth,of 1atitudc 590 Nt although snal1
pe..tehes of 1arvae were also found nerth and west .cf' this region.

. .
Distribution of L?~ge Cod and Suawning Areas

Thc distribution of largctmature eod at.spa~~ing time'during thc ear1y
months of the ye~r, givcs a furthcrGUide to the possib1e positions of thc
spawning grounds.

In the eentra1 liorth Sea t Graham (1924 t 1934) idcntificd four major
spe..'vuing arc~s from thc distribution of high 1andings per unit effortof
mature cod (ovcr 70 em in 1cngth) from Eng1ish statisties for thc period
1920-1930. These, thc Ling, Bank, Fisher B~r~t Fortics r-nd F1amboroußh
ereaSt are shown in Figura 4. ·~hc mcmbers cf thc Grou~ eonfirncd thc
importancc .of thesens. spavminß groundn t an 'Te11 as ether ßrounds t ine1ud
ing the Si1vcr Pit (E7 t G7)t the C1ny Dcep (H7 t8 and J7t8) andthe Tai1 End
(J9) whieh Grah~JU also referred to but eonsidcred of 1ess importunee at the
time. In additionto these grounds, spa~~ing in thc Southern Bight'has been
reported as 10ng ago o.s 190?-1906 by Redekc (1909) •. Mere.rceent statisties
(Bannister, personal eommunieation) rxc given in Fi~~cs 5-10 showing the
1andings of 1arge cod by English vcsne1s durin0 the spring. The 1andinf,s
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are exprcsscd as cwt per 10 hourn l fishing and'are'glven separate1y for '.
various statisticul rectanclcs~ mainly in divisicn IVB. These confirn.thc
importance of the aren to .thcsouth-east of the Dogger Bank during Fcbrunry.
They also indicate n. tendency for'thc'reGions of greatcst.importance to movc
north end north-cast durine thc period from Februnxy .to April.

. ..
e There is evidence, too, of spawninc aS'far south as B~ssure11e at least··

until1965. After 1967, French and Be1ginn observations r.ucgest thetspa\~

inC in this region may havc occurred fUrther north off the Belgi~ COllst.
Theseconc1usions were bc.scdpart1y on thc relo.tivcly high ln.ndings per
unit effort by French vessc1s working off thc BelCio.n const from Janurary :.
to May 1968, .whcn !:lnny mature fioh.rere cnptured. .Also, thc Belgian date.
show that .from 1967 to 1969, the percentage'cf cod over 70 c~ in 1andinss
from this reGion was 8.4% in thc winter and spring ccmpared with 1.5» in ,
the summer.

Off thc Danish Skagerak coast, therc is no evidcnce of spawning. It;
was.considcred that larvae observed inthe KattegIlt were,the productsof
spawnins in thc southern Kllttegat and Be1t Sea end formcd part of a st?ck
that was scp~rate from that in.the North Se~.

Spll\ming' is :'tnO\~ to occur ,on thc Nor..reginn Sklle;erak coast, but ,the ..
stock therc is considcred to be independent of that on the Dllnish side of :
the Skagerak (Dah1 1906, L~versen 1946 and Ruud 1939).

Off thc Scottich north and east con.sts, maximum InndinCß per unit
effort 01' large cod from Jnnuary to April vcre observed es long aga as
1901-6 by D'Arcy Thompson (1909). Hore rccent st!l.tiotics (1'lest 1970) are
given in Figares 11-18, showing thc landings .per unit effort of,cod over:
50 cm in 1cngth by Scottish vessc1s. Cod in Scottish waters begin to
meture nt about this 1cngth end it is considered th~t e 1arge proportion
01' ccd over 50'cm takcn in the spring wou1dbc maturinG fioh.· .The data.
show peak landings per unit cffort off the Scottish north-wcct, north and'
cast coastc~ including thc ~brny Fi~th. Subsidinry conccntrations were
noted in Gl8,. FIß, E19 and E20 ~.nd north-wcst 01' thc Shctlands. Conccntra
tions were also noted in G13 ~.nd II13, G14, F14,correspcnding with Grahc.n's
Ling B::mk aren.

Accordinc; to Hest (1970),. spnv:ning crounds in Scottish \mters, although ':
wide1y distribtited, are very loce1ised, generally, in inshore watcrs at .
depths 01' 1ess ·than 100 m.

Nurser;r Grounds

According to Russcl1 (1922), cod becomcdemcrsn1 nt anage of 2 to
2~ ~cnths and an average length of 2.5 cm, but observations by members of,
the Group sUSßested th~t this was probably:thc minimum 1ength at which
codlinS took to thebotto:n Ilnd that cod spawned over dccpervm.ter were
liab1e to take to thc bottom after a 10nger period at a 1arcer size.·
German cntches of' O-group cod·in the German Bight shrimp fishery shm'1ed
that the smnllest cod ware 4 co with a me~n 01' 5-6 cm. Scottish records'
of O-:-grouI! ccdtaken ?e1agical1y in division IV.ll. in June 1969 showed,thnt
theirlengthsrangcd from 2,to lO cm (His10p 1970).

'<

Adco~din5 to Hjort ~nd Petersen (1905), O-group cod were taken in
qunntitics in the centrnl North Saa, a10ng thc coasts in the neighbourhood
of' large cstuarics, and on bcnks as f'ar north as thc Grent Fisher Bank.
Further north, in deeper wnter, cnly single individunls were encountercd.
More recent1y, Dutcll end Gcrm~n date for 1966, 1968 and 1969 show that
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small numbers o~ O-group cod are ~ou-~g ~n the Silver Pit ~~d conniderab1e con
siderable numbers, u~ to 2,400 per 10 n fishcd, clong thc Dutch, German and .
Danish coa§t2o O-group'cod werc also rccordcd in thc mouths o~ ~he ScheIde
(20 per 10 m fished) and in the Wadden Sca(up to 1,400 per 10 n, fished) and
thc occurrencc and distribution of younG cod in the 19,ttcr area h!:wcbcen
described by D~an (1969) (Fig. 19). In thc autumn of 1969, ~ sma1l number
of O-group cod 1ferc takcn by otter trmrl in Abcrdcen Bay (Jones, unpub1ished
com.'1lunicc.tion) •

The probc.bi1ity that many of thc Q-group codnorth and cast of thc DOGGer
Bank come fromthe main spawning regions-in division IVB as a result of
larval drift is argued by Grahen, Carruthers nnd·Goodchi1d (1926) •. Along
the Uorwcgian Skacerak coast, I~orwegian samplinß in Scptember/October vTith
aboach scine has yic1dcd numbers of O-Croup cod, 4-12 cm in lensth, buc, as
alrcady mentioned, thene are not thought to belons to the North Sea stock
(Danielsscn, unpub1ishcd communication).

The results of the International Young Herring Surveys carried out in
February and March 1965-70 describe the occurrcncc of I-Group cod in the
central llorth Seo.. Concentrations,are aßain nost m~rked alone the Dutch o.nd
Danish coasts, but thore are ncvertheless sone years when I-Group cod are
distributed over most of division IVBta a dcpthof80 m as far north as
latitude 58°n. For exn.mp1e, in February 1970 (FiC. 20) there "lere clcarly
secondary conccntrations in the Clay Deep (J9,10), t~c NorthWest Rough
(p9, G9, G8), thc Narfolk Banks (F5) off Whitby ~~d over a "lide area fron
south of the Fladen to the Fisher Bank.

Data from the catches in 0. snall ~eshed codcnd durine recent English
trawl surveys gnvc similnr results (Bannister, unpub1ished communication) •.

The Group notcd incidcnta11y, 'the coincidcncc b~tween the distribution
of young cod and herring in thc ncighb()urh()od cf thc Dutch, Gcrr:l9.n and
Do.nish coasts.

Bctwecn 1965 und 1967, I-croup cod were found o.long the Frcnchand
Bclginn coasts (Lefranc and Lybaert, unpublished communico.tions).

In Scottish wo.ters, smal1 numbcrs of I-Croupcod are Innded by CO~er

cinl vcssels (Ro.itt anj Synonds 1967). The Inrßest numbcrs of these cone
from the Scottü:h north and C9,st consts; includinG the Horay Firth lrhereas
Irem thc more ofIshore grounds in division IVA thc nQ~bers of I-group fish
are relative1y small o To surmk~rise, thercforc, I-Croup cod can be found
0.11 ovcr the North Sen.

Young codling, mainly 2 ycars of age, ure tnken extensively inthc'
commercial bottom fishcries throughout thc entire Horth Seu and off the
Scottish north coast. Grahao (1934) indicates n wide distribution of
'small' cod (mainly 2 yeurs of ace) in thc central Narth Sen, an interest
ins feature cf his observations beine thnt comparatively fcw·'small' cod
were taken off the Belgian and Dutch caasts 'There thc greo.test density of'
I-group fish had been obscrved~ Similarly, German dnta showine that
II-group cod are ubsent from the Wadden Sea 'suggcst that cod emigrate from
that area before they become II-group. The'eoigration cf I-group cod from
thc coast han been noted by Daan (1969) in thc case of thc Dutch const, and
Lefranc (1970) in the caSe of the Enelish Channel French COo.st.
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Spnwning Grounds:

Thc data described nbcvc, suCgest thc overall pictur~ of the m~jor

spawning crounds'shown in FiGUre 21. Sparming grounds.can be grouped into
threc main regions, centred as follow13: ..

(a) in thc ccntr:l1 North Sca bet...reen latitudcs 540 und
58°30'N and west of longitude 50 E, .

off:thc Dutch and Bclßian coasts where sp~~minr, secms
to have bccome relatively more important durine the
1960s,

end (c) around thc Sccttish cant nnd north coasts, in insho~e

watcrs, less than 100 m in depth. Though widely dis
tributed, thc grounds are more localised (West.1970)
than ~~ßht be supposcd·fromthe intensity of thc .
shading in Figure 21.

Meristic Characters

Variations in thc menn n~ber of vertebrae of cod from different regions
were exrumined to see if these could be of'any value for stock separation •

. It was concluded, howcvcr, that insufficient dntn vere nvailablc to cnable :
valid conclusions to be drawn.

Tagr,ing Data'

.Thc interrelationships,bctween thc cod in different parts of thc North
Sou. "Tore studied usine thc returns of cod t'l.gged in various rCßions •. ' Datn
were nv'lilable fram 6 countries and details of the liberation arens nnd
seasons of the yc'1r in ,,'hich tagging experiments h'1ve been carried out,in
various pnrts of the IJorth Sen 'lnd Sk'lscrn.k are shoT,m in Figure 22. The
data were first examined by plotting returns on e rectangle basis following
Bedford (1966). Returns were plotted sepnrately nccording to senson and
ycar of reccpturc. Thc sensons ndoptedwere winter '(January-April), summer
(May-August) nnd autUth~ (Scptenbcr-December). For cach of thc main experi-
rlcnts, contour lines '.;cre then dra1m, shot-ring: "

('1) thc limits within ,nlich tngged fish were recnptured durine;
thc first year after liberation, a.nd'

(b) thc limits within which tagged fish ~lere recnptured durine; ,
all subsequent ycars.

Theresults for recaptures durinG thc winter are shown in Figures 23-26,
und for recaptures durine;:the SUDmler in Figures.27-30.· . Exnmination of the
limits of thc winter returns shows that:

Fish released in thc Southern Eicht are rarely recaptured north
of latitude 54°N, (FiC. 25);

Fish relensed closetothe Scottish north and east'cop..sts and
the Enclish cast const north of Flamboroueh, are rarely
rccaptured nore thnn 30 oiles offshore (Figs. 23 end 24);... . ..

, ',Fish released off thc Danish Skacerak coast 'are recaptured on
the Danish side of tne Skagerc.k or in, the North Sea, (Fig. 23);
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Fish relensed in the eentral North Sea are mainly returned from
one 01' two regions:

,.

(0.) between theStraits 01' Dover'~nd Intitude 54°30'N (for
eXaIllple the G7 experiment in Fig•. 26), . .'

between latitudc 53030 'U und 590n and bet11Ccn longitudes
10E and 70E (Fig. 26).

Exnmination 01' thc limits 01' the summer returns shows thnt:

For thc Danish nnd UK coast releases, the limits 01' the summer
returns were similar to those 01' the ivinter returns (Figs. 27
and 28);

For thc Southern Bight releas8s, few summer returns were found
further north than Intitude 56°n (Fig. 29);

For the centrnl North Sea releases, thc summer returns mainly
recaptured from an aren bounded by latitudes 530 30'N and600n
and loneitudes 10Wend 80

E (Figs. 30-35).

, The limits 01' the sucroer end winter returns are therefore similBr except
thBt in certain reeions dispersal is gre:lter in the sU,':rncr th:ln in thc winter.

An important feature 01' Figures 23-30 is that in both thc first Bnd
subsequcnt years, thc recions within which taggcd fish were recaptured were·
very similar. In other words, no natter whcre fish ho.ve bcen rcleased, there
is no evidence 01' dispersion without limit trxoughout the North Sea•. This
result Wo.s further investigated by celculating coefficicnts 01' dispersion
following Jones 1965. The parameters estimnted were:

0.
2 the daily coefficient 01' dispersion 01' fish about their

centre 01' dcnsity, ,

t the nean numbcr 01' days ,~ absence, and

2- .. "

0. t thc cocfficient 01' dispersion 01' fish nbout their centre
01' density after n nean time, t.

Estimetes 01' these, o.nd other par~etcrsrequiredfor thc analysis 01'
seasonal movements in the centre 01' density, are given in To.ble 1. Therc,
thc data arc relatcd to size 01' fish,liberation nreaand period 01' libera
tion. Generally the lengths 01' thc fish ho.ve been grouped as follows:
30-49 cm, 50-69 cm and >69 cm but in one ease thcy have been grouped into
~70 and >70 cm. In Tcble 2 the data havc also.been groupcd succcssively
accordinß tothe following pcriods,of recapture:January~April(winter),
~fuy-August (summer) and Septembcr-December (autunn) successively.

Analysis 01' the Dispersion Parf'..neters

f
'. . 2 2- .

Seasonal menn v3lues 01' the coef ~c~ents a and a t are summar~sed ~n

Tables 3 end 4 for various parts 01' thc North Sen and.Skagerak, und in
Figures 31-33.

Consider first the values 01' a2 , summarised in Tnblc 3 und in Ficures 31
and 32. For fish taggcd off the Scottish cO"J.st, .th2 eentral Horth Se~,-. thc
Southern Bight and the Enßlish Channel, vclues of a . dccline with period 01'
a.bsence. 'r'he rate 01' dccline is particularly marked during thc first year

6



after liberation but slows down durine; the' third :5cc.r cf liberation. ~ Off .:::
thc Sc~ttish COC,3t, initial valucs cf 10-15 milcs~/duy declinc to less than

,1 milD Ida~ by:the thir~ yeur cf liber9-:t~on,.' In~t~e.cc~trul I~orth~ea;'
Southern. B1G~t a.nd Eng~lsh Channcl e::cpcr~mcnts, lnltle.l. v:alues of a, of· .:;
60-100 mlles /day deellnc to 10-20 mlles /day by the thlrd year after' '~.

liberation. ' ·In. the eo.sc oi' the cXPl2rimcnts off the EnGlish HE COc.st and, ,
in the Skagcrnk, thc tcndency for a to declinc with time is oa~ked,bY,

large scasonal fluetuations nround a.n avera.ge of about 12 roilos /do.y,
(Fig. 32).

~.' '.,~.".. .

" Vulucs2~f o.2t ~c sunm~riscd ~n Tabl~ 4. In the Seottish experiments)
,v~1ues of €I. t tcnded to r~mr.in eonsta.nt' o.t o.bout 400.' For' all other nreus,
~ t incr~~scs. H~wever, thc increasc is n0t in dir~ct ~roportion to the:time
of absence, while for ~~o ~eas, the Southern Bight and English Channel
(Fig: 33), valucs of €I. t were at €I. maximum fromM~y to August andnt u
Ilinim~ ~rom Septcmber to April co.eh yelir, L e .'. thc're are pronounced ~~u~onal
fluctuutlons, so tho.t thc overall upwe.rd trend :tn' thc meWl value of c. t,lS' ",

. eompo.ratively soall.

In the2case ofrandom dispersion without limit. thc02l suggest~ th~t. th~

vo.lues of a should be constaut, 'and that the values,of a t should,lncrcusc'
in direct proportion to the tiIl? ab2ent. For d~spcrsion within a r28ion with
finite limits,however, vr~ucs'of a should declinc c.nd·values cf a t:should
tend to' an asy6ptotc. ' Thc observed results are 'theruforc more eonsistcnt' ,
with the lutter alternative, i.e. that taggcd ccd disperse relatively rapidly
durine the first yco.r after ,liberation, out that dispcrso.l during subsequcnt
ye~s is such tho.t theregi0rl: occupied. does 'not 'continue to ,incrcasc;· .

Scasonal t-1ovcmcnts ' ':
, ,

Reeapturepatterns nre chnractcrised not only by dis?ersion~ out by
season6J. novemcnts in their centra of dcnsity. For' each 'libcratiOIi 'area~'
the positions of the centres of density ofthe fish'returned h~vebeen'

plotted usi!!e the menn valties ofVt nnd' ~ shmm in Tnblc 2. , Euch pair of,' ,
values' of Vt and~ gives'a'distancc and direction'from thc relevant position
of liberation. 'Thes~ !lavc' been plotted for' e'ach of, thc mein' urens for the '
winter; s~~cr, and autumn returns sc~~ro.teiyin'Firiure34.' In General, it
1.;as foundthat the centres of dcnsity oither'were lccated elose to 'thc ,
position of liberation, or noved within a·reasonnble distanee of the position
of liberation. In no ease was there a tendcucy for thc centre of density to
move progressively away from thc position of liberation during successive '
years. Results for each season of reeapture durine successive ycurs have been
eombined thcrefore, and these rcsults ure plotted in Figure 34.· A S'l1lDI:l.ary
for each position ofliberation is t~iven belo':'. ": ,;'

Skagcrc.k (refer~ncc numbcrs 1-6 in Tables 1 und 2)

'Sme.J.l "c'od, under' 50 cm in'length~ sh6wcd'no pronouncedseo.sorial:movc.r:lents
end displacements' in' thcir' eentres: of densityv1erc' mostly'less than· 20 roiles
from'the' position'of liberation. 'Lnrgereod'also showcd'little:scascrial move
~ent ,iu thc summer'or autumn; but there was'n south~westerlynovementtowards
the Ilorth Se~ in winter. Thc meWl displacc:::J.ent Of thc eentr'c of 'den3ity was
then about 20 miles, althcugü some individuals hndtravelled'up·to 100:miles
into' thc' iiorth Sea. .Ove'rall, only 5% 'of the' reeapturcs (r.1ainly of immature;
fish) co.rie' baclt frem the Ke.ttego.t, and. 14% (:lainly of ns.ture' fish) were ' ,
rcturned tram thc Ncrth Scn (Danie1sscn 1969).
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Scottish Coast (rcfercnce,nuober~'23-33in Tabla 1)

Close to the Sco~tish c~nst.: scason~i movcmc~ts in the ~entres of dcnsity
were smßll, nnd'mostly lcss than 20 niles from the positions of,liber~tion.

This was' so:.rot' periods up to 786 days absence,' sho.Tinc that there was very
littlclone-term displacement in thc contres of density. Off ,the ßcottish

'north,coast, movements were to thc nort):l or west, of the position of
liberation. ' '

Seasonal rlovcments in the Moray Firth were also small and showed no
consistent seasone1 pattern. 'Here also, values of,Vt tended to remain con
stant, showing no long-term trend in the displacement of the centre-of den~ity

with tine.

Results for thc Scottish,east coast were v~y similar to those for thc
~IDray Firth and the' Scottish north coast. Again values of Vt were very sn~l,
nnd the maximum' value<\'Tas only 22 mIes to the north one winter after 119 days.
In summer and autumn there were even smaller displacements around'the positions
of liberation~ ,

English Coast (referencc numbers 52-54 in Tablesl and 2)

Three experiments described by Bedford (1966) ,have'been,ana1ysed~ Two
were in rectangle C9 in May 1962 and 1963 respectively. Thc other was in
rectangle D7 in November 1963.

• . t.., .>

The scasonal movements of,these fish were simi1ax to those for fish"
1iberated in Scottish coastal waters. Vnlues of V averaged less than
0.2 mi1es per day. Thore was little tcndcncy for the values of Vt to
incrcaso with time, indicating that thcra was no lons-tcrm'direction~;l dis~

placement of these fish. Bcdford I recorded' ,tunt nest of thc fish relct'.scd. '
in recto.ne1e C9 were 40-50 er.l 10nG and reeaptured within 25 'roiles of the
coast., During thc autumn , the codlinc; fishury nt Uorth Shields' (C9) , '
declines but the codling fishery in thc region around Flamborough Hend
(D7) becins, so it is interesting~thut in thc nutumn of 1963, some of the
fish rele~Ged in thc surr~er of 1963 in rectangle C9, .~cre recap.tur~d in
the Flamborough Head fishery,during thc same,auttimn.' ,This sUGgests that
the autumn fishery off Flnmborough Hcnd' isat least pnrtialiy dcpendent
on fish arrivingfrom further north durine the s~er.

, ' ,

Central'North Se~(rof~rence n~~b~rs7~11 nnd 34~45 in Taoles i'~~d 2)"

Experiments in the' Ccntrai. north Sca comprised releases in r'cetangles
G12 (rof. nos. 34, 35), Hi (ref. nos. 38-43), G7 (ref. ~os. 7-11), F8"und
9 (ref. nos. 36,37,44,45) (Bedford1966).

Movements in thc centres'of density of thc fish'libernted in each of
, these experiments were very similar. They showcd e north-westcr1y move
ment in summer, fo110wed by n south or south-easterly mov~ent in eutumn
or winter (Fie. 34).- The distance bctween'the summer and winter centras
of density ranged from about 30'miles in the'rectangle G12 ex~erimentto
about 70 milcs in the rectangle ' G7 'expcrinent., For those cxpe:dments 'with
returns extendine over n period~of sever~ years, this sensonal pattern was
repeatedannually und, as in,cxpcrimentselocwhcre, thera was no tendcncy
for the centre of density'to drift proeressively'away from thc position of
liberation.' ' , .
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German Bight (rcfcrence numbers 2F-22 in Tab1es 1 and 2)-" . , "

Exr-criments in thc German Bi~ht ,;ere carried out' in rectnnc1cs M6, ~q

and N7 in October-Dcccobcr of 1967,1968 and 1969. "

Seasonal movements in the contras 01' dcnsity w~re vcry similar to those
in the central Ilorth Sea experinents. Summer oovemcnts 'Were towardsthe,',
north or north-wcst und those in autumn and winter ~lere towards the south:
or south-east> Thc distances'betwccn the su1:m:lcr und. winter ecntrcs 01'
density wcre around 70 miles. . ,>

'.
Southern Bight (rcference nlmbcI-s 12-13, '1.5-20 ar:d 46-51 in To.blcs '1 and 2)"

. ,

Fish vTCre relcased in the Southcrn Dight in reeto.nglesFl,"P3" G3, G4,'
J3, 4 and 5.

In all these experioents, thc scasonal movements in the centres 01',
density were similar. Mov~ents were northcrly durine thc summer and
southerly durin~'autumn and winter. Thc distances betwcen thc suOmcr and
autumn/wintcr positionc 01' thc centr'e 01' density ranccd from o.bout 120 milcn jn

therectanclc Fl experiment to about 40 miles in the.rcctanelc J5cxp~r~ment.

English Chnnnel (refcrence n~bcrs 55-58' in T~bles' i and 2)

Releases in the English Ch~nnel were made in rcctanglcs E51 end F51.

The centres 01' dcnsity 01' fish libcrated in thic region avero.gcd up to
70 miles fron the position 01' liberation and showed no consictent.seasonUl
north/south variation as wnsfound. in th~ case 01' the Southern Eicht libern

. tions. '. In 0.11, .cco.sons, howcver, the ccntrc 01' densitytended tovards t.he
north and east 01' the liberation positions. '.

To summarisc, off the Scottish north und. cast coasts end off the English
east const, north 01' Planborouc;h, scasonal tlOVements in, thc ccntres oi'. ." ;.
density 01' tnc;e;cd fish 1-TOre vcry, small !md m!l.inly along thc coast. 'Ho~cver,
cod in the ecntrcl Iforth Sen, and more cnpecia11y in thcSouthern BiGht,
ShOvT regular,northerly or north-vesterly movcncnts in sumrn.cr and southcrly,.
or south- easterly:: :c:.ovcmcnts in autuon end winter. In. 0.11 ex:per~ments, the ,
centras 01' density arc loeatcd close to thc,position of liberation,or movc,
back seasonall;r' ncarthe position 01' liberation•. In no cnse is ther'c a. ' '
tendcncy for thc. centrc 01' dcnsity to move progrcscively awny fr_o!:l. 'thc . ,..
position 01' liberation dUrine successive years., For each scasonof,reeap
turc; thc rcsults ,for succ~ssive years can bc combincd and thesc arc plottcd
in Fieurc 34 •. , '

. '

The followinc; poin!s should be noted when interprcting thc sisnificance
01' the paraneters V, Vt and y. In thc simDlcst possiblc situation, wherc '
fiah ar~ disperslng in 0.11 directions equally, and clear oi' all boundnrics,
V nnd Vt enn.be expected to vary ut random nnd to average zero. Therefore·
onlywhenparticular valucs of V, Vt and$ are repeated consistently in '
cuccessivc years orcxpcrimcnts, enn thcy be rcgerded aso bioloGically
sienificant. "

In thc cnse,of randem dispersionfrom a po~itionclose ·to'o. coastline.
the situation isdiffercnt.Then, random m?vcments parallel to thc coast
enn be cxpected to co.ncel one another out, lcading to a zero componcnt of~
movcment o.1onc thc coast. Hovcments at rieht ansles to thc coastcan onJ,y
occur in an offshorc dircction, howcvcr, so tho.t cven 'Then dispersion in
entircly at randon, thcrc will bC,n,consistent offsho~e component.or '
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,

movement at rieht nnclesto the const. Consequently (in the case af.libera
tions close to a const), only conöistent nove~ents in directions other than
ut rieht anhles to tllecoastlinc ccn be rcr,arded as siGnificant. To be.
significunt, offshore movements have to ~e ussessed on critcria other than
thc values of V, Vt and ~ alone.· ,.

, ,.

Stock Sepro-ation

From the.evidence prosentcd,:cod da not dispe~se uniforruy throughout
the North Sen. Instcad, the centres of density show consistcnt seasonal
movcments of varying magnitude uround their positions of li~eratiön·.

Further, within any one reGion, dispersion occurs within limits. As a
first approximation,the dntu sur,gest th~t the followine reGional Grouping
may bc appropriate:

The Norweei~~ side of the Skagerak

Thc Danish side of the Skagerak

(0.)

(b)

(c)
i

One or ?ossibly severnl:coo.stal.rcgions, fro~ Flnmboroueh
to the Scottish'eastund north coasts

(d) The central North Sea

(0) The Southern Bight, from the Straits of Dovcr to .
latitude 54°N

Cr)The EnGlish' Channcl, south und ,rost of thc Straits of Dover.

With the exception of thc Skagerak, each of these rCßions contains one,or more
af the spavming ßrounds depicted in Figure 21. ,The Group thon considered 'if
the' cod in each of these' regions could bc treated as aseparate' 'stock' .' ,
Evidencc comes from the deLTee of:indcpendence between·the results of experi
ments in different reGions. For exam~le, it was noted that fish tagccd off,
the Scottish coast were very rarely rccaptured offshore in thc central
North Sea. Conversely, fish' taGßed in'the centro.l Horth Sea, t:'.lthough
spreadine ovar a considerable region, were almost ncvcr recaptured off the
Scottish COo.st or the EnGlish const north of Flamboroush. This ici signi
ficnnt since the fishinG effort aff thc U.K. cast coast is sufficiently .
hiGh for there to be a very [,ood chanceof recapturinc'taggcd fish; if they
are present.' RCGarding the cod offthcNorwccian SkaGerakcoast, thc avail-
ab1e evidcnce shmis that these make up one or possib1y several co:::l.sta1 ' ,,' .~

'stocks', each appnrent1y independent of the fish in thc North S~~ or
Danish Sl~agerak'. Similar1y, cod' off the Danish Skagcrak coast appcar to,
be independent of those off thc Uor"TcGin.n Sknecrak coast.· ,According to ;,
Danie1ssen (1969), of the cod te.cced off thc Danish Sl~aGerak C03.st, 81%
were returncd from the Danish Skagcralc, 14~-;j from the North Sen and 5% from
the Kattecat. Cod off the Danish Skagerak coast therefore remain ~ainly

in that region, but mix to SO:::le extent with cod in the Horth Sea'•.
"

Within the'central North Seaand Southern BiCht, cod disperse to a
greatcr,extent than elsewhcre and their interrelationships nre nuch more
difficult to detcrnine due to the'over1apping of thc summer returns from
various experiments. Considcr, forex~p1e, the situation dcpictedin
Figurc 35. This shows thc approxinate 1i~its of thc summer recaptures
of fish tasged in rectangles Fl and 3 (Southcrn Bight); l~ and 8 and G12
(central North Sca). In the fiGure, thc limits within which fish hevc
been recaptUred during thcir sccond and subscquent s~crs on1y,havc
been used, these being assumed tO,deDict maxiomn dispersal in each case.

Thc limits'of thc returns nnde in' winter are'similar, except that the
northerly lir:litof thc Fl and3 libcr~tions is about 54°N, Le.: the n6rtherlY
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limit of the Southern Bight returns, noves seaoon~ly north a.~d south between
latitudes 54°N and 56°N.Hence,. thore is a rcgi6n'(marked A in Fiß.35) where
Southcrn Bight and centrnJ. !brth' Sec. cod presu:::'lllbly mix durine the SUI:U:ler.
Thc' quest ion 'then 'arises 1tv-.'h!1t h~ppens to centrcl North Sea, cod in region A;'
durine the monthri when the Southern Bisht fish in' tha.t recion are presuniably
movinc south?1t , Severo.l libserations hnve been made in thc vicinity of
region A in thc sur.nner. ' B,~dfo'rd (1966) deocribcs a liberation in rectancle,
F9 in June 1957. :Durine thefirst and subsuauent wintcrs, nix returns were
obtained fron.- betwcen Intitudes 530 30'IJ and. 550 30'!r ~ , Thc ilinter distribn- ,
tion of returns 'from another experincnt describcd by Bedford"(H7 in,June
1957) is similar. Eleven returns were obtained from betwccn latitudes 530 N
und 550 U. However, a different result was obtained by Lefranc (1970) who
liberated cod in recto.De;le G7 in June 1966 (Fie;o. 26 and29). In'this
experiment, o.ll the returns in winter came from south of latitude 54°30'N
(Fic. 26) but sunmer returns were fOWld as'farnorth as latitude 56°30'N.
These fish therefore' appear to haveb'ehnved like Southern Bight fish, sorlc,
of thcm novinß northover region A in sUmmer~ hut movins'south to 'vacate
region A in winter. The fish taggeu by,Bedford 'on the other, hand showed
no tendcncy to move 'to the south of reeion A in winter., \~ilst therefore
the data. sUegcst that in sum!:l.er, region A 'niay 1:>e a mixiIig aren for Southern "
night and ccntral ITorth Sea fish, thc Group felt that further data should, '
bc collected to determine thiol At prcsent, thc only ccrtc.in conclusion
is that central North Sea cod hc.ve rarcl~' bcen recaptured south of latitudeo ' . '"53 30'H and Southern B~cht cod h~ve rarely becn rocapturcd north of ':o ,. , ,
latitude56 H. ' .

Discunsion

It is possible tho.t, especinJ.ly durine ,the first fC1'1 months, roovum~nt roay
be influcnced by thc pru3ence of' the tar,; or bi thc c.fter 'effccts of the
taegine process. 'That'tagging causes nbnorro~lly hieh 'dispersion ,rates '2
initio.lly cannot be rulcd out. If this were so, the rapid dcclino in a
with time sho~n in Firrure 31 is cxplained. "There would thon appe~r to be
tvo possibilities to cOIl~idcr: . , ....

(0.) Th~t dispersio~ rates were abnorrot1l1y hiel~:,i~itit111Y,·.
duc to thcprcscnce of'thc,teg, but thnt gradually" "
as the fish, beCo.I:lC o.ccustomed to' tho pr'esenco of, the .'
tag, ratcs of dispersion declincd to normal. This
would icnly that dispersion rates calculatcd fron
short-term experiments woulü tcnd to ovcrestirontc -

. the truc dispersion rates i-Tithin thc population.. ..
Valucs obtained fromfish that h~d been abscnt for
scveral years ouellt then to bc more roliablc.·' '

(b) Altern'ativcly, it mie;ht' 1.,0' ar:ßucd that fi~h' c1isp~;sing
relativcly rapidly duc to the prcsence of thctnß
mightexperience a hiGhcr mortality rcte than those.
tho.t' ''1CrC loss nffectcd. 'After ,n timc,,'the surviving
fish waUld inevito.bly be those that had'exhibited" "
rclatively little movement. Aß~in this 'implics that
dispersion rates calculated from short-term experinents '
would tond' to overestinate the truc rate '"Titl'i.inthc" I

imtneged. POpulo.~ion, and' thnt i t ''Would be .better to·.",'~"
use values of a calculatcd f~r fioh that had been, ' ,
nbsontforlone periods •.

2- It is notable thnt observed initial cind final 'equilibrium" values of
a t were very different in different pnrts of the l!orth Seal Off the
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obtained
Scottish
In some

Scottish coast, for example,vnlues of less th~n 1 mile2/day were
'after several years' absence. Similnrly, fcr experiments off thc
north coast, in thc r~oray Firth and off ~hc Scottish e~st coast.
other arens, final values of 10-20 milcs /day were obtain~d. ,

These observations nre importnnt bccausc if a 'taeging artefact' exists
it would h~rdly be rcsponsible for different dispersal ratcs in different
areas.' On the other hand it must,be considcred that a 'taCbing artefact'
could have givcn ovcrestimates of'thc true dispcrscl rates within each of
the selectcd ree;ions. ", , ,

Year Class Strengths

The Group also noted that the relative strengths of different yenr
clo.sses in different regions would be relevant to the quest ion of stock
separation. Inparticular it was noted that clthough the 1963 year class
was very strong in the central and southern Ncrth Sec., it 'TaS not abundant
in thc northern Uorth Sea where the main Scottish fishcry is centred
(Raittand Symonds 1967, Anon 1969). This supports the 'evidence that the
cod in Scottish waters are lareely independent of those in the central and
southern North Sea. . '

The Group eonc1udedthat there were grounds for separating the eod into
the fcllowing 'stocks'; 'Hcre the term 'stock', does not carry a rir,orous
biologieal meaninc. It has been used purely for convencnience and should not
necessnrily be regardcd 0.8 having the sa~c meaning as thc word 'stock' as
used by other authors.

(0.) A Norwegian Skagcrak 'stock'

(b) One, or possibly several eonstal, 'stocks' fron Fla=borough
to the Scottish east and north coasts

(c) Separate 'stocks' within thc English Channel~ Southern Eicht,
centrnl IJorth Sec. and Danioh Skagerak regions though lines of
demarcation cannot yct be drawn with any real prec~s~on. If
such lines couldbc drawn, one night be at the Straits cf
Dover and one in the reßion of latitude 54°U. It is stressed
howeve~ that thes~ are purely'ten~ativeat present.

Stock Separation and Yield per Recruit Assessments

For assessment purp~scs,the ~mplications of thc prcvious section can be
assessed at two levels:

(0.) by taking account of the effcct of fishing in one region
on the yields per reeruit in other regions,

)

(b) by taking account cf thc cffcct of'fishing on thc spawning
stock in one region on thc absolute levcls of recruitment
to other, regions.

Of these, insufficient is k.~own about thc circulation and m~x~ng of eggs
and larvae from different recions"or about thc'rclationship bctwecn spawning
stock and recruit~ent, to enable usefUl'assesD~ents to be made rcgarding (b).
Some observations of 0. practical nature ean be made about (a)ho"i"ever by
taking aceount of thc fact thnt tagged fish appear to rem~in within a eertain
distancc of their centres of density with a prcdictable degrec of probability.
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•

For purposes of calculation t the values of a2t in Table 4 can be used
for predicting thc probability cf a fish lyine vithin a certain distance of
their centre of density after a certain period of tine. Theoretical"
details are givcn in Appendix II t for the simple situation where fiah lie .
symcetrically within a circle of radius R around their centra of density.
It is shown there, that if R is given by:

R ::; 1.73

R represents the radius of the circle thnt contains 95% of thc fish after
time t.

Values ~f R have been calculated from the data in Table 4 using menn
values of t(t) and Ure ShOifn in Table 5~ Values aiven underthe columns
headed At Band C correspond to successive periods of recapture and, to a
first approximation relnte'to first, second and third years after
liberation.

Sl~9.gerak

A value of R of 108 mHes was obtnincd for the second year after
liberation. This was partly due to the effcct of a relatively small pro
portion of cod floving considerable distances in westerly and south-westerly
directions.

Scottish coast

Values of R remained ~pproximately constant at just under 40 miles even
in the third ycar after liberation. In these experiments, such dispersion
as did occur was mainly parallelto thc coastrather.than offshore. ",

NE English coast

Valucs of R rose from 47 oiles in the,first year to 126 miles inthe
third .year. Hcre also, dispersion tended ,-to be p~allcl to, the coast ~ .
rather than offshore.

Central North Sea

,Values of R increased from'107'miles to 131 miles in the third year.
In these experiments dispcrsionoccurred. more or less eq.ually in 0.11
directions around thc centre of density.

Southern Bight

Values of R incrcaGed'from 114 miles in the first yenr to 144 miles
in thc third year.

EnI::lish Chnnnel

Values of R increnscd from 126 miles'iri thc first'year to178 miles
in the third year. Thc'summer recapturcs of codtaggcd in rectangle E51
extend both west along the south coastofEncland and also into the North
Sea as far north as latitudc 550 n (FiC;. 29L, . Winter recaptures on the
other hand are confined within much nnrrower limits (Fig. 25). However,
if the Straits,of Dover separate a Southern Bight stock from an English
Channe1 stock, vcl.ues of R calculated from the returns 80S a whole will
tend to overestimate thc values within eithcr of these stocks.
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For assessment purposes thc main conclusionshave been rel~ted to thc
effect of fishing in any one :part 01' thc Horth Sea upon the cod,in other
parts of the North Scu~

En~lish Channel and SouthcrnBight

Fishing in the English Channcl, und Southern Bight, is unlikely to
havc ~~y markcd effect on thc yields per recruit 01' cod situated north of
latitude 56°N.

Central North Sea

Fishing in the central North Sea is unlikely to have much effect on
the yield per recruit of cod more than 130 miles from the region being
fished or south of latitude 54°N. Fishing off the Scottish coast is
unlikely to be affected by fishing in thc ccntral North Sea. There·
could howcver be an effcct on the Flronborough IIead fishcry off thc·
English coast, depending on thc degree of recruitment to this fishery
01' cod from offshore.

English NE coast

Fishing off the English north-east eoast could be expected to influence
the UK coastal fishery, possibly as far north as thc Scottish east coast,
but it is unlikely that fishine in this reGion would havc much effect on
the fishcry in thc ccntral North Sea und Southern Bißht.

Scottish coast

Fishing elose to the Scottish coast is unlikely to affcct fisheries
other than those around thc Scottish coast.

Danish Skagerak

Fishine in thc Danish Skagera~ would·mainly influence thefish in that
reGion, but eould be expected to have a small effect on the central North
Sea stock up to 100 milcs from the region 01' fishing.

Northern North Sea

. Since there·has been very little tagging in offshore waters, north of
latitude 570 N, thc Group was unableto discuss the cod inthat region.

Recornmendations

The following recornmendations for further work are proposed:

1. To gain further information on the loeation 01' eod spawning grounds.

2. To gain further information on thc dispersal of eCBs and larvae
throushout the North Sea.

/

•

.3.

4.

To taG cod in offshore waters betwcen latitudes 530 and 550 N in
summer and winter; to investicate further the interrelationships
between eod in the Southern Bight and central North Sen.. . . . .

• ' • 0To tag cod ~n offshore waters north of lat~tude 57 N.
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Summary '.

•

Two meetings of thc \Jorking Group took place to "Study, in thc first
instance, the intcrrelationships between cod in different parts of the
lTorth SC~, with a vicw to reconsidcrinc, on n reGional basis, the assess~

ments made by the 'Working Group on Assessment of D~ersal Stocks in the
!fortil Sen I, on the Horth Sca cod stocks as a' wilole". .

, ,

Tbe Group cxaminod data rclatinß'to spa'nlinG and nursery grounds and
used these, in conjunction with results obtaincd from tagginc experiments
to aSGoss the intcrrelationships between groups of cod in different parts
of the North Sen. ..

Spuwning grounds are indicated in Figure 21 and tagging experiments
are summarised in:Fieure 22. Tagcing data show that cod do not disperse
uniformly withcut limit throußhout.the North 'Sen. Around each t~.gging

position, a boundary line can be drawn cnclcsing most of thc returns. In
each instance, thc nrea thus enclosed showcd little tendcncy to increase in
size after the first year of liberation. Centres of density of tagged
fish show scasonal mOVCI:'lEmts .of varying magnitude aboutthe positions 'of
liberation. .

Thc Group rccogniscd that therc was evidence for scparating the' .
demersal stages 'of thc cod into the 'followinG .I stocks', a term used'here
purely for convenience and without rigorous'biological implic!1tion; .

A Uorwegian Skagerak', stock;

One, or possibly several, coastal stocks from Flamborough to
'the Scottish cast and north coasts.

'Separate stocks within t.he EnGlish Chennel, Southern BiCht,
contral North Sca and Danish Skagerak regions though lines
of d~~rcation cannot yet bc dra'TIl between them with any
precision.' If tentative lines could be drawn, one might
be at the 8traits of'Doverand one somewhere in the reGion
of latitude 54°N. It is stressed however tbat these are
purclytcntative at present.

For assessm'ent purposes , it'. ~·;ras concludcd th!1t the likcly effects of
fishing'in one'partof thc Uorth 'Sea upon cod in other parts of the North
Sea would bc es follows:

Fishine in thc English Channcl end Southern Bight is unlikely
to affect tgc yicld per r~cruit.ofcod situated north of
Intitude 56 N. " .

Fishing in.thc central'North Sea is ~~ikely to affcct the
yield p8r recruit of cod more than'130miles frcm the region
fished, or south oflatitude 54°N or off the UK coast north
ofFlnmborour;h, except in theFlamborough reGion itself.

\ . ," ~ . '.



Fishing off the UK coast, north of Fla~boroueh, is most
likely to affect the UK coastal fishery, end is unlikely.
to affect the yield per recruit in the central North Sea
01' Southern Bight.

Fishing in the Danish Skaccrak would ~~inly affect the fish
in that region but might have a smcll effect on thc central
North Sea stock up to 100 mi1es west 01' south-west of the
region of fishine.
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APPENDIX I

Formulae used for combining estirnates of the movement parameters

•

v

tan ~

2
f, t

= L:na 2/'En

= (EnVt sin w)/{EnVt cos $)

v t

=

APPENDIX II

Randorn dispersions within a circle of fixed diameter

From Jones (1965), the proportion of fish lyinG within a circle of
radius R around their centre of density is eiven by the relationship
P{R,t) =1 - exp - R2/a 2t.

Consider the situation where 95% of fish lie within a circle of
radius R, i.c. 1 - exp - R2/ a2t =0.95

then =- loe (1-0.95)e = 3.0

and, re-arr~~gine terms gives R2= 3a2t

and, therefore, R =1.73 ~la t .

Le. 1.73 h;>t gives the radius of the circ1e that contains 95% of fish
after time t.
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Table 1

, Su=ary of Tagging ,Data .

.. ~ - "
j

Ref.
,. . ....

Liberation Liberaticn RecaPtura Iro. of - ,'~: 1'~2tSouree Length
V 0.2 ,'f t ,

Iro. group area period . " ,period returns
;

i .
56.4 166 5756 '1- Noruay, 30-49 , Rubjerg lTay-Aug. Sep.-Dee. (3) 9 0.19 102 19'I

I' 799 ;. : Robben 1954 ,', Jan.:".\pr. (1) 10 0.10 4.5 : 91 177' 19
,,' 1958 Sep.-Dec., (3) ! :5 0.04 0.5 '90 445 20 43 '

1960 Jan.-1I.pr. (1) 6 0.01 0.4 :77 732 9 33. .. , ,
1961 : . : '., . · '

:
; ..,

50-69 (2) 0.4 : 32 75 14 272 ,
" " I-Iny-Aug. IIay-Aug. 5 0.18.' I 1954 " ·Sep.-Dee. (3) 35 0.18 7.3 : 88 99 18 723, , , , 1958 ' Jan.-lpr. (1) 37 0.07 5.6 116 197 14 1101: "

! : 1960 lIay-.'I.ug. (2) 19 0.05 : 15.4 241 327 16 5027
, ' ,

, 1961 , Sep.-Dec. (3) 7 0.04 1.2 102 433 15 518
Jan.-'.pr• (1) 22 0.05 : 9.0 221 826 44 7404.. "

" ..
: >69

· ,

3 " " Uay-Aug. Sep.-Dec. (3) 5 0.09 ' 19.8 210 88 8 1743;

1954 . Jan.-Apr. (1) 5 0.13 29.8 205 196 26: 5838' . ! ,
1958 Jan.-.'\.pr. (1) 11 0.04 10.3 230 1041 43: 10693

, 1960 .. I

: ,.
1961

,,
, '. . ~ , .. " '.,

,..,

5~9'
I

0.16 6.44 67 6894, " , Robben Sep.-Dec. Jan.-Apr. (1) 13 107 17
1958 Sep.-Dec. (3) 5 0.01 0.66 104 319 3 211
1961 I1ay-Au/:;. (2) 10 0.01 i 0.39 29 669 9 262

5 11 5~9, 11 Jan.-Apr. Hay-Aug. (2) 11 0.06 : 14~62 293 113 7 1652..
1955 , Sep.-Dee. (3) 13 0.01 2.13 . 6 171 2' 364. , . , · '

,9
:.

\ · '
1956 Hay-lI.ug. (2) 7 0.03 6.47 204 483 16 3126' ,

i 1965 Sep. onu-ards 10 0.08 13.64 245 1019 80' 13899
" . .. .. ' -. .

6 11 >69 11 Jan.-Apr. I1ay-Aug. (2) 10 0.08 7.94 ,48 78 6 619: 1955 Sep.-Dac• (3) 4 0.10 2.10 255 160 16 336.' T

, ' . 1956 Sep. omm.rds 8 0.02 4.17 257 979 21 4082
, ' ,

l 1965
~, ; ; ,:

7 Franc0 30-49 ' ",e7 J~e 1966 .J\.Dle-5 ep. (2) 24 0.14 121.32 • 62 36 5' 4363
: ~t "

~ :." I '- '
,

:8 " : 30-49 " Sep. 1967 Sep.';'Dec. (3) 28 1.18 65 116 20 24 1304,, . · '
, .. Jan.-Apr. (1) 5 0.82 : 44 170 156 128: 6774.' ' .,

:
9 " : 50-69 11 June 1966 J\.Dle-S ep. (2) 43 0.07 172.09 60 32' 2; 5507,

Jan.-Har. (1) '4 0.34 22.08 146 223 77, 4924! ' ,
, lI.pr.-J\.Dle (2) 3 0.07 37.31 173 331 25: 12350

., \ ,~
~ July-3ep. (2) 3 0.12 13.03 340 392 48, 5108

, .. '

10 '" ;
50-69 " seil. 1967 Sep.-Dec. (3) 16 1.03 ~33 132 27 28; 3608

Jan.-lpr. (1) 6 0.41 15 132 175 7( 2663
'" Nay-lI.ug. (2) 11 0.10 2 ' . ,80 298 ' 30, 508. . ' , llay-Aug. (2) 5 0.11 9 : 35 668 72 j 5793

11 " '>69 11 J\.Dle 1966 J\.Dle-Sep.) (2) 24 0.31 130.10 :71 44 14: 5724
" ,

" > ..
, · July-3ep.) ... 4 0.07 1.77 ' 85 415 ' 29 735

, \ ..
12 11 , 30-49 Fl' Irov.-Dec. Uov.-Dec. (3) 29 0.76 75 74 17 13, 1298

,, , , 1966 Jan.-Apr. (1) 19 0.20 6 91 66 13; 435
:

13 '11 50-69 11 Uov.-Dec. Nov.-Dec. (3) 9 0.73 ,19, ' 114 13 ' 10: 256
'. '. 1966 Jan.-Apr. (1) 12 0.32 18 ' 34 98 32 1809

I , I,lay-Aug. (2) 8 0.67 60 41 211 141 ' 12541" .. , . ,
: Sep.-Dec. (J) 8 0.11 10 43 329 37' 3432
; .... " .' , . . '

14 nether1ands 30-49 J3,4,5 Jan.-Feb. Jan.-lI.pr. (1) 124 0.07 22 218 51 3, 1122, . 1968 (2) 346, I' , , lTay-:"ug. 35 0.39 22
1
145 57· 3120

I ! \, I

1



Ref'.
J Uo.

Source

.'

Length Liberation Liberation
Group . area. .. . . _ period .

Recapture
.....period _.

lro. of'
. returns

v - -t Vt

Dec. 1969 n?v.•-.~:c. ... (3) . _...9.._.~.85, . 55 .. ': 23?,. ,.i9}6Jan. 1970'
, 104G

14 .5942
99 13118
76 : 1939 Ia
2 ' 164 ~

18 977

20 ; 452
17 ; 2774
82 ! 2122

12 ; 3457
62 : 2855

12 ,7676
89 '4409

40 ; 4468
106 ! 8054

I
8 : 2090

37 ·342;
62 : 5136

11
46

41
174

10
90

221

37
154

30
153
240

40
151
241

80
175

, 7
358

183
359

206
32)

0.46 198.07 331
0.64 ·85.74 350
0.31 8.08 359

1~96 :45.2) 153
0.19 I 30.82 272
0.37 ; 9.60 301

\
0.19 ,52.26 i62
0.25 :22.G8 ;12
0.26 ; 21.31 :17

.
0.20 ·14.88 206
0~40 . 21.23 257

0!29 187
0.51 ; 25

I,
0.32 ; 92
0.41 : 18

( '.'

0.50 ; 56
0.61 : 46

26
23

1~

5

2)
16
5

33
19
5

12
27
5

57
201

Jan.-Apr. (1)
IIllY-Aug. (2)
Sep.-Dec. (3)

Jan.-Apr. (1)
Hay-Aug. (2)
Sep.-Dec. (3)

,
Sep.-Dec. (3)
Jan.-Apr. (1)
I!ay-A.ug. (2)

.
Sep.-Dec.

'Jan.';'Apr.

. . " .
Feb.: 1969'. Feb.-Apr~ (1)

, 1:a.y-llug. (2)

Jan.-Feb. JQn.-Apr. (1) .. 39
1960, 1969 }Iay-."UC' (2) 16

. ,
Jon.-Feb. Jan.-llpr. (1)
1968, 1969 IIay-Aug. (2)

Oct.-Dec.
'.. 1967,·

1968'
1969·

i967
1968
1969'

11 ;

11

"

,
:. G4

,
','

J; near \ Jan. 1969
Toxel Light .. ,
Vessol\
I .'.
I.

i·

,
: I

• I

- ,
:"ot'

.', .'

; >69'.
:

50-69

.' t ,',

, .

, ,

11

",' !

11

II

11

.. ;

. Gerl:l:l.1lY

Ir~therla:nds

20

17

21

15

22

..
"
19

: 16: :

, 18

23 Scotland 30-49
I, ...

. ~ ..

Mor~ Firth Dec.-Feb.
, ,_ 196)

1965, ,.

Jan.-Apr. (1) 127
I!ay-Aug. (2) • 94
Sep.-Dec. (3) 14
Jan.-,\pr. (1) 8
Uay-Aug. (2) 6

0.43
0.08
0.08
0.05
0.08

: 12.8
2.8
4.1

: 1.5
2.9

288
311
311
312
319

22
134
243
361
477

10 • 287
10 375
20 ; 988
18 542
36 1385

, , '

11 50-69

11, , 50-69 '

720
330
765
523

298
288
2:~6

403
186

430
320
456
347

243
479
293

596
548
540

319
704
530

9
6
8

16
7

'32 2
116 8
248 4
371 11

40
126
245
376
470

26 19
128 18
253 12

34 7
107 9
273' 13
385 4

)15
322
358
334

3

17.2 4 34 4
4.6: 346: 119 :10
2.) 22 230 16

7~4:

j 2.3
1.0
1.1
0.4

~ 11.8 288
5.5 310

i 2.1 339

,12.4 181
,3.0 126
. 1.7'~ 150

0.9 192

,9.0 29 26 3
'5.0 .48 95 12

1.1 1 265 7

0.07 '22.1 i65
0.07 2.8 8
0.01 i 3.1: ,94
0.03 1.4 170

0.21
0.05
0.03
0.04
0.02

0.21
0.09
0.05
0.01

0.72
0.14
0.05

0.13
0.12
0.03

39
38
7

12

~

38
21

8

'..191
243
47
19
5

~ • ; \' ", t' ..

Jan~~llpr. (1)
I~IlY-Aug. (2)
Sep.-Dec. (3)

Jan.-llpr. (1) 23
U:l.Y-Aug. (2) 20
Sep.-Dec. (3), 8
Jan.-Apr. (1) 9

Jan.-Apr.- (1) 31
IIay~\ug. (2) 13
Sep.-Dec. (3) 9

Sep.-Dec. (3) 83
Jan.-Apr. (1) :. 35
Imy-Aug. (2) 8

Jan.-llpr~ (1)
; , '. " IIlly-Aug. (2)

Sep.-Dec. (3)
Jan.-~'\pr. (1)
~!ay-Aug. (2)

! ' ' ..
l: ...

1963' Jan.-Apr. (1)
IIay-Aug. (2)

,," Sep.-Dec. (3)
r,! '.' Jan.-Apr. (1)

I .... '
1963 .
1965 ;

: I
196) .

I "" .I " .
196): •

I :.: .
~ep., ITov.

.\ ;1963 '.'

'I I '. ,

11

". ' .

.... l

" ,.. :

, ...

, • 11

., t

., 3C-:49"

11,

11 ." 50-69

24

25,

28

26 '

29

27

2



,
-Rer.•No.

Source
Length Liberation Liberation

: group are3. period ,
Recapture

period
No'. 01'

returns
y. t

"

Scotlend )~69 l~o;ay Firtt Sep.;· Iro;'. Sep.-Dec. (3)
1963 . Jen.-Apr. (1)

.'*--
East Coast Sep., N~v. Sep.-Dec.

. . . . 1965: Jan.-Apr.
, l~(, ,.

Feb~" ·U;,r. -.Tan.-Apr. (1)
1963. Ilay-Aug. (2)

Sep.-Dec. (3)
Jan.-Apr. (1)
lTay-Aug. (2)
Sep.-Dec. (3)
Jen.-Apr. (1)

'44· 0.04
9 0.02

42
805
178
248

189
153

69
407

1615
1320
1070

350
293

77
426

1
3

0.6
15
5

13

26
15
24
14
63
1

26

18 0.1
119 22

87
163
289
448
493
693
786

17
135
238
354

77
4

289
30~

278
294
278
289
293

204
.34
64

:30

5.2 90 36
1.4 ,3 105

2.5
5.96
0.75
0.70

18.5
8.1
3.7
0.8
0.6
0.1
0.5

0.30
0.09
0.08
0.03
0.13
0.00
0.03

0.03
0.11
0.02
0.04

0.01
0.18

53
11

10
:17
,12
. 9
: 2

2
4

117
16
6

. 6

(3)
(1)

Sep.-Dec. (3)
Jan.-Apr. (1)
lla:y-Aug. (2)
Sep.~Dec. (3)

Sep.; llov.
1965 .,
1966 .

J : "

"

. .
lIorth Coas

,.
300:49

. ..
30-49

"

"

"

30

31

32

33

"

,
..G12 .rune 19~2

East BaDk·
" "

'84: :
22

: 7
29
'9

9
9
4

11

3017
4791
7287
7513
5151
5902
7433
8914
4684

293

27
13
94
18
73
63
25
28
71
89

23 4337
41 10827
71 20464
30 1593
23 2651
70 '. 0
30 5070

25 2758
15 3192
7 11808

37 6320
31 2799
52 1979
40 7417
42 6618
73 2785

32
98

253
361
473
623
737
818
979

36
119
265
364
480
600
732

I

i67
: 6
226
137
167
121
126
:90
142

154 34
181 100
157 259
167 373
136 469
139 624

48 727
195 823
144 974
110 1050

3
5

328
.46
103
102

44

85.4
32.3
46.6
17.5
5.9
3.2

10.1
8.1
2.8

88.4
47.7
28.1
20.1
11.0
9.5

10.2
10.8
4.8
0.3

119.3
90.9
77.1
4.4
505
0.0
6.9

0.76
0.15
0.03
0.10
0.07
0.08
'0.05
0.05
0.08

0.79
0.13
0.36
0.05
0.15
0.10
0.03
0.03
0.07
0.09

I0.64
0.35

,
0.27
0.08
0.05
0.12
0.04

107
33
60
58

8

34· :
21
9

.20
2

. 41
21
6

14
3
1
5

I!:lY-Aug. (2)
Sep.-Dec. (3)
Jan.-Apr. (1)
II~-Aug. (2)
Sep.-Dec. (3)
Jan.-lIpr. (1)
IIay-Aug. (2)

.Sep.-Dec. (3)
-!an.-.lpr. (1)

IIay-.'l.ug. (2)
Sep.-Dec. (3)
Jan.-Apr. (1)
lIay-,1.ug. (2)
Sep.-Deo. (3)
Jan.-Apr. (1)
IhY-Aug: (2)
Sep.-Dec. (3)
Jan.-1pr. (1)
Iiny-Aug. (2)

1:c.Y-Aug. (2)
Sep.-Dec. (3)
JrIl'l..-Apr. (1)
IIo.y-Aug. (2)
·Sep.-Dec. (3)
Jan.-Apr. (1)
l~ay-Aug~ (2)

" .

, .
. ;: ..

June 1957

"

, F8~9
Centr~l

>70

" .:

'.1_

, .
" '

'"

~ 70,-

~ 70

; I<

~ . ,

"

"

England
(see footnote)

\ .

35

• 34

t'. ' ..

37 " ,. > 70 "

: l

June 1957. Uo.y-Aug.
'. Sep.-Dec.

.Jan.-Apr.
Jan.-Apr.

(2)
(3)
(1)
(1)

2
2
1
1

0.50
0.02
0.20
0.-17

0.0
125.8

0.0
0.0

o
350
219

42

30
90

270
600

15
92
55

102

o
11387

o
o

H7 'central June 195738

39

"

"

"

>70
, .

~lO "

" r " .~..
'~ • ! ••

, "'\

Jun~ 1957

'"

IIay-Aug. (2)
Jan.-Apr. (1)
Sep.:"'Dec. 0)

IIr.y':'Aue. (2)
Sep.~Dec. (3)
Jan.-Apr. (1)
I~.\ug. (2)
S·ep.-Dec. (3)
Jen.-Apr. (1)
lby-Aug. (2)
Sep.-Dec: (3)
IIa:y-Aug. (2)

5
1
1

46
35
6

13
4
2

3 .
1
1

0.17
0.12
0.04

0.47
0.06
0.13
0.04
0.05
0.04
0.05
0.23

I! 0.07
I

5.0
0.0
0.0

54.7
6.4

17.8
8.8
2.2
7.5
3.8

- 0.0
- 0.0

180
90

270

295
315
235
316
311
230
322
202
247

36
300
840

42
126
280
385
480
630
750
870

1050

6
35
35

20
7

35
16
23
25
38

196
77

183
.0

o

2345
811

4997
3378
1063
4749
2839

o
o

3



·,

, ,
"

! - 1- ,
ne!'. ' , Length Liberation Liberation necaptiJre Iro. o!' .. , ,

'2 ,I' ~~.Souroe
"~ period period '," returns V e. .", ' 'I' I' t·· vtNo. ' group aren

,
I

,

i 14~ England ,i ~70 H7,H8 lIa.rch 1961 Jan.-Apr. (1) 30 0.60 35.7 ;211 44 27 1587:
centra!: : lIaY'"'Aug~ (2) 49 .; , 0~11 21.2 , 12 133 14 2823

" . ," 'Sep.-Deo• (3) 2 0.00 3.6 0 255 0 931
i

Jan.-Apr. (1) 6 0.0,3 7.9 30 370 12 2939
, , i

lIay-Aug~ (2) '6' 0.05 ' 9.5:
,

0 505 25 4801
· .. · .

Sep~-Deo.: (3) 2 0.05 2.0 0 585 30 1165
i Jen.-Apr. ' (1) '2 0.05 I 0.0 90 720 35 0

I I,
i ll~-A~~,. (2) 1 0.23 - 0.0 350 810 185 0

" ; · '

_ .. ~ 1
" . ~.' !

'41 " ; :'~70 : .... It; Feb. 1961 'Jan.-Apr. ,(1) 33 0.54 81.9 19 43 23 3541,.' I IIay-Aug• (2) 81 0.4! 580 9 4 129 63 7622.. I I

6; · , ,,' ..... 'Sep.-Dec. (3) 11 0.37 34.5 229 85 7915i Jan.-.\pi-. (1) 58 0.01 4.9, I 50 373 24 1820\. , t · , II~-A.ug" (2) 27 ' , 0.12 14~5 : :338 489 60 7075, . ., . I Sep.-Deo.! (3) '8 0.0'/ ; 25.3 22 611 44 15495, .. " I i, ,
I · ' , ' Jan.-Apr. (1) 34 O.Oi 6.1 ; 62 729 30 4417I

, " I 'Ho.Y':'Aug: (2) 5 0.08 , ' 8.0 30 846 68 6803j · , , .. I · Sep.-Deo. (3) 2 0.18 5.0 :354 945 166 4686
· , I , ...

Jan.-l~pr. (1) ;1 0.00 0.0 0 1050 0 0
. , : .. ; I ,

~70
I

0.1642 " H7 Apr. 1956 1Iay-Aug. (2) 62 ! 18.8 ,312 79 13 1495' ,

" ; .' , Centra! I .. , Sep.-Deo. (3) , , 18 'o.oe 14.7 275 ' 190 16 2795;

I
,

j " (1) " 0.27
,

" 'Jan.-Apr. ;3' 82.8 321 330 89 27351,
"

,
".. , · 'I~-1l.ug. (2) 10 0.09 9.7 :330 447 42 4332"

, I.. '. , 0 , , Sep.-Deo. (3) '7 0.00 0.0 0 544 0 0I " (1) :2 0.26 25.6 19956. " ,', I .. , ,Jan.-,\pr. 355 780 200.. : I· ";

1;~~Aug.
' , '. · I43', "

,
>70 " Apr~ 1956 (2) 14 0.47

,
75.2 18 66 32 5035i ,

i Sep.-Dec. (3) 6 0.10 4.6 90 180 18 829
; ~ · ' . Jan.-Apr. (1) 4 0.13 11.6 ~8 293 37 3396

, f"JaY-Aug. , (2) 7 0.21 23.0 324 437 90 10078
, , ; . Sep.-Dec. ,(3) 4 0.10 5.6 305 533 53 2979

, , .' '., Jan.-.lpr. (1) 3 0.07 4.3 131 680 46 2956
i · i' ~ , '1!o.y-.'l.ug. (2 ) ,4 0.13 13.4 19 803 103 10789I .." , Jan.-,'.pr. (1) '2 0.02 0.5 49 1005 23 529i

" 1, ..

44 " ~70 F8 Central IIar. ~1963' ,Jan.-Apr. (1) 1 1.17 :- 0.0 90 30 36 0; , .
(2) 0.16 '' ' lIay-1..ug. 210 18.2 54 104 17 1897, ' .. Sep.-Dec. (3) 85 0.06 ' 12.4 74 219 13 2728, ' . . ' ,Jo.n.-Apr. (1) 28 0.14 : 27.7 92 351 49 9755,- " " , , , lIay-Aug. (2) 80 0.06 ; 9.9 49 442 27 4381

I
, Sep.-Deo.(3) 21 0.07 i 10.3 26 570 37 5898

" Jan.-.'\.pr. (1) 27 0.12 , 15.8 63 714 86 11284
'I'~':'Aug. (2) 25

,
0.03 3.6 9 827 25 3001.. · \ Sep.-Deo. (3) 5 0.07 i 6.8 57 918 65 6207, , , '· '.' ,. Jan.-...\pr. (1) >3 0.05 : 2.3 90 1050 58 2431.. .. r

0, , , ,
45 ;

"
,

" >70 .. " : r,rar. 1963 ' lray:"Aug. (2) '9 0.11 14.7 21 93 11 13771
, , ", ", Sep.-Deo. (3) :2 0.36 ; 23.2 30 195 70 4526

Jan.-Apr. (1) ,'1 0.36 - 0.0 60 330 120 ,0, ' j : ~ irai-A.ug. (2)
.,,'"

~" · ., ! 2 0.11 7.1 270 450 51 3208, ' .-
" , . · - .' Sep.-Deo. (3) ,2 0.12 5.4 311 570 68 3108.. .. , ' . ,

" ,. .. .' ~' .. , 'Jen.-Apr• (1) '1 0.11 0.0 90 660 70 0..
~. \ :,

" '. 1I3.y-Aug. (2) .1 0.20 40 780 158
1

. '
i 0.0 0

! Jan....'I.pr~ (1) 12 0.18 0.9 81 1065 188 992. "" .. , ., , .' .~' ~ , , , lO,_ ~ , ", i
46 n ~70 G3 Southern Deo. 1'965 Jr.n ......pr. (1) 26 0.03 45.0 312 60 2 2723

Bight' .. Il:l.y-.'I.ug. (2) 25 0.58 132.2 1 196 115 6307.
Sep.-Dec. ,(3) - 18 0.12 14.3 6 308 39 4426

, .. ' · Jo.n.-Apr. (1)' . ,
5 0.06 22.3 15 432 24 9631"

I · '
, , · lIaY:'Aug. (2) 4 0.08 5.6 349 585 46 3287' ,

'. '. " · , Sep.-Dec. (3) 7 0.09 13.3 9 677 61' 9006, ... , , ' ' Jo.il~-Apr. (1) 3 0.09 9.9 350 770 71 7595.... I, " . " " lIay-Aug. (2) '2 0.19 0.0 334 835 166 8,
· '

, , ,I sep.~Dec. 0) 1 0.12 1020
I

, , ·. 0.0 17
1

125 i 0
I I ,

..
"

, \' ,. 4'



I Length Liber:l.tion ILiberation' jlio. of I •
Ref. Rec:l.pture

a2. - -, ·27
110. Souree 'i group period p~lod returns V ~ ,t . vt ll..terea

47 England I >70 G3 Southen Dec.· 1965 l!:l.y-Aug. (2) 4 0.69 6.3 342 173 119 1088
" I Blght Sep.-Dec. 0) 1 0.61 - 0.0 334 270 166 0

" ,Sep.-Dee. (3) 1 0.05 - 0.0 230 1050 48 0.
i ..

48 11 ~io F1 Southen 'IIov. 1964 Sep.-Dec. (3) 8 0.60 24.9 213 30 18 760
Blght .: Jan.-Apr. (1) : 34 0.19 40.3 351 120 22 4859

: :
~la.y-Aug. (2) 36 0.59 40.3 16 224 132 90!j3

i I, I Sep.-Deo. (3) ,16 0.11 16.3 11 341 3a 5576,
Jan.-Apr.· (1) ,.15 . 0.05 9.2 353 468 24 4306

:
(2) 18 590 5637, . , . lIay-:.ug• 0.32 9.5 5 192

, . Sep.-Dee. (3) 9 0.10 24.9 346 690 70 171'/8
Jan.-:.,rr. (1) 8 0.06 14.9 36 833 46 124)7

: i .IIay-Aug. (2) 1 0.09 0.0 ° 960 90 0
Sep.-Dec. (3) : 5 0.01 0.4 300 lOt? 11 456

I

~70
.. ' .

Sept 196549 11 'n Southen . Sep.-Dee. (3) 9 0.04 1.0 180 80 3 78
Bight . Jan.-.lpr. (1) '10 0.36 33.1 18 159 57 5272.. : ,.

(2) 106 2446Ilay-lI.ug. 10 0.39 9.0 8 270

I
Sep.-Dec. (3) 11 0.04 18.5 22 423 18 7834

I
I , '. Jnn.-..\pr.' (1) I 5 0.10 4.1 . 24 522 53 2128I Ilay-Aug. (2) 4 0.11 18.8 345 651 70 12246

"
i: Sep.-Deo. (3) I 2 0.00 0.0 0 795 0 0
I, .

Jan._\pr. (1) 9901 0.15 - 0.0 0 15~ 0

50 " ~70 IF3 s~u~hen Deo•. 1964 JM..-Apr. (1) 51 0.16 36.2 121 78 13 2828.,
. t Bight I!:l.y-.\ug. (2) 120 0.55 31.8 17 204 114 6504

I
Sep.-Dec. (,3) :33 0.22 40.0 29 312 69 12479
Jan.-Apr. (1) 27 0.05 7.4 33 440 22 3244
!'lay-Aug. (2), I 33 0.23 8.1 ' 12 552 125 4452

i Sep.-Deo. (3) 21 0.10 13.9 ·6 677 65 9443

I Jan.-.\pr. (1) i 9 0.04 5.9 50 790 32 4675, , lIay-Aug. (2) I 7 0.09 11.7 349 917 83 10771

·1 Fi ~oothe~ De••. '964

Sep.-Dec. (3) 7 0.03 6.1 31 1024 30 6205

51 " ~70 Jan.-ll.pr. (l) 51 0.21 14.9 219 78 16' 1174
, i' Blght' . lia.y-Aug. (2) 28 0.19 60.2 '6 183 35 11061

I Sep.-Dec. (3) 31 0.02 12.7 276 318 7 4039
Jan.-.lpr. (1). I 12 0.06 24.1· 12 458 20 11045

I . ' JIay-Aug. (2) 11 0.21 38.7 3 543 112 21019
Sep.-Dec. (3) 7 0.03 8.7 269 690 22 6003

I J'an.-Apr. (1) 4 0.04 0.7 221 803 30 573I lfuy-Aug. (2) 3 0.16 12.0 10 910 142 10928t
Sep.-Dec. (3) , 1 0.00 0.0 '0 1050 I 0 0I . r

. ,'1 "

52 " ~76 I C9 1m CO:l.st lIay 1962" lIay-Aug. (2) 206 0.06 11.1 45 43 3 481
I· Sep.-Deo. (3) 24 0.07 9.7 106 134 9 1299I.

J::n.-Ap~. (lL 13. ,0.°3 11.5 _ 331 309 .10 3574I .-.-. .... ~ - . . ' ..'. ..•.. '.. .- ..... '" .....
II:l.y-.\ug. (2) 6 0.08 19.8 ° 395 30 7836

I Sep.-Deo. (J) 2 0.11 0.5 143 540 57 295

.1
IIay-Aug. (2) i 2- 0,05. . 0.4 151 720 35 293..
Jan.-.\pr. (1) 0.04 i- 0.0 46i I 1 132 1050 0,

~70 !C9 NE Coast lIay 1963
!

(2) 56953 " i:ay..,\ug. 407 0.22 11.5 102 49 11
I

Sep.-Deo. (3) 74 0.28 13.4 138 161 45 2152I Jan.-'Ipr. (1) I 39 0.07 19.9 111 265 19 5279

I Iiay-Aug. (2) I 49 0.01 5.2 40 384 6 2008
Sep.-Dec. (3) 9 0.06 21.3 130 517 31 10994

I Jan.-Apr. (1) 6 0.05 16.3 116 635 32 10343
I Uay-ll.ug. (2) 11 0.03 3.5 I 83 775 22 2736

I t Sep.-Dec. (3) I 1 0.00 0.0

l~
900 °I °i ;

i I IlIay~Aug. (2) i 1 10•14 - 0.0 ,1080 146 °1 I i I I

5



L

.
Ref'. Length Liber:l.tion Liberation Rec:apt1Jre no. of 2 - - '2":"
Iro. S01Jroe period ' period ' ' ret1JrnS V a. 'f t Vt So t \group area. . '.' "

54 ' England ~O D7 NE Coast Nov. 1963 Sep.-Deo. (3) 67 0.53 13.8 107 '30 ' 16 422
.. Jan.-1pr• (1) 46 0.24 19.6 74 76 18 1502

lfri.y-l.ug. (2) 14 0.13 6.5 9 236 30 1538
Sep.-Dee. (3) 12 0.06 2.8 54 340 21 959
Jan'.-,'Lpr. (1) '1 0.23 0.0 90 450 104 0

, , , Uay-Aug. (2) 5, 0.15 13.2 1 600 89 7906
Sep.-Deo. (3) 3 0.02 0.7 49 690 15 505

: . ,-

55 ' n ~70 E51 l!)lglish Feb. 1965' Jan'.-Apr. (1) 31 0.07 2.2 ,90 35 2 76
, Channe1 lJay-.\ug. (2) 18 0.21 108.3 303 115 24 12512

Sep.-Deo. (3) , 18 0.12 45.8 332 237 28 10866
Jan.-:'pr. (1) 13 0.08 17.3 17 367 29 6342
lIay-Aug. (2) ·7 0.35 28.1 17 497 174 13997
Sep.-Deo. (3) 8 0.05 6.5 26 611 33 4007
Jan......pr. (1) 5 0.11 18.4 27 714 79 13153
lIay-....ug. (2) 4 0.24 , 34.2 360 863 203 29479
Sep.-Deo. (3) , 2 . 0.11 12.4 19 1005 110 12473

, , Jan.-Apr. (1) 2 0.14 0.2 47 1050 151 261
,

"

56 It ~o It • June 1965 lIay-Aug. (2) 2. 0.00 0.0 0 75 0 0
, Sep.-Deo. (3) 8 0.17 7.4 12 139 23 1031

.. . , Jan.-Apr. (1) 2. 0.26 16.0 17 240 62 3852
"

I~Aug. (2) ; 3 0.31 22.5 6 390 121 8767
Sep.-Dec:. (3) 1 0.05 0.0 0 570 30 ,0,
Ja.n.-....pr. (1) 1 0.05 600 30 00.0 0
IIay-.'I.ug. (2) l' 0.27 - 0.0 10 780 212 0
Sep.-Deo. (3) , 1 0.04 - 0.0 0 840 30 0

, ,
, .._,..

57 " ~Q It Sep. 1964 Sep.-Deo. (3) 29 0.04 3.1 69 66 3 206
1 ' I Jnn.-Apr. (1) 8 0.03 9.2 53 165 6 1523

.. I1~1ug. (2) 2 0.24 36.7 244 270 64 9932
Sep.-Dee. (3) 8 0.13 21.8 248 398 51 8659

, ' Ja.n~-Apr. (1) 2 0.04 0.6 90 510 19 321
Ilay-.lug. (2) 1 0.48 - 0.0 '0 690 330 0

, " Sep.-Deo. (3) 5 0.06 9.1 ,0 786 48 7119
" .. lray-Aug. (2) I '1 0.22 - 0.0

:: I
960 212 0"

: "

58 " ~70' n Sep. 1965, Sep.-Dec:. (3) 24 0.48 28.7 40 19 1161
.. Jnn.-Apr. (1) 5 0.50 25.7 34

1
174 87 4481

lIay-.'.ug. (2) 1 0.81 0.0 19 270 220 0, ,
Sep~-Dee. (3) I 5 0.07\ 1.2 33 402 29 499
Jnn.-Apr. (1) I 5 0.26 12.4 22 516 135 6419

\, ' . lray-Aug. (2) 2 0.21 1 11.3 25 630 131 7146

I, I
Sep.-Dec. (3) I 1 0.52 0.0 201 780 405 0I

I
I .. " .I,:an.~.'l.pr. (1) I 1 0.11 - 0.0 23 900 97 0

, ,

! : I !.:ay-.~ug. (2) 1 0.38 0.0 27 i 10501
400, 0

I I "

',". "

Footnote. Ail expe;iments attributed to England have been those carried out by Bedford and reported
, by him in his ,1966 po.per•

.', .

. "

6



•

Tllble 2

Regrouping cf d:lh in hbl0 1, includine t:Ie::.nsc::l.1culnted using the formulne in f.ppendix I

i Liberation I
. I .. I

I'~~Ref. Length I Recapture lTo. of 2
I - -Area period period returns V a I * t vt110. Group . I I \ . I..

1 30-49 14. · - 1st ß.utumn ,9. 0.19 56 166 102 19
I

5756013; Hay-Aug.
I I

.ln3,N13 '1954-1961 2nd It 5 0.04 0.5 90 445 20 I 43. , ..
... . -. ." .~

~Iean
.... '.-' . 14 ' 0.07 36 140 224 16 j 3716, 'I ,"

,.,
,

1st vinter' .....·10 -, 0.10 4 ,91 177 19 799.. '" _. .. .. .- - .- .- .- ,
2nd i U .. . , '6 0.01 0.4 '77 " 732 ' , 9 33,

!: I'iean 16 0.04 3 88 385 15 512,

I~~~~~6~' :'
..

:!~-3. ,50-69 013, 14 1st summer ,5 .. 0.18 0.4 :32 75 14 27
50-69 ' 1113,Ul4 2nd It 19 0.05 15 241 327 16 ! 5027

'" . - . .' , - ... ", .< _.' . ..-. - . ...

27< 1l" lIeon 24, 0.04 12 249 .11 3985.-.- I
"

50-69
; ,

1st ß.utu=
,.

35 ' 0.18 7 .88 99 18 I 723
., >69 .. ..... -

1St : " - ,5
.. ,

0.09 20 210 88 8 1743I

50-69. i I " 2nd " 7. 0.04 1 102 433 15 I 518• _ ... 'w .. -.. .. -. . I 47 0.10 7 :93 148 . 15
I 801l-le:ul

. ,50-69
,

,1st winter' 6 116.- .- - . _......... .-_... .- , .. 37-- 0.07 197 14 1101
>69 . 1st It 5 0.13 30 205 196 I 26 5838

-50-69 ' , , - 2nd'''" -'22 .. 0.05 9 21.7 826 44 7404
.> 69 2nd " 11 0.04 '10 230 1041 43 i0693

"

4673" I,renn , 75, 0.04 9 207 505 20., , .
4-6 50-69 013;14 Sep.-J..pr~ 1st Winter 0.16 6 ,67 i

68913 107 17
IU3.rU4', 1953-1965 I. 50-69 I " 1st summer 11 0.06 15 293 113, ' : 7 I 1652> 69 I. ,1st ' " 10 . 0.08 8 '48 78 6 I 619' ,

·1
50-69 2nd ' " 10 0.01 0.4 29 669 9 262
? 69 2nd ' " 7 0.03 6 204 483 16 , I 3126

I O.OO~
. : i 1286- . Me:ul summer 38 8 329 318 - 2

. --'.- .. .... "--0 ••.•• ......

50-69 · , , I '. '1st autumn 5 0.01 0.7 104 319 3 : I 211
-,,-.. . 50-69 ", .. .. .. ' . 1st ... .-" :. 13 0.01 2 96 171 2 .: I 364

> 69 · - 1st " 4 0.10 2 255 160 16 336
, ., nean llutumn 22 0~01 2 223 203 2 . I 324

.' .
34,35 :;; 70 G12 : June 1962 1st sumner 84 0.76 85 167 32 25

1
2758

>70 107 0.79 ee 154 34 27 3017
~70 2nd " 29 0.10 17 137 361 ' 37

1
6320, , ·>70 . , ,- . · " 58 0.05 20 164 373 ; 18 I 7513..

~70 .. ' '3rd ." . 9'- 0.05 10 126 737 40 : 7417
,. >70 .. 21 0.03 10 48 727 : 25 7433

" > 70 ....-.... .. .., . ..... . '4th"'" .- _. .. 2'" 0.09 0.3 110 1050 89 293,
·

, .. · ~ ... .. ..•-. , . .......- .. - , lienn - ,_.' " 310 I 0.12 60 150 201 : 24 4506,

~70 ., ,1st autumn 22 . 0.15 32 ,6 98 . "15 13192
. >70 ·.... 33 0.13 48 181 100 13

1
4791

~70 2nd " 9 0.07
1~ I 167 ' ' 2799

473 "1 31>70 , '
, " 8 i 0.15 136 469 . " 73 15151. , ~70 3rd ; 11 4 I 0.05 8 90 818, 42 , i 6618" . , " , I>70 - 9 I 0.03 11 195 823 i', 28 : 18914

" , .' , i " 85 I 0.05 150 I 284 I !4723: IIean 30 I 14,
..... .. - ._~ .. ~- .. , -

\ ,

1



-------_.._-~-_ .. -~

Rer.
Ro.

Length
group

Area Libero.ticn
period

Rec'J.pture
period

Uo. 01' V
returns

'vt

34,35 '~70'

'>70
~70
'>70
~70'

.?.70'

.. G12' ... June 1962'" '1st nnter" ., 7 0~'03 47
. . ..., 60 0.36 28

2nd .. " 9 0.08 3
... _...... . --~~~.. -~ 34' 0~10 .10

3rd " 11 0.08 3
........ " ' _.......... ....:: ' . 20 0.07 5

226'
157
121

'·139
142
144

253 .
259 ..
623
624 ...

979
974:

"7 ..
94'
52'
63
73
71

11808
'7287
1979

-v 590i
2785
4604

..: neon .: . .. 141< 0.14 18 149 528 74 6118

46 0.47 55 295 42 20 2345
. .• '''5 0.17 5 180 36 6 183

. 13 0.04 9 316 385 16 3378
.3 o.o? 4 322 .75.0 38 2839

1st sumtler
1st--'" .. 
2nd 11

3rd·" .. 'n .~.~' ~ .'

J'une 1957 ..
I

H7'38 ~70
. ">70

39 ~70
"~70

.. ~." . ~ :' .... _ !-.;... ...;..;...~I._e..o.n;....._._•..;.....;..•.;....._+....;.:._.6_.1_.+-0_.1_3+"_4_0-1'f-'_30_0+~_1_40_;+ __18_+_-24-0-6_f

•837

4997
4749

811
1063

4935

1587
3541
2939
1820

27351
3396

o
4417

19956
2956

525)

8

35
25

7
23

33

27
23
12
24
89
37
35

.30
200

46
23

126
480

44
43

370
373
330 :
293
720.
729.
780
680

1005

315
311

211
19

: 30
50.

I

321
68
90
62

355
131
49

6
2

16 234

6 314

18 '235
8 '230

0.60 36
0.54 82
0.03 I 8
0.071 5
0~27 .83.
0~13 I 12

0.051 °
0.04 6
0.26 26
0.07 4
0.02 0.5

0.06
0.05

.. 30
.. '33

6:
58
"3:

4
2

34
2

'., .. , 3
... 2:

n !

11

IIean' ..

lleon :.

4th

1st l1inter ,
2nd-- " .' . " ......

.~ ~. . 1st autuinn .. ':. .: .~. 35
2nd " .. .. ,4

."

~ _.

. "39 0.05
... ..~ ~/_. _ I-......,:------!----!---I----j!---I---I---+----t

6' 0.13
'2' 0.04

... .~. ... ~.. . .-.. ''"-.

.. ' .....

. ,

~o
~70

.40~3

2823
7622
1495
5035

;"4801
7075
4332

1C078
6803

10789

·17

37 5018

14
63
13
32
25

\' 60
42

.. 90
68

103

204

133
129

79
66

505
489
447
437
846
803 .

3424426

33 ;355

21 12
59 4
19 '312
75 18

'10, 0
14 338
10 330
23 324
a 30

13 19

0.05:177Nean: .'

",
..... - .. - ......, .... Nean'·~···,··· .< 265: 0.18

" .. 1.- ~

. :

,
, '

'. , • 1st sUI:lIlIer ··49' 0.11
••• ·_ ••• OC •••••• " •• '" ~ ... ' ..... - .... ""'81. 0.48!

,,'. ~.'..:, ",62' 0.16
.'.'--_•.. ' "..... '.' 0·-- --14 0.47

.' . . . 2nd 11 ~ ;: '. 6: 0.05
, .. '. r 27' I 0.12

." 'I 10! • 0.09 t

I' I 7 0.21 I
3rd " .' 5' 0.08 I

·1 "! 4; 0.1) I

~o
.' ~70

~70

·>Jo
~70
~70

·.:~70

>70
~o "
"70 ,...

,
. ,

~. 00..•. <.... -. ." ...~.:.'.... 1st ;,ut~·····- '--'2', 0 4 0 255 0 931
~O ;., , ,.. ,. : 11 ~ I0.37! 34 I 6 229 85 7915

.·~O <.. ~ 18; 0.08: 15 1'275 190 '16 2795
:>'0, '.. 6: 0.10 j 5 . 90 180 18 829

-t00. 11 2nd " 2 . 1

10
•05 I 2 I 0 585 30 1165

!!;.70 • ,I ·8 0.07 I 25 22 611 . , 44 15495

_ .. ~~. . .. ~':.... :.~ ~.' ~.' .•..: ..· .. 1 ...... '., .-. " 1\- .....~ i I 0.1~ ~ ~ 30~ ;~~ : 5~ 297~
:<'70 .' 13~" .' 2: :0.18 •.5 .1~354 ...945..166 .. ,4686.. .. ~i_--.; ...,;..j;__i--~!---+--__+--_I_-__1

I I-Iean i 60! 0.08 1 15 !355 I357 29 i 4863

2



•

Rer. Length Libe:t'ation Rec::l.pture Iuo. 0:1: 2 I ~
- - a2:tUo. Area.

Period period
V a. t \"tgroup returns

36 ~ 70 F8,9 ' June 1957 .. 1st summer ; 41 0.64 119 3 36. ; 23, 4337..
37 > 70 1st 11 2· 0.50 0 0 30 15 0

~ 70 2nd 11 14 0.08 41 46 364 : 30 1593
~ 70 . '.. .. 0•••.• 3rd ,', """ . . .. ·.. ·5·- • 0.04 7 44 732 ' 30 5070
" ~18 --

. '. _. ., . .'" .. ".', Ue:m .'__ ...... : 62 . 0.14 166 23 3637

~ 70 1st ::l.utumn . 21 0.35 91 5 119
•

41 10827.> 70 1st 11 ,2 0.02 126 350 90 92 11387
.. ~ 70 ... . . 2nd n ~ ... -.... 3 0.05 6 ! 103 480 23 2651

" · ~ _. - . , ' ... .. . He:m' , ' .. _., , 26· ' 0.25 84 : '6 158 40 9927
! I

44 . '!:; 70 F8 ' l'Io.r. 1963 1st '\'linter ,6 0.27 77 328 265 71 20464
45 ; '!:; 70 • 2nd 11 28 0.14 28 92 351 .49 9755

~ :;:; 70 Jrd " 27 , Ot12 ,.16 63 714 86 11284
> 70 4th 11 2' 0.12 0.9 ! 81 1065 188 992
~ 70 4th 11 3 0.05 21 90 1050 58 24-31

·. " :.. .' . - .. , " -' . -. I:e:m .... - ... ·66 .. , 0.11 26 69 545 60 10756

.~. , ~70- , ..- ,. .. ,.. _. 1st summer" . '210· 0.16 18 54 104 17 1897
·>70 · 1st ,11 9 0.11 15 21 93 ; 11 1377
~ 70 .' 2nd n ',' . 80 0.06 10 ' 49 442 , 27 4381
> 70 ' . 2nd " 2 0.11 7 270 450 : 51 3208
~ 70 3rd 11 25 0.03 4 9 827 I 25 3001

, · , .. lle:m 326 0.08 15 47 244 20 2585.. - .. , " . . ~ . '",._. . . ..... , · ~ . '.

~ 70 1st autumn .. .85 0.06 12 74 219 13 2728..... > 70 '"
.. . .. ..... , .., 0••~ •

1st
.. . - - .. "

4526· , :" 2 0.36 23 30 195 70
~ 70 2nd ' 11 21 0.07 10 26 570 ; 37 5898.
,> 70 2nd 11 2 0.12 51311 570 68 3108, .
~ 70 3rd 11 5 0.07 7 I 57 918 : 65 6207,

-,
0.06 111 319 3496Heo.n 115 51 19

•
52 .. ~ 70 C9 .... 1;o.Y. 1962 · ' ·1st summer 206 0.06 11 45 43 3 481
53 11 1963 1st ,11 407 0.22 11 102 49 11 569
~ ... - ..... - ... .. ....-. .. .~ ~ ..... · - ..-... 2nd' 11 ...-" _.' .. ~ . 6 0.08 20 :0 395 30 7836

I
,

2nd 11 49 0.01 -.' 5 40 '384 ·6 2008
3rd '11 2 0.05 0.4 151 720 35 293, 3rd 11 U· 0.0): ',4 83 ,775 : 22 2736

" ..· .,

: He:m 681 0.09 11 91 88 8 744
·. ·

, :;:;70 , 1st a.utumn 24 , 0.07 10 106 134 9 1299.
1st '11 74'

,
0.28 13 138 161 45 2152· ,

.' .' 2nd 11 2 0.11 0.5 143 540 57 295
,. , . .... - , .. · ....... 2nd" 11 --

....... __.. ,,, 9 " 0.06 21 130 517 31 10994- I
· .. .,

.. u •• • , .- ~ .... .. - ....-." .' ... Henn:- .' 109 '" 0.19 13 1136 191 36 2660· :

" · '-,

, 12 !331
, , "

1st uinter 13 0.03 309 10 3574· , ' , .
: 1st '11 39 0.07 20 111 265 19 5279· . , 2nd '11 .. : . 6 0.05 16 116 635 32 10343

, . ,
"

, . · , '. lIe:m ,~58 0.05 18 106 313 16 5421. " .. '" . . ... . . ... ... .... -_ ..

..,"

3



Rer. Length
Iro. grou,!' Area

L1ber~tion
: period

Reco.pture Ino. or v :: 0.2' V I t
.. period .' returns

vt; I alt
I

504

422
959
505

I 16'
21 ;
15 ;

100

30
340
690.

107
54
49

;67 0.53'· 14
12 0.06 3
'3 : 0.02 0.7

I 1st aututIll ~ '.

2nd "
3rd ".'

•:_ . .' ! .• ~ ..... -. ,.... _."
!'Ie:.n

~70 .. D7

.'

•9: 4013

112: 10590

141 1 12541
1321 9053
35; 11061

192~ 5637
112! 21019
142: 10928

233

329

211
224
183
590
543
910

,

34921

60
40
60
9

39
12

18
40"
15
9

24
15

0.7

0.32
0.19-
0.21
0.05
0.06
0.06
0.07

0.6?
0.59
0.19
0.32
0.21
0.16

.' 8
,:36
.28
: 18

··11·
3

'104 0.34 41Iienn

.. " ~Ie!l.n" . ,. . . '136 0.04

3rd. n

,
: .:

: ~, ,1st summer
, .

. . '_... ! ist"'\i:!.Iiter· "'--' '-' 46 0.24 20 :74 76 18; 1502
I ' • ' 1st summer ... :14 0.1 6! 9 236 30: 1538
: • I 2nd n ' 5 0.15 13 ,1 600 89 7906

•• ,. t t...:~----+-":"'4-=-';;':':+-~4~~f---:",-1-":":-.+"';';"'-i

"-19" 0.14 8 5 332 46: 3214
-'+-":-r":--+---T---l

:34 98 32: 1809
351 ~120 22: 4859
219 78 16, 1174
353 468 24 : 4306
,12 458 28 11045
:36 833 .46: 12437
221 803 30 ; 573

,
• ~. I ' "J ',,

\
, • 2nd" t

.......... _.... ...... ...._ ... J

.. "

.. :

. Fl:' "nov. i964',' ,
\ Deo. 1964, , .

11ov.-Dec. ~ ;
'1966

, I

, i

,.

•. ,
'.

,."

" ...

13
48
51

\
-

..

1st autumn
;"9

8
31

8
"'16

7
.... 9

0·73
0.60
0.02
0.11
0.11
0.03
0.10

19
25
13
10
16
9

25

114
213
276
!43
,11
269
346

13 10,
30 18,

318 7!
329 37:
341 38,
690 22

.690 70

256
760

4039
3432

I
5576
6003

17178

•
5078

13
I 13
I 4368

I
4924
5507

1

5724
12350

i 5~~~
"

IIean

2nd

1st autumn 1298
1st v.lnter 435
1st summer .. . 24 :
1st lrlJlter '" ... ..... 4 :
,; }. 43 ;

1st .summer.... ...~:!4:

.':: 3
; '·3

4

,
. 88 : 10.04 .16' 351 333 13:

,1-------1---+--+---+-,--I---+--+--i
29 0.76 ,75 74 17:
19 0.20 ; 6 91 66;

0.14 121 i62 36 I 5;
0.34 22 146 223 77
0.07 172 '60 32 2;
0.31 130 :71 44 14:
0.07 37 173 331 25i
0.12 13 340 392 48:
0.07 2 :85 1415 29.

;.-. i
.; .

lTov.-Dec•.
.1966 . 1

June 1966.

F1

G7

"

12 30-49

'7. 30-49
'9,11 "'~5~'

lIenn· summer ..... . -77" 0.08 139 5578

1304
6774
3608
2663
508

5793

I

24
128:
28
72,
30
72:

I 41
'"

414

20
156

27
175
298
668

i16
170

1
132

t 132
1:80

:35

4

65
44

133
15

2
9

.• 28·: 1.18
,·5' 0.82
':16 1.03

6 0.41
. 11· 0.10

5 ; 0.11
-~•.. -I '.' _...

16 jO.l0

1st autumn .
1st nnter
1st autumn
1st vinter
1st .summer .
2nd n

"

.' .'"
'8 .. :.

10,'

4

l ·1



•

1 ,.
I ! ! ! I

Ret'. Length Libera.Hon Recapture ; 1ro. 01' I 2' - - j azt .. ,
V i t V-I;Area ! I returns

a I 'l' INo. group p6riod I period I i

1 I I I I22 50-69 H6,7, Oct.-Dec. 1969 1st autumn 12 1.96 45 i 53 10 20 t 452I I
,

IN7 1st 'Winter 27 0.19 I 31 i 272 90 17 I 2774
I 1st summer 5 0.37 10 j 301 221 82 I 2122

I 1st vinter
I I

I i 1
I ,

I16 50-69 F3 Autumn &vinter 39 I 0.29 187 ! 183 41

I
12 7676

17 and G3 1964-1970

I-
19 I 0.32 92 \206 37 12 I 3457

18 :::; 70 G4 26 0.50 56 7 80 40

I
4468

19 J3.4,5 I 23 0.19 52 i 162 40

I
8 2090

20 33 0.46 11981331 30 14 5942
46 26 0.03 I 45 312 I 60 2 I 2723
47 10 0.36 I 33 18 159 57 5272
49 51 I 0.16 36 121 I 78 13 2828
50 2nd " 5 0.06 I 22 15 432 24 . 9631

5 j 0.10 . 4 24 I 5~2 53 2128
27

i
0.05 7 33 440 22 3244

3rd " 3 0.09 10 350 770 7l 7595
_. 9 0.04 6 50 790 32 4675

i

l·iean 276 0.06 80 30 I 143 9 4364l1inter

1st summer 16 0.51 25 359 174 89 4409
5 0.41 18 323 154 62 I 2855

23 0.61 41) 358 175 106 I 8054
16 0.25 23 12 151 37 3425
19 0.64 86 350 I 153 99 . 13118
25 0.58 32 1

I
196 .115 ! 6307

4 0.69 6 342 173 119 1088

I 10 0.39 9 8 ! 270 106 2446
120 0.55 32 17 I 204 114 6504I2nd " 4 0.08 6 349 I 585 46 3287

4 0.11 19 345 , 653 70 12246
33 0.23 8 \ 12 ! 552 125 4452I

3rd - " 2 0.19 o I 334 I 885
1
166 8

7 0.09 12 349 I 917 83 10771

Nean 288 0.38 30 8 267 101 6339

1st autumn 5 0.26 21 17 241 62 5136
5 0.31 8 359 240 76 1939

18 0.12 14 6 308 39 4426

I 9 0.04 1.0 180 80 3 78
33 0.22 40 29 312 69 12479

2nd " 7 0.09 13 9 677 61 9006
11 0.04 18 22 423 18 7834
21 0.10 14 6 677 I 65 9443I 3rd " 2 0 0 ° 795 0 0

I 7 0.03 6 31 1024 30 6205

I IIean I 118 0.11 I 20 17 435 48 I7784
I

5



Ref. Length i . Are~ . . .. Liberation Reco.pture 'lro~' 01' .. +.' - - 2":::"
V 0.'- 'I' t vt o.t

No. group period period returns

14 30-49 JJ,4,5 ' . Jan 8: Feb '68,169 1st autumn 9 0.85 '55 236' 19 16' 1046
15 Deo. '69,J~. '70 1st \1inter 124 0.07 22 218 51 3 1122

1st summer 35 0.39 22 346 145 57 3120

55 ,~ 70 E51 Junel965 1st autum 8 0.17 7.4 12 139 23 1031'
56 1st r.inter' 2 ' 0.26 16.0 17 240 62 3852
57 1st su=er 3 0~31 22.5 6 390 121 8767

Sep. 1964 1st 'l'Tinter 31 0.07 2.2 90, 35 2 76
8 0.03 9 53 165 6 1523
5 0.50 26 34 174 87 4481

Feb. 1965 2nd " 13 0.08 17 17 367 29 6342
2 0.04- 0.6 90 510 19 321
5 0.26 12 22 516 135 6419

58 <.. 70 F51 Sep. 1965 3rd " 5 0.11 18 27 714 79 13158-..;

1linter me~ 69 0.13 9 28 221 29 3158

1st summer 18 0.21 108 303 115 24 12512
2 0.24 37 244 270 64 9932

2nd " 7 0.35 28 17 497 174 13997
2 0.21 11 ,25 630 131 7146

3rd " 4 0.24 34 360 863 203 29479

llean 33 0.22 72 360 327 72 14402

1st autumn 18 0.12 46 332 237 28 10866
29 0.04 3 69 66 3 206
24 0.48 29 49 40 19 1161

2nd 11 ß 0.05 6 ' 26 611 33 4007
8 0.13 22 248 398 51 8659
5 0.07 1 33 402 29 499

3rd 11 2 0.11 12 19 1005 110 12473
5 0.06 9 0 786 48 7119

I1ean 99 I O.cYi 19! 3 234 I 14 3978

. '" ..- ," ..

6

•



Tab1e 3

Showing values cf a2 by successiveperiods of recapture' (numbers of f1sh in brackets after each value)

..

---::--~d( a) I Re!. lios. »

.' Area . _____ 1 2 3 1 I 2 3 1 2 3 (i'rom Tab1e 1)... .'

Sk3.gerak
.. . "

)0(26). 13(66) . 8(65) 13(26) 6(84) ----::--.---.-,- -- ~ 1-6- ..... ,

Scottish Coast. .. . 11(459) '. . 2(446). 6(402) 3( 128) .2(27) . 0.6(8) 0.5(4) 23-33. ..

,-Engl1sh Coast(b) . . . 12(613) 13(165) 19(98) ..... 7(69) 10(23) 14(7) 6(18) 52-54 ....

.. 60(63) ..- 65(493) . 36(152)
. ...

.. Central .' 21(150) 17()76) ,l1(125) .12(114) 10(124) 9(39)
..

34-45.

Southern B1ght
. '

.. 61(392) 42(291) 21,(226) .22(347) 25(107) 13(71) 7(33) 10(34) 13(20) 12-22 :

46-51

Engl1sh Channe1 -I 17(20) . 24(69) 16(28) I 26(13) 11(23) 12(13) ! 20(8) I 10(7)
. -

I 55-58

(a)l January-AprU

2 }.!ay-Augus t

3 September-December

(b)Engl1Sh coast north from F1amborough Head

•



Tab1e 4

2":"Showing va1ues of a t by successive periods of recapture (numbers of fish in brackets after each va1ue)

___~a) .
1 2 " 3' 1 2 3 2 • 3

Ref. Nos.. 1 ~ (trom Tab1e 1)J\rea -___'

Skageralt . , 942(26) , 1392(66) 1337(65) 4515(26) 5475(84) -------- ------- -----+ 1-6

Scottish Coaflt 364(459) 375(446) 299(402) 489(128) 564(27) 205(8) 426(4) 23-33

English coast(b) 539(613) 1325(165)
..

2419(69)- 3280(98) 4828(23) .8865(7) 3801(18) 52-54
,- "' ~

26Ü(63) 3593(493) 4343(152) ,
.,

,3786(376) 3639(125) 5171(124) 6203(39)Central 5943(150) 5782(114) 34-45
..... -. ,

,I -665i(291) 3i99(226) 2246<:347)
. , 12-22Southern Bight 2906(392) 7967(107) 7129(71) 3955(33) 7607(34) 9901(20) 46-51

I

Engl1sh Channe1 ' ! - 11261(20) 3444(69) 4455(28) 11088(13) 4514(23) 7579(13) 16526(8) I '8649(7) 5~-58

(a)l January-April

2 ~1ay-August

3 September-December

(b)Eng1ish coast north from'F1amborough Head

• •



Table 5

IIean Values of' a'4t I Vo1ues of' R*

I
Areo. A B C j A B C

Skagerak 1265 3795 - I 61 108 -
Soottish Coast 348 487 426 I 33 38 37

NE English Coast 706 3155 5220 I 47 98 126

Central fforth Sea 3667 4255 5568 107 114 131

Southern Bight 4166 4072 6749 114 112 144
I

English Charme1 5201 5824 10403 I 126 133 178
I !

A - means of' the first 3 periods of' recapture (1, 2, 3) in Table 4.

B - corresponding means f'or second 3 periods of' recapture.

C - oorresponding means f'or-third 3 periods of reoapture.

* R = 1.73 ß
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MEAN ' CATCH'· PER' IOHRS 'FISHiNG OF LAnGE COD BY iVlOTOR TR~.WLEns' If-l fNGlAND

1900-64 ... > IOcwt G-s "':'\Ocwt 9 ..3 - 5 cwt c":' 1-3 cwte GI <I cwt

.:.

-

I
,-i'

- -- ,",

E F G H J K .L M N., \lI Q Cl ~ .;-

~ (;) $ 0 ~ ~
~-

e <9 0 (3 0
,)

~ -

•
'e•

, - .

J K L M U

•

HGFE

••
o~AV-B'" C

f- 7--f---t--t--+--'--+-+--+--l--I--1

f •

-

•

t

0# • r l ..("_

• • • 0 . /I" '\T ~ i> . ~1 .
~'. \. f~ -

/ '" -,, fJr. ..
,-:?J ~~ Fig.7

. 11-",I· • ....,~ APRil' _
~o /I-V,~ I I· I ;'



6

5

'l'" ",,: ,~ ,

MEAN CATCH PER IOHRS"FISHiNG,' O~ LARGE 'COD BY t·10TCR' SEINER$ IN ENGL/\ND:

=>IOcwt ~=,5-10cwt ~= 3-5cwt

M N

',.



M!Ni 'CATt:ti Pm ~~ fl"!~a c:' COO LA.~D· o...m,~=t tU r~-rC:r'f~~~ t"i ~IY~~...
:t:!.,...!..W_ K.l ~U..!!.. '" . 8 .L ~.e- _I... ,,-1_ ....'1- N .I

X

\-t---+--l........-+--+-.-L
FIG 11

•• r-:!-

x

VY \Dlu/.,., Z::!A .. c: P Il .. /I

j'! I
~- -l--...-+...----+--t-1--....--+--+--+-~_t

,I I I • t"l'I.
I I I! 0" Ur

L-__~! .1. 1!J}'Ji~,
:In I l ' ~ weG

FROM· WEST 1970 '

n..... .."" u
~. I" .. _.... t~- .:!.- ..

..~.. ".-.._.~ _.. '.-
....

';,a ~

~' G ~f Cl) le_.•------r- ....,~

~
01 ! C) c )( I.

~ Ge» e I. ! I
8 • I --t--r:- :I i· )( l(

hl' ~" j. -- -t-;-r--i'- I6 ~~ltJ.7
0

l\- _.. -;i-~-' "-!--r-+--;-l,@ ~ Q

- (!. ~. ~l X/X I
1 I.... "\ '

"
~. -li) 'ß !...l-t-I ! ,

.~- .
!!P' e ~11 fi 0 0 i i ! ,

J~ '.~~l ~
I !,,", 0 ,I'

r ir',-, -~ )( . ; I
~

8 \.
' .. r-- . i .~-

~ \l-- ~-t-.' ---
l'l . f:G: 13



l __

.. r-'I"M LO H I. A r. ,,- -~ 001·· • . 16 l. ti'-rr

. ~
: 1·1:' · . l .:ri._ .- fo..__ ....-.r--t

r1. '__. ~I I.
. ,

._- . '
f-':" 1--.

-~-i -lG-p: .._-. , o (W x @....
, • Ei) 0 ~ ~ ~ . "~, ---tf-r·--

~~~ 0 0
. ,.,~

~- -- ......_- ..·-t--L·-+---
" I~ e ~!Q ~910 ()

't. . x t~~__.~ ---
..._. - x x_~t) '6!lO e ~ <3-" .,....-: ~.

~~t000~·... . I t ~Il
Ir i .-,' }-~- -;'0 0 .Jt )( .~-:p .. ~-- -,- "

~-r- it ...~~ f!l.!. .!.~. ~~ .
l:J

4!ll e '. x
-1-fo:"-:

~-~
)( x'~/r ~~ • 0.- "X~. I -~ -

[0--
~. x,"

.,

In I. x . ~~ .:_,: Vx 17. : IX )("I· . x

: " ~'.~
-,

flCi 16:!
.



IlOS

267
~ 2376e

7°
I

249 300 .

1$4;}· 'i
~

~.o
3S

27 0
il

o

!8
o

15•
23
9

FIG.19
NQ.OF O-GROUP COO

Q'E:orcloss 196~ per
100 OOOm'! fishcd

Storn Trawl survey Sept.pct.l969
(from Ooon unpublished dote.)

si'



'f .'. _ ,_ ..•.

10 0(1 10 ..0 ,0 ..0 ..0 (I 0 ".. " .. " b 7 r..'
'r'-~--""-'-'--r~-'--"'-''----r---- -. l'··----·· rc---l-~--"~-'.--..,..--

r
•

o
o

0'

•12

•..

o

b•

•I•I'

.,
14

.0
21 Ib

10

b •
Gi

•Itl
b

•o

o
11

~b•••3 7

14..
1o•

2•

o

o

11

o
Cl
1

1
\11

100

G

:so•
22•

o
I•

1•

Ib•

be

FIG.20
No OF I-GROUP COD
(Veorcloss 1969)
Germon Engfish .. Dutch data
F~brucry 1970.

IlO '414

eC?
tJrP ---

I! J•• o

11
11

o

1•41•
80•

81

o
&1•

o

o /t7•
20•



..... '-"-' .... -_...•
19 :
,60" _.:

13

20

,........---------:::---:--~-~---=--:---------
9° B

O
7° 6° 5 v 4" 30 2° ;0 00 10 20 ~" ..;3 50-;;;:'-'

·UU f VV. \/\1,. XX ".ll Zl AbC 0 r f r. H J l( l I
·l'J1~ -, It ...~.._..,

"1;' Il i .

'4.. ; " ~,(;,9~ANI'% , : ! :

1I . ;·f··-~t · 'I"H+H'l,.~~.K•.~.''.'-"'-~.. -'---'~-'---
• -57°: .. -~.-". ·~l ~~ 7///";;. .•. -,.~ ...

::--~-_._~~' ~~ . "~_LU p! IJ··;--

; , mm frcm Wut 1970 -. , I
•

,sf [ffiJ] frOITl additional data ", I '. I ~,~',"... ._.
.. ' supplicd by mtmbt~ of th: U ..
\20 .~'""09.;.;J9~P' •.

z~"" ~
I
51° .

51



... --.'- ..'''~-.,~.

A B C D J:" F G H I 'I."" I ~. N 0 P
,25 .'-0-"-11'-:'\..-"'--"-,'--!--(-5°-;: • •--';' , "T, I"';~l]jI , l~l1l' J

24 1---1--I--f--I--+-+---f--+---I--t---1-t--l--I-,!~~;,f 24
23 .~~1 lil' 23

: 22 :=:=:=~~~~.q.,~~._~':~:~::~;---~---;+-f--_oi-f---~+1---_11_' ~=-' -1f 22
21 ' i"\\ , .: 'i. " . 21

20 I 4~tI~.--+_'~-I--+--+-·j" 20
19 60" .• ~\< _~~ 19
18 . /!" ~, 18

I--I--+--i---!-'-"-I-+--J--f---t-:-'-t--+--I-+--+-.-I--4-1 '~
11 ~I:: ~\ J1~ 17
16 .~~~:{ ! 16

15 ~I1F~"""l5'~'f"-" -+--+--r---t---+--t---+---I-+~T='~'------'--
U .

13
I~'

:1 .. ~, - I -:/t ~~
.: .'-5' i ~---~;L:/ ~t ~. . i ~d ~

07 -.,/ ··l [} \'.. ~ ~~~ ifJ I<l~ 07
· 06 ~" . ~ ~ •~ '\/"' 10. 06
· 05 --(~(\,...,~ i ) lIE~ .... -,"V ,i.l 05

04 ti .. j i; · . v -'l~ . ",.;tV5.· =04
ro _~ ~ ~~ ~~5°' ,03

· ~; e./· '~./'oop ~ ~ FIG 22.· . -8T.
, !7P lJ rrv--~ ~r~ L1E.'ERATION ARCA AND SEASON, ....-- ) J QF, TAGGING EXPERIMENTS
P8 500 cl,., f'"' CARRIED OUT IN THC NCRTH SEA
97 ' ,.';'-) Ir AND THE SKAGERAK.

_l,' .:~~I~" \......:..0..'0 SEA~ OF RELEA~E.P6 ~.~-t---~~--+--+~~ ~~~ ~ SUMM~R
PS 1-+---+--+--+--+---'+.i:~ @S> AUTu~"m - '
{J4 I.~

U3 o"w: 5~""l-R Q;) WINTER

, I I I I I I I I I I , I I , , I I t I I , ,

.18.. 1P.. 20.21.. 22.23. 24..25..26.. 21.. 28.. EP.. 30.. 31.. 32..33.. 34.. 3S:. 36.. 37..38.. 3fJ.•



•

V'i ..., ltX ." n ... • C D [ , G H J ~ I LI", ,d '?.L~J~Q

"' ? NOI<"'·~OIA.N P\TA • .,

<t. I
~. RH.i:. ~SFO ,;

I
01::1114 -

~ M".~
5{

.,; "":( NU. _

(' 1~54-!~63 14

~~ I-.t;1~ " I f'-.... ~ '_lI<

I-I:- ~:M:i
57 ClI": .'; v I......

tcW-~""V I I !I' r-I.J

Ir ~
~ .A

.' -, 'J.'t,. 2 '/, 11 I ..... I " ro

sll.-(~} " " . l-

~Ft
\ -~ rt-!

~
Lr- I -~ I e

'\ I I 1. '.
I1 .. I /1> •

r;st - )~ \ I
;~~ ~

'F"\ 4
,,) - '-; J51 )

,,..I ;A.. ..... J _.r ~ 2

5J' .J.,;:7'
~

."...,....,',,/. I-I A"'\.. 5!..
~ h T>I t l.S u_

I I [r..., r $I
6r- 4 ~ "\. a:;;;;

.. " ~. " t' ~.. t' " '( " 'P' i;;

VVWWU",'IlA

W WVI •~ I rf Il t ... ,
eiD I [I F1_'!.G~.~.piJ~J~~±

,'-l- k...}, I I ' ~m-m f:.otoHt'Q'~~ 20
~;. _. rl- r.r RCU:AS~ C.9 -;.. I -<t~-i f ••

~:)

ij" lT'" .t M,\y~ 'I

5'''' '. 1 '7 L~
~.

{'" ,/ 16

,;-s~~~bj / r--... ,/ '5. ...
f-h< t 9-~ ]t ')57 vp, .«- - __,~.

..~~· ·f.r"'-~:, l-
'II.~ '- " tO• l-

~~l- t:i'\. ~ ,.
~ >~fZ ' \ ~'4

f.. 1/..) .,. "_ '~J

• ~i-t~ \ t~ ;,u :-} '" "
,sf

r--Jl-~ , I !
~'-". A / ~~ ~

· )..;7. :i- /,...."" ,
5\ -Ir .......... 5!.,

~l;.f ~/ r" > 52

I i I I 1".. ~ s.
i.- . " '( t l' t' t' ~. ,,' lfI (;.. 6r-~ .. ~ "\

W ",,' Xl r,ln " .'.c I D (. F G H J KI Lr",TNJolpjQ
h· I~ '''-'''I rw:oro (j906)~

I I~~ q ~~07 ""',
II ~ NCN.1%3 -

M' -~ . L~59 r'"~ r . /' '6

,S<>,..-

~~ ~:-'"'
1'-... ./ ,.

..... 14

51}!~;t. '" ? J I)

I,., L J -~ I~
4 '')1 ~.:2 f''i.'7f "

~~):.~ \ \, 1\ I'" ~ bJ.~
.~. ~.f-!

~ 11 '\r I- _ - V ."- , ~
...f ~_~N\ \ u~ s

/&> -
-~--~ </",,\ 4i

. 5o'.J" J !.
I,.) ;........ J .r , ~ 2

I .J.,;.l
::?-y~

-!.. I

I .A"\. -SI

srJ ;:'/'1"" . V D
I I 1",- V"' S1

.~ ;,.7.. • "l~ • " ( l' 4' l' t' l' " " Ip" \f';;



... - ... ..,. .. .

•

)

2

WiNTER RE_....;;;..:..-.c""~



•

1tt.)"\'Cl'

~~~
) ...JI..



4

SI

S~

H

1" f f ~. f f r" f '0· ':.....

u

•• 10· 'r~1 e

L



•

•



•
..

f!:?,;..~.

P''''t:'lll<i::~~

C:::::"::l !1t.)~,.

c.-" IUt~'Mld

~~ ,""'!A lf.l ~<m.



•

VY WVI xx 1'/ H'

WW\'tXXY'l

5.~-I--I-~-1--"'\1

$)

1-l-l...-l-l-.L-...l......L...l.J-..!-..!-..J_..J-..lU_·...;(..t f f Lire irr:
F'G.2';>.

-- --------------1



'IV ww' Alt . Y' . u I 0\ , a ! eiD t I ,

\.-::::::::~ I~ )~.

c::::::::. J\ll>5~
y«Jt"J

:: : :::. .;:. Il<lttid Oll
_ ... -_ .... fCWfbh""---_.

~
3

2

;



•
•

FIG.31. SHOWING VALUES Of if DURING S'JCCESSfVE PEP.lODS C~ RECAPTURE
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FIG.32. SHCW:N(; VAl uts OF 0 2 DURING SUCCE5SiVC PERiODS OF RECAPnme:
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, • FIG.33. SHO'ftlNG Sf:.A:;CN,AC VARIATiON IN THE VALtlE5 OF a't
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