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There are three graups af autumn spa~ning herring in the Narth Sea, the

Do\vns, Dogger and Buchan stocks. There are three mixed fisheries in the

northern North Sea,: tho BUchan' pre-s·pav.ning fishery, the Shetland fishery and

the Fladen fishery. Here we are concerned with the proportions of the three

spavming groups found in the three mixed fisheries. Waod (1936) showed that

the Shetland and Buchan fisheries were to some degree related and that Dogger

fish and probably Do~ns fish were to bc found on the Fladen~ .Andersson (1950)

showed that Fladen fish, probably Buchan spawners, were to be found in winter

in the Skagerrak. Downs fish were shown to move through the Shields fishery

in early summer, presumably northwards, and in late summer, presumably south­

wards (Burd, in Burd andCushing, 1962). With the use of meristic characters,

Krefft (1954) showed that Do~ns fish were to be faund in summer in the Fladen/

Gut region.

Cushing (1961) ina progress report to tho Herring Symposium of I.C.E.S.

attempted to estimate the proportions of Downs fish in the mixed fisheries in

the northern North Sea. The method used was to correlate catches/effort in

the East Anglian fishery with those in the mixed fisheriee. In order to obtain

the greatest quantity of i~formation, catches/effort of a number of age groups

were used. Adjustments were made for tho effects of mortalit,y between ages

and differences in abundance between years. Regressions were calculated and

the estirnates of mixing used ~ere the means of (1 - a/y)100 and (1 - a1/x)100,

where y is the mean ofthe measures of Do~ns stock, whcre i is the mean of thc

moasures of tho stock in tho mixedfishery, whore a iS'a positive intercept in
1the regression y = a + bx and whoro a in a positive intercept in the regression

x ='a1 + b1y. A bias was detected in the mothoj (Cushing, Revisions and addi­

~ions, Working Group, Hamburg), whcn onc age distribution changes its shape

relative to tho other, as for example through a recruitment change in time

confined to one stock, or through a change in mortality in time confined to

one stock. Tho consequence is that an average estimate from 1930-58 cannot

be made, but that the period had to'be split in two parts, one before tho.

recruitment change in 1950-1 and one afterit. The results for the pre-war

period are given in TablcI (taken from Cushing's progress report to theHerring

Symposium, 1961).
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Table I Tbc proportions of Downs fish in the sumner fisheries in thc
northern and contra} North Sea

Ages (1-a!y) 100 (1-a1Ix) 100 M:ean

Buchan . *
57.8%*pre-spawning..(.1.930-55) 4-7 73.9% 65.8%

Buchan
spavming ( 1930-50) 3-9 Not s Not s

Shetland (1930-50) 3-9 Not s. Not s
* * 26.9%Fladen ( 1930-50) 3-9 24.4% 29.5%

.( 1930-50) * * 36.1~Dogger 3-6 36.3% . 35.9%

An astorisk indicntes that thc regression was significantly
different from zero.

There are two conclusions to bc drawn from this table, th2t thc Downs fish

. are found in significant proportions in tho fishcries where they oight have

been expocted from an examin~tion of tho literature (Buchan pre-spa~ning

fishery, Fladen and Dogger) and that they are not found in significant

proportions in tho t~o fisheries whore thoy might not have becn expected

(Buchan spa~ning fishery und Shctlund). So, qualitatively, the method

rcvealed tho structure that had previously emerged from the examination of

age distributions und meristic characters refcrred to abovc. Q~~~titatively,

tho method is subject to Q ~ajor source of error, in that thc measure of

mixing and yoar elass correlation cunnot bc distinguished. Such year class

correlation could bc positive or negative. A main part of this paper will

be concerned with tho proper estimation of thc yoar clnss corrclation.

In thc early fifties t~a extensive biological changcs took place. Thc

first was the change in thc recruitment pattern in 1950-1, which was exten­

sively spread ovar the North Sea (Cushing and Burd, 1957; Parrish and eraig,

1957;· Burd and Cushing 1962). The second, which was probablya further

facet of tho recruitment change, was thc sharp incrouso in the magnitude of

rccruitment to the Buchan spawning fishery in 1953, iricreasing the total

stock in that fishory by 1955 (Parrish and Craig, 1962). Tho effect of the

recruitmcnt change on tho Downs stock was to make rocruitment campleto at

threo years cf aga; onthe Buchan and Dogger spawning stocks, its effect was

tomako recruitmont noarly complcte at four years of age, but not quite.

Figure 1 shows the porcentages of rocruitmont ao at three, four und fivo years

of ago in tho Buchan spavming fishory, thc Dogger spa~ning fisher,y and in the

East Anglian fishory. A natural mortality rate of 0.2 Was takan and values

for Z for thc particular years were estimatod from catches/effort taken from

Parrish and Craig (1961) und CHis (1957, 1958 a and b, 1959, 1961). It will

be seen that since 1953 East Anglian recruitmont has been practically complete

at threü yeurs of age, whereas in tho Buchan spawning fishcry and in the Dogger

spavming fishory a peak of thrco year old rocruitmcnt was roachod in 1953, after

which it declincd till 1957. This apparcnt retrogression of tho recruitment
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changes on Buchan and Dogger is of thc grantest intorost y as sone small

cvidence of such retrogressionwas given in Burd and Cushing (1962)~ howcver,

we are more concorned here with the unexpectod persistencc of partial rocruit­

ment to thc two northorn stocks during tho fiftios.

Analysis of the biological changos in thc onrly fifties has been much

aided by tho uso of the October'Belßian aBO distributions on tho Doggor,

which are probably composcd prcdomi~antly of Dogger spa~ners tGiIisy 1957,

1958 a and b y 1959y 1961~ r6eion contralo da Ia Mcr, du Nori7. Tablo 11

givos the proportions of fish in stages VI, VII and VII/lI on thc Dogger in

Octobcr.

Table 11 stagos
from

•
1949

1950

1951

1952

1953

1954

1955

1956

1957

1958

1,959

89.8%

46.3'/0

28.6'/0

30.7%

51.3%

h1.5%
64.0%

No samplo

76.9%

12.0'/0

59.1%

No maturitystago sampla in tho Scottish/German data

The low values in 1951, 1952 and.1958'ID3an either th&t somG East Anglian fish

were presont or that thore are small annual variations in thc ratio of spa~nod

to unspawned fish in tho fishcry. E~st Anglia~ fish are not proscnt in thc

Silver Pit fishery in carly Octobor (largoly bec~usc thc main bo~ of East

Anglian fish is already furthGr south) ~nd so it is thought that thc variations

in the ratio of spawned to unspa~ned fish is tho moro likoly cause. Thc

average valuo cf the ton samplos in stagos VI~ VII and VII/lI is 50%; as a

fair proportion of fish in stage V munt also h~ve been Dogger spavmers, it

is roasonablo to assume that these samplos werG prodominantly Dogger spawnors.

Whon an attcmpt was ~do to ostim~to nixing on tho Fladen from 1953-8 by

correcting thc c~tchos/effort of ago groups for diffcronces in mortality and

abundanco y a pronouncod nceativo correlation is found (Figura 2). Such a

negative corrclation did not exist in tho pro-1950 matorial (TabIo I)~ so

it is possiblo that it was generated oither by tho recruitment change or by

tho increaso in magnitude of the Buchan s'tock. Figure 3(a) shows a rolation­

ship in aatch per effort betwoon tho four YGar olds at East Anglia and thoso

on thc Fladon from 1930-48 (be fore tho rocruitmcnt chango) und Figuro 3b shows

that between the three yoar olds at East Anglia and those on tho Fladon from

1953-9 after tho rocruitmcnt change. In both casos thcre is a negativo' '
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fishories. There is no relation, althoußh tha~e might bo a nogative

regression in tho yenrs 1953-57, Vihich oight account for .the negative regres-

sion found in tho corrected data. (Figure 2) • Tha most important point,

Theproscnt conclusion

botwccn East Anglia

Therc is no correlation at all between ~~y

negativo corrclation betwoen Eaat Anglia and Fladen.

is that thora is areal nogative year clasa correlation

and tho other two ntocks at throo yenrs of age•.

It is worth noting that the negative year class correlation found bot'veon

regression of the stock of fUlly rccruitod fish at East Anglia on the stock

of tho sane aßo at Fladen. This suggests that tho neg~tivo regression nhown

in Figuro 2 liko that in.Figure 3 is a form of yoar class eorrelation. No

eorrelation anerBen bot~een threo year old stock at Enst Anglia and that on

the Fladen before tho rocruitmcnt change or between four ycar old stock nt

East Anglia and that on the Fladen after thc recruitmont change.

Figure 4(b) shows' a significwnt regression of thc sum of Dogger and

Buchan spawnorn of throe years of ago on tho Fladen stock of thc name age,

during tho fifties. This might sugeGst that thc Fladen stock was composod

only of Buchan und Dogccr spawnors. There is a positive intercept in this

regression, which .inplies that a proportion of the Buchan and Dogger spa\7nors

doos not ,reach the FI~d~n~ Figuro '4'(~),' sho\'JS a negative (but: not significant)

regrossion'of E~st Anglian thrce year old fish on tho sum of Dogger und Buchan

spawnors - ~hich tends to explain tho neßativo rogression found in Figures 2

und 3. This analysis shows that tho negative year claes correlation in

Figures 2 and 3 cen appear betwecn East tillglia and Fladen whon fish of tho

Buchan and DOGf.;or stocks are prcsont. This conclusion rosts on thc corrola­

tion betwoen Fladen and tho sun of Buchan und Dogger sp~wners und upon thc

stock an at thrCG ycars of age.

cf the pessibla variables. This means thnt there is no ycar class correla­

tion betwoon tho throo spa~ning stocks takan soparately.

Figure 6 shows tho relationship botwocn tho total recruitmcnt at E~st

lillglia and tho sum of total rccruits to tho DoggGr and Buchan spawning

thc East Anglian fish and FInden fish is of the same nature as Popp fhdsen' s

(personal communication) description of events on thc BI~den ground - the

East Anglian recruitment during tho fifties was invorsely rolatcd to thc modal

length of 11 ßroup fish in the Blpdon nutumn fishary. If this connection is

areal one, tho obverso conclusion can bosuggestod - that thc BI~den ground

fishery probably consists of E~st Angli~, Buchan und Dogger spawned fish.'

Tho most importnnt question is whothor tho negative rolationship botween ~

East fillglia nnd tho s~~ of Dogger and Buchan spawnors is found in total

recruitment. Figura 5 shows the relationships in rocruitcent betwoen East

Anglia and Dogger spawnors (1949-59), Dogger spawnors and Buehan Gpawnors

(1949-59) and East Anglia and Buchan spavmors for two periods (1930-38 and

1949-60). Tho recruitment is estimatod as stock of throe yoar old fish,

stock of four yoar old fish, the sum of threes and fours and the total rccruit
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however, is that the negative regression'found at three years of age

(Figure 3(b)) has disappeared. Ifthe negative year closs correlation

between East Anglia and the Fladen were of the same type ac that found by

Popp Madsen, then its disappearance in total recruitment must mean that

there are sources of recruitment to one or Doth the Buchan and Dogger'

stocks, which are outside the Blpden areal The other important conclusion

is that by the time of total recruitment, there is nö evidonce of year class

correlation botween the stocka taken together as weIl as taken separately. '

Therefore the mixing rates for some fisheries using the correoted ~ata where

only two spawning stocks are involved (e.g. East Anglia and Dogger) in Table

I are probably good estimates. EIsewhere where three stocks are involved, •

good estimates are likely so lang as totally recruited fish are used. It is

thought that the case shown in Figuro 2 i8 special; it ariseo nowhereelsG

but on the Fladen from 1953-58, when tho proportion of partial recruitment to

the Buchan and Dogger stocks wae minimal. It 8hould bc recalled that the

4It relation between East Anglian three year aIds and the sum of Buchan and Dogger

three year olds is not significant~ The argument rests on threo points:

1. the negative regression of East Anglian four year olds on Fladen four

'. 'year aIds before the recruitment change and that of East Anglian threes

on Fladen threes during the fifties;

2. the lack of correlation between the East Anglian fish and Buchan or

Dogger spawners, taken separately during the fifties;

3., . the lack of correlation between the East Anglian recruitment and the sum

of total recruitment to the Buchan and Dogger stocks during the fifties.

Therefore it seems that the nega~~ve year class correlation found is a special

case in the recruitment mechanisms.

The analysis of the pre-war mixed fisheries given in Table I used the

mixed stock and one spawning stock. The estimate of mixing so obtained

includes a component of year class.correlation. Figure 5 shows that year

class correlation between·the three spawning stocks taken separately is non­

existent. Figure 6 shows that year class correlation between stocks takcn

separately in total recruitment is non-existent. However, there is a special

case of,a negative year class correlation between fully recruited East Anglian

fish and thc sum of partially recruited Buchan and Dogger spawnars of the same

age as tho East Anglians. This negative year ulass correlation disappears at

full recruitment to the Buchan and Dogger stocks"but it,is possible that a

special case occurred on thc Fladen from 1953-58, when the partial recruitment

tended to be minimal. So year class correlation probably,played little part

in the pre-recruitment change estimates given in Table I.

In'the post-war fis~eries it is possible to estimate the degree of mixture

using thc mixed stock and all three spawning stocks (using thc data sources. . . . , . \

quoted above). Then it becomes necess~ry to add the estimates of mixing based

Cd
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(b)

(e)

(d)

'.(a)

The relationship betwoen Buchan spawners and the Fladen

fishery in catch/effort data.

Buchan spawners on Fladen, 'for each ago separately, 1930-41.

LThere are slight positive regressions of y on x for the

agos 5, 6 und 1 only; the complementary regressions are

non-existent,implying that the Buchan spawning stock

comprised only a small part of tho Fladen stock at this tim~

Buchan spawners on Fladen, agos 3 and 4 combined (r = 0.05),

and ages 5-9'combined (r = 0.22), and corrected for differences

in mortality and abundance, 1930-41.

Buchan spawners on Fladen, for each age separately, 1953-59.

LClear regressions are found for the agos 3, 4 and 5, but

poor ones for the older fis~

Buchan spawnors on Fladen, ages 3 and 4 combined (r = 0.69++)

and ages 5-9 combined (r = 0.48++) and corrected for

differcnces in mortality and abundance, 1953-59.

LIf the combinod data are separated into the agos 3, 4, 5 arid

6, 1, 8, the respoctive correlation coefficients are:-
++

r 3,4,5 = 0.69, and r6,1,8 = 0.23. So tho combination of the

data leads to the same conclusion as tho qualitative study of

ages taken separatel'i-7

The relaticnship botwoon Buchan spawners and Buchan pre­

spawnors in catch/offort data.

(a) Buchan spawners on Buchan pre-spawners, 1930-41 and 1952-60,

each ago taken separatoly.

LBoth bofore the recruitmont change and after it, thera is

correlation between tho two groups at rocruitment, which is

not maintained amongst the older fisb~

(b) Buchan spawnors on Buchan pre~spawners, 1930-41 (ages 3-4,
, +,.".

r = 0.40, and 5-1,r = 0.43 , separately) , combined, and

corrocted for differences in mortality and abundance.

Figure 1

on different scales. This can be done by putting the estimates into

standard measure. The correlation coefficient'and the mean of regression

coefficients are the sane thing, boing independent of units of measurement.

Hence, we can use the correlation coofficients directly as measures of

mixing, so long as tho stocks are roasonably the samo in size (see TIorking

Group Report).

The data on which the correlation coefficients are based and the

original catch per effort data are worth showing in some detail. The purpose

of so doingis to show why the combined data are separated sometimos into two

sets of age groups and to show that tho process of combination does not

distort the original data. There is a large quantity of information in the '

figuren and it will be set out in this text as a list of figures with notes.

Figure 8
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Figure 9

Figure 8

(c)
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Buchan spawnors on Buchan pre-spawners, 1952-60 (ages 3-4,

r = 0.67++, and 5-7, r = 0.40+,separately) combinod, and

corrocted for differcncos in mortnlity and abundance.

fJ.n the combincd data, rnthor low corrolation in found

amongst the recruits beforo the rocruitmont change;

presumnbly bocause of the lack,of correlation amongst the

throe yoar old fish. After thc recruitment chango, the'

contrast between recruiting ar.d older fish is sho~n

clearly in the combined datD~

The relationship between tho Buchan spawning fishory and

tho Shotland fishery in cntch/effort data.

Buchan sp~wners on Shetland, 1930-47, agos 3-9, each age

taken separatoly.

(b) Buchan spawners on Shetland, 1952-60, agos 3-9, cach ago

takon soparately.

LIn the period 1930-39, there is a positive but low"

rolationship at all agos, possibly absent at agos four and

fivo; during the fifties thoro is a clenr relationship

amongst tho rocruits and five year olds, which porsists, if

loss markedly,amongst the older fisp~

(c) Buchan spawners on Shotlnnd~ combined for all agesand

corrected for nortality and abundnnce~ in tho two periods,

1930-47~ r = 0.30+, and 1952-60, r = 0.77++.

LJhe incroaso in tho proportion ofthe Buchnn stock can be

seen notonly in the greater degreo of correlation in the

combined data, but by comparing tho two sots of regressions,

x = a1+b1y; in thc later peTiod~ this regression has a slope,

but there is only a slight slope inthe former poriod~

Figure 10

(a) The relationship betwoon the October Doggor fishory and the

Buchan pre-spawning fishery (1949-59), Shetland (1949-59)

and Fladen (1953-58), each age takon soparately.

LFor the Buchan pro-spawning fishery, thore are significant

regressions for tho throes, fives, sevens and oights; all

have positive intercopt8~ indicating other components,

although this is 10s8 marked amongst tho older age groups.

Withthe Fladen fishery, there are positive rogressions at

all ages, but only one (tho fivo year aIds) was significantly

different from zero. For the Shetland fisherY1 there are

poor regressions for each age taken separately, save that for

nine ycar olds~

•
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Figurc 10
(b)

(c)

(d)

Figure 11
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Relationship bctwoon thc Octobcr Dogger fishcry and thc

Buchan pre-spawning fishery (agos 3-4 combinod~ r = 0.64++;
agos 5-8 combinod~ r = 0.56++) eorrcetod for differeneos

in mortality and abundaneo~ 1949-59.
RcIationGhip betwcan tho Oetober Dogger fishery and the

Fladen fisherYial1 agos eombined~ r = 0.59++, and eorrcctcd

for differonces in mortality and abundance.

LYor ages 3-4 combine1, r = 0.80++ and for agos 5-8
++-,0 .

eombined, r = 0.63 ~
Rolationship betwoen the Octobcr Dogger fishery and tho

Shotland fishory, agos 5-8 eombined, r = 0.35+, and

correctod for difforonces in mortality and abundanco.

LIn eaeh Get of rolationships with thc Oetobor Dogger

fishery, there is no differbnce betwocn thc regressions

taken soparately and tho eombined datail

Rolationohip botweon East Anglia and the northern

fiGhories.

(a) East Anglia on Buchan spawners 1930-47 and 1949-60, oach

ago takQn oeparately? the points for 1957-60 are Ghown as

open cireles.

(b) Bast Anglia on Buehan spawnors, data combined for the

period 1930-55 and corrected for differences in mortality

and abundance.

Lfn the period 1930-47, there is a signifieant and positive

eorrelation for tho four year oldG, which is not found

amongst the older fieh.It is presumably a year class

eorrelation of the type referred to above. In the period

1949-60 thore are no significant regressions, some being

positive and some negative. The regressions for the oldest

fiGh~ 7, 8 and 9 are positive because of the disproportionate

mortality suffered by the oldest Bast Anglian fish. There is

no evidonce from these regressions of a markod change betweon

the two periods, nor of any real diffcrence ·with ages. In the

combined data for the period 1930-55, the eorrolation is not

significant (r = 0.16), although slightly positi~c;7

(e) East Anglia on Shotland, 1930-47 and 1949-60, e~ch age taken

separately.

(d) East nnglia on Shetland, data combined for the period 1930-55
and correctod for differeneoo in mortality and abundanee.

lThere is a negative regrossion at Jour yoars of age from

1930-48, just an found on tho Fladon; this regression is

significantly different from zoro ~nd is probably the negative
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Figure 11 eontinucd

(d) year class correlation referrod to above. For thG fish

older th~n four, no regressions are signifieant, but

three are positive and two are nogative. During the

poriod 1949-60, there is no rogression amongst the

rocruits. For agos 4-6, thc regressions are negative

and those for 7-9 are positive; that for the nine year

olds is significantly cifforcnt from zero. The

interesting point here is that the regression in not made

by tho points from 1957-60 (as with the Buchan spawners),

but is rr.ade by points from tho oarly part of the period

as well. Perhaps the oldest East Anglian fish, like the

older Dogger fish, found thcir way to Shetland to some

dograe during the Intor period. The eombincd data from

1930-55 yield a low positive and a non signifieant

regression for all ages. This eonelusion doos not

conflict with that for the agos taken separately, evan if

tho oldost fish did roaeh Shot land during the later perioi!

East Anglia on Fladen, 193w-48 and 1953-8, each aga taken

sep3.rately.

(f) East Anglia on Fladen, 1930-48, data combinod and corrected

for diffcrances in mortality o.nd nbundanco.

LExceptfür thc four year olds, with tho negative regression

as cxplained above, there is a positive but not significant

rogression for eReh age group. In thc combinod data there

is.a significant corrclation of 0.26 for thc period 1930-48.

After thc recruitmcnt ch~ngo, there are negative regressions

in tho data für eo.ch age taken separatoly~ für fives, sevons~

and eights, the regressions are positive. ]'iguro 2 shows tho

negative regrossion in tho combined data, whieh, of course,

as ~stimate of mixing is failur~

(g) Relationship betwcon East Anglia and Buchan pro-spawners~

1930-55, each:age takan sGparatoly.

(h) Rolationship between East Anglia and Buchan pre-8pawners,

1939-55 (ages~4-7), combincd and correetod for äirferences

in mortality and abundanco. The figure also give~ separate

rog~essions in combined data (for agos 5-7) for t~e two
I

perlods 1930-8 and 1952-60.

LIn the poriod 1930-55, positive regressions are found for

all ages sava eight and nino and those for five and six are

significantly different from zero. For the combinod ages

4-7 in the poriod 9 tho correlation coofficiont is positive

and significantly different from zero (r = 0.66++). A variant

is also given für ages 5-7, far thc two periods separately

(1930-48, r = 0.72++; 1949-60, r = 0.63++)~

-



Figures 7-11 show·the dotailed rolationships between the three

spawning stocks and thc three mixed fisheries in the northorn North

Sen. In genernl they show th~t the combination of tho catch/effort

datn does not creato cpurious relationships. If tho individual ngo

regressions nre positive und ncgative~ ~G with tho Buchan spawning and

Shetland/East Anglian regressions, the combined corrolations are not

significant. If tho age rogressions show different char3.ctcrG between

recruits and older fish, the combinod d~ta are split nnd show the same

relationship, ns with tho Buchan spawners on tho Fladen or with the

Buchan spawnors on tho Buchan pro-spawners. Again, a split between

periods, as with the Buchan spawners Bnd Shetland, cmphaeizos, in the

combined d8.ta, tho domination of the Shotlanu fishory by the Buchan

spawncrs during tho later period. When tho ~go regressions soparately

are consistently positivo, but not significant, as vith East Anglia

on Fladen (1930-47), thoro is a low, but significant corrclation in

tho combined data.

Thc data shown in Figures 7 '~o 11 may bo sUmr.Jarized by tabulating

the corrolation coefficionts. mle pro-rccruitmont change data are

given in Table 111 and those after tho chango arG given in Tablo IV.

Table 111 Correlation coefficients cf catches/effort in a spawning
stock on those in 0.. ~ixGd stockL-2.2rrected for differences
in mortality and abundance during the thirties and forties

Spavming fishery

Mixed fishery r-. ,
i IBuchen I East Doggerspawning Anglia

Buchlm 3-4 0.40 l 0.36 ?
pro-spawners 5-7 0.43+ I 0.72++ ?

Shetland 3-9 0.30+ 0.05 ?

Fladen 3-4 0.05 ?
5-9 0.22 ?
3-9 0.27+ ?

;
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Table IV
tock on- those in

I /

t~·
Buc an _2-4-_ -- -Qt1++ 0-!-6 ++
pre spawners 5-7 0'10+ 0.63t+ 0·5 ++

~ I
_L_ I

Shstland 3-9 0.05 0·35+

.b rn n' 'J- J . :i'~~, .
Fladen ,3:-:4 ) 0.80++

3-5 nertive
f--1 • 'j')) 5-9 .:.. O. 63++ ( 5-8 )

6-~ ,...·4·

Note~ The negative correlations in he fifties between East Anglia

and Fladen were' discussed above.

+ correlation coefficient is significant at p = 0.05

++ 11 ,r 11 11 11 P = 0.01

Comparing Table I with Table III? it will be seen that the

correlation coefficient yields the same estimate of mixing as the

mean of (1 - a/j)100 and (1 - a/i)100~ as is to be expected ~f the

two stocks bein~ correlat~d'are of roughly the same size:' Comparing
I I ~ t

Tables 111 and tv, it will be seen that the East nglian com~onent in
1 • I 'r

the ~uchan pre-~p~wning fi hery Läges'4-i7 is about the sam~' before

1950,as it is after that date. The Buch spawning component of
J . ..

recruits increased in the Buchan pre-spawning fishery after the

recruitment change, but the proportion of old&r Buch~n spawners has

remained constant through the recruitment change. On the Fladen before

the recruitment change there must have been very few Buchan spawning

recruits indeed and not many older fish, aftor the recruitment change,

thc proportion of Buchan spawning recruits on the Fladen increased greatly,

but the proportion of older fish did not increase so much. At Shetland

before the recruitment change, there was a small proportion of Buchan

spawners, but after it the Shetland fishery consisted in the main of

Buchan spainers of all agos. Ifter the recruitment change, there is a

small proportion of Dogger spawners in the Shetland fishery. There are

no pre-war sampIes of Dogger spawners, but in the Shotland material then,

there is an unspecified remainder, which might have been composed of

Dogger spawners or of spring spawners.

11.
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The corre~ati~~.c0ef.~icients .in T~ble IV can be used for a more

specific purpose than ·merely,·skctching the major changes which have taken

place. If wo assumein any of 'the ihree mixed fisherios there are

potentiallythreo conponcnts, tho corrclation coefficients may be combined

andexpressed as porcontages to give estimates of mixing. Hore it is

assumod that the stocks are roughly cf tho samo size. Bccause the correlation

•

eoefficicnt is tho square root of tho product of s~s of squares cf deviations
,

from eithor regression, the corrolation coefi'icients', are squarod boforo thoy

are 'added. In thc Buehan pro-spawningfishory, the East Anglian rocruits
,

play little part and Buchan .and Dogger spawners eompri.se. about equal

proportions~ anongst the older fish, it would appear that 46~ ware East. ", ~'" . .

Anglian fish, 18%,wcre Buchan spawners and 36% were Dogger spawnors. In the

Shetland fishery, .thor~ are ,only two components, 83% Buch~n ~pawners and 11%
of Dogger spawners. On thc Fladen, tho method fails because 9f the negative

year elass eorrelation with .thc East Anglian fish, but the"remaindor can be

cqually divided amongst Buehan and Dogger: spawncrs. Tablo V summarises these

rosult s.

Table V Estimated mixing rates derived from Table IV

Buchan East Dogger
.spawners Angli<i.n spawners

Buchan
pre-spawnorn (5-1) 18% 46% 36%

Shetland 83% - 11%

Fladen ="Dogger ? .-,' ]~chan I'=

'This'method eannot be used in tho material from beforo the.recruitment

changoand so we uso tho correlation coofficicnts directly? as poreentages~

From tho treatment,of the Buchan pre-spawnorsin Tablo V (compared with

Table IV),it might bo thought that thinloads·to an ovorestim~te; but the

treatment'of the Shetland material shows t~at itmight junt aswoll 'undcr­

estimate the mixing rato. In the absence of data on Dogger spawners,

theseestimates will be used aß measures of mixing •

j
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It will be rocallcd that during tho fiftion thoro was no evidonce

of yoar class corrolation botwoon tho spawning stocks taken separatoly.

Nor,was thore evidenco of yoar class corrolations betwcen East Anglia

andtho sum of Buchan and Dogger at total rocruitmcnt. This far tho, ,

correlations. betwoen thc spawning stock and tho mixod stock is a proper

ostimato of mixing becauso tho ycar class corrolation in shown not to

exist at total rocruitment. Howovor it will be rccallod that a negative

year class corrolation is found on the Fladon whcn thc Buchan and Dogger

stocks are partly rocruited. Hence thc estimatos of mixing of recruit

fish. in tho northern North Sea will be underestimatos. Whore the datu for

re9ruit fish and older fish hnvc bcen combinod, thc corrclations will

again be undorcstimatea of tho mixing rate.

So far, the catch/effort data have beon usod aleno and although

rcasonablo results have cmorgcd which conflict noi~hor with cach other

nor with our knowlcdge of tho general biological trends in the northern

North Soa, indopendent evidonce of mixing rates of 0. quantitative nature

is dosirablo •

Tho argument would bc considerably strongthonod if independent.
ovidence could be faund of tho prosenco of East Anglian fish on tho Fladen

ground. A soarch was mado in tho distribution of maturity stages on tha

Fladon. The fish 'l/ero soparated as "recruits" 01' an 'l'niddlo agod" fish.

"Rccruits" are foul' year old fish from 1932-49 (thro9 ye9.r old fish wore

novor of,~mportance on tho Fladen during this poriod), tho SUffi of throo

and four'year old fish in 1950-1 and throo yoar old fish only frcm.1952-4.

A break in the time sorio6 was mado in 1955 becauso tho increasG in the

Buchan stock starting with high yoar classos in 1953 (Parrish and Craig,

1961) bocamo cffoctivo in attracting an incro~sod fishory on tho Fladen

in September 1955 and in subsoquont yoars. This incrcaso in tho magnitude

of thc Buchen stock during tho fiftios c~Grgos quito forcibly from tho

catch/effort dnta. Figura 12(0.) shows tho corrolntion of numbers of

"rocruits" n.t East 1\nglia on tho porcontage of fish in maturity stage V on

Fladen during the period 1932-54 (in black circles) and also during tho

poriod 1955-60 (in whito circles). Figure 12(b) shows tho correlation of

nUr.Jbers of "middle aged" fish at East 1l.nglia on tho porcontago of fish in

maturity stage IV during tho poriod 1949-54 (in black circlos) and also

during thc. period 1955-60 (in whi to .. circIos). Tho regressions of. tho.\.

percentages in ffiaturity stngo on E~~t 1\nglian catchen por effort are both

significantly different frOln zoro during tho poriod 1932-54. In both

regrossions, the data for. 1955-60 lio outside the range of orror of thc

regressions for ~ho poriod 1932-54, although it is rouch loss obvious for

"recruits" than it is for tho older fish; tho points for tho poriod

1955-8 in tho "rocruit" regrossion incroaso the variance, but do not

alter tho slopo. This change is probably duo to tho addition of Buchan

13·
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spawners in stage V; which in shown most clcarly in 1959 and 1960 when

'tho abundant 1956 Yol1.r class c~o ~n. For the "r:J.iddle aged" fish thore

is an additional effect end it is tho reduction in numbers of older fish

at East Anglia'during tho period 1955-60; therc is no difforence in

moans of tho rocruit catches/offort nt East Anglia botwoan the periods

1932-54 end 1955-60, but thera is a narked one in tho nidd1e aged catches/

cffort at East ~ng1ia botwoon th3 two poriodn. Thus tho effoct of tho

incrcase in the Buchan spl1.wnine stock in naturity stages IV and V is to

add to tho quantity of rocruits und to t~ke the placo of tho East Ang1ian

niddle agod fish on tho Fladen, which had by this tine bcon roduced in

numbors VOJy narkodly. It is of course likely that the East Anglian middle

agcd fish rcnainod on the Fladon in low numbors.

Thc regressions shown in Figuros 12(a) and 12(b) relato only to tho

East Anglian stock found on the Fladen. Figures 12(c) and (0) show tho

rolationships botwoen tho porccntages in naturity stage IV on ~he Fladen

und the stocks of "middle aged" Dogger und Buch:ln spm'mers. For tho

period 1949-54, t~era io a signifioant regroooion cf the peroentage in stage ...

IV on the stock of niddlo agod Dogger spawnar~ (shown in black circ1as).

There iS'a positivo intorcept, which implies that thore is a componcnt in

stage IV in addition to thc Dogger spawnors; thc sane point can bo seen

in,Figuro 12(b) for the East Anglian "middlo aged" spawners. In each
, ,

figure, it is likely that the regrcGsion represents ono component and the

positive intercopt, its ccnplcment. Using tho ostimato (1 - a/j)100 in

cach case, wo findthat 63.8% of stngo IV on the Fladen in August is

composed of Dogger spewners and '48.2% is ccmposod of East Anglian spawners.

The sum is 112% which implios that few Buchan spawners were found in stage

IV at that period. Thc average nixing rates of niddlo agod fish on the

Fladen from 1932-54 are for Dogger 56.9~ and for East Anglians 43.1%.

Figuro 12(0) shows no relation at all betweon the porcontage in stage IV

and the stock of middlo aged Buchen sp~wners (shown in black circlos). It

is not unreasonable whon it i::3 recal1ed that the stock of midd1e aged

Buchan spewncrs on the Fladen bofore 1955 was asnall ono; in any case a

largo 'proportion of this stock would bo on the spawning grounds in August.

In tho poriod 1955-60, thero is no rolation betwoen tho percentage in

maturity stage IV and the stock of niddle aged Buchan fish on the Fladen

(shown"in white circles in Figure 7(e)). For the Dogger it is likely that

a'clear regresnion exists for the four points available(Figure 12(c), in

white'circles) •. It is not tho case for the East ~nglian middlo agcd fish.

So it is likely that the Dogger fish are the dominant middle aged component

on the Fl~den in August fron 1955-58. If the regression for EastAnglian

fish from 1932-54 were extendcd to tho period 1955-60, theaverage proportion

of East'Anglian fish on tho Fladen in August during thc later poriod would be

14.
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somothing loss than 5.0%. It in worth pointing out hero that no

corrclation was found with ~ny other cOQbination of naturity stage and

spawning stock, except one, and that thoroforo any complomontarity

(duo to the uso of porccntagcs) mURt be faund only in the relations

given in Figure 7.

whcn wo considcr tho distributions of maturity stage V, it appears

that in August on Fladen fron 1932-54 they would appear to comprisostage

V recruit fish fron East Anglia only, bocauso tho regression passes near tho

origin (Figure 12(a)). For Dogger and Buchan spawners (Figures 12(d) and

(f)), thc rogressions are positive, but not significantIy different from

zero. Indeed the best fitting line to tho Dogger data would imply a low

rate of mixing a~~ay. For the Buchan spawners, the best fitting lino is

rather steepor from 1932-54 than from 1955-60. If anything~ this would

mean that thoy were prescnt in s~allor quantity in the Iater period than

during the oarlier, whon tho stock was smaller. Therofore it isconcluded

that tho majority:'of etage V fish in August on Fladen are East Anglian

rccruits. This is porhaps not an absurd conclusion. Thc Buchan spawning

starts in 6id-~ugust and extends to September and it might be reasonable

to suggest that the Buchan spn.wners have spavJnoci'or are in stage V in. , '

areas closer to tho spawning grounds. The proportions in stages' VI and

VII/lI in August on the Buchan spawning ground are:-

1951
1952

'1954

1955

14.8%

30.8%

58.6%

1956

1957

1958
1959

Averago

54.8%
29.2%

32.7%

23.3%

LParrish et ale 1952 otc~

The,same sort of offect might account for tho relative absence of Dogger

spawnors; they spawn in mid September and October but would have a consi­

derabIc distance to travel. Tagging recovcries on the Dogger from the

Scottish north-oast coast in May (0.16%), June (0.13%) and JuIy (0.07%),

LWorking Group Repori! suggost that the majority of Dogger fish havo loft tho

Scottish north-east coast by July.

If'tho rosults in Figure 12 are uscd to cntimnte mixing, the regression

x = a' + b'y is uninteresting; the catch per effert of middle agod fish at

East Anglia does not dopend on tho percontago in maturity stago IV on the

Fladen. The ether regression, y = a + bx is used; it is worth recalling

that the 'percontagos i~cludo othor maturity stagos and so the percentago

maturity stage is a proper ostimate of mixing.

; ,
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Figure 13(a) shm"/s ·'the time serios of tho percentage in maturity

stage V on the Fladen from 1932-60; Figuro 13(b) 'shows that for stage'

IV. The poak of staso V was reached in 1950,8~d from 1950~54 thc

proportion is much hishor than in the proceding ycars 1932-49. Thero i8

porhaps some ovidenco that tho increase was under way in 1949, which was

tho first year in which three yenr old fish appoared on tho Fladen in

quantity. This was probnbly tho first sign of tho recruitmont chango.

It is possible that tho lowar valuos from 1955-7 reflcct somo

rotrogression of the rocruit~ent changes (Burd and Cushing, 1962) as

suggostcd above; in 1959 and 1960, hoV/over, tho large 1956 year class

in tho north mackod the continuanco of any rotrogression in these data.

The same sequonco of cvents is not shown in thc distribution of stage

IV, which appcar to bo prodominantly middle ngodfish of the Dogger and

East Anglian stocks, presumably bocause tho rccruitmont changes affectod

the distribution of middlo agod fish only slightly.· It is noteworthy that

tho increase in tho Buchan stock by' 1955 is not manifQatsd in the time

sorios of stage IV ~ which supports the result givon in Figure 13(e),

showing no relation botwoen the percentne;e in stage IV and the stocK. of

middlo aged B~chan spawnors.

In Schubert's (1961) paper a sharp incroase in catch/effort on the'

Fladen was observod in 1951, a8 comparod with tho stoady declino faund in

the immediately post-war yoars. It seoms likely that it was associated

with the recruitment changos, makingthe East Anglinn recruit fish more

available to capture on the Fladen •. The poak in stage V on the Fladen was

reached in 1950, when the recruitmont chango in East !illBlia started,

associatcd with thc growth change in throe year old recruits. It is an

interosting point that tho rocruitment changos to the Buchan and Doggor

fishorios startod in 1951, not 1950. Taking tho average of these values

for ~ugust, wo find that 35% of tho Fladen cntch waa composed of East· ~,

nnglianfish beforo and aftor the rocruitment chango •. Bofore tho change,

the proportion was rathor fowor (19%),and aftor it (until 1955) it was

higher (42%). Honce the pro-war estimato of 27%, using tho mann of

(1 -,~/Y)Joo and (1 - a 1/i)100, tho cat~bes por offort of all'ago groups

in both tho·East Anglian and Fladen fisheriös, being c~rroctad for changes

in mortality und nbundanco, may not bo vory far wrang. It is concludod

again that the negative yenr class correlation betwocn tho'East Anglia and

tho sum of tho Dogger and Buchan stocks had little effect on the pre-1950

data, but a.dastructive effect on tho post-1950 data. It is also concludod

that tho proportion .of,East Anglian rocruit fish on thc Fladen increased

after 1950 and that these contributod prodominantly to tho increase in

catch/effort found thore at thq time of the recruitmcnt change.
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Thera are one or two biological points cmerging from this analysis.

Tho first is that tho rccruit fish apparontly from Bast Anglia should be

in maturity stage V whcn tho middlc agod fish are in stage IV. Tho

second is that the recrui t fish from East ,Angli:-" should be in stage V as

early as August. These possibilities da not conflict with Ilos' concopt

of a long stage V for winter spawnors (in pross)1 nor with tho woll-known

age 8oquonco in E'lst Lnglia cf rocruit fish in Octobor o.nd older fish in

November. A third point which appears to bo conflicting is that Burd (in

Burd and Cushing, 1962) has prcsontod ovidonce that East Anglian three

year old recruits are below maturity stage IV at Shiolds in July. Thc

apparont conflict can bo rosolvod in tho following way. It in woll known

that the largor fish of a yoar class in tho northorn ITorth Sea lio furthor

to tho north at midsummcr (Parrish and Craig1 1961). Let us suppose that

tho largor fish of a yoar classmigrate further north in summer and mature

oarlier, thon tho largor East Anglian fish would bo in stage V in August

in thc north, wharoas tho smaller East Anglians off Shiolds would still

only bo in stage IV in August. This supposition would mQko sense of an

East,4nglian phenomonon so,far unexplained - that,~~t~in a year 01a8s, tho
-. ,,"

largor fish antar tho fishory first und tho smallor onos last.

Thc mixing rates as ostimated by maturity stagos were calculatod from

percentagos within th~ stagos lI-V, in order to roduca same of tho

variance. Tho porcontagos (of total) in stages IV and V for throe periods

rnre:-

1932-49

1950-54

1955-.-60

%IV

30.4%

28.5%

34.5%

%V

18.8%

42.3%

3204%

.Tho middle agcd fish from E~st Anglia only comprisod part of etage IV from

11932-5'4. Th~'''cqt.:..a.tion for the regression is;y == 15.9 + 'O.8964x; Y=='32.6,.,

'so (1 - a/~)100 is 51.2%. So the ostin~to of mixing of 'middlc agcd Eact

i\nglian ii~h on"Fi~d~n'will be '5;1.2% of tho percentage in stage IV •." If
.. I •

tho rogronsion for 1932-54 is usod for tho middlo agod fish from 1955-60,

tho' likoly proportiod of Eant 'Angli~n fieh is loss than 5.0%. In stage V,

statistically spoaking1 all fish are East Anglians; this cannqt b? ~rue1,

particularly ~hon wo soo tho cffects of tho 1956 year class, honco our

ostimate is thon an ovcrestic~to. The r08ults as mixing rates aro:-

cb IV 01 V t.t:::...=..:... f:.-

1932-49 15.6% 18.8% 34.4'fl,

1950-54 14.6% 42.3% 56.9% )

1955-60 <5.0% 32.4% 37.4% ) 47.1%

Thore is no way strictly of moasuring tho overoctimato in stage V.

«
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Wo may recall that tho moasure of East Anglian,fish on tho Fladen in tho

catch/effort data amountod to 27%. Tho overestimato of East Anglian fish

in stage V is not likoly to be more than one third (from tho bost fitting

linos in tho data of Doggor and Buchan spawnors in relation to maturity

stage V) which in tho SUffi is about 7%, tho degroo of difforonce botwoen

tho maturity stage ostimato and the catch/offort ostinato. Indcod, it is

nore likoly that tho truo ostirnato from tho maturity Gtagos lies betwoen

30 and 35% and that tho ostimate from catch/effort is biassod downwards by

a small degree of negativo year class correlation. Tho most astonishing

rosult is tho sharp incroase in tho proportion of stnge V on tho Fladen in

tho poriod' 1950-4, which must havo boen prodoninantly recruiting East

Anglian fish. Thorefore, it is likely that thc incro~se in catch per effort

on the Fladen in 1951 (Schubort, 1961) was largoly composc~ of East Anglian

fish. Tho sane phenonononwDB not obsorvod ~~ongst the niddle nged fish and

so wo may conclude that tho increaso in mixing rate of Bast Anglian fish on

tho Fladen was an effect of the recruitment change.

Tho mixing rates dorivcd by both mothods are sot out in Tablo VI.

Tablo VI Estimatod mixing rates of tho throe spawning stocks in tho northern
North Sen

19-:S0-49

•
Catch/effort data

Spawning fishory

Mixod fi shory
Buchan E::lst

spawnGra l,nglia

Buchan 3-4 - -
pre-spawning 5-7 43% 72%

Shetland 3-9 30% -

Fladen 3-1~ -
5-9 -
3-9 - 27%

18.

Maturity data

Spawning fishery

Buchan E~wt Dogger
spa.vmors Anglia spe.wners

No estimate made

No estimate made

"low" 19.9% "l.ow"1h.6%."v. low"
35% 11~.O%
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Table VI (continuod)

1950-60

...

•

..

Spmming fishcry

Mixed fishory Buchan E;tDt Dogger.. Gpi.l\7nCrS .l~nGlia spn.wnors

Buchan 3-4 50% - 5<Ytb. I

pro-spawning 5-7 18% 46% 36%
.'

Shotland 3-9 83% - 17%
.' .

Fladon 3-4 20.0% 1.ssur.ling 37.2%
'. 3-5 50%

5-9 31.6% East 58.1%
< 6-8 Lnglicm

3-7 ..
..

Spavming fishery

Buchan E3.st Dogger
spa\'lncrs :nglia. spawners

No ostimato m:1de

No estim::tte made

"1 ow"* 37.3~s "low"

'.I V • low" 9.8%
(5-7)

4701%

*obviously this waD not low
in 1959 and 1960•

Tho prop~rticns of Dogger and Buchan spawners .are cstimatcd by.'

rcmaindcr from.thc.maturity stago ostimato of tho Ea~t nnglian fish; this

romaindcr is dividcd in proportion to thc s~uarod corrolation coofficionts

from the catch/offort data. The porccntagcs in Tablc VI add up acrODS tho

tablo and for tho Fladon during,tho .fiftiostho data have beon sopaxated'into

recruit and middlo agcd fish. Tho basic ostimato in ~hisporiod is tho

rcgrosoion of maturity stage IV or V as'East Anglian catch/offort for thc

period 1932-54. This rolationship io cxtcndod to thc whole poriod,

assuming that tho relation botwecn East.llnglian catch/offort and maturity

stage IV or V remains tho same. This is rcasonable 00 long as it isassumcd

that after 1954, a pcrcentage in each stage has beon addcd to tho fishery,

i.c. tho Buchan spcwning stock has grown in abundanco. Tho valuo ofthose

ostimatos during the fiftios is only in giving somo idon of the proportions.

,Ta Gstimato tho mixing rates of East Anglicm fish. on.tho Fladen propcr1y tho

annual pcrcentage in each maturity stage would bo .ußGd~ ,

~10 mothode of ostinnting mixing are d08cribQd,in some detail, that

.using cntch/effort dnta and that usins maturity stage dnta. Both mothods
I

yie1d roeu1ts which agrce within thcmsolvos; for oxample, if one stock

nppoars to be absent from a fishory, thc othor two are prcscnt. Again in

tho maturity stnge data, in tho absenco of ono otock, tho proportions of the

other two do add up to one. Uhcn.tho rosults cf tho two methods can bo

comparcd, as for oxample in thc pro-war FInden materi~l, thoy are surprisingly

closo. Honco,it is thought that both mothods are reliab1e and provido

ostimates of mixing of Eant Anglian fish in the northe~North Sen.
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Figure 1 The 'percentages of totEi.l recruitment at each of the ages three, .
four and five in the Buchan spawning fishe~, the Belgian October
fisherJT and in East Anglia, from 1911-9-57. l'he natural mortality
was assumed to oe 0.2 and the total mortality was taken from
Parrish and Cl~ig (1961), Cushing (progress report, 1961)"and
from the data ofGilis (1956, 1957, 1958, 1959).
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.' Fieure 3'

The negative regression of East Anglian catches/effort, corrected
for differences in mortality and abundance, on the same from the
Fladen, 1953-58.

(a) The reGression of catches per effort of,the four year olds
at Bast Anglin on those on the Fladen, 1930-48; it is
significantly different from zero (p.0.05).

(b) The regression of catches per effort of threo year olds at
Bast Anglia on those on tho FInden, 1953-59; ,it is signif­
icantly different from zero (p. 0.05). Tbe year 1958 has
been omitted from the calculation •
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Relationship between Buchan spavmers and .. Buchan pre-spawners;.
Ca) Buchan spawners on Buchan pre-spavmers, 1930-47and

1952-60, each ase takenseparately. .
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Figure 9 Thc relationship between the Buchan spayminG fishery und the
Shetland fishery in co.tch/effort do.to..
(b) Buchen spavmcrs on Shetland, 1952-60.
(c) Bucho.n spavmers on Shetland , cO::lbined for all ages, and

corrected for ~;~ol'ta.lity and abundance in both periods ,
1930-39 and 1952-60.
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Figure 11 Relat.ionship bctween Bast Anelia and the northeln fisheries.
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period 1930-55 und correctc,'j for cUf'fercnccs in MOl'tnlity
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. Pi[';ure13 (a) Time seI'ies of maturity stage V, 1932-60, on Fladen;
(b) Time sedes or oalurit.y stage IV, 19.32-60, on Fladen.
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