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- There are three groups of autumn spawning herring in the North Sea, the
Downs, Dogger and Buchan stocks. There are three mixed flsherles in the
northern North Sea, the Buohan pre-spavning fishery, the Shetland flshery and
the Fladen fishery. Here we are concerned with the proportions of the three
spavming groups found in the three mixed fisheries.  Wood (1936) showed that
the Shetland and Buchan fisheries were to some degree related and that Doggér
fish and probably Downs fish were to be found eon the Fladen. .AAndersson (1950)
showed that Fladen fish, probably Buchan spawners, were to be found in winter
in the Skagerrak.. Dowhs fish were shown to move through the Shields fishery
in'eariy summer, presumably northwards, and in late summer, presumably south-
wards (Burd, in Burd and Cushing, 1962) With the use of meristic characters,
Krefft (1954) showed that Dovns fish were to be found in summer in the Fladen/
Gut region. :

Cushing (1961) inva progress report to the 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 fisheries. In order to obtain
the greatest quantity of information, oatches/effort of a number of age groups
were used. Adjustments were made for the effects of mortality between ages
and dlfferenoes in abundance between years. Regressions were calculated and
the estimates of mixing used were the means of (1 - a/y)100 and (1 - a1/x)100,
where y is the mean of - the measures of Downs stock, where X is the mean of the
moasures of the stock in the mixed fishery, where a is-a positive intercept in
the regression y = a + bx and where a1 is a positive-intercepf in the regression
b4 =~a1 + b1y. A bias was detected in the mothod (Cushing, Revisions and addi-
tions, Working Group, Hambufg), when one age distribution changes its shape
relative to the 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. The consequence.is that an average estimate from 1930-58 camnot
be made, but that the period had to be split in two parts, one before the .
recrultment change in 1950-1 and one after it. The results for the pre-war
period are given in Table I (taken from Cushlng s progress report to the Herring

Symposium, 1961).
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Table I  The proportions of Downs fish in the summer fisheries in the
northern and central North Sea

azes | (1-a/§)100 | (1-a'/%)100 | Mean'
Buchan e : S % - *
pre-spawning .(1930-55) 4=7 | = 73.9% 57.8% 65.8%
Buchan 1
spawning (1930-50)}{ 3-9. - Not s Not s
Shetland (1930-50)| 3-9 Not s, Not s
Fladen  (1930-50)| 3-9 |  24.4% 29.5%" 26. 9%

, . * % -

Dogger (1930-50)] 3-6 36.3% 35. 9% 36.1%

Note: An asterisk indicates that the regression was significantly
" different from zcro. ’ '

‘There are two conclusions to be drawn from this table, that the Downs fish
“are found in significant proportions in the fisheries whore they might have

been expected from an examinzation of the literature (Buchan pre—spawning
fishery, Fladen and Dogger) and that they are not found in significant }
proportions in the two fisheries where they might not have been expected ’
{Buchan épawning fishery and Shetland). So, qualitatively, the method

revealed the structure that had previously emerged from the examiﬁation of

age distributions and meristic characters raforred to above. Quantitatively,

the method is subject to a major source of errof, in that the measure of

mixiﬁg and year class correlation cannot bc‘distinguished. Such year class
correlation could be positive or negative. A main part of this paper will

be concerned with the proper estimation of the year class corrclation.

In the ecarly fifties two extensive biological changes tock place. - The
first was the'change in the recruitment pattern in 1950-1, which was exten-
sively spread over the North Sea (Cushing and Burd, 19573 Parrish and Craig,
1957; Burd and Cushing 1962). The second, which was probably a further
facet of the recruitment change, was the sharp increase in the magnitude of
recruitment to the Buchan spawning fishery in 1953, ircreasing the total ‘
stock in that fishery by 1955 (Parrish and Craig, 1962). The offect of the
recruitment change on the Downs stock was to make recruitment complete at
three years of age; on the Buchan and Dogger spawning stocks, its effect was
to ‘make recruitment nearly complete at four years of age, but not quite.

Figure 1 shows the percentages of recruitment as at three, four and five years
of age in the Buchan spawning fishery, the Dogger spavning fishery and in the
East Anglian fishery. A natural mortality rate of 0.2 was taken and values
for Z for the particular years wore estimated from catches/effort taken from
Parrish and Craig (1961) and Gilis (1957, 1958 a and b, 1959, 1961). It will
be seen that since 1953 East Anglian recruitment has been practically cowmplete
at three years of age, whereas in the Buchan spawning fishery and in the Dogger
spawning fishery a peak of three year old recruitment was reached in 1953, after
which it declined 3111 1957. This apparcnt retrogression of the recruitment
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changes on Buchan and Dogger is of the greatest interest, as some small
evidence of such retrogression was given in Burd and Cushing (1962)3 however,
we are more concerned here with the uncexpected persistence of partial recruit-
ment to the two northern stocks during the fifties. .

Analysis of fhe biological changes in the early fifties has been much
aided by the use of the October Belgian age distributions on the Dogger,
which are probably composed predomihantly of Dogger spawners [Eilis, 1957,
1958 a and b, 1959, 19613 r&gion centralc de la Mer du Nord/. Table II
gives the proportions of fish in stages VI, VII and ViI/II on the Dogger in
Octobers. : ’ '

Table IT  The proportion of fish in gtages VI, VII and VII/II on the Dogger
in Qctober contributing to the Belgian age digtributions from
Rézion Centrale (Gilis, 1957, 1958 a and b, 1959, 1961)

1949 89.8%
1950 46.3%
1951 28.6%
1952 30.7% No maturity stagc sample in the Scottish/German data

1953 51.3% .
1954 b1.5%

1955 64.0%

1956 No sample

1957 76.9%

1958 12, 0%

1959 59. 1%

The low values in 1951, 1952 and.1958 mean cither that some East Anglian fich
.were prescnt or that there are small annual variations in the ratio of spawned
to unspawned fish in the fishery. East Anglian fish are not present in the
Silver Pit fishery in early October (largely because the main body of East
inglian fish is already further south) and so it is thought that the variations
in the ratio of spawned to unspawned fish is the more likely cause.  The
average valuc of the ten samples in stages VI, VII and VII/II is 50%; as a
fair proportion of fish in stage V must also have been Dogger spawners, it
is reasonable to assume that these samples.were predominantly Dogger spawncrs.
When an attempt was mnde to cstimate mixing on the Fladen from 1953-8 by
correcting the cgtches/effort of age groups for differcnces in mortality and
abundance, a pronounced negative correlation is found (Pigure 2). Such a
negative correlation did not exist in tho pre-1950 material (Table I), so
it is possible that it was genefated either by the recruitment change or by
the increase in megnitude of the Buchan stock. Figure 3(a) shows a relation-
ship in catch per effort between the four year olds at East Anglia and those
on the Fladen from 1930-4L8 (before the recruitment change) and Figurc 3b shows
that between the threc ycar olds at BEast Anglia and those on the Fladen from

1953-9 after the rccruitment change. In both cases there is a negative



rogrossion of the stock of fully recruited fish at Bast Anglia on the stock
of the szme age at Fladen. This suggests that the negative regression shown
in Figurc 2 like that in. Figure 3 is a form of yoar class correlation. No
correlation cmorges between threc year old stock 2% East Anglia and that on
the Fladen before the recruitment change or between four year old stock at
East Anglia znd that on the Fladen after the recruitment change.

Figure 4(b) shows * g significant‘regression of the sum of Dogger and
Bﬁchan spawncrs of three years of age on the Fladen stock of the same age,
during the fifties. This might éuggest that the Fladen stock was composecd
only of Buchan and Dbgger Spawners. There is a positive intercept in this
regres s1on, which 1mp110u that a proportlon of the Buqhan_and Dogger spawners
does not reach the Fladen, . Figurc h(a) shows a negative (butfnbt significant)
regression of East Anglian three year old fish on the sum of Dogger and Buchan
spawners — vhich tends to explain the negative regression found in Figures 2
and 3. This analysis shows that the negﬁtive year class correlation in
Figures' 2 and 3 can appear between Bast Anglia and Fladen when fish of the .
Buchan and Dogger stocks are present. This conclusion rests on the correla-
tion betwoen Fladen and the sum of Buchan and Dogger spawners and upen the
negative corrclation betwecen East Anglia and Fladen. The-pfesent conclusion
is that there is a real ncgatlve year class correlation between East Anglla
and the other two stocks at three yecars of age.

I+t is worth noting that the ncgative year class correlation found between
the East Anglian fish and Fladen fish is of the same nature as Popp Madsen's
(personal communication) description of cvents on the Blﬁden ground - the
East Anglian recruitment during the fifties was inversely related to the modal
length of IT group fish in the Blﬁden auturn fishery, If.this connection is
a real one, the obverse conclusion can be suggested — that the Blﬁden ground
fishery probably consists of East Anglian, Buchan and Dogger spawned fish. )

The most important gquestion is whether the negative rclationship between .
East Anglia and the sum of Dogger and Buchan spawners is found in total
recruitment. Figu:e 5 shows the relationships in recruitment between East
Anglia and Dogger spawners (1949-59), Dogger spawners and Buchan spavmers
(1949-59) and East Anglia and Buchan spawmers for two periods (1930-38 and
194,9-60). . The recruitment is cstimated as stock of threc year old fish,
stock of four ycar old figh, the sum of threces and fours and the total recruit
sﬁock as at three years of age. There is no correlation af all between any
of the possible variables. This means that therc is no year class corrsla-
tion between the three spawning stocks taken separately.

Figure 6 shows thc relationship botween the total recrultmbnt at East
~ Anglia and the sum of total recruits to the Dogger and Buchan spawning
fisheries. There is no relation, although there might be a negative
regression‘in the years 1953-57, which might account for .the negative rcgres-—
sion found in the corrected data (Figure 2). The most important point,
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however, is that the negafive regression found at three years of age
(Figure 3(b)) has disappeared. If the negative year class correlation
between East Anglié and the Fladen were of the same type as that found by
Popp Madsen; then its disappearancé in total recruitment must mean that
there are sources of recruitment td one or both the Buchan and Dogger -
stocks, which are outside the Bl%den area. The other important concluéion
is that by the time of total recruitment, there is no evidence of yéaf class
correlation between the stocks taken together as well as taken separately.
Therefore the mixing rates for some fisheries using the correoted data where
only two spawning stocks are involved (e.g. East Anglia and Dogger) in Table
I are probably good estimates. Elsewhere where three stocks are involved, :
good estimates are 1iké1y so long as totally recruited fish are used. It is
thought that the case shown in Figure 2 is specialy it arises nowhere else .
but on the Fladen from 1953-58, when the proportion of partial recruitment to’
the Buchan and Dogger stocks wae minimal. It should be recalled that the
relation between East Anglian three year olds and the sum of Buchan and Dogger
three year olds is not significant. The argument rests on three points:
1. the negative regression of East Anglian four year olds on Fladen four
", year olds before the recruitment change and that of East Anglian threes

on Fladen threes during the fiftiess '
2. + the lack of correlation between the Bast 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 d&fing the fifties.,
Therefore it seems that the negaﬁiVe 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 Yyear
class correlation between the three spawning stocks taken separately is non-
existent. Pigure 6 shows that year class correlation between stocks taken
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 the sum of partially recruited Buchan and Dogger spawners of the same
age as the East Anglians. This negative year class correlation disappears at
fu11 recruitment to the Buchan and Doggér stocks, but it is possible that a
speciai case occurred on the Fléden from 1953-58, wheh the partial recruitment
tended to be minimal. So year class‘correlation probably played little part
in the pre-recruitment change estimates given in Taﬁie I. : . '

In the postFwar fisperies.it is possible to estimate the degree of mixture
using the mixed stock andjall three spawning stocks (using}the data sources

quoted above). Then it becomes necessary to add the estimates of mixing based
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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 same thing, being independent of units of measurement.
Hence, we can use the correlation coefficients directly as measures of
mixing, so long as the stocks are reasonably the same in size (see Viorking
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 doing is to show why the combined data are separated sometimes into two
sets of age groups and to show that the process of combination does not
distort the original data. There is a large quantity of information in the

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

Figure 7 . The relationship between Buchan spawners and the Fladen
fishery in catch/effort data.
(a) - Buchan spawners on Fladen, for each age separately, 1930-47T.

there are slight positive regressions of y on x for the

ages 5, 6 and T only; the complementary regressions are
non—-existent,implying that the Buchan spawning stock
comprised only a small part of the Fladen stock at this time,/

(b) Buchan spawners on Fladen, ages 3 and 4 combined (r = 0.05),
and ages 5-9 combined (r = 0.22), and corrected for differences
in mortality and abundance, 1930-47.

(e) Buchan spawners on Fladen; for each age separately, 1953-59.
ZElear regressions are found for the ages 3, 4 and 5, but
poor ones for the older fish,/

(a) Buchan spawners on Fladen, ages 3 and 4 combined (r = 0.697)
and ages 5-9 combined (r = 0.48%) and corrected for
differences in mortality and abundance; 1953-59.
fo the combined data are separated into the ages 3, 4, 5 and

6, 75 8, the respective correlation coefficients ares-

T3,04,5

data leads to the same conclusion as the qualitative study of

= O.69+f and 6,7,8 = 0.23. So the combination of the
9193

ages taken separately, 7
Figure 8 The relaticnship between Buchan spawners and Buchan pre-
spawners in catch/cffort data.
(a) Buchan spawners on Buchan pre-spawners, 1930-47 and 1952-60,
each age taken separately.
[—oth before the recrultment change and after 1t, therc is
correlation betwcen tho two groups at recrultment, which is
.not maintained amongst the older flshg7 V 4
(b) Buchan opawners on Buchan pre—spawners, 1930—&7 (ages 3-&,
r = 0.40, and 5Ty = 043 ,oeparately), comblned, and

corrected for differences in mortality and abundance.

&




Figure 8

(c)

Figure 9

(b)

(c)

Figure 10

- (a)

Buchan spawners on Buchan pre-spawners, 1952-60 (ages 3=,
r o= O.67++; and 5-7, r = O.AOf,scparately) combined,; and
corrected for differcnces in mortality and abundance.

Zih the combined data, rather low correlation is found
amongst the recruits before the recruitment change,
presumably because of the lack of correclation amongst the
three year old fish. Aftcr the recruitment change; the’
contrast between recruiting and older fish is shown

clearly in the combined date,/

The relafionship between the Buchan spawning fishery and
the Shetland fishery in catch/effort data.

Buchan spawners on Shetland, 1930-47, ages 3-9, each age
taken separately.

Buchan spawners on Shetland, 1952-60, ages 3-9, cach age
taken soparately. ,

th the period 1930-39, there is a positive but low -
relationship at all ages, possibly absent at ages four and
fives during the fifties there is a clear relationship
amongst the recruits and five year olds, which persists, if
less markedly, amongst the older fish§7

Buchan spawners on Shetland; combined for all ages and
corrected for mortality and abundance, in the two periods,
1930-L47, r = 0.307, and 1952-60, r = 0.771".

the increase in the proportion of the Buchan stock can be
seen not only in the greater degrece of correlation in the
combined data, but by comparing the two sets of regressions,
X = a1+b1y; in the later period, this regression has a slope,

but there is only a slight slope in the former perioq;7

The relationship between the October Dogger fishery and the
Buchan pre-spawning fishery (1949-59), Shetland (1949-59)

and Fladen (1953~58), cach age taken separately.

Zfor the Buchan pre-spawning fishery, there arc significant
regressions for the thrces; fives, sevens and oights; all
have positive intercepts,; indicating other components,
although this is loss marked amongst the older age groups.
With the Fladen fishery, there are positive regressions at
all ages, but only one (the five year olds) was significantly
different from zero. For the Shetland fishery, there are
poor regressions for each age taken separately, save that for

nine year olds.
. olds.7




Figure 10

(b)

(c)

(a)

Figure 11

(a)

(b)

(c)

(4)

N

Rclationship between the October Dogger fishery and the
Buchan pre-spawning fishery (ages 3-L combined, r = O.6u++;
ages 5-8 combined, r = 0656++) corrected for differences

in mortality and abundance, 1949-59.

Relationship betwcen the October Dogger fishery and the
Fladen fishery;all ages combined; r = O.59++, and corrected
for differences in mortality and abundance.

/For ages 3-L combined, r = 0.80" and for ages 5-8

combined, r = 0.63++—'

Rclationship betwecn the October Dogger fishery and the
Shetland fishery, ages 5-8 combined, r = O.35+9 and
corrected for differcnces in mortality and abundance.

an ecach cet of relationships with the October Dogger
fishery, there is no differénce between the regressions
taken separately and the combined datq£7

Relationship between East Anglia and the northern

fisherics.

East Anglia on Buchan spawners 1930-47 and 1949-60, each

age taken separately; the points for 1957460 are shown as
open circles. A

Dast Anglia on Buchan spawners, data combined for the

period 1930-55 and corrected for differences in mortality
and abundance. ‘

th the period 1930-47, there is a significant and positive
correlation for the four year olds; which is not found
amongst the older fish. It is presumably a ycar class
correlation of the type referred to above. In the period
19&9—60 there are no significant regressions, some being
positive and some ncgative. The rcgressions for the oldest
fish, 7, 8 and 9 arc positive because of the disproportionate
mortality suffercd by the cldest East Anglian fish. There is
no evidence from these regressions of a marked change between
the two periods, nor of any real difference with ages. In the

combined data for thce period 1930-55, the correlation is not

‘significant (r = 0.16), although slightly positiyqi7

East Anglia on Shetland, 1930-47 and 1949-60, cach age taken
separately. '

Fast Anglia on Shetland, data combined for the period 19%0-55
and corrected for differences in mortality and abundance.
there is a negative rcgression at Jfour years of age from
1930-48, just as found on the Fladens this regression is

significantly different from zecro and is probably the negative
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(a)

(e)

(f)

(e)

(n)

S
\ Figure 11 continued

yeér class correlation referrcd to above. Fof the fish
older then four, noyrogrossions are significant, but

three are positive and two are negative. During the

period 1949-60; there is no rcgression amongst the
recruits. For ages L-6, the rcgressions are negative

and those for T7-9 are positive; that for the nine year
olds is significantly ¢ifferent from zero. The

interesting point here is thot the regression is not made
by the points from 1957-60 (as with the Buchen spawners),
but is made by points from the carly part of the period

as well. Perhaps the oldest East Anglian fish, like the
older Dogger fish, found their way to Shetland to some
degree during the later period. The combined data from
1930-~55 yield a low positive and a non significant
regression for.all ages. This conclusion does not

conflict with that for the ages taken separately, even if
the oldest fish did recach Shetland during the later‘pcriq§7
East Anglia on Fladen, 193w-48 and 1953-8, ecach age taken
separately.

Fast Anglia on Fladen, 1930-48, data combined and corrected
for differences in mortality and abundance. L
Zﬁicopt‘fof the four year olds, with the negative regression
as oxplaihed above, there is a poéitive but not significant
regression for ecach age group. In the combined data there

is a significant correlation of O. 26 for the peridd 1930-48.

_After the rccruitment change, there arec negative rcgresslono

in the data for cach age taken separately; for fives, sevens,
and cights, the regressions are positive. Figure 2 shows the
negative regression in the combined data, which, éf coursey
as éstimate of mixing is failup;7 |
Relatlonshlp between East Anglla and Buchan pre- spawners,
1930-55, cach age taken scparately.

Relatlonshlp between Bast Anglia and Buchan pre—upawnero,
19%0-55 (ages 1,~7), combined and corrected for dlfferonces

in mortality and cbundancc. The figure also glve$ separate
regressions in combined data (for ages 5-7) for tﬁe two
periods 1930~-8 and 1952-60.

an the period 1930-55, positive regressions are found for
all ages save cight and ninc and those for five and six are
significantly different from zéro. For the combined ages

L~T7 in the pcriod, the correclation coefficient is positive
and significantly different from zero (r = 0.66++). A variant
is élso given for ages 5-T7, for the two periods separately

(1930*)4.89 T = Oa72++§ 19#9—609 Tr = O°63++)'_7



Figurcs 7-11 show the detailed rolatiohships between the three
spawning stocks and the three mixed fisheries in the northern North
Sea. In general they show that the combination of the catch/effort
data does not create spurious relationships. If the individual age
regressions are positive and ncgative, as with the Buchan spawning and
Shetland/Eést Anglian regressions, the combined correlations are not
~ significant. I{ the age regressions show different characters between
recruits and older fish, the combined data arc split and show the same
relationship, as with the Buchan spawners on the Fladen or with the
Buchan spawncrs on the Buchan pre~spawncrs. Again, a split between
periods; as with the Buchan spawners and Shetland, emphasizes, in the
combined data, the domination of the Shetland fishery by the Buchan
spawners during the later period. When the cge regressions separately
are consistently positive, but not significant, as with East Anglia
on Fladen (193%0-47), there is a low, but significant correlation in
the combined data.

The data shown in Figures T %o 11 may be summarized by tabulating
the correlation coefficients. The pre-rcerultmoent change data are

given in Table III and those after the change are given in Table IV.

Table ITII  Correlation ooefficients'of catches/effort in a spaWning
stock on those in a mixed stock, corrccted for differences
in mortality and abundance during the thirties and forties

Sp@wning fishery
Mixed fishery !
Buchan East Dosge
spawning Anglia ceeer
Buchan 3=l 0.40 0.36 ?

- pro-spawners 5-7 0.3+ 0. 724+ ?
Shetland 3-9 0.30+ 0.05 ?
Fladen 33—k 0.05 ?

5-9 0.22 ?
3-9 0.27+ ?
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Table IV Correlation coefficients of catches/effért‘in 2 Spawhing
~—=stock on-those-in-a mixedstock, corrected for-differences
in mortality and abundance, during the fifties

: e ! s 4 ; é
A Al ; LR SEENR LSS, ST Spawning fishery |
; |
Mixed fishe#y | 7 |
i 4 Bugchan Bast D‘ ot
i bedsds o cots b oob spawningsd Sdnatie il SRS
? | l
e |
e _Buchan _ Seh o OBTee f _ Q.-6g++
i preranwner° 5-T O.LO+ 0.63++ 0.56++
B! o ‘ ¥ : i
! 50D 4 }od bosf . sl
“Shetland 3-9 17005 [ 0.3+
MR b 1Y NS G RN I I e |
i ‘ T ‘ negative | " ®
‘ 2*2 iy ? ' 0463++(5=8) fo

Note: The negative correlations in the fifties between East Anglia
and Fladen were discussed above.
+ correlation coefficient is significant at p = 0.05
0.0

i

++ " ‘ " " " " op

Comparing Table I with Table III, it will be seen that the
correlation coefflclent yields the same estimate of mixing as the
mean of (1 - a/§)100 and (1 - 1/%)100; as is to be expected if the
two stocks b01ng corroluted are of rouvhly the same size. COmparing
Tables IIT and IV, it w111 be seen that the East Anglian component in
the Buchan p:c'e-*,apawmn‘T fiobery nges 47;7 is about the same before
1950,&5 it is after that date. The Buchan spawning component of
recruits increaééd in the Buchan pre-spawning fishery after the
recruitment-changey but the proportion-of -older Buchan 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 fishj; after the recruitment change,
the 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
spawnerss but after it the Shetland fishery consisted in the main of
Buchan spawners of all ages. After the recruitment change, there is a
small proportion of Dogger spawners in the Shetland fishery. There are
no pre-war samples of Dogger spawners,; but in the Shetland material them,
there is an unspecified remainder, which might have been composed of

Dogger spawners or of spring spawners.



The correlgtigq‘cqeffipienis.in Teble IV can be used‘for a more
specific purpose than merely-sketching tﬁe-major changes which have taken
place. If we assume in any of the three mixed fisheries there are |
potentially three componcnts, the correlation coefficients may be combined
and expressed as percentages to give ostimates of mixing. Here it is
assumed that-the stocks

coefficient is the square rcot of the producf of sums of squares of deviations

are roughly of the samc size. Bocause the correlation
from either regreésion, the correlation_coefficientéaare squared before they
are ‘added. In the Buchan pre-spawning fishery, the East Anglian recruits
play little part and Buchan -and Dogger upawners comprlse about equal
_anmongst the older fish, it would appear that L6% were East
Anglian fish, 18% were Buchan spavners and 36% were Dogger spawners. In the
83% Buchgn_spawners and 17%

On the Fladen,; the method fails because éf the negative

prOportlons9

She%land fishery, there are only two components,
of Dogger SpPAwWNers.
year class correlation with the East Angllan fish, but the remainder can be
cqually divided umongst Buchan and Dogger. spawners. Table V summarises these

resulte.

Table V Estimated mixing rates derived. from Table iV

" these-estimates

. Buchan | East Dogger
.spawners ‘| Anglian | spawners
. Buchan N : S L
Pre-Spawners (5—7) 181 L6% 36%
Shetland 834 - "17%
‘Fladen =~ﬁogger ? L Buchan |

o

‘This method cannot be used in the material from before the recruitment
change and so we use the correlaticn coefficients directly; as percentages.
From the treatment of the Buchan pre-spawners in Teble V (compared with
Table IV), it might be thought that this lcads to an.overestimete; but the
treatment of the Shetland material chows that it might just as well ‘under-
estimate the mixing rate. In the absence of data on Dogger spawners,
will be used as measures of nixing.




It will be recallcd that during the fifties there was no evidence
of year class correlation between the spawning stocks taken soéardteiy.,
Norlwés there evidence of year class corrclations betwcen Bast Anglia
and-the sum of Buchan and Dogger at totdl recruitment. This far the
correlations. between the spawning stock and the mixed stock is a proper

estimate of mixing because the year class correlation is shown not to
exist at total recruitment. However it will be rccalled that a negative
year class correlation is found on the Fladen when tﬁe Buchan and Dogger
" stocks are paftly recruited. Hence the estimates of mixing of recruit |
fish in the northern North Sca will be underestimates. Where the data for
recfuit fish and older fish have bcen combined, the corrclations will
agaln be underestimates of the mixing ratc.

So far, the cztch/effort data have been used alonc and although
rcasonable results have cmerged which confllct neither with cach other
nor with our knowledge of the gencral biological trends in the northern
North Sea, independent evidence of mixing rates of a. quantitative nature
is de 1rab10.. .

‘The urgument would be considcrably utrbncthonod 1f 1ndepcndent
oﬁidence could be found of the prescnce of East finglian fish on the Fladen
ground. A soarch was made in the distribution of maturity stages on the
Fladen. The fish were separated as "recruits" or as'middle aged" fish.
"Recruits'" are four year old fish from 1932-49 (thres year old fish were
never offimportance on the Fladen during this period), thc sum of fhree
and four'§ear old fish in 1950-1 and tﬂroe year old fi;h cnly frem. 1952-4.
A break in the time scries was made in 1955 because the increase in the
Buchan stock starting with high year classes in 1953 (Parrish and Créig,
1961) became effective in ﬁtuructlng on 1ncroased fishery on the Fladen
in September 1955 and in subsequent years. This incrcasc in the magnitude
of the Buchan stock during the fifties cmerges quite forcibly from the
catch/effort data. Figure 12(a) shows the correlation of numbers of
"recruits'" at East Anglia on the percentage of fish in maturity stage V on
Fladen during the period 1932-54 (in black circles ) and also during the
period 1955-60 (in white circles). Figure 12(b) shows the corrclation of
hﬁmbers of "middle =2ged" fish at East Angliz on the percentage of fish in
maturity stage IV during tﬁo period 1949-54 (in black circles) and also
during the period 1955-60 (in white;circies). Thé recgressions of,fhe
percentages in maturity stage on E&gf Anglian catches per effort are both
significantly different from zero during the period 1932-54. In both
iegressions, the data for 1955-60 lie outside thc range of error of the
regressions for the period 1932-54, although it is much less obvious for
"recruits" than it is for the older fish; the points for the period
1955-8 in the "recruit" regression increasc the variance, but do not
alter the slolg')e° This change is probably due to the addition of Buchan
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spawners in stage V; which is shown most cicarly in 1959 and 1960 when
‘the abundant 1956 year class came in. For the "middle aged" fish there
is an additional offect and it is the reduction in numbers of older fish
at East Anglia during the period 1955-60;3 therc is no difference in
means of the recruit catches/cffort at East Anglia betwcen the periods
1932-54 and 1955-60, but therc is a marked onc in the niddle aged catches/
offort at East Anglia botween the two periods. Thus the effect of the
incrcase in the Buchan spawning stock in maturity stages IV and V is o
add to the quantity of recruits and to teke the place of the Bast Anglian
middle aged fish on the Fladen, which had by this time been rcduced in
numbers very markedly. It is of course likely that the East Anglian middle
aged fish remained on the Fladen in low numbers. ‘ |

The regressions shown in Figures 12(a) and 12(b) relate only to the
East Anglien stéck found on the Fladcn. Figures 12(c) and (e) shbw the
relationships between the percentzges in maturity stage IV on ‘the Fladen

and the stocks of '"middle aged" Dogger and Buchan spawners. For the

period 1949-54, tkere is a significant regrcesion of the percentage in stage ®
IV on the stock of middle aged Dogger spawnoré (shown in black circles)._

There is a positive intercept, which implies that therc is a component in

stage IV in additiocn to the Dogger spawnerss the same point can be seen

in Figure 12(b) for the East Anglian "middle aged" spawners. In each

figure, it is likely fhat the rogression‘reprosénts one component and the
positive intercept, its complement. Using the cstimate (1 - a/i)iOO in

each casc, we find that 63.8% of stage IV oh the Floden in August is

composed of Dogger spawners and 48.2% is composed of East Angliah Spaﬁne:s.

The sum is 112% which implies that few Buchan spawners werc found in stage

IV at that period. The average mixing rates of middle aged fish on the

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

Figure 12(c¢) shows no relation at all between the percentage in stage IV .

and the stock of middle aged Buchan spawners (shown in black circles). It

is not unreasonable when it is recalled that the stock of middle aged

Buchan spawners on the Fladenvbefore 1955 was a small oney in any case a’

large proportion of this stock would be on the spawning grounds in August.
In the period 1955-60, therc is no reiation between the percentage in

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

(shown in white circles in Figure 7(9)). For the Dogger it is likely that

a’ clear regrossion exists for the four points zvailable .(Figure 12(c), in

whité'circles). It is not the casc for the East Anglian middle aged fish.

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

on the Fladen in August from 1955-58. If the regression for Bast Anglian

fish from 1932-54 were extended to the period 1955—60,.the average proportion

of East;Anglian fish on the Fladen in August during the later period would be
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something less than 5.0%. It is worth pointing out here that no
correlation was found with ony other combination of maturity stage and
spawning stock, except one, and that thercfore any complementarity
(due to the use of percentages) nust be found only in the relations
given in Figure T.

When we consider the distributions of maturity stage V, it appears
that in August on Fladen from 1932-54 they would appear to comprise stage
V recruit fish from East Anglia only, because the regression paeses near the
origin (Figure 12(2)). - For Dogger and Buchan spawners (Figures 12(d) and
(f)), the regressions are positive, but not significantly different from
zero. Indeed the best fitting line to the Dogger data would imply a low
rate of mixing anyway. For the Buchan spawners, the best fitting line is
rather steeper from 1932-34 than from 1955-60. If anything; this.would
mean that they were present in smaller quantity in the later peried than
during the earlier, when the stock was smaller. Therefore it is concluded
that the majority of stage V fish in Aegust on Fladen are East Anglien .
recruits. This is perhaps not an ebsurd conclusion. The Buchan opawnlng
starts in mid-lughst and extendo to Sepfember and it might be reas onable
to suggest that the Buchan spawners @ave spawned or ere in stage\V in
arcas closer to the spawning grounds. - The prOportiens.in etagee'VI and

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

1951 14.8% 1956 50, . 8%

1952  30.8% 1957 29.2% \
| | 1958 32.7%

1954 - 46.0% 1959 23.3%

1955 58.6% Average  36.3% Z§Errish et al. 1952 etei7

The.same sort of cffect might account for the rolative absence of Dogger
spawners; they spawn in mid September and October but would have a consi-
derable distance to travel. Tagging recoverics on the Dogger from the
Scottish north-east coast in May (0.16%), June (0.13%) and July (O. 07%),
ZWorking Group Repoqﬁ7 suggest that the maJOrlty of Dogger fish have left the
Scottish north-east coast by July.

If the results in Figure 12 are used to eotimate mixing, the fegressien
x=a'+ by is uhinteresting, ‘the catch per effort of mlddle aged fl sh af
East Anglia does not depend on the percentage in moturity stage IV on the
Fladen. The other regression, y = a + bx is used; it is worth recalling
that the percentages include other mzturlty stages und 50 the percentage

maturlty stage is a proper estimate of mixing.
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‘Pigure 13(&) shows “the time series of the percentage in maturity
stage V on the Fladen from 19%2-603 Figurc 13(b)'shows that for stage-
IV. The peak of stage V was reached in 1950, axd from 1950-54 the
proportion is much higher than in the preceding ycars 1932-49. Therc is
perhaps some evidence that the increase was under way in 1949, which was
the first year in which three year old fish appeared on the Fladen in
quantity. This was probably the first sign of the recruitment change.

It is possible that the lower valucs from 1955-T7 reflect some
rotrogression of the recruitment changes (Burd and Cushing, 1962) as
suggested aboves in 1959 and 1960, however, the large 1956 year class
in the north macked the continuance of any rctrogression in these data.
The same sequence of events is not shown in the distribution of stage’
IV, which appear to be predominantly middle aged fish of the Dogger and
East Anglian stocks, presumably because the recruitment changes affected
the distribution of middle aged fish only slightly.' It is noteworthy that
the increase in the Buchan stock by 1955 is not manifsstsed in the time
series of stage IV - which supports the result given in Figure 13(e),
showing no relation betwcen the percentage in stage IV and the stock of
middle aged Buchan spawners.

In Schubert's (1961) paper a sharp increase in catch/effort on the
Fladen was obscrved in 1951, as compared with the steady decline found in
the immediately post-war yecars. It seems likely that it was associated
with the recruitment changes, making the East fnglian recruit fish more
available to capture on the Fladen. The peak in stage V on the Fladen was
reached in 1950, when the recruitment change in East Anglia starfed,
associated with the growth change in thrce year old recruits. It is an
interesting point that the recruitment changes to the Buchah and Dogger
fisheries started in 1951, not 1950. Taking the average of these values
for Ahgust, we find that 35%.of the Fladen catch was composed of East-
Anglian fish before and after the recruitment change.  Before the change,
the proportion was rathor fower (19%),end after it (until 1955) it was
higher (42%). Hence the pre-war estimate of 27%, using the mean of _
(1 - g/§9j00 and (1 - a1/§31OO, the cateles per effort of all age groups -
in both the -East Anglian and Fladen fisheries, being corrccted for chahges.-
in mortality and abundancc,; may not be very far wrong. It is concluded
again that the negative year class correlation between the East Anglia and
the sum of the Dogger and Buchan stocks had little offect on the pre~1950
déta, but a destructive effect on the post-1950 data. It is also éoncluded
that the proportion of East Anglian rccruit fish on the Fladen increased
after 1950 and that thesc contributed predominantly to the increase in’

catch/effort found there at the time of the reccruitment change.
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‘.There are onc or two biological points emerging from this analysis.
The first is that the recruit fiéh apparently from Bast Anglia should be
in maturity stage V when the middle aged fish are in stage IV. The
second is that the recruit fléh from East ! inglia should be in stage V as
early as August. These possibilities do not conflict with Iles! concept
of o long stage V for winter Spawnérs (in press), nor with thc well-known
age scquence in East fnglia cof recruit fish in October and older fish in
Novembei. A third point which appears to be conflicting is that Burd (in
Burd and Cus shing, 1962) has prcsentcd evidence that East Anglian three
yéar old recruits are below maturity stage IV at Shiclds in July. The
apparent conflict can be resolved in the following wa y. It is well known
that the larger Tish of a year class in the northern North Sea lie further
to the north at midsummer (Parrish and Craig, 1961). Let us suppese that
the larger fish of a year class migrate further north in summer and ma%ure
carlier, then the larger East inglian fish would be in stage V in August
in the north, whercas the smaller East Anglians off Shiclds would still
only be in stage IV in August. This supp031tlon would make scnsc of an
East Anglia n phcnomonon 50 far unexplained - that within a year class, the
‘1arger fish cnter the fis hCrJ first and the smaller ones last. |

The mixing rates as cstimated by maturity stages were calculated from

percentages within the stages II-V, in order to rcduce some of the
variance. The perconfages (of total) in stages IV and V for three periods

rares— -

| IV %V
193249 - . 30,43 18.8%
1950-54  28.5%  42.3%
195560 . 3L.5% 32.4%

.The middle agcd fish from Equt Anglla only comprlsed part of stage IV from -
‘1932 Sk The oquatlon for the regression isiy = 15.9 + -0.8964x; y =32, 6;:
so (1 - a/y0100 is 51. 2% So the estimate of mixing of middle aged East
Annllan flSh on Fladen w111 be 51. 2% of the percentage in stage IV. " If
the .regres ulon for 1932—5h is used for the middle aged fish from 1955-60,
the likely proportlon of Past Angllan fich is less than 5.0%. 1In stage V,
stctlstlcally peaklnb, u11 fish are East inglians; this cannot be true,.
pmrtlcularly hen wC Seo +ho offects of the 1956 year class, hence our

estimate is then an overestimate. The results as mixing rates arcs-

% IV %V P
1932~49 15.6% 18.8% 3L 4%
195054 .65 L42.3%  56.9% )
1955-60 5.08 324 37 ) 4117

There is no way strictly of measuring the overestimate in stage V.
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We may recall that the measurc of East Anglian_fish on the Fladen in the
catch/effort data amountecd to 27%. The overcstimafe of East Anglian fish
in stage V is not likely to be morc than onc third (from the best fitting
lines in the data of Dogger and Buchan spawners in rolétion to maturity
stage V) which in the sum is about 7%, the degrec of difference between
the maturity stege estimate and the catch/effort estinmate. Indeed, it is
nore likely that the true estimate from the maturity stages lies between
30 andA35% and that the estimate from catch/effort is biassed downwards by
a small degree of negative ycar class correlation. The most astonishing
result is the sharp increase in the proportion of stagé V on the Fladen in
the period'1950-h, which rmust have been predominantly recruiting East
Anglian fish. Therefore, it is likely that the increase in catch per effort
on the Fladen in 1951 (Schubert, 1961) was largely composed of Bast Anglian
fish. The same phenomenon wos not observed amongst the middle aged fish and
so we may conclude that the increase in mixing rate of East Anglian fish on
the Fladen was an effect of the recruitment change.

The mixing rates derived by both methods are set out in Table VI,

Table VI Estimated mixing rates of the three spawning stocks in the northern
North Sea :

1930~-49

Catch/effort data Maturity data

Spawning fishery Spawning fishery

Mixed fishery

Buchan East Buchan East Dogger

spawners | Anglia spawners | Anglia | spawners
Buchan 3= - - No estimate made
pre-spawning 5-7 L3% 72%

) No estimate made
Shetland 3-9 30% - ‘ '
Fladen 31 - "Low" 1?'2? "low"

5-9 - My, low" e 14 .0%
39| - 27% 35%
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Table VI (continued)

1950-60
Spawning fishery Spawning fishery
Mixed fishery :Buchan East Dogger Buchan East Dogger
T : spawners | 4nglia | spawners spavncrs) .nglia|] spawners
Buchan 3l 50% - 50% No cstimate made
pre-spawning 5-7 18% ,~..A6% 3654 ’
No estimatc made
Shetland 3-9 83% - | 175 -
- "low'* | 37.3% "ow"
Fladen 3l 20.0% Lssuming 37.2% "v. low'"| 9.8%
3-5 50% (5-17)
5-9 31.6% | East 58.1% | -
6-8 Lnglian LT 1%
7 - *obviously this was not low
<o z . ) in 1959 and 1960.

The pro?crticns of Dogger and Buchan spawners arc cstimated by
remainder from the maturity stoge estimate of the East Anglian fish; this
remainder is divided in proportion to the squarcd correlation cbefficients
from the catch/cffort data. The percentages in Table VI add up across the
table and for'the Fladen during, the fiftics the data have beén séparatéd‘ihto
recruit and middle aged fish. The basic cstimate in this period is the
regression of maturity stage IV or V as East inglian catch/cffort for the
period 1932-54, This rclationship is cxtended to the whole period,
aséuming that the rclation between East, finglian catch/éffort and maturity
stage IV or V remains the samce. This is rcasonable so long as 1t is assumcd
‘ that after 1954, a percentage in cach stagé has been added fo ‘the fighqry,

i.c. the Buchan spawning stock has grown in abundance. The value of these
cstimates during the fifties\issonly in giving some idea of the‘prOportions°
_To cstimate the nmixing rates of East Anglian fish_on,thc Fladcn prdporly the
annual percentage in each maturity stage would be uscd.

Two methods of cstimating mixing are deccribed in some detail, that .
‘using catoh/offort data and that using maturity stage data. Both methods
yiefd results which agrce within themselvess for cxample, if one stock
appears to be absent from a fishery, the other two aie preécnt; Again ih
the maturity stage data, in the abscnce of one stock, the proportions of the
other two do add up to onc. When the results of the two methods can be
compared, as for exXample in the pre-war Fladen material, they arc surprisingly
close. Hence,it is thought that Eoth methods are reliable and provide

cstimates of mixing of East Anglian Tish in the northemNorth Sea.
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"Figure 1 = The percentages of total recruitment at cach of the ages three, -
’ four and five in the Buchan spawning fishery, the Belgian October
fishery and in Zast 4nglia, from 1949-57. The natural mortality
was assumed to Le 0.2 and the total mortality was taken from
Parrish and Craig (1961), Cushing (progress report, 1961) and
from the data of Gilis (1956 1957, 1958, 1959) .
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Fipure 2 The negative regression of East Anglian catcheq/effort, corracted
A for differences in mortality and abundance, on the same from the
Fladen, 1953-58.
Fipgure 3j (a) The regression of catches per effort of the four yeaf olds
at East Anglia on those on the Fladen, 1930-48; it is
significantly different from zero (p.O 05).
(b) The regression of catches per effort of three year olds at
East Anglia on those on the Fladen, 1953=59; it is signif=-
icantly different from zero (p. 0.05). The year 1958 has
been omitted from the calculation .
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Figure 5 Year class correlation between the three autumn spawning stocks
in the North Sea. In estimates of. total recruitment, Il was
“taken as 0.2 and 2 from catches/effort published by Parrish
and Craig (1961) and Gilis (1957, 1958 a and b, 1955, 1961).
(a) Relationships between East Anglian fish and October
Dogger spavmers (Belgian), at three, four, the sum of three
- and four year olds and as total recruitment.
(b) Relationships betwecn October Dogger spavmers (Belgian)
: and Bucran spawners, as three, four, the sum of three and
four year olds and as total recruitment.
(e) Relationships between East Anglian rish and Buchan
spawners, as three, four, the sum of three and four ycer
: olds and as total recruitment (1930-38). - '
(d) Relationships betwcen Tast Anglian fish and Buchan
. S spavners, as three, four, the sum of three and four year
' R olds and as total recruitment (1549-60). -
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Figure 7 - The relationship between Buchan spawners and the Fladen fishery
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(c) Buchan spawners on Fladen, for each age separately, 19)3-
59.
(@) Buchan spavmers on Fladen, ages 3 and 4 comsined and ages
5-9 combined, corrected for differences in mortality and
abundance, 1953-)9
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(b) Buchan spawners on Buchan pre-spavmers, 1930-47, (ages

3~4 and 5-7 separately), combined, and corrected for
differences in mortality and abundance.-

{c)

Buchan spawners on Buchan pre-spavmers, 1952-60 (ages

3-1, and 5-7, separately), combined and corrected for
differences in mortality and abundance.
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Figure 10 (b) Relationship between the October Dogrer fishery and the
Buchan .pre=-spawning fishery (three and four year olds
combined; - five to eight year olds combined), corrected

’ for differences in mortality and abundance, 1943-53.

(¢) Relationship betwecn the October Dogger fishery and the
Fladen fishery, all ages combined and corrected for dif=

, ferences in mortality and abundance, 1953-59. ,

(a) Relationship between the October Dogger fishery and the

: Shetland fishery, ages 5-8 combined and corrected for
differences in mortality and abundance, 19L9-59.°

Ages 7 and 8 in 1959 are biassed upwards and are shown
as open circles.
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