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' Maguereaux immatures capturés pendant les campaghes internationales pour jeunes
* harengs dans la Mer du:Nord

1. La dlstrlbutlon, crolssance et 1'abondance de maquereux 1mmatures en 1975
et 1976 sont décrites par de données recue1111es;pendant les campagnes

: 1nternat10nales de pechepour jeunes harengs pendant ces mémes annees.

2. Les resultats de ces campagnes 1nd1quent une nouvelle reglon 'nursery ’

'_51tvée le long du bord oeust de la tranchée norvégienne, et au nord des. reglons

principales 'nursery'decrlts par Walsh, (1974) , Puisque cette région a &té

distribution n'est suggéré. Dans la reglon orlglnale dechantlllonage, 1é mode
de dlstrlbutzon était semblable a celui des années précédentes.

-3 La longneur moyenne des ind1v1dus du groupe d'age en 1974 et 1975 etalt

Supﬁﬂﬁure a la moyenne normale. Cela était.bien marquee dans le groupe d'age
de 1975 qui était d'une longueur de 3cm supérieure a la moyenne prolongée des
1nd1v1dus du groupe d'age I pris pendant ces campagnes.

4. D'apres les resultats de ces campagnes l'1nten51te des classes d'age I en
1974 et 1975 paralt faible, et surtout celle de 1975 est la plus faible qu1

“a été en registrée.

5. Une comparalson des &valuations de 1'1ntensxte des classe d'age des campagnes
pour Jeunes harengs et de l'analyse de groupe CCHORT, suggere que les calculs de
ces campagnes ne peuvent pas étre utlllses pour faire predlctlons sur le
recruitment a la population explolte par la peche commer01ale dans la mer du
Nbrd. Une correlatlon entre les calculs provenant de ces sources, cependant,

ne serait pas attendue si un gros pourcentage de cette populatlon provenalent

des regions au dehors de la mer du Nbrd, comme paraient indiquer les resultats
des expériences de marquage norvégiennes. -

6. Une correlatlon etroite entre les evaluations de. l'1nten51te des memes-
classes d'age des campagnes consecutives 8 est montree, un fait qui suggere o
gue les campagnes peuvent fournlr un indice assez precls de 1'abondance de cette
§art1e de la populatzon de la mer du Nord provenant de la porte dans la mer du
ord.
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Summarz‘,

1) - The distribution, growth and abundance of adolescent mackerel in 1975 and
1976 are desciibed from data collected during the Internat1ona1 Young Herring
surveys in those years, .

2) An additional nursery area, along the western edge of the Norwegian deeps,
and north of the main nursery grounds described in Walsh (1974), is shown from
the results of these surveys. Since this latter area, however, had only
been surveyed once in previous years, no change of distribution is implied,
Within the original sampling area, the distribution pattern was broadly
similar to previous yearss

3) The mean length-at-age of one year old fish of both the 1974 and 1975 year-
classes was above averageo This was specially marked for' the latter year-
class which was over 3 cms larger than the long term average of one year-old
mackerel taken in these surveys.

4) On the basis of these surveys, the strength of both the 1974 and 1975 year—
classes appears to be poor, with that of 1975 being the weakest on record.

5) A comparison of estimates of year-class strength from the young herring
surveys and from cohort analysis suggests that the survey estimates cannot be
used to forecast recruitment to the population that is exploited by the fishery
in the North Seas A close correlation between these estimates, however, would
not be expected if a high proportion of this population originated from outside
the North Sea, as Norwegian tagging experiments appear to indicate,

6) A high level of correlation between estimates of the strength of the same
year-class in consecutive surveys was found which suggests that the surveys
may give a reasonable index of the abundance of that component of the North
Sea population that recruits from spawning in the North Sea.


iud
Thünen


Introduction

International trawling surveys for young herring in the North Sea were begun in
1960 with the main objective of predicting recruitment of herring to the adult
stock, = Adolescent mackerel were also taken in these surveys and a first report
was presented to ICES in 1974, reviewing data on this species from surveys up to and
including that of 1974 (Walsh, 1974)s This paper presents results of further
surveys in 1975 and 1976 and assesses whether catches of adolescent mackerel from
the young herring surveys can be used to forecast recruitment to the adult stock.

Details of the sampling procedure relevant to the mackerel investigations
are given in Walsh (1974) for the surveys up to and including 1974 In the
subsequent surveys in 1975 and 1976 changes were made to the programme to improve
the sampling efficiency for herring (Anon, 1974)s These changes included the
introduction of stratified sampling which concentrated fishing effort in the areas
of highest expected herring abundance, To estimate the yeareclass strength of
herring, only hauls carried out during daytime (ie 15 minutes before sunrise to '
15 minutes after sunset, within a standard area) were used, but additional hauls
for gadoid species were also made at other times and in other areas. In practice
approximately the same area was sampled in 1975 and 1976 as in 1974. The
concentration of sampling in areas where herring were expected to be abundant did
not improve the accuracy of estimates of mackerel abundance because the main nursery
grounds of the two species show very little overlap. In all other respects (eg in
trawling gear, method of fishing and duration of hauls), the survey procedure in
1975 and 1976 remained as in previous years (Corten, 1975 and 1976).

Mackerel data available in 1975 and 127§

The following information was collected in 1975 and 19762

Total numbers of mackerel caught in each haul.

1§ Position, time and duration of each haul.
Length frequency distribution of mackerel in most hauls.

3

In addition 43 otoliths were collected for age determination in 1976 but none
were obtained in 1975. The small number of otoliths collected in 1976 were .
supplemented by additional otoliths from N. Sea commercial catches in the first
6 months of the year to make up an age-length key.

e

Distribution of mackerel in 1975 and 1976 ;

For each survey, mean catch~rates were calculated for each statistical
rectangle by raising individual hauls to 1 hour, summing the raised totals and
dividing by the total number of hauls in that rectangle, Catch~rates of 1 group,
2 group, 3 group and older mackerel were obtained for each statistical rectangle by
applying an age-length key to the length frequencies in 1976 and by applying Pétersen's
method to the length frequencies in 1975. :

In the case of hauls for which no length data were available the catches were
allocated to age=groups according to other catches in the same statistical rectangle
or by the mean of the catches from the nearest adjacent rectangles, In practice
this only appliedto asmall proportion of the total catch. Where this procedure was
followed catches are given in brackets on the distribution charts (Figures 1 and 2)e



The distributions of 1=group mackerel in 1975 and 1976 are shown in Figures 1
and 2 respectively, The numbers of 2-group and older fish in both years were too
small to warrant individual charts,

In 1975 l1=group mackerel were taken in the greatest numbers along the
western slope of the Norwegian deeps, to the north of the standard area (rarked as
A on Figures 1 and 2) used for making ammual comparisons of abundance in previous
. surveys. Within this standard area the highest abundance was situated near its
centre, ,

In 1976 1=group mackerel were caught in very small quantities in only a few
statistical rectangles, As in 1975 the largest single catch was taken along the
western slope of the Norwegian deeps outside the standard sampling area. The
majority of the other catches were taken around the edges of the Dogger Bank within
_ the standard area.

The existence of a mackerel mursery ground along the edge of the Norwegian
deeps had not been demonstrated in previous surveys, However, this area was only
surveyed in one previous young herring survey, 1974.

Within the standard sampling area the distribution pattern was broadly similar
to that of previous years,

Abundance_indices_in 1975_and 1976

To obtain estimates of relative year-—class strength comparable with those for
previous years only catches in the standard area (Area A in Figures 1 and 2) were
used,  In addition abundance indices were calculated for the larger area (A + B in
Figures 1 and 2) since this area was sampled in 1974 to 1976 and since the
distribution of adolescent mackerel extended into it in 1975 and 1976.

An abundance index for each year-—class in each survey was calculated by summing
the mean number of mackerel caught in each statistical rectangle per hour?s fishing
and dividing by the number of rectangles fished in each of the sampling areas., - The
results are given in the text table on pe 5 with comparable estimates for year—classes
~sampled in previous years.

In both 1975 and 1976 catch rates of all age groups were lowe As in all but
one of the previous surveys, l-group mackerel were more abundant in the catches than
other age=groups, - Within Area A the catch-rate of this age-group in 1975 was
about the same as in the previous three surveys while in 1976 it was the lowest
recorded since the surveys began.s In both years the level was very much lower than
in 1970 -and 1971, :

Within Area A + B the catch rate of the 1974 year class was markedly higher
than that of 1973 or 1975 but comparison was unfortunately not possible with
earlier year=classes,

Over the period 1970-19T76 for which data are available these indices of
year-class strength have varied by a factor of over 1,000,

Growth in 1975 and 1976_

Mean lengths of l=group fish were calculated for each statistical rectangle
from discontinuities in the length compositions in 1975 and from an age-length key
in 1976. (Figures 3 and 4). The numbers of older age=~groups were too low to
warrant similar treatment. :



For comparison with earlier surveys, mean length compositions for the whole
survey area were calculated for each year by summing the length compositions of
individual statistical rectangles within area A (Table 1). The mean lengths of 1-
and 2-group fish were then calculated and these data are given in Table 3,

In both 1975 (Figure 3) and 1976 (Figure 4) 1-group mackerel taken in area B,
had a higher mean length than those taken in area A, As shown in the table below
this was especially marked in 1975 The difference in mean lengths between the two
areas in 1975 was significant at the 99.,9% level while in 1976 it was significant
at the 95% level,

5 g
|
1 1976
Sub Area o> A
mean ! S, SRR mean i  number of
. length | isapurehohti lensth = | measurements
(cms) L ! (cms) 2
it -
B (see Figs 1 and 2) 21.21 [ 3 703 23,22 { 22
A (see Figs 1 and 2) 19.44 ‘ 330 22,07 g 63
Difference between means b by -+ 15 }

In view of this regional variationy; data from sub area B could not be
used for comparison with previous years and are therefore listed separately in
Table 2.

The data in Table 3 shows that the mean lengths of 1- and 2-group fish were
above average in 1975 and well above average in 1976, They also show a wide
variation in mean length of 1-group mackerel during the period of years covered by
the surveys.

In view of the wide variations, both in mean length-at-age and in the catch-
rates, an investigation was carried out to test whether there was any correlation .
between these two parameters., The mean lengths of 1-group mackerel were compared
first with catch-~rates of this age-—group and then with the sum of the catch~rates of
this age—group and that of the preceding year—class taken as 1-group fish. The
latter comparison was made because the two year—classes occur together on the
"nursery grounds and could possibly be competing together for food. The analysis
did not show any significant correlation suggesting that changes in abundance could
not alone account for the observed variations in growth.

An Evaluation of the usefulness of these Indices

for forecasting Recruiiment

Since the previous report (Walsh, 1974), two further year-classes have been
sampled as adolescents in the young herring surveys making a total of seven
consecutive year-classes from 1969 to 1975. Because each year—class is sampled
in two consecutive surveys, two independent sets of abundance indices are available,.



‘These are given in the text table below. The estimate for the 1969 year~class as
one year-old fish in the 1970 survey was from a smaller sampling area than for
subsequent year—-classes and was derived by a comparison of the number of 1 year—
olds caught in this smaller area in 1970 and 1971 (Walsh, 1974 ).

f Year class . Average numbers of mackerel per 10 hrs trawling in %
i . area A (as shown in Figures 1 and 2) ;
! 1 Group é 2 Group j

[ra— + ‘ 1‘

: |
{ 1969 6 536 576 1
1970 3 250 226 |

191 13 2 i

| 1972 28 12 |
[ag 7 1973 14 98 ey |
i 1974 26 0.3 3
! 1975 AB R | _no data yet |
‘ ! | available |
- ' i 3 < RV -1
mean 196975 . | 1 410 ; 136 :

|

| S PoEe v -

This table shows that the two sets of estimates are closely correlated
(r = 0.9945; sig. at 99.9% level), thereby suggesting that they reflect real year
to year differences in abundance rather than simply showing, for example;
differences in behaviour pattern or in vertical distribution between yearss

e wa e e we e wm

agdhfzog gogozt_AggéyEis 2;;N2rth_§s§;cgm§ercial catches

Estimates of year-class abundance are available from cohert analysis for the
year—classes 1969=1975 (Anon, 1977) although those for the itwWo most recent year—
. classes are less reliably estimated because they have only recently recruited to
the commercial fishery, They are based on numbers of one year-—old fish caught in
the fishery and on an estimate of fishing mortality of 10% of that on the fully
recruited year classes, ' The cohort analysis estimates for earlier year—classes
are based on commercial catches from the North Sea minus a proportion of the catch
taken from the Shetland area, which was allocated to the fwest UK stock® on the basis
of Norwegian tag data (Anon; 1977). The cohort analysis estimates of abundance
used refer to mumbers of mackerel at age 2 because more estimates were available
at this age than at other ages and the cohort analysis results suggest there was
little variation in the survival rates from age 1 'to age 2 over the period considered,
For the 1969 year—class the numbers of two year-old fish had to be back=~calculated
from mumbers at age 3. This was done by assuming a z of 0,25 (Hamre, 1975). A
comparison of these estimates with those for one year—old mackerel from the survey
data is given in the text table belowss
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{Year B Co?gff?tive abuﬁiéncé estimates .
i : T 3 . D8 3 " Tron cohort analysis:
; : ave“agirgﬁsdo?ngezirgigi s:iv?gsirs trawli E el e ¢ geerx
! i &1 s e s B TANAANG 151ds x 1070 on
! Area A (figures T and 2) ! area A & B (figures 1 and 2)!Jamuary 1st
i e, L ERE SN e i 1 _ == e L
T T
[
! 1969 6 536 | - 5 692
| 1970 | 3 250 - 458
: . | "
1971 13 } - 639
1972 28 j = 274
1973 14 12 588
1974 26 | 16 819 l
S ; 5 | 9 (.'
WP 3 i 4 | 168
Pl lagldis |
T I !
mean l { i
1969-1975! 1 410 - ; 1234 x

PP -~ — ~ — - - = - ey

This table indicates that the two sets of estimates show some features in
common as well as some differences, Both sets of data indicate that the 1969
year—class was a very strong one and that, by comparison, those of 1971 to 1975
were relatively weaks They also indicate that, of the last three year-classes
sampled, that of 1974 was the strongest. The most merked difference between the
estimates was for the 1970 year—class which had appeared to be strong both as one
and two year=olds in the young herring surveys but did not appear in strength in the
commercial catches of adult mackerel, The estimates from the surveys also
indicated much greater variations in year-class abundance than is evident from
commercial catches,.

Discussion | @

When the idea of comparing estimates from the young herring surveys and from
cohort analysis was first conceived it was assumed that the North Sea commercial
catches were predominantly made up of fish recruited from North Sea nursery
grounds and that the cohort analysis results could, therefore, be used as a means
of checking the likely validity of the young herring survey estimates, During the
course of these investigations; however; it became increasingly apparent, from
Norwegian tagging data, that the North Sea commercial catchesy upon which cohort
analysis is based, contain a considerable proportion of fish which recruit from
outside the North Seay’ This is indicated by the fact that, in the Shetland area,
an average of about 70% of the catch from 1972 to 1976 appears to have originated
from outside the North Sea (Anon, 1977 text table p®&) while, at the samo time, the
number of Celtic Sea tags per unit catch from other parts of the North Sea was
frequently as high or higher than in the Shetlands (Anon, 1977 Table 3.1.3).
Furthermore, according to Hamre (1975) important emigrations of mackerel from the
North Sea also take places Under these circumstances it is evident that some
differences between estimates are to e expected.

From tagging results there is very little evidence of any recruitment of
mackerel to the North Sea from other areas prior to three years of ages One
would, therefore, not expect to see much evidence of mackerel from elsewhere in the



cohort analysis estimates for the 1974 and 1975 year—classes at this stage. For
earlier year classes,; however,; one might expect to see marked differences between
estimates where year classes are strong to the west of Britain and weak in the
North Sea.

The estimated number of three year old fish in the twest UK stock?, as
derived from cohort analysis (Anon, 1977 Table 4.2.1s) are given below for the year
classes 1969 to 1973.

Year class West UK stock: estimated numbers 3 year old
fish x 107" on 1st January
48 . s s L , .
1969 1109
1970 1 A8
1971 2 144
1972 861
1973 ok o7

With the exception of the 1969 year class, these estimates are all more than
three times the size of their equivalent year--class in the North Sea (as estimated
- by cohort analysis). The strongest of these was the 1971 year—class. followed by
the 1973 year—class while that of 1972 was the wealest.

An investigation of these three ycar—classes in the North Sea indicates that;
while they all appear to he very weak on the basis of the young herring surveys
(with the 1972 year—class showing as marginally stronger than the other two), from
the evidence of cohort analysis they do not appear to be so weak, and the 1971 year-
class is the strongest while the 1972 year—class is the weakest. This is also the
case with the west UK estimates from cohort analysis. For these year-—classes,
therefore; the resulis are not inconsistent with the hypothesis that a marked influx
of fish into the North Sea took place. On this hypothesis and on the assumption
that substantial emigration from west UK stock is likely to continue while the North
Sea stock fails to produce a strong year—class, il seems probable that the North Sea
estimates (from cohort analysis) for the 1974~1975 year—classes will increase in the
next few years and especially that for the 1975 year—class which appears to be strong
to the west of Britain although from the young herring surveys it appears to be
extremely weak in the North Sea.

The most marked difference between the two sets of North Sea estimates was for
the 1970.year-class and no entirely satisfactory explanation for this can be given.
“hus, while it would be possible to explain the difference by positulating a large
scale enigration of the year—class out of the North Sea after the age of iwo years
it is hard to see why such an emigration should be mainly confined io one year-—class.

An alternative explanation might be that the young herring surveys greatly
over—estimated the strength of the year—class but it is difficult to explain why
the catch rates of the year—class should have been high in the surveys in consecutive
years if it had not been abundant. There is also some independent evidence that
this year-class was relatively abundant as adolescents since it made up 399 of the
cormercial catch from the central and southern Jorth Sea in 1972,



The 1970 year—class shows some wwmsual features. In the first place the
average length-at-age was very low both as one and two year-ocld fish. These
averages were respectively 4.23 cms and 2.61 cms below the long—term averages
and might have increased the relative vulnerabiliiy of the year-class to capiure
in the young herring surveys.

Conclusions

- . - . sm

From the data investigated it is clear that the young herring surveys do not
provide ‘an accurate index of the relative strengths of the mackerel year-—classes
recruiting to the North Sea commercial fishery. The resulis of tagging experimenis
indicate, however; that a large proportion of the llorth Sea catch may originate from
outside the North Sea so that the surveys estimaies could not be expected to
forecast year-class strength in commercial catiches. Some of the differences in
estimates from the young herring surveys and from cohort analysis are consistent
with the hypothesis of large scale immigrations of fish into the North Sea from
outside but the 1970 year—-class is an exception. The high level of correlation '
between the young herring survey estimates of year—class strength in consecutive
surveys suggests that the surveys may give a reasonable index of abundance of the
Torth Sea component of the North Sea commercial catches.
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Table 1

Mackerel length frequency dbritutions frem the North Sea Inter@)ieim) Young Berring Surveys
length ' : :
(eme) 1960 1961 1967 1968 1963 1970 197 912 1973 1974 1975 - 1976
11 - 12
12 1 502 2
13 ‘ 21 331 8 & 1
14 Ll 45 438 32 a3 1 2
15 070, 24 0 2 |
76 1071 1 %’%””‘-‘f{“é""’“““""?"é"‘“""ﬁ’% "33 3
17 1 783 440 1 028 87 26 28 .
18 1 25 342 11 3 223 281 5 65 11 107 3
19 2 14 156 4 542 22 32 4 19 9; 3
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&4 f 1 \ 1 189 575 T 5
0% 10 1 %431 479 3§
3 s 14 % 605 %2 2 13 -
21 9 1 13 22 1 19 2 870 91 2 42 3
28 2 3 i i 15 T 625 &4 05 2
29 1 go ) 23 11168 3 3 46 2 8
b8} 6 5 2 1 2
31 i 1 e ey s
32 4 61 42 2 2 14 3
33 1 183 26 Pt <
34 21 188 gg 3 1
y -'1 'ﬁ LA < 5“ B Sl S e o)
& " gt
'77

3

ey

i1 8ig

197 640

319

7% Qo Duows e 4 5 oo,
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Table 2 A cowparison between length frequency distritutions
in aveas A and B (Flgwes 1 2aad 2) in 1975 and 1976

T 1g75 1976
' ‘ Evea 8 &xea B Area A Area B

1

iy
-
s

i3
T 142
% ud

577
: 238
o4 19

o (}

Y wd
<o

‘ -

PH3B

s &
i

D
B9 o oy (e =1 -ﬂw.;go -

‘icp-b

" tad
S W
o
U b

Total 336 3 70 78 86



Table 3 Mesn length-at-age of 1~ end Z-group sacksrel from
the internstion ¥orth Sea Young Herring Swrveys

= Survey = T-group ==greap
year £ noR. A nes.
1960 22,33 32 26.59 43
19514 18.84 48 29.93 30
1967 16,96 3 88 27.01 32
1968 20,86 102 2745 23
1969 ~ Imsufficient daia Insufficient data
1970 19.50 #1750 28.57 57
1971 14.79 105 048 27.23 9 352
1972 18,49 215 25.58 2 878
1973 17.28 832 =
1974 18.65 172 23,99 224
1975 19.44 330G 23,50 4
1976 22.07 63 - 38.99 38
Unweighted mean 19.02 28.19

1960 = 1976

# Inadequate age length key for fish over 1 year oldo
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Fige 1  Average numbers T-group mackevel per 1 hour haul in 1975
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Fig. 2 Average numbers i--group mackerel per f hour haul in 1976



Fig. 3 Mean lengih-at-age of i-group mackerel in 1975
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Fige 4 MNean length-at-age of T~group mackerel in 1976



