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, l1ag-.erealix immatüres captures pendant les CampagneS internationales pour jeunes

, harengs, dans, la Mer du', Nord

1. La: distribution, crciissa~ce et l'abondance da niaqueroWc iriunatures an 197.5
et 1976 sontdecrites par de donnees recueilliespendant les campagnes
internationB.1es de pecmpour jeunes harengs pendant ,ces memes annees.

2. Les resultats da ces campagnes indiquentune.nouvelie r~gion 'nursery',
sit~e 10 longdu bOrd oeu.st de lu tranchee norvegifmne, et aU. nord des ,regionS
principales 'nursery'decrits parWalsh,,(1974).Puisque cette region a ete
etudiee une seple fois pendant lesannees precedentes, aricun changement dans la
distributionri'est auggere. ,Dans la region originale dechantillonage, le mode
dedistribution etriit semblable a celui des annees precedentes. '

j. , 1:'a lo~neUr moYenn.e d~s', izid!vidus 4u grou:pe d 'age. ;11 197~ et 1975. etai~ .
supErJ.eure a la moyenne normale. Cela ,etait .bJ.en marquee dans le groupe d 'age
de 197.5 qui etait d'unelongUeur de3cm superieurea la moyenne prolongee des
in~ividus du groupe d'age I pris pendant ,ces camPagnes. ' ,

4., D'apr~s les"resUltats de ces cEimpagnos i'intensitedes classes d'~e I an
1974 et 197.5 paräit faible, et surtout celle de 197.5 est la plus faible qui

" a ete en registree~

5. Une comparaison des evaluations de "i' intensite des classed' aga des campagnes
pour .. jeunes ,1iarengs et de l'analyse. de groupe OOHORT, suggere que les calcUls de
ces campagnes ne peuvent pas etre utilises polir fairo predictionS sur le
recrUitment a la population, exploite par la peche commerciale dans la mer du
NOrd. Une co'rrEüation entre les calculs provenant de ces sources, cependant,
ne serait pas attendue ,si Un gros pOUrcentage da cette pop'lllation provenident
des r~gions au dehors da la mer dU,Nord, . comme para!ent indiquer les reSultats
des eXpe:dEmCeS de inarquage norvegiennes. '

6. Une correiation ~troite entre les ~vniuations de.i'intensite des' memes
classes d' age .des campagnes conaecutives. s' est montree, un fait qUi suggere "
qua les campagnes peuvent fournir' un indice aBsez precis da l' abondance da cette
partie de la population de lri mar du Nord provenant da lä porit'ä- dans la mer du
Nord.
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1) ,The distriout i on, growth al'ld.:.abundanee of adolescent mackerel in 1915' and
1976 are 'deSClibed fram data eollected during:the International Young Herring
surveys in,those years. ' , ,

An additional nursery area, along the western edge of the Norwegian.deeps, '
and north of the main nursery grounds deseribed in Walsh (1914), is shmm from
the results of these surveys. Since .this latter area, however, had only
been surveyed onee in previous years, no change of distribution is implied.
Within the original sampling area, the distribution pattern was broadly
similar to previous years. . .

The mean length-at-age of one year old fish of both the 1914 and 1915 year­
'ciasses was above average. This was specially marlCed for' the 'latter year­
class whicli. was over 3 ems larger than the long term average of one year-old
mackerel taken in these surveys.

1
4) On the basis of these surveys, the strength of both the 1914 and 1915 year­

classes appears to be poor, with that,of 1915.b~ing the.we~e~t on·re~o~d.

A comparison of estimates of year-class strength from the young herring
surv~ys and:from cohort analysis suggests that the,s~ey e~timat~~ canpo~ be
used to forecast recru!tme;nt to the poPulation that i8 exploited by the fishery
in the North Sea. 'A close correlat~on between these.estimates, however, would
not be, eXpected: if a high proportion of this populati'on originated frOOi'~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 sug"gests that tlie surveys
may give a reasonable ipdex of the .. abundanee of that 'component of the North
Se,a populat,ion that recruits :from spawning in the North Sea.

t , ,
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Introduction...... • .e

International trawling surveys for young herring in the North Sea were begun in
1960 with the main objective of predicting re cruitment of herring to the adult
stock. A:d6lescent mackerel were also taken· in these surveys and a first report
was presented to ICES in 1914, reviewing .data on this species from surveys up to and
including that of 1914 (Walsh, 1914).' This paper presents results of further
surveys in 1915 and 1916 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 Waleh (1974) for the surveys up to and including 1914. In the
subsequent surveys i11 1915 and 1916 changes were made to the programme to improve
the sampling efficiency for herring (Anon, ,1974). These changes included the
introduction of stratified sampling which concEintrated fishing effort in the areas
of highest expected herring abundance. To estimate the year-class strength of
herring, only haule carried out during, daytime (ie 15 minutes before sunrise to ..
15 minutes after sunaet, 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 1914. 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 1ittle overlap. In all other respects (eg in

,..trawling gear, method of fishing and duration of hauls), the surve~ procedure in
1975 and 1976 remained as in previous years (Corten, 1915 and 1916). .

Mackerel data available in 1975 and. 1916- -- .. ------ .... ---------
The fo],.lowing information was collected in 1915 and 1976:-

Position, time and. duration of each'haul.
Total numbers of mackereI caught in each haul.
Length frequency distribution of mackerel in most hauls.

In'addition 43 otoliths were collected for age determination in 1916 but none
were obtained in 1975. The small number of otoHths collected in 1976 were
supplemented by additionalotoliths from N. Sea commercial catches in the first
6 months of the year to malee up an age-length key. •

,

4

For each survey, mean catch-rates were calculated for each statistical
rectangle by raising indiVidua.;L hauls to 1 hour. summing the raised totals and
dividing by the total number of hauls in that rectangle. Catch-rates of 1 groUPi
2 group, 3 group.and older mack~rel were obtained for each statistical rectangle by
applying an age-Iength key to the length frequencies in 1916 and by applying Peterse.n's
method to the lenith frequencies in 1975. -. ~

In the oase 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 cf the catches 'from the nearest adja?ent rectangl~s. In practice
this only applied to, asmall proportion of the total catch. Where this procedure was
followed oatches are given in braCkets on the distribution charts (Figures 1 and 2).
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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 1-group mackereI \..ere taken in the greatest numbers along the
western slope of .the Norwegian deeps,. to the north of the standard area (~arked as
A: on Figures 1 and 2) u;sed for making annual comparisons of abundance in previous
surveys. Within this st.andard area the highest abundance was situated near its
centre.

In 1916 1-group mackerel were caught in very small quanti ties in only a few
statistical rectangles. As in 1975 the largest single catch was taken along the
we13tern 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 1'lithin
the standard area.

The eristence of a mackerel nursery 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 ar~a the distripution pattern was broadly similar
to that of previous years.

• I

Abundance .indices in 1975 and'1916'-----------------
To obtain estimates of relative year-class strength comparable with those for

previous years <>nly .catches in the standard area (Area A in Figures 1 a.nd 2) were
used. In addition abun~ce 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 mackere1 extended into it in 1915 and 1916.

An abundance index for each year-class in each survey \-las caIculated by summing
the mean number of mackerel caught in each statistical rectangle per hourts fishing
and dividing by the number of rectangles fished in each of the sampling areas. The
results are given in the text table on p. 5 with comparable estimates for year-classes
sampled in previous years.

'In both 1975 a.nd .19.76 catch rates of all age groups were low. As in 'all but
one of the previous surveys, 1-group mackerel were more abundant in the catche~ than
other aga-groups. rlithin Area A the catch-rate of this age-group in 1915 was
about the same as in the previous three surveys while in 1976 i t was the lowest
recorded since the surveys began. In both years the level was very much tower than
in 1970.and 1971.

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

Over the period 1970-197-6· for ·which data are available these indices of
year-class strength have varied by a factor of over 1,000.

Mean lengths of 1-group 'fish were. ca,lculated for each statistical rectangle
from discontinuities in the Iength. compositions in 1975 and from an age-length key
in 1916. (Figures 3 and. 4). The numbers of older age-groups were too low to
warrant similar treatment. .
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For comparison with earlier s~TVeYSj mean length compositions for the whole
su'M.Te;yr 'a:raa l"le::.'e ciüculated. for each year by sununing the length compositions of
individual s-~atistical r8ete,;1g1es within area A (Table 1). The mean lengths of 1- '.
and 2-group fish were then calculated and the.se 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. ~ shown in the table below
this was espeeially marked in 1975. The differenee in mean lengths between the two
areas in 1915 was significant at the 99.9% level while in 1976 it was significant
at the 95% level.

- "
; I

_.

Sub Area
1975

.,
~r

1976
.

mean j mean i number ofI nu.rnber of ,,
lepgth .J measurementsr

meas~'ements
lel1o'""iih I

(ems)
I

(ems) I. . . I

B (see Figs 1 and 2) ·21.21 3 703 23.22 i 22

A (see Figs 1 and 2) 19.44 330 22.07 I 63... ..... .. .. +' •. .....-....~
Differenee between means 1.71 '\e.15 I

I
- -

In view of this regional variationj daia from sub area B could not be
used for eomparison 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 avere.ge in 1976. They also show a wide
variation in mean Iength of 1-group mackerel during the' period cf years eovered by
the surveys.

In view of the wide variations, both in mean length-at-a.ge and in the catch­
rates, an investigation was carried out to test whether there was any eorrelation ~
between these two parameters. The mean lengths of .1-group mackerel.were eompared
first with eateh-rates of this age-group and then with the SUffi of the cateh-rates of
this age-group and that of the preceding year-class :taken as 1-group fish. The
Iatter eomparison was made because the two year-elasses oeeur together on the

. nursery grounds and could possibly be competing together for food. The analysis
did not show arry significant correlation suggesting that changes in abunda.nce could
not alone account for the observed variations in growth.

An Evaluation of the usefulness of these Indices.
• .•. .,.. eae e • .... •• • _. _ «. . .. •.

fot. .f..op?ca.sj;i!!ftßecrui tIll;..enj;

Abundance indices of adolescent mackerel as one and t\rlO year-old fish
---~------------------------------

frolE .!h~ ;zo~n~ ~eEr~~ ~u::v~y~ ~f_121Q-1916_

Since the'previous report (Walsh, 1974), two further year-classes have been
sampled as' Molesc'ents 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.

4



. • ... These are given' in the teXt table below. The estiroate f'or the 1969 year-class as
one year-old f'ish iri the '1970 surVey was f'rom a smaller sampling area than f'or
Bubsequent year-classes and. was derived by' a comparison of' the number of' 1 year­
olds caught in this smaller area in,1910 and 1971 (Walsh. 19?4).

I
I

I
r

j
I

..
576

226

2

12

0.6

136

2 Group

no data yet
available

.....-=0..

t •

i
I
I

1. !'

3

.e.

26

......

1 Group

. 1 410
xe \~. Me·

Average numbers of mackerel per 10 hrs tralo'lling in I
area (as shown in Figures 1 and 2) I

.1

I,
I.....-

I------;.--'*.-- _.---------·-1· .
6 536 I
3 250

13

28

14

, mean 1969-75
l. e,.-.o;... _ Ob

i Year class
I

L---.
I 1969

I 1970

I 19'71

e I 1972
I 1973I

i 197L1. II
I
I 1975I

-lI
i
'=

.., ... , .

This table shows that the two sets of estimates are closely correlated
(r • 0.9945; sig. at 99.g:ß level), thereby suggesting that they reflect' real year
to year dif'f'erenQes in abundance rather than simply.showing, for example,
differences'in pehaviour pattern or in vertica.l·distribution between years.

A_C2ffi,Ea!i~o~ ~!\1~e~ =.s:'i~:'e! ,2f'_y~a:.:-~l~s! ~~a~c~ !r,2m_t!!e_I!H_s~~
and from Cohort Analysis of Uorth Sea commercial ca.tches
----~~~-~--~~~------~-------.

Estimates of year-class' abundance are available from cohtrt analysis for the
year-classes 1969-t975 (Anon, 1977) although those for the two most recent year­
classes are less reliably estimated because they have only recently. recruited ~o

the commercial fishery. They' are based on numbers of one year-old fieh ca.ught in
the fishery and on an estima,te of fishing mortali ty of 1aß of that on the fully
recruited. yea.r- .classes. ' The cohort analysis estimates for earlier year-classes
are based' on commercial ca:tohes from the North. Sea minus aproportion of the ca;;oh
taken ,!rom the Shetland area, which was allocated to the 'west UK stockt on the basis
of Norwegian tag data. (Anon» 1977). The· cohort analysis estimates of abundance
used refer to numbers of mackerel at age' 2 because lD.ore estimates were available
at this a.ge than at other a.ge!3 and the cohort analysis results suggest there was
little variation in the survival ratef? !rom age' 1 to age 2 over the period cOllsidered.
For the 1969 year-:-class the number8 of two, yes.:r-old fish bad to be back-ea.lculated
from num'Qers at a.ge 3. This.\'l~ done bY'assuroing a z. of 0.25 (Hamre, 1975). A
companson of these estimates wj.th those för one year-old mackerel from the survey
data i8 given in the text table below:-

..
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1 234

f

i
J

Co~parative.abundance estinates
'.~. . .. .-.

I Frorn 'oung' herring surveys: IFro eohort analysis:
1 •• average nos. '1 year olds per 10 hrs tre,,;Tling rU;lsdtiDlate1d gos 2 year

I lOS x 0- on
"rea A Tn"iUres 1" and 2) I Area "' "l~ B t'f:Lgt{ie"s 'fand ·2j, JanuaT'J 1st ..J

~:~~1'-'-- '.. ~ ;~( ,."f" 5 :~: -- I

1972 I 28! 214 I
1913 1

1

14 I 12 588 I
1914 26 I 165 819 e.i

1975 I 3 I 4 168
I i

,".' -- - .-' .. , .- . ..

I~-r ---1 r- -.
.ean I
1969-1975 1 410

I
~ •.•. ···.ri- ._-

This table indicates thä.-li the two sets of estimates show some features in
common as weIl as some differ~nees. .Both sets of data indicate that the 1969
year-elass was a very strang one a.ncl that, by eomparison, those of 1911 to 1915
were relatively weak. They also indicate that, of the last three year-elasses
sampled, that of 1914 '<las the strongest. The most marked differenee beti.-Ieen the
estimates was for the 1910 year-class whieh had appeared.to be. strang both as one
and two year-olds in the young herring surveys but did not appear in strength. in the
cornmereial 'catches of adult maokerel. The estimates from the surveysalso
indicated much greater variations in year-class abundance than is evident from
commereial catohes.

Discussion- - - - - -..',

When the idea of comparing eS'~imates from the you...lJg herring surveys and from
eohort analysis was first eonceived i t l;Tas assumed that the North Sea commercial
catches were predominantly made up of fish recruited from North Sea nursery
groundS and that the eohort analysis results eould, therefore, be used as a means
of checking the likely validity of the young herring surv-ey estimates. During the
course of these investigations, however, it became ·increasingly appa.rent, from
NOr\iegian tagging data, that the North Sea eommereial catcheSt upon which" eohort
analysis i6 based, eontain a eonsiderable proportion of fish whieh recruit from
outside the North Sea. This is indicated by the fact that, in the Shetland area,
an average of about 1afc of the cateh from 1972. to ,1916 appears to have originated
from outside the North Sea (Anon, 1911 text .table p~ while, at the san:.o time, the
number of" Celtie Sea tags per uni t catoh from other parts of the North Sea wa.s
frequentlyas high or higher than in the Shetlands (Anon, 1911 Table 3.1.3).
Fur"thermore. aecording to Ra.Inre (1915) important emigrations of maekerel fram the
North Sea. also.take place•. Under these eircumstances ft is evident th.a.t·some
differences between estimates are to Oe expected.

From tagging results there i8 very 1ittle evidence of any recruitment of
mackerel to the North Sea from other areas prior to three years of age. Olle
would t therefore f not expeet to see much evidence of mackerel from elsewhere in the

6



cohort analysis estimates for the 1914.and 1915 year-classes at thi~ stage. For
earlier year class~~, hmvever, one might expect to see markE;}d 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 'west UK stock', as
derived from cohort analysis (Anon, 1911 Table 4.2.1.) are given below for.the year
classes 1969 to 1913.

West UK S!gck: est:m~~~;:-UIIlbers 3 year .o~;1
fish x 10 on 1st January

Year class

1969 1 109

1970 l' 381• 1971 2 144

1972 861

1913 ,1 1 532· I
1 1

&1 I
~+

Mith the exception of the 1969 year class, "i;hese estipates are all more than
three tiffies the size of their equivalent year~class in the North Sea (as estimated

. by cohort analysis). The strongest of these 'vlas the 191.1 year-class; followed by
the 1973 year-class 1+Thile -i;hat of 1972 was the weacest •

....~ investi~Üon of -\;hese three year-classes in the :Horth Sea indicates that;
while- they all appeal" to be very weak on the basis of the young herring surveys
(with the 1972 yeal~elass showing as marginallJr stronger than the other two). from
the e~idence of eohort analysis. they (10 not appeal" to be so ''leak~ and the 19'71 year­
class is the strongest while the 1972 year-elass is the wewcest. This is also the
case wi th the ''lest illC estimates from echort analysis. For these ;)rear-classes ~
therefore; the results are not incons:i,stent with the h,ypothesis that a marlcecl infllL,,{
of fish into the North Sea took place. On this hJ~oth~sis and on the assumption
~i;hat substCi.ntial emigration from ....est illC stock is likely to continue while the North
Sea stock fails to produce astrang year-class; it seems probable that the North Sea
estimates. (from cohGrt analysis) for the 1914-1915 year-elasses will increase in the
next few years and especially that for the 1915 year-class'whieh appears t6 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 tHO sets of North Sea estimates Ylas for
the 1970-year-class' and no entirely s~tisfactory explanation for this ean be given.
r~'hus ~ while i t v!ould be possible to' explain the d{fference by postulating a Iarge
scale eBigr~Gion of the year-elass out of the North Sea after the age of -ewo years
it is hard to see why such an emigration should be mainIy confined -Co 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 w~-

the catch rates of the year-class should have been 11igh in the surveys in conseeutive
years if it had not been ablli1dant. There is also some independent evidence that
this year-elass was relatively abundant as adoleseents since it made up 391 of the
cOi:1.rnercial catch from the eentral emd southern North Sea in 1912.
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The 1970 year-elass shows some UllUSual features. In the first plaee the
average l?lnß'th-at-age was very 10\" both as: one' and 'l;l''1O year-old fish. 'I'hese
averages vlere respeetively 4.23 eElS and 2.61 ems belovl the long-ter:'!l averages
and might have inereased the relative vulncrabili 'cy of the year-elass to eapture
in the you~g herring surveys.

Gonclusions

Fror:J -ehe data investigated it is elear that the young herring surveys do not
provide'an aeeurate index of the relative strengths of the maekerel year-elasses
reerui ting 'co the Horth Sea eommereial fishery. 'r'he results of tagging experiments
indieate~ however l that a large proportion of the North Sea eateh may originate from
outside the North Sea so that -ehe surveys estimates eoulcl not be expeeted to
foreeast year-elass strength in eOITmereial eatehes. So~e of the differenees in
estimates from the young herring surveys and from eohort analysis are eonsistent
l.,i ';;h the h~'Po'i;hesis of large seale immigrations of fish into the North Sea fram •
outside hut the 1910 year-elass is an exeeption. The high level of eorrelation
betueen the young herring survey estimates of year-elass strength in conseeutive
surveys suggests that the surveys may give a reasonable index of a'bundanee of the
North Sea eomponent of the North Sea eowmereial eatehes.
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'!'able 2 A ocmpariSq~l bs'~ween length f't-equenC3 distributions
in B...'""eSS A. s.:il B (Figuree 1 a.rJd 2) in 1975 a."Jd ';976
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~ab16 3 MeQn length-at-aga of 1- and 2-gl"'OUP sadtttre:j. from
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Flg. 1 . Average nUlllbers 1-sroup mackerel per 1 hour haul in 1915
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F'ig. 2 Average mB'-berD, 1-group llaclterol per 1 hour baul in 1976
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Fig. 3 Mean length-at-age of 1-group maclcerel in 1975 .



F'ig. 4 Jlean length-at-age of t-group maakerel.in 1976


