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Report of the North Sea Herring Assessment Working Group

Introduction

A description is given of the changes in the state of the North Sea herring
stocks since the second World War in terms of total catch, stock size, fishing
mortality, spawning potential and recruitment. It is concluded that the high
fishing intensity exerted on the stock during the last decade has reduced the
spawning potential at a rate of about 20% per year. The decrease in biomass
has led to a decline in the total North Sea herring catch which at present is
based upon a few young year classes.

Based on the assumption that future year classes will be of average strength,
a prognosis of future catch and biomass is given for different combinations
of fishing mortalities for juvenile and adult herring. Total allowable catch
levels are deduced from this prognosis.

The existence of a stock/recruitment relationship for the total North Sea
stock has not yet been demonstrated. The possibility that such a relation
could arise by further deterioration by the spawning potential is pointed out.
This could lead to a rapid collapse of stocks and fisheries.

Terms of Reference

At its Eleventh Annual Meeting in London, May 1973, NEAFC agreed that an
extraordinary meeting of the Commission should be held in December 1973 in
order to recommend conservation measures - espetially quota regulations = to
improve the state of the-herring stocks and fisheries. The Commission also
agreed that a NEAFC Working Group of administrators and scientists should meet
in London in late October in order to prepare basic material for the extra-
ordinary meeting.

The terms of reference for the NEAFC Working Group ares-

"To assemble and evaluate for presentation to a Special Meeting
of the Commission information on measures for regulating catch
with relation to herring stocks in the North and. Celtic Seas.

To consider and evaluaste scientific data on the state of stocks
of North Sea herring, including an assessment of the total
allowable catch provided by the Liaison Committee of ICES.

To consider and report to the Special Meeting on what further
measures of conservation if any other than regulation of catch
may be required for North Sea and Celtic Sea Herring."

The North Sea Herring Assessment Working Group consequently met at ICES
headquarters, Charlottenlund, Denmark, in the period 3 = 7 September 1973.
It had already met in February 1973 with two objectives: to revise its last
report (Anon., 1972) for publication in ICES Cooperative Research Reports
geries and to report to the Liaison Committee on the preliminary data on
the herring stocks and fisheries in 1972. A statement is included in the
Liaison Committee's subsequent Report (Coop.Res.Rep., Liaison Cttee, 1975)o
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Participation

The following members of the Working Group took part in the meeting:~

A C Burd U.XK.

A Corten Netherlands
J Jakobsson Jceland

H Lassen Denmark

A Maucorps France

K Popp Madsen(Chairman) Denmark

X Postuma Netherlands
A Saville U.K.

A Schumacher F.R.G.

@ Ulltang Noxrway

G Wagner F.R.G.

0 J @stvedt Noxrway.

ICES Statistician, Mr D Griffith, also took part in the meeting.

The absence of members from Poland, Sweden and U.S.S.R. was noted with
regret.,

The Development of the Fishery in 1972

A review of the history of the North Sea herring fishery in the period
1947=71 is given in the Report of the North Sea Herring Assessment Working
Group (Anon., 1972).

The final figures for the catch made in 1972 show a total of 491 100 tons
for the North Sea and 66 900 tons for the Skagerrak. The overall total
of 558 000 tons is thus about the same as in 1971 (Table 2). As in 1971
a large part of the catch (40%) was taken in the northwestern area. The
landings from the young herring fisheries in the central North Sea in-
creased from 165 200 tons in 1971 to 184 900 tons in 1972.

As in recent years the landings were mainly composed of 0, 1 and 2-ringed
fish as shown in the table below.

Millions of herring caught per age group (winterrings)

Year/Age 0 1 2 3 4 5 and older Total
1968 8%9 2425 {1795 1494 621 571 7746
1969 112 2503 |1883 296 133 336 5246
1970 890 1196 | 2003 884 125 143 5249
1971 684 4378 | 1147 662 208 97 TL77
1972 750 3341 | 1441 344 131 40 6047

Considering that about half of the catch of the 2-ringed fish is taken
before spawning about 80% of the total Noxrth Sea catch in 1971=-T72 con=
gisted of juvenile and first time pre-spavmers,

Spawning Potential

Using the estimates of each age group of the adult stock for the total
North Sea derived from the Cohort analysis (Table 11) the spawning
potential of the stock was calculated from fecundity data on northern
North Sea herring (Figure 1):
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Fecundity per age group (From Baxter, 1959)

Rings 2 3 4 5 >5
No. of eggs ‘
(x 1072) 45 67 &7 96 101

Spawning potential

(Number of adult females x Mean number. of eggs per age group x 10"12)

Year - Spopot. . Year Sp.pot. Year | sp.pot.
1947 730 1955 459 1963 431
1948 622 1956 435 1964 481
1949 627 1957 405 1965 453
1950 585 1958 336 1966 338
1951 557 1959 520 1967 266
1952 500 1960 452 1968 197
1953 465 1961 434 1969 151
\1954 460 1962 322 1970 146

The high spawning potential in 1947 is obviocusly a result of an accumulation
during the war period of older fish having high fecundity.

From 1947 to 1958 the spawning potential declined in the course of 11
years by about 50%. This decline is associated with a steady increase
in fishing mortality on adults from 0.24 in 1947 to 0.45 in 1958.

In the following period 1959 to 1965 the spawning potential fluctuated by
about 25% around an average of 440 x 1012, The fishing mortality during
this period fluctuated in a similar way between values of 0.3 and 0.48.
Within this range a remarkable increase in spawning potential was observed
in 1959 and 1964 as a result of the outstanding year classes 1956 and
1960,

In the course of the 5 years period after 1965 the spawning potential
declined sharply by 70% from the level of the preceding period. This decline
is associated with a sharp increase in fishing mortality from the previous
level of 0.45 up to a level of 1.0 and even higher.

As shown in Figure 1 and mentioned above the two very good year classes
1956 and 1960 increased the spawning potential considerably and counter-
acted the rapid decline of the spawning potential caused by fishing. The
good year class 1963, which was about 40% above the long-term average,

did not lead to an increase in spawning potential. This was due to the
increasing exploitation of the juvenile component, and leads to the con-
clusion that at the present high level of exploitation of the juveniles,
even a good year class can hardly contribute significantly to the spawning
potential,

Fishing Mortality from VPA and Catch per Unit Effort Data

Pishing mortality rates calculated for each age group, in each year,
over the period 1947-70, are given in Table 12 for the total North Sea
stock.
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For the adult stock the changes in the fishing mortality rates can most
easily be followed from the value F > This value was about 0.2
prior to 1951; fluctuated between 0.3 - 0.48, with a mean of
0.4, in the period 1952-64; and thereafter increased very much to a mean
of 0.71 in 1965-6T7 and to 1.13 in 1968-T0.

In the early 1950's when the Bleden fishery started, the calculated fishing
mortalities were low, at a value of 0.1 for the l-ringers. From 1954 to
1963 the mortality fluctuated without trend in the range 0.18=0.46, with a
mean value of 0.3, In the period 1964-69 the fishing mortality rate was
appreciably higher in the range 0.3%6~0.54 with a mean of 0.5.

The catch data indicate that subsequent to 1970 the fishing mortality in

the young herring fishery has increased even further. For several alternative
values of F on 2-ringers in 1972,the value of F on l-ringers in 1971 was
calculated applying a VPA enalysis. The results indicate that at present

the fishing mortality rate on l-ringers is at the same level or even

higher than that of the adults i.e. about 0.7.

From the ICES Bleden Herring Tagging Experiment estimates were made of the
fishing mortality of the 1967 and 1968 year classes as l-ringed fish

(Anon., 1973). The values derived are in close agreement with those obtained
from the Cohort analysis.

In the table below are given total mortality rates calculated from catch
per unit effort and age composition dats for the northwestern, central and
southern North Sea adult stocks separately. As these are rather variable
from year to year they are presented as mean values for 4-year periods.
The values in this table up to 1969 are taken from Table 22 of Anon. (1971);
those subsequent to 1969 have been calculated during this meeting.

Northwestern Central Southern
Period North Sea 1) North Sea 2) North Sea3)
1652-57 0.39 0,44 0.81
1957-61 0.58 0.60 1.13
1961-65 0.42 0.83 1.55
196569 0.7% 1.01 1.33
1965-72 0.67 0.89 1.22

1)
2)
3)

Derived from Scottish drift-net catch per unit effort in May-July.
Derived from Netherlands trawl catch per unit effort in August-September.

Derived from Netherlands trawl catch per unit effort in November~December.

In the northwestern area the total mortality rates in the period prior to 1965
were in the range 0.4 - 0.6 but subsequent to 1965 they increased to about

0.7. In the central North Sea these total mortality rates were at about the
same level as in the northwestern area prior to 1961 and then rose more sharply.
In the southern North Sea the total mortality rate was quite high at 0.8

even in the earliest period considered here, and increased progressively up to
1965 to a level of 1.5.

The mortality rates from catch per unit effort data can only be compared
with those derived from the VPA analysis by weightingthese area estimates
by the relative stock sizes in each area to get an overall mean. Data on
the sizes of the adult stock in the three areas have been taken from Burd
(1973). When this is done and 0.1 subtracted to get an F value, the
resulting values are given in the following together with the VPA values
for comparison.
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Fishing mortalities dexived froms
Period Catch per unit effort VPA
1952=57 0.41 0.38
1957=61 0,49 0.44
1961-65 0.44 0.49
1965=69 0,67 0.89

) 1969=72 0.64 ?

The close agreement up to 1965 gives some confidence in the catch per
unit effort estimates for the period 1969=72 when no efficient estimate
of T can be obtained from the VPA. The value of 0.64 for this period
derived from catch per unit effort is very close to the value of 0.7
used in the prognosis for the input value of the adult stock.

Recent Recruitment Bstimates

The magnitude of any regulatory measures to be taken in order to restore

the North Sea spawning stocks isg partly dependent upon the level of current
recruitment to these stocks. The 1969 year class is the last one for which
some estimate can be made from the adult North Sea fisheries. In the
central North Sea fisheries the abundance was low as it also was in the
spawning fishery in the Southern Bight. This year class contributed largely
to the fishery in the northwestern North Sea around the Orkneys and Shet-
lands, and in catches in VIa. The recent year class abundances for both
areas from Scottish catches are given below.

Scotbtish estimates of recruitment of recent vear classes

, Ve W ‘ Via
Year tons/drifter landings (May-July) Stock in 1077 as
class as 2=-ringers O=group
1967 3,06 1.01
1968 1.68 1.53
1969 1.50 2+30
1970 1.41 1.58

The table indicates that the 1969 year class was particularly strong in
VIa while in IVa it was about the same strength as the 1968 and 1970 year
clagsses in contrast to the situation in other North Sea adult fisheries.

Estimates of the strength of these year classes were available as juvenile

fish. The table below gives the abundances in the English O=group surveys,
the ICES Young Herring Surveys and the Danish industrial fishery.

Estimates of recruitment as Juvenile fish

Year English ICES Young Herring Surveysg) Danish industr@fisherya)
class Oagroupl) I II I(epring) |II(autum)
1967 1799 455 87 1082 318

1968 1259 442 73 _ 305 173

1969 2793 1241 354 1006 455

1970 1245 844 57 1278 307

1971 907 411

1) Numbers per hour per station. 2) Numbers per hour per rectangle.

3) Weighted average number per cpue (Feb-Mar).
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The 1969 year class is dominant in each series except in spring 1971

in the Danish fisghery. The 1970 year class was also above average in
the ICES Young Herring Surveys and the Danish fishery. The 1967 year
class, which was much stronger in the northwestern North Sea than in
VIa, also appears as above average strength in the juvenile esgtimates.
From the few data available the 1971 year class as juvenile fish appears
to be about average strength.

The interpretation of the juvenile abundance estimates in relation to
the North Sea spawning stocks isg problematic. While the 1969 year class
appeared abundant from the Jjuvenile assessments it recruited pooxrly

in the North Sea, except in the northwestern area. It was also abundant
in VIa, and the possibility exists that a part of that year class of
Jjuvenile herring in the North Sea were recruits to the stock in VIa.

A numbexr of returns from the Bleden Tagging Experiment can be ascribed
to fishing position. These are mostly returns from Norweglan and
Scottish meal plants. Figure % shows the returns reported from the
July/August fishery in 1970 and 1973. It appears that some fish of the
yvear classes 1967 and 1968 tagged on the Bleden south of 55°30°' migrated
to the west of the Shetlands and Orkneys and even into the Minch.,

The abundances of larvae in the North Sea surveys over the period

1946=72 are summarized in Table 13, This table is a complete revision

of that previously reported (Anon., 1972). In recent years in the Downs
ares there has been some improvement from the very low levels in 1963=66.
In the central North Sea the major production in recent years is centered
on the Yorkshire coast and Longstone spawning grounds, while on the Dogger
there has been no appreciable production since 1966. In the Buchan area
some larval production occurred in 1971 and 1972 after the low levels

in 1967-70. The abundence of larvae in the Orkney/Shetland area seems to
be very variable from year to year. If these larvae, or even older larvae
from areas further west, are drifted into the North Sea and as juveniles
eventually exploited in the young herring fisheries, a component of
variability is introduced which catises difficulty in making forecasts of
recruitment from these.

In the prognosis the recruitment of the incoming 1971, 1972 and sub=
sequent year class has been pubt at average.

Stock/Recruitment Relationship

Although no stook/reoruitment relationghip for the herring stock of the
North Sea has so far been established, a continuation of the steady
decrease in spawning potential during the past years makes it likely that
such a relationship could be effective. In that case the result will be
that the protection measures discussed in the present report will be
over-optimistic. If very severe protection measures are not then taken
immediately, a complete breakdown of the North Sea herring stock will be
evident within a couple of years.

Prognosis

A new prognosis (Table 14) has been made for catches in 197% and changes
in catch and biomass in subsequent years, using final catch figures for

1972.

The assumptions used for the new prognosis differ in some respects from
those used in the previous Report (Anon., 1972). Both sets are given
in the following for comparisong
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Agsumptions used in: This Report The previous Repoxrt
Year class 1971 Average (7.9 x 107) Average (7.9 x 109)
Year class 1972 Average (7.9 x 109) Average (7.9 x 107)
Natural mortality 0.1 0.1

Fishing mortality,

O=group, 1972 0.14 0,05
Fighing mortality,

I-group, 1972 - 0,70 0.5

Fishing mortality,

adulte, 1972 0,70 1.0

:Elo_‘g»:r° = 002 X Fl“’g"ro

The age composition as at 1 Jammary 1973 is given belows=

Biomass
Age 0 1 2 3 4 5 6 7 8 in tons
Nos x lOm9 7.9 6.2 3,1 1.34 0,32 0.12 0.031 0,005 0 0.77 x 106

The change in fishing mortalities for adult and juvenile herring was based on
the catch in numbers for 1972. Assuming year classes 1969 and 1970 to be not
far above average strength, the high numbers of these year classes caught as
Juveniles can only be explained by an increased fishing mortality on Jjuvenile
herring. The numbers of adult herring caught were lower than was to be
expected at P = 1.0. Therefore, fishing mortality on adult herring has been
reduced to 0.70.

Total Allowable Catch

The objective of introducing a quota regulation is either to prevent a
reduction of the current stock size, and hence of the catch, or to allow

an increase in stock size and future yields from it. With the size and age
composition of the stock at their present levels the fishery is very large=
ly dependent on the youngest age group. Any succession of poor year classes,
whether naturally induced or due to a stock/reoruitment relationship, would
effectively eliminate the North Sea herring fisheries very quickly. The
objective therefore must be to bring about an appreciable increase in stock size
over a fairly short time period. Table 14 gives the forecast catches in
1973, and the increases expected by 1976 in catch and stock size, at

various levels of fishing mortality on the juvenile and the adult components
of the stock.

This prognosis is basged on the catch figuresg of 1972, assumed Fi'g on adults
and juveniles of 0.7 and average recruitment. The provisional catch

figures for 1973 suggest that the F values in that year are likely to remain
at about the same level. The prognosis shows that there is little change

in stock biomass at these levels of F and therefore the values in Table 14
for 1973 can be taken as equally valid for 1974. Similarly the values for
1976 are valid for 1977. To illustrate +the options which are available two
levels of increase in stock size, 100% and 200%, have been selected and the
various strategies which will achieve these by 1977, given average recrult-
ment, are shown in the tables below.
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If the objective is to increase the stock biomass by 100%, from the
current level of 770 000 tons to about 1.5 million tons, this can be
achieved by any of seven combinations of the adult and juvenile
fishing mortalities according to Table 14. These are shown in the
text table (see 10.4) with their effects on total allowable catch
in 1974, and with the maintenance of these P's in the ensuing years,
on the catch in 1977.

100% increase in stock biomass by 1977 (in 000 tons)

Juvenile T 0.0 0.1 0.2 0.3 0.4 0.6 0.8
Adult 0.8 0.7 0.6 0.5 0.4 0.3 0.2
Allowable Juveniles - 30 60 80 110 150 180
catch in 14 8
1574 Adu ‘ 390 350 310 280 230 180 130
Total 360 . 380 270 %60 340 330 310
Allowable  Juveniles - 30 60 &0 110 150 180
catch in 8 6 6 ,
1977 Adults 20 730 40 560 470 350 240
Total 820 760 700 640 580 500 420
i ] i

The smaller the juvenile F selected the higher will be the catch which
can be taken in 1974; and the catch in 1977 will be very appreciably
higher, increasing in the extreme case from 420 000 to 820 000 tons.

If the greatest yield is the objective, then this would be achieved by
completely stopping the juvenile fishery and retaining the exploitation
rate of the adult fish at about the current level. The total allowable
catch in 1974 would then be set at 390 000 tons. Retention of these
levels of B to 1977 would give a total allowable catch in that year of
820 000 tons.

If the aim ig to increase the stock size over the period 1974 to 1977
by 200% (to 2-3 million tons) only four combinations of the adult and
juvenile F'g listed in Table 14 will obtain the objective. These are
shown below,

200% increase in stock biomass by 1977 (in 000 tons)

Juvenile ¥ 0.0 0.2 0.257 0.3 0.6
Adqult F 0.4 0.3 0.25 0.2 0.1
Allowable Juveniles 0 60 70 60 150
iggzh in a1t 230 180 160 1%0 70

Tobal 230 240 230 210 220
Allowable  Juveniles 0 60 70 60 150
ig;;h M guls 700 510 410 280 170

Total 700 570 480 460 320

x) interpolated.
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These give a small range of 210 000 - 240 000 tons of total allowable
catbeh in 1974. With the retention of these T values the levels of catch
taken in 1977 are, however, very different, with a major increase in
catch with decreasing Fte in the juvenile fishery.

It must be stressed that if a total allowable catch is set without
differentiating between adult and juvenile herring, the 1977 catch will
be very much lower than that obtainable by a proportionally greater
decrease in the juvenile than in the adult fishery.

With a stock size increase of 200% by 1977 the maximum sustainable
yield would thereafter be taken by not exploiting the stock until the
fish are 2-ringers and applying a fishing mortality rate of 0.4. The
annual yield, with stable recruitment would then be about 825 000 tons.

The expected long-term developments in catches and stock biomass are
shownt in Figure 4 A and Figure 4 B, respectively. It should be noted
that the MSY for North Sea herring is obtained at a fishing mortality
of 0.4 for adults and no fishing for 0 and 1 groups.

Additional Regulatory Measures

Minimum mesh size

The effectiveness of mesh size regulations in herring fisheries is very
doubtful as fish which have escaped through the meshes may not be
viable.

Minimum size

The introduction of a size limit in herring fisheries would have its
effect through increased recruitment to the adult stock. Because of the
difficulties in applying minimum mesh sizes, the direct effect would be
to prohibit fishing on grounds where small herring are dominant. The
length dividing the immsture from the adult herring lies roughly bhetween
20=23 cm.

Ares closures

Closing of certain areas can e used for protecting specific components
of the stocks e.g. by closing spawning grounds and nursery areas.

Seagonal closures

Becguse of the increase in weight of the herring from spring to summer
and autumm, some increase in yield would be obtained by reducing the -
fishery in the first half of the year. A closed season from 1 Februery
to 15 June increases the yield in the juvenile and adult fisheries by
about 23% and %% respectively, compared with the yield generated by the
same annual fishing mortalities when there is no seasonal restrictions
(Ulltang, 1972). The same quota in weight can thus be obtained with
reduced catch in number by seasonal restrictions. :

Other conservation measures were discussed in the former reports of
the Working Group (Anon., 1971 and 1972).
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Disgcussion

The date in Tables 1=8 refer solely to herring catches in the Noxrth Sea
and Skagerrak, while in "Bulletin Statistique" no distinction is made
between catches derived from the Skagerak and Kattegat. It is also
known that some of the socalled herring catches in "Bulletin Statistique
contain varying quantities of other species. The catch figures in the
present report are about 30-40% less than the official figures in
"Bulletin Statistique”.

It is stressed that the total allowable catch levels for North Sea autumn
spawners in the present report are based on the catch data presented here,
vhich are the better estimates of North Sea herring catches.

The final catch figures for 1972 differ little from the preliminary ones
given in the Liaison Committee Report (Anon., 1973) and at 556 000 tons
the total catch is close to that in 1971. The catch composition, however,
shows a further increase in the proportion of young fish.

The preliminary catch figures for the first seven months of 1973 already
amount to 264 000 tons despite the closure in force from 1 February to

15 June. This catch represents about half the expected annual catch if
fishing mortalities had remained at the levels of 1972. The major part of
the catch was taken after 15 June,

Prognoses of future catches have been made on the basis of the 1972 age
composition and on certain assumptions including that of average recruit-
ment levels being maintained after the 1971 year class entered the stock.

The assumption of average recruitment would be invalid if a stock/recruitn
ment relationship exists. Total North Sea estimates of recruitment have
remained high despite a reduction of spawning potential of about 60% since
1947. The actual catches from the juvenile fisheries have remained high
and have even increased. There is evidence to suggest that the apparent
sustained abundance of juveniles in the Noxrth Sea may be supporied by an
influx of progeny from stocks north and west of Scotland. As these fish
may not contribute to the adult North Sea stocks, they could mask an
actual decline in North Sea recruits snd the existence of a stock/recruit-
ment relationship. Though the critical level to which spawning potential
might be reduced before recruitment is effected is not known, any further
reduction from the present level must be regarded with concerm.

With the present mortalities on juveniles and adults little change is
expected by 1976 in biomass or catch if recruitment remains constant.
However, because of the dependence of the fishery on the recruit brood
the occurrence of a single poor year class would result in an immediate
drop in total catch and a subsequent decline in spawning potential. For
this reason alone it would be beneficial for the fisheries to be based on
a stock of higher average age and biomass.

The stock biomass can only be increased by reduction in fishing mortality.
In view of the errors inherent in the catch statistics on herring and on
the assumption of future recruitment, it is necessary to aim at an
increase of at least 100% over the 1972 biomass in the course of 3-4 years.
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Bxplanatory Notes to Tables 1 ~ 8

Table la.

Data from Belgium, Denmark, France, Poland and Sweden according to Coop. Res. Rep.,
Series B, 1965, Annex II, Table 9. Data from England, Netherlands, Norway and
Scotland submitted by Working Group Members. Data from Germany according to
Statistical News Letters, No. 11B, 1961,

Table 1b.

Data derived as listed below under each country. The Kattegat catches are according
to Danish national statistics and information from the Swedish laboratory at
Lysekile.

Table 2»
,1947 -~ 1954. QCatches for northwest and northeast are derived from Statistical News

Letters 11A and 11B. The national distributions of catch by area in some cases
refer to all catches and in others to a large sub-sample of the catches.

Catches for central and south are taken from Cushing and Bridges 1966, Appendix 4.
The catches for the south refer to the seasonal winter fishery and not the calendar
year.

Catches for the industrial fishery are derived from Coop. Res. Rep. Ser. B, 1965,
Annex II, Table 12.

The catches for the gkagerak for some countries also include Kattegat catches,
(Bull. Stat.). Taking the catches ascribed to areas for the North Sea, their total
covers an average of 98% of the annmal catches given in Table 1 for the period

1947 = 1954.

1955 - 1959, (Cgtches for the northwest, northeast and central are based on data
in Cushing and Bridges (1966). The Swedish catch from Division IVa (Bull. Stat.)
. was regarded as taken in the northeastern area.

Catches for the south and the industrial fisheries are derived from Coop. Res. Rep.
Ser. B, 1965, Annex II, Tables 11 and 12,

1960 - 1968, Data from Coop. Res. Rep. Ser. A, 26,

quustrial Pisherys: These data refer only to the juvenile herring catches in Divi-
sron IVb by Denmark and Germany, and also Norway and Sweden for 1971 and 1972. A
separation into industrial and consumption catches was not possible for any other
area .,

Skageralks 1955 ~ 1972 data from Danish national statistics and from the Fisheries
Laboratory at Lysekil.,

Belgium

All data derived from "Bulletin Statistique". Catches from Division IVa for 1960 -
1968 are ascribed to IVa west of 2°F.
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Denmark

A1l data used in the Tables are based upon Danish national statistics (Popp Madsen).
Catches from Division IVa are ascribed to IVa east of 2°FE for 1960 - 1968, Catches
from Division IVb (Young Herring Fishery) have been reduced for content of other
species (1960 to spring 1965 by 5%, autumn 1965 - 1971 by estimates from individual
years; Popp Madsen). Catches from the Kattegat for 1972 have been derived by sub-
tracting the catch figure for the Skagerak (supplied by Popp Madsen) from the total
1972 catch for Area IIIa (Kattegat + Skagerak ) given in Bulletin Statistigque.

England

A1l data derived from "Bulletin Statistique". Separation of catches in Division
IVa east and west of 2°E gccording to national statistics.

Paroe Islands

Catches only from Division IVa according to "Bulletin Statistique". Ascribed to
IVa westfor 1960 ~ 1968, From 1969 - 1971 the distribution of catches to fishing
areas are basged on landings in Danish ports. DLandings for 1972 have been supplied
by the Faroese statistics reporting agency.

France

The data given have been supplied by the "Institut des P8ches", Boulogne s/Mer.

German Fed.Re.

A1l date are according to German national statistics (Schumacher). They are
compiled by "Bundesforschungsanstalt flir Fischerei", Hamburg, according to log
books.

Iceland

All data derived from "Bulletin Statistique. Separation of catches in Division IVa
east and west of 2°FE are according to Icelandic statistics for 1960 - 1969, 1971

and 1972, and according to landings in Danish ports for 1970.

Nebherlands

All data derived from "Bulletin Statistique™. Separation of catches in Division
IVa east and west of 2°E are according to Dutch national statistics.

Norway

The data are according to reports from "Noregs Sildesalslag". Catches in inshore
waters are not included.

Poland

All data according to "Bulletin Statistique”. Separation of catches in Division
IVa east and west of 2°E up to 1971 is according to Polish national statistics.
The 1972 catch in Div. IVa has been allocated to IVa west.

Scotland.

All data are according to "Bulletin Statistique™. Separation of catches in Division
IVa east and west of 2°E is according to Scottish national statistics. Cateches from
the Moray Pirth are not included,
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sweden

Data according to Swedish national statistics (Ackefors). Division IIIa: Data
obtained from proportion of Skagerak catches in Swedish landings in Danish ports
applied to total Swedish landings. Separation of catches in Division IVa east and
west of 2°B (up to 1971) according to Swedish national statistics, but is supposed
to be rather unreliable., A greater part of the landings presumably comes from
Division IVa, west of 2°E, Allocation by area for the North Sea catch for 1972
was not possible, and was separated only into industrial and consumption herring
landed in Sweden and abroad. Total consumption catch was supplied for the North
Sea as a whole, and constituted 9% of the consumption catch from all areas. This
catch was allocated to the Central Div. IVb, and by applying the proportion to the
grand total of industrial and consumption herring landed in Sweden and abroad, the
industrial and consumption catch from IVb was derived.

U.5.8.R.

All data acoording to "Bulletin Statistique®™. Separation of catches in Division
IITa Skagersk, . IVa east and IVa west of 2°F up to 1971 are accoxding to Soviet
national statlstics. For 1972, the ftotal IVa catch has been allocated to IVa west.
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13 077
4 185

389

6 %36

Table 9.
o ol pota1 -
Country Period E North Sea
AR ;
? Belgium % ‘
Denmark L 1/1-30/7 | 92 056
Faroe Tsl.®) C1/1-1/8 | 16 100
. France ? 1/1 1/7 { 355
3 Germany g
Tceland 1/5 - 1/8 | 13 621
ﬁ Netherlands ; 1/1 - 1/7 i 4 456
| Norway™™ . 1/1 - 31/8 ! 85 900
' Poland f
i Sweden™ ] ‘ 2 106
. U.K. England | 1/7 -1/9 - 1 000
. T.X. Scotland 1/5 - 18/8 = 8 686
} U.5.8.R. ?
| Total 2 224 280
S S

x Landed in Danish harbours.

T
!
f
|

Preliminary Catch for 1973.

North Sea
+ Skagerak

105
20

14

85

133
285

355

¢loe

456
900

8 442
1 000
8 686

West 4°W

B

44 600 g

248

267

%/ national catoh quota of about 66 000 tons set on herring landed

for industrial purposes is expected to0 be reached early September.
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Table 13, Larval Abundance in the North Ses

i

Yumber x 10~ (- = no observations)

(+ = <0.5 x 10™7)

Year Southernl Central North Sea Noxrth~wegtern North Sea4

North Sea Dogger2 To’sal3 Buchan gﬁiﬁigﬂa Total
1946 1193 - - - - -
1947 1 134 - - - - -
1948 - - - - - -
1949 ~ - - - - -
1950 281 - - - - -
1951 686 - - 2 205 1 029 3 234
1952 - - - 2 180 245 2 425
1953 - - - 5 170 2 303 | T 473
1954 - - - 2 132 1715 | 3 847
1955 183 - - 32 1715 1 747
1956 165 - - - - -
1957 36 232 - 735 - -
1958 139 252 - 539 6 860 | 7 399
1959 12 o7 - 735 2 107 2 842
1960 147 138 - 1 078 1 568 2 646
1961 187 86 - 931, 12 103 {13 0%4
1962 =30 66 - 980 1 764 2 744
1963 22 - - 1 078 1 421 2 499
1964 9 52 > 6% 2 254 2 156 4 410
1965 13 275 > 490 172 > 439 5 611
1966 + 3 > 142 25 1 666 1 691
1967 26 0 599 + 854 854
1968 16 0 137 0 222 222
1969 108 0 14 + 493 493
1970 126 0 387 2 230 232
1971 T + 177 143 T1L 854
1972 67 + 112 25 2 803 2 828

ls Larvel abundance (all gize groups) in Dowvns area in Decenber-Januarye.

2+ Abundance of larvae < llmm in October on westerm and southernm slopes
of Dogger Bank.

3« Abundance of larvae < 1O0mm in September~October in central area of
North Sea.

4o Abundance of larvae < 1lOmm in September in the north-~westem North Sea
(north of 56°N),
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able o Initial catch levels and percentage increase in catch and

Table 1 Initial catch levels (1973) and t i teh
biomass 1973-1976 at different combinations of mortalities for juvenile
and adult North Sea autumn spawning herring.

Juvenlle Mortalltles (O~ and l—rlngers)
R S — : v S
. B O O { 0. 1 O 2 O 5 0. 4 0.5 | 0. 6 O 7 0. 8 }
?’ i -t .I
: o.o% 0.0! 30.6 58.6 84,1107, 4'128 7'148 2 166 11182 4 :
; 100.0f 0 | 0 o | 0 0 0 0
49631 445.51400,31 359.9. 323, 9 291.8! 263 1l 257.5 214. 6

66.5| 97.11125.0|150.6173.91195.2 214, 7:252 61248.,9 !
1333.3]206,3:144.11107.,1| 82.4; 64.7 51.41 40,9 32.4
1391.6|348.3.309.6 275.2,244.4}217.0;19216 170.8:151.3 |

| R 4 ,4 B e e L e ......_,.1‘.
!

| 0.2/126,7|157.3, 1185.51210.81254.1 2554 1274.9 292.8/309.2

. 0.1

1279.41199.8/150.0{115.9| 91.1 72.3! 57.6] 45.7 36.0

512.4‘275 O 241 6 211 9 185 41161 8 140 8¢122 O 105 2

? 0. 3'181 3,212, 0‘239 9 265, 4:288 7 310.1%29.61 347. 4 363.8 !
l?35 91176.7! 113548{106.0; 83. 4i 65.71 51.5, 39.9 30.3
1251.7:219.1; 190 1 1§%W§w}4lw}+%?qw5 102.2; 85.91 T1.3

0.41230.8{261.5 ] 2894 5149 33843 35946 | 579.1,396.9 413.3
1200.6. 152, 9 118.2; 92.1 71.6 553 42, ll 31e 1 21.9
1204.7{176.0/150,5127.7/107.5| 89.4/ 75. 31 58.9, 46.1 |

- 0'5 127547, 306 41334.31359.8,383.1 404.5 424 0.441.8 458.2
f 1171.81131.5,101.4, 78,01 59.5: 44.5| 32.2' 22.0° 13,3 |
1168,0.142.5! 112~51 99.6, 81.6! 65.5, 51.2! 38.5 27.1

T 0463164413471, 575.0 1 400.51423.9| 445.2 464748251 498.9
 148.11113.11786.3! 65.5! 48.4] 34.5| 25,1 135 5.}
1138, 9. 116, o 957 T 61 61.4 47'1 34 3 22,8 12.6

f—— [P R

©0.7.353.41384.0 411, 9 437.5|460.81482,1 501, 6| 519 4]535.8
- 128, 5l 97.4! T33! 54,01 38, 5 25.7) 15.0) 6.0, 1.6 |
(115.6] 95, o! 76, 6; 60.2] 45, 5 32.6 21, o, 10.7: 1.5

© 0.81386.8:417.51 445,41 470.9 | 494, 31515.61535.1 552.9 5693
; (112,10 84.11 62.1° 44.4! 29.9] 18.0! 8.0] ~0.5 =T.T
f 96.8. 78.0: 61,2' 46.3! 33,0, 21.1] 10.5 1.1' ~7.%

[ . i
[ 0.91417. 2 447 8:47548]501.3! 524 61545.95654,583.3, 159947 |
; | 98,51 T2.8: 52.5| 36,11 22.6] 11.4. - =6,0:-12.9 |

- 8l.5 64 2 48.8| 35, o 22.8) 11, 9Jr | —6.5 -14.2 |

2.0

i 2 2 3

!_4--_.,.‘ , e

i 1.01444. 8 475 4 50).31528 9 552 2;573 54595-g 61008 627,2
3

| 4 6

Adult mortalities (2-ringers and older)

| 87.0: 63.3] 44e3| 28. 9t 16431 5.7 ~10.8:~17 3
l 68.9. 52.8] 38.5| 25.8] 14.5 4.4 . -12.6§-19.8

U SO P AU R S e SR S

Upper figure: Catch in 1973 (1 000 tons)

Middle figure: Increase in catech in 1976 as a
percentage of that in 1973.

Lower figure: Increase in biomassg as at the
beginning of 1977 (% in weight)
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Fig., 1. The Spawning potential of the total North Sea herring stock
1947~1970 (full lime) compared with the fishing mortality
in the preceding year (hatched line).

Fishing mortality
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Fig, Q. The North Sea herring stock in numbers ( x 10-9). Upper curve:
total stock. Middle curve: adults as 2-ringers and older. Lower
curve: adults as 4-ringers and older.
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Fig, 4. Forecasted long-term development in catch (A) and total biomass
(B) at three combinations of juvenile and adult fishing mortali-
ties (Jjuv./adult). Assumptions: see section 9.



