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Report of the Herring Assessment Working Group for the Area South of 62°N

1. Introduction and Participation

1.1 The Herring Assessment Working Group for the Area South of 62°N met at Char-
lottenlund in the period 26th February - 6th March 1976 to report to the
Liaison Committee meeting in April 1976 on the following subjectss

(a) reassessment of the state of, énd appropriate levels of
TAC for, North Sea and Skagerak herring in 1976 and 1977;

(b)  the TAC level for Celtic Sea herring in the period 1 April
1977 - 31 March 1978;

(¢c) the appropriate level of TAC for Division VIa herring in 1977;

agsessment of the herring population in the Northern Irish
Sea (Division VIIa), and the provision of advice on the-
TAC level, if required;

(e) reassessment of North Sea sprat, and the appropriate TAC
level for 1977;

(£) agsgsegsment of the state of the sprat stock in Division IIIa
and advice on the need for regulatory action.

The Working Group was also asked to provide further advice on a minimum landing
gsize for North Sea herring.

1.2 Member countries were represented by the following scientists:

Dr H Ackefors Sweden

Dr R S Bailey U.K, ?Scotland)

Mr A Bowers U.XK. (England)

Mr E Bakken Norway

Mr A Corten Netherlands

Dr 8 Fedorov U.5:8.R,

Mr J Jakobsson Iceland

Dr A Lindquist Sweden

Mr M Liwoch Poland

Dr A Malkov UnSoSaRo

M A Maucorps France

Mr J Molloy Ireland

Mrs E Nielsen Denmark

Mr K Popp Madsen Denmark

Mr K H Postuma Netherlands

Mr A Saville (Chairman) U.K. (Scotland)

Dr A Schumacher Federal Republic of Germany
Mr G Speiser Federal Republic of Germany
Mr ¢ Ulltang Norway

Mr K Vickers UKo ENorthern Ireland)
Mr R J Wood U.K, (England)

Mr O J dstvedt Norway .

1.3 During the course of the meeting the Working Group had the opportunity to
discuss with the Chairman of the ICES ADP Working Group, and with members of
the Danish Institute for Fisheries and Marine Research concerned with the
development of the ADP system, recent refinements in the programme for
handling herring data. Comments on thig system are given in Section 8.
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North Sea
The fishery in 1975

In Table 2,1 catch data for the years 1966-75 are given (preliminary for
1975). The total North Sea catch in 1975, excluding Skagerak, amounted to
302 567 tons which is about 27 000 tone higher than in 1974. Thus, the
catches of the two last years are the lowest on record, with the exception
of the war years 1915-17 and 1941-42.

In previous years the preliminary estimates have increased by about 10%
when the final catch data have become available., It is, however, expected
that for 1975 the change will be considerably less but even with such an
increase the catch for 1975 will be less than 340 000 tons. The Skagerak
catch decreased from 55 512 tons in 1974 to 52 129 tons in 1975 (Table 2.2)0

Tables 2.3-2.7 give the catch data for the sub-divisions of the area used
in the previous reports. In area IVaE the catches in 1975 decreased to

9 014 from 15 377 tons in 1974. In area IVaW the catch in 1975 increased
to 99 679 tons from the very low 1974 catch of 84 174 tons. In Division
IVb the total catch in 1975 was 177 810 tons which is about 10 000 tons
higher than in 1974. The socalled adult fishery (for human consumption) ;
decreased from 116 000 tons in 1974 to about 88 000 tons in 1975 (Table 2.5)
whereas there was a corresponding increase in the young herring fisheries
(for industrial purposes including by-catches) from about 52 000 tons in
1974 to about 90 000 tons in 1975 In Division IVe and Division VIId the
catch in 1975 increased to about 23 000 tons from 7 %83 tons in 1974.

The numbers of herring at each age in the catches in each area are given in
Table 2.8 and those for the total North Sea are summarigsed in the text table
below, Annual catches in numbers per age group in each of the last ten
years are given in Table 2,10

Millions of herring caught per age group (winter rings)

N Age

Yeé?*\\\\ 0 1 2 3 4 5 and older Total
1971 684 4 378 | 1 147 622 208 97 7 177
1972 750 3 341 | 1 441 | 344 131 40 6 047
1973 289 2 368 |1 344 | 659 150 96 -4 906
1974 992 838 718 | 327 114 79 3 069
1975 261 2 436 5028 | 254 139 88 3 706

The catches of O-group herring in 1975 have decreased sharply from the
very high 1974 level, whereas the catches of the l-group have almost
trebled, Catches of 2-ringers, and older were at an even lower level than

in 1974.

The catech in numbers was calculated for the Skagerak catches for the

second year running (Table 2.9) and the 1974 figures were updated according
to the final catch figures. In 1975 there was a sharp decrease in O-group
catches as compared with 1974, whereas the catch in numbers of older age
groups increased.,



2.2 Fighing mortality in 1975
2.2,1 Fishing mortality on adults (year class 1972 and older)

Few direct estimates for Fadu ts 1975 were available. The total mortality
rate calculated from Duteh catc pg% unit effort data in the central North
Sea was 1.89. This is probably an overestimate, due to fluctuations in
availability. The mean figure of 0.92 for the last three years may be a
more reliable estimate.

In the absence of any other direct information on the Fadults 1975 @
value of 0,90 was used as the egtimate for Pgqults 1975+ The catch C
prediction and the VPA have been based on this figure.

26202 Fishing mortality con l-ringers (xear clags 1975)

No direct estimate for Flwringers 1975 was available. However, there is an
estimate of the stock of l-ringers a%'the beginning of 1975 derived from

the Young Herring Survey, This year class was estimated at 4.9 x 109 (parab‘
20403)0 The catch of 2 436 x 10° l-ringers in 1975 then corresponds to an
Fl-ringsrs 1975 = 0073

Ag the stock estimate from YHS may not be very accurate, it was considered
unwise to base the F . . . exclusively on the YHS estimate. A

second egtimate, der};g&n§%5g %g%gh per unit e?fort data from the young
herring fisheries in the central North Sea, indicated a year class strength
of the 1933 year class as O=-group of 6.3 x 109 and corresponding to

4,76 x 107 l-group in 1975. This estimate is very close to that obtained
from the Young Herring Survey and would indicate an ¥ for l-ringers in

1975 of 0.8, A third indication of Fj_yingers 1975 was based on the results
of the VPA (Section 2.%), The mean value %or Fi_ ringers Over the period
1967-70 was about 0.5, but it increased to about 0.95 in 1971-73 and has
probably remained about this level in subsequent years.

In the light of the above information a value of 0.90 wag used as the best
estimate for Flmringers 19750

2.2,3 Fighing mortality on Q-group (year class 1974)

No direct estimate for Fomgroup 1975 Was available., Prelimipary data from

the YHS in 1976 indicate a year class strength of 2 051 x 10° as l-ringers in the
beginning of 1976 (Section 2olod)s A catech of 261 x 100 O-group in 1975 would
then have corresponded to an Fomgroup = 0,11,

In view of the possible errcrs in the YHS estimates, the Working Group
decided to base its estimate of Fg_group 1975 °on VPA results for the period
1971-73. Values of Fo-group over %his period ranged from 0,11 to 0.17
with a mean of 0,14,

A third indication of Fo-group 1975 may be derived from the development of
the sprat fishery in the central North Sea. As most of the O-group herring
are caught as by-catch in this fishery, a change in the effort will affect
Fomgroup in herring. The average effort in 1971-T73 of 42.7 thousand hours
increased in 1975 to 55,9 thousands hovrs or by 30%. Applying this increase
to the average Fongroup in 1971-7% of 0,14, as stated above one arrivesg at an

FO-group l975 of i8a
In the light of the above information, a figure of 0.18 was used as the
estimate for FO-group 1975°

203 Results from VPA

2:%.1 Calculated fishing mortalities and stock sizes for the period 1966-T74 are
given in Tables 2.11 and 2.12, It should be noted that the estimates of
fishing mortality and stock size for 1974 are highly dependent on the
input Ftg for 1975 and too much reliance should not be placed on them.
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2.3.2 The VPA results presented in the previous report (Doo0 COM01975/H32)

' indicated that fishing mortality on l-ringers in 1971 had increased sharply
from about 0.5 to about 0.95. The VPA results presented in Table 2.11 con-
firm that in 1971 the fishing mortality on l-ringers was in fact at this
high level. The table further indicates that this high fishing mortality
on l-ringers has been continued in later years.

- 2.3.3 The fishing mortalities on adult fish in the period 1968-73 has remained
at a level of about 1.0 which is more than twice the level giving the
maximum yield per recruit.

- 20304 It should be noted that the changes in fishing mortalities in 1972 and 1971
‘ due to the new input data for 1975 are very small giving only slightly lower
mortalities in 1971-72 than in the previous assessment. Calculated stock
gize biomasgs for 1971 and 1972 are slightly higher than those given in the
previous report (C.M.1975/H:2).,

26345 The year class 1972 has now been estimated for the first time from VPA. The
figure of 2.42 x 109 still depends to some extent on the input of F in 1975
but it would indicate that the 1972 year class is about 31% of the long-term
mean (1962-69 (C.M.1972/H:13, p.13)). The year classes 1970 and 1971 are
now estimated at 7.2 x 107 and 5.1 x 107 as O-group respectively.

2.4 Recruitment

2.4.1 Methods for estimating recruitment

The firsi estimate of a new year class is normally based on two gources of
information, One of them is the results of the ICES Young Herring Survey,
which in recent years have been available at the time of the Working Group
meeting. The YHS gives an estimate of the stock of l-ringers at the beginning
of the year. From the number of O-group caught during the previous year and
the assumed natural mortality rate one can estimate the initial year class
strength.,

The other estimate of year classg strengbth is obtained from catches of O-group,
and an assumption of Fo.groyp in the previous year. Fo_gpoyp 18 estimated
from past estimates from VPA, and from information on subseqglient developments
of fishing effort.

One year later, a second estimate of the same year class is derived from the
catch of l-ringers and an assumption of Fl—ringers“ Each subsequent year the
estimate of that year class becomes more preciSe.

The first estimate of a year class may contain considerable errors, as is
evident from the table below, giving estimated values from earlier reports
from the Working Group.

Estimates of year class strength as O-group in No's x 10“9
Year First estimate Second Working | Third Working | Most recent
class made by Working Group estimate Group estimate { estimate
Group based on catch from VPA
leringers
1970 11.8 11.8 - 7.2
1971 7092§ 7,.923 6.2 5,1
1972 7,92 5,61 2,8 2.4
1973 6,0 6.0 5.8 -
1974 2.5 1.7 - -

1) Npt available during Working Group meeting 1974.

2) For 1971 year class these estimates were based on indications from these
sources that this year class was of average strength. For the 1972 year
class no data were available and the year class was assumed to be average.
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The year classes 1970 and 1971 are now estimated at 7.2 x 109 and 5.1 x 109
re;pectivelyo This means that they were originally overestimated by some
60%.

2.4.2 Year class 1972

The best estimate for year class 1972 now available is 2.4 x 109° It should
be noted that this year class was overestimated in the Young Herring Survey
by 175%a A much more accurate estimate of this year class was given in
February 1975, when both .the catches of 0~ and l-ringers were taken into
account. The serious overestimation of this year class was one of the main
causes of the overoptimistic assessment of the North Sea stock during the
Working Group meeting in 1974.

2.4.% Year clagss 1973

A first estimate of year class 1973 was available for the YHS in 1975. The
regression of VPA stock gize on YHS estimates, given in C,Mol975/Hs9 was re-
calcnlated, inserting the updated estimate for the 1971 year class and the
preliminary estimate for the 1972 year class (Table 2,,12)o The new regression
formula calculated is ¥ = 0.00238 x 1.,34. This gives an estimate of 4.9 x

109 l-ringers in 1975, and consequently an initial year class strength of

6.0 x 109 as O-group.

A second estimate for year class 1973 was derived from VPA, assuming

Fl—rinﬁers 1975 to havg been 0,90 (Section 2.2.2), This corresponds to a
year class of 5,8 x 107 as O-group. This figure was accepted as the best
estimate for year class 1973 available, but is not completely independent.

2.4.4 Year clags 1974

A first estimate on year class 1974 was available from preliminary data on the
YHS in 1976, Using the regression formula given in 2.2.3,this ye%r clags would
be estimated at 2.1 x 107 l-ringers in 1976. A catch of 261 x 10° O-group
would then correspond %o a stock of 2,5 x 109 O-group at the beginning of 1975.

A second estimate for year class 1974 was derived from VPA, assuming an
Fo-grovp 1975 of 0.18 (Seotion 2u203)o This corresponds to a year class of
1.7 x 109 as 0-group, This figure was accepted as the best available estimate

for the year class 1974,

2.5 Betimates of relative spawning stock biomags from herring larval surveys

»9.1 Provisional abundance egtimates were calculated for the 1975/76 spawning
season from the data obtained during the international surveys of herring
larvae in the North Sea and adjacent waters. A comparison was made of the
abundance estimates for herring larvae < 10 mm in length, and total herring
larvae, between surveys made in 1975/76 and comparable surveys carried out
during 1974/750 The results are given in Table 2.5.1, together with the per-
centage decrease or increase between the 1974 and 1975 estimates. The
estimates were adjusted, where necessary, to take account of any significant
differences in the distribution of sampling staticns between the two years.

North Sea

2.5.2 There was a good coverage of the Orkney/Shetland area during the period
3-25 September. 1975, Compared with roughly the same period in 1974 there
was a decrease of over 60% in both the abundance estimate of the smallest
larvae (< 10 mm), and of total larvae of all length groups. The survey
between 20-25 September 1975 showed a reduction of 88% in larvae < 10 mm
compared with a survey in 1974 covering a longer time period, but the total
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2.5.4

26565

-6 -

number of all sizes of larvae showed a reduction of only 24%0 These
surveys, which covered the major spawning area in the northern North Sea
suggest an overall decrease in herring larval production in 1975 of
approximately 50%.

Central North Sea

Three extensive surveys were made in 1975 and abundance estimates for all
of these were low compared with those of recent years. Due to the very
poor coverage of this area in 1974 it was only possible to make one com-
parison between that survey and the corresponding one in 1975. Because the
survey in 1975 was made a few days later than the one in 1974, it is more
reasonable to compare the abundance estimates for all sizes of larvae
rather than the estimates for only the smallest ones. A decrease of 52%

is indicated for 1975,

Southern North Sea/Eastern Channel

Two surveys can be compared in this area, one in December and the other in
January. The abundance estimates for both are extremely low, although low
production has been a feature of this area for several years. Discounting

. the estimate for larvae <10 mm in the December survey, an overall decrease

in production inm 1975 of the order of 50% ig indicated.

Decreage in the size of the spawning stock

There was a decrease in herring larval production in all spawning areas

of the North Sea in 1975/76 of roughly 50% compared with 1974. In the
southern North Sea, an area which has contributed only an insignificant pro-
portion of the total North Sea larval production in recent years, there was
a substantial increase in the herring catch during the spawning season,
probably indicating an increase in the number of herring in the area. The
very low numbers of larvae subsequently caught, however, may indicate that

a high proportion of these herring were caught before they were able to
spawn, The total population of adult North Sea, 3 years and older, from the
stock prognosig shows a reduction, both in the number of potential gpawners,
and in stock biomass of 45% in 1975 from the 1974 levels. This estimate

of the reduction in the gize of the stock of spawning herring in the Noxrth
Sea in 1975 is therefore in very cloge agreement with that deduced indepen-

dently from the reduction in larval preduction, estimated from the inter-

national survey of herring larvae.

TACs for 1976 and 1977

In the report of the Liaison Committee in October 1975 the Working Group
advised that, in the light of the evidence of the very low spawning stock
size for North Sea herring and the dangers in this situation of continued
low recruitment, it was imperative that action should be taken to rebuild
the stock as quickly as possible., Accordingly, it advised a complete pro-
hibition of a directed fishery for North Sea herring and more rigid
restrictions on by-catch of herring in the mixed fisheries. With the new
data available to the 1976 meeting the spawning stock size as at 1 September
1976 was estimated at 249 000 tons., This is 100 000 tons greater than the
estimated spawning stock for 1975, due to the recruitment of the 1973 year
class, which appears to be appreciably stronger than that of 1972. This
egstimate was based on the assumption that the TAC of 87 000 tons agreed by
NEAFC for the period 1 January - 30 June 1976 would be taken, and that
there would be no fishing after 30 June 1976, ‘

However, a spawning stock of 249 000 tons is much less than that required
to ensure optimal recruitment. In Figure 1 the relationship between
spawning stock size, and the recruitment which that spawning stock pro-
duced over the period 1952-74, is shown. This suggests that there is a
relationship between stock size and recruitment at stock sizes below about
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800 000 tons. The low spawning stock sizes in the period 1968 to 1974
have produced, on average, recruitments well below the long-term mean.
The value of about 800 000 tons is about 30% of the spawning stock

biomass in the late 19408, when this stock was only lightly exploited.

The relatiom between the lightly exploited spawning stock size and that

at which recruitment failed was examined for other herring stocks in the
ICES area. In the Atlanto-Scandian herring it is rather difficult, because
of the wide annual variations in recruitment to judge at what spawning
stock size the sustained decline 1n recrultment occurred; but this would
appear to have been at a level of 5 - % of the lightly explolted stock
(Dragesund and Ulltang, 1975). Similarly for Icelandi spring and summer
spawners the data presented by Jakobsson (197%) would suggest that in
these stocks the recruitment decline started at a spawning stock biomass
of about 1/3 and 1/2 of the lightly exploited stock respectively., The
relative consistency of these values might suggest that when no stock/
recruitment relationship can be demonstrated, a value of about 1/3 of the
lightly exploited stock might be taken as being a realistic value at whlch
to take measures to rebuild the Spawnlng stock for herring.

In this situation the Working Group can only reiterate their advice that it
ig imperative to rebuild the spawning stock as quickly as possible. In the
light of the stock/recruitment relationship shown in Figure 1, it was
decided that the inltial objective should be to attain a spawning stock size
of about 800 000 tons as quickly as possible. A prognosis was carried out
of the time which will be necessary to achieve this on the assumption of

(1) a complete ban on a directed herring fishery; (ii) with two options of
exploitation resulting from the by-catch in other Recommendation 2
fisheries, and (iii) recruitment estimated from the stock/recruitment
relationship given in Figure 1. One of these options (F for l-group = 0.8,

F for O-group = 0.15) is at approximately the level of the fishing mortallty
rates on these age groups in recent years. The alternative option is at
half these fishing mortality rates to give a measure of the likely effect

of restrictions on the fisheries which produce these by-catches. The
results are shown in the text table below.

ear 1975 1976 1977 1978 1979 | 1980

Mixed fisgher
Fig

FO—group = 0,15 146 249 351 494 696 930
Fl—gl‘oup = 0080 3 404 503 605 704 8@0
FO—group = 0.075 146 249 381 599 922 -
Fl—group = 0040 3 4-04 506 752 709 -
A = spawning stock biomass in thousand ton units.

recruitment produced by that spawning stock as O-group x 1077 (from
Figure 1),

b
i

This shows that even with a complete ban on directed fisheries for herring
after 30 June 1976, the stock will not reach the requisite level of

800 000 tons until September 1980, if the current level of exploitation of
juvenile herring continues. If the current level of exploitation of
Juvenile herring in the mixed fisheries is halved, this stock level will be
reached one year earlier, in September 1979.



It must be stressed that these results are highly dependent on the

egstimates of recruitment for the 1975 and subsequent year classes which were
obtained from Figure 1, As there is considerable variability of the annual
values about this line, the requisite stock level could be obtained somewhat
earlier or somewhat later, As the estimate of the current stock level,
however, is very close to the origin of the stock/recruitment curve, there
is a considerable risk that two successive years of below average recrult-
ment for these stock levels could reduce the stock to the point where
recovery might be very much retarded or may not take place., In these
circumstances further restriction of by-catches of those year classes which
are already in the stock is highly desirable.

The low level of recruitment, estimated from Figure 1, from the spawning
stock gize in 1975, is supported by the low abundance of large herring
larvae found in surveys carried out in February 1976 in the Dutch coastal
area and in the Skagerak. The Working Group must stress that the current
situation of this stock is so serious that no further directed fishery
should be considered in 1976 and 1977 and that every effort should be made

to reduce the by-catch in the mixed fisheries. The spawning stock in 1977

is very dependent on the estimated strength of the 1973 year clags -in that
year. This estimate is largely contreclled by the assumption that there will
be no directed fishery after 1 July 1976. If a TAC is agreed for the whole '
of 1976 higher than that at present set for the first six months of 1976, the
spawning stock in 1977 will have been overegtimated and the recovery of the
stock thereafter will be very much slower and might never take place. This
gituation will be reviewed in 1977, but on present data it seems highly
unlikely that any relaxation of these restrictions can be advocated before
1979, Attainment of a spawning stock size of about 800 000 ftons must be con-
sidered as only an initial objective, which must be reached as quickly as
possgible if the future of this herring stock is to be assured. In the longer
term, although some fishimg may be permissible, this should be restricted,

to permit a further increase in spawning stock size, with the aim of
ultimately attaining a value of about 1.5 million tons, corresponding to a
total stock biomass of about 2 million tons. Such a stock level will give a
better prospect of optimal recruitment, will give more stable annual catches
and will give a major increase in catch per unit effort.

3., Celtic Sea
3.1 Catch data

The cateh data for the period 1965-75 from the Celtic Sea are given in

Table 3,1l. The figures for 1975 are provisional and the 1974 figures, which
had been estimated in the previous report (COM01975/H:2), have’ been revised
and slightly altered. The total catch of 16 000 tons in 1975 is the lowest
recorded since 1965. The decline is particularly noticeable in the catches
by the Irish fleet.

In previous reports, stock assessment of Celtic Sea herring was based on

a fishing season extending from 1 March - 28 February. However, the NEAFC
quota system was based on a period 1 April - 31 March. It was, therefore,
decided to rearrange the Working Group data according to the NEAFC quota
season and the catches by countries per season on this basis are given in
Table 3.2, For both the 1974/75 and 1975/76 seasons the total recorded
catches were - much lower than the TAC set by NEAFU of 32 000 and 25 000 tous
respectively.

302 Racial composition of the Celtic Sea herring stock

The Celtic Sea herring stock has been consgidered by previous Working Groups
to be a self-contained winter spawning stock. The existence of an autumn
spawning stock in the area had been noticed (Wood and Foster, 1966) in the
late fifties, but since this stock did not constitute an important part of
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the total landings, it was ignored in any stock assessments made at that
time., During the 1974/75 season, herring identified by their maturity
gtages and low vertebral counts as autumn spawners constituted about 5%

by weight of the total Irish catch. During 1975/76 these autumn spawners
constituted over 35% of the total weight of the Irish catch. It is not
known whether these herring represent an influx of a new component into the
Celtic Sea or whether they are the result of a change in the spawning time
of the main winter spawning race. For the purpose of stock assessment in
this report, they have been considered to belong to the Celtic Sea stocks
However, it must be pointed out that if they are a separate stock, then the
total gize of the Celtic Sea stock will be overestimated.

343 Catch in numbers per year class

The age composition of the total catch in 1975/76 was calculated from Irish
and Dutch age data using the same procedure adopted in previous reporis.
There is, however, a scarcity of age composition data for the catches for the
early part of the season and only two samples (lOO otoliths) were available
to cover the period 1 April to 31 August when 30% of the total catch was
taken. Because of the revised catches for 1974/75 and the change to the new
season (i.e. starting from 1 April), some slight changes were made in the
previously calculated age compositions of the catches. The new age com-
positions of the total catches from 1965/66 - 1975/76 are shown in Table 3.3,

364 Mean weight at age

3.441 At the previous Working Group meeting, no accurate data were available of mean
weight at age for Celtic Sea herring. In order to make a catch prognosis,
mean weights at age in previous assessments were estimated from the von
Bertalanffy parameters for Celtic Sea herring, '

30442 During the 1975/76 season, mean weights at age were measured from Irish
catches, These mean weights are somewhat higher than those estimated during
the previous meeting (Table %.4). The figures derived from the Irish
catches 1975/76 are now considered to be the best data on mean weight at age.
Consequently, these mean weights have been used in the following prognosis of
catch and stock size in 1976/77. The new values used have increased the
estimated stock biomassek by approximately 10%0

3,5 Estimates of fishing mortality in the 1975/76 season

The only direct mortality estimates for Celtic Sea herring are derived from
Irish catch/effort data. Using these data the total mortality rate for
1975/76 was estimated at 1,29, When the values from catch per effort data
are compared with those obtained from VPA it can be seen that those from
CoP.€o data vary considerably in the last 3 years (Table 3n5)a However, as
the effort in the last three seasons has been very constant, it was decided
that the mean value of Z for this period from Irish c.p.e. data would be the
best estimate of total mortality for 1975/76. Assuming a natural mortality
of 0,10 this resulted in a value of F = 0.82 and this value was .subsequently
used in the calculation of stock size in 1976 and as an input value for VPA,

3,6 Higtimates of fishing mortalities in previous seasons

Fishing mortalities and stock sizes in previous seasons have been cal-
culated by VPA using the catch compositions in Table 3,3 and assuming an
Fodult of 0.82 in the season 1975/76. The results of this analysis are-
presented in Tables 3.6 and 3,7.

Fishing mortality on l-ringers has in the_past only been a small fraction
of the adult fishing mortality. Over the period 1970-74,F have

l-ringers
been on average 15% of Foaults.



307

5.8

- 10 -

Recruitment

The 1972/73% year class, which recruited to the fishery in 1975/76, appears to
be of very low strength. Assuming an ¥oaults of 0.82 over the last fishing
season, the strength of this year class as l-ringers is estimated at

32 million (Table 3.7). The modal value for year class strength in the
Celtic Sea stock is 100 million l-ringers (Doc. C.M.1975/Hz2).

The 1973/74 year class seems to be better than the preceding one, although
only a preliminary estimate can be made of this year class, based on the
catch of l-ringers in the 1975/76 season, I1f an Fl—ringer of 0,12 is
assumed (= 15% Fagults which is the same proportion ag In the five previous
years), the stock size at the beginning of the season is estimated at 109
million l-ringers.

An industrial fishery exists in the Irish Sea which exploits quantities of
0~ and l-group herring. Molloy and Corten (1975) concluded that some
recruits to the Celtic Sea may come from that part of the Irish Sea where
this fishery takes place. It may therefore have some effect on the recruit-
ment level to the Celtic Sea stock although the extent is not yet known

(see para. 5.2 of this report dealing with the Irish Sea stock).

TAG for 1977/78

The stock size at 1 April 1976 was calculated from the catch composition
in the season 1975/76, using the following assumptions:

M= 0,10

Fadults 1975/76 = 0,82 (see above)

Flaringers 1975/76 = 0.12 (see above).

Recruitment of year class 1974 will be of modal strength (100 million
of l-ringers).

Bstimated stock size at 1 April 1976

Age

in rings 1 2 3 4 5 6 7 8 8+
Numbers

x 10-3 100 000 87 441}9 958 11 962} 5 253 | 4 601| 2 476 | 966 734

For the 1976/77 fishing season, NEAFC has agreed a TAC of 16 800 tons for the
Celtic Sea. In order to take this TAC, a fishing mortality of 0.87 will have
to be applied to the adult stock (Table 308)0 This will leave an adult

‘stock of only 10 200 tons by the end of this fishing season. This is a

dangerously low spawning stock level being about 17% of the spawning stock
in the period 1965-70 (Figure 2)o Furthermore, it should be stressed that
the figure of 10 200 tons depends to a large extent on the assumption of
F1~rinﬁers 1235 = 0,12, If fishing mort%lity on l-ringers in }975 has been
more than 0.12; the year class 1973/74 will be weaker than estimated, and
the stock of adults left by the end of the 1976/77 season will be even lower.

There is no information available at present on the contribution that year
class 1974/75 will make to the adult stock in 1977. In this situation, the
Working Group can only recommend a closure of the entire fishery from lst
April 1977, until the spawning stock has recovered to a sufficiently high



3.9

42
4,2,1

- 11 -

level., The Working Group considers this level to be at least 1/3 of the
stock size in a period of light exploitation (see para. 2.5). The
estimated stock during the period of light exploitation is about 120 000;
therefore, the minimum spawning stock should be set at 40 000 tons

(Figure 2).

Provided year clasgses 1974 and 1975 are of modal strength, a closure of the
fishery during two seasons would be sufficient to bring the spawning stock
to the requisite level.

Additional conservation measures

In paragraph 3.8 it is estimated that the spawning stock in 1976/77 will
be at a very low level, if the TAC for the season is taken in full. This

situation is largely due to the TAC for 1976/77 having been set at a level

which will require a fishing mortality rate about twice that giving the
maximum yield per recruit (para. 3.8) and about 50% above the level
recommended for this stock in the last report of the Working Group.

As an appreciable part of the annual catch is taken on the spawning grounds,
which are entirely within Irish fishery jurisdiction, a considerable con-
tribution to improving the size of the spawning stock in 1976/77, and to
improving the prospects for recovery of this gtock in subsequent years, could
be made if the spawning grounds were closed to fishing in December 1976 and
January 1977, when the main part of the catch in this area is normally

taken.

Herring in Divigion VIa

Total catches and the fisheries in Division VIa

The total catch reported by each country in Division VIa for each of the
years 1966-74 is given in Table 4.1 together with preliminary estimates of
the catches taken in 1975. Estimates of the weight of herring taken in each
year in the Moray Firth young herring and sprat fisheriesg are also given.
The final figure of total catch in Division VIa in 1974 shows an increase
of about 4 000 tons over the preliminary figure for that year in the last
report of the Working Group. The preliminary 1975 figure of 128 240 tons
shows a decrease of about 81 000 tons (40%) compared with the final 1974
figure and a decrease of about 119 000 tons (48%) compared with 1973. The
provisional catch figures for 1975 indicate that only 83% of the TAC of
155 200 tons have been taken. This decrease in total catch is partly a
result of a quota regulation introduced by NEAFC for 1975 and partly.

low abundance in the area mainly fished by purse seiners.

The catches by Norway, Faroes and Iceland show a drastic deecline from a

total for these countries of 41 155 tons in 1974 to only 3 152 tons in 1975.

In spite of considerable time spent for searching for herring in the area
north of Scotland and west of the Hebrides normally fished by purse seiners,few
schools of herring wre found in 1975. In contrast, countries fishing with
trawls further south in Division VIa were able to maintain their catch at

about the same level as in 1974 (Netherlands, Ireland) or even to increase
their catch (France).

Catch in numbers in Division VIa

Estimates of the numbers of autumn spawning herring per age group caught
in Division VIa in each of the years 1966-~75 are given in Table 4.2, and
in the Moray Firth in Table 4.3. The estimates for the period 1966-72 are
taken from Saville and Morrison (1973%), and from unpublished Scottish data
on the catch in number in the Moray Firth fishery.,
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4,2.2 Estimates of the numbers of autumn spawning herring caught in 1974 have
been corrected according to the revisged catch figures. The numbers per
age group for 1975 are compiled from national reports. Catches in number
per age group for countries for which no age compogition data were avail-
able were raised by using age data from other countries, taking into
account the seasonality of the fisheries.

42,3 As in the preceding 5 years, the 1969 year class provided a considerable
component of the fishery, accounting in 1975 for 26% of the numbers caught
in Divigion VIa and contributing in 1975 to the fishery in about the same
proportion as the recruiting year class 1972 (29%)0

4.3 Stock and mortality estimates

4.3,1 The estimated fishing mortalities, and stock in numbers per age group in
the pericd 1965-73%, calculated by VPA, are 'given in Tables 4.4 and 4.5,
The result of this type of analysis is critically dependent on the
estimated fishing mortality in the most recent year. In the previous report
fishing mortality was estimated on the basis of catch per unit effort data
of the Scottish Minch fishery. Since national and international regulations
have been introduced in thisg fighery, catch per unit effort data for 1975
do not provide an estimate of F in this year., Calculation of ¥ from stock
gsizes obtained from VPA for the beginning of 1975 and corresponding catches
in 1975 resulted in an estimated F of about BO% lower than in the previous
year as outlined above (007) giving an ¥ of 0.5 for 1975,

4.3,2 The stock in number data (Table 4.5) confirm the estimate of the strength
of the 1970 year class given in the previogs report. The number of
l-ringers from this year class (1 186 x 10°) is of the same order as the
long-term average over the period 1957—Z3, i.e. 1 054 x 106, but only 75%
of the 1965-73 average, i.e. 1 568 x 100, The 1971 year class (537 x 106),
however, is very much weakexr being only 45% of the strength of the 1970 year
clags. The sizes of the 1972 and 1973 year classes (1 546 x 106 and
1 600 x 10° respectively) are estimated from Scottish catch per landing data,
using a regression presented in the 1974 report of this Group (C.M,1974/H:d).
It should be noted, however, that in 1975 the landing of small herring in
Scottish ports was restricied by national and international regulations and
therefore the estimate of the 1973 year class has to be congidered as a
minimal estimate.,

4.4 Catch prognosis for 1976 and 1977

Aa4,1 A prediction has been made of the catch which could be taken in 1977. The
bagic age composition at 1 January 1975 was calculated from the catch in
numbers per age group in 1975 by using the F = 0.5 in 1975 given in para-
graph 4.%3.1.

4odo2 The mean weights per age group calculated for 1975 are not very different
from those calculated for 1974.

Mean weights per age in grammes

Age

in rings 1 2 3 4 5 6 7 8 =9
1974 88 124 163 171 190 212 218 220 220
1975 91 118 152 179 182 199 217 | 228 228

This shows that the relatively low weights of the 4-ringers in 1974 and of

the 5-ringers in 1975 belonged to the 1969 year class, which is the largest
year clags which has ever been observed in the stock., For the catch pre-
diction and estimation of biomass the mean of 1974 and 1975 weights were used.
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As in the calculation of the 1976 TAC the recruiting year classes (1974 and
1975) for which no information is available were taken as equal to the most
frequent recruitment in the period 1957-73% (650 x 100). This level is
about 40% below the average over the same period and will therefore reduce
the probability of overestimating the stock sizes, and the corresponding
catches calculated on this basis.

The number of 2-ringed herring recruiting to the fishery in Division VIa is
affected by the Moray Firth sprat and herring fisheries on l-ringers. In
order to account for these catches in estimating the number of 2-ringers

in the following year an F of 0.13 was applied. This value corresponds to
the 1969-~73 average F. The catch of l-ringers in Division VIa was cal-
culated by using an F which is 10% of the F applied to the older age groups.
As in the previous asgsessments the F applied to the 2-ringers was taken as
50% of the F for 3-ringers and older.

The basic parameters used to calculatecthe TAC for 1977 are given below:

Age Number per age group Average weight per age group
(rings) at 1 Jan.1977 (x 10-6 ) in grammes
1 650.0 : 90
2 516.4 121
3 891.4 158
4 o 42304 175
5 T4.7 186
6 59.7 206
7 166.3 . 218
8 28,6 224
=9 48,7 224

The stock size at the beginning of 1977 was calculated on the assumption that
in 1976 the TAC of 136 000 tons will be taken, which implies a fishing mor-
tality of 0.51 on adults (B-ringers and older) in that year. The remaining
biomags will be at about the same level as in the beginning of 1975 and
slightly below that of 1976 (Figure 3).

Predicted catch figures together with the corresponding values for F and
the biomass of the adult component of the stock are given in the table
below (weight in 1 000 tons):

1975 1976 s L1977 1978
Biomass Biomass F Catch Biomass F Catch Biomass
0.18 52 370
(Py,1)
368 416 0,51 136 357 0,30 83 339
0,60 146 275
(Fmax)
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Advice on TAC

In advising on the TAC the Working Group followed the guidelines worked
out at the ICES "Ad hoc Meeting on the Provision of Advice on the Biological
Basis for Fisheries Management" (Doc. C.M.1976/Gens3).

The TAC for 1977 corresponding to FO 17 0.18 was calculated as
52 000 tons. ’

This result was then considered in relation 1o minimum stock size levels.
The level of stock size which would produce the most desirable level of
recruitment for the herring stock in Division VIa cannot at present be
defined from a stock/recruitment curve. Therefore, estimates of the
relevant adult stock size have to be made on the basis of the history

of the stock and the fishery.

In the period prior to 1965 the size of the stock was at an average

level of 205 000 tons, with only minor fluctuations, supporting a rela-
tively stable fishery of about 60 000 tons per year (Figure 3). The
average recruitment during this period was about 440 x 10° l-ringers.
After 1965 the level of recruitment increased gonsiderably, the average
over the 1965-72 period being about 1 700 x 106 l-ringers and,

excluding the two outstanding year classes 1963 and 1969, about

1 100 x 106 l-ringed herring. This leads to the conclusion that a stock
size of 200-250 000 tons will be sufficient to prevent recruitment failure
due to low spawning potential and that an annual catch of about 30% of
the fishable biomass does not reduce the stock below the required minimum

. level,

At the level of stock size estimated for the beginning of 1977, fishing
at Fg 1 would allow a catch of only 15% of the stock., This would result
in an increase in stock size of only 4% by January 1978, but would require
a reduction of about 62% from the 1976 TAC level. Since fishing at FO 1
is intended to serve as a long-term objective rather than an immediate’
step, this sharp reduction in TAC seems t0 be an unnecessary rigid
measure in the present situation. '

Fishing at Fp,y, however, would increase the TAC for 1977 above that for
1976 by 7%, but would decrease the size of the stock by 23%. This is
undesirable particularly as fishing at this level would remove 41% of
the stock present at the beginning of 1977.

The flat top of the yield per recruit curve (Figure 4) beging at ¥ = 0.%.
In the range between F = 0,3 and ¥ ax = 0.6 the increase in yield per
recrult is only 4%« Considering tﬂe points set out in 4.5.4 it seens
advisable to apply an F = 0.3 as an intermediate step in the light of the
actual fishing situvation. This gives a TAC of 83 000 tons in 1977 and
would result in a bilomass of 339 000 tons at the beginning of 1978, This
level is only 5% below that of 1975 but about 50% above the minimum stock
size suggested in paragraph 4.5.3. The TAC for 1977 would be 25% of the
biomass at the beginning of 1977.

It should also be borne in mind that in Division VIa steps have been
taken to optimise the exploitation pattern. A minimum landing size of
20 cm has been introduced for herring in this area and the 10% herring
by=-catch regulation enforced since 1 February 1976 in the Moray Firth
gprat fishery should reduce the exploitation of 0- and l-group recruits
to this stock considerably.,
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Trish Sea Herring (Division VIIa)

Introduction

Herring fishing in the North Irish Sea ig supported by two autumn spawning
stocks called the Mourne stock and the Manx stock. They have distinct
spawning grounds which are shown in Figure 6 but for management purposes
they may be considered togethér. The need for management was appreciated
following a considerable increase in catch, effort and estimated F on the
Manx stock from 1970 onwards. Since most of the herring were taken in the
area of United Kingdom fisheries jurisdiction first steps in management were
taken on a national basis,

In 1972 a Working Barty of United Kingdom fishery scientists recommended a
prohibition from 1 October to 17 November in each year from 1973 of fishing
for herring within 12 miles of the Igle of Man and a shorter prohibition
within 12 miles of the coast of Northern Ireland, South of 54°10'N to a line
SE from Haulbowline Rock. The prohibition was expected to reduce effort

at a time when the shoals of herring were concentrated for spawning. In fact,
there was a decrease of F on the Manx stock from 0.62 in 1972 to 0.47 in 1973,
A closure of the Mourne fishery for 2 weeks in October 1973 was not followed
by a decrease in the estimated F from the 1972 level of = 0,80, .

In 1974 effort and catch rose sharply despite the continuation of the pro-
hibition of fishing mentioned in 5.1.2., Consequently the United Kingdom
Working Party recommended a TAC of about 12 000 tons for 1975 for the Manx
stock., The basis for this recommendation was reported to ICES (Doc. C.M.
1975/1-1;40)c The TAC was in fact set at 18 000 tons for U.K., fishermen. The
actual catch by U.K. vessels was 15 408 tons, and by those of other nations

3 727 tons, giving a total of 19 135 tons. No TAC was set for the Mourne
herring but a 3% day fishing week was introduced, The prohibitions of fishing
for herring of both stocks remained in force in fthe periods mentioned above.

Catch and effort

Annual catch data from 1964 to 1975 are given in Tables 5.2.1 and 5.2.2. Most
of the catch until 1974, other than that taken by Ireland, was taken in the
months of May to October inclusive with more than half the annual catch taken
in September.

"In 1974 and 1975 there was some catch in each month of the year, but most

was of pre-spawning or spawning herring in July and October. The Irish catch
on the Mourne stock from 1969 included an industrial fishery on O- and 1-
ring herring (Table 5.3.1 (b))

Most of the herring is caught by trawling. Available statistics on effort
(expressed as trawler landings, i.e. one day's fishing) are given in Table
5¢2+3. The very large increase in effort in 1974 was in part due to the
catches made in winter and spring but was mainly the result of the deployment
of a larger number of boats.

Age composition of the stock

Total catches of Manx herring were converted to catches in numbers using
data from samples taken of landings in the Isle of Man, England, N.Ireland
and Ireland supplemented in 1974 and 1975 by French and Dutch samples.

Catches of Mourne herring were similarly treated, though available sampling
data were more limited. Most of the data are from Irish sampling.

From Tables 5.3.1(a) and (b) it can be seen that 2- and 3-ring fish are
the most numerdus age groups in the catches of Manx stock, and 0- and l-ring
fish in those of the Mourne stock,
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Tables 5.3.2{a) and (b) show annual stock sizes at 1 January each year
estimated by VPA with input values of M = 0,1, P = 0,7 for both stocks.

It should be noted that l-ring fish are only partially recruited to the
fishery on Manx stock. Full recruitment takes place as 2-group fish.
Recruitment was high in 1969, 71, 72 and 74. All available evidence
suggests that it was average in 1975.

Stock estimates of the Mourne herring show that the stock size has
decreased consgiderably since 1971,

Indusgtrial fishery

Since 1969 an industrial fishery has been carried out in the northern part
of the Irish Sea. Sampling of’.the catches has enabled estimates of the
weight of young herring landed to be made. These were as follows:

1975
1 573

1972
2 251

1974
2 190

1969
2 210

1973
1 913

1970
3 796

1971
2 715

Year

Tons

Examination of otoliths has shown that O-group herring are first taken
during June/July when they are approximately 10 cm long. These young
herring remain in the catches for approximately one year until they migrate
offshore as 1l-group, at which time they are approximately 18~20 cm long.
They appear to be most abundant during the winter months. The total catch
of herring in this fishery expressed as numbers per age class is shown in
Table 5.3.3 for the period 1969 to 1975. During this periocd the average
annual number per age group taken was as follows:

Total
106.0

Age group 0 1 2 3
Numbers (10'6) 73.91 24.5 6.9 0.7

Catches of this size must have gsome effect on the level of recruitment to
the adult stock to which they would have recruited. The appearance of the
strong 1969 year class as l-ring fish in the Mourne stock was preceded by
high catches of O-group fish in the industrial fishery and in general
catches of O-group herring in the industrial fishery would seem to give

an index of the réé¢ruitment level to the Mourne fishery. In addition,
there is a very strong similarity between the vertebral counts of the
Mourne stock and of the herring taken in the industrial fishery.

Management

Predictions of the stocks in 1977 were calculated and are given in the table
belows

Biomass 1976 1977
Stocks 1975 Biomass ¥ Catch Biomass
Manx 42 951 36 736 0.4 11 573 39 148
Mourne 14 196 13 166 0,74 6 594 14 924

For the Manx stock a value of M = 0.1 was used throughout. F = 0.65 for
1975 was estimated from the regression of F on effort for a long series of
data. Recruitment of 83 x 106 2-ring fish was assumed for 1976 and 1977;
this is the average value from VPA for the years 1964-73., It is likely
that the 1976 catch estimated at 11 000 tons in the light of U.K. natiocnal
restrictions will generate an F of 0.4 in that year. This value has been
used for 1976 in the calculations but it must be stressed that it will be
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unrealistic if there is a major diversion of fishing effort to this area by
other countries. The yield per recruit curve for this stock is shown in
Figure 73 it can be seen that values of F = 0.4 in 1976 and F = 0.3 in 1977
represent progressive steps from the 1975 value of F = 0.65 towards the

Fy,1 = 0.16, in accordance with the recommendation given by the ICES "Ad hoc
Meeting on the Provision of Advice on the Biological Basis for Fisheries
Management® (Doc., C.M.1976/Gens:3). BEstimates of recent recruitment to the
Manx stock indicate that there is no need at present for concern about the
level of spawning stock size. On these consgiderations an F = 0.3 was taken
as the appropriate level for 1977. This would entail a TAC for 1977 of

10 000 tons for the Manx stock.

For the Mourne stock a value of M = 0.1 was also used, Mean F on the

O-group for the years 1969-7% from VPA was F = 0.74. The spawning stock biomass

has shown a considerable decrease over the years for which estimates are
available, It was considered that F on adults in 1975 was at much the 'same
level as in the preceding 2 years. F on the l-ring and older fish from VPA
in 1973 wag F = 0.77 and in 1974 for Northern Ireland trawl c.p.e. data

was F = 0.80. It wag decided to use a value of F = 0,74 on all age groups

in both 1975 and 1976 in the calculation of stock sizes., Recruitment of O-
group fish for 1976 and 1977 was estimated at 75% of the mean recruitment
1969-73 (from VPA) to allow for the possibility that some of the O-group fish
taken in the industrial catch could have been from some stock other than the
Mourne opne. The Mourne O-group recrulitment value used was therefore

128 x 106 fish., In calculating the TAC for this stock in 1977 an F = 0.3 was
used ag in the Manx stock. This would allow a build up of the stock and
would produce a yield for 1977 of 3 000 tons., This TAC is calculated on the
assumption that the recommendation regarding a minimum landing size in para-
graph 5.4.4 is implemented in 1977.

TAC for 1977 in Division VITa

Ag discussed in paragraphs 5.4.1 and 5.4.2 fishing at an ¥ of 0.3 would appear
to be an allowable intermediate step in approaching the Fgy 1 value for these
stocks. This gives a TAC for the whole North Irish Sea area of 1% 000 tons in

1977

Minimum landing size

In Section 7 it is explained that the introduction of a minimum landing size
of 20 cm would result in an appreciable increase in the yield per recrult for
North Sea herring. Advice on this topic given to the November 1975 meeting of
NEAFC also stressed that this measure would result in a considerable increase
in spawning stock biomass,

This measure would have similar effects in other areas where herring have
similar growth curves and where there is exploitation of fish below this size.
Although a detailed comparison between the growth curves between Irish Sea and
North Sea herring was not made, it was possible to show that the average
weight/age was very similar for adult fish but that the Irish Sea stocks
appeared to grow slightly faster in the younger age groups., This would indi-
cate that the introduction of a minimum landing size of 20 cm would have a
similar beneficial effect on the yield/recruit and spawning stock biomass for
Irish Sea herring.

Sprat Asgessment for the North Sea and Skagerak

Introduction

At its meeting in 1975 the Working Group considered the recent increase in
catches of sprat in the North Sea. In the absence of adequate biological
data the Working Group was unable to do more than advise a precautionary

TAC, which i1t was suggested should be at the level of catch in 1974, i.e.

300 000 tons. With a further sharp increase in catches in 1975 in both the
North Sea and Skagerak, the Working Group asked for more detailed information
for its 1976 meeting.
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Since the populations of gprat in the North Sea and Skagerak appear to be

more or less distinct, the Group decided that the two stocks should be treated
separately for assessment purposes. The catches from the Norwegian fjords
(ICES Division IVa East) are considered to be from, and were included in, the
Skagerak stock.

Owing to some.confusion in the past, the Group agreed on a set of definitions
for the age of sprat. Peak spawning in the North Sea and Skagerak occurs from
about May-July. Fish born in this period are termed O-group until 31 December
of that year, and then for the whole of the next year they are l-group. Over
the winter period sprat in their first year of life are termed O/l—group, and
similarly for the older age groups.

North Sea sprat
The North Sea fighery in 1975

In Table 6.1 catch data for the years 1966-74 and preliminary catch data for
1975 are given for each sub-division of the North Sea. The total North Sea
catch in 1975, excluding the Norwegian fjord catch, amounted to 635 300 tons,
the highest catch on record and more than double that taken in 1974. The in=-
creased catch in 1975 came almost exclusively from ICES Division IVb and was
taken by two countries, Denmark and Norway. In Division IVb the catch of
Denmark increased from 159 400 tons in 1974 to 321 800 tons in 1975, and the
catech of Norway from 9 500 tons in 1974 to 145 700 tons in 1975,

The annual age compositions for Sub-divisions IVb east and IVb west which were
included in the previous report were updated (Table 6.2). Although Danish and
Norwegian data exist for Sub-divison IVb west for 1974 and 1975, to provide an
age composition for the 1974-75 season which is comparable with the earlier ones,
the percentage age compositions given in Table 6.2 are based only on English
data from the North Shields winter fishery, this being the only available source
of data prior to 1974. Those for Sub~division IVb east are based on Danish data
from the gummer fishery.

The catch in number per age group was calculated by the Working Group from the
national data for age compositions of catches in 1974 and 1975. These are
given for each region in Table 6.3, It is clear that the high catches in both

"1974 and 1975 were due to the strength of the 1973 year class which made the

major contribution to the catches as l-year old fish in 1974 and as 2-year old
fish in 1975. The 1974 year class appears to be much weaker than the 1973 year
clags in the North Sea sprat population.

Biological parameters of the North Sea sprat

The weight at age of sprat in the North Sea landings was estimated from data
provided from both the inshore and offshore fisheries, Only the larger members
of the O-group are taken in the winter fisheries and so for this age group the
mean weight in the catches is probably higher than that for the population in
sea, Values for all age groups are given for January 1974 and for January and
July 1975 in the text table below. The values were rather different in 1974
and 1975, so the means of the two sets of estimates have been used in the
assessment of North Sea sprat.

Mean weight (g)

January 1 July
hee 974 [ 1975 | " | 1975
0 - - - 0
1 2.3 3,1 2.7 4.6
2 9.0 10.4 9.7. 14,1
3 15,3 17.3% 16.3 20,0
4 19,9 25.6 22,7 29,0
5 28.4 29,8 29,1 -
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The estimate of natural mortality (M) of North Sea sprat used is that of
0.8 made by Johnson (1970)n The only other available estimate of the natural
mortality rate is that of 1.05 for the Gullmar Fjord in the Skagerak area

made by Lindquist (1974).

Sprat first spawn at an age of about 2 years. The spawning stock is there-
fore considered to consist of the 2-group fish and older.

Fishing mortality and stock size

The recent increase in the total annual catches of sprat from the North Sea
is very large. To understand its effect on the stock, estimates of fishing
mortality or stock gize are required. The Working Group considered a number
of methods of obtaining such estimates,

a) Virtual Population Analysis

VPA is of doubtful validity for short-lived species like sprat because the
estimates of F and stock size obtained are highly dependent on the accuracy
of the values of M and the fishing mortality assumed for the oldest age
groups and in the last year of the analysis. With this reservation in mind,
the Working Group carried out VPAs on two sets of data:

1. the annual catch in numbers of each age group for
the whole North Sea from 1967-75 on a fishing season
basis (i.e. July-June). The estimates of catch com-
position up to 1973-74 had been prepared prior to the
meeting using samples from the English and Scottish
commercial landings for the inshore fisheries, research
vessel samples taken mainly during the International
Young Herring Surveys for the offshore fisheries and all
other available age data. The data for 1974~-T75 were
calculated by the Working Group. The input data are
given in Table 6.4,

2, the quarterly catch in numbers per age group for the
whole North Sea from January 1974 - December 1975,
estimated by the Working Group from catch and age com-
position data supplied by participants. The input data
are given in Table 6.5

The VPAs were carried out using a natural mortality coefficient of 0,8 and
input values of the final fishing mortalities given in Tables 6.6 and 6.7.
To give reasonable input values it was assumed that F had been at a rather
low level in the period 1967-73 and that it doubled in 1974 and again in
1975. In the quarterly VPA it was assumed that M is evenly distributed
throughout the year.

The values of fishing mortality estimated from the VPAs are given in
Tables 6.6 and 6.7, and the estimated stock size and recruitment on 1 July
of each year in Table 6,8,

The stock size appears to have fluctuated considerably as a result of an
increase in recruitment from 1972-75 and in stock size in 1974 (Table 6u8)o
The increased catches taken from 1974-75 may therefore in part be due to an
increase in stock. The fishing mortality appears to have been low up to
1971-72 and to have increased since then.

This analysis suggests that the catches of sprat taken in 1974 and 1975
represent a considerable proportion of the average total stock in the North
Sea and that catches at this level may only be sustainable at the higher
level of recruitment from 1972 to 1975,

The level of recruitment in 1975 cannot yet be measured quantitatively but
age compositions in that year (Tables 6.2 and 6.3) suggest that it was not
as high as in 1974. The poor catches in the British coastal fisheries in
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the last three months of 1975, moreover, indicate that the 1975 year class
may be substantially weaker than either of the two preceding ones. It can
only be assumed, therefore, that there will be a return to the earlier
recruitment levels and that this is likely to result in a considerable
decrease in catch in 1976, if fishing effort remains at the same level as

in 1975,

b) Catch per unit effort
The VPA indicates rather low levels of F prior to 1972 and an increase to
about 0.2 by 1974 ( Tables 6.6 and 6.7), Independent estimates of total
mortality (Z) between late 1974 and late 1975 were made from catch-per-
unit effort data supplied by the Soviet Union and by Denmark for the off-
vshore fisheries (Table 6.9). The two estimates of % obtained (1.20 and
32) indicate values of F in that year of about 0.4 - 0.5. As these are
estimates of fishing mortality rate in 1975, and the catch in that year was
about twice that of 1974, these estimates are in reasonable agreement with
that from VPA,

o) Estimates independent of catch and effort data

In addition to the above estimates of fishing mortality, the Working Group
considered other ways of obtaining estimates of the stock size in the North
Sea, Egg and larval surveys carried out in 1972 by Johnson and Dawson
(1975) indicate a stock of about 0.5 million tons in that part of the North
Sea south of 57°N., Although this cannot be taken as a precise estimate it
was calculated making conservative assumptions and so is probably not un-
reasonable as a minimum estimate, since spawning also occurs to the north-
cast of Scotland. The stock size calculated by this means is of the same
order as that from VPA.

The estimates from these different methods are therefore in some agreement
but, in view of the reservations about their accuracy, the Working Group
considers it essential that other methods for estimating stock size and
recruitment estimates be investigated. In particular, the possibility of
carrying out coordinated acoustic surveys and egg and larval surveys should
be considered.

L 60,244 The effect of fishing mortality on yield per recruit and stock gize

Yield per recrult curves were prepared using an M of 0.8 and weight at‘age
values given above (Figure 8)u Three patterns of exploitation were con-
sidereds .

a) T in the first year of life (F ) at about the present level,
i.e. about 1/6 of the T on the older age group (Fa&ult)’

o = Fadult;

¢) F_ = zero.

All three yield per recruit curves rise steeply with increase in F up to a
level of fighing mortality of about 0.6, With the same level of exploita-
tion in the first year as in older fishj; the curve then reaches an
asymptote, but the yield per recruit continues to rise with low or zero
exploitation in the first year. These curves are typical of those for
short-lived, fast-growing species of fish, and suggest that with yield

as8 the only criterion, the most efficient form of exploitation is to

cateh the fish when they are young. At the present estimated levels of
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fishing mortality, there is also little likelihood that selective
restriction of O-group exploitation would result in any significant gain
in yield per recruit.

Although no gain in yield per recruit is likely to accrue from reducing
fighing mortality,heavy exploitation would seriously depress the spawning
stock size. The effects of different patterns of exploitation, and of in-
creasing values of F, on the spawning stock were also considered (Figure 9).
Reduction of the spawning stock to about 1/3 of the unexploited level is
estimated to occur with an F of about 0.54. Reduction of the current rate
of exploitation in the first year would have only a marginal effect on the
spawning stock gize. On the other hand, if the exploitation rate in the
first year increased disproportionately, a considerable reduction in spawning
stock would occur. Any regulation that prevents an increase of exploitation
on the O-group is therefore desirable.

Calculation of TAC for 1977

Although the output of the VPA must be treated with reserve, the Working
Group decided that the absence of more reliable estimates the results should
be used to calculate a Total Allowable Catch for 1977. The following basis
was used for the calculations ‘

a) Since there are indications that the strength of the 1975 is below
those of the three preceding year classes and since there is no
way of predicting the strength of the 1976 year class in 1977, it
was asgsumed that recruitment of these year classes will be at the
mean for the years 1967-74 of 181 x 1o§ fish (Table 6.8).

b) In the absence of information on the relationship between stock
and recruitment, it was decided that it would be undesirable to
reduce the spawning stock below 1/3 of the unexploited level as
had been done for herring (paragraph 2.,6), With the present
exploitation pattern, this would occur with a fishing mortality
of 0.57, that is about the same level as in 1974-75. At this F
the spawning stock per recruit is 2,19 g (Figure 8).

The predicted long-term annual catch calculated on this basis is 396 000 tons,
Thus it is estimated that a fishing mortality not substantially different
from that in 1975 will result in a catch in 1977 considerably lower than that
taken in 1975. This gituation is the result of a lower level of recruitment
and it must be borne in mind that, with a short life-span species such as
sprat, there will inevitably be major fluctuations in annual catch due %o
recrultment variation.

A rather cautious approach is also necessary because, if recruitment in 1977
is below average and the TAC is, as a result, set at too high a level, then
the F generated will be much higher than 0.57 and concentrated on the older
age groups. The spawning stock will then be reduced to a level much lower
than that advocated, greatly increaging the risk of reaching the level at
which a stock/recruitment relationship occurs. It must also be borne in
mind that any increase in F in the sprat fishery will result in a heavier
fishing mortality rate of immature herring caught as by-catch in the sprat
fishery,

Taking all the above factors into consideration, the Working Group recommends
that the TAC for sprat in the North Sea for 1977 should be set no higher
than 400 000 tonsg.

Protection of 0/l-group sprat

In paragraph 6.2.4 attention was drawn to the desirability of protecting
O/lmgroup sprat from too heavy an exploitation rate. In the last report
of the Working Group experiments were discussed which gave selection factors
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for sprat frem which it was deduced that a 20 mm mesh size in sprat trawls
would be the appropriate size to give almost complete protection to
0/1l-group sprat.In the light of possible problems from meshing, nsing trawls
of this megn size, NEAFC introduced a 16 mm mesh size for sprat trawls at
its mid-term meeting in November 1975.

Further experiments have been carried out on the problems of meshing and
gelection, using Scottish commercial sprat trawlers fishing by normal
commercial practice for the Scottish fleet, but using trawls of 16 mm and
20 mm mesh sizes. A total of 27 trawl hauls were carried out in which
cateches up to 10 tons were taken, and covering a sprat population with a
size rangs from 3.5 to 13,5 cm.

Thege regulte suggested that, under the conditions of these experiments,
meshing was not a problem with either 16 mm or 20 mm mesh sizes., They

also gave selection factors somewhat lower than those stated in the previous
report - suggesting 50% selection lengths of 5.7 cm for a 16 mm mesh size,
and 7.3 cm for a 20 mm mesh size. In view of the differencesg between these
new results and those previously reported, and the possibility that
selection by sprat trawls may vary appreciably from one national fishery

to another, depending on factors such as towing speed and net design, it is
recommended that further experiments be done under the normal commercial
practice of national fleets fishing North Sea sprat,

In the western North Sea 0/l-group sprat may be largely confined to areas
close to the coasta. This age group can form a major proportion of the
catches of the U.K fishery in coastal areas, but does nrot contribute
appreciably to the catches of other fisheries further offshore., The diffe-
rences in the age composition of the stocks in coastal and more offshore
waters may alsgo be a factor ininfluencing the applicability of the selection
experiments mentioned above to fleets of other countries, as these experi-
ments were carried out in a coastal area.

Sprat in Divigion II1la and the Norwegian Fjords

The sprat population in areas III and IVs east‘(the Norwegian west coast
fjords) can be considered as a single stock which is largely independent

of the population in other areas of the North Sea. This population spawns
in a well-defined area between Denmark and Sweden from May to August. From
the spawning area the larvae drift either to the Skagerak and Kattegat
coastal areas or to the Norwegian coastal areas. Ag in the North Sea, most
Skagerak sprat become sexually mature at an age of 2 years, with a small
proportion spawning at an age of one year.

The sprat fishery

The fishery for sprat has the following structures in the coastal areas
of Norway and Sweden there have been purse-geine fisheries for more than
a century, with little annual fluctuations in the yield. The catch is
used for human consumption only. In addition, there are trawl

fisheries for sprat by Denmark and Sweden, the greatest landings being
taken from summer to early winter. The Danish landings remained at a
constant level until 1972, There was a major increase in these landings
from 1973 onwards. The total landings from these trawl fisheries in

1975 were at a level of about 100 000 tons. Catches in this area for the
period 1966~75 are given in Table 6.10.

Biological data

Biological observations on the spratin Divs., IIIa/IVa east exist for a
considerable time. The percentage age compositions, excluding the O/l=
group, and the mean age in samples from the purse-seine catches from the
coastal area, and in trawl samples from the open sea, are given in

Table 6,11. These do not show any long-term trends.
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The percentage in numbers of O/lmgroup sprat in Swedish samples for the
period 1966-75 does not show any significant trend (Table 6.12), It is
apparent, however, that the proportion of O/l—group gprat in the trawl
catches is consistently higher than in the purse-seine catches,

There are no effort data available which would permit an evaluation of

stock size changes from catch per unit effort in Division IIla. Since,
however, the fishing effort has not changed in the Norwegian and Swedish
coastal fisheries, and since the catches have not increased appreciably, it
would appear that there has not been any major increase in stock abundance in
Division IIIa. The large increase in total catch from the open sea fishery
therefore must have at least largely been due to an increase in fishing effort.

Stock assegsment

The features of the population dynamics of North Sea sprat described in the
report of the Working Group last year (Doc. C.M.1975/H:2) apply also to the

© sprat in Division IIIa.

No age data are available in a suitable form to carry out a VPA for the
Skagerak stock, The Working Group was, therefore, not able to estimate a ..
TAC on any precise basis. Any further increase of the fishing effort, how-
ever, might have the effect of reducing recruitment, and of bringing about

a collapse of the stocks and the fisheries, before appropriate conservation
action could be taken. Moreover, with regulation of sprat and herring
fisheries in the North Sea, there is likely to be a major diversion of fishing
effort to Skagerak sprat unless some control is introduced in that area., In
1977 the landings should therefore not be allowed to exceed the level of 1975,
This would mean a total allowable catch for Division IITIa and the Norwegian
fjords of 100 000 tonsg.

To improve the ability to advise on regulation of Division IIJa sprat,
methods are required to measure the strength of the recruiting year classes.
Such methods may include O-group surveys.

Minimum Landing Size for North Sea Herring

In a previous report (Deoc. CoM,1975/H:2) selection experiments for sprat
indicated that the selection factor was in the range 3.5 - 4.5, Information
now available from Scottish selection experiments carried out on commercial
pair trawlers suggest roughly similar values (para. 6.2.6). According to these
results, the 50% retention length of sprat, corresponding to the 16 mm minimum
mesh size introduced by NEAFC is between 5.5 and 7.2 cm, or close to the mean
length of the O-group sprat.

No mesh selection experiments were available for that size range of herring
but the Working Group considered it unlikely that selection factors for
herring would differ appreciably from those found for sprat. Setting a
minimum landing size for North Sea herring corresponding to 50% retention
length of the 16 mm mesh (i.e., minimum landing size of about 6 cm) would be
absurd as it would achieve nothing and would be unenforcable. As explained
in the report of the Liaison Committee (Doc., C.M.1975/Lis9) preparéd at the
Montreal Meeting in October 1975, a 20 cm minimum landing size for North Sea
herring has been introduced in Division VIa and the yield per recruit curves
for herring in the itwo areas are very similar, It would therefore be
appropriate to have uniformity in minimum landing sizes between the two
areas and any other areas where similar conditions apply.

Application of the ICES "FISHDAT" System

During the present meeting Working Group members were introduced to recent
developments in the ICES data processing system for North Sea herring.
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A trial run using input data from the 1972 herring fisheries was already made
in 1974 and reported on by the ADP Working Group (Doc. C.M.1975/D:2)., The
output was in general agreement with the results obtained by the Herring
Assessment Working Group using the same data but slightly different
assumptions on e.g., allocation of unallocated catch data.

Since then further development has taken place and handling made much easier
for the user by the introduction of a direct data-base management system.

The present Working Group endorsed that the "FISHDAT" System contains
important assets to the assessment works:

(i) It will almost completely cut out the very appreciable
time hitherto spent on tedious calculations and preparation
of basgic tables thus giving the Group more time for their
main object, which should be the scientific appraisal of
the material and of the conclusions based thereon.

(ii) It necessitates a steady inflow of data in a uniform
format from the laboratories involved. At present, Working
Groups are frequently presented with untreated data in a more
or less suitable form for processing.

(iidi) Working the ADP System requires a higher degree of explicit
and consistent assumptions than are perhaps applied at present
by Working Groups, especially on a year-to-year basgis.

The Working Group recommends that steps be taken to bring the ADP System
into full operation.

9% Summaxry
9.1 The new data available for North Sea herring suggest that there will be

some increase in the size of the adult stock in 1976, due to the recruit-
ment in that year of the 1973 year class. However, the spawning stock in
1976 will still be at a very low level of about 1/10 of that in the
immediate post-war years. There is now some evidence that, at a spawning
stock biomass below 800 000 tons, recruitment becomes dependent on spawning
stock biomass for this population, It is therefore imperative that firm
action be taken to rebuild the stock to this level as quickly as possible.

9.2 In the light of thisg position it is strongly recommended that directed
fisheries on North Sea herring should be prohibited from 1 July 1976, and
every attempt should be made to further restrict the by-catches of herring
in the mixed fisheries, until the spawning stock recovers to 800 000 +tons.
It is difficult to predict with any precision how long this will take, but
with the best assumptions which can be made, this may not be achieved before
1980 with the present exploitation rate in the mixed figheries or before
1979 if some further restrictions are introduced on these.

9.3 The rapid decline in the Celtic Sea herring stock has continued. It is
estimated that if the agreed 1976/77 TAC is taken in full, the adult stock
biomass at the end of that season will be below 10% of the level under con-—
ditions of light exploitation, It is considered essential to rebuild this
adult stock to a level of 40 000 tons as quickly as possible.

9.4 It is therefore recommended that there should be no fishery on this stock
in 1977/78 and that congideration should be given to closing the fighery
within Irish fishing jurisdiction, on the spawning grounds in December-
January 1976/77. If these measures are implemented and recruitment is not
below average some fishing might be permissible in 1979/80.
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The gtate of the herring stock in Division VIa is not as serious as in the
stocks mentioned above, If the agreed TAC for 1976 is taken in full, the
remaining stock biomass will be about the same level in 1977 as in 1975
and 1976, There are indications of recruitment of a 1973 year class con-
siderably above the modal value used in forecasting recruitment when no
indications are available. There is no evidence of the stock biomass in

this population being at the level where recruitment will be affected. The 1977

TAC recommended for this stock is 8% 000 tons,.

An assessment has been made of the herring stock in Division VIIa. In

this area there would appear to be two distinct spawning stocks - one in
the area sround the Isle of Man and one in the Mourne area. However, there
is probably some mixing of them during part of the year, and for practical
reasons it would be advisable to treat them as a single management unit.

. There is clear evidence of a rapid increase in exploitation of these stocks

in recent years which has been partially controlled by unilateral regula-
tory action by the United Kingdom. International control now appears highly
desirable and it is recommended that a TAC of 1% 000 tons be brought in
force in 1977.

There is a considerable fishery in the northern part of Division VIIa of
juvenile herring used for industrial purposes. It is recommended that in
Division VITa a minimum landing size for herring of 20 cm be introduced,
in conformity with that currently in force in Divigion VIa.

Advances have been made in the assessment of North Sea sprat which have
permitted the recommendation of a TAC for this species, in that area, on a
firmer basis. It is recommended that in 1977 the TAC for North Sea sprat,
excluding the Norwegian fjords, should be set at a level not higher than
400 000 tons.

Few data are available to permit the calculation of a permissible catch
level for the sprat stock in Division IIIa and in the Norwegian fjords.
However, catches in this area have been increasing very rapidly in recent
years and this can be expected to continue as a result of more stringent
restrictions on both sprat and herring fishing in the North Sea., It is
therefore recommended that in these areas the catch of gsprat in 1977

shall not be allowed to exceed the catch level in 1975. This would entail
a TAC of 100 000 tong.
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Table 6.2
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Percentage age compositions of landings

1967 - 1975.
Division IVb - west of 3°E (English data from North Shields
fishery)
Fishing Age Group .
| Semeon | o/r {2 | 2/3 | 34 | 4/5 | 5/
1967-68 17.1 53.8 16.9 11.1 1.2
1968-69 | . 3.0 37.5 43,1 11.7 4.% 0.3
1969~70 89.5 4.9 2.2 2.9 0.5 0.1
1970-71 40,9 25.3 22.8 8.3 2.8
1971-72 8.8 77.9 8.6 4.2 0.4
1972-73 33.7 44.2 | 17.9 2.9 1.1 0.2
1973-74 58.5 39.3 1.7 0.6
1974-75 15.7 59.9 22.0 2.2 0.2
Division IVb - east of 30E (Danish data)
Fighing Age Group
Season 0 1 2 3 >3
1967 10 76 14
1968 57 27 5
1969 41 39 20
1970 0.3 33 33 22 12
1971 23 40 20 17
41972 4 1 76 16 2
1973 15 69 11 4 1
1974 65 35 0.2
1975 | 59 : 40 0.8 | +




Table 6.3 Total North Sea sprat catch 1974 a
Numbers caught per age group x 10
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Age group

gd 1975.

Area Year 0 1 2 3 i 5 6
—_— — 1 ——r B et . — - - -
‘Iva(W)| 1974 yor.o6 | 2 963.11| 693,01 111.98 | 12.23
1975 267.15 | 2 011.08| 1 025.4% 36%3.59 | 11.07 | 2.24
IVb(E)| 1974 3.34 | 8 486.67| 4 727.88| 116.51 | 1.73| 3.91
1975 9.80 | 13 169.04| 9 281.97 149.50 ’ 6.26
t
IVb(W)| 1974 609.%8 | 6 848.08| 6 033.40, 1 095.59 ;220.80 49.52 | 20.68
1975 665.42 | 5 110.00|17 287.01 | 4 395.97 | 282.70 | 16.99
IVe 1974 21.73 766.15 620,77 28.59 1.8% | 3.34
1975 1 182.43 499.09 45.84 1.76




e e e -
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Table 6.4. North Sea sprat catch 1967-75.
Numbers caught.per age group x 10 in
the period 1 July - 30 June.
— | R
. ‘ Age Group
: . oo S
| TYear 0/1 Y2 2/3 3/4 4/5
f 1967-68 2 319 2 841 2 176 472 11
; 1968-69 324 1 424 1 956 721 137
| 1969-70 2 881 3 007 1 100 730 300
L 1970-71 5 003 2 068 1 564 828 385
1971-72 2 805 . 5 688 1 534 775 438
. 1972-73 | 6 901 6 470 3 615 752 214
1973-74 | 10 709 | 15285 = 2 912 885 255
1974-75 | 6 139 J 27 219 | 6 648 351 26
Table 6.5. Tofal North Sea sprat catch 1974 agd 1975.
‘ Numbers caught per age group x 107°,
L Age Group o - o ’
0 | 1| 2 3 l 4 ! 5 l
1974 Jan-Mar - 7 620.0 | 7 341.8 1 043.2 | 198.7N’ 40.3 |
1974 Apr-Jun - 361.8 | 2 083.5 @  148.6 | 26.1 ' 4.7
1974 Jul-Sep| 46.7 | 4 909.8 1 784.7 36,2 0.9 | 4.6 I
1974 Oct-Dec |1 549.3 } 6 172.9 865.1 : 74.5 10,6+ 7.2
1975 Jan-Mar - 4.096.6 | 14 973.2 ! 3 929,0 233.7  14.1 |
1975 Apr-Juns - 446.2 | 1 163.2 | 68.9 6.5 -
1975 Jul-Sep! 15.0 10 588.1 5 760.0 : 75.1 3,1 -
1975 Oct-Dec ' 675.2 | 6 351.6 6 122.5 |  660.2 573 444
‘ | | !
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Table 6,8,

Stock biomass and annual recruitment of North Sea

sprat, as estimated from Virtual Population Analyses.

Total stock in Numbers of O-group
000' tons at 1 July recruits at 1 July x 1077
874 192
1 154 113
1170 129
1 040 68
820 75
445 257
(801)* (381)
1 624 236
991 181
The values in parentheses are extremely uncertain.
Table 6.9. Total mortality rate (Z) of North Sea
sprat calculated from catch/effort data.
Area IVb(E) Danish data)
Nos. x 10_6/1000 hrs trawling Oct Nov Dec
1 + older 1974 210.8 183.1 75.8
Z 1.51 1.39 1.05
Mean N iJ?E
Area IVb (W) (Soviet data) e
Nos. x 10_6/1000 hrs trawling Oct Nov Dec
1 + older 1974 123.6 391.5 278.4
2 + older 1975 55.7 T4.2 87.8
Z 0.79 1.66 1.15
Mean o 1,20
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Table 6.12. Percentage of (/l-group sprat in samples from
the Swedish sprat fishery during September

to March,
] Purse seines I .

Season and land seines Trawls in Skagerak

within the archi- and Kattegat

pelago
1966/67 | _ ‘ 16.2
1967/68 6.7 . 9.0
1968/69 9.0 35.8
1969/70 1.5 8.4
1970/71 4.9 9.9
1971/72 1.6 | 3044
1972/173 | 2.3 29.7
1973/ 74 : 8.3 19.8
1974/75 3.8 19.5

e . [ - - ——— - e e v et o i e e
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Figure 2.

Celtic Sea spawning stock.

76 Year



- 60 -

gl 1L
| T

9l ¢l
T R

0L

(suo3 000 T uT)
S8Yyo1BO PUB AHm@Ho pue mﬁmmgﬂnlwv 9ZTS 0048 PO}BUWILSH

*SUTIISY BIA *C OANSTd

&9 ¥9
T T

69 89 - L9 99
1 T T T

¢9 29 9
T L

T

HZIS XAD04S

09 668G LGET
T 1 T T

-~

HOLVD

-y - - ——

- -
-
-
-

v

(suo3 000 T )

00T

002

00¢

ooy

006§

009

00.



- 61 -

*d JO sonIBA JUSISIITIP I0J UOTIBNITS
untIqrTrnbe pue (SI8BUTI-T 40T X ommv
1ULWI TNIOSI TEPOW JUBLSUOCD SUTWNSSE

(euTT PTTOS) SuUO} Q00 T UT PTSTL pue
(sutT uwexoxq) swead UT 3TnIOdx x9d PTOTX

*SUTIISY BIA °7 oINS LJ

O'T 6°0 8°0 L*0 9°0 ¢'0 ¥°0 ¢*0 2°0 TI°0
L i i i i 1 . i i

A

0¢

0¢

oY

06¢

09

0L

08

Xeu

g
I

0T

0¢

0¢
)7

06§

09

0L

08

@G 000 T)



Stock size (1 000 tons)

400
380
360
340
320
300
280
260
240
220
200
180
160
140
120
100

80

60

40

20

- 62 -

FPigure 5. VIa herring.
Stock size per recruit in grams (broken line) and
corresponding stock size in 1 000 tons (solid6line)

assuming constant modal recruitment (650 x 10

l-ringers)and equilibrium situation for different
values of F.

Stock
regrugir(g)

1 700
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-~ 600
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Spawning stock in g/recruit
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Figure 9., Relationship between spawning
stock and fishing mortality at
different levels of 0/l-group

| exploitation.

1/3 of unexploited stock

1/6 F adult

/

F = F adult
o

! |

] 1 1 1 L ] I ] 1 ! 1 ! ]
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!
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