b | 1 wit] : . he ¢ i1*

International Council for the C.M.1986/Assess: 19
Exploration of the Sea

0:

) . .

-@- | THUNEN
Digitalization sponsored
by Thinen-Institut

REPORT OF THE HERRING ASSESSMENT WORKING GROUP FOR
THE AREA SOUTH OF 62°N

Copenhagen, 1 - 11 April 1986

This document is a report of a Working Group of the
International Council for the Exploration of the Sea
and does not necessarily represent the views of the
Council. Therefore, it should not be quoted without
consultation with the General Secretary.

*General Secretary
ICES

Palegade 2-4

DK-1261 Copenhagen K
DENMARK


funk-haas
Neuer Stempel


Section Page
1 INTRODUCTION . . & ¢ v « v v v o s o o o o & o o o« & W 1
1.1 Participants . . e e e e e e 1
1.2 Terms of Reference - 1
1.3 Assessment Areas and Procedures 2
1.3.1 Assessment areas 2
1.3.2 General consrderatlons e e e e e e 2
1.4 Safe Biological Limits . . . . . . . . . . 2
2 NORTH SEA HERRING 2
2.1 The Fishery . 2
2.1.1 ACFM advice appllcable to 1985 2
2.1.2 Catches in 1985 . . . . . 3
2.1.3 Catch in number . . . . . « . .+ v 4 0 v 0 e e 4
2.2 Natural Mortality . . . . . . ¢ ¢ + « & ¢« v « « « 5
2.3 Recruitment . . 7
2.3.1 General remarks about the use of IYFS 1nd1ces . 7
2.3.2 General remarks about the use of Isaac-Kidd mldwater

trawl (IKMT) indices . . . . . . . . . c e e e 8
2.3.3 Year class 1982 e e e 9
2.3.4 Year class 1983 . . . . . ¢ ¢ 4 v v v e e e e e e 9
2.3.5 Year class 1984 . . . . . ¢ . 4 o v 0 w0 e e e 10
2.3.6 Year class 1985 . . . . . . . ¢ . v v 00 e e 0w 12
2.4 Acoustic Surveys . . . . 12
2.4.1 Northern North Sea (Dlv1510n IVa and Buchan area) . 12
2.4.2 Eastern central North Sea (Division IVb east) . . . 13
2.4.3 Western central North Sea (Division IVb west) . . . 14
2.4.4 Southern North Sea and eastern Channel (Divisions

IVe and VIIA) . . . v v v v ¢ v e e e e e e e e 15
2.5 Herring Larval Surveys . e e 16
2.5.1 Herring Larval Survey WOrklng Group report e . 16
2.5.2 Estimates of larval production . . . . . . . . . . 17
2.5.3 Estimates of SSB . . . C e e e e e e e e 18
2.5.4 Herring larval surveys 1n 1985 Coe e e e e e e 18
2.6 Tagging Experiment . . .« ¢ . ¢ « ¢« « & o o + o » o 19
2.7 State of the Stocks . . . . + + « v v v v e e e e e 20
2.7.1 Division IVa . C e e e v e e e e e e e 20
2.7.2 Division IVb (Bank stock) Coe e v e e e e e e e 20
2.7.3 Divisions IVc and VIIA . . e e e e e 22
2.7.4 VPA of Divisions IVa and Ivb comblned v e e e e 24
2.7.5 Total North Sea VPA . . . e e e e e e e e 24
2.8 Mean Weight and Maturlty at Age C e e e e e e e e 25
2.8.1 Mean weight at age in the catch . . . 25
2.9 Projection of Catch and Stock Size for 1987 and 1988 27
2.9.1 Divisions IVa and IVb combined . . . . . e e 27
2.9.2 Divisions IVe - VIId . . N 28
2.9.3 Sub-area IV and Division VIId (Total North Sea) . 29
2.10 Management Considerations . . . . . . 30
2.10.1 Adult fisheries . . . . . . . . . ¢ . . . o000 30
2.10.2 Juvenile fisheries . . . . . . . . . . . . .. .. 31



¢ ii >
Section Page
2.1 Requests from the ad hoc Multispecies Working Group . 31
2.11.1 Geographical distribution of the catches . . . . 31
2.11.2 Quarterly catches of North Sea herring . . . . . . 32
3 DIVISION IIIa HERRING . . , .+ ¢« v « « & o & o« o s o+ « = 32
3.1 Stock Composition . . . . ¢+ ¢ ¢ v v 4 e e e e e 32
3.2 The Fishery . . . . . ¢ v ¢ « v v ¢ v e « v v v v o 32
3.2.1 Landlngs . Ch e e e e e e e e e e 32
3.2.2 Catch in numbers at age “ e e e e e e 33
3.3 Biomass Estimates from Acoustic Survey e e e e 34
3.4 Recruitment . . . . e e e e e e e e e 37
3.4.1 Abundance of 1- group herrlng . 37
3.4.2 Abundance of 2-group and 3-group herrlng 1n the IYFS 39
3.5 State of the Stocks and Management Considerations . . 40
3.5.1 General remarks . . . . PO 40
3.5.2 Management of sprat/young herrlng flsherles N 41
3.5.3 Adult herring in Division IIIa . . . . . . « .« . . 41
4 CELTIC SEA AND DIVISION VIIj HERRING . . . . . . . . . 42
4.1 Introduction . R, 42
4.2 The Fishery in 1985/86 C e e e e e e e e e e e e e 42
4,2.1 Catch data . . e e e e a e e e e e e 42
4.2,2 Catches in numbers at age C e s e e e e s e e e s 42
4.3 Larval Surveys . e e e e e 43
4.4 Estimates of Flsh1ng Mortallty and VPA Ve e e e e 43
4.5 Recruitment for Stock Prediction . . . . . . . . . . 44
4.6 Weight at Age . . . . e e s 44
4.7 Stock Predictions and Mdnagement ConSLderatlons . e 45
4.8 Safe Biological Limits and Long-term Potential . . . 45
5 WEST OF SCOTLAND HERRING . ¢ + « ¢ ¢ ¢ « o v o o o s 47
5.1 Division VIa North . . . . . . ¢« ¢« « v v v & ¢ o« o« &« 47
5.1.1 The fishery . . . e e e e e e n e e e e e 47
5.1.2 Catch in numbers at age e, 47
5.1.3 Larval SULVEYS . . + « « + « « « & o & o o o 2+ 48
5.1.4 Acoustic SUIrvVeY . . . . . v v v v v v e e e e e e 48
5.1.5 Recruitment . . . . .« « + ¢ + + + « 4« v v e e e 49
5.1.6 Mean weight at age . .o 51
5.1.7 Spawning stock biomass and flshlng mortallty 1n 1985 51
5.1.8 Results of the assessment . . . . . . . « ¢ ¢« + « 52
5.1.9 Projection . e et v e e e e e e s e 53
5.1.10 Long-term potent1a1 yleld c e s e e e e e e s 54
5.1.11 safe biological limits . . . e e e e e e e e 55
5.1.12 Research and data requlrements e e e e e e e e 55
5.2 Clyde Herring . . . . . « ¢« ¢ ¢ o & v s & o o« o o o 56
5.2.1 The fishery . . . . . . e e e e e 56
5.2.2 Fishing mortality and populatxon s;ze « v e e e e 56
5.2.3 Management considerations . . . . . . . < .+ . . . . 57
5.2.4 Long-term potential . . . . . « « ¢ . ¢ ¢ 4 0 .. 58



< iii >

Section Page
6 HERRING IN DIVISIONS VIa (SOUTH) AND VIIb,c . . . . . . 59
6.1 The FIShery . . ¢ ¢ . v v v v v v v v v v v e e e v 59
6.1.1 Catch data . . . e e e e e e e e e e e 59
6.1.2 Catches in numbers at age e e e e e e e e e e 59
6.2 Larval Surveys . C e e e e e 59
6.3 Fishing Mortality Rate and Stock 51ze e e e e e e 60
6.4 Results from VPA'sS . . . . + . « ¢ v v e v e 0 e . 61
6.5 Recruitment . . . . . . . ¢ . 0 00 00 0 e e e 61
6.6 Mean Weight at Age. . . PN 61
6.7 Stock Predictions and Management Con51derat10ns . e 61
6.8 Research and Data Requirements . . . « . +« « « « + 62
7 IRISH SEA HERRING (DIVISION VIIAa) . . . . +« « « « « + =« 63
7.1 The Fishery in 1985 . . . ¢ . . ¢« + « v o « v & o « 63
7.1.1 Total catch . . . C e e e e e e e e e e e 63
7.1.2 Catch in numbers at age .o e e e e e e 63
7.2 Estimation of Fishing Mortallty Rate e e e e e e 64
7.2.1 Estimate by projection . . 64
7.2.2 Short-cut method to determlne total blomass 1n 1985

and yield in 1986 . . . . . . . ¢ ¢ ¢ v 0w e e 64
7.3 Recruitment . . . . . . ¢ . v . 0 0 0 e e e e 66
7.3.1 Estimates . . . f e e e e e e e e e e 66
7.3.2 Young herring surveys . G e e e e e e e 66
7.4 Mean Weight and Maturity at Age c e e e e e e e e 67
7.5 Management Considerations . . C o e e e e e e e 67
7.5.1 Results of VPA's . . . . . . +« « v v v o v w e 67
7.5.2 State of the stocks . . . Ce e e e e 68
7.5.3 Spawning and nursery area closures C e e e e e e 68
7.6 Research and Data Requirements . . . . . . . . . . . 68
8 ICELANDIC SPRING- AND SUMMER~-SPAWNING HERRING . . . . . 69
8.1 The Fishery . e e e e e e e e e e e e e 69
8.1.1 The flshery 1n 1985 . 69
8.1.2 Catch in number, weight at age and age dxstrlbutlon 69
8.2 Acoustic Surveys . Coe e e e e e e e 69
8.3 Virtual Population Analysxs e e e e e e e e e e e 70
8.4 Management Considerations . . . . . . . . « « + « & . 71
8.4.1 Catch and stock projections . . . . . . « « « « « . 71
8.4.2 Long-term potential . . e e e e e e e e e e e 72
8.5 Research and Data Requ;rements C e e e e e e e e 73
9 REFERENCES . . . v « v v v v v v v v v e e e e v e 73
10 WORKING PAPERS . .+ + v ¢ ¢ + & o o s 2 o o o v o o o 76

Tables 2.1.71 = 8.4.1 ¢ ¢ ¢ v v ¢ v v ¢ o o o o o o s o o o @ 77

Figures 1.3.1 = 8.4.3 . ¢ ¢ ¢ ¢ ¢ ¢« ¢ ¢ s o « o o o« o o« o« » 165



1 INTRODUCTION
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Dr. E. D. Anderson, ICES Statistician, attended the meeting when
necessary and provided statistical assistance.

1.2 Texms of Refexence

The Herring Assessment Working Group for the Area South of 62 N
met at ICES headquarters from 1-11 April 1986 in accordance with

C.Res. 1985/2:3:9 to:

a) Assess the status of the herring stocks in Division IIIa, Sub-

area IV (and, if possible,

and Divisions IV¢/VIId4),

separately for Divisions IVa, IVb
Divisions Va and VIa and Sub- area

VII and provide catch options inside safe biological limits

foxr 1987;

b) Provide quarterly catch-at-age and mean weight-at-age data for
1985 for North Sea herring stocks as input for the multi-

species VPA;

c) Provide data on the stock composition of herring catches in

Division IIIa.

In addition, ACFM made a number of additional requests which are
addressed in appropriate sections of this report.



1.3 Assessment Areas and Procedures

1.3.1 Asseggment areas

The area sub-divisions used in the assessment of herring stocks
by the Working Group are given in Figure 1.3.1.

1.3.2 General considerations

As a result of discussions about the level of predation mortality
on herring in the North Sea, the Working Group decided to use a
value of M of 1.0 for the O-group (applicable to the second half
of the year) and a value of 0.8 for the 1-group in all stocks
where a value of this parameter is needed for these age groups in
the assessments and predictions. The reasons for this choice of
values are discussed in the chapter on North Sea herring (Section
2.2). Exceptions to this decision are referred to in appropriate
parts of the text.

Following the meeting of the Herring Larval Working Group, new
larval production estimates were provided for all areas covered
by ICES' coordinated herring larval surveys. The full details of
the methodology are available in the report of that Working
Group, but a summary of the salient points and of discussions at
the Herring Assessment Working Group is given in Section 2.5,

1.4 safe Biological Limits

The request from ACFM to define safe biological limits was dis-
cussed by the Working Group in relation to each stock and in re-
lation to herring stocks in general. If the relationship hetween
stock and recruitment could be defined for a stock, then it would
be appropriate to define a safe biological limit in terms of a
minimum spawning stock size. It is clear, however, that this re-
lationship cannot be defined at present, and indeed, that it may
be different in different time periods. In this situation, the
working Group felt that the definition of safe biological limits
might be obtained from the historic time series of stock
parameters.

2 NORTH SEA HERRING
2.1 The Fishery

2.1.1 ACFM advice applicable to 1985

At its 1984 meeting ACFM recommended the following TAC's for
1985:

Divisions IVa,b 166,000 tonnes
Divisions IVc, VIId 62,000 tonnes



with up to 20% of the Divisions IVc, VIId TAC transferable to
Division 1Vb, :

Further recommendations included the continuation of the spawning
closure off the northeast coast of England and, to protect juven-
ile herring, closure of the mixed fishery for herring and sprat
in an area off the Danish coast from 1 July - 31 October.

2.1.2 catches in 1985

The 1985 landings, including both officially and unofficially re-
ported catches are given in Table 2.1.1 for the total North Sea
and for each division in Tables 2.1.2 to 2.1.5. The total pro-
visional estimate of catch was 529,969 tonnes compared with
317,263 tonnes in 1984, an increase of 212,706 tonnes.

Unallocated catches amounted to 69,475 tonnes compared with
64,487 tonnes in 1984. The Netherlands and unallocated catches
include an estimate for discards amounting to 6% of the total.

Adult hexring catches

A breakdown of catches of adult herring (2-ring and older) based
on information supplied by Working Group members, is provided by
ICES divisions and quarters of the year in the text table below
('000 tonnes). These were obtained from the sum of products of
estimated numbers and mean weights at age.

Quarter (1985)

Division Total
I Iz 111 v

Iva (W of 22}:) 28.9 29.3 97.1 40.0 195.3

Iva (E of 2°E) 1.7 89.7 3.1 1.8 106.3

1vb 6.8 11.7 64.3 7.6 90.4

Ive + VIId 1.6 0.3 0.2 54.8 66.9

Total 59.0 131.0 164.7 104.2 458.9

The catches of adult herring are mainly taken in purse seine
fisheries and in trawl fisheries using a mesh size of not less
than 32 mm. In addition to adult herring, these catches also con-
tain a quantity of 1-group herring taken mainly in Division IVb.
Approximately 160,000 tonnes of the catch taken in these fish-
eries were used for reduction purposes.

The combined catch for Divisions IVa and IVb amounted to 392,087
tonnes. No agreement was reached between management bodies (EEC
and Norway) on a TAC or catch allocation for 1985. The TAC rec-
ommended by ACFM for this region (based on a fishing mortality
rate F0.1) was 166,000 tonnes.

Divisions 1IVc + VIIA produced a catch of 66,863 tonnes, compared
with the 62,000 tonne TAC recommended by ACFM,
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The gollowing text table provides a similar catch breakdown for
juvenile herring on data supplied by Working Group members ('000
tonnes):

Quarter (1985)
Division ’ Total
II III v

[}

1va (W of 2'E)

0 + 0.2 0.9 1.8 2.9
Iva (E of 2°E) - 0.2 2.0 1.5 3.7
Ivb 9.6 1.4 42.8 7.8 61.6
IVe + VIId + - - 1.1 1.1
Total 9.6 1.8 45.7 12.2 69.3

The total catch of juvenile herring (69,242 tonnes) shows an in-
crease of 24,104 tonnes compared with the catch in 1984 (45,138),
which was largely due to increased fishing on 1-group fish.

2.1.3 Catch in number

A breakdown of herring catches by age groups, time and area is
presented in Tables 2.1.6 and 2.1.7, the latter providing a quar-
terly analysis by area from data supplied by Working Group mem-
bers. Most countries supplied sampling data for their catches and
all the major fisheries were covered. The totals for the year are
compared with those over the period 1970-84 in Table 2.1.8.

The text table below summarises the total numbers caught at age
over the most recent six years:

Millions of herring caught by age group (winter rings)

Year o] 1 2 3 4 25 Total
1980 792 161 108 92 32 26 1,211
1981 7,889 447 264 57 40 77 8,773

1982 9,557 840 268 230 34 34 10,563
1983 10,030 1,147 545 216 105 85 12,128
1984 2,189 561 987 417 190 152 4,496
1985 1,293 1,620 1,223 1,188 368 217 5,908

The contribution of O~ and 1-group fish to the catch amounted to
49% in 1985, compared with 61% in 1984 and 92-95% for the years
1981-83. The catch of O-group fish shows a further reduction
mainly due to enforcement of the 'sprat box' off the west coast
of Denmark, although the catch of 1-group registered a three-fold
increase on that of 1984.



The recruiting 1982 year class (2-group) contributed about 41% by
number to the adult catch (excluding O0- and 1-group fish), whilst

-the 1981 year class (3-group) was nearly as well represented

(39.7%). These two year classes thus made up 80% of the adult
catch.

However, the relative catches of these two age groups show con-
siderable differences between areas and quarters (Table 2.1.7).
These are summarised in Table 2.1.9, where the percentage contri-
bution of 2- and 3-~group and older fish to the total adult catch
is shown by division and quarter.

Description of fisheries taking O- and 1-group fish

The largest catches of O~ and 1-group fish are taken in the
eastern half of Division IVb, with smaller amounts in IVa.

0~ and smaller 1-group fish are taken in the shallow water
coastal fisheries by small vessels with a restricted working
range using 16-mm mesh bottom trawls, whilst larger 1-groups are
caught by larger industrial trawlers employing small-mesh trawls
within the eastern half of the central North Sea. The large ma-
jority of these catches are used for reduction purposes.

Larger 1-group fish are also taken by purse seine in deeper water
within the eastern parts of Division IVa and 1IVb, and in trawl
fisheries primarily directed towards adult herring in other areas
of the North Sea. They mainly appear in catches taken during the
second half of the year.

In 1985, the largest catch of O-group fish was taken during the
third quarter in Division IVb, and 1-group catches peaked in the
first and third quarters (Table 2.1.7).

2.2 Natural Mortality

The results from the ICES Stomach Sampling Project in 1981 and
the analyses of these data in the Multispecies Working Group have
formed the main elements in the discussion about hatural mor-
tality at the two most recent meetings of this Working Group.
This year, the report of the ad hoc Multispecies Assessment
Working Group (Anon., 1986) was available to the Working Group.

The text table below summarises <the natural mortalities which
have been used by the Herring Assessment Working Group since
1964, and the results of the Multispecies Working Group.



Herring Assessment WG Multispecies WG

WR

1964-70 1970-83 1984-85 1984’ 19852
0 0.20 0.10 1.00 1.07 0.82
1 0.20 0.10 0.80 0.46 0.84
2 0.20 0.10 0.10 0.13 0.16
3 0.20 0.10 0.10 0.44 0.30
1 0.20 0.10 0.10 0.13 0.12
5 0.20 0.10 0.10 0.19 0.13
6 0.20 0.10 0.10 0.10 0.12
7 0.20 0.10 0.10 0.10 0.10
g+ 0.20 0.10 0.10 0.10 0.10

'Anon. (1984a) key-run, mean 1974-83.
Anon. (1986a) key-run, mean 1974-84.

Juvenile herring

The values of natural mortality rate used on O- and t-group her-
ring were drastically changed at the meeting of the Working Group
in 1984. Preliminary analyses of the data from the ICES Stomach
Sampling Project suggested a much higher predation mortality than
previously assumed and the new estimates were 1.0 on the O-group
and 0.8 on the 1-group.

The Multispecies VPA carried out in 1984 pointed to a lower mor-
tality on the 1-group, and at the time the Herring Assessment
Working Group met in 1985, doubts were raised on the procedure
applied in the MSVPA. At the 1985 meeting of the Multispecies
Working Group, the data base had been improved, and more appro-
priate weights at age for the prey in the stomach contents were
used.

In order to evaluate the new estimates of natural mortality rate,
tables showing detailed outputs from the MSVPA were inspected.
Table 2.2.1 shows the quarterly predation mortality on herring in
1981 as estimated in the MSVPA in a run which differs only
slightly from the Xey-run (on the third decimal of the esti-
mates).

The predation mortality on the O-group is equally distributed on
the third and fourth quarters and is considerably lower in the
second quarter. A very high predation mortality is observed for
the 1-group in the first quarter followed by a lower predation in
the second quarter and a virtually non-existent predation on t-
group herring in the third and fourth quarters of the year.

Table 2.2.2 shows the predation by each of the five species in-
corporated in the model, i.e., cod, whiting, saithe, mackerel and
haddock.

The annual pattern of predation mortality on 1-group herring is
caused by the heavy predation by whiting in the first quarter,
less predation in the second quarter, followed by a shift to O-
group herring in the third quarter.



Even though this Working Group considers this variable predation
to be possible, it was stressed that these results are based on
only one year's stomach sampling and that sampling should be con-
tinued to verify and probably smooth the estimates of predation
mortality.

Adult herring

The Multispecies Working Group asked for advice from the Working
Group on the likely level of natural mortality on old fish and on
a likely level of M1 (natural mortality that is due to factors
other than predation by the five predators in the MSVPA). In last
year's report of this Working Group, the estimates of natural
mortality on old herring were reviewed (Anon., 1985). Several
studies pointed to a natural mortality rate higher than the value
of 0.1. Furthermore, preliminary analyses of M from acoustic sur-
veys also indicate a value of M higher than 0.1.

However, the Working Group decided not to change M on old herring
until new material is available to gquantify the appropriate
value. Such material might include stomach samples from periods
with a high abundance of old herring.

The Working Group decided to use the same set of natural mor-
tality rates as at its meetings in 1984 and 1985. The more recent
MSVPA 1is in general agreement with the values of M used in 1984
and 1985, and the Working Group considers that it is not reason-
able to change M each year when working with single-species as-
sessments.

2.3 Recruitment

2.3.1 General remarks about the use of IYFS jndices

At the last two Working Group meetings, preliminary indices from
the International Young Fish Survey could not be updated because
of problems in accessing the data stored in the ICES data bank.
Although these problems still existed at the time of the present
meeting, a copy of the data base for 1983-85 had been made avail-
able to the IJmuiden laboratory, and final indices had been cal-
culated there using recently-developed programs. These final in-
dices are given below, together with the preliminary ones avail-
able at previous meetings.

Year of Year Preliminary index Final index based
sampling class (N/hr <20 cm) on age data
1983 1981 1,910 1,797

1984 1982 2,714 2,714

1985 1983 3,768 3,227

It is seen that the preliminary indices based on the length
groups <20 cm were a fairly good approximation of the final in-
dices.



The updated series of IYFS indices since year class 1968 is given
in Table 2.3.1.

In correlating IYFS indices with VPA estimates of 1-ringer re-
cruitment for the total North Sea, two series of VPA estimates
were used in last year's report. One series was based on a value
of M = 0.10 for 1-ringed herring, and the other series used
M = 0.80 for this age group. 1In this report, only the latter
series is used (see Section 2.2).

The regression equation for the latter series, based on year
classes 1968-80, given in last year's report, was

Y = 0.0046X

in which Y = VPA estimate of 1-ringers in numbers x 10" ana
X = IYFS abundance of 1-ringers in no/hour for the standard area.

An updated VPA for the total North Sea was available during this
meeting (Table 2.7.16), and the results of this were used to re-
calculate the regression of VPA estimates on IYFS indices for the
year classes 1968~81. The resulting regression line (Figure
2.3.1) was:

Y = 0.0051X - 0.21 with r = 0.88 -
As the intercept on the y-axis was not significantly different

from zero, the regression time was forced through the origin, and
the resulting equation was

Y = 0.0049X

Last year, a first attempt was made at quantifying the relation- -
ship between IKMT indices and VPA stock size as O- ringers, For
this purpose, a fairly rough IKMT index was calculated, using the
uncorrected numbers per haul.

This year, more refined indices for previous years were avail-
able, which take into account the duration of each haul and the
water depth. For the 1986 survey, however, such a corrected index
is not yet available, and so the Working Group decided to con-
tinue the series of uncorrected indices for comparative purposes.
It is desirable in future years to have a corrected index avail-
able at the time of the Working Group meeting. It is not ex-
pected, however, that the use of the corrected index will dras-
tically change the results from the IKMT sampling. Figure 2.3.2
compares the two indices for year classes 1976-84.

In comparing IKMT indices with VPA estimates of year-class
strength, two more values have been added to the VPA series of
year-class strength as O-group. The new VPA_for the total North
Sea (Section 2,7) gave values of 46.66 x 10" for year class 1982,
and 43.91 x 10° for year class 1983.



The addition of two more years makes the regression between IKMT
indices and VPA estimates significant (Figure 2.3.3), although
the confidence 1limits around the regression line remain rather
wide.

2.3.3 Year clags 1982

This year class recruited to the adult fisheries in 1985. As can
be seen from the age composition of the catch (Section 2.1) and
the VPA for the total North Sea (Section 2.7), the prediction
that this year class would be a strong one turned out to be cor-
rect. The strength of this year class as 1-ringers is now esti-
mated to _be 11.5% x 10 compared with a prediction of
]
11.38 x 107,

2.3.4 Year class 1983

The preliminary index of 3,768 fish/hour in last year's report
has now been corrected to 3,227 fish/hour.

Using the above regression equation, the strength of the year
class as 1-ringers at 1 January 1985 is now estimated to be
15.81 x 10° fish.

From the catch tables in Section 2.1, it appears that 1.62 x 10°
fish of this year class were taken in 1985.

Applying an M of 0.80 on this year class during 1985, the year-
class s&ze at the beginning of 1986 is estimated +to be
6.03 x 107, and the F on 1-ringers in 1985 at 0.16.

Split of total North Sea index into_recruits to Divisions IVc and
VII4_ (Downs) _ and_other Nor ea_stocks

The proportion of total North Sea recruitment of the 1983 vear
class going to the Downs stock was estimated last year on the
basis of both the English O-group surveys and the length distri-
butions obtained during the IYFS. A Downs recruitment of
200 x 10° was chosgn as an intermediate value between thes esti-
mate of 270 x 10° based on O-group surveys, and 120 x 10 based
on IYFS length distributions.

The abundance of Downs herring of the 1983 year class in the O-
group survey has been revised using additional otolith data
(Table 2.3.2) and gives a value of 0.430 x 10° 2-ringers (Figure
2.3.4). 1In the meantime, information on the abundance of O-group
herring, presumably of Downs origin, along the Dutch coast has
become available. This shows that the 1983 year class was the
most abundant one in a series of observations starting in 1967.
This supported the thesis of Burd and Hulme (1985) that the dis-
tribution of Downs year class 1983 as O-group had been shifted
annually far to the east, and that the English O-group survey had
underestimated the strength of this year class.

Lacking other reliable indicators about the strength of this year
class in the Downs stock (the split based on IYFS length distri-
butions is suspect - see next section), the Working Group decided
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to use the approximate ratio of spawning stock sizes (1:9) as the
best way of allocating a proportion of total North Sea recruit-
ment to the Downs stock. This resultsd in a new estimate of Downs
recruitment as 2-ringers of 0.6 x 10°, which is close to the re-
vised estimate of Downs herring from the O-group survey.

y

2.3.5 Year class_1984

Preliminary results from the IYFS in February 1986, based on
length distributions and a limited number of age readings, pro-
vide an index of 3,613 fish/hour. The increasing trend in re-
cruitment has, therefore, continued; the preliminary index for
the year class 1984 is the highest on record, and is 13% above
the £final index for year class 1983, the next highest on record
(Table 2.3.1). Using the regression equation Y = 0.0049X for pre-
dicting VPA stock size from IYFS indices, the strgngth of the
year class as 1-ringers is estimated to be 17.70 x 10°. The sur-
vey index of 3,613 lies way outside the range of IYFS indices on
which the above regression equation has been calculated (Figure
2.3.1). The predicted value for year class 1984 should thus be
treated with caution. This does not change the conclusion, how-
ever, that year class 1984 can be expected to be a very strong
one.

Another estimate of the strength of the 1984 year <class in the
North Sea may be made on the basis of the English O-group survey.
Table 2.3.2 gives the year-class indices for both the total
coastal area and that portion assigned to the Downs stock. The
regression for the total survey on the North Sea VPA values of t-
group 1is given in Figure 2.3.5. This regression is based on the
1967-76 year classes, i.e., those generated before the fishery
closure. To test the applicability of this regression to the
present situation, the position of the 1979-84 year-class esti-
mates as given in the current VPA is given. The O-group index for
the 1984 year class, as with the IYFS index, 1lies outside the
range of the regression. The value of 1-group predicted is
25.844 x 10° compared with the IYFS estimate of 17.832 x 107 .

The Working Group considers the IYFS estimate, which is based on
far more intensive sampling, as the appropriate one to be used
for prediction purposes.

li £ 1 North ind . . C s 3
VIId (Downs) and other Noxth Seaq stocks

Recruitment of 2-ringers to the Downs stock has previously been
estimated both from the English O-group survey and from the IYFS
length frequency distributions.

Estimate of the Downs component based on English O-group surveys

The regression of the Downs index on the new VPA recruitment es-
timate for Divisions IVc and VIIA is given in Figure 2.3.4. The
Downs estimates now refer to the area between Winterton and Mar-
gate (Table 2.3.2) (Burd and Hulme, 1985). The 1984 year-class
estimate is the geometric mean of the individual stations. One
station in this series accounted for 70% of the index. Even using



11

this reduced mean, the index indicates that it is the highest re-
cruitment 9since 1970. Using this index, a recruitment of
0.803 x 10" 2-ringers in 1987 is predicted.

Estimate of the Downs _component based on__ IYFS_ length frequency
data

The Danish Fisheries Institute again provided summaries of the
length distributions for all sampling areas based on results of
IYFS submitted by the national institutes involved. The data com-
prised representative samples from all areas worked on the sur-
vey. Only very limited age/length keys were available, but these
suggested that the length of separation between 1- and 2-group
was at about 18 cm. This is less than in the previous years when
it lay at about 20 cm. Percentage length distributions for each
sampling area curtailed at about 19 cm to exclude 2-ringed fish
have been analysed for mode separation using probability paper.

The modal lengths extracted in each herring sampling area are
shown in Figure 2.3.6. Following the procedure of the previous
Working Group, the Downs component was considered to be present
in the areas to the south of the heavy line shown in the figure.
The length distributions were combined and analysed using prob-
ability paper. The cumulative percentage distributions and the
extracted modes are shown in Figure 2.3.7.

A new regression of stock of 2-ringers derived from a VPA using
the corrected Divisions IVe,VIIAd data base on the first
components used by the previous Working Group using data in Table
2.3.3 has been calculated (Figure 2.3.8). The indices of abun-
dance of the three modal groups and their stock sizes as 2~
ringers derived from this regression are given below:

Modal length (cm) Index nos./hrs. Stock of 2-ringers x 10°
9.9 520 0.101
12.2 1,653 0.119
14.7 888 0.107

Alternatively applying the IYFS/VPA regression to calculate a 1-
ringer estimate based on the 9.9 c¢m mode and the app;opriate
values of F and M on 1-ringers, an estimate of 0.996 x 10 for 2-
ringers is obtained.

As in 1984, the Downs recruitment is taken as the sum of the two
smallest components. The estimates for the 1984 year class may be
summarized as follows:
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Stock in numbers x 107

Total North Sea Dewns
Age
IYFS O-group 1YFS O-group
1-ring 17.83 25.84 - -
2-ring - - 0.220 0.803
0.996

In view of the rather subjective judgements used in splitting the
IYFS length distributions, the Working Group decided to adopt the
split based on English O-group surveys as the best estimate for
recruitment of Downs herring.

2.3.6 Year class_ 1985

Preliminary results of the IKMT sampling in February 1986 were
available as wuncorrected numbers per haul for most of the sam-
prling area.

Figure 2.3.9 compares abundance and distribution of year class
1985 with the two previous year classes. Despite some large sam-
pling gaps in the central North Sea in 1986, it can be  concluded
that year class 1985 was very similar to the preceding one. The
main difference between the two year classes was the scarcity of
larvae in the Skagerrak/Kattegat area in 1986.

The similarity between the two most recent year classes is also
seen from the tabulation of mean numbers of larvae per rectangle
in Table 2.3.4. The estimated abhundance of year class 1985 over
the total sampling area is even higher than the one for year
class 1984.

Considering what was said in Section 2.3.2 about the relationship
between IKMT indices and VPA estimates of year-class strength, it
may be concluded that year class 1985 is likely to be a strong
one in the North Sea.

2.4 Acoustic Surveys

2.4.1 Northern North Sea (Divisjon IVa and Buchan area)

An acoustic survey of the northern North Sea and adjacent areas
of Divisions IVb and VIa was carried out in the second half of
July 1985 by research vessels from Norway and the United Kingdom.
The survey and analysis procedures were the same as in previous
years and the echo integrator values attributable to herring were
converted to numbers of fish per unit area using the target
strength/length relationship recommended by the Acoustic Survey
Planning Group (Anon., 1983a):

TS per fish = 20 logL - 71.2 dB, where L is in cm
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Estimated numbers at age and biomasses for each of the areas in
Figure 2.4.1 are given in Table 2.4.1. In the western areas, 2-
ringer recruits formed a large proportion of the total, whereas
in the eastern area, 2- and 3-ringers were almost equally abun-
dant. In the entire area surveyed, 30.1% of the 2-ringers were at
maturity stages lower than stage 3. The total biomass was esti-
mated to be 547,000 tonnes of which 435,000 tonnes were fish
likely to spawn in 1985. The comparison with previous years is
given in the text table below:

Spawning biomass (tonnes x 103)

Area 1982 1983 1984 1985
Orkney-Shetland 224 250 320 285
Moray Firth/Buchan ? ? 57 13
Fladen ? ? 76 73
Eastern area ? ? 13 43
Egersund Bank area ? ? ? 20

This provides no evidence of any increase between 1984 and 1985.

The numbers at age in 1984 and 1985 are given in Table 2.4.2 for
the areas covered in both years. Estimates of Z obtained from
these values are fairly uniform over age groups, with a weighted
mean 2 between 2-ringers and older in 1984 and 3-ringers and
older in 1985 of 0.83.

The acoustic survey in 1985 covered almost the whole of Division
IVa together with adjacent areas to the north, south and west. It
is thus unlikely that any substantial concentrations were missed
at the boundary of the area. In parts of the area surveyed, her-
ring were observed close to the bottom. In those areas, it is,
therefore, likely that the herring abundance is underestimated.

During November, a Norwegian research vessel carried out an
acoustic survey in Division IVa and the eastern part of Division
IVb. The survey grid in Division IVa was rather open and parts gf
the survey were influenced by bad weather. The area west of 1 W
was not covered at all. A considerable concentration of adult,
spent herring was recorded on the northern part of Fladen ground,
while rather little was observed in the rest of the surveyed part
of Division Iva. Table 2.4.3 shows the estimated number of £fish
per age group. The estimates are based on TS = 20 log L - 71.24B.
The total estimate is considerably lower than the one from the
July-August survey, and the age composition is less dominated by
" the 2- and 3-ringers. Those surveys are not quite comparable.
Firstly, the effort used was nearly 5 times higher during July-
August compared to November. Secondly, the proportion of the Div-
ision IVa stock staying outside the surveyed area might have been
higher during November.

2.4.2 Eastern central North Sea (Divisjon IVb east)

An acoustic survey was carried out in the Danish coastal area
(see Figure 2.4.1) in July-August 1985 by a Danish research
vessel. In this area, all herring sampled were O- and 1-group.
The target strength/length relationship used on this survey was:
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TS/fish = 21.7 log L - 75.5 dB

For comparative purposes, the results of the survey were roughly
converted to correspond to the TS/length relationship used in
other areas of the North Sea (mean TS = -53.7dB in the Danish
coast survey compared with -51.1dB for the same length distrib-
ution using the Planning Group TS/length relationship - a mnulti-
plicative factor of 1.82). They indicate a high abundance of O-
and 1-ring herring in a small area of the eastern North Sea.

The Norwegian survey in Division IVb east of 3°E in November gave
considerably lower but still rather high estimates of the O-group
(1984 year class). The results from both surveys are given below
(millions of fish per age group):

Target strength/

Survey length relationship O-ringers 1-ringers

July-August TS = 21.7 log L - 75.5d4B 16,004 4,314
TS = 20 log L - 71.2dB 8,793 2,370

November TS = 20 log L - 71.24B 3,723 153

2.4.3 Western central North Sea (Division IVb west)

The annual survey off the northeast coast of England (see Figure
2.4.1) was undertaken from 14 to 28 August 1985. The survey con-
centrated in an area extendingofrom north of Whitby (54"45'N) to
south of Flamborough Head (54°00'N), extending up to 15-20 miles
off the coast. A limited survey was also undertaken in the Long-
stone area.

The spawning ground closure came into effect at midnight on 14
August soon after the survey commenced. At this time, a fleet of
large trawlers (14 vessels) was operating 10-12 miles E/SE from
Flamborough Head and moved just outside the closed area to con-
tinue fishing. A second fleet of about 17 trawlers was later en-
countered close to the 12-mile limit between Scarborough and
Robin Hood's Bay. Catches of 35,500 tonnes were recorded from the
area covered by the acoustic survey during August (Section
2.11.1, Figure 2.11.8).

In contrast to the 1984 survey, it proved difficult to demon-
strate a progressive build-up of spawning concentrations over the
period of the survey.

The length and age distributions of samples taken from the Long-
stone and three concentration areas off the Yorkshire coast
(Whitby, Robin Hood's Bay and Flamborough) were all very similar
and consequently were combined. Length and weight compositions by
age groups are presented in Table 2.4.4.

The target-strength expression used was the same as that for the
northern North Sea survey (Section 2.4.1). The overall mean
length of 27.14 cm and mean weight of 166 g produced a target
strength of -34.74 4aB/kg.
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Peak biomass estimates over the entire period of the survey
amounted +to 46,500 tonnes in the Whitby area, 41,200 tonnes off
Robin Hood's Bay and 25,500 tonnes in the Flamborough area,
giving a combined total of 113,200 tonnes. The maximum derived
from a sequential run of surveys in the period 21-25 August,
which covered all three concentration areas, was 103,400 tonnes.
Very little was recorded in the Longstone area on 18-19 August
except for a patch of larger 'plume' type shoals centered about
6-7 miles east of the Longstone Light.

It was evident that spawning was minimal over most of the survey
period since the majority of fish caught were still in stage 5
maturity, and it appeared that fish had begun to aggregate in
denser concentrations for a major spawning along the Yorkshire
coast at the end of the survey on 27-28 August.

Local vessels reported very large concentrations of fish present
off the Yorkshire coast during the first half of September and a
commercial fishery by UK vessels developed at this time. A sample
taken on 10 September showed all the fish in stage 6.

Herring larval surveys were undertaken off the northeast coast
during September and October and back calculation of the likely
spawning dates from larval production curves suggested that
spawning commenced during the first week of August, but did not
peak until the first half of September, which is in agreement
with observations from the commercial fishery at this time.

The overall results of the September and October larval surveys
in 1985 also showed a significant increase in spawning area com-
pared with 1984.

The acoustic survey was relatively limited in time and area, and
additionally appears to have covered a period of low spawning ac-
tivity, which means that the acoustic biomass estimates can only
be minimal. The maximum estimate (113,200 tonnes) was consider-
ably less than that of 1984 (208,000 tonnes).

2.4.4 Southern North Sea and eastern Channel (Divisions IVc and
Viid)

Two surveys were undertaken in the area shown in Figure 2.4.1,
the first by R/V "Thalassa" from 11-23 November and the second by
R/V "Clione" from 7-19 December 1985.

The figst French survey of the Channel (11-14 November) extended
to OO0 30'E, and dense pelagic aggregations were located within
the area west of Bassurelle Bank. The acoustic estimate of her-
ring was 58,000 tonnes, these mainly in stage 5 maturity. The
second Channel survey (16-20 November) covered much the same area
as the first, extending a little further west (to 00 10'E). The
acoustic estimate increased to about 85,000 tonnes. The very
limited areas covered in the southern North Sea and Dover Straits
on 14-15 November and 21-23 November produced estimates of 2,800
and 1,250 tonnes, respectively.
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The English survey covered the eastern Channelufrom 7-15 December
mainly within the French zone, extending to 00 40'W off the Bay
of the Seine,.

A fleet of large Dutch trawlers was ogerating during tpe geriod
of the survey in an area bounded by 50 00'-50"30'N, 00 -1"00'E,
the main fishery centred 25-30 miles off the French coast. These
vessels caught an estimated 27,800 tonnes during December. The
intensity of trawling effort in this area broke up the spawning
shoals into a very fragmented state and acoustic densities were
generally 1low. The only major concentration of spawning herring
found was located 16.5 miles NW of Cap d'Antifer and, signifi-
cantly, no commercial fishing operations were observed in this
area. The acoustic estimate of spawning herring in the eastern
Channel amounted to 53,000 tonnes, these mainly in stage 6 ma-
turity.

The Southern Bight stage of the survey (15-19 Decemger) recorded
mainly spent herring .in the area south of 52N, these fish
broadly distributed between the offshore Thames and continental
coastal waters. The acoustic estimate for spent herring amounted
to 69,000 tonnes.

Target strengths were determined for each area using the mean
lengths and weights provided by samples taken during the survey.
The values derived were -34.12 dB/kg for spawning fish and -33.57
dB/kg for spent fish. The basic target strength/length relation-
ship referred to in Section 2.4.1 was used for both the French
and English surveys. The recruiting 1982 class was clearly pre-
dominant (60-70%) in both the spawning and spent fish popu-~
lations,and a comparison with the age structure derived from the
French acoustic surveys and the Dutch and French commercial land-
ings (Table 2.4.5) shows good agreement.

A summary of acoustic biomass estimates used by the Herring
Assessment Working Group over the years 1981-85 in Divisions 1IVc
and VII4 is provided in Table 2.4.6.

2.5 Herring Larval Surveys

2.5.1 Herring Larval Survey Working Group report

At its meeting in 1986, the Working Group on Herring Larval Sur-
veys South of 62 N (Anon., 1986b) reviewed the continued diffi-
culties in calculating the annual larval abundance indices based
on the abundance of only the smaller larvae. The major conclusion
was that the very patchy distribution in space and in time of the
newly-hatched larvae leads to very variable abundance indices.
For instance, the time gaps between surveys may lead to hatching
cohorts being completely excluded from the larval abundance in-
dices, if they are not sampled within approximately 10 days of
hatching.

Further, the Larval Survey Working Group evaluated the methods
developed for estimating larval production, based on back calcu-
lation to the number of hatching larvae, £rom assumptions of
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linear growth in 1length and constant instantaneous mortality
rates over the larval size range examined (6-16 mm). The Larval
Survey Working Group adopted a modification of approaches pre-
sented by Burd (1985), Christensen (1985) and Lassen and Pedersen
(1985), and estimated larval mortality rates and production for
all areas and all years. The production estimates were based on
an instantaneous mortality rate (z/k) of 0.4 per mm, and a growth
rate of 0.35 mm/day for all areas and years. However, the present
Working Group considered that the graphs of ln number/length in-
dicated different area-specific natural mortality rates (z/k),
and as a consequence, the Larval Survey Working Group estimates
were recalculated using area-specific natural mortality rates.
From present knowledge, it is not considered possible to use
year-specific mortality rates for each area in the calculations.
For all areas and years, a growth rate of 0.35 mm/day is used.
This growth rate seems to give good agreement between calculated
peak hatching periods and hatching periods estimated from other
sources of information.

The growth rate of 0.35 mm/day falls into the upper range of
growth rates estimated from the larval patch studies in the North
Sea. The present Working Group recommends that further work on
estimating mortality and growth rates of larvae should be en-
couraged.

The estimation procedure adopted assumed that all samples taken
are random samples of the population. This is likely to introduce
a bias in the case of directed sampling in high abundance areas.
Indications are that this bias is likely to be small, but there
was insufficient time available to examine this aspect more
closely.

In order to calculate VPA-independent estimates of SSB from the
larval production estimates, the Larval Survey Working Group
examined the fecundity studies that are available for the North
Sea stocks and for Division VIa N. The present Working Group
adopted the procedure and used the ratio:

Larval production estimate

No. of eggs/kg SSB

to estimate the S3B. To optimise this estimation procedure in the
future, it is important that effort should be directed to fecun-
dity studies of the individual stocks.

The overall conclusion of the Herring Assessment Working Group is
that the suggested method of larval production estimation seems
to be a robust method that offers clear advantages over the lar-
val abundance index method. Until further experience 1is gained
with the production method, it is recommended that estimates
based on both methods should be presented yearly to this Working
Group. It is recommended that further development of the new pro-
duction estimate method should be encouraged.

2.5.2 Estimates of larval production

The results of a comparison of larval abundance indices (Saville
and Rankine, 1985) and of the larval production estimates (LPE)
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(Anon., 1986b) are given in Table 2.5.1. From the table, it is
concluded that the estimates in most years and areas are corre-
lated, and that the LPE method seems the least sensitive to vari-
ations in sampling effort, patchy distributions, etc. The LPE for
Orkney-Shetland in 1977 is considered to be an overestimate poss-
ibly due to immigration from Division VIa N into the area. The
LPE's for Buchan in 1979, 1980 and 1981 are considered likely to
be overestimates due to immigration from the Orkney-Shetland area
into the Buchan area. No significant spawnings were observed in
these years in the area. In the central North Sea, the survey
coverages in 1974 were inadequate to provide a reliable estimate.
From preliminary investigations of the effects of stratification
on the LPE, it seems likely that the estimate for Divisions
IVc + VIId in 1983 is an underestimate. An estimate close to
double the LPE value seems more likely.

2.5.3 Estimates of SSB

The estimated SSB's from the larval production estimates are
given in Table 2.5.2 and Figure 2.5.,1. It was expected that the
estimates should be underestimates, as no corrections are made
for egg mortality. It seems, however, that this is generally not
the case. In some years, the SSB's estimated on the basis of lar-
val production (assuming no egg mortality) indicate a stock size
in excess of that estimated by VPA. Unless the VPA estimates for
those years were seriously wrong (which is possible), it appears
that the SSB estimate based on larval production may sometimes,
for unknown reasons, overestimate the actual spawning stock size.
Some caution must be exercised, therefore, in using SSB estimates
derived from larval production as absolute measures of stock
8lze,

The comparison of VPA stock sizes and SSB estimates based on lar-
val production in Figure 2.5.1 should not be used as evidence for
the usefulness of either to estimate absolute stock size. In some
areas (Divisions 1IVb and 1IVc), VPA estimates and larval pro-
duction estimates have not been obtained completely independently
of each other.

2.5.4 Herring larval surveys in 1985

The sampling intensity in all areas in 1984 was at an acceptable
level, being broadly comparable to that in the preceding years.

In the Orkney-Shetland area, surveys were carried out by the Fed-
eral Republic of Germany, Netherlands and Scotland resulting in
satisfactory coverage of the standard area in both the first and
second halves of the month. The natural mortality rate (z/k) for
t?is area was estimated to be 0.24 for the area (std. dev.=0.,01,
r* = 0.98, 10-16 mm larvae).

In the Buchan area, surveys by Denmark and Scotland gave a good
coverage of the larval distributions. The Danish survey was di-
rected towards the high abundance area around the Aberdeen Bank
and is thus not representative for the whole Buchan area. In
consequence, it was necessary to exclude the Danish survey from
the calculations of larval production, as the larval production
estimate would otherwise be biased. In spite of the exclusion of



19

the Danish survey, the larval production estimate is considered
to be acceptable since the Scottish survey covered all the
cohorts in the area. The production estimate is approximately
546,000 tonnes. :

The larval abundance index, however, should not be seriously bi-
ased by the Danish survey as most larvae recorded were larger
than 9 mm. It was not possible to estimate the natural mortality
rate (z/k) probably due to the Danish effort distribution. Using
the larval abundance regression . given by Saville and Rankine
(1985), the SSB in Division IVa including Buchan is estimated to
be approximately 663,000 tonnes,

In the central North Sea, the standard areas were covered satis-
factorily in all time periods by England and the Netherlands. It
is evident from the larval distributions that a spawning ground
on the Dogger Bank has now been reoccupied after some 20 years in
which no spawning occurred. The standard area used in the calcu-
lation of the larval production estimate in 1985 was increased by
approximately 17% as the larval concentrations extended to the
south of the standard area. The natura} mortality rate (z/k) was
estimated to be 0.42 (std. dev.=0.03, r" = 0.96, 8-16 mm larvae).
From the larval abundance index regression (Saville and Rankine,
1985), the SSB is estimated to be approximately 281,000 tonnes.
The production estimate for the larger area is approximately
470,000 tonnes.

In Divisions IVc + VIIA, England, the Federal Republic of Germany
and the Netherlands conducted surveys. The coverage in time and
space was satisfactory apart from in the first half of January
when 16 stations in the Southern Bight were not covered owing to
the weather conditions. The na;ural mortality rate was estimated
to be 0.48 (std. dev.=0.03, ¥ = 0.98, 10-16 mm larvae). The SSB
was estimated to be approximately 131,000 tonnes from the Jlarval
production estimate. No regression is accepted between larval
abundance indices and SSB.

2.6 Tagging Experiment

A meeting was held in Aberdeen, UK in January 1986 to evaluate
the results of the herring microwire tagging experiment carried
out from 1983-85 in the Orkney-Shetland area. The report from
this meeting and the full analysis of the results of the exper-
iment were available in the form of working papers. The exper-
iment demonstrated the practicability of both the tagging and
monitoring method and provided estimates of monitoring ef-
ficiency, tag shedding and tagging mortality. The scale of the
experiment in the context of the present North Sea stock size, .
however, gave insufficient tag recoveries to obtain precise es-
timates of stock size, and the Working Group was, therefore, not
able to use the results to refine the assessment.
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2.7 State of the Stocks

2.7.1 Division 1IVa

The spawning stock biomasses estimated from acoustic surveys and
larval surveys during the years 1979-85 are as follows:

Spawning stock biomass ('000 tonnes)

Year
Larval production estimate (LPE) Acoustic surveys

1979 141 -
1980 146 -
1981 113 197
1982 243 224
1983 373 . 250
1984 450 466
1985 601 434

The larval surveys indicate a 30% increase from 1984 +to 1985,
while the acoustic surveys indicate a small decrease. In view of
the differences in the two series of estimates given above, sev-
eral VPA runs were made using the catch in numbers at age and
various F's for 1985 to find one which gave a reasonable fit to
the means of the larval and acoustic survey values. The exploi-
tation pattern used for these trial runs was based on the average
of the two last years which fit well to the exploitation pattern
arising from the acoustic estimate of number per age group (Table
2.4.2) and the catch in number per age group in 1985 (Table
2.7.1). The set of F's giving the best fit are given together
with the resulting stock size in number in Tables 2.7.2 and
2.7.3, respectively.

The maturity ogive used for the VPA runs in previous Working
Group reports assumes all 2-ringers to be mature. This year, a
new maturity ogive was used which assumed 82% of the 2-ringers to
be mature during the years 1972-84 and 70% in 1985. These figures
are based on the samples taken during the acoustic surveys in
July-August in the years 1982-85. The applied mean weights at age
at the time of spawning were the same as in last year's report.
The resulting spawning stock biomasses for the years 1972-85 are
given in Table 2.7.3.

2.7.2 Division IVh {Bank stock)

Data from acoustic and larval surveys were available as inde-
pendent estimates of the size of the spawning stock in Division
IVb in 1985. The acoustic estimate of 113,000 tonnes is con-
sidered to be a gross underestimate since only part of the spawn-
ing area was covered and peak spawning did not occur until after
the period of the survey (Section 2.4.3). The 1larval production
estimate of 470,000 tonnes is thought to be a more realistic fig-
ure, although attention is drawn to the 1limitations of this
method discussed in Section 2.5.3.
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It is important to note that large catches consisting of high
proportions (65% by number) of immature 2- and 3-ring fish were
taken in the Egersund Bank area (eastern part of Division IVb)
during the third quarter of 1985. The dgreatest proportion was
taken in September at a time when the spawning in the western
part of Division IVb was at its peak. Large catches were also
taken in the eastern area in 1984, although the proportion of
immatures in these catches is not known. The Working Group con-
sidered that these fish would not have contributed to the spawn-
ing stock in either 1984 or 1985 and were, therefore, excluded
from the catches used in the VPA for this area, but were included
in the VPA for the total North Sea and for Divisions IVa and 1IVb
combined (Sections 2.7.4-2.7.5).

A trial VPA run on 2-9+ ring fish was generated using an input F
for 1985 equivalent to that used for 1984. Because of the strong
recruitment to this fishery over the past few years and the lack
of any stable exploitation pattern over this period, the mean ex-
ploitation pattern for the period 1972-74 from the initial run
was smoothed and used to generate a series of VPA runs using a
range of input fishing mortalities from F,_=0.1 to F8 =0.2. In
order to tune the VPA, a regression of the spawning stocE biomass
from VPA [SSB(VPA)] on the spawning stock biomass estimated from
larval production [SSB(LPE)] (Table 2.5.1) was calculated for the
period 1972-76 prior to the closure of the fishery (Figure
2.7.1). Oowing to insufficient coverage of the larval survey in
1974, this point has been omitted from the regression (Figure
2.7.1).

The regression based on these four points was then used to pre-
dict a spawning stock biomass for 1985. The estimated SSB(VPA)
for 1985 for each of the VPA runs was then subtracted from this
predicted value and the residuals plotted against input F (Figure
2.7.2). The point where the residuals are zero is at about F=0.16
and this wvalue was, therefore, chosen as input F for 1985. Two
further regressions of SSB(VPA) generated by F,o.=0.15 and
F 5=0.16 on SSB(LPE) for the whole time series of dagg from 1972-
Bg (omitting 1974) were then calculated in orxder to determine
which of these was closest to that derived from the 1972-76
series. The results are presented in the test table below.

Spawning stock biomass

1985 ('0O00 tonnes) Regression
SSB(LPE) SSB(VPA) Data points Intercept slope r
534 - 1972-76 12.46 1.11 0.91
(omit 1974)
494 534 FBS = 0.16 1972-85 1.24 1.05 0.94
(omit 1974)
528 570 F = 0.15 1972-85 -0.1 1.13 0.94

85(omit 1974)

Both regressions based on VPA runs with input FS of 0.15 and
0.16 give good correlations, have a slope of gbout 1.0 and an
intercept close to the origin. Since the regression of F85=0.16
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predicts the same value for spawning stock biomass as that based
on the short time series (1972-76), this value was chosen as
input for the definitive run.

es s of VPA

The input catch in numbers for this VPA is given in Table 2.7.4.
The results based on an input F__=0.16 and a smoothed exploi-
tation pattern for the period 1972-92 are given in Tables 2.7.5
and 2.7.6., Mean weights at ‘age in the catch are presented in
Table 2.8.2 and mean weights at age in the stock were assumed to
be the same as in previous years.

The results indicate that the overall fishing mortality increased
slightly in 1985 owing to an increase on 2- and 3-ring fish. The
fishing mortality on age 4 and older shows a small decline. It is
apparent that the spawning stock has continued@ to increase,
although the increase between 1984 and 1985 is not as great as
that between 1983 and 1984. The estimated spawning stock sizes
over the period 1972-85 are plotted in Figure 2.7.3.

The estimates of spawning stock from this VPA differ markedly
from those estimated in last year's report.

The Working Group draws attention to the problems that exist in
estimating absolute stock sizes in a situation of a rapidly-ex-
panding stock. All regressions used to predict either stock size
or recruitment on the basis of survey indices (larval surveys,
1YFS) are based on periods when both stock and recruitment were
considerably smaller than they are at present. It is question-
able, therefore, how valid these regressions are for predictive
purposes in the present situation.

The problem is particularly great in the central North Sea (Div-
ision IVb), where the stock estimate is based entirely on the
larval surveys. The resulting stock estimate of 530,000 tonnes
requires an F value in 1985 which is conspicuously lower than the
estimated F in Division IVa. The reason for this is not clear,
but it could imply that a stock size of 530,000 tonnes in Div-
ision IVb is an overestimate.

2.7.3 Divisions IVc and VIId

The spawning stock biomass estimates provided by the French and
English acoustic surveys (Section 2.4.4) were used to calculate
input parameters for use in the VPA.

The peak estimates from the eastern Channel surveys in November
and December were combined assuming that the difference in timing
between the midpoints of the two surveys (24 days) was suf-
ficiently - great to reduce the chances of double counting to a
minimum.

In this respect, it is of interest to compare the timing of the
French and English acoustic surveys in relation to a weekly
catch-per-unit-effort index derived from data supplied by French
herring trawlers [using a method described by Robson (1966)].
This is shown in Figure 2.7.4. It is evident that the French
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surveys took place just prior to and into the week registering a
major peak in cpue, whilst the English survey related to a sec-
ondary smaller peak towards the end of the fishing period.

The maximum estimate from the second French survey in November
was 85,000 tonnes, whilst that from the English survey was 53,000
tonnes, giving a combined value of 138,000 tonnes. The English
biomass estimate for spent herring in the Southern Bight of the
North Sea (15-19 December) amounted to nearly 69,000 tonnes. Al-
lowing for the difference in mean weight between spent and full
herring could raise this estimate to around 76,000 tonnes of
equivalent spawhing fish, which is of the same order as the peak
November estimate (85,000 tonnes) in the eastern Channel. The
spent fish recorded in December could have originated from the
spawning population covered by the French surveys in November.

The spawning stock biomass derived from the French survey was
converted to numbers at age using age distributions from French
commercial landings in November, and the English survey biomass
was similarly converted using age distributions from the Dutch
fishery in December. These age distributions were then combined
and adjusted for catches in the last quarter to give population
numbers at the end of the year. The catches in 1985 were then
used to determine a fishing mortality coefficient for each age
group (Table 2.7.7).

The spawning stock biomass at the end of the year was about
124,000 tonnes compared with 131,000 tonnes estimated £rom the
larval production estimate (see Section 2.5). The VPA was thus
run using input values of F derived from the acoustic estimates
of stock size (Tables 2.7.8-2.7.10). The results cover the period
1964-85. Trends in yield and fishing mortality on 2- to 6-year-
olds are presented for the years 1975-85 in Figure 2.7.5A. This
indicates that F fluctuated around a value of 1.0 in the years
1980-83 and decreased to 0.6-0.7 in 1984-85, whilst the yield
varied from just over 40,000 to nearly 70,000 tonnes in - this
period.

changes in spawning stock biomass and recruitment from the VPA
are compared with those from acoustic and larval surveys in Fig-
ure 2.7.5B. The VPA spawning stock estimate shows it in the range
45-55,000 tonnes from 1981-83 but then entering a sharply upwards
trend from 1984-85, increasing to nearly three times the earlier
level.

Larval production estimates of spawning stock biomass (Section
2.5.3, Table 2.5.2) suggest that the stock remained fairly con-
stant from 1981-84 at around 105,000 tonnes (the 1983 value is an
underestimate), increasing to 130,000 tonnes in 1985. The spawn-
ing stock estimates derived from acoustic surveys (summarised in
Section 2.4.4) fall in the range 100-150,000 tonnes since 1981,
with peak estimates in 1982 and 1983 and a decrease over the last
two years.

Further evidence for relative stock levels over the last three
years is provided by abundance indices derived from French her-
ring trawler cpue data. These were calculated using a method de-
veloped by Laurec and Fonteneau (1978) and show that the stock
appears to have remained relatively stable:
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E b} : 1_abund indi

Year Index of abundance
1983 2.2
1984 1.82
1985 1.84
The 1985 Working Group report (Anon., 1985) drew attention to

discrepancies between results of the VPA, direct stock estimates
and levels of fishing effort. Concern was expressed that the
spawning stock estimates provided by VPA showed that the stock
had increased by a factor of three times over the years 1981-84,
whereas estimates from larval and acoustic surveys did not regis-
ter this trend. This situation remains much the same following
the 1986 assessments.

One explanation offered last year was that catches in Divisions
IVa and IVb included a component of Downs herring which could re-
sult in a much greater F on the Downs stock than that used in the
VPA on the Divisions IVc,VIId catches. At present, there 1is no
reliable means of estimating the proportion of Downs herring
caught in other parts of the North Sea, and the VPA has been run-
entirely on catches from Divisions IVc and VIId. There has been a
large increase in fishing effort in the north and central North
Sea in 1984-85 and the possible effect of this on the Downs stock
must be taken into account when advising a TAC.

The fishery has remained largely dependent on recruitment each
season and in 1985 the recruiting 1982 year class contributed 59%
by weight to the stock.

2.7.4 VPA of Divisions IVa and IVb combined

A combined VPA was done for Divisions IVa and IVb to provide the
necessary outputs for management advice.

The values for weight in the stock by year class are the same as
applied in last year's report (Anon., 1985). The maturity ogive
used in the VPA for Division IVa was also applied for the com-
bined VPA. The VPA was tuned to the sum of the spawning stock
biomasses from the separate VPA's for Divisions IVa and IVb, and
the input catch in numbers and outputs are shown in Tables
2.7.11-2.7.13 and Figure 2.9.1. The spawning stock biomass in-
creased by about 90% from 1983 to 1984, mainly due to the re-
cruitment of the strong 1981 year class. From 1984 to 1985, the
spawning stock biomass increased by about 20%,

2.7.5 Total North Sea VPA

A VPA for the total North Sea was done for the period 1947-85
using the catches in number given in Table 2.7.14. The F's used
for the oldest age group for the years 1947-59 are the same as
given in Anon. (1977). The catch in numbers by age group is the
sum of the catches in Divisions IVa, IVb and IVc + VIId. The VPA
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was tuned to the sum of the spawning stocks in 1985 given by the
VPA's for the separate divisions. For all the years, all fish of
3-ringers and older were assumed to be mature. Different percent-
ages of maturity were used for different periods for the 2-
ringers:

1947-55: 70%
1956-~71: 100%
1972-84: .82%

1985: 70%

A natural mortality of 1.0, 0.8 and 0.1 was applied for O-
ringers, l1-ringers and older fish, respectively. The input F for
O-ringers was calculated from the catch of O-ringers in 1985 and
the estimated number of 1-ringers from the 1986 IYF survey. Simi-
larly, the input F for the 1-ringers was calculated from the es-
timate of 1-ringers from the 1985 IYF survey and the catch in
1985. The F's for the older age groups in 1985 were obtained by a
slight increase of the F's used in the combined VPA for Divisions
IVa and IVb to match the total spawning stock biomass in all
stock components combined. The outputs from the VPA given in
Tables 2.7.15 and 2.7.16 indicate an increase in the spawning
stock biomass from the lowest level in 1977 of 54,000 tonnes to a
level of 1.2 million tonnes in 1985, which is similar to the
level in 1965-66. Since new values of M are being used on O- and
i-ringers since the whole VPA from 1947 was published, the entire
series is given in the tables mentioned above. Mean weights at
age used in the whole series for calculating biomass are also
given in Table 2.7.14.

2.8 Mean Weight and Maturity at Age

2.8.1 Mean weight at age in the catch °

The mean weights at age in 1985 are presented by divisions and
quarters in Table 2.8.1. These have been weighted by numbers
caught.

A comparison is made in Table 2.8.2 to show the differences in
annual mean weights for age in 1985 compared with the values de-
rived for earlier years [Table 2.16 in Anon. (1985)] for use in
the ICES stock prediction programme. It is clearly evident that
in most divisions and age groups there has been an overall de-
crease in mean weight, with the exception of 2-group fish in Div-
ision IVa which registered an increase. The apparently large in-
crements in the oldest age groups are probably an artifact due to
the use of an upper weight limit in the pre-1985 data. It seems
evident that the values previously used for stock prediction are
due for revision.

To evaluate changes in mean weight more critically would require
comparison on a quarterly basis, since the annual means are
weighted by numbers caught in each guarter and are thus dependent
on the distribution of catch over the year. A preliminary evalu-
ation of available quarterly data provides some evidence of a de-
creasing trend in mean weight at age at least in some areas.
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r ial .

The recent large increase in herring stocks within the North Sea
raises the possibility of a return to partial recruitment ob-
served in earlier periods of high stock density.

The Report on the 1984 Herring Acoustic Survey in the Northern
North Sea (Simmonds et al, 1985) provides data on maturity dis-
tributions from biological samples taken during the course of the
1983 and 1984 surveys. These show a fairly wide variation in the
proportion of immature 2-ring fish between the sub-areas sampled,
although these fish were generally less than 23.5 cm in length.
If a few extreme proportions are excluded, the general range of
immature 2-ringers was 0-25% in 1983, 10-27% in 1984 and about
30% in 1985 (Section 2.4.1). Less than 5% of the 3-ringers were
immature.

Additional maturity data provided by samples from Norwegian com-
mercial catches made in the Norwegian sector of Division IVb dur-
ing September 1985 (15,242 tonnes) show a very high proportion of
immature 2- and 3-ring fish as shown below:

4 . X ibuti in N : } ) 1985

Mat. stage 2-ring 3-ring
1 1.3 -
2 29.7 8.1
3 35.1 56.8
4 16.2 -
5 6.8 18.9
6 1.3 2.7
7 2.7 2.7
9 6.8 10.8
<4 66.1 64.9

The age structure from this Norwegian fishery (1-ring 54.8%; 2-
ring 35.6%; 3-ring 8.0%, older 1.6%) shows that it primarily ex-
ploited an immature population in which the 2- and 3-ring fish
were also largely immature.

Assuming that these fish are from North Sea stocks suggests that
they remained in the eastern North Sea and did not migrate
towards the western spawning areas with the mature elements of
the population. .

A Norwegian catch of 4,782 tonnes was also recorded in the third
quarter from Division 1IVva E and, although maturities are not
available, the age structure (1-ring 43.3%; 2-ring 41.5%; 3-xring
13.1%; older 2.1%) suggests a similar situation.

It is also of interest to compare the mean lengths and weights of
2- and 3-ring fish from the Norwegian September fishery in Div-
ision IVb with those from the August fisheries in closer proxim-
ity to the spawning areas of the western North Sea:
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2-ring 3-ring

Area Country

L{cm) W(g) L(cm) W(g)
NW North Sea Netherlands 25.2 139 27.3 186
E. Shetland Scotland 25.8 169 28.3 222
Moray Firth Scotland 25.2 157 27.9 212
S. Buchan Scotland . 26.2 175 28.3 222
S. Buchan Netherlands 24.8 139 27.2 193
Yorkshire coast Netherlands 25.8 147 27.8 193
Yorkshire coast English acoustic survey 25.9 142 28.0 182
Division IVb Norway 24.0 121 25.4 142

(Nor.sector)

Data supplied by Working Group members.

This clearly shows that the average lengths and weights of both
2- and 3-ring fish in the Norwegian fishery were considerably
less than those in the fisheries of the western North Sea, and
the eastern 3-ring fish were generally smaller than most of the
2-ring observations from the west.

This very preliminary analysis of the immediately available data
shows that consideration of maturity stage distributions should
feature more prominently in assessments to determine the pro-
portion of partial recruitment for use in VPA.

2.9 Proijection of Catch and Stock Size for 1987 and 1988

2.9.1 Divisions _IVa and IVb combined

The input data for the prediction of catch, stock size and spawn- -
ing stock in 1987 and 1988 for Divisions IVa and IVb combined are
given in Table 2.9.1. The stock size as 3-ringers and older f£fish
in 1986 was taken from the ocutputs of the combined VPA for this
area. Owing to big changes both in stock size and the fishery in
this area over the last few years, the exploitation pattern from
1985 was applied in the prediction. Recruitment of the 1983 year
class in 1986 was based on the IYFS index for the total North Sea
reduced by the Downs component (see Section 2.3.4). By applying
the F and natural mortality given in the VPA outputs for 1-
ringers for the total North Sea in 1985, the 2-ringers in 1986
were estimated at 5,430 millions. Similarly, the IYFS index ob-
tained for the t-ringers in 1986 was projected using the same F
as in 1985 to give an estimate of 2~ringers in 1987 for Divisions
IVa and IVb (5,700 millions).

The input of recruitment of 2-ringers-in 1988 was the average of
2-ringers for the period 1981-85 given by the VPA for this area.

The catch in 1986 was set to the TAC agreed between EEC and
Norway: 500,000 tonnes. The weights at age in the catch in the
prediction are the same as observed in 1985 (Section 2.8).
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The results from the projection are given below ('0O00 tonnes) and
are based on 2-ringers and older fish. The TAC in 1986 and
catches for the former years are much higher than the catches
generated using FO 1 in 1987. The F 1 catch in 1987 will be 50%
lower than the TAC in 1986. The effege of different levels of F
in 1987 on the catch in 1987 and on the biomass in 1988 is shown
in Figure 2.9.1.

1986 1987 1988

Stock - - Stock Stock
biomass SSB at F(2-6) Management F(Z-G) biomass SSB at biomass SSB at
(1 Jan) spawn. Catch option (1 Jan) spawn. Catch (1 Jan) spawn.
1,765 1,137 0.37 500 Fo 1= 0.14 2,094 1,596 244 2,326 1,889

0.8 x F85=0.30 1,431 503 2,038 1,467

FBS = 0.38 1,361 608 1,922 1,310

Fmax = 0.44 1,311 682 1,839 1,203

2.9.2 pivisions IVc - VIId

The input data used in the stock projections are summarised in
Table 2g9'2' The recruitment used for 2-ringers in 1986 was
600 x 10° (1983 year class) based on a 10% proportion of the
total North Sea recruitment for this year class derived from the
IYFS. This is a higher value than that used in the 1985 pro-
jection (200 x 10°) since it was considered that a 10% split for
Downs herring was more realistic in relation to the relative di-
stributions of spawning stock biomasses in the North Sea (see
Section 2.3.4).

Recruitment in 1987 was estimated at 800 x 108 (1984 year class)
on the basis of the regression between VPA 2-ringers and the
English O-group survey abundance indices.

Recruitment in 1988 was taken as the mean of the above two
values, which incidentally was also similar to the 1981-85 mean
for 2-ringers shown in the VPA output. The selected exploitation
pattern was averaged (and slightly smoothed) over the years 1980-
83.

The following management option projections were carried out:
1986:
(1) Catch of 70,000 tonnes (EEC agreed TAC)

(2) CcCatch of 6,000 tonnes (already taken in first quarter) with
no further catch
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1987
Each of the 1986 catch options using:
(

(&) = 0.14)

(2)

Fo.1 Fra-g)
a7 = 0.5 fBG (assuming the TAC option in 1986)

ot
[

(3) Fgq = Fgg

(4) Fgq = Fgg

The results of the projections are presented in Table 2.9.3. If
it is assumed that the 70,000-tonne TAC will be taken in 1986,
then exploitation in 1987 at the ACFM-recommended level of FO
would reduce the catch to 22,000 tonnes but result in a&
increased SSB. If fishing mortality in 1987 is maintained at
F = 0.58 (1986 TAC option), a catch of 76,000 tonnes results but
the SSB shows little increase.

Long-term and short-term yields with consequent changes in spawn-
ing stock biomass are presented in Figures 2.7.5C and 2.7.5D for
the assumption that the TAC will be taken in 1986.

2.9.3 Sub-area IV and Divisjion VIIQ (Total North Sea)

The catch of juvenile herring (0- and 1-ringers) in 1985 was
about 70,000 tonnes of which approximately 62,000 tonnes were
taken in Division IVb. In order to evaluate the likely impact of
different 1levels of fishing mortality on 1-ringers on TAC op-
tions, predictions were made for the total North Sea. Separate
predictions including t-ringers for the two separable management
areas (Divisions IVa + IVb and IVc + VIId) are not possible: be-
cause the catch in numbers and fishing mortality on 1-ringers
cannot be estimated for the separate stocks.

The following alternative assumptions of F on 1-ringers were
used: .

in 1986 and 1987 is half that on 1-ringers in 1985,

a) F o,.__.
308774 57x 0.17 = 0.085;

b) F .y in 1986 and 1987 is equal to that in 1985, i.e.,
p{1IL) 6 97,
(1-xi) : ’

c) in 1986 and 1987 is equal to the F on 2-ringers in the

F s
régﬁéééive years.

For each of the first two alternative assumptions, the catch in
weight of 1-ringers in 1986 was subtracted from the TAC of
570,000 tonnes to give a TAC constraint in a prediction starting
with recruitment as 2-ringers. For each of the management options
in 1987, the recruitment of 2-ringers was calculated using the F
on 1-ringers in 1986 and the number of survivors was used as
input. The number of 1-ring recruits for 1987 and 1988 was de-
termined as the mean number over the period 1981-85 from VPA. The
numbers of 1-ring and 2-ring fish for 1 January 1986 are esti-
mated from the IYFS survey (Sections 2.3.4 and 2.3.5).
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In the third alternative assumption, the predictions were run
starting with recruitment as 1-ringers.

The input catches in number and assumed recruitment levels are
given in Table 2.9.4.

Catch and stock projection based on these inputs are given in
Table 2.9.5.

2.10 Management Consijderations

2.10.1 Adult fisheries

From the discussion on the state of the stocks in various parts
of the North Sea (Section 2.7), it appears that the present level
of exploitation is quite different in the southern, central and
northern areas. This difference in exploitation level is a strong
argument for maintaining the two existing management units: Div-
isions IVa + IVb, and Divisions IVc + VIIA.

In last year's report, concern was expressed that fishing mor-
tality in the southern stock (Divisions IVc + VIId) could already
be far above F . This suspicion was confirmed by this vyear's
assessment; it is now estimated that F on 3-ringers and older has
fluctuated between 0.80 and 1.50 in recent years. A partial
explanation for this c¢ould be the prolonged exposure of this
stock to fisheries throughout the year. It is probably exploited
not only during autumn and winter in the southern North Sea and
Channel, but also during spring and summer in the central and
northern North Sea.

Management measures should aim at reducing F on the southern
stock. It should be realised that a substantial proportion of the
Downs catch is taken in Divisions 1IVa,b. In former years, the
Working Group has suggested that up to 20% of the Downs TAC could
be transferred from Divisions IVe + VIId to Divisions IVa,b.

The Working Group now suggests that ACFM formulates its advice
differently by reducing any catch option for this area by 20% to
allow for fish that will be taken in more northern areas.

In view of the many uncertainties regarding the southern stock,
together with the present alarmingly-high exploitation level, the
Working Group suggests that a final decision concerning the TAC
for 1987 is postponed until early 1987. At that time, new infor-
mation about the development of the stock in 1986 will be avail-
able, together with a first estimate of the 1983 year class.

Finally, it is recommended that strict enforcement of TAC's
should be applied in the fishery in the southern North Sea and
Channel. Because the trawl fishery on the spawning grounds is
capable of taking large quantities of herring in a very short
time, special provisions should be taken to ensure that the
national TAC's are not overshot.
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In Division 1IVb, there are currently closures of the spawning
areas at spawning time. No further discussion on this subject
took place at the Working Group meeting.

2.10.2 Juvenile fisherijes

The management of the juvenile fisheries has been discussed in
detail in earlier reports and no new biological material on this
subject is available. The results from VPA (Section 2.7) show
that the present "sprat box" in the eastern North Sea has been
quite effective in reducing F on O-group herring in the two most
recent vyears and, therefore, this regulation should be main-
tained.

2.11 Requests from the ad ho¢ Multispecies Working Group

2.11.1 Geographical distribution of the catches

Data on geographical distribution of the catches in 1985 were
available from Denmark (human consumption), Federal Republic of
Germany, the Netherlands, Norway (catches for reduction), UK
(England), UK (Scotland), France and unallocated catches. The
data were in most cases derived from logbooks or market sampling
programmes with a satisfactory coverage. The catches by the
Netherlands were distributed on ICES rectangles using the geo-
graphical distribution of the random biological samples. For all
countries, the geographical data were scaled to the national
catches in each month. In the case of Denmark, the catches were
scaled to the total catch of herring for human consumption.

Figures 2.11.1 to 2.11.12 show the total catch of the six
countries by ICES rectangles for each month in 1985.

The data available represent countries taking approximately 95%
of the total catch of adult herring and the quantities indicated
on the figures are, therefore, close to the total international
catch of adult herring in 198S5.

The ad hoc Multispecies Working Group has asked for information
on the quarterly geographical distribution of herring in the
North Sea. The catch by area and time can, however, not be used
as a direct measure of the abundance. An important zreason for
this 1is the 1lack of agreement in management of the North Sea
herring in 1985 between the EEC and Norway. Norwegian and EEC
vessels were, therefore, only allowed to fish in their own econ-
omic zone (indicated on the figures). The fishing effort in the
two 2zones could be markedly different and catches cannot, there-
fore, be assumed to be proportional to the biomass.

However, within the EEC and the Norwegian zones, 'respectively,
the catches by ICES rectangle c¢ould be an indicator of stock
size.

The preference for herring of a particular quality (for economic
reasons) could, however, direct the effort to certain areas of
the North Sea and the Working Group, therefore, stresses that the
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figures only give a rough indication of the biomass within the
two economic zones.

2.11.2 Quartexly catches of North Sea herring

Discrepancies between the catch at-age-tables in reports of the
Herring Working Group and the quarterly catch-at-age tables re-
ported to the Multispecies Working Group were identified at last
year's meeting. The quarterly data base was revised recently and
a full data set was not yet worked up at the present meeting. The
biological samples are rather scanty from the middle 1970's and
this gives rise to relatively large SOP discrepancies when bio-
logical samples are applied in areas without samples. A detailed
output of these calculations will be provided by the Danish In-
stitute (N.A. Nielsen) and circulated to the contact persons in
the relevant countries. When commented and checked, the data will
be submitted to the Multispecies Working Group and discussed at
the next meeting of this Working Group.

3 DIVISION IIIa HERRING
3.1 stock Composition

A split between spring and autumn spawners has been made in the
case of the 1IYFS for age groups 0-2 inclusive. The results are
shown in Section 3.4 which deals with the recruitment.

In the case of the commercial 1landings, too few samples were
available from the industrial fisheries in the second half of
1985 to permit an estimation of the two components amongst O- and
i-group herring. In the case of the 2-group, very few autumn
spawners appear to be present in the second half of the year,
whereas about 25% of the catches of this year class in early 1985
may be assigned to what are probably North Sea herring.

3.2 The Fishexy

3.2.1 Landings

Table 3.2.1 shows the landings by countries and by the Skayerrak
and Kattegat, respectively, during 1976-85. When looking at its
content, it should be kept in mind that Danish data for 1984 and
Danish and Swedish data for 1985 are provided by Working Group
members and have no official standing.

With this proviso, the total figure for 1985 is the highest on
record and the 242,000 tonnes represents an increase of 18% from
1984. Almost the entire increase took place in the Skagerrak.

The distribution of the landings by quarters is shown below:
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First quarter 16%
Second quarter 11%
Third quarter 51%

Fourth quarter 22% C
As 1in earlier years, an important proportion of the landings was
taken in the small-meshed trawl fishery which, together with
small herring sorted from human consumption catches, was used for
meal and oil. This amount is estimated at about 130,000 tonnes,
while 120,000 tonnes were used for human consumption.

3.2.2 Catch in numbers at age

The species composition in the Danish industrial 1landings is
based on a rather large number of samples collected by the fish-
ery inspectors. The biological data base is, however, far from
being satisfactory, and the same is the case for the Swedish in-
dustrial landings, being mainly young herring rejected for human
consumption.

Table 3.2.2 shows, by quarters, the number caught at age for
those parts of the total landings where a data base is available,
i.e.,

1) All landings for human consumption.
2) All industrial landings in the first half of 1985.

3) Ingustrial landings from the southern KXattegat (south of
56 30'N) in the second half of 1985.

These landings comprise about 151,000 tonnes or 62% of the total.
They also comprise the major part, by far, of the 2-group which
is the youngest age group of direct importance to an assessment
of the Division IIIa herring. The number of O- and 1-groups which
dominate the unsampled landings of industrial herring in the
third and fourth quarters (about 90,000 tonnes) cannot be esti-
mated and are consequently not included in Table 3.2.2.

The catches of 2~group in the two first quarters are an overesti-
mate of the spring-spawned component. From data on 1-group late
in 1984 and on 2-group in the IYFS, it appears that the content
of autumn spawners is close to 25%. Having extracted these from
Table 3.2.2, the following input figures for an eventual VPA are
arrived at:
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The underestimate of 2-group in the second half of 1985, due to
lack of sampling of the industrial landings in the Skagerrak and
the northern Kattegat, is probably negligible. The few samples at
hand do not contain any 2-group and the average for the years
1981-83 suggests that 2-group in the second half of the year
amounts to less than 50 million specimens, i.e., less than 10% of
the number stated in Table 3.2.2.

3.3 Biomass Estimates from Acoustic Survey

Three acoustic surveys of herring biomass were carried out in
1985. In July-August, a small part of the shallow waters in the
western Skagerrak were surveyed by R/V "Dana" and in August-Sep-
tember, Division IIIa and Sub-divisions 22-24 in the western Bal-
tic were surveyed by R/V "Argos" and R/V “Dana". A third survey
by R/V "Eldjarn*,covering Division IITla and the North Sea, was
made in November.

The integration was carried cut using 38 kHz echosounders and a
Simrad QD integrator (“"Dana®") and a NORD-10 computer system
("Argos" and "Eldjarn®), respectively. All systems were cali-
brated on standard copper spheres. An intercalibration of the
system on board R/V "Argos®" and R/V "Dana"“, carried out in 1984,
resulted in a good regression with insignificant differences, and
the integrator output was pooled together in the August-September
survey.

In the two first surveys, a depth stratification was used, where-
as in the November survey, statistical rectangles were used as
strata. The area shallower than 20 m was sparsely covered in the
two latest surveys and the estimates are applicable to the area
deeper than 20 m.

The results of the August-September survey are based on 4,100
nautical miles of integrations and the species composition in 59
pelagic hauls. In the November survey, integration was carried
out over 1,155 nautical miles, and a total of 21 pelagic hauls
were made.

Recorded echo levels were split on species according to the com-
position in the catches. The following length-dependent TS re-
gressions were used:
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Herri an rat:

Tsind = 21.7 log L - 75.5 4B

(Halldorsson and Reynisson, 1983).
Gadoids:

TSipg = 21.8 log L - 72.7 aB
(Anon., 1984b).

For mackerel, spurdogs and other species without a swimbladder, a
TS 6 dB below that of herring was used. The TS regressions ap-
plied are consistent with those used in previous years. The num-
ber of herring was allocated to age according to the age com-
position in the trawl samples.

The estimates of the herring stocks in Division IIXa in August-
September for the period 1979-85 are given in Table 3.3.1., It
should be noted that the estimates from 1979-83 are not raised to
the area used in 1984-85. The estimates of the herring stocks in
Sub-divisions 22-24 are given in Table 3.3.2. The November-Decem-
ber estimates in 1982, 1983 and 1985 are given in Table 3.3.3.

A striking feature in the 1985 stock estimates is the very high
number of O-ringers both in August and September agd, especially,
in November. The July-August estimate o; 3.05 x 10° fish could be
compared with the estimate of 3.15 x 10° fish in the same area
some weeks later. Usually, the O-group is distributed in shallow
waters and consequently not adequately covered by the August-
September survey. This year, the O~group was distributed over the
whole area, including the deeper parts, and not concentrated in
the Kattegat and in shallow waters in Skagerrak, as seen in
earlier years. The higher estimate of the O-group in November
could be interpreted as an offshore migration to deeper waters in
the autumn which are better covered by the surveys.

Even if the November estimate of 9.3 x 109 fish does not include
shallow waters where part of the O-group fish still occurred, the
estimate could, however, be too high. The estimate in November is
likely to be influenced by inefficient trawling in the upper
water layers during this survey. The difference in age
distribution between the estimate and the commercial catches at
that time corroborates the suspicion of a low trawling efficiency
as seen from the percentage age compositions in the text table
below:
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Source [0 1 2 3 4 5

Acoustic estimate
November 90.9 9.0 c.1 - - .

Commercial catches
4th quarter

Skagerrak 22.0 26.3 36.6 1

1 0.8
Kattegat 73.2 11.7 8.4 4. 0.3

Even if there is some doubt about the very high estimate of the
O~-group, the strength of that year class is confirmed by the IYFS
index in February 1986 (see Section 3.4) and the catches of 0O-
group in 1985 (Table 3.2.2).

In contrast, the estimate in August-September of older herring
(23-group) was very low: 85 million fish compared to 918 million
in 1984 and 485 million in 1983. The low estimate of older her-
ring is not corroborated by information from the catches or by
the trend in the IYFS survey (see Section 3.4).°

The scarcity of old herring in the estimate " is .likely to be
influenced by the timing of the survey in relation to the mi-
gration pattern and the behaviour of the adult herring. The
surveys have started earlier, and the 1985 survey started on 14
August compared to 22 August in 1984.

Normally, the older and larger herring are found and fished in
the western part of the Skagerrak during August. The shoals are
then moving eastward and remain for a period in the eastern part
of the Skagerrak along the Swedish coast before passing into the
archipelago and southwards to Kattegat and to the overwintering
areas in the Sound and the southwestern Baltic.

In August 1985, according to information from the fishing fleet,
large herring were observed in small, dense shoals in the surface
layers throughout the day and night in the western part of the
Skagerrak. This behaviour has been observed in earlier years to
be common in June-July. The shoals were difficult to catch even
with pair trawls, and the catches at the time of the survey were
dominated by the 2- and 1-group herring. This behaviour pattern
strongly indicates that the adult herring could not be integrated
or fishedby the research vessel, even if the adult herring were
present in the area surveyed.

The fishing pattern which has prevailed for a 1long period in-
dicates that the o©0ld herring are concentrated or start to ag-
gregate in fishable shoals in the western part of the Skagerrak.
Thus, it could not be excluded that a part of the adult stock had

penetrated into the eastern part of Division IVa during the time
of the survey.

The adult herring showed up in the catches after the survey in
September. Comparing the proportion by weight of o0ld (large)
herring in the acoustic estimates with the proportion of large
herring in the Swedish herring fisheries corroborates that the
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older herring were not adequately covered by the survey. The-
proportion of larger herring is compared in the text table below:

Proportion of large Proportion of 23 ringed
herring in Swedish herring in acoustic sur-

Year catches veys (0O-gr. excluded)
September October August

1984 0.25 0.16 0.30

1985 0.30 0.21 0.06

It could be concluded that the present estimate derived from the
acoustic survey in August-September underestimates the adult
stock in Division IIIa and indicates a very strong O-group abun-
dance in that division.

3.4 Recruitment

3.4.1 Abundance of 1-group herring

The 1986 Young Fish Survey in ngruary was carried out in spite
of extensive ice cover east of 10 E and a total of 40 trawl hauls
were made 1in 15 rectangles. The highest catches of 1-group her-
ring were obtained in the Kattegat and the eastern part of the
skagerrak, whereas Jlower catches were made in the western part.
The total index for 1986 calculated as an area-— weighted arith-
metic mean 1is 21,499 which is about 270% higher than the very
high index of 1985 and the highest ever recorded in the area.

During the 1986 survey, a new GOV trawl, thicker wire and larger
trawl doors were used. The trawl hauls were made according to the
description of the standard GOV trawl. The new larger trawl doors
are very close to the size recommended and the new arrangement
reduced the opening from about 6.5 m to 5.5-6.0 meters. Measure-
ments of the door spread indicate that the new set had an in-
creased swept area. It is, therefore, possible that the fishing
power could be somewhat higher with the new trawl set. A compar-
able increase in catch rates was not observed in other species.

An attempt to split the 1-group herring into spring- and autumn-
spawned components was carried out using the same method used in
previous years (Anon., 1984c). The indices for the period 1980-86
are given in the text table below and the mean length and the
proportions of the components are shown in Table 3.4.1.
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Index
Year

Spring Autumn

Total spawners spawners

1980 2,311 1,607 704
1981 3,246 966 2,250
1982 2,560 1,408 1,152
1983 5,419 . 1,522 3,897
1984 6,035 2,7931 3,2421
1985 7,994 3,947‘ 4,0471
1986 21,489 . 5,554 15,935
! Tentative.

The split of the 1-group herring in 1986 gave as the best fit to
the observed length frequency distribution components with mean
lengths of 11.5-14.9 cm. The components have mean lengths within
the range of spring spawners observed in previous years (Table
3.4.1), and autumn-spawned components with a mean length of 16 c¢m
or more were not found. The mean vertebral count of the com-
ponents does not, however, support that all were indigenous
spring spawners. The mean VS count and number of each component
are shown in the text table below:

Mean length (cm) Mean VS Number
11.5 56.08 6,154
11.8 56.10 4,306
13.1 56.18 79,291
13.3 56.20 67,746
14.0 56.28 320,930
14.4 56.28 195,713
14.9 56.31 . 81,349

The result of the split is basically dependent on a difference in
growth between the spring-spawned component born approximately
six months later than the autumn-spawned components. The outcome
of the analysis of the 1986 data, as well as of the 1985 data,
strongly indicates that the North Sea component had a reduced
growth. The reduced mean length of the North Sea components is
also observed in the North Sea area for these year classes (see
Section 2.3).

From available VS counts, the 1984 year class in the central and
northern c¢omponents in the North Sea has VS values in the range
56.35-56.57. The VS counts of the components indicate that the
autumn- and sSpring-spawned components have not been separated
completely. A tentative split was carried out allocating com-
ponents with VS counts below 56.28 to the spring spawners. The VS
counts indicate that the tentative split: has overestimated the
spring-spawning component in 1985 and possibly underestimated it
in 1986,
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3.4.2 Abundance of 2-group and 3-group herring in the IYFS

Abundance indices of 2-group and 3-group herring in the Young
Fish Survey have been calculated and, in the case of the 2-group
herring, separated by the same methods used in the analysis of 1-
group herring. The 3-group herring in the IYFS are all spring
spawners and a split has not been needed.

The indices are shown in the text table below:

2-group herring 3-group herring
Year
Spring Autumn Spring
Total spawners spawhers spawners
1980 387 307 80 147
1981 4,531 4,270 261 315
1981} 1,393 1,318 75 -
1982 549 445 104 183
1983 1,063 946 117 184
1984 1,947 1,419 528 344
1985 2,473 1,867 606 1,392
1986 2,738 1,562 1,176 1,737

1Excluding one large haul.

All indices indicate an increased abundance of older fish in the
area.

The high 2-group index in the 1981 survey is very dependent on a

.very large catch in one haul in the largest stratum (<35-m
depth). There are no obvious reasons to exclude the catch in that
haul in the analyses except the large contribution to the index.
The very high index is not supported by other information of that
year class (e.g., 1-group index catches, acoustic estimates) and
the comparison is based on the lower value where the large catch
has been excluded.

The separation of the 2-group has proved to give components that
could be allocated to spring- and autumn-spawned herring with
good confidence over the whole series. The result of the split in
1985 and 1986 is shown in the text table below:
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Spring-spawned herring Autumn-spawned herring

Year
Mean length Vs Mean length vs
1985 18.6 <56.0 24.2 56.51
18.7 <56.0 - -
20.5 56.02 - -
20.7 56.04 - -
1986 18.6 55.90 23.5 56.32
. 18.7 55.83 25.0 56.44
20.6 56.06 25.8 56.46

The two sets of indices of the same year class could be compared
to test if the IYFS could be used to estimate the abundance of 2-
group. The regressions of 1-group index on 2-group index for
spring- and autumn-spawned herring have the following values:

Spring-spawned herring: Y = 0.322X + 602.8

r = 0.72, 4f = 4, t = 2.08
Autumn-spawned herring: Y = 0.256X - 219.3

r =0.,84, df = 4, t = 3.1

Both regressions are significant and the regressions are shown in
Figure 3.4.1.

The spring-spawned herring index of 2-group herring could also be
tested against the catches of the same year class in Division
IIIa the same year as the IYFS. The regression of 2-group spring
spawners on the catches in 1980-84 gave the following values:

Y
x

0.486X + 76.6
0.97, d4df =3, t = 7.45

The regression is significant as shown in Figure 3.4.2.

3.5 state of the Stocks and Management Considerations

3.5.1 General remarks

Tagging experiments (Jénsson and Biester, 1979) have shown that
spring spawners from the Riigen area {(western Baltic) migrate to
Division 1IIIa outside the spawning season. In an earlier report
(Anon., 1983b), the Working Group pointed to the highly signi-
ficant correlation between 2-group estimates in Division IIIa and
western Baltic-Belt Seas, respectively, and between catches of 3-
group fish in the western Baltic and catches of 2-group fish in
Division I1IIa one year earlier. The Working Group suggested the
feasibility of a joint assessment and the Working Group on Pel-
agic Species in the Baltic did a trial run at its meeting later
in 1983.
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In later reports, both working groups have expanded on the possi-
bility and, indeed, need for a joint assessment. At the present
meeting, an overlap in time allowed menmbers from the two working
groups to discuss the problems involved and to agree on a feas-
ible strategy. This is discussed in more detail in Section 3.5.3.

3.5.2 Management of sprat/young herring fisheries

The total catch of 0- and 1-group herring in Division IIIa in
1985 amounted to more than 100,000 tonnes. According to present
views concerning the stock composition of Jjuvenile herring in
this area, it is assumed that most of the juveniles caught were
potential recruits to the North Sea stocks.

Last year, the Working Group commented upon the ineffectiveness
of existing conservation measures aimed at reducing the catch of
juvenile herring. It was suggested that a combined quota for
sprat and Jjuvenile herring might be a more feasible method of
controlling the sprat/herring fishery. This would leave room for
the existence of a small-meshed clupeoid fishery, which in former
years used to concentrate on sprat, but which presently is forced
to take mainly juvenile herring owing to the drastically changed
species composition in the area.

This problem was further considered in October 1985 by the ad hog
Study Group on Management Measures for the Small-Meshed Fishery
in Division IIla (Anon., 1986c¢), which came to the same con-
clusion. Contrary to the situation in the North Sea, it is not
possible in Division IITa to delimit a specific sub-area that
contains most of the juvenile herring and that could be closed
for small-meshed fisheries. The only way to restrict catches of
juvenile herring in Division IIIa, apart from completely stopping
all small-meshed fisheries, is a combined TAC for the catch of
small clupeoids.

The 1level of this combined TAC will be a compromise between the
objective to reduce catches of juvenile herring as far as poss-
ible (in order to maximise catches of adult herring) and the
socio-economic objective of avoiding too drastic a disruption in
one sector of the fishery. For 1986, an agreement has been
reached between management parties in this area to set a combined
sprat/juvenile herring TAC at 80,000 tonnes. If this TAC is ad-
hered to, it will be a first and major step towards reducing the
catches of juvenile herring in this area.

3.5.3 Adult herring in Division IIIa

On the present assumption that the major part of the adult her-
ring present in Division IIIa belongs to spawning communities in
the Baltic-Belt Seas, prognoses in the form of catch options
should be based on a combined VPA using catches of 2-group and
older from both areas. The two working groups involved agreed to
a combined VPA being run by the Baltic Pelagic Working Group and
tuned to a combination of 2-group estimates from IYFS and 1-group
estimates from the German Democratic Republic young fish survey.
It should then be possible to produce options for different
levels of F in the two management areas as well as for the stock
in toto.
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With the present timing of the two working groups, the assessment
and management advice have to be dealt with by the Working Group
on Assessment of Pelagic Stocks in the Baltic including data for
Division IIIa catches provided by the present Working Group.

4 CELTIC SEA AND DIVISION VIIi HERRING
4.1 Introduction

The herring fisheries in the Celtic Sea and Division VIIj are
considered to exploit the same stock. The assessments of the
stock and the management of the fisheries have been combined
since 1982,

4.2 The Fishexy in 1985/86

4.2.1 Catch data

The total catches from the combined areas both by year and by
season (1 April - 31 March) are given in Tables 4.2.1 and 4.2.2.
The only countries fishing in the area during 1985/86 were France
and 1Ireland, with by far the greatest proportion of the total
catch being taken by Ireland. The total provisional catch taken
during 1985/86 was 16,200 tonnes, which was about 3,500 tonnes
lower than the 1984/85 catch. The catch in 1985 was 16,000 tonnes
compared with a TAC recommended by ACFM for this area of 13,000
tonnes, the figure adopted by the management body for 1985. There
has been no change in recent years in the seasonal distribution
of the fishery; approximately 80% of the total catch is taken
during the October to January period by boats fishing the spawn-
ing concentrations.

As in recent years, catches throughout the winter fishery were
largely restricted by lack of markets and the Irish fleet fished
under small nightly quotas. The fishery was closed for a short
period during November and December because the overall quota had
been exceeded. Large concentrations of herring were <reported on
the spawning grounds, particularly during the December/January
period.

4.2.2 GCatches in numbers gt aqge

The total seasonal catches in number data are shown in Table
4.2.3. These are based completely on Ixish data, the French
catches in 1985 having been raised to numbers at age using Irish
samples for the appropriate period. The age distributions are
dominated by the 1980, 1981 and 1982 year classes which were ex-
ceptionally strong and are largely responsible for the recovery
of the stock. The 1983 year class contributed about 14% of the
total catch. :
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4.3 Laxval Surveys

Larval surveys have not been carried out in this area during
1985/86, thus bringing to an end a series which began in 1979, It
was, therefore, not possible to obtain an independent index of
stock sizes or to determine the trends of the different spawning
components within the overall stock. The 1984/85 larval surveys
had indicated that the winter-spawning component had recovered at
a more rapid rate than the autumn-spawning component. It is un-
likely that these surveys will be resumed during 1986/87.

4.4 Estimates of Fishing Mortality and VPA

Because of the different trends exhibited in the 1984/85 larval
surveys, separate assessments were attempted by the 1985 Working
Groups for both autumn- and winter-spawning components. These as-
sessments were based on a number of dubious assumptions concern-
ing the splitting of the catches-in-number data for each com-
ponent. However, both assessments resulted in spawning stock
sizes of the two components which were approximately equal re-
sulting in an overall spawning stock in the area in 1985/86 of
about 100,000 tonnes. It was decided not to carry out separate
assessments for the 1985/86 season, because of the absence of
larval surveys and the doubts expressed about the separation of
the catches in previous years into the different components. An
examination of the percentage age compositions in the autumn and
winter catches showed a much more uniform distribution of 2-
winter-ring fish than that observed during 1981-84. (The pro-
portion of 2-winter-ring fish had been considerably higher in the
catches of the winter spawners than in the catches of the autumn
spawners during the 1981-84 period, suggesting a much higher re-
cruitment to the winter-spawning component.)} The catches taken
during the autumn and winter periods during 1985/86 were about
equal. Therefore, on the assumption of a more uniform recruitment
to both components during the year and the fact that both . com-
ponents were estimated at about the same level during 1984/85, it
is likely that they will still be at about the same relative pro-
portion during 1985/86.

For the most recent year, there are no independent data on the
size of the two components. It was, therefore, decided to carry
out one assessment for the stock, in line with those carried out
prior to 1985. ACFM considered that a total catch of 22,000
tonnes during 1985/86 would produce an overall F on both com-
ponents of about 0.18, resulting in a spawning stock in 1985/86
of about 110,000 tonnes. This was about the same level as the
highest recorded over the historic time series. The 1985/86
catches were in fact less than those predicted by ACFM and the
total spawning stock might, therefore, be more than 110,000
tonnes. However, as this was considered unlikely, it was decided
to assume a level of F in 1985/86 which would generate a spawning
stock of about 100,000 tonnes. A value of F = 0.17 produced a
spawning stock of the required level and thus was considered a
realistic value of F for 1985/86.
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Results from VPA

The results from the VPA (Tables 4.4.1 and 4.4.2) using an input
F = 0.17 in 1985/86 show that the spawning stock has increased
each year since 1980 due to a number of good year classes. The
value of M on 1-winter-ring fish was increased from 0.1 to 0.8
throughout the VPA. The spawning stock in 1985 is estimated to be
100,000 tonnes. The values of F have fallen each year since 1981,
when they were at a high level (F = 0.92) on the 2~ to 7-winter-
ring fish. Some high values of F are indicated in the older fish
each year since 1980, It is difficult to know whether this is be-
cause of poor sampling of some of the catches or because of a
high fishing rate on some of the weaker year classes, e.g., those
of 1977 and 1978. However, as has been pointed out by previous
Working Groups (Anon., 1983b) there are no periods in this fish-
ery when the F values can be considered as low. Recruitment since
1975 has been at two very different levels. From 1975 to 1980,
the average value was 118 million fish, but since 1980, there has
been a dramatic increase and the average from 1981 to 1984 is 522
million fish.

4.5 Recruitment for Stock Prediction

As has been shown above, there have been very different levels of
recruitment in recent years. The 1983 Woxking Group used the
young herring surveys carried out in the Irish Sea as an indi-
cation of recruitment to the Celtic Sea stock. Although the index
from the young fish surveys, shown in Section 7 on the Irish Sea
assessment, indicates that the 1984 year class is another strong
one, it has not been possible to show a sufficiently good re-
lationship between those indices and the number of 1-winter-ring
fish from the VPA for predictive purposes. The 1985 Working
Group, using M = 0.1 on 1-winter-ring fish, estimated recruitment
to the winter spawners as 100 million fish based entirely on the
catches of 1-winter-ringers in 1983-85 and the F values in those
years. The value for the autumn-spawning component, again with
M = 0.1 on 1 winter-ring fish, was taken as 77 million fish which
was based on the geometric mean for the last ten years. It was
decided that a geometric mean value of recruitment for the 1975-
84 period would be the most realistic value to use for predictive
purposes. This was calculated to be 214 million fish. This is a
rather low level considering the recent strong year classes which
have entered the fishery since 1981 and the size of the present
spawning stock. However, because of the rapid changes that have
taken place in both stock and recruitment, it is considered pru-
dent to use a conservative value.

4.6 Weight at Age

The mean weights at age for the stock in this area are shown in
Table 4.6.1. As the fishery takes place during the spawning
period, the mean weights at age in the spawning stock are con-
sidered to be the same as those in the catches. The mean weights
for 1985/86 have been used to update the data for VPA, but the
data used for predictions are based on the average of the 1983-85
period.
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The mean weights used in the VPA for 1985/86 are based on Irish
data for the main fishery and are slightly different from those
used by the 1984/85 Working Group. The overall difference, how-
ever, is less than 3%.

4.7 stock Predictions and Management Considerations

The stock calculated at 1 April 1986 has been used to predict
future catches and stock sizes. Recruitment has been assumed to
be constant in 1986-88 and the input data for predictions are
shown in Table 4.6.1. The agreed TAC for 1986 is 14,000 tonnes.
However, the TAC has always been exceeded in this fishery. The
Working Group considered that, as the difference between the TAC
and the 1985/86 catches was not large, it would be justifiable to
carry out only one catch option for 1986. The catch assumed to be
taken in 1986 was, therefore, 16,000 tonnes. The spawning stock
calculated for 1986 is about 111,000 tonnes which is about the
highest level recorded, and it is apparent that this level of
spawning stock has been obtained by a series of very good re-
cruiting year «classes. The recruitment level used in the pre-
dictions is barely sufficient to maintain this spawning stock
even at very low levels of F. Fishing at Fo 1= 0.16 in 1986 will
yield catches of about 17,000 tonnes. *

Stock projections are given in Table 4.7.1 and in Figure 4.7.1.

4.8 Safe Biological Limi 11 _ P ial

Following the re-opening of the Celtic Sea fishery in 1982, the
1983 Working Group examined the development of the stock in the
area since 1958 in order to define a desired stock level to which
the stock should be rebuilt. At that meeting, the Working Group
considered the problem in detail, in particular the stock-re-
cruitment relationship and the yield/biomass ratio. The stock-
recruitment relationship has been re-examined because of the ad-
ditional data available. It is clear that there is no obvious
relationship between stock ands recruitment, except that there
appeared to be a period in the mid-1970's when recruitment and
stock sizes were both low.

It is clear that several good year classes (e.g., those of 1979,
1980, 1981 and 1982) were all produced when the spawning stock
was below 40,000 tonnes. From 1958 to 1972, when stocks were at a
fairly high level averaging 80,000 tonnes, the average recruit-
ment was 272 million. From 1973 to 1978, when the stock was col-
lapsing and reduced to a low level (31,000 tonnes), the average
recruitment was 118 million. However, from 1979 to 1982, when the
stock was still at a very low level, very good recruitment was
produced and averaged 522 million. .

The questions posed by ACFM in relation to stock and recruitment
could be answered as follows: ’

1) The available evidence indicates that recruitment was very low
in the 1970's when spawning stocks were also low. Low stocks
can, however, produce good recruitment.
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2) The spawning stock is currently believed to be at a high
level, comparable with the highest levels recorded during the
historic series from 1958-85.

3) The spawning stock has shown a rapid increase since recruit-
ment recovered in 1981 (the 1979-81 year classes were all pro-
duced when the stock was still at a low level).

The examination of the yield/biomass ratio carried out by the
1983 Working Group over the different periods of stock sizes  and
changing stock composition indicated that the catch levels have
been maintained so long as they do not constantly exceed 20% of
the spawning stock biomass. When, however, catches consistently
exceeded 30% of the biomass, the stock collapsed. At the present
high 1level of stock and recruitment, the yield/biomass ratio
would, therefore, suggest that catches of 20-25,000 tonnes could
be maintained.

The present yield-per-recruit curve would indicate that, if aver-
age recruitment of 214 million fish (i.e., the level used in the
short-term predictions) were maintained, then the long-term yield
of Fo 1 would correspond to 13,000 tonnes.

Apart from the above considerations, a number of estimates of
maximum sustainable yield have been made for the stock in this
area. It must be emphasized that all these assume stable con-
ditions in which constant recruitment is produced. Burd and
Bracken (1965) considered that for long-term exploitation of the
fishery, the maximum economic yield would be catches of 12-15,000
tonnes per annum. Molloy (1969) concluded that when the stock was
at a high level because of a series of very good recruitments,
the maximum sustainable yield would be around 22,000 tonnes.
Corten (1972), suggested that the management objective should be
to limit catches to about 22,000 tonnes, provided recruitment re-
mained high, but pointed out that the optimum level of exploi-
tation might be considerably below this level. These conclusions
would seem to agree with those made as a result of the examin-
ation of the yield/biomass ratio. However, since it is not poss-
ible to define a lower level of stock size below which the stocks
should not be allowed to drop, the Working Group considers that a
safe biological 1limit for this stock should be defined in terms
of fishing mortality rate and not stock size.

It is important to stress that sufficient investigations be main-
tained on this stock to enable annual estimates of mortality to
be calculated and also to detect changes in recruitment levels as
early as possible. This is particularly important because of the
collapse that occurred in the stock in the mid-1970's when a de-
crease in recruitment was not detected until the stock had de-
clined to a very low level,



47

5 WEST OF SCOTLAND HERRING
5.1 Division Vla North

5.1.1 The fishery

The catches reported by each country for this area are given in
Table 5.1.1. There have been some small changes to the prelimi-
nary total catch for 1984 given in last year's report. The pre-
liminary total catch reported for 1985 is 44,933 tonnes. This is
about 40% below the 1984 level of 75,154 tonnes and substantially
less than the agreed TAC of 56,500 tonnes. This shortfall is al-
most entirely due to the 9,500-tonne reduction in catch by the
Scottish fleet and to the absence of unallocated catches which
represented 22% of the total in 1984.

In the 1985 Working Group report, it was stated that since the
reopening of the fishery in this area in 1981, there had been a
significant change in the seasonal and geographical distribution
of the fishery. Since 1982, Scottish catches, which in all years
had represented more than 50% of the total, had been mainly taken
on offshore grounds during the summer. Prior to the closure in
1978, this fishery had been carried out in the winter on inshore
grounds in the Minch. In 1985, however, fishing reverted to the
pre-closure pattern. Scottish catches represent 62% of the total
and of this only 7% was taken between April and September. Taking
the total international catch, 40% was taken in the first three
months of the year entirely by Scottish boats and, of this, ap-
proximately half originated from the Minch.

The change in the fishing pattern between 1984 and 1985 had sig-
nificant implications for the catch of 1-ringed fish which was
almost 16 times dgreater than in the previous year (see Section
5.1.2) and also for the mean weight at age 1in the catch (see
Section 5.1.6).

5.1.2§:§Lch_in_numhgns_ax_agg

The estimated numbers at age caught in Division VIa North in each
of the vyears 1970 - 85 are given in Table 5.1.2., For 1985, age
composition data were available .from the Federal Republic of
Germahy, the Netherlands, Norway and Scotland. The Faroese and
small French catches were converted to numbers at age using data
from the Norwegian fishery which operated in a similar manner to
the Faroese. The practice used in the 1985 Working Group of ap-
plying the Scottish purse seine age composition data to Faroese
catches was not considered appropriate in this case because of
the increased fishing activity in the Minch.

In previous years, catches of 1-ringed herring in the Moray Firth
have been included in the catch-in-numbers data in Division VIa
North on the basis that these fish recruit primarily to the west
coast stock. In 1985, no catches of Moray Firth juveniles were
recorded.

As in 1984, the 1981 year class represented a high proportion of
the catch (48% by numbers), again indicating that this is a
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strong year c¢lass. The catch of 1-group fish was substantially
higher in 1985 than in the previous year. However, this should
not necessarily be interpreted as being indicative of a good 1983
year class since the change in the fishing pattern, described in
Section 5.1.1, concentrated effort in the inshore areas where
younger age groups predominate in the population.

5.1.3 Larval surveys

As in 1984, laxval surveys were carried out in Division VIa North
by the Federal Republic of Germany and Scotland, and excellent
coverage in time and space was achieved.

Two outputs from the surveys were available to the Working Group:
first, the abundance index (LAI) calculated as described in the
1985 report of the Herring Larval Working Group (HLWG), previous
values of which were given by Saville and Rankine (1985); sec-
ondly, the 1larval production estimate (LPE) calculated as de-
scribed in the 1986 report of the HLWG. This production estimate
was converted into an estimate of the spawning stock biomass
using the mean fecundity/kXg values given in the 1986 HLWG report.
In this estimate, no attempt is made to account for egg mor-
tality.

The calculation of the LPE uses a mortality rate (Z/mm) to con-
vert length distributions into production of 6-mm larvae over
time. The HLWG calculated values of Z for each year and the mean
of the time series was 0.42 for Division VIa North. A value of
0.4 was, therefore, used for all years in the calculation of the
LPE. The use of Z = 0.4, as opposed to 0.42, results in approxi-
mately a 12% reduction in the LPE throughout the time series
1973-85, which was considered to be well within the likely pre-
cision of the method.

5.1.4 Acoustic gurvey

An acoustic survey of Division VIa North was carried out by a
Scottish vessel during November 1985. The survey was a repeat of
one carried out in 1983 (Heath, 1984) but covering a larger area.

Integration of signals from a 38 KHz sounder was carried out
using an Aberdeen Echo-integrator, and fish echotraces were
sampled whenever possible using a Jackson mid-water trawl fitted
with a 20-mm codend.

Target strengths for herring were estimated for sub-areas of the
survey. Sub-areas were assigned on the basis of the distribution
and length composition of catches. For this purpose, length fre-
quency data from a demersal trawl survey using a GOV trawl car-
r