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Terms of Reference

The Herring Assessment Working Group for the Area South of 62°N met at
ICES headquarters from 20-30 March 1984 in accordance with C.Res.1984/
2:8:5 in order to:

(1)

(31)

(iv)
(v)

assess the state of the herring stocks in Division IIIa,
Sub-area IV, Divisions Va and VIa and Sub-area VII and to
provide management options for 1984 and/or 1985 as appropriate

inside safe biological limits,

evaluate any new data available on stock components in Division

IITa herring,

examine the possibility of making a seasonal assessment of
Divisions IVe and VIId,e herring,

take into account the levels of predation mortality implied
by the results of the stomach sampling project,

analyse the effect of changes in the data sets of weight at
age and age at first maturity on the time series of stock and

spawning stock biomass.

NORTH SEA HERRING

The Fishexry
ACFM advice and management of the fishery in 1983

At its 1983 meeting, ACFM made the following recommendations for the
North Sea herring fisheries in 1983%:



Division TAC (tonnes) Restrictions
IVa 35 000
IVb 27 000 To be taken west of 3°B outside the
period 15 Aug. - 30 Sep.
Ve - VIId 36 000 To be taken from 1 Oct. 1983 to
31 Mar. 1984
Total 98 000

In addition, they recommended that there should be no directed fishery
for herring and sprat in the area between the Danish coast and 7°E, and
between 55°30!' and 57°N during the period 1 Jul. - 31 Oct.

Subsequent to the ACFM meeting, agreements were reached between the
Buropean Commuwity and Norway and interim quotas were allocated to
fisheries in Divisions IVa and IVb. Later in the year, these quotas
were increased, and the final agreement for 1983 was as follows:

Divigion IVa 42 850 tonnes

Division IVb 29 210 tonnes.
The total for Divisions IVa and IVb, including allocation to countries
other than the EC and Norway, was 72 760 tonnes.

The Divisions IVe + VIId TAC was a "roll-over" from 1982 (inoreased by
1 000 tonnes) to be taken from 1 October 1983 to 31 March 1984,

Divisions IVe+VIId 73 000 tonnes
Total North Sea 145 760 tonnes

The total TAC agreed for the entire North Sea by Norway and the EC
was approximately 50% higher than that advised by ACFM. In the event,
however, agreement within the EC was reached so late in the year that
national quotas by Division were not in all cases reached.

In addition to the above TAC agreements, the ban on directed fisheries
for herring for industrial purposes was continued in 1983. A by-catch
derogation of 10% herring was allowed in landings of sprat, and a 5%

by-catch of herring in small-mesh fisheries for other species of fish.

Catches in 1983

The landings in 1983, including both officially reported national
catches and unallocated catches (the sum of unreported catches supplied
by Working Group members) are given in Table 2.1 for the total Noxrth
Sea and for each Divigion in Tables 2.2.1 to 2.2.4. The total North
Sea catch in 1983 is estimated to be 308 169 tonnes, and the revised
total catch in 1982 is 235 569 tonnes. In both 1982 and 1983,
approximately half the catches were not officially reported (48% in
1982 and 57% in 1983). The Working Group again stresses that the

lack of accurate catch statistics is reflected in the reliability of
the assessments done for the various stocks.

The approximate division of catches in the adult fisheries by
Divigion and by periods of the year is given in the text table below,
based on information supplied by Working Group members.
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Division IVa

Division IVb

Divisions IVe+VIId
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Jun.-Jul.
Oct.~Dec.

Other periods and
unknown

Sep.-0Octe.
Other periods and
unknown

Jan.-Mar.
Oct«-Dec.

Other pexriods and
unknown

41
14

5
13
7

6
57

<1

800
600

600
800
700

400
800

000

tonnes
‘tonnes

tonnes
tonnes
tonnes

tonnes
‘tonnes

tonnes

total 62 000 t

total 21 500 t

total 64 400 t

The catches in Division IVa were thus 80% higher than that advised by
ACFM, and 45% higher than that agreed by the management bodies.

Division IVe, the catch was 80% higher than that advised by ACFM,

In

although strict comparison is not possible because the TAC was advised
for the period October 1983 to March 1984.
trast, the catch of adults was significantly lower than either the
TAC advised by ACFM or the TAC agreed by the management bodies.

In Division IVb, by con-

Catches of juvenile herring as revised increased very significantly
In 1983, they
increased again to 160 000 tonnes, which is close to the maximum level

recorded in 1972.

Catch in number

“from 78 000 tonnes in 1981 to 153 000 tonnes in 1982.

Number of herring caught by age and area are given in Tables 2.3 and

2.4,

and some sempling was done on almost all fikheries.

Nearly all countries furnished sampling data for their catches,
The sampling

levels, however, were grossly inadequate in some areas and seasons

and thus seriously undermined the reliability of the assessments.

Number at age for the most recent six years are summarised in the

text table below.

Millions of herving caught by age group (winter rings)

Year 0 1 2 3 4 5 and Total
older
1978 130 169 5 6 5 ‘1 316
1979 542 159 34 10 10 4 759
1980 792 161 108 92 32 26 1211
1981 7889 447 264 57 40 77 8774
1982 9557 840 268 230 34 34 10963
1983 10030 1147 545 216 105 85 12128

The contribution of O- and l-ringed fish as a proportion of the total
catch in number remained at the unprecedented level of 1981 (1981: 95%,
1982: 95%, 1983: 92%).




2.2 Age Composition

Age composition data were available from the commercial catches and

research vessel samples taken during the acoustic surveys. The main

features are shown in the text table below, which gives percentage age

compositions of 2-ringers and older, with the relative abundance of

l-ringers shown in brackets.

Division IVa (west)
Acoustic Commercial landings ]
Year Age surve Jun-Jul B |
class (w.r.) Y Oct-Dec | Moray Firth
July Nether~ Other Norway Dec Total
lands comntries | r°%81| Scotland | Scotland

1982 o] - ) - - - - - -
1981 1 (71.8) (2.0) (0.1) (1.2) | (1.8) (999.6) (96.5)
1980 2 41.0 68.0 8.8 44.8 35.4 75.4 39.2
1979 3 28.8 23.4 23.0 23.3 33.6 .9 31.9
1978 4 6.5 5.4 15.9 9.5 8.4 .8 7.9
1977 5 4.9 0.6 10.8 4.6 5.1 .5 4.8
1976 6 6.6 0.7 14.6 6.2 6.0 1 5.8
1975 7 5.1 0.4 10.1 4.2 4.5 d 4.1
1974 8 4.8 0.1 8.9 3.6 3.8 .9 3.5
1973+ N
eariier | 22 2.3 1.3 7.9 3.9 3.2 .2 2.9

x) Proportions of l-ringers are shown in brackets, expressed as a percentage of the
total number of 2-ringérs and older.

Division IVb(west) adult fisheries Division IVb(east)
Commercial landings adult fishery
Year olass (;‘\’s: ) A°°“SE;:‘,:“’W France | Netherlands | Norway
. (spawning groun: ds) year Jun-Jul Sep-0Oct

1982 0 (-) - - - _

1981 1 ? (7.2) (66.3) (86.9) (139.4)

1980 2 55.1 58.4 67.2 .9 92.8

1979 3 31.6 29.2 20.5 37.8 4.6

1978 4 8.2 10.8 6.3 16.3 2.3

1977 5 2.8 1.4 2.3 2.1 0.2

1976 6 0.9 0.1 3.4 2.1 +

1975 7 0.1 0.2 - - 0.1

1974 8 1.2 - - - -

1973+

earlier | 39 0.1 - 0.3 - -
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Division IVe ]
Acoustic survey Commercial landings Acoustic survey
Year class | Age Nov. 1983 Oct-Dec 1983 Feb. 1984%
(o) | iy 1ve | Div.viTa | Div.Tve Div.VIId |Div.IVe | Div.VII4
Netherlands | France
1982 0 - - - - - -
1981 1 (28.2) - (6.3) (0.7) (27.5) (2.0)
1980 2 50.3 62.6 63.6 57.3 62.1 17.9
1979 3 22.1 20.9 17.8 20.9 21.4 23.3
1978 4 24.4 14.6 14.8 10.0 14.0 44.6
1977 5 2.3 0.8 3.0 1.1 1.8 10.0
1976 6 0.9 0.9 0.6 0.7 0.4 4.2
1975 7 - 0.2 0.1 0.1 0.3 -

2.3
2.3.1

2.3.2

x) Listed under respective year classes

In Division IVa, the 1979 year class was reasonably well represented in the
acoustic survey and commercial vessel samples. The 1980 year class
(2—ringers) vas the most abundant age group in the Dutch catches in the
summer, whereas in other catches they were less abundant. Weighting by

the size of catches made in the summer fishery, their percentage con-
tribution (45%) was very close to that in the acoustic survey %41%). In
the Moray Firth and its approaches, l-ringers were abundant in samples

from the acoustic survey in July and in Scottish commercial catches in
December,

In the Division IVb (west) adult fisheries, 2-ringers were rather more
abundant than in Division IVa., One~-ringers were also abundant in this area
and in the catches of adults in Division IVb (east).

In Divisions IVe and VIId, the 1980 year class was the predominant one,
although 4-ringers (1978 year class) were reasonably well represented in
some acoustic survey samples., l-ringers were not a predominant feature
in these areas and occurred in a significant proportion only in research
vessel samples from Division IVec.

Overall, samples from all areas of the North Sea demonstrate a clear
predominance of 2- and 3~ringers (when l-ringers are excluded from con-
sideration), thus confirming the good recruitment by these two year classes.

Recruitment
Year class 1980

Prom the commercial catches in 1983 it appears that the 1980 year class
contained an important component of southern North Sea herring. The
prediction given in last yearts report (section 2.3.3) thus turned out

to be correct, and it seems that the length distribution of l-group herring
during the IYFS can indeed be used to detect the presence of a strong
southern component (see also para. 2.3.5),

Year class 1981

Wo final index for this year class from the 1983 IYFS has yet become
available due to technical difficulties in the exchange and processing
of'age/length data. The preliminary index of 1 910 fish per hour used
in last year!s report has now been updated to 1 918, which hardly makes
any difference.
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Substituting the value of 1 918 into the usual formula

Y = 0.0031 x - 0.21

results in a year class strength of 5 740 x 106 as l-ringers. Taking
into account a catch of 1 147 x 106 1-—ringer2 in 1983, the stock size of
2-ringers in 1984 is estimated at 4 086 x 10°, and the fishing mortality
on l-ringers in 1983 at 0.24.

The length distributions for this year class during the 1983 IYFS have
now become available. These distributions have been used in para.

2:.3.5 to split the total North Sea recruitment into a IVe + VIId com-
ponent, and a IVb + IVa component. The combined fregquency distributions
for the total North Sea are shown in Figure 2.1.

Year class 1982

During the IYFS in February 1984 a preliminary index of 2 473 fish
per hour was obtained for the herring standard area. This index is
considerably higher than any other index found in recent years (see
text table below).

Year class Abundance index IYFS
1968 822
1969 2 647
1970 .1 629
1971 827
1972 1195
1973 1592
1974 452
1975 342
1976 575
1977 139
1978 535
1979 551
1980 1293
1981 1 910
1982 2 473

Subsgtituting the index of 2 473 into the regression formula given above,
the strength of this year class as l-ringers is estimated at

7 456 x 106. Assuming that fishing mortality on this year class as
l-ringers will be the same as for the preceding year classes éi.e., 0.24),
then the stock size as 2-ringers in 1985 should be 5 307 x 106,

The regression formula used above to estimate recruitment in absolute
numbers from IYFS indices is based on VPA, using a natural mortality of
0.1 on l-ringed herring. In Section 2.9 of this report, it is concluded
that this natural mortality must be very much higher, and for the time
being the Working Group has adopted a value of 0.8 as natural mortality
for l-group herring.

The Working Group, however, considered that there was still too much
uncertainty about this value to use it for a new VPA on the total North
Sea stock, and thus produce new VPA estimates of l-group herring which
could be regressed against IYFS indices.

The Working Group was also aware of the fact that the present regression

formula is based on the 1958, 1959 and 1968~74 year classes, and that

it might be advisable to_update the regression formula by including some

of the more recent year classes, and leaving out the oldest ones. Because
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og shortage of time, it was decided to postpone this analysis until
next year's meeting. Preliminary calculations, however, showed that
thege amendments would not result in major changes in the regression
formula used until now.

Year class 1983

This year class, still in its larval stage (25—40 mm), was sampled
by IKMT during the 1984 IYPFS. Figure 2.2 shows its distribution and
abundance, in comparison with results for the two preceding year
clagses.

Larval herring were more abundant in the North Sea in 1984 than in the
previous year. The two main concentrations occurred east of the
Dogger Bank and off the entrance of the Skagerrak. There was also

a concentration of very small larvae (20 mm) off the Dutch coast.
These must have been larvae from the southern North Sea spawning grounds,
and ‘it is the first time that they have been recorded in large numbers
during the IYFS.

There was also a concentration of larvae at the border between the
Skagerrak and Kattegat, indicating that a considerable part of the
North Sea recruitment has again been transported into Division IIla.

0f the 7 year classes that have been sampled by IKMT, 5 have now
recruited to the adult stock in the North Sea. The first 3 of these
(1976-1978) were very scarce in the IKMI suxvey, and recruited also in
very low numbers to the adult stock in the central and northern North
Sea. The following two year classes (1979-1980) were abundant in

the IKMT survey, and they were also the first two year classes to
recruit in reasonable numbers to the central and northern North Sea
(despite large catches of these year classes as O-group in the
industrial fishery). The abundance of larvae in the IKNMT survey

thus seems to give a first indication of recruitment to the central
and northern North Sea stocks. On the basis of the IKMT surveys,
there is some optimistic indication of the recruitment to the central
and northern North Sea stocks for 1986.

Tength frequency distributions from the International Young
Herring Survey

prediction of recruitment to the North Sea spawning stocks

Wood (1983) described a relationship between the recruitment of
2-ringed fish to the southern North Sea spawning stock (Downs) and
estimates of indices of year class abundance as O-group fish on the
Bast Anglian coast. This regression predicted major recruitment of
the 1980 year class to the Downs stock, as has indeed occurred.
Figure 2.3 gives the new regression based on the VPA developed from
the 1983 (Table 2.5) catch data. The 1981 and 1982 year classes in
the O-group surveys indicate continued strong potential recruitment
to the Downs stock and have been estimated at 1.189 x 109 and

1.077 x 109, respectively.

At this meeting, a working document was presented which subjected
the area length distributions from the IYFS to analysis by the
Cassie method (Burd, in press) in order to obtain estimates of
recruitment to Divisions IVa,b and c, respectively.

The components extracted by this method and given in Table 2.6 have
been regressed with the VPA estimates of 2-ringers derived for
Divisions IVa, IVb and IVe/VIId.
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It was decided that only the lower length group (13.0 cm) associated
with the Downs regression would be accepted. This gave an index of
18.3 x 103 equivalent to a VPA 2-ringer estimate of 738 x 10° from the
regression. This has been taken as confirmation of the order of
magnitude of the 1981 year class as recruiting fish to the Downs stoock
as given in the 1lst para. of this section. TFor prediction purposes,

a recruitment of 1 x 109 has been chosen.

Because of the failure to quantify recruitments to the stocks in
Divisions IVa and IVb, the Working Group was forced to combine the

two areas for prediction, and the estimate of the 1981 year class was
set at 3.1 x 109 by subtraction of the Downs estimate from that for
the total North Sea as given in Section 2.3.2.

Acoustic Surveys
The 1983 acoustic survey in the northwestern North Sea (Division IVa)

The results of the ICES-coordinated survey in the Orkney-Shetland area
carried out in July 1983 by Dutch, Norwegian and Scottish research
vessels were presented at the 1983 Statutory Meeting (ICES, Doc.
C.M.1983/H:52 « The survey and analysis methods were the same as those
used in the previous two years with the exception that the estimated
numbexs of fish were converted to biomass using weight data obtained
during the survey.

The estimates of herring biomass obtained are given in the text table

belows No. of gquarter Bstimated herring biomass (t)
statistical
rectangles sur-
Ship Dates veyed Immature Spawning
"G.0.Sars" 18—30/7 44 27 000 223 000
" 18-30/7 Raised to 62 68 000 302 000
rectangles®
"Scotia® 7-25/17 62 45 000 198 000
Mean of D and © eseeevscerssoas 56 500 250 000

# Raised by proportion of stock in
additional area of the "Scotia" survey.

The estimate of spawning stock biomass in 1983 of 250 000 tonnes compares
with a figure of 224 450 tonnes at the same time in 1982.

The estimated numbers of herring in each quarter statistical rectangle
on the Scottish survey were allocated to age using length compositions
and age/length keys provided by the participants (Table 2.7). In 1982
and 1983, the 1979 year class was well represented in the catches. A
major difference, however, was the abundance of l-ringers (1981 year
class) in 1983, a feature not previously encountered in any year of

the surveys which began in 1979. This age group was predominantly
distributed to the east Orkney and in the approaches to the Moray Firth.

Division IVb stock (Bank)

The annual survey of spawning herring by echo-integration was carried
out in the second half of August between the Farne Islands and
Flamborough Head, Only one vessel was available in 1983, and, as a
consequence, relatively little time could be spent in the Longstone area.
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On arrival on 19 August on the Yorkshire coast grounds an area of some

60 km? was detected containing small plume traces. No integration was
made, but trawl hauls indicated adult herring in maturity stage V. On

20 August, a further small area some 20 km* in extent was detected. Again,
no integration was made, but a trawl haul of 16 baskets of herring showed
that 30% were ripe and running in stage VI, and 4% were already spent.

An intensive survey on the Longstone spawning ground of 1982 gave few
traces. The ship proceeded to the Buchan area, where survey grid lines
were set at 5 miles and no concentrations of adult herring were detected.

Returning to the Longstone on 24-25 August, an acoustic biomass of
2 500 tonnes was detected of spawning herring. A 30 basket catch included
63% 2-ring recruits of the 1980 year class.

From 25/26 August to 29/30 August the ship surveyed the Yorkshire coast
area. More spawning localities, frequented in earlier years of high
stock abundance, were detected than in the years 1979-82. The maximum
biomass estimate for the 5 patches integrated amounted to about 40 000
tonnes.

This must be a minimum estimate of the stock spawning off the English
northeast coast, as no integration could be made for one important
spawning concentration, and it is probable that some spawning at the
Longstone was also missed.

The acoustic biomass estimates for the comparable area off the Yorkshire
coast are as follows:

25-28 August 1979 12 000 tonnes
22-23 August 1981 10 000 tonnes
26-27 August 1982 32 000 tonnes
25-29 August 1983 10 000 tonnes (underestimate)

Divisiohs IVe and VIId

Two surveys were undertaken, one in November 198% in excellent weather,
the other in February 1984 disrupted by bad weather. In November,

herring were widely distributed over the Southern Bight between

51° ~ 52°30tN as shown by the distribution of herring fishing vessels.

The herring were generally in small shoals and intermingled with a

number of other pelagic species. Only limited sampling was possible

in Division IVe, and some broad assumption had to be made concerning the
likely proportion of herring within the total acoustic biomass recorded
in this region. A 75% assumption gave a total biomass of 178 x 103 tonnes
for the Southern Bight.

In the eastern Chamnel, three major spawning concentrations were
located, off Dieppe, Pointe 4'Ailly and in the Bullock Bank ~ Bassurelle
region. The French commercial catches contained about 95% herring at
this time (G Biais, pers.comm.).

The eastern Channel component was thus estimated at 104 x 103 tonnes,
which produced a combined estimate of 282 x 107 for Divisions IVe and
VITd. The results are summarised in the text table below.
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Herring in Divisions IVc and VII4d - Bstimates of herring biomass

November 1983

Divigion Survey area (km?) Total biomass (% x 10-3)
Ve 20 073 178
VIId 6 834 104
Total 26 907 282

Age Distribution of Research Vessel Samples (% Number)

Year class :

1 2 3 4 5 6 1 8
1981 1980 1979 {1978 | 1977 1976 | 1975 | 1974

e (1 sample) 22,0 39.3 17.2 | 19.0 1.8 0.7 - -
VIId (2 samples) - 62.6 20.9 | 14.6 0.8 0.9 0.1 | 0.1

Conversion to numbers (x 10—6) using commercial landings

Age composgition for November 1983

IVe+VIIad 68,3 988,2 485.8 1 204.7 | 37.0 9.7 2.3 -
% 3.8 55.0 27.1| 11.4| 2.1 0.5 | 0.1 -
2.5 Herring Larval Surveys

2:5.1

The sampling intensity achieved in all areas in 1983 was comparable to
that in the preceding two years.

Division IVa

Surveys in this area were carried out by the Netherlands and the Federal
Republic of Germany in early September, by Scotland in mid-September and
by Denmark in late September. The indices of abundance of larvae less
than 10 mm are: lst half of September: 2 5323 2nd half of September: 973.
Both of these indices are similar to, but slightly lower than, those

for 1982. The mean for 1983 of 1 752, if inserted in the regression
equation given in the 1982 report, would estimate the spawvning stock
biomass in 1983 in the Orkmey-Shetland area as 189 000 tonnes.

However, since 1981 the Working Group has added the larval index from
surveys in the Buchan area to those from the surveys in the area off

the northeast coast of England to produce the regression between spawning
stock bilomass and larval abundance for Division IVb. As the larval '
indices in the Buchan area in those years were low, this probably had
little influence on the regression for that Division. In 1982 and 1983,
however, the larval indices in the Buclan area increased markedly from
those of the immediately preceding years and would have a major effect

on the estimates of spawning stock biomass in Division IVa or Division Ivb,
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depending to which stock they are allocated. Since Buchan spawners

have always been considered as part of the northern North Sea stock
(Coop«Res«Rep., No. 4, 1965), and since they form a component of the
catches in Division IVa, the Working Group decided that they would be
more appropriately allocated to the Division IVa spawning stock. A new
predictive regression was, therefore, estimated for the years 1972-82,
by adding the Orkney-Shetland and Buchan indices and relating them

to the spawning stock biomasses in the Division IVa VPA given in Table 2.8.
The data points are shown in Figure 2.5. It is clear that the larval
indices for 1978 and 1979 are much too high in relation to the estimated
spawning stock biomasses in these years. The reasons for this are

not clear at present, but are perhaps related to the undue effect on

the indices for these years of 1-2 stations with extremely high larval
catches. The regression equation for the combined larval indices
against the Division IVa stock was estimated disregarding these two
years. Under these circumstances, it has a correlation coefficient of
0.85, and the index for 1983 of 3 527 inserted in the equation estimates
the 1983 spawning stock biomass as 217 000 tonnes compared with the

239 000 tonnes used in running this VPA.

Division IVb

Surveys in the Buchan area in September by Scotland and Denmark gave
abundance indices of small larvae of 2 315 and 1 088 x 109 respectively,
resulting in a mean index of 1 802 x 10/. As stated above, these

were combined with the index for the Orkney-Shetland area in estimating
the Division IVa spawning stock biomass.

In the area off the northeast England coast, surveys by the Netherlands
in early and late September and by England in early October gave
abundance indices of small larvae of 1 575, 382 and 102 respectively.
The estimates for the September surveys are very high compared with
1982, but the October one was very much lower. Because the area was not
surveyed in late October, the same factor was used to convert the early
October index to a late October index as in last year's report. The
resulting index for the 1983 season is 523 x 109 early larvae. This index,
inserted in the same regression equation as used in the 1982 and 1983
reports, gives an estimated spawning stock biomass in 1983 in the north-
east England coast area of 62 000 tonnes.

Divigions IVc and VIId

Surveys were carried out by the Netherlands in December and by England and
the Federal Republic of Germany in January. These gave estimates of abundance
of all age categories of larvae of 2 351 x 109 in December and of

1 357 x 109 in January. The resulting mean of 1 854 x 109 for the entire
spawning season is the highest yet recorded and almost twice the 1982/83
estimate. As in the preceding two years, however, it is far beyond the

level for which the onmly regression available is useable to estimate

spawning stock biomass. It can only be used in a non-quantitative way

to indicate that this spawning stock is continuing to increase.

State of the Stocks

Division IVa

Catches in number of herring in Division IVa have been used in a VPA to
agsess the recent history of the stock. To estimate values of input F
for 1983, the numbers at age were estimated from the mean of the acoustic
survey estimates in July. Since catches in Division IVa are likely to
include fish from the populatiors spavming in both the Orkney-~Shetland and
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Buchan areas, the numbers at age in the population given in Table 2.7
were increased by an arbitrary 20% to allow for fish known to be in
the Buchan area (the northern part of Division IVb west) at the time
of the acoustic survey. It was assumed that the resulting numbers
were the estimate of stock size at 15 July 1983, approximately the
mid-point of the acoustic survey (Table 2.8).

To estimate the values of F at age in that part of the year prior to

15 July, catches were as far as possible allocated to month and half
the catches in July were assumed to have been taken before 15 July.
These are given together with total catches for the year in Table 2.8,
Catches up to 15 July and the acoustic estimates were used to calculate
F at age and stock in number at 1 Januvary 1983, assuming an M of

0,054 (13/24 of 0.1).

The results of the VPA using the input F values in Table 2.8 are given
in Tables 2.9, 2.10 and 2,11, The VPA results are compared with

other indices of abundance in Table 2.,12. The small increase from

1982 to 1983 is seen in both the VPA and the acoustic survey results.
The larval index is not easy to interpret: the index for Orkney-Shetland
dropped slightly from 1982 to 1983, but if the increase in the Buchan
index is taken into account, there may have been little change or an
increase. There is thus no major discrepancy between the results from
the three methods. .

The discrepancy between the results from VPA, acoustic and larval surveys
in explaining the change from 1981 to 1982 is not entirely resolved,
although the increase measured by VPA is not as marked as indicated in
last year's assessment. The results of the VPA thus indicate that

a progressive growth has taken place in the Division IVa stock due to
increments from the 1979 and 1980 year classes (see Table 2.12).

In considering the spawning stock biomass,it is necessary to point

out that the estimates from the VPA given in Table 2.1l are not
directly comparable with those estimated on the acoustic survey. This
is because those in the VPA are calculated wusing long-term mean
weights at age over the year as a whole, whereas those estimated from
the acoustic survey used the higher mean weights at age of maturing
fish obtained during the survey. The VPA was matched in 1983 to the
numbers of fish estimated on the acoustic survey, so this explains any
discrepancies between the results given in Tables 2.9 - 2,12,

Division IVb stock (Bank)

The estimate of spawning stock size from the central North Sea larval
survey gives an estimate of 62 000 tonnes. The acoustic survey on the
spawning shoals gave a stock of about 40 000 tonnes. This is bound

to be an underestimate as the survey is restricted both in time and
area. The percentage age composition of the spawning fish is given
belows

Rings 2 3 4 5 6 7 8 >8
Year class 1980 1979 | 1978 1977 | 1976 | 1975 | 1974
% 55.1 31.6 8.2 2.8 0.9 0.1 1.2 0.1

The larval abundances for Division IVb in previous Working Group reports
have included production from the Buchan area. Confining these indices
to the central North Sea spawning grounds, the recent larval indices
are:
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No. x 10
1979 5.17
1980 0.06
1981 3435
1982 3.84
1983 5423

Comparing the larval indices for 1982 and 1983, there is an increment
in 1983 of 36%. The acoustic biomass for the Yorkshire coast grounds
indicated a minimum increment of 25% in 1983.

The total catch to 1 September of adult herring taken in Division IVD
was about 12 000 tonnes. Age compositions for each country's catches
have been summed and applied to the spawning stock as at 1 September
assuming it to be 65 000 tonnes. The relevant data appear below:

Age Stock x 106 Catech x lO6 Stock x lO6
1/9 1983 to 1/9 1983 at 1/1 1983

2 230.80 155.1 406.70

3 132.73 28,4 171.26

4 34.28 12,2 49.25

5 11,82 1.7 14.40

6 3,56 1.4 5.25

7 0.29 0.31

8 5.28 5.65

>8 0.21 0.23

Results from VPA

Applying the catches in numbers for 1983 for ages 2 and older (Table 2.13)
$o the stock size at 1 January 1983 given above, coefficients of

fishing mortality were derived and used to initiate the VPA. Tables

2.14 and 2.15 give the outputs of F values and stock for 1974-83.

The stock sizes differ between this assessment and that made in 1983.

The SSB for 1982 was calculated as 100 000 tonnes based on adjustment

to the central North Sea stock size to account for larval production

on the Buchan grounds. With the removal of the Buchan element, the VPA
reflects the central North Sea spawning stock and the 1982 stock

gizes are markedly changed.

The spawning stock biomasses calculated by VPA and from acoustic
surveys are compared below:
Spawning stock biomass

Tonnes x 10° - VPA Acoustic
Year

1979 9.9 12.0
1980 14.9 -
1981 18.1 10.0
1982 37.0 32.0
1983 63.7 40.0%)

x) underestimate
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Divisions IVe and VIId

Although larval surveys were carried out in the winter 1983-84, larval
indices were not used to estimate stock size for the reasons indicated
previously (see Section 2.5.3).

Biomass estimates from English acoustic surveys were available for
November 1983 and February 1984. The Working Group accepted the
November 1983 survey as the best estimate of the stock (see Section
2.4.3), which was used to estimate fishing mortality in 1983.

Estimation of fishing mortality in 1983 (Table 2.16)

The acoustic bilomass estimate provided by the November 1983 survey
was converted to an equivalent age distribution in number using the
average age composition of samples from commercial catches taken in
that month.

A comparison between the age structure of the catches taken in Divisions
IVe and VIId and those provided by the three samples taken during the
research vessel survey in November showed that although the Division
VIId samples were comparable, the single one taken in Division IVe
appeared anomalous, and in view of the high raising factor required for
this single sample, it was felt that the commercial samples provided a
better estimate for the overall age structure in November.

The stock sizes at the end of the year were then derived by subtracting
the December catches together with a corresponding correction for
natural mortality.

The fishing mortality for each age group in 1983 was thus calculated
uging the total catch taken during the whole year.

The weighted mean over age groups 2-8 (i.e., 0.24) was then used as an
input for the VPA.

Results of the VPA

The results of the VPA are given in Tables 2,17-2.19 and summarised in
Figure 2.6. The input fishing mortality used for the oldest age

group was the unweighted mean over ages 2-6. Using the fishing mor-
tality estimated for the year 1983, the spawning stock biomass attains
211 000 tonnes at the end of 1983.

The recruitment of the 1980 year class has resulted in an increase of
spawning stock by a factor of x 1.7. This is approximately matched by
the increase in the larval indices between those two years. Since 1980,
the continuous growth of the stock has been associated with a decrease
in the fishing mortality (Figure 2.6.4).

Seasonal VPA

The use of annual catch data in the VPA for this fishery arbitrarily
divides the main fishing season into two periods. In order to estimate
the effect of this split relative to the annual assessment, the
Divisions IVec and VIId catches were regrouped on a seasonal basis.
Catches in the second half of a year were added to those in the first
half of the following year.

It was accepted in the 1982 Working Group report that catches taken

in Division IVb contained a significant proportion of Downs stock fish.
A correction was thus applied to the annual Divisions IVe~VIId catches
in each year to allow for this component in the Divieion IVb catch.

A similar adjustment was made to the seasonal catches; the IVe-VIId
components taken in Division IVb were all added to the catches taken
in the second half of each year for the years 1971-76.
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The seasonal catches for Divisions IVe~VIId are presented in Table 2.20.

A VPA was then run, using an input fishing mortality derived from the
November 1983 acoustic survey estimate of biomass (Tables 2.21—2.22). The
stock was back-calculated at the lst July taking into account catches
over the intervening period and a natural mortality coefficient of

0.042 (5/12 of annual M = 0.1).

The fishing mortality for 1983/84 was then estimated using preliminary
catches for the first part of 1984 (8 500 tonnes) and the unweighted
mean value over the 2-6 age groups used as an input F for the VPA.

Comparison of results between the annual and seasonal VPAs

The results from the seasonal VPA are presented in Figure 2.6 (B and D)
and can be compared with those from the annual VPA (Figure 2.6 (4 and C)).
In calculating the spawning biomass estimate, it was assumed that 0.5

of ¥ and M had occurred prior to spawning. ’

The principal difference relates to variations in T before 1977, whereas
yield, spawning stock and recruitment are very similar.

In monitoring the effects of fishing on recruiting year classes, there is
some advantage in the use of seasonal VPA if important catches are taken
in the first three months of a calendar year. While this fishing pattern
occurred in earlier years, there is no such fishery at present. If

such a fishery develops, it might be necessary to re-examine the need

for a seasonal assessment.

VPA Combined Areas of the North Sea

Divigions IVa and IVb combined

The allocation of catches in Divisions IVa and IVb to their respective
stocks is subject to some error. There are also difficulties in
allocating recruitment to the Divisions IVa and IVb stocks. For these
reasons, the Working Group decided %o carry out an agsessment of the two
areas combined in addition to the separate assessments described in
Section 2.6.

To obtain input P values for a VPA, the catches in the combined area and
the summed estimates of stock in number at 1 January 1983 from the
individual VPAs were used; the relevant data are given in Table 2.24.
The results of the VPA are given in Tables 2.25-2.27. These indicate
considerable growth in spawning stock size in both 1982 and 1983 as the
1979 and 1980 year classes recruited.

For comparative purposes, the summed results of the separate VPAs are
given in Table 2.28 together with the results from the combined VPA.

Total North Sea

A VPA for the whole North Sea was carried out in the way described for

the combinations of Divisions IVa and IVb, and the data used to calculate
input F values are given in Table 2.24. The results are given in Tables
2.,29-2.31. The comparison of the results with the sum of the results

for the separate stock VPAs is given in Table 2.32.

The combined VPA indicates that the total spawning stock has grown
progressively since 1977 to almost 600 000 tomnes in 1983.
Projection of Catch and Stock Size for 1984 and 1985

For both the suggested management areas, i.e., Divisions IVa and IVb
combined and Divisions IVe + VIId catches for 1984 and 1985 as well as
the corresponding stock sizes for 1985 and 1986 have been calculated for
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The data

The detailed result for the

year 1984, i.e., catches in 1984 and the resulting biomass estimates

for 1985, are shown in FPigures 2.7 and 2.8,

Summarised results for

Divisions IVa+IVb and Divisions IVe+VIId are given in the text
tables in Section 2.10.

For the interpretation of these tables it has to be noted that the

spavning stock biomass has been calculated at spawning time.

Annual

mortality has been applied in the year for which the estimate has been

made .

The effect of any annual catch can be assessed by comparing

the biomasses at 1 January and not by comparison of the spawning
stock biomasses given.

The estimate of spawning stock biomasses in 1986 assumes that the
1985 exploitation rate will be maintained in 1986,

Predation Mortality on O- and l-group Herring

The first results of the ICES Stomach Sampling Project in 1981 have
now become available, and it is possible to compare number of

juvenile fish consumed by predators, with assumptions about natural
mortality used hitherto.

The number of juvenile herring removed by predators from the North Sea

in 1981 are given in the text table below.
of juvenile herring taken in the same year as (by-) catch in the fishery.

Also shown is the number

Numbers of juvenile herring (millions) removed from

Predators the North Sea in 1981
O-group 1l-group 2-group
1980 year class 1979 yeaxr class 1978 year class
Mackerell) 125 2 -
Whiting 2 17516 2618 27
coa?) 12 866 219
Saithe’) 23 66 12
Total removed by
predators 17476 3552 258
Total catc? of all
fisheries 7889 447 264

l) From Mehl and Westg8rd, 1983, Table

w =50 g,

2) Adapted from Hislop et al., 1983.

3) Daan (pers.comm.).

4) From Gislason, 1983.
5) This report, Table 2.3.

9, assuming all herring 5-14 cm
were O-group with w = 15 g, and all herring 15-19 cm were l~group with

The numbers of 0= and l-group herring eaten by whiting in 1981, as
reported by Hislop et al. (1983), have been amended in this report

(Appendix 1).

It was concluded that the above authors used a wrong

age/length key for juvenile herring in the 3rd quarter of the year,
and a substantial number of herring given in their tables has now been
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shifted from l-group to O-group. It is possible that the erroneous
age/length keys for herring have also been applied to the cod stomach
contents, but the Working Group was not able to check this during

the meeting. The numbers of l-group herring eaten by cod are, therefore,
possibly an overestimate.

The figures in the above table can be used to estimate fishing
mortality and predation mortality on the 1979 year class as l-group, and
on the 1980 year class as O-group.

Mortality on the 1979 year class as l-group

The best egtimate for the strength of the 1979 year class now is

1 400 x 10° 2-ringers at the beginning of 1982 (Table 2.31). Assuming
that the numbers removed by predators in 1981 represent the total.
natural moritality for that year, it is possible to calculate the
following parameters for the year 1981. p

Stock size of l-ringers at beginning of year = 5 699 x 10
M on l-ringers = 1.20 (largely generated in 1lst guarter of the year)
F on l-ringers = 0.15.

Mortality on the 1980 year class as O-group

The best estigate at present for the strength of the 1980 year class
ig 2 500 x 10° 2-ringers at the beginning of 1983 (Table 2.31). It is
not possible to work back from here to obtain the stock size at the
end of 1981 without making some assumptions about M in 1982.

The Working Group assumed that the number of herring consumed per

1 000 whiting in 1982 had been the same as in 1981. Using stock
estimates for whiting in 1982, the total consumption of l-group herring
by the whiting stock in 1982 was estimated at 2 557 x 106 (Appendix 1 ).
T+ was assumed that the numbers of l-group herring consumed by other
predators in 1982 were equal to that in 1981, i.e., 934 x 10
individuals. The total number of l-group herring removed by predators
in 1982 then becomes 3 491 x 10°. The number of l-ringers caught by
the fisheries in 1982 was 840 x 100 (Table 2.3, Starting from these
figures, the following parameters can be calculated for 1982:

Stock size l-ringers at 1.1.1982 = 6 831 x 10
M on l-ringers in 1982 = 0.81
F on l-ringers in 1982 = 0.20.
The number of O-group removed by predators in 1981 was 17 476 x 106

(see text table on p.16), and the number caught by the fisheries was
7889 x 106. This leads to the following population parameters for 1981:

Stock size on O-ringers at 1.1.1981 = 32 196 x 100
1.07
0.48,

M on O-ringers in 1981

F on O-ringews in 1981

Conclusions

The calculation for the 1980 year class presented above is based on
the assumption that the quantity of juvenile herring consumed is
directly proportional to the number of predators present in the sea.
Although this will certainly be an important factor, it is likely

that the abundance of the prey species itself will affect the quantity
of prey consumed.Given a certain stock size of whiting,the number of
juvenile herring consumed can be expected to depend on the ratio of
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herring to other prey species available to the whiting. This ratio

will not only depend on the absolute abundance of herring and other prey
species in the sea, but also upon their distribution in relation to
whiting.

The natural mortality inflicted by whiting and other predators upon the
herring can thus be expected to vary rather widely from one year to
another, depending upon all the variables mentioned above. It would be
unwise, therefore, to treat the values of M calculated for 1981 as
very accurate estimates of the average natural mortality on O- and
l-group herring. Instead, they should be treated with some caution,
more as an indication of the order of magnitude than as accurate point
estimates.

It is beyond doubt, however, that the value of M = 0.1 used for O~ and
l-group herring until now is completely unrealistic, and should be
replaced by values more in line with the outcome of the stomach sampling
project.

From the calculations presented above, there are in fact two estimates
of M on l-ringers available (1.20 for year class 1979, and 0.81 for
year class 1980). The Working Group decided to adopt the lower of

the two estimates on the basis of the possible overestimation of the
numbers of l-ringed herring eaten by the cod stock in 1981,

It was therefore decided to adopt as a first approximation a value of
M = 1.0 for O-group herring, and a value of M = 0.8 for l-group herring.

It should be borne in mind that the M on O-group in 1981 is based mainly
on stomach contents in the 2nd half of the year. For the first half

of the year, low numbers of O-group herring were found in the stomachs
of predators. For this reason, the estimate of M on O-group given

above (1.0) is applicable to the 2nd half of the year (i.e., a 6 month
period).

Management Considerations

Management of adult fisheries

In last year's report it was stated that if the recruiting 1980 year
class was not fished in 1983 before it spawned, the spawning stock in
that year would reach the target of 800 000 tonnes. In this assessment,
the total North Sea spawning stock at spawning time ig estimated at
about 500 000 tonnes. This discrepancy is due to several factors. The
major one is that in 1982 the estimated size of the total North Sea
gpawning stock in 1982 was 450 000 tonnes. The current estimates infer
that it was only 310 000 tonnes in that year.

The second factor is that the prediction of a total North Sea spawning
stock in 1983 of 800 000 tonnes stated that this was dependent on the
1980 year class adding about 400 000 tonnes to it, if it was not fished
prior to spawning in that year. The present estimates suggest that it
added only about 240 000 tonnes. The short-fall is due to the fact

that there was some fishery on this year class in 1983 prior to spawning
which resulted in a reduction of its contribution of about 60 000 tonnes,
The strength of this year class in 1983 was also overestimated due to the
catches taken from it as l-ringers in 1982 being underestimated by

about 400 million. This would introduce a discrepancy of about

70 000 tonnes. The aggregated effect of these factors accounts for all
but about 10% of the discrepancy.

The present assessment shows that large increases are expected in the
North Sea herring stock in 1984 and 1985 due to the recruiting two
ptrong year classes, i.e., the 1981 and 1982 year classes. As explained
in Section 2.3, the Working Group estimated that about 1 x 109 2-ringed
herring (about 120 000 tonnes) would recruit to the Downs herring stock
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In 1985, the recruitment would also be on the same level
The Working Group was not able

to split the remainder of the recruitment of the 1981 and 1982 year
classes between the herring stocks in the central and northern North Sea.

A combined assessment had, therefore, to be carried out for the herring in

Divisions IVa and IVb. The estimated recruitment of 2-ringers to these

stocks combined in 1984 is 3.1 x 109 herring (about 400 000 tonnes).

Assuming that fishing mortality on l-ringers in 1984 is the same as in 1983,

the Working Group estimated that the number of 2-ringers recruiting to

these stocks in 1985 would be 4.2 x 109

million tonnes.

By limiting the juvenile herring fishery, therate of recruitment could
be increased even further as explained in the following Section 2.10.2.
This high level of recruitment in 1984 and 1985 provides an excellent

opportunity to rebuild the North Sea herring stocks, by exploiting them
at only low levels of fishing mortalities.

The results of the catch projections for the herring stocks in the central

herring, i.e., about half a

and northern North Sea combined as well as for the Downs stock are
given in the text tables below and shown in Figures 2.8 and 2.9.

HERRING IN ICES DIVISIONS IVa AND IVb

1983 1984 1985 1986
f(2+) Caton |555%) | Biomase (2+)**) ?<2+) caton |s58%) |Biomass (2+)**) §(2+) Catoh | 555%) | Biomass (5+)**)
0.265 84 294 T4 0.05 33 046 1 329 0.05 82 |1 202 1 434
0.10 65 | 625 1291 0.10 | 117 [1129 1325
Fo.1> 0.15 95 | €04 1254 0.15 | 166 |1 061 1231
0.20 | 123 | 584 1219 0.20 | 211 997 1141
0.25 | 150 | 565 1186 0.25 | 250 936 1058
0.30 | 177 | 546 1155 0.30 | 286 883 982
Weights in thousand tonnes.
%) Spawning stock biomass is calculated for the time of spawning, i.e. 1 September.
%) Biomass is calculated for 1 January.
HERRING IN ICES DIVISIONS IVe AND VIId
1983 1984 1985 1986
Fpy) |Caton 5559 | Biomasa (20 Fp,) |Caten 555" | Biomass (24)%) F(ay) |Oaten 555%) | Biomass (3+)°%)
0.240 | 64 211 374 0.05 17 322 499 0.05 23 430 499
0.10 34 306 481 0.10 44 394 457
Fy1s 0.15 | 49 291 463 0.15 62 | 361 420
__________ —1 0.20 65 277 447 0.20 X 331 385
0.25 79 263 431 0.25 91 304 354
0.30 | 92 251 416 0.30 | 103 | 279 325

Weights in thousand tonnes.
%) Spawning stock biomass is calculated for the time of spawning, i.e. 31 December.

o) Biomass is caleulated for 1 January.
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On the basis of these predictions, it is suggested that in 1984 and 1985
the North Sea herring should be treated as two management units, i.e.,

the Downs stock on the one hand and the herring in Divisions IVa,b on the
other. The Working Group is, however, aware of the fact that Downs
herring are present in Division IVb outside their spawning season.
Therefore, fishing in Division IVb will cause some additional fishing
mortalities on the Downs stock to that estimated on the basis of Divisions
IVe-VIId catches alone.

Since the Working Group was not able to anticipate the level of the catch
Guring summer in Division IVb, it was not able to estimate the likely
increase in F on the Downs herring due to such a fishery., It was felt,
however, that a transfer of up to a fifth of the Division IVe TAC to

only Division IVb would be acceptable.

Since the herring stocks in Divisions IVa and IVb do not migrate to Division
IVe, no transfers of the Divisions IVa,b TAC are suggested.

In order to prevent herring fishing on the spawning herring and to encourage
a continued recovery of the Bank stock for the reasons given in the 1983
ACFM report, para. D.1.1,11, it is advised that a closure of herring
fishing be implemented in the 6-12 mile zone between 54°10'N and 54°45'N
during the period 15 August to 30 September and in the area of the 6-12

mile zone between 55°30!'N and 55°45'N during the period 15 August to

15 September.

The Working Group does stress that the rate of recovery of the stock com-
ponents in the North Sea has varied considerably. The spawning component
at Orkney/Shetland has probably not increased to any appreciable extent in
the last four years. It is, therefore, suggested that in the case of very
heavy concentrations of fishing on a particular component, steps should be
taken to make it possible to close areas on a real time basis.

2.10.2 Management Consideration regarding Catches of Juvenile Herring

In last year's report, the Working Group expressed its concern about

the catches of O-group herring taken in the eastern part of the North
Sesa and Division IITa. It was stated that the large catches of juvenile
herring were a threat to the recruitment of North Sea herring, and

that they were contrary to a rational exploitation of this resource.,
Consequently, the Working Group advised a closure of the industrial
(sprat) fishery in the area between 55°30'N and 57°00'N and between

7°E and the Danish coast, from 1 July to 31 October.

Catch data presented at this year'!'s meeting show that catches of O-group
herring in 1982 have been even higher (9 557 x 100) than they were
assumed to be during the previous meeting, and that there was a further
increase to 10 030 x 10° in 1983. This shows that the protection measures
advised by the Working Group last year have either not been enforced,

or alternatively applied to a too small area and/or period.

Attention is also drawn to the catches in Division IITa, which appear
to have contained large numbers of O- and l-group herring in recent
years (Table 3.2) also mainly from North Sea origin.

In the light of these catech figures, it is surprising to note that
recruitment of the 1981 and 1982 year classes, measured as l-ringers
during the IYFS, was still above average. This can only be explained
by assuming that both year classes must originally have been of very
large size.
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The estimates of natural mortality on O- and l-group herring, derived
from the Stomach Sampling Project (Section 2.9), provide us with the
possibility of a first approximation of the effect of the young herring
catches upon recruitment to the adult stocks in the North Sea. In the
following calculation it has been assumed that M on O- and l-group
herring in Division IITa is the same as the M adopted for North Sea

herring.

Numbers in million

North Sea

Division IITa

Year class 1980 1981 1982 1980/81 1981/82 1982/83
Catch as O-group | 7 889 9 557 10 030 3 624 3 334 4 876
Catch as l-group 840 1 147 985 2 603
Additional recruitment . =
as 2-group if no catch | 1 681 2 095 1 658 1 042 1721 806
of 0- and l-group had
been taken
Actual recruitment as 2 574 4 086 5 307

2-group

# Only based on no O-group catch

It should be noted that most of the gain from saving O-group herring

in Division ITIa should go to recruitment in North Sea Divisions IVa,b,
and not to Division IITa as suggested in the above table. A much smaller
proportion of the gain from saving l-group herring in Division IIIa

would recruit to the North Sea(see Section 3.1). Despite the increased
values of M used in the above calculation, it is obvious that a large
proportion of potential recruitment to the adult stocks was lost due

to catches of juvenile herring.

In the present situation of greatly increased recruitment, a limited

catch of juvenile herring would not constitute a threat to the spawning
stocks. It is clear, however, that the level of these catches in recent
years has greatly reduced the potential harvest of adult herring and

delayed the recovery of the spawning stock.
that there remains an urgent need for the effective implementation of
the measures advised in last year'!s report if the management objective

is to maximise the yield of North Sea herring.

The Working Group considers

In relation to the high

catches of O- and l-group herring in Division IITa, see Section 3.6.

If management authorities consider it necessary to allow a certain
cateh of O-group herring to be taken, the potential catch of l-group

and adult herring will be reduced.

Appendix 2 demonstrates how the

effect of taking different catches of 0- and l-group could be quantified
by a calculation of equilibrium yield at constant recruitment. It
should be stressed that present estimates of M in juvenile herring are
8till uncertain, and that the quantitative effects calculated in
Appendix 2 should therefore be considered as a first approximation.
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3. DIVISION IIIa HERRING

3.1 Stock Composgition

In late January 1983, a Workshop on Stock Components in Division IITa
reached the following opinion: for the time being, the broad outlines
indicate that the major proportiors of the catches of O-group in July-
December and of l-group in January-March are referable to autumn spawners
(North Sea).

An attempt at splitting the l-group index obtained from IYFS into spring-
and autumn spawners is described in Section 3.4. In connection with the
commercial landings of O- and l-groups in 1983, an attempt using a some~
what different method is described below.

The analysis was only carried out on landings from the industrial fisheries
which are responsible for almost the entire catch of O-group and a major
part of the l-group. A split of Danish length frequencies by month was
made using material of length~VS relations accumulated over the period
1979-82. TFigure 3.1 shows a line drawn through the lengths beneath which
all samples showed mean vertebral counts characteristic for the spring
spawners in Division IITa and the Western Baltic (VS < 56), 1In the same
figure are plotted the monthly mean lengths for 0O- and l-group herring in
1983 for the Skagerrak and Kattegat, respectively. The monthly length
frequencies were split according to the dividing line shown in Figure 3.1,
so that length groups above the dividing line were assigned as autumn
spawners, those below as spring spawners.

This somewhat rough approach seems permissible because the overlap between
stock components is small, as illustrated by the sample shown below:
cm 12.5 13.0 13,5 14.0 14.5 15,0 15.5 16.0 16.5 17.0 17.5
Vs 55.89  55.70 55.80 55.79 56.24 56.32 56.58 56.48 56.45 56.43 56.46
The VS values indicate that in this month (January 1983%) a split made at
14.5 cm gives a good separation between spring- and autumn spawners.
Applied to the Danish industrial by-catches, the following results were

obtaineds:
Non spring-spawning component Total in6 ggg;gpgigg Spawn.
in Nos. (107°) nos.(107°) e
Skagerrak Kattegat Division IITa Division IIla
Wels 0 1 (o} 1 0 1 0 1
Quarter

1 - 95 - 178 - 1104 - 25

2 - 60 172 32 172 273 100 34

3 953 25 1575 101 3 054 196 83 18

4 241 11 103 1{1 330 93 26 13
Total 1194 191 1 850 2211 4 556 1 666 67 25
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It should be noted that the percentage of non spring~spawning fish amongst the
l-group is not applicable to the total number caught at this age. A certain
number are caught in the consumption fisheries and being appreciably larger than
the l-group in industrial landings could contain a higher percentage of autumn
spawners.

The Fishery
Catch data

The landings of herring since 1973 are shown in Table 3.l. The preliminary
figures for 1983 indicate a total catch of 198 000 tonnes or an increase of
about 30% compared with 1982. The landings in 1983 were all allocated to
countries and areas except in case of 5 000 tonnes, which were thought to be
misreported and consequently subtracted from the total., The main increase took
place in the Kattegat and may, to some extent, be due to more efficient
sampling in this area, i.e., that previous years' landings have been under-
estimated. Even though the Danish Kattegat sampling in 1983 was intensified,
the level is far from satisfactory in parts of the year. Thus, about

16 000 tonnes were calculated on the basis of 7 samples only.

Catch in numbers at age

Catch in numbers at age data were available for all major fisheries. The
preliminary data are given in Table 3.2 and show a further increase in the
number of 0- and l-groups caught.

Biomass Estimates from Acoustic Surveys

Two acoustic surveys of herring biomass were carried out in 1983: one in
August-September by R/V "Dana" and R/V "Argos", and one in December by
R/V "Bldjarn". Preliminary results from the first survey were presented to
the ACFM meeting in October 1983.

Both surveys were carried out using 38 Khz echo-sounders which were calibrated
against standard copper spheres. Integrator output was corrected according
to actual sound velocity and sound attenuation.

Recorded echo levels from both surveys were split on species according to
composition in trawl catches, and a length-dependent target strength relation
was used.

For herring and sprat, the relation published by Haldorsson and
Reynisson (1982):

TSind = 21.7 log 1 - 75.5 dB

was used.

For gadoids, a TSi a length regression as well as a TS regression
were calculated usSing data presented by Godo et al. (15%2):

T3, = 21.8 log 1 - 72.5 dB

ind
Tskg =~10 log 1 - 19.3 dB.
Numbers of herring from both surveys were split at age according to the
composition in the trawl catches. The two estimates of herring stock and
biomass are:



- 24 -

No. x 10—6

W/R Aug-Sep 198% Dec. 1983
0 1424 5 089
1 3 526 1393
2 1 160 22
3 43
4 122
5 13
6

Total 6 658 6 504

Biomass (t) 325 000 153 000

The difference between the two sets of data is in conformity

with observations from earlier years.

The decline in l-group and older

herring from September to December reflects a migration out of the

area surveyed, the older to the overwintering areas in the Sound and
shallow waters.

The estimate of herring in numbers at age in September and November-
December are given in the text table below. The 1979 and 1980 estimates
are based on integration with 120 Khz system and the 1981 and onward
with 38 Khz system.

Winter Numbers at age (millions)
rings '
1979 1980 1981 Sep.1982 | Nov. 1982 | Sep.1985 | Dec.1983

0 577 482 1840 6171 ! 2530 1424 ; 5089
1 611 477 698 2349 1060 3526 | 1393
2 1065 434 1260 999 380 1160 | 22
3 93 473 44 221 40 413 -
4 13 84 22 31 5 122 -
5 4 28 2 8 - 13 -
6 - 3 0.6 0.8 - - -
7 - - - 0.1 - - -
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Recruitment

The annual Young PFish Survey was carried out in Division ITITa during
February. A total of 35 hauls, covering 15 rectangles, were made with
the GOV trawl.

The index of l-group herring, calculated as the geometric mean of the
arithmetic means of seven standard rectangles, was 4 690, which is
the highest on record. The l-group herring were evenly distributed

over the surveyed area, and high numbers were also caught in the western
part of the Skagerrak.

The abundance indices for 1972-84 are given in the text table below.

Year Indices of l-group
1972 78
1973 181
1974 726
1975 455
1976 1339
1977 204
1978 ‘ 575
1979 3
1980 504
1981 544
1982 1 647
1983 3 255
1984 4 690

The IKMT sampling during the survey covered 13 rectangles and 53 hauls
were made. The abundance of autumn-spawned larvae, mean %2, was lower
than in 1983 but higher than in the preceding 5 years.

To test the validity of +the l-group index, two regressions were carried
out: the IYFS index on the catches of the same year class as O-group and
the catches of l-group on the IYFS index the same year. The regressions
are shown in Figures 3.2 and 3.3. Both regressions gave very high
correlation coefficients of about 0.9 and low intercept.

An attempt at splitting the l-group index from IYFS into spring=- and
autumn spawners was presented (Hagstrom, in prep. ) The separation was
based on the assumption that the length frequency distribution (LFD) of
the components are normally distributed. The basic data, LFDs in number
per hour from individual hauls, were grouped in depth strata. The summed
LFDs per strata were separated by a two-step analysis in which the
Bhattacharya method (1967) was used to estimate the start point for the
final analysis described by Macdonald-Pitcher 1979.

The results of the separation are shown in Table 3.3. The small length
component, mean 13-15 cm, and the large length component, meanl6-19 om,
were found to have VS within the meristic characteristics of spring- and
autumn spawners, respectively.

The proportion of the components applied on the ‘stratas and w91ghted
together by the area proportion of the stratas to an overall indices

are shown in Table 3.4.

In the text table below, the resulting l-group indices are given.
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Index Index
Year Spring spawners Autumn spawners
1981 996 29 4 2 250 .69
1982 1 408 «55 1 152 45
1983 1 522 .28 3 897 72
1984 2 793 46 3 242 54

Virtual Population Analysis

As has been pointed out in earlier reports of this Working Group, a
separate VPA and a separate assessment in general of the Division IIIa
herring is probably meaningless due to the mixture of stocks in the area.

A combined assessment of Kattegat-Skagerrak and Western Baltic herring

of age group 2 and older has been discussed in earlier reports of this
Working Group, and in the 1983 report of the Working Group on Assessment
of Pelagic Stocks in the Baltic (Doc. C.M.1983/Assess:13), and a combined
asgessment in 1984 was recommended by the last-mentioned Working Group.
The main reason for rumning a combined assessment for the older fish in
the two areas is that tagging experiments and Anisakis infestations
indicate that a considerable it unknown proportion of the age group 2 and
older fish is migrating between the two areas and separate VPAs for the
two areas may overestimate the stock. To compensate for migration, an

M of 0.3 has been used for some time in the separate assessment of
Western Baltic stocks.

The Division IITa assessment has been tuned on the basis of acoustic
surveys, whereas the Western Baltic VPA has been tuned to fit Young Fish
Survey indices. In its 1983 report (Doc. C.M.1983/Assess:13), the Baltic
Pelagic Working Group presented a table of a VPA based on added catches
from the two areas and an M of 0.1. Thig was tuned to fit the added
acoustic estimates, which are both made in the period late August - early
October. 1In order to provide a better allowance for the migratory
pattern of the stock and seasonality in catches, an approach has been made
at the present meeting in which the catches in the' Western Baltic are
congidered to be taken in the first half of the year and catches in
Division IITa are from the second half of the year. The VPA was run on a
half-yearly basis, and the input fishing mortalities chosen to make a fit
between stock size and acoustic surveys for the years 1979-82 inclusive.

A comparison of the three VPA approaches and yearly acoustic stock
estimates are shown in Table 3.5.

It is clear that any of the combined VPAs will make a better
approximation to acoustic data than the separate VPAs. This is partly
due to the lower natural mortality used in the combined runs.

A comparison between the combined and the single VPA for the Western
Baltic and Division IIIa (Table 3.6) shows that average Fs for the
Western Baltic are similar in the two cases indicating that the
higher natural mortality used in the Baltic VPA compensates for the
fishing of the Western Baltic stock taking place in Division IITa.
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The large difference between the resulting Fs in Division IIla
stresses the difficulties arising from a separate assessment for
Division IIIa, when the major part of the common stock is fished
outside the area.

The combined seasonal VPA split also indicates that while the Baltic
separate VPA is useful in its present form, also a Division I1Ia
separate VPA could perhaps be used for assessment in that area by
including the Baltic F values in the Division IIIa M value applied.

Management Congiderations

General

The difficulties mentioned in last year's report and indeed in
several earlier reports dealing with Division ITTa herring fisheries
have made it impossible to make an assessment from which a meaningful
prognosis can be obtained. Once again the Working Group draws the
attention to the continuing increasing catches of young herring which
infers lack of enforcement of existing regulations.

The catch of 0- and l-group herring

According to the catch at age figures presented in Table 3.2, the
catch of O-group herring reached the highest level on record in 1983.
As referred to in Sections 3.1 and 3.4, the proportions of autumn-
spawned herring of the North Sea spawning stocks in the catches of

0- and l-group fish were in the order of 2/3 and 1/4, respectively, in
1983. The present high catches of juvenile herring in the Skagerrak
and Kattegat, therefore, reduce considerably the recruitment both to
the adult stocks in the North Sea and to Division ITIa itself.

ACFM has in the past proposed a number of restrictions and the
management bodies concerned have agreed on several numbers of
regulatory measures to reduce the catch of juvenile herring, but
without effective enforcement no improvement can be expected.

In order to achieve a possible improvement based upon the existing
mesh regulation in Division IITa, the Working Group recommends the
following measure: fishing by trawl for herring and sprat with
mesh sizes less than 32 mm should be prohibited in the whole of
Division IIIa from 1 July to 30 September for all vessel categories.

Management of adult herring

In last year's report, it was proposed to make a combined assessment

of the indigenous herring stocks in Divigion IITa and the Sub-divisions
22-24 in the Baltic. However, at the time of the Working Group
meeting no data on the herring catches in 1983 in the Sub-divisions
in the Baltic were available and consequently no prognosis could be
made.

CELTIC SEA AND DIVISION VIIj HERRING

Introduction

The herring fisheries in the Celtic Sea and Division VIIj are now
considered to exploit the same stock. The assessments and manage-
ment of the fisheries in both areas have therefore been combined
since 1982.

The Fishery in 1983/84
Catch data

The total catches from the combined areas per year and per season
(1 April ~ 31 March) are shown in Tables 4.1 and 4.2. The total catch
taken during the 1983/84 seagson was about 21 000 tonnes, which
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was the highest catch recorded since 1973/74, and represented an
increase of over 8 000 tonnes on the 1982/83 figure. ACFM recommended
in May 1983 that the TAC for 1983 should not exceed 6 000 tonnes and
the permitted catch subsequently agreed by the EEC was 8 100 tonnes
for the period 1 October 1983 to 31 March 1984, The major portion of
the catch, which could be attributed to specific countries, was taken
by Ireland. Over 9 000 tonnes, i.e., about 43% of the total catceh,
could not be attributed to any country. Approximately 70% of the
total catch was taken in the 3rd and 4th quarters (i.e., 1 October -
31 March) by fleets fishing during the main spawning period in the
Celtic Sea.

Difficulties in marketing throughout the season restricted the fishery
and undoubtedly prevented an even larger catch being taken.

Catch in numbers per age group

The total catches in numbers per age group are shown in Table 4.3. These
are based mainly on Irish samples but also on some Dutch and French
data. Over 68% of the total catches were composed of 2 winter-ring
herring (i.e., 1980/81l year class), while the 1979/80 year class con-
stituted about 18%. About 95% of the total catch was composed of 1,

2 and 3 winter-ring fish, while older fish appeared to be relatively
scarce throughout the season.

Spawning Stock

Larval surveys

Larval surveys were conducted for the 6th successive season. The
surveys during the early part of the season were extended to cover
Division VIIj as well as the Celtic Sea.

For the purpose of calculating the larval index, only those stations
in the standard area as used in the previous assessment (i.e., east of
9°301W, west of 6°00'W and south of 52°20'N) were used. Coverage
within this area was good in both 1982/83 and 1983/84. Small larvae
(<10 mm) were much more abundant than in previous years and showed

a major peak in the autumn and a secondary peak in the winter. In all,
five of the ten cruises showed abundances which exceeded those in
corresponding periods in previous years.

The main spawning area seemed to be off Cork Harbour, from where the
larvae drifted westwards, and in Baginbun Bay, from where larvae
drifted eastwards towards the Irish Sea.

The index for the whole season was calculated for the standard area
by the method used by the 1983 Working Group (Anon., 1983). The
index is 58 x 109, which is almost three times the 1982/83 value (the
previous maximum)., Values of the index for the last six seasons are
given in the following text table (number of cruises in brackets):

Autumn Winter x 1.465) Total

1978/79 | 7 163 (3) 122 (3) | 7 284%)
1979/80 | 9 503 (5) 3 374 (5) |12 877
1980/81 | 7 601 (4) 8932 (4) | 16533
1981/82 | 16 285 (5) 1510 (5) |17 795
1982/83 | 14 557 (5) 5164 (6) |19 722
1983/84 | 42 393 (5)| 15 €08 (5) | 58 ool

%) Monthly cruises - inefficient estimate
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Estimates of Fishing Mortality

As has been the situation in recent years, the cpue data cannot be used
to obtain estimates of F for this fishery. In general, the fishery
during 1983/84 was in a very depressed state because of marketing
difficulties, and the major portion of the catch, which was taken by

the Irish fleet, was taken under severe nightly quota restrictions,
which lasted throughout the season. The number of boats partaking in
the fishery remained about the same as in the previous season. The
increased catches were probably mainly the results of an increased
abundance of shoals during the season and not because of any increase in
effort.

The same method of selecting F in 1983/84 was adopted as that used by
the 1983 Working Group (i.e., a comparison between the average spawning
stock biomasses, obtained from different input F values, and the average
larval indices)., The appropriate F value for 1983/84 would be about
0.40.

Results from VPA

The results from VPA, using F adult = 0.4 in 1983/84, are shown in
Figure 4.1 (A and B) and in Tables 4.5 and 4.6, The exploitation
pattern used was that I on 1 winter-ring fish was 40% of that on adults
and the mean weights per age class are the same as those used in the
previous assessment. The value of F declined from 0.7 in 1972/73 to
less than 0.4 from 1977-79 during which time the fishery was closed.
Subsequently, they increased again to over 0.8 in 1981/82, and then
decreased again to 0.5 in 1982/83. The high F in 1981/82 appears to
have coincided with a rise in catch to over 17 000 tonnes a+t a time
when. the spawning stock biomass was only about 24 000 tonnes and had not
yet benefitted from the increased recruitment of the 1979/80 and 1980/81
year classes. The spawning stock biomass has increased rapidly from
1979 and is estimated to be about 64 000 tonnes at spawning time in 1983.

Results from the VPA indicate that recruitment has improved considerably
in recent years, and the 1979/80 and 1980/81 year classes are considerably
stronger than any since the 1969 year class recruited in 1971. This

year class was the last strong one to enter the fishery before the stock
collapsed in the mid~1970s and was calculated to be about 303 million
fish. Recruitment in the 10 years prior to 1971 - when the stock was

at a high level - averaged about 197 million fish, At the present time,
when the stock appears to be recovering, the strength of the 1979/80

and 1980/81 year classes have been estimated to be about 179 and

322 million fish respszctively.

Recruitment

The recruitment used for prediction by the 1982 Working Group was

50 million fish for 1983 and 1984. This low figure, which corresponded
to the lowest observed level of recruitment since 1958, was Justified
because there was no real evidence that the spawning stock size had
increased substantially, and it was felt unlikely that a low stock size
would produce two successive strong year classes,

There are no direct methods of estimating recruitment for the Celtic

Sea Division VIIj area. I+t has been established, however, that a
proportion of the larvae from the spawning grounds in the Celtic Sea is
carried into the Irish Sea,and the nursery areas in the Irish Sea have alvays
been considered to contain quantities of Celtic Sea recruits. Young
herring surveys have been carried out in this area since 1980, and the
results obtained (catches of 1 winter-ring herring/hr) during February

have been compared with the numbers of 1 winter-ring fish from the

Celtic Sea stock at 1 April from VPA (1983). The comparisons are as
follows:
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Year class Young Herring Index VPA Index
1978/79 121 55
1979/80 725 179
1980/81 1 078 322
1981/82 474
1982/83 409

Although only three years direct comparisons can be made, it would seem
possible to obtain some indication of Celtic Sea recruitment from the
Irish Sea surveys. The relationship y = .27x + 11.5 was thus used

on the 1981 and 1982 year class indices (474 and 409) from the Young
Herring Surveys to estimate the gtrength of these year classes.

This gave a level of recruitment of 139 million and 122 million fish
for the 1981 and 1982 year classes, respectively, and these estimates
were used in the catch predictions.

Stock Predictions and Management Considerations

Stock predictions were made with a gelection of fishing mortalities in
1984/85 and 1985/86, using 40% adult F on the l-ringers (Table 4.7).
The starting stock in numbers for 1 April 1984 was from the VPA, using
the number of 1 winter-ring fish (i.e., 1982/83 year class) taken as
122 million fish, as indicated in Section 4.6, No information is as
yet available about the 1983/84 year class, so a more cautious estimate
of 100 million fish was assumed. Predictions were then carried out,
assuming F in 1984/85 and 1985/86 equal to that of 1983/84, i.ee, 0.4
and F = 0.16. A further prediction was made assuming that the

catoh 1n 1984/85 would not be allowed above 20% of the 1983/84 spawning
stock biomass, as discussed by the 1983 Working Group - this catch level
is approximately 13 000 tonnes.

1983/84 1984/85 1985/86

S8B

F2_9+ Catch 38B F2_9+ Catch SSB F2_9+ Catch

64 000

C.4 21 000 | 58 600 | 0.40 20 700 54 600 0.40 19 300
61 300 FO 1=.16 9 200 68 500 FO 1=.16 10 300

60 500 | 0.23 13 000

5
5.1

predictions, based on different levels of F in 1984/85 and the resulting
spawning stock sizes in 1985, are shown in Figure 4.1.Cs The Y/R and
spawning stock biomass per recruit are shown in Figure 4.1.D.

WEST OF SCOTLAND HERRING

Assessment Procedure

The assessments in this area were done on the same sub-divisions as
in 198%3. The limits of these are given in Pigure 5.1.
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Division VIa North
Catch data

The catches reported by each country from this area in 1973-82, and the
preliminary estimates of the catches in 1983 are given in Tgble 5.1.

The total catch of 92 360 tonnes in 1982 differs by only 57 tonnes from
the preliminary figure used in the previous assessment. The preliminary
total catch for 1983 is about 63 500 tomnes. This is only 10% higher
than the catch of 58 000 tonnes given as the preferred level by ACFM in
its advice on management of this stock for 1983. It will be noted

that a negative unallocated catch is ascribed to this area in 1983. This
has arisen because the official catches of two countries contained this
quantity which was taken in other stock areas, and it has been added to
the unallocated catches there.

Catch in numbers at age

The estimated numbers at age caught in Division VIa north in each of

the years 1974-83, including by-catches of juvenile herring in the

Moray Firth sprat fishery, are given in Table 5.2. Sampling data were
available from the Federal Republic of Germany, Netherlands and Scottish
catches, which together accounted for 91% of the total catch., French
catches were raised to numbers at age using Federal Republic of Germany
data, Faroese and Norwegian catches using Scottish purse~seine data for
the area north of Scotland. A feature of the 1983 catches was the high
numbers of the 1981 year class taken as l-group in the area.

Larval surveys

Larval surveys were carried out in Division VIa north in September and
October by the Federal Republic of Germany and Scottish research vessels.
Sampling coverage, both in space and time, was comparable with that in
previous years. The 1983 index of abundance, for the smallest size
category of larvae, was 834 x 109, which was very much lower than in the
preceding two years.

Fighing mortality in 1983

Using the larval index derived from the 1983 surveys in the spawning
stock/biomass regression given in last year's report estimated a spawning
stock biomass of about 100 000 tonnes. An initial VPA to reproduce

this showed that convergence in this VPA did not take place until 1976.
It was, therefore, decided to use the time-series from 1972 to 1982 in

an iterative process (see Table 5.5).

In last year's assessment, fishing mortality was assumed to be uniform
over age groups 2 to 8+, Inspection of the F at age array for the most
recent years showed that since 1981 the exploitation of 2, 3 and 4
ringers was higher than on the older ages. An exploitation pattern was
therefore constructed based on the 1981/82 average fishing mortality.

In addition, the fishing mortality on the oldest age group was adjusted
to the mean of those on age groups 5 to 7 in all years.

On this basis a series of iterative VPAs were run to give the best fit
between the larval indices series and the spawning stock biomass estimates.
The best fit was achieved with an F of 0.45 on age groups 5 and older,
vhich corresponds to a mean F on ages 2 to 7 of 0.547.

The results are given in Tables 5.2-5.4. The regression equation is:

¥ = 5.456 + 0.092x ¥ = 0.63,

where y is SSB in thousands of tonnes. The regression coefficient is
gsignificant at about the 0.025 level. This gives an estimate of SSB in
1983 of 82 000 tonnes compared with 80 000 tonnes from the VPA (see

Figure 5.2).
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VPA_results

The fishing mortality results from the VPA (Table 5.3) show that in all
years since 1977, the values are appreciably higher than in previous
agsessments. This is particularly so in the years since the re-opening
of the fishery when instead of being close to the Fpy,7 level, it is

now very much in excess of it.

The spawning stock biomasses in the VPA (Table 5.4) show that there was
a rapid recovery of the stock once the fishery was closed in mid-1978.
This recovery was, however, halted with the re-opening of the fishery
in 1981 and subsequently declined again rapidly. The recruitment of
the weak 1980 year class to the spawning stock in 1983 certainly was

a contributing factor to the marked decline in spawning stock biomass
from 1982 to 1983, But the high exploitation rate in these two years has
accentuated this effect. Based on catches of l-ringers in 1983 and the
input F used in the VPA, the 1981 year class will be a strong one, and
this is supported by the research vessel recruit survey. The effect of
this year class in increasing the spawning stock in 1984 will, however,
be largely dissipated by the high TAC agreed for that year. The
summarised resulits of the assessments are shown in Figure 5.4.

Recruitment

As in previous years, the estimate of recruitment as 2-group in

1984 was based on the Scottish survey undertaken in February of each
year since 1980. In the years prior to 1984, the whole of Division Via
had been sampled with 25 GOV trawl hauls distributed over the area.

In practice, the 2~-group fish were in all years almost completely
confined to the area off the north coast of Scotland and in the North
Minch. In 1984, due to a defect on the research ship used for these
surveys, only one week was available for the survey, and, accordingly,
it was decided to confine the sampling to these two areas. TFor this
reason, indices of abundance of the 2-group herring were egtimated for
all years based on these two areas. These indices are shown in

Figure 5.3 as the weighted mean catch per hour's fishing plotted against
the VPA estimates of stock size at this.age given in Table 5.6

With only four points, all of which are %o an extent dependent on the
input F used in the VPA, calculating a regression equation has no
justification. However, it would appear that these indices do give
some indication of the likely strength of the year class recruiting as
2-ringers in that year. The index for 1984 is 13 578, the highest
value ever recorded during the time-series. Based on this, recruitment
as 2~group in 1984 has been taken as 600 million, which is a con-
servative value in relation to the high research vessel index. It will
be noted that this value is appreciably less than that estimated from
the catch of l-group in 1983 and the input F used in the VPA for that
age group.

Tor recruitment as 2-group in 1985 in the prediction, a value of

330 million has been used, estimated from the geometric mean of this
age group in the years 1973-82.

Management Considerations

It is clear from this assessment that the spawning stock biomasses
estimated in the assessments done in 1982 and 1983 were much higher
than the values for these years derived from the current one. The main
reason for this would appear to be the high variance about the spawning
stock/larval abundance relationship, on which these estimates of stock
size were and are baged. These overestimates of stock size, in
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association with catches in 1982 and 1983 appreciably above the levels
recommended by ACFM, appear to have resulted in reducing the spawning
stock biomass in 1983 to a very low level.

It is true that the present estimate of the spawning stock biomass in
1983 is subject to the same high variance as previous estimates. 3But
that the stock in 1983 is much lower than had been previously estimated
finds some support from fishermen's statements that herring are scarce
in the area, and from an acoustic biomass estimate bade by a Scottish
research vessel in November 1983%. This did not cover the total distri-
bution of the stock, but making some allowance for this, it is
compatible with the stock size estimate given above.

The results of the assessments given above were used to project yields
in 1985 and stock biomasses for adult (2+) herring at the beginning of
the year as well as at spawning time (spawning stock biomass). Estimates
of spawning stock biomass in 1986 have been made by applying 2/3 of both
the natural and fishing mortality of the previous year in 1986. The
parameters used are given in Table 5.7 and the results are shown in
Figure 5.5.

The agreed TAC for 1984 is 64 020 tonnes. This is about 20% higher

than the TAC of 53 000 tonnes recommended by ACFM. This recommendation
was made to restrict the 1984 exploitation to the Fp,1 level. Based on
the present assessment, the appropriate recommendation to achieve this
would have been 23 000 tonnes.

One of the projections for 1985 is based on the assumption that the agreed
TAC of 64 020 tonnes in 1984 will be taken, despite the fact that this
will require an exploitation rate in that year which is about the same

as in 1983 and much above any desirable biological level.

The yields in 1985 on this option, at various reference levels of
fishing mortality rate, are given in the text table below, together with
biomass estimates for 1986.

Management options for 1985

Species: Herring Area: ICES Div. VIa .North

1984 Management 1985 1986
Stock| Spawn. {_ option for !gtocX Spawn. L Stocq Spawn.
biom.|stock (F Catch 1985 biom.| stock F(2_7) Catch| Piom{ stock
(24) |piom. | (2=7) | (24) (2+) | biom. * (2+)| (2+)] viom.
1) 2) 3) )] 2) 1) 2)
144 8e | o0.575 | 64 )7 121| 100 |o0.165 | 19 145 120
F85=0.5x}?‘83 92 | o0.275 30 133|102

Fg5=0.8 x

Fgs 82 | 0.44 44 | 118 79
FBS = Fg3 76 0.55 53 109 63

Weights in thousand tonnes.

1) Stock biomass calculated at 1 January

2) 8SB calculated at spawning time, i.e., 1 September

%) The assumed catch in 1984 corresponds to the agreed TAC.
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It is clear from these projections that, if the main aim is to increase
the spawning stock biomass to a higher level to reduce the risk of
recruitment failure, the exploitation rate will have to be reduced to the

Po,1 level and maintained there to at least 1986.
the present high level of exploitation until 1986 would reduce the

Continued fishing at

spawning stock biomass to the level at which the fishery was closed in

1978.

The second option for 1984 is to reduce the exploitation rate in that

year to the Fp,1 level.

agssumption.
the text table below.

Species: Herring

A projection has been made based on this

The results are shown in Figure 5.6 and are summarised in

Management options for 1985

hrea: ICES Div. VIa North

1986 |

1984 Management 1985
Stock| Spawn, |_ option for [g54ocK Spawn. E Sto Spawn.
biom. s?pck %2 ) Catch 1985 biom. stock (2-7) lcatc biom{ stock
(2+) {biom. -7 (24) (2+)] biom. (2:} (2+) biom.
1) 2) 3) 1) 2) 1) 2)
144 119 0.165 23 Fo,1 168 139 0.165 26 183 152
F85 = 0.5
. F 128 | 0.275 | 41 167 128
83
Fg5=0.8 x 114 | 0.44 61 146 100
FBB
Fgs = Pg3 104 | 0.55 | 72 | 134 84

Weights in thousand tonnes

1) Stock biomass calculated at 1 January

?2) S8SB calculated at the spawning time, i.e.
1 September

3) The assumed catch in 1984 corresponds to the

agreed TAC.

This would result in a spawning stock biomass in 1984 of 119 000 tonnes,
which would be a less dangerous level than the 88 000 tonnes resulting
from the first option. If the exploitation rate was maintaimed at the

Fg,1 level 1

n subsequent years, the spawning stock biomass in 1986 would

be close to the 1974 level, when the stock was already rather heavily
depleted.

This would suggest that fishing at the Pp,1 level would have to
be maintained for several years to take the stock out of danger.
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Clyde Herring
The fighery in 198

The reported landings from the Firth of Clyde in Scottish poris in

1983 were 2 530 tonnes, slightly in excess of the TAC of 2 500 tonnes
(Table 5.8). In addition, an estimated 273 tonnes were landed in
Northern Ireland and the Isle of Man during July and August. The
fishery in 1983 was limited by nightly quotas and extended over a longer
season than in the previous three years.

In addition to the reported landings, an estimated 13 tonnes were

caught as by-catch in the Clyde sprat fishery. There was also some
evidence to suggest additional landings took place illegally but these
cannot be quantified. In addition, significant discarding of !'small!

and 'medium! herring (defined approximately as fish weighing less than
250 g) took place. These are estimated to have amounted to approximately
50% of the recorded landings. Boxes of herring sampled also weighed about
10% more than the nominal weight. The total catch of herring in the
Clyde in 1983 is, therefore, estimated on these bases to be about

4 400 tonnes, excluding illegal landings. Reports from the fishexry
indicate that fishermen found no difficulty in catching their quotas at
any time during the season.

Catch in numbers at age

Catch in numbers at age in 1983 was estimated from samples of landings

at Scottish ports corrected for the percentage that boxes were overweight.
The catch landed at Irish Sea ports was allocated using samples obtained
in the Irish Republic. The quantity estimated to have been discarded

was allocated to number at age in the following way:

From mean weights at age of fish landed in each month, discarded fish
would have been spread over age groups 2-4 in May-July and October, and
over age groups 2-3 in August and September. The mean weights and
numbers landed of these age groups were used to estimate the landings

in weight of 'small! and 'medium! fish. The estimated weight of discards
was allocated over these age groups to produce the reported excess of
catch over the reported landings.

The estimated numbews at age (x 10_3) from each component of the catch
are given in the text table below

Age Landed at Scottish ports (corrected Discards Total
for overweight boxes
2 5 048.5 4 369.6 10 109.0
3 2 602.5 2 404.6 5 232.4
4 1 130.1 514.1 1 747.4
=5 2 108.4 - 2 108.4

Minor corrections were also made to the numbers at age landed in 1982
(given in last year's report). Since discarding of !small! and 'medium!
herring was also reported to have taken place on a gimilar scale in that
year, the numbers at age discarded (assuming that the weight of discards
was 50% of the reported landings) were estimated by applying the
proportions of 2-4 ringers given in the text table above to the overall
numbers at age in the landings. Corrected totals for 1982 and numbers at
age for 1983 are given in Table 5.9. In the years prior to 1982, there is
no evidence to suggest significant discarding of fish of 2 years old and
older, so no corrections have been made to the catch at age previously
reported for these years.
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Tagging experiments

Small numbers of tag recoveries were made in 1983 from earlier tagging
experiments, all from within the Firth of Clyde.

Virtual Population Analysis

As in previous years, there are no fishery-independent data for this
population to provide a basis for estimating an input F for the final
year of a VPA. VPAs were, therefore, run on a trial basis, with input
Fs of 0.1 - 0.5 to get measures of the resulting mean Fs on the fully
recruited age groups over the years 1980-83, when the fishing effort
had been stable. On this basis, an F of 0.3 on fully recruited age
groups would appear to be the most appropriate value foxr 1983. With this
value, the mean Fs for 1980-82 only vary by -17% to +20% of the 1983
value used. For all other input Fs, the percentage variation is much
higher. The VPA with an input F of 0.3 in 1983 was therefore chosen as
the best one.

From this VPA, the mean Fs at age over the period 1979~82 showed no
gignificant variation within age groups 2-7 and an F of about 5% of the
mean of these on age group 1. This exploitation pattern was used in
subsequent estimations. The resulting outputs from this final VPA are
given in Tables5.10 and 5.11, The results of this VPA would suggest
that the mean F on the fully recruited age groups declined appreciably
in 1980 from the values which applied in preceding years. More striking
is the decline which appears to have taken place in the l-group since
1979. The total and adult stock biomasses appear to have increased
progressively in each successive year since their low points in 1979
and the recruitment as 2-group in 1982 and 1983 are appreciably higher
than in previous years.

Recruitment

There is no firm basis on which to predict recruitment to this population.
These have been taken as the mean of the years 1978-82, as O-~group and
l~-group from the VPA for substitution in the stock size in 1984.

Management Considerations

The results of the assessments given above were used to predict yields
and stock biomasses in 1984 and 1985. The parameters used in doing so
are given in Table 5.12. In doing a prediction of yield and stock size
in 1985, it is necessary to make an estimate of the catch which will be
taken from the stock in 1984. In the light of the evidence mentioned
above that the catch was about 50% higher than the landings, due to
discarding of fish in age groups 2-4, the prediction for 1985 was run
initially on the assumption that the catch in 1984 would be 50% higher
than the TAC of 2 500 tonnes agreed for this area for that year. This
would require an F of about 0.2 in 1984,

The proportion of the total weight caught which is discarded is,
however, a function of the proportion of the catch taken as 2-4 group,
and the initial run had to be modified slightly to produce landings

of 2 500 tonnes in 1984. An F of 0.21 on fully exploited age groups
achieved this. Predictions have been run for 1985 at the Fy ;1 level,
0.165 for this population and at F = 0.21., The results are given in
the text table below, together with the estimated weight discarded on

. the assumption that discarding will continue in 1984 and 1985 at the 1983

pattern.
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1983 1984
Landings Discards F Adult biomass | Landings |Discards iy Adult biomass

1 Jan. 1 Jan.

2 800 1 265 30 19 913 2 537 1 427 21 21 716
1985 1986

Landings Discards 7 Adult biomass Adult biomass

1 Jan. 1 Jan.
2 397 1 o081 .165 23 764 26 308
2 990 1 347 .210 23 764 25 412

It seems clear from these results that the current low TAC of 2 500 tonnes,
under current market conditions in which small and medium fish fetch

much lower prices than the large fish, is resulting in a large-scale
discarding of adult marketable fish and is likely to continue doing so

unless the market improves or the TAC is increased.

Increasing the

TAC somewhat, for example to 3 000 tonnes, might well decrease discarding,

and in that case might even result in some increase in the stock.

The

predictions given above at two levels of F for 1985, moreover, show that
even on the assumption of maintenance of current discarding practice in
that year, maintaining the 1984 F in 1985 would result in a difference
in the adult stock in 1986 of only 3% compared with fishing at the F

level.

might be considered a justifiable experiment.

6.
6.1

HERRING IN DIVISIONS VIa (SOUTH) AND VIIb,c

Catch Data

On this basis, an increase of the TAC in 1985 to 3 000 tonnes®

The catches of each country fishing in this area in the years 1974-82

and the preliminary catches for 1983 are given in Table 6.1.

Some

revisions have been made to the 1982 catches, which had been given as

preliminary in the 1983 report.
catch for that year of about 1 000 tonnes.

This revision caused an increase in the
The preliminary total catch

for 1983 is about 33 000 tonnes, which is the highest catch recorded

since 1976.

12 000 tonnes.

taken by the Netherlands fleet also increased in 1983,

The TAC recommended by'ACFM for this area for 1983 was

As in recent years, the largest catches from this area
are taken by Ireland (75% of the allocated catches), although the catch

Considerable

catches, approximately 13 000 tonnes, were placed in the unallocated

category.

coast and are distributed fairly evenly throughout the year.

Most of the catches were taken from along the northwest Irish

The fishery was again restricted by lack of demand throughout the year,
and a large number of boats formerly. engaged in herring fishery now
partake mainly in the mackerel fishery and take herring only as a by-catch.
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Catch in Numbers at Age

The estimated numbers of herring per age class taken from this area are
ghown in Table 6.2. The 1982 catches at age have been revised slightly
because- of the changes mentioned above. The 1983 catch at age data

ig based on Irish and Dutch samples. The catches taken from Division
VIa South were composed mainly of herring belonging to the 1979 and 1980
year classes (20% and 26%, respectively), while the 1977 year class
represented about 20% of the catch. The 1979 year class represented
about 30% of the Dutch catch taken in the northern part of Division VIIb,
while 34% of the Irish catch taken from this Division was composed of the
1980 year class. The 1977 year class dominated the catches from this
area up to 1982, However, the presence of considerable numbers of 2- and
3-winter-ring fish (over 50% of the total catch) may indicate some improve-
ment in recruitment in the area.

Larval Surveys
Larval surveys were carried out in this area by Scottish and Irish vessels

in the period September - November 1983. The Irish surveys, initiated in 198.,

cover the whole spawning areas and spawning period in this area. However,
the time~series ie not yet long enough to enable spawning biomass to

be estimated each year. Accordingly, the index of abundance for the
smallest size group of larvae was calculated as in preceding years for the
same standard area as covered by Scottish and Irish surveys. This gave an
index for 1983 of 196.89 x 109, about 25% lower than that for 1982, In
last year'!s report, comment was made that Irish sampling gave appreciably
lower catches of the smallest size category of larvae than Scottish sampling,
and an adjustment was made to the 1982 index to correct for this.
Comparison of measurements made in 1983 suggested that this anomaly no
longer existed and accordingly no correction was made in that year. The
index for 1983 substituted in the regression equation

¥y = 56658,204 + 8L.1770x (r = .8576) given in Table 6.5 of last year's
report gives a spawning stock biomass estimate of T2 600 tonnes. The
resulting larval indices are given in Table 6.3.

The standard size area used for calculating the larval index was selected
on the basis that it was jointly covered by the Irish and Scottish surveys
from 1981-83. It is, however, situated in the southern part of Division
VIa South and does not cover the time or the areas from where the greatest
number of small class larvae are taken by the Irish surveys. A comparison
of the indices calculated from the main spawning area along the Irish
coasts indicates an increase of larval production from 1982 to 1983.

VPA

The input F = 0.4 was calculated from the spawning stock estimate
of about 73 000 tonnes, and the catches taken in 1983.A VPA with this
input F was run, and the results are shown in Tables 6.4 and 6.5 ,Fig. 6.1.

Values of F appear to have been very constant in recent years, varying
from 0.27 in 1977 to 0.19 in 1982. The spawning stock biomass also appears
to have been very constant during this period and has since 1976 ranged
between 66 000 tonnes and 89 000 tonnes. This is, however, considerably
lower than the level of 136 000 tonnes recorded in 1973. Recruitment of
l-winter-ring fish has been very stable since 1973 and, apart from the

1976 and 1977 year classes which appear to have been somewhat stronger,

has averaged about 184 million fish over this period.

Recruitment

There are still no satisfactory data available to give a fishery—independent
index of recruitment to the stock. Young herring surveys carried out by
Ireland have not yet been carried out over a sufficiently long time-series,
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and the Scottish young fish survey in 1984 was confined to the northern
part of Division VIa. The 1983 Working Group examined the catches of
l-winter~ring fish in an attempt to get some indication of the strength
of recruitment but concluded that this method gave an unrealistically
low estimate (42 million). In 1982 and 1983, catches of l-winter-ring
fish have been considerably reduced because of poor markets, and theixr
abundance in the overall age distributions cannot be taken to give any
index of recruitment.

The spawning stock in the area appears to be in a stable condition
since 1976, and recruitment has been more or less constant since 1973
apart from the higher 1976 and 1977 year classes. An average
recruitment level of 182 million fish, which is the geometric mean from
1973-82 (excluding the 1976 and 1977 year olasses), was used in the
predictions.

Management Considerations

The results of the assessments given above have been used to predict
yields in 1984 and 1985. A TAC of 12 000 tonnes has been agreed for
1984. Recruitment of the 1982 and 1983 year classes has been taken

as 182 million l-winter-ring fish. The results of the predictions for
various values of F are shown in Figure 6.1. Y/R and spawning stock
biomass per recruit are also shown in Figure 6.1.

1983 1984 1985
= Spawn. = Spawne. = Spawn.
Cateh F2-7 stock Cateh F2-7 stock Cateh F2-7 stock
33 000 | 0.40 {74 300 | 28 700 0.40 63 800 |25 800 0440 57 900
12 400 0.155 75 200 {13 600 0.155 | 82 900
= Fo.1
11 000 0.122 76 100 |11 000 0.122 | 86 000

In the previous years, TACs have had no restraint on the fishery, and a
continuation of the 1983 level of fishing will result in a decline of the
gpawning stock in 1984, and in 1985 the stock will be at the lowest level
recorded. Fishing at Fp,7 in 1984 and 1985 will yield catches of between
12 000 =~ 14 000 tonnes and will allow the spawning stock to increase.

Occurrence of Winter— and Spring-Spawning Herring

The assessment of the herring stock in this area is based on the
assumption that the herring stock spawns in the autumn. Catches are,
therefore, assumed to belong to an autumn-spawning component and the
subsequent stock sizes, calculated from VPAs, are then compared with the
larval indices which are derived from surveys on the autumn-spawning
population. However, it has become clear that in recent years at least
(Molloy, 1983), non-autumn spawning fish constitute an important part

of the catches. Herring are now known to spawn along the west and
northwest Irish coast from December to March using the same spawning
grounds as the autumn-spawning components, and these winter/spring
spawners may constitute about 25% of the total annual catches. The
inclusion of winter- and spring-spawners in the VPA may have considerable
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effect on the relationship between the larval indices and stock size.
This effect may become more important, if these non-autumn spawners
continue to increase in the catches. Information should therefore be
collected about larval abundances during December to March and the
racial composition of the catches throughout the year.

IRISH SEA HERRING (DIVISION VIIa)

Introduction

The TAC recommended by ACFM for herring in Division VIIa for 1983

was 3 000 tonnes. The TAC actually applied by EEC was a roll-over
from the 1982 recommendation of 3 800 tonnes. The reported catch from
the North Irish Sea was 3 881 tonnes, including 561 tonnes taken in
September by selective (gill-net) fishing on the Mourne spawning
ground (Table 7.1). The actual catch was greater than 3 881 tonmnes
because many small fish were sorted and dumped.

As in previous years, the 1983 catches were allocated to Manx or
Mourne stocks, on the basis of vertebral counts, gonad condition and
location of capture as described in Doc. C.M,1979/H:6. 2 103 tonmes
were allocated to Manx stock, and 1 778 tonnes to Mourne stock
(Table 7.1). However, the Working Group has always recognised that
this method may not be accurate, but it is a necessary step to con-
sideration of Manx and Mourne spawning aggregations as separate
management units. At their 1983 meeting, ACFM recommended that the
Working Group should consider the possibility of making a combined
assessment of the Manx and Mourne herring (Doc. C.M.1983/Assess:22).

Despite the evidence for some long-standing anatomical differentiation
among N.Irish Sea spawning components, population dynamic variables
and biochemical characters fail to support the recognition within the
N.Irish Sea of more than one unit stock (King, 1983). In addition,
the location of the fishery has changed considerably in recent years,
and at present little fishing takes place on the actual spawning
grounds. The major portion of the catches is taken in the months
prior to spawning when fish from both components are mixed on the
feeding grounds to the west of the Isle of Man.

The Working Group decided, therefore, to combine the catches for both
components and present a joint assessment. It was considered that
this would produce a more meaningful and accurate estimate of the
total stock biomass in the N.Irish Sea. As the catches at present
are taken mainly from the mixed fishery, the recommended TAC ean be
set to cover this fishery and still allow limited catches on the
Mourne spawning grounds.

The Fishery in 1983

Apart from the selective fishery in September on the Mourne spawning
ground, nearly all the fish were caught west and southwest of the

Isle of Man, off the Mull of Galloway, or Mid-Channel between N.Ireland
and the Isle of Man. The level of fishing activity was agreed by a
representative port committee. The fishery opened on 6 June 1983 and
weekly quotas/boat operated up to 4 July; thereafter weekly quotas
were recommended, but a 'carry over! was allowed for individual

boats so that they could economise on effort if they wished. Catchers
reported quantities of herring caught to a control boat ot the United
Kingdom Fisheries Protection Service. Only 35 vessels took part in

the United Kingdom fishery in 1983 compared to 115 in 1980, 67 in 1981,
and 49 in 1982, Nevertheless, the United Kingdom quota was taken
early by 23 August. There was no fishing reported from east of
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the Isle of Man on the Manx spawning ground. The selective directed
herring fishery opened on the Mourne spawning ground on 13 September and
closed within 10 days, the quota having been reached.

Catch_in Numbers at Age

The total catch in numbers of fish per age group from 1974-83 is shown
in Table 7.3, This has been estimated from data from samples of
landings in N.Ireland, the Republic of Ireland and the Isle of Man.

The total catches in the years prior to 1983 for the separate Manx and
Mourne fisheries have been combined, using the data present at the 1982
Working Group meeting.

As in 1982, there were persistent reports and some sampling evidence of
considerable discarding of young herring from the catches made by
Northern Ireland and Manx fleets in June and July. It was, therefore,
considered impossible to make a reliable estimate of numbers caught

at age 1. The figure for this age given in Table 7.3 is that representing
l-ring fish in the declared catch only, as in previous years.

Mean Weights at Age

For the purpose of the combined assessment, a set of mean weights at age
was estimated, based on N.Irish, Irish and Manx data. For age groups

2 to 8+, these were derived from a straight mean between data sets for
Manx and Mourne stocks and are consistent with those used in previous
assessments. There was a reduction of about 30% in the mean weight of
1l-ring herring in 1983 compared with previous years; fewer l-ring fish
than usual were taken in the latter part of the season when some of

them are at stage IV and V. The weights used are given in the text table
below:

dge (wer.) 1 2 3 4 5 6 7 8+
Weight (g) 72 168 203 225 243 260 276 284,

Maturity at Age

The division between immatures and the adult components of the Mourne
and Manx stocks was based on maturity ogives, which have been calculated
from Northern Ireland samples of herring taken during the 1983 fishing
season by pelagic trawl and gill net. These estimates, together with
the previous Working Group estimates, are given in the text table below

Age 1983 estimates Previous WG estimates
Mourne Manx Combined Mourne Manx
1 0.11 0 0.08 0.33 0
2 0.84 0.85 0.85 1.00 1.00
3
éand older 1.00 1.00 1.00 1.00 1.00

The 1983 maturity ogives are somevwhat different from those adopted by
the 1977 Working Group. The current estimates are now considered to be
the best available data on maturity proportions at age. Consequently,
the 198% maturity ogive for the total N.Irish Sea herring stock was used
for all subsequent calculations.
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Estimation of Fishing Mortality

There are no data independent of the fishery from which stock size and
fishing mortality can be estimated. The Working Group considered that
effort data could be used to estimate F in 1983 in order to initiate

a VPA.

The only effort data available are the numbers of landings by trawlers
in N.Ireland and the Isle of Man. From 1979 to 1981 boats worked to
daily quotas, for 1982 to weekly quotas and for 1983 to weekly quotas
with a roll-over to the following week (see Section 7.2). The effect of
the change in the quota system is unknown, but the major change in the
number of landings occurred before 1981 when the system changed, indicating
a major decline in effort. The effort data are shown plotted in

Figure 7.1, together with weighted mean F2_7 for the period 1979-83
derived from trial VPAs assuming input Fp_g of 0.15, 0.2 and 0.3. All
plots show a declining trend with the major drop between 1980 and 1981.
The mean value for 1979 and 1980 was considered in relation to the mean
value for 1981-83 for all plots and is given in the text table below.

Mean 1979-80 (4) | Mean 1981-83 (B) A/B
Effort (no. of landings) 2 278 617 3.69
Trends in P
assuming input 0.15 0.99 0.23 3.41
F(2_8+) 0.20 1.04 0.35 2.94
0.30 1.09 0.46 2.36

The input F which produces a trend in mean Fp_7 over the period which
corresponds most closely to the effort data is P = 0.15. Because of

a possible effect on the effort data by the change in quota system, it
was decided to adopt F = 0.2 on 2-ring fish and older as the input values
for assessment.

The exploitation pattern derived from a trial VPA indicated that full
exploitation is reached at 2-rings, while F on l-ringers was approximately
15% of that on older fish in the years 1980-82., It was not possible to
determine the proportional F on this age group for 1983, because of the
problems raised by discards. The Working Group considered it unrealistic
to compute a stock size for l-ring fish from catch data adjusted for
discards and an assumed ¥. For the purposes of prediction, an estimate

of the stock of l-ring fish was derived from the stock/recruit relation-
ship shown in Figure 7.2.

Terminal F values in 1983 and earlier years were taken from the mean !
weighted values of F for age groups 2-7 derived from the trial VPA.

Results from VPA

The results from a final VPA, with the input values discussed above,

are summarised in Tables 7.4 and 7.5, which give mortality at age, stock

in numbers at age and spawning stock biomass at spawning time. The

spawning stock biomass at spawning time in 1981 was estimated at

7 000 tonnes, in 1982 at 11 000 tonnes and in 1983 at 17 000 tonnes.

The figure for 1983 excludes the small contribution to the spawning

stock biomass made by l-ring spawners. The VPA indicates that the spawning
. stock biomass was very low in 1980 and that it has increased each year

since then.
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T8 Recruitment
As explained in Section 7.3, the catch in numbers of l-ring herring in
198% derived from reported catches and aged samples of landed herring
is not a reliable basis for estimating recruitment in 1983. A !'Shepherd!
stock/recruitment curve was calculated from the results of VPA (Figure
7.2). Recruitment of l-ring fish in 1983 and 1984 was estimated from
the equation to the curve, and the figures rounded to the nearest milliom.
There are as yet insufficient data to make an estimate of recruitment
in 1985 from spawning stock biomass in 1983; for the purpose of
projection, this has been assumed equal to recruitment in 1984. The text
table below gives the estimates for 1983 and 1984, together with those
for earlier years derived from VPA.

Year | 1972} 1973 1974 | 1975 [1976 | 1977 {1978 |1979 |1980|1981 |1982]1983|1984
Rooruie| 158| 253|142 | 145 | 109 | 125 | 94| 53| 54| 63| 83| 50| 74
Parent
stock x X 32 31 22 15 12 8 10 9 5 7 11
biomass .

t x 107

x = VPA commences 1972.

7.9 State of the Stock
Figure 7.3 shows that the decline in stock biomass which was
characteristic of the 1970s has been halted. The total biomass at
1 January each year appears to have been increasing modestly from the low
value in 1980; spawning stock biomass at spawning time has increased
more; catches since 1980 have been relatively low as a result of low
TACs, BEstimates from VPA of stock size in 1982 and 1983 must be treated
with caution, but it appears that the stock is recovering. Continued
cautious management should result in increasing spawning stock biomass
and increasing recruitment. The text table below gives projections
based on a recruitment in 1983 of 50 x 106 l-ring fish, and 74 x 10° in
1984 and 1985.
1983 1984 1985
Stock | Spawn. Stock Spawn. Stock | Spawn.
biom. stock | F Catch | Option biom. stock Catch ¥ biom. stock Cateh
1 Jan. | biom. 1 Jan. biom. 1 Jan.| biom.
at sp. at 8sp. at sp.
time time time
27.3 |17.1 lo.2 | 3.9 | mac 1984 Fp,1=0:15 | 42.4 27.9 4.9
=3 000 t 33.1 22.4 3.0 *
F =0.117 0.2 “ 26.5 6.4
0.3 " 24.1 9.1
F F,
0.1 33.1 21,7 3.5 0.1=0.15 | 40.6 27.2 4.8
F=0.15 0.2 " 25.9 6.2
0.3 u 23,5 8.9
Catch and biomass in tonnes x 1072,

Stock biomass = I weight of stock at age 1 to 8+.

Spawning s
Weight at

tock biomass = L weight of stock at age 1 to 8+ at spawning time x maturity ogive.
age from text table in Section T.4.
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Yield per recruit and long-term biomass per recruit curves based on the
mean weight at age and exploitation pattern used in the VPA are shown in
Figure 7.3. The Y/R curve is virtually asymptotic and has an Fo 1 point
at F = 0.15, *

Management Considerations

TAC

The Working Group accepts that a single N.Irish Sea assessment is more
appropriate to the fishery than separate assessments for Manx and Mourne
stocks. The Working Group, therefore, recommends that a single TAC be
set for herring in the North Irish Sea.

The 1983 Working Group reported that it would be prudent to examine data
from the 1983 fishery before considering management for 1984. ACFM,
therefore, made a provisional recommendation for a TAC in 1984 of

3 000 tonnes. This is lower than the catch derived from exploitation
at the management reference F of Fg,1 = 0.15 (see text table in

Section 7.9). Predictions to 1984 and 1985 indicate that Fg,1 would
result in a catch in 1984 of 3 800 tonnes, in 1985 of 4 800 tonnes, and
allow a continued increase in spawning stock biomass. Accordingly, the
Working Group suggests that ACFM amends the recommendation for 1984 to
% 800 tonnes for the North Irish Sea.

Catches of 4 000 - 5 000 tonnes taken in each of the last three years
appear to have allowed an increase in spawning stock despite low
recruitment.

Both Manx and Mourne stocks appear to be increasing steadily and main-
taining their relative strengths with a ratio Manx/Mourne of 3:1. So

long as the major part of the single TAC is not taken on either of the
main spawning grounds, there should be no danger of a disproportionate
effort on one stock.

Other Conservation Measures

Management of the North Irish Sea fishery in the past has included
measures to limit fishing mortality on the spawning stock by closure
of the fishery from the Saturday nearest to 21 September until the
Monday nearest to 16 November, except for a small, selective gill-net
fishery on the Mourne spawning ground, prohibition of directed herring
fishery in the nursery areas, and a minimum size regulation of 20 cm.
These measures should be continued in 1984, Gill-net catches on the
Mourne spawning ground should not exceed 600 tonnes. The catech taken
ghould count against the total TAC for the N.Irish Sea.

Re-definition of nursery areas

In 1977, the Working Group recommended the closure of defined nursery
areas (Doo. C.M.l977/H=ﬁ. In recent years, there have been numerous
reports from N.Irish fishermen of substantial shoals of adult herring
inside the 12-mile Irish coast limit between Belfast Lough (54°40'N)
and St. John's Point (54°10'N). However, because of the absence of
any reliable data on the stock composition in this area, the Working
Group could not evaluate the above reports. The Working Group, there-
fore recommends that more detailed information on the distribution of
juvenile and adult herring in that area be collected during 1984 and
that the situation should be re-assessed in 1985.

THE ICELANDIC SPRING- AND SUMMER-SPAWNING HERRING

The_Fishery

No signs of recovery of the Icelandic spring-spawning herring were
observed, and the fishery in 1983 was entirely based (99.7%) on
Icelandic summer spawners.
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The landings of summer-spawning herring from 1969-83 are given in

Table 8.1. The 1983 landings were about 58 700 tonnes. Of these,

about 18 300 tonnes were taken in drift-nets, 900 tonnes by set-nets

and 39 500 by purse-seines. The fishery took place during the last four
months of the year. The text table below gives the catches, the TACs
set and the TACs recommended during the last four years for this fishery.

Landings and TACs (in tonnes x 10—3) of Icelandic summer-
spawning herring in 1980-1983

Year Landings TACs Rec. TACs
1980 53.3 50.5 45.0
1981 39.5 42.5 40.0
1982 5645 50.0 50.0
1983 58.7 52.5 50.0

Catch in Number, Weight at Age and Age Distribution

The catch in numbers by age for the Icelandic summer-spawners are given
in Table 8.1 for the period 1969-83. During the period 1975-T77 the
catches were predominated by one year class, i.e., the 1971 year class.
During the period 1979-82 the year classes from 1974 and 1975 pre-
dominated in the age distribution. Im 1983, this is completely changed,
because the age distribution is very much predominated by the strong
1979 year class. Out of 280 million herring caught in 1983, 80 million
were immature or about 30% by numbers. This is the highest proportion
of immature herring in this fishery for several years and is associated
with the recruitment of the very strong 1979 year class. The weight at
age for each year as well as the maturity at age is given in Tables

8.2 and 8.3, respectively.

Acoustic Abundance Surveys in December 1983 and January 1984

The state of the Icelandic summer-spawning herring has been monitored
by acoustic abundance surveys since 1973, It has been shown
(Jakobsson, 1982) that the acoustic estimates are correlated with the
subsequent VPA outputs.

During the period December 1983 - January 1984 large concentrations of
herring were assembled at the head of one fjord at East Iceland. In
addition, some concentrations had also asgembled at the western south
coast of Iceland. Repeated acoustic estimates were obtained on these
concentrations in December 1983 and January 1984. Based on the mean
weights at age from the sampling of these wintering concentrations and
values for back-scattering cross section (Haldérsson and Reynisson,
1982) the biomass of the wintering grounds was about 310 000 tonnes of
herring. Of these, about 250 000 tonnes were assembled at the head

of one east coast fjord. Based on 6 trawl hauls about 90% of the herring
in that fjord belonged to 1-, 2~ and 3~ringerswith very few older
herring in the samples. In the trawl samples taken at the south
coast, the proportion of older herring was considerably higher, as is
shown in Table 8.4. The acoustic estimates thus obtained and the
catches in 1983 (also given in Table 8.4) were used to calculate the
fishing mortalities in 1983. On this basis, the fishing mortality for
the adult herring was Fy, = 0.3. For the 3-ringers it was F = 0.14.
The acoustic estimate o% the 3-ringers (1979 year class) was 940 x 106
herring. This is a much higher estimate than obtained for any other
year class in this stock. It was, therefore, considered justifiable
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to use a higher input F of 0.2 for this assessment. This is 2/3 of the
adult F instead of the usual half of the adult ¥ for the 3-ringers. The
fishing mortality for the 2-ringers was F, = 0.05 and the F for l-ringers
was F; = 0.005. The data used for these calculations are given in

Table 8.4.

VPA Outputs

Using the catch at age data given in Table 8.1, and input Fs as described
above, a VPA was run. The outputs of fishing mortality at age, stock

in numbers at age and spawning stock biomass at lst of July are given

in Tables 8.5 and 8.6, respectively. The results of this assessment
indicate that the fishing mortalities during the period 1978-82 have been
considerably higher than assessed previously, and the spawning stock

has correspondingly been about 25% lower than previously assessed for that
period. With the recruitment of the strong 1979 year class there is,
however, a sharp increase in the stock abundance in 198% and 1984.

There may be several reasons for the difference between this assessment
and the previous ones. During the acoustic surveys in the wintexr 1983/84,
the major part of the herring was concentrated at the head of one narrow
fjord. Sampling with pelagic trawl under these circumstances can be very
difficult, and it is possible that the younger year classes have been
overestimated with the corresponding underestimate of the older year
classes, In the VPA, this would result in higher fishing mortalities on
these year classes during the last four years or so. It is also possible
that the older year classes were not present in the east coast fjords
vhen the survey was carried out in December 1983. At the end of January
1984, the main herring concentrations had started to leave the innermost
part of the fjord, and a sample (catch of 10 tonnes) taken then contained
a higher proportion of 4-ringers and older herring than obtained in
December., The low catches of the 4-ringers and older herring during

the 1983 season are most likely explained by a concentration of fishing
effort on the very strong recruiting 1979 year class.

According to the present assessment the spawning stock biomass increased
from about 11 000 tonnes in 1972 to about 170 000 tonnes in 1978. During
the period 1979-82 it has remained between 170 000 and 200 000 tonnes. IN
1984, the spawning stock is expected to increase sharply to about

260 000 tonnes.

Management Considerations

Catches have been calculated over a range of Fg for 1984, using the
starting parameters given in Table 8.7. The stock in numbers data are
derived from Table 8.6, apart from the l-ringers which are assumed to be
400 million. This age group is practically absent from the catch and
hasno effect on the results. Weight at age for the catch are rounded
mean weights from the previous few years. The exploitation pattern is
similar to that experienced in the last few years. Resulting catches

and spawning stock biomass over a range of Fs are illustrated in Figure 8.1.

For this population the Y/R and spawning stock biomass recruit are also
ghown in Figure 8.1

Projections of stock abundance and catches in thousand of tonnes for a
range of values of Fs are given in the text table below.

i
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1983 1984 1985
Spawn. stock Spawning stock at
Catch F4+ at 1 July F4+ Catch 1 July

59 0.3 260 0.15 36 290
0.20 47 280

0.22=
F0.1 51 275
9.30= 68 260

83

During the last five years (1979-83), the fishing mortality in the adult
component of this stock has been about 0.3. This is well in excess of
the Fp,1 level (i.e., the target exploitation rate), which for this
stock is Pg,1 = 0.22. Despite this, the spawning stock abundance is
increasing at present due to the recruitment of the strong 1979 year
class. The Working Group recommends that the exploitation rate of this
stock should be reduced to the Fo,1 level in 1984. This can be done
without severe reduction in catches because of the relatively high

level of recruitment at present.

DENSITY-DEPENDENT GROWIH

The 1983 Working Group was asked to extract from their data files
information relevant to density-dependent population parameters and
present the result in working papers to the 1984 Working Group meeting.

Working documents were presented on Manx, Celtic Sea, central and
southern North Sea stocks, and Icelandic summer-spawning herring.

Length for age and stock size both increased in the Celtic Sea and Manx
herring over a long period of years. Therefore, there is no evidence

for compensatory growth in either Manx or Celtic Sea herring. In

both Downs and Bank herring, the high mean lengths recorded in the late
1970s correspond with year classes derived from the period of lowest
spawning stock biomasses. Furthermore, with the increased spawning stock
biomasses of recent years, reduction in mean length has occurred for
both Downs and Bank herring. Icelandic summer-spawning herring show
clear evidence of density-dependent growth. In this stock, the mean
weight at age increased and the age at first maturity decreased during
the early 1970s when stock abundance was low. A reduction in growth
and in the proportion of 2-ringers that spawned paralleled the increase
of spawning stock sizes of the mid- and late 1970s. From the Icelandic
data it was clear that failure to take account of change in these
population parameters can seriously bias the estimates of the spawning
stock.

Detailed reports of the above investigations will be presented at the
1984 Statutory Meeting of ICES, where density~-dependent growth has been
designated a special topic.
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Table 2.1  HERRING. Catch in tonnes 1973-1983 North Sea (Subarea IV and Division VIId) by country.
(Nations]l catches as officially reported. lnallocated catches provided by W.G. members).

Year 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983§€
Country
Belgium 2 1eoa) 603 2 451 2 451 57 B - - - 9 700 5 969
Denmark 174 254b 61 728b) 115 616 34 841 12 769 4 359 10 546 4 431 21 146 | 67 851 10 468
Faroe Islands 54 93571 26 161 25 854 14 378 8 070 40 10 - - - -
Finland - - ~ 1 034 - - - - - - -
France 22 235 | 12 548 20 391 14 468 1 613 2 119 2 560 5 527 15 099 | 15 310 16 353
German Dem. Rep. 1 728c) 3 268 2 689 2 624 2 - - - - g - o) -
Germany, Fed. Rep. 10 634d 12 470 6 953 1 654 221 24 10 147 2 300~ 349 1 837
Iceland 23 7427y 29 017 16 286 9 412 - - - - - -
Netherlands 34 070 | 35 106 38 416 20 146 4 134 18 - 509 7 700 | 22 656 49 000
Norway 99 739 | 40 975 34 183 27 386 4 065 1189 3 617 2 165 70 680 32 512
Poland 5 738e 9 850 7 069 7 Q72 2 - - - - - -
Sweden 4 222 3 561 6 858 4777 3 616 - - - - - 284
U.K. (England) ) 2 268 5 699 6 475 9 662 3 224 2 843 2 253 77 303 3 730 111
U.K. (Scotland) 16 012 | 15 034 8 904 15 015 8 159 437 - 610 45 1 780 17 260
USSR 30 735 | 18 096 20 653 10 935 78 4 162 - - - -
Total North Sea 484 012 |275 116 | 312 798 174 834 46 010 | 11 033 19 158 | 13 466 46 663 {122 056 | 133 794

Total including unallocated catches 25 148 | 60 994 140 972 [235 569 | 308 169

*)Preliminary

a) Total includes 2 107 t for human consumption unspecified to area
b) Supplied by Fiskirannsdknarstovan

c) From Federal Republic of Germany national statistics compiled by Federal Research Board for Fisheries, Hamburg
d)} Excludes 15 938 t caught on Skagerrak border and allocated to that area on the basis of age analysis

e

landings reported as Skagerrak and North Sea in Swedish Statistics

f

Catches from Moray Firth not included

Swedish catches in Danish ports reported by area (North Sea, Skagerrak) used for area allocation of Swedish

- 67 -
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Table 2.2.1 HERRING, catch in tonnes in Division IVa West

Year 1979 1980 1981 1982 1983
Country
Belgium - - - - -
Denmark 437 687 11 357 3 155 4 282
France 493 651 1 851 1 970 680
Fed.Rep,
Germany 10 - - 48 1542
Netherlands - - - - 19 700
Norway - - - - 16 971
UK (England) - - - - -
UK (Scotland) 6 18 2 1 706 16 136
Sweden - - - - 213
Unallocated 0 1 762 6 492 300 2 213
Total 946 3 118 19 702 7 179 61 738
Table 2,2.2 HERRING, catch in tonnes in Division IVa East
ear 1979 1980 1981 1982 1983
Country
Belgium - - -~ - -
Denmark - - - 491 -
France 68 - - - -
Fed,Rep, - - - - -
Germany
Netherlands - - - - -
Norway 1 250 21 70 680 -
UK (England) - - - - -
UK (Scotland - - - - 257
Unallocated 0 2 476 937 0 431
Total 1 318 2 497 1 007 1171 688
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Table 2.2.3 HERRING, catch in tonnes in Division IVb

Year 1979 1980 1981 1982 1983
Country Juv, | Adult Juv. | Adult Juv. | Aduly Juv, Adult Juv. | Adult
Belgium - - - - - - - - - -
Denmark 10 107 - 3 733 - 9 689 - 64 205 - - 6 050
France - 448 - 176 - 524 - 561 - 705
Germany , _ B
Fed.Rep. 147 - 2 300 - 118 - - -
Netherlands - - 35 - - - - - - 300
Norway 2 367 - 1 607 - - - - - 5 6881 8 468
UK (England) 2 252 - 76 - - 13 - 3128 - 40
UK (Scotland) 156 - 592 - 334§ 10 T4 - 867 -
Sweden - - - - - - - - - 71
Unallocated 1 030 9 258 65 811 0 88 544:1937 |153 254 5 870
Total 16 360 15 624 77 833 | 547 |152 941|5626 159 809 | 21 504
Table 2.2.4 HERRING, catch in tonnes in Divisions IVc and VIId
Year 1979 1980 1981 1982 1983

Country

Belgium - - - 9 700 5 969

Denmark - 11 100 - 135

France 1 551 4 700 12 724 12 799 14 968

Germany, ~ _ _

Fed.Rep. 183 295

Netherlands - 474 7 700 22 656 29 000

Norway - 482 - - 1 385

UK (England) 1 1 290 602 71

UK (Scotland) - - - - -

Unallocated 5 000 37 418 21 069 22 732 12 606

Total 6 552 43 086 41. 883 68 652 64 430
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North Sea catch in millions of fish by age.

Age in winter rings

Year Area Total
0 1 2 3 4 5 6 7 >8

1973 | Ivaw of 2°E - 52.5 742.1 | 452.6 | 58.0 [ 39.5 | 20.3 | 2.6 | 0.5 | 0.6 | 1 368.7
IVak of 2°E - 0.3 16.2 23,1 6.3 7.2 1.0 0.3 { 0.8 - 55.2

i) - 242.5 180.1 39.0 28,3 4.7 7.2 - - - 501.8

IVbYH 269.4 | 2 070.5 362.5 29,4 2.6 0.5 0.2 0.3 - - 2 755.4
IVo+VIId,e - 2.2 43.3 | 115 55.0 7.4 1.9 0.5 | 0.1 | 0.0 225.5

Total NS 289.4 | 2 368.0 344.2 | 659.2 | 150.2 | 59.3 | 30.6 3.7 ] 1.4 | 0.6 | 4906.6

1974 | IVeW of 2°E 65.3 162.9 98.5 | 112.9 97.1 | 36.0 | 18,6 45 1 1.5 | 1.0 598.3
IVaE of 2°E 5.7 131.8 24.2 10.8 1.0 - - - 0.1 - 173.6

Ivb (adult) - 54.0 493.7 | 212.3 19.5| 18.9 3.6 0.3 | 0.4 | 0.1 802.8

IVoYH 925,1 493.5 132,1 5.7 - b - - - - 1 556.4
IVe+VIId 3.9 24.1 20.3 8.4 1.2 0.1 0.2 - - 58.2

Total NS 996.1 846.1 772.6 | 362,0 | 126.0 | 56.1 | 22,3 5.0 | 2.0 | 1.1 | 3189.3

1975 | IVaw of 2% - 267.0 120,0 69.0 49.0 | 40.2 9.8 6.3 | 29 [ 11 565.3
IVaE of 2°E - 82,5 8.2 7.0 2.4 0.4 0.1 0.1 - - 100.7

IVb (adult) 268.8 147.1 124.2 81,2 14, 5.8 2.7 0.5 0,3 5¢4

IVbYH 262.8 | 1 818.1 139.2 19.8 2.6 - 0.4 2 242.9
IVe+VITA 1.0 24,1 127.2 39.6 5.3 1.8 199.0

Total NS 263.8 | 2 460.5 541.7 | 259.6 | 140.5 | 57,2 | 16.1 9.1 | 3.4 | 1.4 | 3753.3

1976 | IVaW of 2°E - 19.4 572.9 56,3 17.9 | 13.2 3.6 2.6 | 0.5 [ 0,3 686.7
IVaE of 2°B - - 10,6 1.1 0.5 0.5 0.4 - - - 13,1

Ivb (adult) 0.9 35.5 205.9 17.6 28.4 | 20.3 1.8 1,8 | 0.5 | 0.1 312.8

IVbYH 237.3 49.5 17.7 0.5 1.7 - - - - - 306.7
IVo+VIId - 22,2 94.4 41.8 3.5 0.5 0.3 - - 162.7

Total NS 238.2 126.6 901.5 [ 117.3 52,0 [ 34.5 6.1 4.4 [ 1.0 | 0.4 | 1 482,0

1977 | IvaW of 2% 2.6 2.7 9.3 | 171.7 8.6 3.8 2.1 0.9 | 0.2 201,9
1VaE of 2°E 0.4 3.3 + 4.9 1.2 ia 1.0 0,6 | 0.5 + 13.0

Ivb (adult) - 1.1 25.9 6.8 0,3 1.9 1.0 - + - 37.0

IVbYH 253.8 136,3 3.1 - - b - - - - - 393.2
IVe+VITd - 0.9 6.4 3.0 0.7 0.2 + + - - 11,2

Total NS 256.8 244.3 44.7 | 186.4 10.8 7.0 4.1 1.5 | 0.7 656.3

1978 | IVaW of 2°E 0.1 0.1 1.5 0.2 0.1 + + + 2.0
IVaE of 2°E 0.2 1,2 - + 0.2 | 0.2 | 0.3 2.1

Vb Eadult) 0.2 0.6 1.4 1.1 0,1 0.1 + 3,5

Ivb (indust.)| 130,0 166.0 1.4 299.4
IVo+VIId 0.4 2.8 4.0 1.2 + + 8.4

Total NS 130.0 168.6 4.9 5.7 5.0 0.3 0.2 0.2 0,2 0.3 315.4

1979 | IVaW of 2°E 1.9 0.4 0.3 2.2 0.5 + + + 5.3
IVak of 2°E - 2.4 0.3 + + 2.7

IVb (adult) 0.5 2.1 0.4 2,2 0.9 0.1 0.4 0.3 6.9

Ivb (indust,)| 542.0 156.4 7.6 - 0.1 0.1 + 0.4 |03 | o0 707.0
IVe+VIId 0.4 21.6 9.0 5.6 0.6 0,1 37,3

Total NS 542.0 159.2 34.1 10,0 10.1 2.1 0.2 0.8 | 0.6 | 0,1 759.2

1980 | IVaW of 2°E + 2.2 6.5 1.2 2.7 0.6 0.8 | 0.4 | 0.1 14,5
IVak of 2°E 166.8 - + 0.1 0.1 0.1 + + + 167.1

1w ?adult) 0.4 0.7 0.4 0.1 0.2 + + + + 1.8

Vb (indust.)| 624.9 137.3 6.0 1.0 0.6 0.3 + 0.1 + 770.2
TVe+VITd + 23.4 99.1 83.8 30.2 | 18,4 1.7 0.5 + + 257.1

Total NS 791.7 1611 108.0 91.8 32.2 | 21.7 2.3 2.4 0.4 0.1 |1210.7

1961 | IVaW of 2°E 20.0 3.7 0.7 7.6 17.7 { 201 [17.9 [ 18.0 | 5.4 | 1.1 112.7
IVaE of 2°E - 0.1 0.1 0.4 1.1 1.5 1.1 0.1 - - 4.5

sadult) - - 0.8 0.4 0.3 0.3 0.4 + + + 2.4

IVb (indust.)] 7 868.7 435.9 40.0 8.0 1,0 - - - - - 8 353,6
IVe+VIId - 7.3 222.6 40,4 19.3 6.7 3.3 0.6 - - 300.4

Total NS 7 888.7 447.0 264.3 56.9 39.5 | 28,5 f22.7 [18.7 |55 [11 87731

1982 | IVaW of 2°B 0.3 - 0.9 2.6 5.6 6.9 53 5.9 | 3.0 |0.9 30.4
1VaE of 2°B - 4.3 7.0 - - - - - - - 11,3

IVb (adult) 0.1 28,6 12.6 4.3 1.6 0.7 0.3 0.4 | 0.1 [0 48.8

IVb (induat.) | 9 552.4 786.6 46.7 1.8 - - - - - - 10 387,5
IVe+VIId 3.9 20.9 201.2 | 221.4 26.5 6.8 2.2 1.5 | 0.5 0.1 485.0

Total NS 9 556.7 8404 268.4 | 230.1 33.7 1464 6.8 7.8 [ 3.6 |1.1 |10 963.0

1983 | IVaW or 2% - 51.9 126.8 | 74.9 27.5 13.5 | 18.4 | 12,3 [10.9 2.1 348.3
IVaE of 2% - 0.9 4.6 0.5 0.1 - - - - 6.1

Vb (adult) - 98.2 60,2 | 29.7 12.7 1.6 1.4 - - - 203.8

IVb (indust.) |10 029.1 970.5 101.5 6.2 0.3 - - - - - 11 107.6
IVc+VITd 0.8 25.1 251.7_{105.1 64.5 1.1 3.0 0.5 | 0.5 Jo.1 462.4

Total NS 10 029.9 |1 146.6 544.8 |216.4 [105.1 2.2 | 228 |12.8 |4 12.2 121282




Table 2.4 Millions

of HERRING caught annually per age group (winter rings) in the North Sea 1970-1983

Winter
rings 0 1 2 3 4 5 6 T 8 >8 Total

Year

1970 898.1 1196.2 | 2 002.8| 883.6| 125.2 | 50.3 | 61.0 7.9 | 12.0 | 12.2 5.249.3
1971 684.0 4 378.5 | 1 146.8] 662.5| 208.3 | 26.9 | 30.5 | 26.8 - 12.4 | 7 176.7
1972 750.4 3 340.6 | 1 440.5| 343.81 130.6| 32.9 5.0 0.2 1.1 0.4 | 6 045.5
1973 289.4 2 368.0 | 1 344.2| 659.2| 150.2 | 59.3 | 30.6 3.7 1.4 0.6 | 4 906.6
1974 996.1 846.1 772.6| 362.0] 126.0| 56.1| 22.3 5.0 2.0 1.1 | 3 189.3
1975 263.8 2 460.5 541.7| 259.6| 140.5 | 57.2 | 16.1 9.1 3.4 1.4} 3 753.3
1976 238.2 126.6 901.5| 117.3| 52.0| 34.5 6.1 4.4 1.0 0.4 | 1 482.0
1977 256.8 144.3 44.7| 186.4| 10.8 7.0 4.1 1.5 0.7 + 656.3
1978 130.0 168.6 4.9 5.7 5.0 0.3 0.2 0.2 0.2 0.3 315.4
1979 542.0 159.2 34,1} 10.0| 10.1 2.1 0.2 0.8 0.6 0.1 759.2
1980 791.7 161.2 108.1| 91.8] 32.1| 21.s 2.3 1.4 0.4 0.2 | 1 211.,0
1981 7888.7 447.0 264.3| 56.9| 39.5 | 28.5 | 22.7 | 18.7 5.5 1.1 ] 8 772.9
1982 9556.7 840.4 268.4{ 230.1| 33.7 | 14.4 6.8 7.8| 3.6 1.1 10 963.0
1983 10029.9 1 146.6 544.8| 216.4 | 105.1 | 26.2 | 22.8 12.8| 11.4| 12.2|12 128.2

- ¢G -



Table 2.5 O-group abundance indices and

- 54 =~

of 2-ringed Downs HERRING.

estimated numbers

Year Class No. /hour VPA 2-ringers x 10°
1975 24 69
1976 31 176
1977 70 258
1978 2 153 877
1979 159 782
1980 524 1 237
1981 1 474 1 189 (estimates)
1982 972 1077 (" )




- 55 -

Table 2,6 Abundance indices (a) in thousand/hour, mean length (I cm) and

standard deviation (s.d.) for year class components.

COMPONENT
Year class
1 2 3 4
1970 a 4.70 45.67 33,11
1 12.8 15.0 18.0
s.d. 0.59 0.74 0.85
1971 a 5.80 14,76 26,85
1 14.9 15.9 16.7
s.d. 0.77 0.85 0.84
1972 a 9.58 12.52 25.38
1 13.7 15.6 18.4
sod. 1.02 0.91 0.75
1973 a 4.31 19.65 47.58
1 12.9 14.9 18.0
s.d. 1.15 1.02 0.85
1974 a 5.07 13.11 11.40
1 13.3 14.9 17.6
s.d. 0.76 1.13 0.91
1975 a 3.39 5.27 13.21
1 13.1 14.4 17.2
s.d. 0.95 1.05 0.90
1976 a 4,11 11.47 12,32
1 14.0 15.3 17.9
s.d. 0.85 1,48 0.94
1977 a 1.95 1.84 2.83
1 12.4 14.9 i7.1
s.d. 0.75 1.11 0.88
1978 a 13.11 5.05 14,39
1 11.10 13.5 16.2
s.d. 0.71 0.91 1.32
1979 a 8.83 10.67 16.33
1 13.1 14.9 17.1
s.d. 0.98 .87 1.16
1980 a 35,12 12.74 7.04
1 12.1 14.9 18.1
8.d. 0.89 0.98 1.08
1981 a 46.55 38.08 20.67 9.48
1 13.4 15.4 17.0 10.8
s.d. 0.70 0.90 1.0 0.6
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Table 2,7 Estimated numbers at age (x 10_6) from acoustic surveys
in July 1982 and 1983 in the northwestern North Sea.

*
}_9_8_2. 1983
Age | Year Class | "Scotia" Year Class | "Scotia" "G O Sars" |"G O Sars" | Mean of
A (1) (2)B A&B

0 1981 - 1982 - - - -

1 1980 22,7 1981 769.4 379.2 925.2 847.3

2 1979 589,2 1980 396.9 307.0 571.0 484,0

3 1978 178.1 1979 378.4 192.6 300.5 339.4

4 1977 49.0 1978 67.4 66.9 87.0 7.2

5 1976 111.1 1977 58.9 47.8 57.4 58,2

6 1975 27.5 1976 58.5 97.3 97.3 7.9

7 1974 44,2 1975 42,4 78.1 78.1 60,2

8 1973 92.0 1974 49,6 62.3 62,3 56.0

9 pre 1973 6.0 pre 1974 5.7 48.5 48.5 27.1
Biomass (t) 233 000 198 000{ 223 000 302 000 250 000

# From 1983 report (Doc. C.M.1983/Assessz9)

|
|
|
(1) Estimate from 44 rectangles surveyed [

(2) Each age group raised to total survey area covered by "Scotia"




Table 2.8 Input parameters for VPA - Division IVa, including the Buchan area.
)
(Nos.at age x 107 )

Estimated no Catch in F in period No. in stock Catch in P
Age | at 15 July 1983 no. age up to at no. over
(acoustic s.) to 15 July 15 July 1 Jan 1983 whole year 1983
0 - - - - - -
1 1 016.8 1.4 0.00134 1074 52.8 0.053
2 580.8 83.8 701 131.4
3 407.3 39.2 468 75.4
4 92.6 16.0 114 27.6
5 69.8 7.3 82 13.5
6 93.5 10.1 109 18.4
7 72.2 7.1 83 12.3%
8 67.2 5.8 77 10.9
9 32.5 6.0 40 12.1
=2 1 415.9 175.3 0.114 1671 301.6 0.21

- -



Table_2+9 VIKTUAL POPULATION AKALYSIS

HERRING IN THE NOKTHERN NORTH SEA (FISHING AREA IVA)

CATCH IN NUM3EKS UNIT: MILLIONS

1974 1975 1976 1977 1973 1979 1980 1981 V62 1983

) 294.7  349.5 19.4 0.1 u.0 1.9 U.u 4.8 4.3 52.8

2 122.7 12%.2  533.5 9.1 0.1 2.8 2.7 0.5 7.9 131.4

3 123.7 76.0 57 .4 176.0 J.3 d.0 0.0 5.0 2.0 5.4

4 CEN | 51.4 18.4 9. K 2.7 2.2 1.3 8.3 5.6 27.6

5 36.0 40,0 15.7 4.9 1.2 0.5 2.6 21.6 0.9 15.5

6 18.6 9.y 4.0 3.1 0.1 n.n G.6 19.0 4.3 8.4

7 4.5 6.4 2.0 M. v.? 0.0 U.s 1601 5.9 12.3

3 1.6 2.9 0.5 .7 0.2 0.0 0.4 5.4 5.0 .y

9+ 1.0 1.9 0.5 0.8 U.3 0.0 U1 1.1 0.y 12.1

TOTAL 0.9 666.0  699.8  211.v 4.1 2.0 6.8 97.6 51.4  354.4

Tahla_2.10 VIRTUAL POPULATIUN ANALYSIS

HERRING IN THE MORTHERN NORTH SEA (FISHING AREA IVA)

FISHING MORTALITY COEFFICIENT UNIT: Year-—i NATURAL MORTALITY COEFFICIENT = (.10

1974 1975 1976 1977 1978 197y 1930 1981 1982 1983

[ 0.706 n.3an 0.105 0.037 0.n0N0 0.5 0.nne 0.00nY n.noeé 0.053
2 0.563 0.6380 1.028 0.060 U.u1 0.015 u.u19 0.u04 U.049 0.210
3 0,347 n.r27v 0.654% n.91y 0.nnN2 n.acs 0.040 n.082 0.216 n.21n
4 0.903 0.944 V.33 0.194 U.u2é 0.01¢ .01 N.139 U.vey 1.210
5 1.106 1.117 0.623 n.126 0.005 n.nes 0.020 n.z22y 0.ne? n.21o
5 1.108 0.955 0.231 0.265 0.003 n.oe u.nus m.221 U.Ubs n.210
7 n.724 1.821 n.e2s5 N.126 0.n2n n.noo n.o24 0.276 0.089 n.21n
3 1.000 1.400 g.640 Q.306 0.020 u.neu U.01> n.200 0.060 05.210
+ 1.000 1.400 N.€n0 n.snn 0.02n a.nnn 0.N015 0.200 0.060 n.210

¢ 4= 70 n.97¢s 1.2n¢ D.659 0.173 .13 O.n0e g.017 0.2170 0.070 0.210
¢ 2= 34 n.731 n.anz n.926 N.51Y .00k n.n10 0.022 n.133 n.047 0.210

- gG¢ -



Tahle_2.11

VIRTUAL POPULATION AMALYSIS

HERRING IN THE NORTHERN NORTH SEA (FISHING AREA IVA)

STOCK SIZF IN NUMBERS

ALL VALUES

+ XN W

9

TOTAL NI
SPS o
TOT.BIO"
SPS BIOH

, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN
STOCK DATA REFLECT THE STOCK SITUATIOR
USED: PROPORTION OF

PROPORTION OF

1974

6u8
2938
226
172
56
28
9

3

2

1402
443
137941
74796

UMIT:

1975

1412
271
154

38
63

17
8

4

2

2019
333
102924
55059

UNIT:

TONNES

1976

205
947
124
67
31
19
<]

1

1

1400
61038
169652
39398

MILLIONS

97

174

105843
771888

1978

217
152
142
111
43
25
11
11
i6

757
433
96755
39892

AT SPAWNING TIME,
ANNUAL F BEFORE SrAWNING:
AMNUAL M BEFORE SPAWNING:

N.670
0.670

197y

134
197
1348
128
97
39
31
o]

{

764
565
117862
1095%5

1980

211
120
175
124
114
33
35
23
/

Y02
637
140770
129734

FOR 1 JANUARY;
WHEREBY THE FOLLOWING VALUES ARE

1981

536
191
106
152
111
101
79
31
6

1313
663
158209
132945

1982

8U9
430
12
89
120
3N
‘3
54
16

1892
962
197089

178148%

THE SPAWNING

1943 1984

T4 sant s etr

728 22

4138 534

152 306

75 112

102 55

68 75

6n 50

67 93
2745
1357
2935836
238768

- 66 -



Table 2.12

Spawning stock biomass t x 10-3

Herring larval indices - North Sea 1972-83.

: Larval indices
Year VPA ggg::;ic
Orkney-Shetland Buchan North coast England

1972 183.1 - 2 128 3 104
1973 125.0 - 945 4 446
1974 74.8 - 403 272 112
1975 55.1 - 152 116 54
1976 89.4 - 314 1 43
1977 71.9 - 909 59 121
1978 89.9 - 3 345 119 104
1979 109.5 - 3 325 79 147
1980 129.7 - 2 074 8 51
1981 132.9 191 2 341 9 335
1982 178.1 202 1 926 232 385
1983 238.8 251 1725 1 802 523

*Excluding Buchan area; immature 2-ringers excluded

- 09 -



Table_2.13

VIRTUAL POPULATION

ANALYSIS

YERRING IN THE CENTRAL NORTH SEA (FISHING AREA IVB)

CATCH IN NUMBERS

1974

2 427.7
3 152.2

4 13.5
5 13.0

[ 2.8

7 0.2

4 0.3

I+ 0.1

Teble_2+14

VIRTUAL

UNIT:

1975

268.7
129.1
4.1
13.0
4.5

oM =
(Tl

492.0

MILLIONS
1970 1977
176.2 22.5
14.1 9.1
3.6 0.7
15.0 1.4
1.4 0.¢
Ted (U]
0.4 0.0
u.1 t.u
232.9 2y.y

POPULATION

HERRIKG IN THE CENTRAL NORTH SEA

FISHIKG AORTALITY COEFFICIENT

1974
2 1.168
5 N,R’%6
Aon.361
CR I AYE
5 N.676
7 n.2s2
b n.9onNn

Y n.9nn

¢ 2= o)u 0.716
¢ 2= U n.46nz

1975

?.434
1.239
1.442
0.619
n.23u
1.265
1.254
1.250

1.275
n.920

1976

2.421
N.9461
N.340
1.391
.18
0.127
n, yn
n.ynn

1.141
n.s22

1978

1.8
1.0
[
[

0.1

0.0
0.0
u.n

5.4

AMALYSIS

(FISHIK

UNIT:

197¢

1.453
n.&ns
.02
n.nN92
U.lod
n.0nn
n.ung
n.nen

D.420
n.171

G AKEA IVB)

Year-i

1978

D.44Q
N.177
u. vl
0.014
. e
a.n0n
. i
a.nnn

140
n.nr2

1979

o =GO
. e
w «oN LN

[n Bt B e Jpul
.
~ =

KATULRAL

197r9

0.584
n.ayx
O.4u3
N.111
0.Mo
n.nei
0,169
a.tey

0.252
n.1e9

1981

cCoDoCC =GO
P
c=c N PUC

51.5

1962

w

coCcoc =0 G
N

.

.
- NN D W

6(.6

MORTALITY COEFFICIENT

19 40

0.200
nN.152
U.508
N.1062
.00
n.nNig
0.0
n.nno

O.ioh
021517

1941

N.49vs
n,277
N.185
n.121

0.215
n.nnn
n.u20
n.ozn

1982

0.250
0,111
0.100
n.11¢
0.240
n.30%
D.uzn
n.gzn

0.1/70
n.143

0.10

1983

0.538
n.248
0.324
N.124
N.328
n,non
0.0n0
n.nan

n.312
0.256

- 19 -



Tenla 2015 YIRTLAL POPULATIGE AUALYSTS
HERKING IF THE CENTRAL KORTVH SEA (FISHING

STOCK SIZF IH {UMBERS UNIT: qILLIurs

310i41ASS TCOTALS UNIT: TORNES

ALL YALUES, EXCEPT THOSE REFERRIAG TO TrE
STHCK DATA REFLECT THE STHOCK SITUATION KT
USED: PROIPORTIONM UF AFNUAL F BEFURE SHAWK

PROUPNMTION OF AKNNUAL 1Y BEFONE SPAWRING:

1974 197> 1v7o 1900

? 641 3n4 200 3

H 200 10 24 10

4 4 1N 45 Y

5 35 2y 22 17

) 6 1y 14 bl

? 1 s 13 12

3 1 7 7 17

g+ n n n 11

TOTAL 1) 1045 H3Y 317 10y
SPS W9 T 430 17¢ 104 Yy

TOT.HIOT 149207 104551 5161 2252Y
SPS 1ot 75719 35512 19542 Tlebs

AtEA TV

SPANNIMNG STOCK

SPAWRTNG TIME,
Moz D567
n. 6o/

1908 190y

o ol

O 2

10 b

T4 t

4 e

11 3

11 1l

513 el

] 47

The55 12204

14411 G949

ARE GIVED

WHEREEY THE

1y s

- .

L = C.

e
- = oo

(228
‘6
Jovss
14945

FOR 1

19471

111)
28
Y

U NN

162
116
240611
1311135

JALUAKY;

1Y82

e
-

—c v

LS N RS

5449
244
51241
37062

THE SKHAWKING

FOLLOWING VALUES AKE

19R3 1984
407 sspersst
171 215

49 121

14 32

b) 12

1 3

1 4

) 2
oblt
4UIH
vr44sy
6306b

-29 -



Table 2.16 .

HERRING Divisions IVe and VIId - Calculation of fishing mortality in 1983.

EERRING Divisions IVe and VIIA Catches by France, Netherlands and Belgium combined 1983

6

Numbers (x 10 °) 1 2 3 k4 5 6 T 8 T°t§% Tonnes
(1981) (1980) |(1979) | (1978) | (1977) | (1976)| (1975) | (1974) (x10 7)
NOV 6.90 99.93 | 49.13 |20.71 3.75 0.98 0.23 - 181.63 | 28 536
(%) | (3.80)| (55.02){(27.05)(11.5k0) | (2.06) ] (0.54)] (0.13)
DEC 7.05 110.81 | 32.08 |21.10 3.72 1.10 0.35 176.21 | 23 368
(%) | (4.00)| (62.89)|(18.21)[(11.97) | (2.11)] (0.62) (0.20)
November 1983 Acoustic Biomass BEstimate Converted by NOV. Catch/Age Distribution:
(No. x 10'6) 68.25 988.16 |L85.82 pok.Th | 37.00 9.70 | 2.33 - 1,796.0 282x10°
No. at 31 Dec | 67.68 979.96 [481.79 R03.04 | 36.69 9.62 1 2.31 - 1,781.1 2?9.Tx103
(Adjusted by 'M' for one
month)
Minus Dec Catch | 60.63 869.15 |LL9.71 N81.94 | 32.97 8.52 | 2.31 - 1,605.23 256x1o3
1983 Annual Catch | 25.1 251.7 |105.1 | 6k4.5 11.1 3.0 0.5 0.5 461.9 64 430
Fg3 | 0,331 0,243 0,200 p,290 p,277 {0,288 [0,187 (0,187)

1

_£9._



Tablejéﬂﬂ

HERRING IN THE

VIRTUAL POPULATION ATIALYSIS

CATCH IN NUM3ERS

F e~

C

-~
oS Do ~NPON

)

1974

.
D= W =N

TOTAL 236.1

Tahle_2'18

HERRING IN

VIRTUAL POPULATION ANALYSIS

UNIT:

1975

144 .8
54.5
15.0

2.0
.7
n. s

MILLIUNS

1976

141.8
45.38
0.0

5.2
0.7
N.3
N1
n.0

29059

1977

12.9
(4
.8
0.7
0.3
c.n
Ua.h
n.n

SOUTHERN MNORTH SEA (FISHINuw AREAS IVC AnD

VIID)
191y 1930
22.1 V9.3
9.1 RELY
6.2 50.¢2
n.w L E-]
n.1 1.7
n.i n.s
0.1 0.0
0.0 0.0
338.5 234 .1

THE SOUTHERN NORTH SEA (FISHING AREAS IVC AND VIID)

FISHING MORTALITY COEFFICIENT

U NP W

Y

¢ 2- 0l

1974

1.229
1.598
1.355
1,419
N, &4k
0.992
1.231
1.231

1.231

1975

1.%231
170y
1.130
1.570
1.757
2.109
1.502
1.502

1.502

1970

2.532
3.255
2.443
T.647
1.732
2,049
2.29%
2.293

2.2v2

UNLIT:

197

N.234
0.455
N.e72
1.700
N.31%
.u7r¢
Q.07b
o075

0.07%

Year-—i

1973

0.0647
0.105
0.227
0.013
D.Cr4
0.014
0.0¥3
U.uvy3

0.0v2

MATURAL

1979

N.1a7
o175
0.1389
0.703
g.1¢1
Tas31
N.166
U.1060

0.17¢66

19480

0545
1.uL0
1.104
1.144
0.536
2.949
0875
Uad7>

0.4875

1981

O TwN W ReC

1931

n.3ny
0.3061
0.577
H.sto
N.547
0.325
n,522
0.522

n.b22

MORTALITY COEFFICIENT

1962

N.314
U.nU8
0.379
U.303
N.014
D.456
N.435
0.4355

N.435

19383

251 .7
105.1
64 .5
11.1
3.0
0.5
0.5
0.1

430.5

= 0.10

1983

n.240
0.240
0.240
0.240
n.24n
n.240
n.240
n.240

N.240

_79...



Table 2.19

VIRTUAL POPULATION

HERKING IN THE SOUTHERN

STOCK SIZE 1IN

BIOMASS ICTAL

ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN
STOCK DATA REFLECT THE STOCK

PROFORYT

i

+ X NOu W

C

TOTAL HO
SFS HO
TOT.BIO
SFS BIu?

HUMBERS

N

Ion
9704
2061
115
2n
10

[t LN N}

T 40%

U0
56

z

UNIT:

OF AKRNUAL

1975

NORTH

UNIT:

THOUSANRD

ANALYSIS

MILLIONS

TONKES

SEA (FISHING AREAS IVC

AkD VIID)

SITUATION AT SPAWNING TIME,
USED: PROPORTIOM uF ANNUAL F BEFURE SrAWNING:
SPAWNIMG:

BEFURE

1970

161
49
19

7

1977

65
13

1978

69

~
3= D= o

125
105

b

1.non
1.000

197y

176
60
2

o
1
8]
1
1]

2¢1
21/
39
an

1930

258

445
20y
08

19381

&7
140

1035
704
142

91

FOR T JANUARY;
WHEREBY THE FOLLOWING VALUES ARE

1982
[&-Y4
2462

o8

N
o= rUW

1486
209
194
117

THE SPAWHING

1983 1984

V237 et dededdodi

517 831

317 368

55 2206

15 39

2 10

2 2

n 2
2145
1527
297
211

_g9_



Table_ 2.20

HERRING INM

VIRTUAL POPULATION ANALYSIS

CATCH IN MUMBERS

XNV AW

c

TOTAL

Tahle_2.21

UNIT:
1974 1975
173.9 158.5
32.0 51.0
15.3 14.8
6.9 3.7
1.0 1.7
n.s n.ag
0.1 n.1
n.n n.n
2(9.6 230.7
VIRTUAL

MILLIUNS

1976

120
3

@ e s s e

TSNS A

Do DoV X W

168.5

POPULATION

1970¢

ST ST o wng
R
O DODI3INNOR

~
.
~

ANALYSIS — SEASONAL

SEASONAL

- =
DD 3D Ve el

D) ~
DO 3ICN WL o c

o
~
.

o

THE SOUTHERN NORTH SEA (FISHINMG AREAS IVC AND VIID)

1980

118.9
91.0
23.9
13.0

1.1
0.1
0.6
n.n

253.1

HERRING IM THE SOUTHERN NORTH SEA (FISHING AREAS IVC AND VIID)

FISHING

MORTALITY COEFFICIENT

2

3

4

5

[+

7

8

9+

¢ 2= 6o)U
C 2= %

1974

1.282
1.535
1.410
1.411
0.638N
1.063
1.264
1.264

1.264
1.735

1975

1.623
1.8326
1.3n2
1.745
1.83¢4
2.184
1.66%8
1.663

1.66%
1.742

1976

2.3500
3.064
5.021
4,757
2.796
Y942
3.5%6
3.536

3.536
4,495

UNIT:

1977

n.130
n.251
o424
0. 5863
6.176
7.222
1.569
1.56Y

1.569
2,377

Year -1

1978

0.006
n.071
VY ard
1.319
.01
n.147
.495
N.498

U.495
N.445

MATURAL MORTALITY COEFFICIENT

1979

N.243
0.324%
0.349
N.N4é
0.n00
0.ne1
N.193
N0.1v3

0.193
N.166

19 80

0.095
1.241

1.497
1.011

N.350
%.309
n.Ysy
0.959

0.959
2.009

1931

245,06
34,9

300.0

1981

0.395
n.394
0.509
n.520
N.569
N.218
.489
n.439

0.489
Nn.465

378.3

1982

0.287
n.520
0.460
N.341
D.vo01
N.794
0.522
n.522

0.o2?
N.501

451.8

= 0.1n

1983

n.260
n.2s60
0.260
nN.260
n.26n
n.260
n.260
n.,26n

0.200
0.260

- 99 -



Tahle 2.22 JIRTUAL POPULATION ALALYSIS — SEASONAL
HERRING IN THE SOUTHERN NORTH SEA (FISHING AREAS IVC AND VIID)

STOCK SIZF In MHUMBERS UNIT: mILLIOHNS

3I0MASS TOTALS UNIT: THOUSAKND TONNES

ALL VALUES, EXCEPT THOSE REFFKRING TO THE SPAWHING STOCK ARE GIVEN FOR 1 JAMUARY; THE SPAWNING
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREOY TAE FOLLOWING VALUES ARE

USED: PROPNORTIONM OF ANNUAL F BEFORE SPAWNING: 500
PROPORTION OF ANNUAL M BEFURE SPAWNING: n.s50n
1974 1975 1976 1y 77 1978 1979 1980 1981 1942 1983 1984
2 250 205 138 50 66 188 248 789 664 1305 3swaassn
3 199 63 37 12 39 59 133 112 431 451 911
4 21 21 9 2 Q 33 39 35 08 259 315
5 9 5 5 0 1 4 21 8 19 39 181
<] 2 2 1 u 0 8] 4 v 4 12 27
14 1 1 0 0 n n 0 2 4 1 3
3 n a 0 U a 4] 1] G 2 1 1
9+ n 0 0 n n n 0 Q 0 1 1
TOTAL #9 392 297 190 64 115 265 445 953 1241 2069
SPS HO 190 124 50 56 106 237 2638 742 972 1728
TOT.BIO" 53 40 25 3 16 2y 65 124 (] 281

SPS BIUM 26 17 <] 7 14 %2 37 Q6 125 235

..L9._



Table 2.24. Calculation of input parameters for VPA of A) Divigions IVa

- 68 -

and IVb combined and B) total North Sea.

No. at 1 January 1983

from individual stock

Catch in number

Age VPA x 1076 in 1983 P
IVa Ivb Sum IVa + IVb combined
2 728 407 1135 293
3 418 171 589 111
4 153 49 202 41
5 75 14 89 15 r 0.265
6 102 5 107 20
7 68 1 69 12
8 60 1 61 11
=9 67 1 68 12 J
b 1671 649 2 320 515
foon indlvidue) atook Gatoh in munber
Age VPAS x 10~ in 1983 F
IVa IVb IVe Sum IVa,b,c combined
0 10 030 0.82%)
1 1 147 0.235%)
2 728 407 1 237 2 372 545 )
3 418 171 517 1 106 216
4 153 49 317 519 105
5 75 14 55 144 26 0.251
6 102 5 15 122 23
7 68 1 2 71 13
8 60 1 2 63 11
29 67 1 1 69 12 )
Z2+ 1671 951

#) Matohed to TYFS

649 2 146 4 466

results for 198l and 1982 year classes




VPA

CATCH IN NUMBERS UNIT: MILLIONS
1974 1975 1976 1977 1978 1979 1980 1981 1982
2 743.5  414.5  8N7.1 38.3 2.1 12.5 8.9 41.6 67.2
3 341,7  220.0 75.5  183.4 1.7 1.0 3.0 16.4 8.
4 117.6  135.2 48,5 0.1 3.8 4.5 2.0 20.1 7.2
5 54,9 55.4 34.0 6.5 0.3 1.5 5.3 21.9 7.6
6 22.2 16.1 5.8 4.1 n.2 n.1 0.6 19.4 4.6
7 4.8 9.1 bob 1.5 1.? 0.3 0.y 18.1 6.3
2 2.0 2.4 1.0 0.7 0.2 n.o 0.4 5.4 3.1
9+ 1.1 1.4 V.4 u.n U.3 0.1 0.1 1.1 1.0
TOTAL 1292.8  RS55.1  976.7 244.Y 8.2 21.1 26.2 144.0  105.7
Tahle_2.26 VIRTUAL POPULATIUN ANALYSIS

HERRING IN THE NORTHERN AND CENTRAL NORTH SEA (Fishing areas IVa and IVb)

FISHING HORTALITY COEFFICIENT UNIT: Year-i NATURAL MORTALITY COEFFICIENT
1974 1975 1976 1977 1978 1979 1980 1981 1982

2 1.143 1.389 1.219 .267 .16 0.071 0.07> n.171 0.120

3 n.95s 1.133 Nn.937 N.916 0.074 0.no9 n.ns3 n.172 N.N44

4 n.902 1.198 0.805 N.262 .4335 0.042 0.020 N.165 L.nyé

5 1.141 1.425 1.032 0.214 n.010 0.0 0.035 n.273 0.078

o 1.061 1.171 0.459 0.277¢ 0.008 U.n04 0.007 0.264 Uoiveé

7 N. 610 1.898 1.715 N.183 0.ni7 0.N35 0.037 0.268 0.1715

8 n.ssn 1.420 .80 U.450 0.93n n.0en u.020 0.290 0.0060

9+ 0. k3N 1.420 1.130 N.450 0.030 0.000 0.020 Nn.290 N.0060

¢ 4= 7L 0N.v46 1.4253 U.eb3 0.234 0.018 u.n24 0.025 N.243% 0.091
2= 7)) 1.0062 1.304 1.153 0.594 n.020 0.N3% 0.042 n.203 0.093

Table 2.25 HERRING IN THE NORTHERN AND CENTRAL NORTH SEA (Fishing areas IVa and Ivb)

Nn.265
0.265
0.265
n.265
0.265
n.265
0.265
0.265

0.265
D.265

_69-



Table_2:27 VIRTUAL POPULATION ANALYSIS

HERRING IN THE NORTHERN AND CENTRAL NORTH SEA (Fishing areas

STOCK SIZE IN NUMBERS UNIT: MILLIONMS

BIOMASS TOTALS UNIT: TONNES

ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME,

USED: PROPORTION OF ARNUAL F BEFORE SrAWNING: N.670
PROPORTION OF ANNUAL M BEFORE SPAWNING: N.670

1974 1975 1976 1977 19738 1979

2 1144 574 1192 183 135 192

3 579 330 129 319 130 121

4 206 202 92 Lo 116 116

5 34 76 55 37 32 101

6 35 24 16 138 27 29

7 in 11 7 9 1 24

3 4 5 2 2 7 11

9+ 2 2 1 4] 11 Z

TOTAL NO 2065 1223 1494 614 469 595

SPS NO 950 479 643 3906 432 542

TOT.BIOM 323129 202186 212239 105434 80867 111415

SPS BIO® 150553 79745 94168 67541 U123 1U0Isr?

IVa and IVb)

ARE GIVEN FOR 1 JANUARY;
WHEREBY THE FOLLOWING VALUES ARE

1950 1981
129 277
162 109
108 139
100 96

90 338
26 81
21 22
5 5
642 816
5 d4 665

128024 157541
11044y 127402

1982

025
211
83
107
06
o
56
13

1226
1ure
212090
186771

THE SPAWNING

1983 1984

1320 wddrdr e dde

501 916

133 3438

48 127

89 47

55 62

49 3y

54 72
2320
1817
374928
293590

- 0l -



Table 2.28 Comparison of summed VPA results and combined VPAs
Divisiors TVa and IVb combined.

Spawning stock size Recruitment of 2-ringers
Year o TV Sum IVa,b combined | IVa Vb Sum IVa,b combined
1972 | 183.1 43.8 226.9 230.9 - 1718 504 2 222 2 239
1973 | 125.0 | 74.8 199.8 207.3 1 038 765 1 803 1 994
1974 | 74.8 | 73.7 148.5 150.6 298 646 944 1144
1975 55.1 35.5 90.6 9.7 271 304 575 574
1976 89.4 19,8 109.2 94.2 947 200 1 147 1192
1977 71.9 17.8 89.7 67.5 167 31 198 183
1978 89.9 | 14.4 104.3 80.1 152 6 158 135
1979 | 109.5 9.9 119.4 101.9 197 22 219 192
1980 | 129.7 | 14.9 144.6 117.4 120 38 158 129
1961 | 132.9 | 18.1 151.0 127.5 191 110 301 277
1982 | 178.1 | 37.0 215.1 186.8 480 251 731 625
19683 | 238.8 | 63.7 302,5 293.6 728 407 1135 1 320

- Tl -




Table2:29 VIRTUAL POPULATION ANALYSIS

NORTH SEA HERRING (FISHING AREA IV)

CATCH IN NU™MBERS UNIT: MILLIONS

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

0 996.1 263.8 238.2 250.8 130.0 542.0 91,7 7388.¢  9550.7 10029.9
1 846.1 2460.5 126.6 144.3 108.6 159.2 161.1 447 .0 840.4 1146.6
2 772.6 541.7 901.5 44 .7 4.9 34.1 108 .0 264.3 268.4 544.3
2 362.0 259.6 117.3 180.4 b7 mn.o 1.8 56.9 230.1 216.4
4 126.0 140.5 52.0 Tu.8 5.0 10.1 32.2 39.5 35.7 105.1
5 56.1 57.2 34.5 7.0 0.3 2.1 21.7 2%.5 4.4 26.2
) 22.3 16.1 6.1 4.1 .2 n.2 2.3 22.7 0.8 22.8
4 5.0 9.1 4.4 f.5 0.2 n.® 1.4 18.7 /.8 2.8
3 2.0 3.4 1.0 a.7 u.2 N.o .4 5.5 3.6 1.0
9+ 1.1 1.4 0.4 0.n 0.2 n.1 0.1 1.1 1.1 12.1

TOTAL  3189.3 3753.5 14382.0 650.3 315.4 759.2 1210.7 8772.9 1N9635.0 12127.7

Table 230 VIRTUAL POPULATIUN ANALYSIS

NORTH SEA HERRING (FISHING AREA IV)

FISHINS MORTALITY COEFFICIENT UNIT: Year-=1 MATURAL MORTALITY COEFFICIENT = (.10
1974 1975 176 1977 1978 197y 198U 1931 1932 1983

n n.214 0.486 N.b464 N.346 0.1358 0.305 0.315 1.097 N.Y44 n.s20

1 n.710 T.045 D.404 U.504 U.356 U.32s 0.125 0.263 0.2¢0 0.235

2 1.129 1.203 1.366 N.210 0.025 n.101 0.34% n.27¢ n.222 n.251

3 J.949 1.492 1.030 1.105 0,035 U.nsY 0.378 h.273 0.504 0.251

4 Q.89 1.135 T.441 N.zn4 0.062 n,ny2 0,242 n.246 n.zin n.251

5 1.063 N.952 U.abé N.6dy U.u07 u.nN3e U194 0.311 n.12n n.251

5 1.n38 n.969y 0.209 0.196 n.03n a.nnsy n.osag n.2s4 0.102 0.251

7 n.676 1.705 U.o3% 0.065 U112 U. 145 U.041 Ne625 0.133 0.251

3 0,940 1.280 0.%N0 0.190 0.01n 0.n4n 0.0v0 n.zno n.120 0.251

Y+ 0.94n 1.280 0. 300 0.190 U.0in 0.041) 0.0%U n.200 ,1210 0.251

C 4~ 7)U nN. 399 1.190 N.797 N.281 0.02% n.nés 0.129 n.x17v N.146 n.251
C 2= 7 1.ns7 1.297 1.282 0.e012 U.ns2 0.075 1.292 n.z27ry U.254 0.251

-2l -



Table 231 VIRTUAL POPULATION ANALYSIS
NORTH SEA HERRING (FISHING AREA IV)

STOCK SIZE IN NUMBERS UNIT: MILLIONS

BI0MASS TOTALS UNIT: TONNES

ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY;

THE SPAWNING

STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING:
PROPORTIOMN OF ANNUAL M BEFORE SPAWMING:

1974 1975 1976 1977

n 54714 717 071 921

1 1739 3953 399 3482

2 139 773 1258 24

3 616 3438 190 290

4 239 210 71 6

5 32 97 03 15

6 36 2/ 34 24

7 i1 12 Q@ 25

4 3 5 2 4

9+ 2 2 1 0

TOTAL 0 V356 6150 2097 19635
SPS 10 1027 586 656 430
TOT.BIOM 511478 4479135 263810 1448238
SPS RIOM 163916 96101 975488 12134

1973

796
5910
209
176
87
45
7
8
21
32

19380
545
148501
Y6531

N.6607
nN.667

1979

2160
Sy7
314
184
153

T4
47
[°]
K
3

3608
75
209050
131260

1980

3072
1440
389
3006
157
129
05
57

5

1

Soi)l
847
%1322¢8
15310707

1981

12333
202#%
1150

250
190
i1
9o
57
22
o

16254
1471
592062
237510

1982

16311
3726
1497

790
12
134
‘4
66
53
N

22727
2131
364602
344193

1983 1984
T8709 sansbvar
5742 7456
25704 4107
1022 1812
497 720
124 350
103 87
60N 76
52 43
57 77
28944
3556
1279530
565304

- ¢) -



Table 2.32

Comparison of summed VPA results with combined VPA for total North Sea.

Year

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

Spawning stock size

Recruitment of 2-ringers

IVa IVb IVe Sum Combined IVa IVb TVe Sum Combined
183.1 | 43.8 36.5 | 263.4 273.0 1 718 | 504 328 | 2 550 2 552
125.0 | 74.8 19.5 | 219.3 227.8 1038 | 761 | 276 | 2 075 2 080
74.8 | 73.7 13.5 | 162.0 163.9 298 | 646 |+ 261 | 1 205 1 189
55.1 | 35.5 9.2 99.8 96.1 271 | 304 205 780 773
89.4 | 19.8 2.4 | 111.6 97.6 947 | 200 161 | 1 308 1 258
71.9 | 17.8 T.2 96.9 T2.1 167 31 65 263 241
89.9 | 14.4 14.4 | 118.7 98.5 152 6 69 227 209
109.5 9.9 30.0 | 149.4 131.3 197 22 176 395 374
129.7 | 14.9 28.5 | 173.1 153.1 120 38 258 416 389
132.9 | 18.1 91.4 | 242.4 237.3 191 | 110 877 | 1178 1 150
178.1 | 37.0 125.3 | 340.4 344.2 480 | 251 782 | 1 513 1411
238.8 | 63.7 215.1 | 517.6 563.3 728 | 407 |1 237 | 2 372 2 574

- %l -



LIST OF IMNPUT VARIARLES FOR THE ICES FPREPICTIOM PROGRAM

HERRING IN DIVISIONS IVA AND IVB CUMBIMED

FIRST YEAR: 1984
LAST YEAR: 193

YE AR RECRUITMENT
millions
1984 3100,
1985 4300,
1986 4300.
PROPORTION OF F (fishing mortality) BEFORE THE SPAWNING SEASON: 0.07
PROPORTION OF M (natural mortality) BEFORE THE SPAWNING SEASON: 0.07
MATURITY WEIGHT 1IN WEIGHT IN
AGE STOCK SIZE F AT AGE It OGIVE THE CATCH THE STOCK
millions gram JJddd
2 3100.0 0.265 N.10 1.009 126.000 126.000
3 916.0 N.205 0.0 1.0an 176.000 176.000
4 348.0 U.265 0.0 1.009 211.000 211.000
5 127.0 N.265 n.in 1.00n0 243.0N00 243.000
6 47.0 0.205 n.10 1.000 251.000 251.000
7 62.0 0.265 n.in 1.00n 267.000 267.000
8 38.0 0.2065 n.40 1.000 271.000 271.000
9+ 72.0 n.265 n.1n 1.00n0 271.000 271.a00

-Gl -



LIST OF INMPUT VARIABLES FNR THE ICES PREDICTION PROGRAN

HERRING IM DIVISIONS IVC AND VIID

"FIRST YEAR: 1984
LAST YEAR: 1936

YF AR RECRUITMENT
millions
1984 1nnn.
1985 1000.
19386 innn.

PROPORTION OF F (fishing mortality) BEFORE THE SPAWNING SEASOM:
PROPORTION OF M (natural mortality) BEFURE THE SPAWNING SEASON:

WEIGHT IN
THE STOCK
kilogram

n.120
N.151
0.173
n.2n00
0.230
Nn.230
0.230

MATURITY WEIGHT 1IN

AGE STOCK SIZE F AT AGE M OGIVE THE CATCH
millions kilogram

2 1000.0 N.261 n.1u 1.000 0.120
3 38N.5 9.26N .10 1.000 0.151
4 367.7 0.260 nN.14 1.000 0.173
5 225.6 N.20n n.1n 1.00N 0.200
& 38.8 .260 0.11) 1.000 U.230
7 10.5 N.260 n.1n 1.090 n.230
38 1.7 N.200 0.110 1.000 0.230
9+ 2.1 n.26Nn n.1n 1.000 n,230

0.230

_9L..



Table 3.1 HERRING in Division ITIa.
(Data mainly provided by Working Group members)

Landings in tonmes 1973-1983

Country/Year 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983%
Denmark 42 098 35 732 29 997 7 %26 19 889 6 425 5 153 5180 | 18 001 22 881 54 102
Faroe Islands 5 265 7 132 8 053 1 553 10 064 1041 817 526 990 715 1 980
x Germany Fed.Rep. - 36 108 6 32 28 181 - 199 43 40
H | Iceland 15 938 231 1 209 123 - - - - - - -
o]
Eﬂ Norway (Open Sea) 836 698 196 - - 1 860 2 460 1 350 6 330 | 10 140 5 300
© | Norway (Fjords) 1 680 1 720 1459 2 304 1 837 2 271 2 259 2 795 950 1 560 2 834
Sweden 20 429 11 683 12 348 6 505 8 109 11 551 8 104 | 10 701 30 274 24 859 35 176
Total 86 246 57 232 53 370 17 817 39 931 23 176 18 974 | 20 552 56 T44 60 198 | 99 432
Eb Denmark 78 125 54 540 | 48 974 | 41 749 38 205 29 241 21 337 25 380 | 18 721 12 366 62 901
§ Sweden 40 418 39 779 23 769 30 263 37 160 35 193 25 272 18 260 38 871 38 892 | 40 463
o
M | Total 118 543 94 219 72 743 72 012 75 365 64 434 | 46 609 43 640 | 57 592 51 258 | 103 364
Div%i-itirf e 204 789 1151 551 | 126 113 | 89 829 | 115 296 | 87 610 | 65 583 | 64 192 | 114 336 | 111 456 | 202 796
Unallocated 8 117 20 053 57 000 35 344 -4 800
GRAND TOTAL 73 700 84 245 | 171 336 | 146 800 |197 996

% preliminary
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Table 3.2

HERRING 1IN

CATCH IN

TN SN =

[

TOTAL

MUMBERS

UNIT:

1975

201N6
1471
144
60
57
15

&

1

1

3766

MILLIOKNS

1976

4 3%
1474

1977

Y34
1437
329
61
12

DN

2784

1978

147
876
455

65

DO = =0

1555

FISHING AREA ITIA (KATTEGAT AND SKAGERRAK)

457
1oy
543%

i

12906

198U
6432
Lot
233
1eb
30

{

1603

1931
2624
EET)
656

178
68

0}

5502

1982

3554
Yo 5
24
241
26
16

n

4920

1983

4876
2603
49N
122
56

G

8154

- gl -
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Table 3.3 Length components of l-group herring in Division IIIa from 1980-1984,
Mean lengths

Length components
Year | Strata
1(cm) p 1(cm) p 1(cm) p 1(cm) p

1980 1 14.0 .73 17.0 27

2 14,6 14 16.2 .86

3 15.1 .09 18.01 .91

4 16.2 .45 18.2 .55
1981 1 12.9 .34 16.9 .66

2 15.6 AT 18.0 .53

3 16.3 .24 19.1 .76

4 17.4 | .81 19.6 | .19
1982 1 13.9 15 15.5 .85

2 15.5 .60 18.0 .40

3 17.2 1.0

4 17.4 | .80 19.6 | .20
1983 1 14.3 .27 17.0 .13

2 14.4 .11 17.5 .89

3 13.8 .58 17.3 42

4 14.0 .65 17.5 .35
1984 1 13.5 | .55 16.3 | .45

2 13.3 .50 16.4 .50

3 13.9 .26 15.4 JTh

4 14,2 .57 16.4 .43
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Table 3.4 Split of l-group HERRING in spring-spawned and autumn-spawned

indexes in Division IIIa,

Year | Strata |No/lhr hauls |Hauls cspr- caut
1984 1 54 619 6 3755 | 3072
2 30 121 4 3765 | 3 765
3 61 913 8 2 012 | 5 727
4 33 278 15 - | 2219
Weighted mean 2 793 3 242
1983 1 57 643 9 1729 } 4 675
2 35 020 4 964 | 7 798
3 52 045 6 3713 ) 2 732
4 4 171 13 209 112
Weighted mean 1 522 3 897

1982 1 5 906 4 1 476 0
2 39 387 5 4 726 | 3 151
3 6 293 5 - 1 259
4 18 507 6 - 3 084
Weighted mean 1 408 | 1 152
1981 1 30 823 6 1 747 | 3 391
2 7 528 4 - 1 882
3 6 058 9 - 673
4 1 044 9 - 116
Weighted mean 996 | 2 250




Table 3.5 Div. IIIa HERRING and western Baltic combined VPA

Year Class VPA VPA VPA VPA VPA
{spring 1 Jan. Acoust. L. Jan Acoust., 1 Jan. Acoust. 1 Jan. Acoust. 1 Jan.
spawners) | SA Seas | Add Oct. SA  |Seas |Add Oct. SA Seas |Add oct. SA Seas |Add Oct. SA Seas |Add.
1975 213] 166 169 38 76 57 58 28 35 26 27 1 11 6 8 2 4 1 4
1976 864) 685] 707|1 288 321 244| 256 84 121 85 95 3 41 21 29 6 16 3 10
1977 3 3272 506{2 557| 1 338 1 646|1 285]1 339{ 474 572| 404 | 448 24 202f 104 142 19 82 14 47
1978 1 740|1 205{1 278] 404 958| 681 750 62 349 185) 247 53 141 28 82
1979 3 954|2 175 |2 343|1 396 2 206{1 049|1 214| 344 1091 256 404
1980 230)2 116(1 4871 550 783|1 382] 816
1981
SA: Separate VFA, stocks added after run
Seas: 22 & 24 catches allocated to 1. half year, Div. IIIa catches allocated to 2. half year
Add: Catches added on annual basis
Add: F2 = 0.5 FB—B = 1.0 M= 0.1
Seas: F2 = 0.4 F3_4 = 1.3 FS-B = 1.5 M= 0.1
SA: 22-24 : F2 = 0.22 Fé = 0.45 F4—8 = 0,70 :)» M= 0.3
Div IITa : F, = 0.8

- 19 -



- 82 -

Table 3.6 Div. IITa HERRING

Areas 22 + 24 Div, IIIa
W.R. Combined Single Combined Single
VPA VPA VPA VPA
2 0.22 0.29 0.42 1.20
3 0,67 0.72 0.30 1.21
4 0.87 0.88 0.26 1.19
5 0.76 0.76 0.18 1.14
6 0.71 0.73 0.20 1.27
K 0.77 0.76 0.07 (1.12)
UF 0.67 0.69 0.24 1.19

Calculated fishing mortalities averaged for 1975-80.
Comparison between a combined VPA for Div, IITa and Sub-areas
22424 (Belt Seas - western Baltic) and VPAs done for

each area separately. The combined VPA was run on half-
yearly basis assuming all 22-24 catches taken in 1. half
year and all Div. ITIa catches being attributable to

the 2. half year.

M assumed = 0.1
Single SA 22424 VPA assumed M 0.3
Single Div. ITIa VPA assumed M = 0,1

u



Table 4.1

(Data provided by Working Group members.

Annual Celtic Sea and Division VIIJj HERRING, 1974-83.

Year | France Dg;fﬁi‘;. %2?;2%, Ireland | Netherlands | Poland gri‘i;;im USSR | Unallocated| Total
1974 | 2 261 - 433 16 276 2 105 954 - - - 22 029
1975 1 924 - 361 10 587 2 825 512 24 1 054 - 17 287
1976 {1 919 147 28 5 986 1 627 324 - 826 - 10 857
1977 106 - 96 5 533 1 455 - - - - 7 190
1978 8 - 220 6 249 1 002 - - - 850 15 519
1979 584 - 20 7 019 850 - - - 3 705 12 178
1980 9 - 2 8 849 393 - - - - 9 253
1981 123 - - 15 562 1150 - - - - 16 835
1982 + - - 9 501 - - - - - 9 501
1083* 495 - - 10 000 1 500 - - - 10 187 22 187

Table 4.2 Celtic Sea and Division VIIj HERRING by season (1 April to 31 March)
(Data provided by Working Group members).

Season |France D(:f;:' gzg“.‘;’g. Ireland | Netherlands | Poland g’i’izggm USSR | Unallocated | Total
1974/75 |2 150 - 435 13 939 2 462 954 - - - 19 940
1975/76 |2 451 - 399 8 640 2 441 579 24 |1 054 - 15 588
1976/77 |1 317 147 36 5864 1324 257 - 826 - 9 771
1977/78 95 - 96 6264 1378 - - - - 7 833
1978/79 8 - 220 8 239 1 002 - - - 7 559
1979/80 584 - 20 7 932 850 - - - 935 10 321
1980/61 9 - 2 9 024 292 - - - 3 803 13 130
1981/82 123 - - 15 830 1 150 - - - - 17 103
1982/83 + - - 13 042 - - - - - 13 042
1983/84% 495 - - 10 000 1 500 - - - 9 186 21 181

*Provisional

- ¢g -



Table_423

HERRING SOUTH AMD SOUTH WEST

VIRTUAL POPULATION AKALYSIS

CATCH IN MUMJEKS

i

2

3

4

5

9]

7

gt

o1 AL

Table 4:4

HERRING SOUTH AaND

1974

5507
42348
17134
22530

4225

37357

297R

Q03
827

1006949

UMIT:

197>

12768
15429
17733
7333
9INnNeé
2520
1644
117%06
1194

695815

OF IRELAMD

THOUSANDS

1970

13317
11113
7256
011
2872
4765
1950
1243
1769

21370

VIRTUAL POPULATION

souTH

WEST UF

MEAN WEIGHT AT AGE OF THE STOCK

FLNTWGR WM -

7

1974

110
n.ise
2.1061
N.198%
N.219
N.222
N.21%
n.232
n.2sas

1975

n.1110
n.is2
Nn.1s1
N.193
n.209
n.222
0.2
n.2:2
nN.2%as

1976

.10
n.1s2
0.1¢1
n.19y
u.20Y
N.222
U.216
n.z32
U.? 34

UNIT:

197/

e thy
0,152
0.181
n.19x
H.2ny
nN.«22
D.2%¢
n.e¢x2
}.2%0

(FISH

197T 1976
3159 24NN
12516 13385
s0710 TIyaN
5230 550%
TH 85 1540
1890 14706
1N44 561

355 6548

w7 4582
594 Ak 38057

ANALYSIS

KILOGRAN

1yv3a

DI |
0,152
0.1 581
(I A
U.2 09
0.z222
.20
n.232
U.’ 38

AREAS VIIG=J)

1979

11335
13913
12399
8630
2359
1310
1283
551
645

22257

1979

ot
nN.ise
0.1w1
N.1yin
n.2uYy
n.?2ee
0.21%0
n.2se
U.? 350

1Ysu

76z
30093
11720
0545
2312
2204
1AL
1202
555

63595

IRELAND (FISH AREAS VIIG=J)

1Y 530

[P RY
nN.ise
(R N
0,198
0.249Yv
n.222
U.27%0
n.z2se
.2 56

1931

393561
21285
21861
5505
4434
3436
79Y
315
A1)

Yisnt)

191

.10
n.152
n.1al
0.9y
n.eay
n.z222
0N.21%
N.2%2
N.23s

1262

15539
42725
8728
4817
1497
1391
1670
555
596

7(>Y8

1982

U.115
0.1 /74
.21
0.229
U.244
N.257
D.2on
N.263
[{ PR Y

19335

11486
87253
22895
27355
1579
277
315
(90
261

127539

TYR3

0.115
nN.i74
1.211
n.22¢9
N.244
n.2s57
n.z260
n.2e3
.2606
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Table 4;2 VIRTUAL POPULATION AKALYSIS

HERKING SOUTH AND SOUTH WEST OF IRELAND (FISH AREAS VIIG-J)

FISHING MORTALITY COEFFICTENT UNIT: Year-i NATURAL 1MORTALITY COEFFICIENT = 0.70
1974 1975 1976 1977 1973 1YY 1950 198 1982 1982 1974=380
1 .13 n.27v 0.21 ULl 0.u7 .4 Ua1b .20 L.us u.16 g.1¢
2 N.73 N.54 n.3s n.27¢ N.55 nN.4% 0.o0 n.7s N. &b 0.40 0.47
5 Jeo? 0.hd 0.47 .44 J. 40 .56 u. 83 1.Ns D.o? U.40 U.5s
4 N.¢2 n.o3 n.55 0,065 n.si .51 .5/ 1.7 n.s5 0.40 0.59
3 U.43 n.63 N.4g .21 0.56 0.e7 .27 (J. %0 .96 U.40 U.b
5 n.sn n.e¢7 n. 73 n.5Yy n.27 0.51 0.7 .54 1.02 0.40 0.57
7 u.73 .30 0.69 .30 .30 0.535 Tady .53 .49 u.40 U.s7
4 AR n.61 N4y n.3v n.3n N.49 .60 n. &z n.4n 0.4N0 0.52
P+ N.o9 N.51 N.4% 0.37 0. 358 n.&y .60 0.42 .40 0.40 U.n2
C 1= 74 .58 n.50 N.356 n.2vy N.29 N.34 D.47 N.43 n.zn 0.36
C 2= 7)u a0 N.51 N4y N.30 V.38 0. 50 d.o62 oy 0.50 0.40

- Gg -



Table_4'6

HERRING SOUTH AND SOUTH WEST OF IRELAID (FISH AREAS

STICK SIZE IH

VIRTUAL POPULATION ARALYSIS

MUMBERS

3IOMASS

ALL VALUES,

STICK
USED:

TOTALS

PROFORTION

+ X NT VWY =

b4

TOTAL K)
SPS kD
TOT.RION
SPS ATy

1974

4854 R
36307
35077
45762
12764
9962
5945
1893
1734

249052
181708
IANEH]
32149

UMIT:

1975

57120
38697
37635
16397
2N112
75406
5494
2601
27354

188335
136270
3N554
232 64

UNIT:

TONNES

EXCEPT THOSE REFERRING
DATA REFLECT THE STOCK SITUATION
PROPORTIUN OF ANNUAL F BEFORE SPAWNING:
OF ANNUAL

THOUSANDS

TO THE SPAWNIMG STOCK AKE
SPAWNING

AT

T BEFORE SPAWKNING:
1976 1977 1978
74519 611 R3S 45499
39571 S4787 47612
2040y 25269 30000
Iz 39 11566 14037
7ynn Bybs 5472
Q074 4429 6006
349y 42325 2211
3443 1297 2543
ha57 1592 1597
161087 1735210 104246
126127 127514 126011
27830 26381 26107
21007 204679 20943

1 IME,

T.200
.508

197y

HGR704h
33508
303¢9n
2276Y
#0217
565%
4577
1469
1716

199707
136520
29KEY
21751

VIIG=J)

1950

54957
0y 352
21667
15703
1244%
4322
1879
2925
1309

To5017
134510
23064
21856

GLVEN

FOR 1 JANUARY;
WHEREBY THE FOLLOWING VALUES ARE

19581

179547
L2920
24462

Ehiz
8N%
8591
2nng

5384
1615

286297
166497
3IRT4LS
24111

1902

522456
125116
18724
10579
25353
77
4521
IUok
13932

489904
2961036
68594
44526

THE SPAWKNING

1933

1984 1974-50

LA R e

270191
Tel 54
639
501é
381
171
2510
A29

450360
361432
77532
64168

62846
1658125
44116
5270
3043
534
6N
2025

61513
55576
29878
20003
10811
60602
39R3
2351
2220

- 98 -



LIST OF IMPUT VARIARLES Fnk THE ICES PREDICIYIUN PROGRAMN

CELTIC SEA UHEPRING DIVISIONS VIIG~J

FIRST YEAK: 1934
LAST YEAP: 946

YEAR RECRUITMENT
thousands

1984 122000,

1935 93n0n.

1966 95000,

PROPORTION OF F (fishing mortality) HEFORE THE SPAWNING SEASUN: n.z2n

PROPORTTON DF 15 (natural mortality) BEFORE THE SPAWNING SEASUN: n.sn

AATURITY WEIGHI TN WEIGHT IN
AGE STOCCK SIZE F AT AGE i 0GIVE THE CATCH THE STOCK
thousands kilogram kiloyram

1 1220000 9,160 n.1n N.500 0.115 Na1i5
2 52540 ..1) .40 .14 TLoun G.1.74 0D.174
2 168125.0 n.400 n.10 T.0an N.211 N.e1
4 Lhito. D) J. 4010 .19 Tooun 0.22v 0.229
5 527n.0 n.4CN n.in L.0nn N.244 N.244
6 304501 N.40D 0.0 T.000 U.257 0.257
7 534.0 0.400 n.1n 1T.000 n.260 n.z2en
8 6t . 4010 0.10) 1.000 0.263% .265%

9+ 2n25.N n.4cn n.1n 1.000 N.26¢6 n.2no

- lg -



Table 5.1 Catch in weight, Division VIa (North) 1973-1983

Country 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983%
Denmark 932 - 374 249 626 128 - - 1 580 - -
Faroes 10 003 5 371 3 895 4 017 3 564 - - - - 74 834
Prance 2 441 411 1 244 1481 1548 1 435 3 2 1 243 2 069 1 313
German Dem.Rep. 251 200 600 279 - - - - - - -
Germany Fed.Rep. 9 663 8 687 5 582 4 084 - 26 - 256 3 029 8 453 6 283
Iceland 2 532 9 566 2 633 3 273 - - - - - - -
Netherlands 27 892 17 461 | 12 024 | 16 573 8 705 5 874 - 5 602 11 317 20 200
Norway 32 557 26 218 509 5 183 1 098 4 462 - 3 850 13 018 7 336
Poland 2 062 334 376 390 - - - - - -
Sweden - - - 2 206 261 - - - - -
TK (England) - 45 125 20 301 134 54 33 1 094 90 -
UK(Scotland) |[120 800 | 107 475 85 395 53 351 25 238 10 097 3 15 30 389 38 381 31 616
USSR 1137 2 392 1 244 2 5%6 - - - - - - -
TUnallocated - - - - - - - - 4 633 18 958 -4 059
TOTAL 208 270 | 178 164 | 114 001 | 93 642 | 41 341 22 176 60 306 51 420 92 360 63 523

* Preliminary

- gg -



Tahle_D5e2 VIRTUAL POPLLATION A®ALYSIS

HERRING IN THE MNORTHERM PAMPT OF VIA

CATC! IM NUMBEKS UNIT: THOUSANDS

1974 1975 1970 1977 1978

T 530119 826706 8225 11508 108199
T 309016 172879 0953 34830 22525
2124944 202087 449en4 47039 462084
3 151025 39060 101544 95834 20567
4 51917 63701 35502 2207 4692
5 82406 13u2N2 25195 TUUsS 08/9
6 L9632 2N601 7H2 BY 12211 385%
4 34029 1229/ 1916 20992 21UnN
H 22470 12121 39ta 215% [P
9+ 2142 13694 12014 Teso 1544

TOTAL 1350572 86822% 6062262 259564 258921

Tahle_De3 VIRTUAL POPULATION ANALYSIS

AERRINLG IN THE NORTHERN PART OF VIA

FISHING MORTALITY COEFFICIENT LNIT: Year-i
1974 1975 1976 1y7e 1974
n N.4rn n.276 .32 . 1332 J.2 195
1 n.5732 N.241 N.347 nN.163 0.074
2 N.501 n.s1s .50 N.380 J.302
3 n.7397 N.893 1.2m N.534 .251
4 N.892 0.83% T .sls Uob)z

3 nN.918 n.361 Na.#52 nN.r93 n.5 30
8] 1.215 0.951 U.744 1.265% .72
14 N.¥ok 1.0058 N.9 %0 n.cse 0.0065
25 D.8709 N.855 D.Y85 N.620 ),350%
Al N.RY9 N.#55 0.985 n.e? s N.362

¢ 2= 7)) 0.872 N.89¢ U900 0. 041 osob

1979

1614
392
2en
122

21
21
12

G

2426

19460

Q0
12806/
1355
Y4
240
ve

45
4U

3

1

15049

1941

3nn3
30760
7rvel
105600
61347
21403
12623
1198635
1309
13720

332959

HATURAL MURTALITY COE

1279

0H.0us
n.nao
.00
c.ond
n.0un
a,.non
.nue
n.nr2
.90
n.ne

n.ae

1930

0.0
N, 04
s
1,002
(.92
n.a%
o.0m
n.NNe
0.0
n.noi

0.0u2

1927

0.u1>
q.07n
N.393
N.357
.33
n.250
n.26¢
n.212
n.z22a
n.223

N.303

1902

219
15304
250010
2109
Yi544
58452
23540
11516
1348714
Ly27

540645

FFICIENT

1982

u.uun
N.074
V.lré
n.o%3
U.543%
0.521
U.422
n.z7sn
0.573
n.3r%

Ja556

19853

14b
81923
781N
92043
2v202
42535
273138
14709
8437
sb4db

283365

0.10n

1933

n.u23
n.072
N.684
n.653
0.594
n.45n
N.450
n.450
0.450
N.450

D.547
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Tahle 5.4 VIRTUAL POPULATION AWALYSIS
HERRING IK THE MORTHERN PART UF VIA
STOCK SIZE IN NUMBERS UNIT: THOUSANDS

3I0MASS TOTALS UMIT: TOHNNES
ALL VALUES, EXCEPT THOSE REFEKRRING TO THE SPAWNING STOCK ARF GIVEN FOoR 1 JAMUARY; THE SFAWNING
STOCK DATA REFLECT THE STOCK SITUATION AT SPAUNIMG TIME, WHEKEBY THE FOLLOWING VALUES ARE
USED: PROPORTIOM OF AKNUAL F BEFURE SPAWNING: 1.674

PROPORTION OF ANNMUAL 1 BEFURE SrAWnlNG: n.671

1974 1975 1976 1977 1908 197% 1980 1941 1942 19 42 1984
0 14901ds 5359684 276552 5/¢909Y 613017 3210085 634565 219051 1563927 D054 wh bt dw st
T 740947 B45854 247023 242410 3520626 452518 288090 573997 195550 1238476 5%84
20 304508 37799 GUTSLY 158U4L  Toulod ?7YS0s A7 248445 4u4401 Toatls 1ub2?77i
3 287136 157278 51545 42211 VY96 126644 25274Y 36 g4 1509170 202147 74932
4 9170648 117148 SHZ L0 411546 1264617 L3491y tieiLob 2282670 ?335009 68518 9520
5 143522 34N25Y 45847 19¢19 16350 77556 62351 1M1 711 148379 122387 34130
6 75515 5203¢ 130189 17695 1305 32 64 U240 563641 71657 78924 70899
7 62601 20n11 17214 45420 4519 3493 7L 4L 62520 39003 42495 45535
3 DY 23825 5512 0133 AR 2103 57154 ofsh L0462 24575 24570
7+ 275359 26271 199 33 523 5314 t] [REEN] G822 13551 24511 282N5

TOTAL HO 4105006 2318903 1535032 11530772 1614502 133/20% 1841221 1878¢72 2752627 1972905
SkS NO 17574 537436 524445 340256 344022 52777 857/(%8  #40/495  TI0Z7A 0 4ELnsN0
TOT.RIOY 397332 260090 177084 10Y24y  100G21N 1264935 1/NNGI 229551 213938 2346712
SPS RIOT 167190 9451y 24 r] 555340 255006 (549 12c057  1E2085 110726 79581

- 06 -



Table 5.5 Predictive regression between larval indices (numbers x 10~
and spawning stock biomass (t x 10~
Division VIa (North).

9)

3 age 2 and older) in

Regression based on data from 1972-82.

Year larval index Spawning stock biomass
1972 2 871 447
1973 1913 315
1974 1 095 167
1975 1 039 95
1976 375 77
1977 1 040 54
1978 649 53
1979 1 290 78
1980 2 185 129
1981 2 484 132
1982 2 533 118
1983 834 82"

*Predicted from regression equation

Y = 5.456 4+ 0.092 x (r = 0.63)

...-[6..
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Table 5.6 HERRING, Division VIa North.
Mean number of 2-ringers per hour fishing in the
Scottish Young Fish Survey and VPA estimates of
2-ringers in the stock,

Year Survey estimate VPA (millions)
1980 6 768 409

1981 1157 248

1982 2 173 484

1983 14 164

1984 13 578 [ 1043 7

LIST OF IMPUT VARIARLES FOR THE ICES PREDICTION PROGRAM

HERRING IM DIVICION VIA(NAR(H)
FIRST YEAK: 1934

LAST  YRAR: 1936

YEAR RFCRUITMFNT
thousands

1934 6NHIN0N,
1945 330000,
1946 2xannn,
PROFORIION OF F (Tishing mortality) BEFORE THE SPAWNING SEASON: Jao?
PROPOKTIION OF ¢ (natural mortality) BEFURE THk SPAWNING SEASOK: .67
MATURITY WEIGHT IN wEIGHT IN
AGE STOCK SIZE F AT AGE M OGIVE THE CATCH THE STUCK
thousands kilogranm kilogram
2 oNNUCo. N U.6b4 [N Y} 1000 0D.121 .12
3 74932.0 N.653 n.an 1.000 0,158 Nn.158
4 95201.0 D.596 it 1T.uh0 U175 0.717%
5 341350.0 N.4450 .10 1.000 n.1&6 N.1r0
53 70899 .10 D.b50 .14 T.0u0 u.200 0.2006
7 45535.0 0,450 n.in 1.00N 0.218 n.218
3 265160 J.450 010 T..U40 U.224 N.224
9+ 28205, 10 N.&s50 .10 1,000 N.224 N.224




Table 5.8 Monthly landings (tonnes) of HERRING from the Firth of Clyde (all
fishing methods combined). (Data provided by the Working Group.)

Month 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
January ] E E * 4"‘E * 6% 1535 o* +F
February 91* 68* 7* % 6* g* 3* 15% 16 1*

March 168% 85 69% " 7* 13% g% 14* 1* 1*

April 398 369 521 530 246 12% 1% 30% o* =

May 280 283 436 544 245 4= o* 25% 615 1*

June 607 203 281 640 238 336 114 429 850 265

Tuly 690 354 332 494 376 466 656 982 757 | 519

August 543 240 473 601 587 450 645 511 262 681 \'o
September 310 515 541 559 581 374 559 106 “E 1 604 ‘l”
October 451 811 598 556 653 263 79 = SE g7
November 245 571 595 560 647 1* 3% o* = 1*
December 91 120 236 328 272 * % 2% 1* =

Not known 189 44 50 35 2731)

Total 4 053 3 663 4 139 4 847 3862 | 1951 2 081 |2 135 2 506 |2 803

# Subject to closure of directed fishery,
1) Landed in Northern Ireland and Isle of Man during July and Avgust.




Tahla 29 VIRTUAL POPILATION ANALYSIS

CLYDE HERRING

CATCH IN NUMBERS UNIT: THOUSAKDS
1974 1975 1976 1977 19738 197y 19380 1981 1y i52 19 8%
D] 86 U [§] U n ¥] 380 [} 427 479
1 5304 12694 6194 1041 14123 507 253 212 22n 314
2 G541 1370 10480 1524 1796 43859 5033 2372 11311 10109
2 2817 2455 913 0970 2259 Ny 15v2 27385 4079 5232
4 2559 1124 1049 162 2724 930 So0? 1022 2440 1747
5 1140 1072 526 1112 054 Al 341 1158 MNes 963
[ 494 451 638 574 6s 341 204 433 863 555
14 790 175 261 439 n 2869 125 436 145 415
3 253 356 135 251 298 156 [ L07 222 189
? 27 130 1 146 14 119 56 74 03 85
10+ 59 o7 1no 192 236 154 08 10 >3 38
TOTAL 22344 2N323 2N477 19367 231487 9nsn 9547 9067 2Nob51 2012¢
Tahlejiff VIRTUAL POPULATION ANALYSIS

CLYDE HERKIMG

FISHING MORTALITY COEFFICIENT UNIT: Year-i MATURAL MORTALITY COEFFICIENT = 0.10
1974 1975 1976 1977 1978 1979 1930 1981 1952 1933

0 0.002 0.0nn 0.000 N.udy U.yul 4.000 0.0y Q.000 0.u12 0.um

1 n.533 n.3180 0.341 D.InNsG 0.677 n.nzv N.02n0 n.nnyg n.nos n.010

2 0,787 n.322 0.547¢ D./84 .235 .45y U411 nN.171 (1.410 0.300

3 n.533 n.466 0.229 N.765 N.533 0.141 n.23s n.326 N.656 n.snn

4 N.541 0.383 .325 o401 U.oceh . 354 0.125 N.359 U.406 n.300
5 n.437 N.404 N.3508 0.595 N.394 0,440 0.13Y N.35% N.3e1 n.3znn
5 0.453 n.321 0.359¢ 0,574 H.of2 0.330 0.1 0.345 .3138 0.390

7 n.554 n.254 n.277 N.531 N.669 n.70% nN.i17s n.560 N.106 n.znn
3 n.s26 Nn.533 0.291 0,415 U.057 .68 0.208 1.190 V.47 n.300
? n.san n.50n 0.500 a.5nn 0.500 a.500 0.500 n.500 n.son n.zan
10+ n.son n.sno D.500 0.500 U.ohn n.s0on U.>00 o500 U.500 0.3u0

¢ 2- 7 n.se7 N.35K8 = 0,347 n.oNg 0.527 N.4No 0.215 N.353 '.359 n.zon
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Tahle,é;}}

VIRTUAL POPULATION AMALYSILS

CLYDE HERRIMNG

STOCK SIZF

IN RUWMBERS

UNIT:

UNIT:

TONNES

THOUSANDS

ALL VALUES, EXCEPT THOSE REFERRING TU THE SPAWNING STOCK ARE GIVEN FOK 1 JANUARY; THE SPAWNING
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME,
USED: PROFORTION OF ANMUAL F BEFOURE SPAWNING:
M BEFURE SPAWNIMG:

PROPORTION OF AMNUAL

i

1

4

2

4

5

5

7

3

v

10+
TOTAL #H2
SPS NO
TOT.RIOA
SPS 3Iv4

1974

L6506
15442
16946
667N
0411
3095
1421
1722
647
2351
1>7

97308
213715
12459

5700

1975

2433 ¢
42053
7130
6931
3364
2379
1721
3148
390
240
178

91710
17204
13827

4734

1970

12180
22474
26019
Lo80
3905
207 %
2041
1129
S 4
Ly3
206

75446
27242
147140

69065

iwre

33174
11627
14462
135623
3364
2593
1332
1242
(74
388
511

AgLbT
2113/
122606

5067

19738

21965
30020
8Y 34
5974
57355
2041
1298
/N7
661
463
02d

786180
17561
12230

47100

N.750
n.7sn

1979

19732
19875
13310
6429
3270
2614
1240
S5y
320
216

410

oB62 Y
2Nn381
10950
535¢

WHEKREBY THE

1980

435795
17854
1 /ou2
7893
PR
ndd
1524
404
206
149
1381

vraIy
263531
124535

68l

1931

50191
39204
15659
10498
5631
4037
1555
11385
o)y
197
43

129N49
2790628
rers
7757

FOLLOWING

1982

37095
L5415
552351
12079
6658
3552
2550
V7
012
16 R
141

144704
423595
23412
10766

VALUES ARE

1y33 1984

505997 santnrtsn
2315%¢ 455218
LUod4 29005
21160 27405

Tu65 141864

5895 4736
2245 2ol
1678 1505
164 1125
344 512
154 533
614944
57924
3y2hd

14752

- G6 -
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Table 5.12 Input parameters for Clyde HERRING catch

prediction.

Age zzoingg Y;gzer brd (g) Exploitation
x 103 pattern
0 34 555 10 .015
1 30 486 160 045
2 29 705 225
3 27 405 270
4 14 184 290
5 4 736 310
6 2 611 328 1
7 1 505 340
8 1125 345
9 512 350
=10 333 350

Recruitment of O-ringers in 1985 and 1986 = 34 555 x 10°




Table 6.1. Estimated catches in weight in Divisions VIa (south) and VIIb,c, 1974-83.

Country 1974 | 1975 1976 ' 1977 | 1978 1979 [ 1980 | 1981 | 1982 1983*)
Belgium - - 12 - - - - - - -
France 145 68 47 - - - - - 353 19
German
Dem.Rep. 1833 | 1394 890 - - - - - - -
Germany, Fed.Rep. | 5 667 | 4 431 924 221 100 5 - 2 687 265 | -
Ireland 16 395 [12 465 [ 10 895 115 916 {19 128 |18 910 |27 499 |19 443 |16 856 |15 000
Netherlands 2 225 |15 208 1 16 546 | 4 423 4810 1939 | 15141 2790 | 1735 | 5 000
Poland 6034 | 2558 2 778 61 - - - - - -
United Kingdom
(N. Treland) 28 6 1 1 6 2 1 2] - -
TSSR 4262 | 2 634 674 | - - - - - - -
Unallocated - - - - - 1752 | 1110 - - 13 000
Total 36 589 | 38 764 | 32 767 |20 567 {19 715 | 22 608 19 209 |33 019

30 124 124 322
J

%) Provisional data

- 16 -



Tahle_6.2 VIRTUAL POPULATION AMALYSIS

HERKING IN FISHING ARFAS VIIB,C AND LUWER VIA (W. COASY OF IKELAND, PURCUPINE DBANK)

CATCH IN MUMBERS UNIT: THOUSANDS

1974 1975 1970 1977 TY7R 1979 19481 1981 1282 19383
n n 194 823 0 42 4 [ n n a
1 3374 7360 16613 468> 10170 5919 2050 To2U 23 1517
2 29406 413048 29911 44512 40320 50171 4005 % 22265 18136 43688
3 41116 25117/ 37512 13596 2/079 191061 04940 41794 (Y ORTA 4y534
4 44579 29192 265 44 171706 13508 19909 25140 31460 28220 25316
5 17857 23718 25317 120y 110655 9349 22126 12612 182810 31782
] 8032 107n3 15000 724 5356 3422 6 12046 X121 16320
7 1991 59N9 5¢198 2534 42/(0 5443 ev40 3461 489 o095
3 10272 273 3590 1260 3033 44623 43 44 2735 3249 3329
I+ 30549 32029 157493 4150 3304 49{) 5334 5220 24875 4251

TOTAL 196936 1R&L9N4E  1/5327 112746 113232 1263571 179498 134113 100722 184432

Tahle_ﬁ;i VIRTUAL POFULATIUM ANALYSIS

HERRING IN FISAING AREAS VIIA,C AND LUWER VYIA (W. COAST OF IKELALD, POKCUPINE BANK)

FISHING JA0RTALITY COEFFICIENT UMIT: Year=i NATURAL MGRTALITY COEFFICIENT = 0.1IN
1974 1975 1970 1977 1978 197y 1940 1931 1782 1983

n g.nn n.no 0.u0 0.00 .00 0.u0 U.00 0.ud 0.un 0.00

1 n.n2 n.ns 0.08 n.n3 0.n% n.cz 0.ne n.ni 0.01 0.M

2 d.2n n.29 ns27 n.3u 0.30 0.21 a1z .18 0.10 U.40

2 <3N n.23% N.41 0.1% n.27 n.zn 0.40 N.25 N.IAR 0.40

4 D.46 n.32 n.36 0.30 0.24 n.2y U.4U 0.31 0.24 U.40

5 0.52 n.s2 n.45 N.?25 0.27 n.zsi 0.52 n.32 N.26 N.40

6 0.56 N.64 .45 u.2y 0.15 0,32 v.27 .50 0.31 a40)

4 n.25 n.3vy n.5% n.2v n.17 n.zn (1. 42 N.17 N.31 .40

B N.32 0.32 N.3y .20 .25 N.24 U.22 J.20 0.21 0.40

Y+ 0.32 n.32 n.s% 0.26 0.25 n.24 .22 N.20 N.¢i D.40

C 1= YU .24 n.27 .29 U.20 0.17 0,70 U.25 .20 (.15 0.32
2= 9w n.32 n.3" 0.3z n.z27 0.26. n.z: 0.31 N.20 n.i9 U.40
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Table 6.4

HERRING 1IN

STOCK SIZF 1IN

VIRTUAL PCOPULATION

NUMBERS

ALL VALUES,
STOCK DATA REFLECT THE

EXCFPT THOSE REFERRING TO THE SPAWNING
STOCK SITUAIION

UMIT:

UNIT:

TONMES

ARALYSIS

THOUSANDS

USED: PROPORTION OF ANNUAL F BEFORE SPAWNING:
PROPORTION OF ANMUAL M BEFQORE SHFAWNIMG:

n

1

4

5

4

5

b

/

<

v+

TOTAL NO
SksS i)
TOT.HIOM
SKFS 83101

1974

163318
193430
171053
165853
126%61
46113
nynn
51096
39311
110913

1105148
565209
162526
1N4 626

1975

240664
148229
171815
126801
111073
72561
24273
19358
35890
122577

T073RLT
517851
1646217

95905

1976

2045187
217577
127124
116282
91953
(2024
43182
12330
11915
52132

94 2508
362552
121955
69175

Y70

3540626
184336
1TRINKS
3¢ 5Ns
69071
57135
41908
24063

0229
TYunY

1026369
3581546
INeYTh

65949

1977

228042
320879
162530
121034
ob4b
4o(50
40412
28506
17247
15758

1167962
392004
125454

o¥/3n

FISHING AREAS VIIB,C AND LOUWER VIA (W. CDAST

7.67N
.67

1979

175919
296755
28N676
108822
84367
47500
32104
3121
2173y
20103

1Ny9291
503522
138958
335754

OF IRELAKD,

STOCK ARE GIVEN
AT SPAWNIMNG TIME,

1960

2375506
159174
262913
2004359
80275
57590
34114
21117
23073
28351

1110392
544942
159939

20732

FOKR 1

WHEREBY THE FOLLOWIMS

1981

170388
214950
161312
1994660
125245
438513
3N986
23517
12526
23907

991504
475827
131720

4276%

PORCUPINE BANK)

THE SPAWNING

1984

D tese st 4k

JANUARY;
VALUES ARE
19¢? 1943
177044
156174 160196
192954 138791
106725 157303
161183 81426
83489 100967
32018 58200
15974 21269
17993 10576
15922 13505
V5747 TL1293
498906 415641
126545 118345
86510 74343

4]
143509
84181
95445
4or81
61240
353500
129N0
14606

- 66 -
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Table 6.5 Parameters predicting yield at spawning stock biomass

in Div., VI south and VIIb in 1984 and 1985,

Age Stock Size 1984 F-pattern Weight in Catch
and stock
1 182 000 0.10 0,090
2 143 509 1.00 0.129
3 84 181 1,00 0.165
4 95 445 1.00 0.191
5 48 781 1.00 0.209
6 61 240 1.00 0.222
7 35 300 1,00 0.231
8 12 900 1.00 0.237
9+ 14 606 1,00 0.241

Recruitment in 1984 and 1985 (1 w. ringers) = 182 million




Table 7.1 HERRING. Total catches (tonnes) in North Irish Sea
(Division VITIa), 1974-83%.

Country 1974 | 1975 | 1976 | 1977 | 1978 | 1979 | 1980 [1981 | 1982 l 1983*

France 3 194 813 651 85 174 4553) 1 - - | 483)
1

Ireland 5894 4 790| 3 205} 3 331} 2 371| 1 805| 1 340 283 300 860

Netherlands| 1 116 630 989 500 98 - - - - -

1
U.E. 27 489|186 244|16 401|121 498] 8 432210 o78%) 9 272|4 034] 3 375| 3 025 g
Other 9458)  p6l) - - - - -] - 11 1805|) - !
Total 38 638124 503|21 246{15 41411 075{12 338 10 6134 377| 4 555i 3 933
1

1) USSR 2) Includes 68.5 tornnes of spring-spawned herring

3) No data basis for allocation to stock 4) Additional unrecorded catch of 106 tonnes
estimated
5) Unallocated ) Preliminary



Table 7.2 HERRING. Total catch by stock in North Irish Sea, 1974 — 1983.

- 20t ~

Country 1974 1975 1976 1977 13578 1979 1980 1981 1982 1963°
1 2 1 2 1 2 1 B T 2 1 3 1 B 1 2 1 2 1 B

! France 5194 | - 813 | - 651 - 85| - 87 87| - - 1] - - - - — - -
| Ireland 1785 | 4211|2406 2584| 1616 | 1389, 2009 [ 1322 | 610 |1761( 748 | 1054 | 762 | 78| 00| 183 198 | 02| 6| 514
i Netherlands | 1116 | - 63| - 989 | - 500 | - 98| - - - - - - - - - - -
U.K. 25659 | 365015408 | 283612651 | 3570 | 9657 | 1661 ] 7665 | 700 | 9382 | 696 7697 |1 575 | 2837 | 1257 | 2120 | 1255 | 1 759 | 1 266
Unallocated - - - - - - - - - -] - - - - - - 79 sm| - -
Total Manx 30 677 19 283 16 267 12 431 8 458 10 130 8 660 2 957 3 097 2 105
Total Mourne 7 961 5 220 4 959 2 983 2 548 1753 1953 1 440 1758 1 780

1 - Manx stock; 2 - Mourne stock

%) Preliminary




Table_T.3 YIRTUAL POPULATION ANALYSIS

HERRING IN THE MORTHERN IRISH SEA (MANX PLUS MUURHE HERKING)

CATCH IN NUMBERS UNIT: THOUSANDS

1974 1975 1970 1977 197s 1979 (R-1Y] 1931 Tyl 1983

1 43250 333230 34740 302%0 15540 11770 H440 5ns5n 5100 1305

2 109550 4324\ 50760 39040 509510 34270 2570 157910 16050 12162

3 39750 39410 2n730 22690 13440 234w0 19510 200 5070 559

4 24510 10840 15220 o/50 ol 5N 425U $52u TV 27150 220

5 11650 78710 4530 4520 Tran 2200 1Y sl 2500 350 445

] 49910 42110 2510 146U 1340 1950 EA R 530 1110 434

7 5150 2090 2420 910 670 400 509 290 140 255

g+ 1630 164 0 1276 1120 550 2y 230 244 39N 59

TOTAL 239430 147620 137930 106¢70 /630 81720 65110 29290 30910 23128

Table_z;ﬁ VIRTUAL POPULATION AMALYSIS

HERRING IMN THE NORTHERH IRISH SEA (MANX PLUS HOURHKE HERKING)

FISHING MORTALITY COEFFICIENT UNIT: Year-—i FIATURAL MORTALITY COEFFICIENT = (.70
1974 1975 1976 1977 1978 197y 1930 1931 1952 1933

1 .53 n.2s .41 D.29 0.19 .27 Naie ). 0Y 0.u7 u.nN3

2 0.93 n.385 0. 89 0.9¢ 0.62 n.x3 Ta3% n.s&» N.35% .20

3 1.5 0.94 1.02 .03 0.v6 Doyt .52 0.47 0.28 u.20

4 1.01 n.&2 1.10 1.00 0.721 N, B4 N.90 n.sv AT n.2n

5 0.75 0.96 N.s9 .08 .04 O.rv T.14 N.5%¢ 0.11 U.20

5] .32 N.63 1.01 n.70 T.m 1.05 0.75 n.s0 n.s4 0.2n

7 .95 0.3y .95 1. 99 3. 0?2 D.o6 1.22 0.50 .36 u.20

3+ 0.95 n. =y N.95 N.99y 0.77 .66 1.22 0.50 n.ze n.2n

C 2= 7 N.v5 0,86 N.95 0.99 H.?2 N.o0 1.22 0,50 .36 0.20

- ¢0T -



Table_T:3

HERRING IN THE MNORTHERN IRISH SEA (MARNX PLUS

VIRTUAL POPULATION ANALYSIS

STQCK SIZE IM NUMBERS

ALL VALUES,

UNIT:

UNIT:

TUNNES

THOUSAHDS

EXCEPT THOSE REFERRING TO THE SPAWNING STOCK

STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME,

USED: PROPORTION
PROPORTION

+ NSV PA RN

Cu

TOTAL N0
SPS NO
TOT.RBI049
SPS BI04

1974

142306
188653
63349
40227
21019
v326
8756
2¢71

47609548
117445
74690
220338

OF ANNUAL F BEFORE SPAWNIMG:

OF ANNUAL M

197>

144514
87325
67323
2Nn299
13285

8947
37206
2924

343840
51857
508Ns
15325

1970

108959
99143
33920
23730

8129
4597
4115
2159

2847 57
62972
41647
11502

197/

126557
65068
30098
11098

/135
3032
1509
12553

251551
L7204
33413

534 ¢

BEFORE SPAWNIMNG:

978

94294
33977
22591
11313
366
2196
1304
ars

220623
57536
301 64

990

T.00n
0.750

1979

52911
7N568
41034
7790
4294
1641
74
525

179520
4R4YS
27575

3870

MOURNE HERRING)

ARE GIVEN

1930

55086
Z670Yv
27714
14950
3050
1303
5351
540

136775
25812
20473

4r27¢

FOR 1 JANUARY;
WHEREBY THE FOLLOWING VALUES ARE

19381

63431
43029
3980
6722
5491
a8
71
033

129966
34121
17089

6723

19382

33146
52597
239861
5095
3442
2792
405
1317

172855
58935
2290R
109570

THE SPAWNING

1983 1984

L6389 padnhwin
7nia7 40734
32398 52144
16321 24001
2575 12091
23N1 19038
1476 2075
341 1346

1720468
91255
27272
17072

- po1 -
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Table 8.1 Catch in numbers, millions and catch in weight, tonnes,
Icelandic summer spawning herring,

1973

AGE 1969 1970 1971 1972 j
1 4.520 2.003 8.774 0.147 . 0.001}| 0.001 1.518
2 78.410 22.344 13.071 0.322 0.159 | 3.760 2.049
3 8.274  33.965 5.439 0.131: 0.678: 0.832| 31.975
4 5.178 : 4.500 13.688 0.163 0.104 0.993 6.493
5 10.015 ;. 2.734 3.040 0.264 0.017 0.092 7.905
6 2.841 ., 4.419 1.563 0.047 ©  0.013 0.046 0.863
7 1.389 , 1.145 3.276 0.028 | 0.006 0.002 0.442
8 1.179 : 0.531 = 0.748 0.024 © 0.006 0.001 0.345
9 0.609 0.604 - 0.250 0.013 ©  0.003 0.001 0.114
10 0.424 0.195 0.103 0.009 { 0.003 0.001 0.004
1 0.286 0.103 ' 0.120 0.003 ] 0.001 0.001 0.001
12 0.139 0.076  0.001 0.001 | 0.001 0.001 0.001
13 0.109 0.061 = 0.001 0.003 ., 0.001 0.001 0.001
14 0.074 | 0.051 0.001 0.001 ! 0.001 0.001 0.001
JUVENILE  78.943 | 23,167 | 16.899 0.376 { 0.065 3.285 3.973
ADULT  34.504 ! 49.564  33.176 0.780 ' "0.929 2.448 | 47.739
TOTAL CATCH 20.913 ; 15.779 ; 10.975 0.310 : 0.255 1.274 | 13,280
AGE 1976 | 1977 | 1978 1979+ 1980 1981 1982
1 0.614 0.705 2.634 0.929 - 3.147 2.283 0.454
2 9.848 118,853 | 22.551  15.098 | 14.347 4.629 | 19.187
3 3.908 124,152 | 50.995 . 47.561 | 20.761 | 16.771 | 28.109
4 34.144 110.404 | 13.846 69.735 | 60.728 | 12.126 | 38.280
5 7.009 | 46.357 8.738  16.451 ! 65.329 | 36.871 | 16.623
6 5.481 6.735 | 39.492 8.003 | 11.541 ;| 41.917 | 38.308
7 1.045 5.421 7.253  26.040 9.285 7.299 | 43.770
8 0.438 1.395 6.354 3.050 | 19.442 4.863 6.813
9 0.296 0.524 1.616 1.869 1.796 | 13.416 6.633
10 0.134 0.362 0.926 0.494 1.464 1,032 | 10.457
11 0.092 0.027 0.400 | 0.439 0.698 0.884 2.354
12 0.001 0.128 0.017 0.032 0.001 0.760 0.554
13 0.001 0.001 0.025 0.054 0.110 0.101 0.075
14 0.001 0.001 0.051 1 0.006 0.079 0.062 0.211
JUVENILE 9.573 122.321 | 35,502 | 33.011 | 18.438 | 12.764 | 22.889
ADULT  53.439 | 92.744 |119.396 | 156.750 |190.290 |130.250 |188.979
TOTAL CATCH 17.168 | 28.924 | 37.333 | 45.072 | 53.269 | 39.544 | 56.528
AGE 1983
1 1.470
2 22,422
3 151.198
4 30.181
5 21,525
6 8.637
7 14.017
8  13.666
9 3.715
10 2.373
11 3.424
12 0.552
13 0.100
14 0.003
JUVENILE  78.323
ADULT 194.960

TOTAL CATCH 58.665
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Table 8.2 Weight at age, in grammes. Icelandic summer spawners

AGE 1969 1970 1971 1972 1973 1974 1975
1 82.0 85.0 88.0 96.0 90.0 80.0 110.0
2 157.0 169.0 165.0 177.0 199.0 189.0 . 179.0
3 195.0 216.0 237.0 278.0 257.0 262.0 ° 241.0
4 264.0 263.0 273.0 332.0 278.0 297.0 291.0
5 284.0 312.0 |- 301.0 358.0 337.0 340.0 319.0
6 304.0 329.0 324.0 379.0 381.0 332.0 339.0
7 339.0 338.0 346.0 410.0 380.0 379.0 365.0
. 8 372.0 357.0 368.0 419.0 397.0 356.0 364.0

9 379.0 378.0 390.0 470.0 385.0 407.0 407.0
10 390.0 396.0 409.0 500.0 450.0 410.0 . 389.0
11 376.0 408.0 412.0 500.0 450.0 410.0 @ 430.0
12 401.0 425.0 420.0 500.0 450.0 423.0 ¢ 416.0
13 409.0 430.0 442.0 500.0 450.0 423.0 @ 416.0
14 414.0 450.0 450.0 500.0 450.0 423.0 ; 416.0

AGE 1976 1977 1978 1979 1980 1981 1982
1 103.0 84.0 73.0 75.3 68.9 60.8 65.0
2 189.0 157.0 128.0 145.3 115.3 140.9 141.0
3 243.0 217.0 196.0 182.4 202.0 190.5 186.1
4 281.0 261.0 247.0 230.9 232.5 245.5 217.3
5 305.0 285.0 295.0 284.7 268.9 268.6 273.7
6 335.0 313.0 314.0 315.7 316.7 297.6 293.3
7 351.0 326.0 339.0 333.7 351.6 329.8 323.0
8 355.0 347.0 359.0 350.4 360.4 355.7 353.8
9 395.0 364.0 360.0 366.7 379.9 368.3 384.6

10 363.0 362.0 376.0 368.3 382.9 405.4 388.7
11 396.0 358.0 380.0 370.6 392.7 381.5 400.4
12 396.0 355.0 425.0 350.0 390.0 400.0 393.5
13 396.0 400.0 425.0 350.0 390.0 400.0 390.3
14 396.0 420.0 425.0 450.0 390.0 400.0 419.5

AGE 1983
1 59.3
2 131.7
3 179.7
4 218.1
5 259.9
6 308.6
7 328.7
8 356.5
9 370.2

10 406.9
11 436.6
12 458.6
13 429.9
14 471.5




Table 8.3.
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Proportion of mature herring in each group. Based on samples taken in Septe~

Dec. by purse seine and pelagic trawls.

given in the brackets.

The nurber of herring analysed are

Rings 1960 1961 1962 1963 1964 1965
2 0.28 (254) |0.13 (128) |0.04 (78) 0.54 (13) 0 (90) 0.05 (141)
3 0.79 (179) {0.79 (229) |0.46 (82) 0.96 (45) |[0.85 (114) [0.75 (177)
4 0.99 (81) |[0.97 (179) {0.83 (117) [0.97 (69) |0.99 (78) 1.0 (122)
5 0.96 (85) 0.98 (58)
Rings 1966 1967 1968 1969 1970 1971
0.05 (279) ]0.02 (121) [0.02 (139) [0.08 (1595)|0.22 (970) |0.38 (436)
3 0.52 (195) |0.41 (472) [0.67 (141) [0.73 (165) |0.89 (1271)]0.98 (318)
4 0.95 (170) |0.84 (136) |0.97 (328) (0.99 (104) |1 1
Rings 1972 1973 1974 1975 1976 1977
2 0.29 (157) |0.64 (74) 0.14 (662) [0.27 (163) |0.13 (611) |0.02 (948)
3 1.0 (5) 0.99 (132) |0.94 (86) 0.97 (2053){0.90 (143) [0.87 (263)
4 1 1 1 1 1 (1018) 1 (121)
Rings 1978 1979 1980 1981 1982 1983
0.04 (714) ]0.07 (366) [0.05 (417) ]0.03 (185) ]0.05 (718) (0.0 (302)
0.78 (1012)|0.65 (835) [0.92 (290) |0.65 (390) (0.85 (342) {0.64 (1471)
1.0 (174) |0.90 (907) [1.0 (808) [0.99 (178) |1.00 (466) {1.0 (218)
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Table 8.4 Stock abundance and catches by age groups x 10—6 1983.

Year Rings Acoustic estimates
classes E-coast S-coast Total Catches F83
Dec ‘83 Jan ‘84 1983
1981 1 223 12 235 1.5 0.006
1980 2 402 8 410 22.4 0.05
1979 3 894 46 940 151.2 0.14 (0.2)
1978 4 92 10 102 30.2 0.25
1977 5 39 10 49 21.5 0.35
1976 6 12 7 19 8.6 0.36
1975 7 21 13 34 14.0 0.33"
1974 8 19 14 33 13.7 0.33
1973 9 7 5 12 3.7 0.26
1972 10 3 3 6 2.4 0.32
10+ 11 4 15 4.1 0.23
N4+ = 270 4" 98.2 F4+ = 0.3




Table 8.5.

AGE 1969 1970 1971
1 0.107 0.064 0.138
2 0.849 0.947 0.647
3 0.591 1.020 0.554
4 0.657 0.661 1.542
5 0.722 0.779 1.193
6 0.829 0.726 1.354
7 0.920 0.855 2.009
8 0.899 1.014 3.213
9 0.857 1.717 2.353
10 0.943 0.655 1.963
11 1.219 0.548 0.989
12 1.110 1.204 0.008
13 0.799 3.564 0.035
14 0.700 1.000 1.000
AVERAGE WEIGHTED BY STOCK IN NUMBERS
AVE 4-14 0.751 0.765 1.578
AGE 1976 1977 1978
1 0.001 0.002 0.019
2 0.070 0.040 0.068
3 0.045 0.218 0.131
4 0.138 0.145 0.168
5 0.191 0.250 0.156
6 0.225 0.253 0.312
7 0.147 0.322 0.418
8 0.120 0.266 0.676
9 0.187 0.184 0.492
10 0.228 0.325 0.501
11 0.367 0.059 0.632
12 0.004 1.130 0.043
13 0.183 0.004 0.605
14 0.150 0.250 0.250
AVERAGE WEIGHTED BY STOCK IN NUMBERS
AVE 4-14 0.151 0.231 0.270
AGE 1983
1 0.005
2 0.050
3 0.200
4 0.300
5 0.300
6 0.300
7 0.300
8 0.300
9 0.300
10 0.300
11 0.300
12 0.300
13 0.300
14 0.300

AVERAGE WEIGHTED BY STOCK IN NUMBERS

AVE 4-14

0.300

Icelandic summer spawners.
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1972

0.002
0.006
0.010
0.025
0.083
0.040
0.059
0.055
0.628
0.485
0.223
0.016
0.027
0.040

0.047
1979

0.004
0.129
0.178
0.237
0.274
0.188
0.310
0.276
0.378
0.242
0.417
0.081
0.168
0.250

0.253

Fishing mortalities.

1973

0.000
0.003
0.014
0.009
0.003
0.005
0.006
0.015
0.008
0.253
0.080
0.097
0.018
0.010

0.007
1980

0.016
0.078
0.234
0.321
0.324
0.280
0.307
0.356
0.232
0.506
0.557
0.001
0.388
0.350

0.322

1974

0.000
0.010
0.015
0.023
0.009
0.009
0.001
0.001
0.003
0.003
0.112
0.097
0.119
0.020

0.018
1981

0.002
0.026
0.111
0.187
0.293
0.316
0.256
0.233
0.395
0.181
0.579
2.175
0.158
0.350

0.291

1975

0.009
0.021
0.104
0.136
0.233
0.097
0.098
0.165
0.146
0.012
0.003
0.141
0.119
0.150

0.165
1982

0.001
0.021
0.198
0.348
0.372
0.495
0.559
0.358
0.503
0.539
0.692
0.870
1.915
0.500

0.452




Table 8.6.

AGE 1969

1 46.823

2 143.018

3 19.396

4 11.242

5 20.344

6 5.263

7 2.409

8 2.073

9 1.104

10 0.724

11 0.422

12 0.216

13 0.207

14 0.154

JUVENILE 183.749
Sp. stock

biomass 16 699

AGE 1976

1 555.929

2 153.301

3 93.610

4 278.337

5 42.325

6 28.534

7 8.028

8 4,070

9 1.820

10 0.688

11 0.314

12 0.298

13 0.006

14 0.008

JUVENILE 698.662
Sp. stock

biomass 124 039

AGE 1983

1 309.705

2 482.914

3 875.050

4 122.062

5 87.054

6 34.931

7 56.689

8 55.270

9 15.025

10 9.597

11 13.848

12 2.232

13 0.404

14 0.012

JUVENILE 1107.637
Sp. stock

biomass

205 197

(x 10_6) and spawning stock biomass at 1 July.

1970

33.785
38.074
55.372
9.721
5.275
8.942
2.079
0.869
0.763
0.424
0.255
0.113
0.064
0.084
69.573

19 873
1977

400.835
502.440
129,354
80.987
219.422
31.643
20.617
6.272
3.267
1.366
0.496
0.197
0.268
0.005
910.041

124 148
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Icelandic summer spawners, VPA stock size in number

1971

71.274
28.666
13.369
18.075
4.541
2.190
3.914
0.800
0.285
0.124
0.199
0.134
0.031
0.002
88.602

13 259
1978

147.621
362.020
436.706
94.122
63.400
154.555
22.242
13.514
4.351
2.459
0.893
0.423
0.058
0.242
591.236

166 110

1972

73.748
56.159
13.576
6.949
3.499
1.246
0.512
0.475
0.029
0.025
0.016
0.067
0.120
0.027
113.621

10 690
1979

223.144
131.069
306.139
346.713
72.018
49.069
102.394
13.253
6.220
2.407
1.348
0.430
0.366
0.028
459.122

185 346

1973

421.017
66.590
50.508
12.160

6.133
2.916
1.083
0.436
0.407
0.014
0.014
0.011
0.060
0.106
445.495

27 322
1980

209.466
201.026
104.256
231.851
247.543
49.558
36.802
67.954
9.098
3.857
1.709
0.804
0.358
0.280
408.781

190 527

1974

116.756
381.014
60.102
45.057
10.904
5.533
2.626
0.974
0.389
0.366
0.010
0.011
0.009
0.053
448.034

43 276
1981

1093.471
186.541
168.264

74.633
152.199
162.036

33.894

24.493

43.056

6.528
2,103
0.886
0.726
0.220
1334.053

160 563

1975

171.019
105.608
341,181
53.592
39.825
9.779
4.963
2.374
0.880
0.351
0.330
0.008
0.009
0.008
258.348

113 956
1982

534.180
987.239
164.389
136.319
56.019
102.742
106.865
23.743
17.548
26.244
4.927
1.067
0.091
0.561
1486.032

162 925
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Input parameters used in catch prediction for
the Icelandic summer-spawning (Div. Va) HERRING .

Rings Stock in number Proportional Mean weight in
(in'000) at 1/1 1984 F catch and in
spawning stock
1 400 000 0.005 60
2 278 835 0.15 135
3 415 648 0.5 175
4 648 253 1.0 220
5 81 820 - 260
6 58 354 - 310
7 23 415 - 330
8 38 000 - 360
9 37 048 - 375
10 10 071 - 390
11 6 433 - -
12 9 282 - -
13 1 496 - -
14 0 277 - -
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Figure 5.1. Boundaries of new HERRING unit stocks west of Scotland and
Ireland. '
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Figure 7.1. Relation between weighted mean values of F(2 7 using

different values of input F and effort.
Northern Irish Sea HERRING.
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APPRNDTE 1 ]

Calculation of the Number of Juvenile Herring consumed
by the Whiting Stock in 1981 and 1982

Data on predation by whiting on herring, derived from the 1981 ICES
stomach sampling project were presented by Hislop et al. (1983).
Since whiting appears to be by far the most important predator on
juvenile herring, the Working Group decided to look at the results
of this study in some more detail.

The above authors presented mean quantities of prey, split into length
categories, per stomach of whiting of different age groups and per gquarter
(Table 5 of the above report). To arrive at an estimate of total predation,
the mean quantities of prey per stomach have to be multiplied by the total
number of whiting in each age group in the relevant quarter. The present
Working Group has done this by taking the most recent stock estimate for
whiting on 11.1.1981 (Anon.1984) and by calculating the average stock size
in each quarter of the year, assuming that 2 was equally divided over the
4 quarters. The following stock sizes are obtained this way:

Quarter North Sea Whiting in 1981
Number per age group in millions
o 1 - 2 3 . 4 5 6+
1 1 396 647 987 430 128 30 15
2 1172 559 839 329 92 22 10
3 984 484 713 252 67 16 7
4 826 419 606 193 48 11 5

When the mean quantities of herring per whiting stomach are multiplied with
the total number of whiting in each guarter, the following total guantities
of herring in whiting stomachs are obtained.

Mean quantitites of herring (tonnes) in all
whiting stomachs

Length of prey in cm
Quart] <10 10 - 14 15 - 19
1 15 231 12
2 26 )
3 153 730
4 143 10

[—

e e o i ¢

E_M.



- 144 -

There is a remarkable difference in herring consumption by whiting
between the different quarters, with very little predation in the
second querter, and a very large predation in the third quarter of

the year. Most likely, the increased predation in the third quarter is
due to the availability of a new herring year class as O-group fish.

Hislop et al. (1983) have converted their data on average weight of
prey per stomach into estimates of total consumption of herring by
whiting of different age groups. This was done by using certain
assumptions about digestion rate, converting weights of prey into
length, and finally length into age. The table below ie a summary
of their Table 6.

Estimated numbers of herring of each age !
group consumed per 1 000 whiting of each :
age in 1981
Age of ces
Quarter hirr‘ing Age of whiting (years)
(rings) 0 1 2 3 4 5 6+
1 1 594 |2 659 | 4 796] 5 363 |6 439 |
2 2 27 73 80| 90|
2 0 338 |1065]1569 |2 635 |1 484] 1 186 | 1 001
0 1001|4150 |7 343 | 9 935|121 7569 528
1 48213 322 |3 491 | 3 106| 2 716 |2 197
4 0] 55 639|3 045 6 390 | 9 483|10 559 | 8 462 }
1 24 3 11 37 88 123 |

ringed herring consumed by whiting in the third quarter of the year,
especially in view of the fact that no l-ringed herring at all was consumed
in the second quarter. There are some reasons to suspect that the split
in age groups for the third quarter is incorrect, and that most of the
herring classified as l-ringers must have been in fact O-group herring.

The remarkable feature of the above table is the very high number of 1- j
|

a) All of the herring consumed were either below 10 cm, or in the
length class 10-14 cm. It is likely that the herring in the length
- class 10-14 om were mainly in the lower range of this length class.
This is supported by the fact that a relatively large number of this
length class was eaten by small whiting of 1 and 2 years old. |

b) In the third quarter of 1981, very large numbers of the 1980 year
class were taken as O-group herring by the industrial fishery. This
indicated that O-group herring must have been very abundant at that
time of the year, and also must have played a relatively important
role in the diet of whiting.

e TSR — e T S ot - i v i e <o
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c) Age/length data referring to by-catches of juvenile herring in the
sprat fishery (text table below) show that all l-group herring
in the third quarter of the year were over 15 cm long.

Age/length distributions of juvenile herring in 1981

Length IVa West, July IVb, August IVb, September
in Norwegian samples Danish samples Danish samples
cm O-group 1-group O-group | l-group O-group|{ l-group
8.0 1
9.0 18

10.0 19

11.0 21 28

12.0 60 47

13.0 44 32

14.0 17 21

15.0 2 1 3

16.0 30 28 2 6
17.0 36 30 18
18.0 19 32 13
19.0 14 32 9
20.0 63 41 9
21.0 60 14 7
22.0 17 4 3
23%.0 1

24,0+ 3 1 ! )

1
1l

On the basis of this information, it was decided to reject the age-split
used by Hislop et al. and to classify all herring less than 15 cm in the

3rd quarter of the year as O-group herring. The estimated numbers of herring
eaten by the whiting in 1981 are then revised as follows

Revised estimates of herring of each age group consumed
per 1 000 whiting of each age in 1981
Age of Age of whiting (years)
Quarter herring
(rings) o] 1 2 3 4 5 6+
1 1 594 | 2 659 4 796 5 363 | 6 439
2 2 27 73 80 90
2 o] 338 | 1065|1569 2 635 1484 | 1186 1101
3 0 1 48317 472 |10 834 | 13 041 |14 472 |11 725
4 o] 55 639 |3 045 | 6 390 9 483 |10 559 | 8 462
1 24 3 11 37 88 123




The total numbers of herring in each age group consumed by the whiting
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stock in 1981 can be calculated from the figures given in the above
table, and the quarterly stock estimates of whiting given earlier:

Total numbers of herring (x 106) eaten by the
whiting stock in 1981
Quarter O-group | 1l-group 2-group
1 - 2 601 27
2 3 348 - -
3 9 G&3 -~ -
4 4 005 17 -
Total 17 316 2 618 27

For the year 1982, no data are available from stomach sampling.
of the consumption of juvenile herring by the whiting stock can only be
made assuming that the mean consumption per whiting in 1982 has been the

same as in 1981,

The numbers of whiting in each quarter of the year have been calculated
the same way as for 1981, i.e. taking the stock estimate for 1.1.1982 from

Anon 1984, and calculating the average stock sizes in each quarter.

The following stock sizes are thus obtained:

Quarten] North Sea Whiting in 1982
Number per age group in millions
0 1 2 4 5 6+
1 77 £98 361 5G4 150 35 iz
2 902 589 308 412 118 26 8
3 833 497 262 337 93 19 6
4 769 419 223 275 73 14 4

If we multiply the numbers of whiting in 1982 by the revised estimates
of herring consumption per 1 000 whiting (in 198l1), we get the following
estimate for total herring consumption in 1982:

Estimates

Total numbers of herring (millions) eaten by the whiting stock in 1982

Quarter O-group 1-group 2-group
1 - 2 539 29
2 2 716 - -
3 7 903 - -
4 3 620 18 _
Total 14 239 2 557 29
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APPENDIX 2

Yields from the North Sea Stock for

Various Levels of Juvenile Fishery

Assuming a constant recruitment, the yield of the O-group, l-group and
adult ( =2-group) is calculated for various levels of fishing mortality
on these age groups.

The weight at age used are the ones given in C.M.1978/H:3, apart from the
weight of the O-group. The average catch weight of this age group is
lower than the weight previously used. Samples from the catch showed a
catch weight of O-group of 9 g.

The analysis of the stomach sampling data indicated a large predation on
the l-group herring in the 1st half of the year, chiefly caused by whiting
predation. The fishery on the l-group takes place mainly in the second
half of the year and a calculation on an annual basis could introduce a
bias in the calculated effect. Therefore, the natural mortality was split
in the ratio 7:3 between the 1lst half and 2nd half of the year.

The fishing mortality was split in the ratio 2:8 between the 1lst and 2nd
halves of the year, based on historic catch data.

The input data are summarized in the text table below:

W.R. o 1 2 3 4 5 6 7 8+

Av. weight (g) 9 50 126 176 211 243 251 267 271

M 1.0 0.8 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.56 0.24

The recruitment was assumed to be 35 x lO9 measured as O-group. In section
2.9.2 the recruitment of the 1980 year class is estimated to 32 x 109. This
year class is slightly lower than an average year clags measured as l-group
in the IYFS. It was therefore decided to use 35 x 107 as the recruitment
estimate as O-group in this example.

The fishing mortality on the adult herring was F = 0.2 in all the runs.

Results

The results are given in Figure 2.9, showing corresponding yield of 1-
group and adult herring for three levels of fishing mortality on the O~
group.

Example A: This exemple assumes no catches of O-group herring (FO = 0)

Example B: A catch of 37 000 tonnes of O-group is assumed corresponding
to FO = 0.2

Example C: A catch of 82 000 tommes of O-group is assumed corresponding

to FO = 0.5
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Some examples, together with the calculated spawning stock estimate,
are given in the text table below:

O-group 0 0 0 37 37 37 82 82
l-group 0 34 120 0 54 120 58 145
Adult 780 705 520 640 520 390 350 174

SSB (1/9)3 085 2790 2 067 2524 2067 1531 1 385 688

The calculations are based on an assumed recruitment of 35 x 109 measured
as O-group. The absolute levels of catches should therefore only be con-
sidered as examples of the relative effect. The present level of the
juvenile fishery must be interpreted in terms of fishing mortality.

In the following text-table, the fishing mortality and corresponding
catches in the above examples are shown:

Example A Example B Example C
Fl Catch l~group Fl Catch l-group 1?‘1 Catch l-group
0 (o} 0 0 0 0
o1 34 d 28 W1 21
.2 66 .2 54 2 40
] 95 .3 78 3 58
4 121 4 99 4 74
5 145 5 119 .5 88
.6 168 .6 137 .6 102
.7 188 .7 154 o7 114
.8 207 .8 169 .8 125
.9 224 .9 183 .9 136

The spawning stock has been caleculated for the examples given above., In
all examples an F = 0.2 is used on the age groups—2 and older. Thus, there
is a one-to-one correspondance between the catch of adult herring and the
spawning stock in each example.










