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HERRING ASSESSMENT WORKING GROUP FOR_THE AREA SOUTH OF 62°NW

1, INTRODUCTION
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Mr Kjartan Hoydal attended as ICES Statistician.

1.2 Terms of Reference

The Herring Assessment Working Group for the Area South of 62°N
met at ICES headquarters from 9 to 18 March 1983, in accordance with

C.Res.1982/2:

5:6 3

"It was decided that the Herring Assessment Working Group for
the Area South of 62°N (Chairman: Mr ¢ Ulltang) should meet
at ICES headquarters from 9 to 18 March 1983 to:

(i) assess the state of the herring stocks in Division
IITa, Sub-area IV, Divisions Va and VIa and Sub-area
VII, and to provide management options for 1983 inside

safe biological limits,

(i1) evaluate any new data available on stock components

in Division IITa herring,

(iii) review which data are available in the Working Group
files for evaluating density dependence in the para-
meters of the models used in fish stock assessment,

(iv) specify deficiencies in data required for assessments.

2. NORTH SEA HERRING

2.1 The Fishery
2.1,1 Catch data

In 1982, a ban on directed herring fishing was in principle in force
in the northern and central North Sea (Divisions IVa and IVb). Legal
fishing for herring was restricted to the southern North Sea and was
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regulated by TAC and seasonal closure. A TAC of 72 000 tomnes was set
for the period 1 October 1982 - 25 February 1983, whereas ACFM suggested
that the fishing mortality should not increase above the Fp,1 level,
which would have resulted in an overall catch of 60 000 tonnes.

The landing figures as reported by Working Group members include legal
directed catches in Divisions IVe - VIId, estimated by-catches, catches
taken in excess of national quotas, and substantial catches taken
illegally in Divisions IVa and IVb including some misreported as being
taken in Division IVe. Due to this confusion and the difficulties in-
volved in presenting the catch figures on a national basis, it was
agreed to modify the lay-out of the catch tables. Thus, after the
standard table giving herring catches for the last 10 years for Sub-
area IV and Division VIId (Table 2.1), reported catches by country

are presented for each area, with an overall estimate, supplied by
Working Group members, of unreported catches representing the sum of
illegal catches and/or those reported for the incorrect area.

In these circumstances, the total North Sea catch in 1982 is estimated
at 171 481 tonnes, of which about 55 000 tonnes were not officially
reported (Table 2.1). The Working Group reiterates its warning on the
vital need to have accurate catch statistics for meaningful analysis
of the situation and for assessments of the various stocks.,

The estimated catches by area are given in Tables 2.2.1 %o 2.244s

In Division IVa, the overall catch seems to have decreased mainly owing
to a reduction of fishing in the western area (west of 2°E), where
catches fell from 19 700 tonnes in 1981 to 4 330 tonnes in 1982, whereas
in the eastern area catches remained of the same order (about 1 000
tonnes) during the last 2 years.

In Division IVb, catches of adult herring were about 5 000 tonnes,
resulting mainly from illegal directed fishing. The main event in
this Division concerns the dramatic increase in juvenile catches

which reached over 89 000 tonnes in the first three quarters of the year.
This drastic increase must be considered in relation to previous years:
about 15 000 tonnes in 1979 and 1980 and 78 000 tonnes (revised
figure) for 1981. As mentioned in the report of the Industrial
Fisheries Working Group (Doc. ©.M.1983%/Assess:7), catches at the level
of the last two years (1981 and 1982) can hardly be congidered as
by-catches in a sprat fishery but rather as a result of a directed
fishery on O-group herring.

Tn Divisions IVe and VIId, the overall estimated catch is 71 596 tonnes
which represents an increase of about 40% compared to 1981. The
apparent coincidence between this catch and the agreed TAC for the season
1982-83 (72 000 tonnes) must nevertheless be considered with caution
and certainly does not reflect the effectiveness of fleet monitoring
and landing control. It results, in fact, from the summation of some
catches far in excess of the national allowed quotas and of others far
below. In addition, re-opening the fishery in that area gave the
opportunity to misreport catches taken in other areas (Divisions IVa
and IVb). It must be pointed out that in 1982 about a quarter of

the catuh in this area (mainly Division IVe) was taken during the first
quarter of the year, indicating the revival of the traditional fishery
for spent herring off the Belgian and Dutch coasts.

Catch in numbers

Numbers of herring caught by age and area are given in Tables 2.3 and
2.4 and are summarized in the following text table for the past 5 years
(with the revised figures for 1981):
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Millions of herring 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 1 211

1981 7 889 447 264 57 40 7 8 774

1982X) 8 269 403 216 275 44 34 9 241

x) Preliminary

In 1978, the lowest catch in number of juvenile fish was recorded since
the beginning of industrial fishing for herring. Since then, there has
been a rapid escalation of these catches, which reached 7 900 and 8 300
million of O-ringed fish in 1981 and 1982, respectively, the latter value
corresponding to the catch of only the first three gquarters of the year.
The 1981 juvenile catch figures have been comprehensively revised. In
last year's Working Group, a regression was used to evaluate 0~ and
l-ring herring from the correlation between the IYFS index and the
corresponding catch in number of each year class as 0~ and l-ringer in
Division IVb., Results of a very limited sampling were at that time
disregarded because they were very different from any other

value observed in the past (about 6 times the 1961 value). The improved
sampling carried out in 1982, which confirmed the dramatic increase of
of O-group catches, gave some support to the 1981 figure, which never-
theless must be considered with caution.

The contribution of O~ and l-ringed fish as a percentage of the total
reached the extreme levels of 92% and 94% for the last two years in

the overall catch of North Sea herring. Considering catches in Division
IVb, these catches of O- and l-ringed fish constitute practically

100% of the herring catch.

Age Composgition !

Age composition data were available from various sources and derived from
an increase in sampling effort covering both the acoustic surveys

carried out in the various areas and the commercial landings. The main
results are summarized in the text table below.

In Division IVa, sampling of directed commercial catches covered only
the first two months of the year, although the by-catches originating
from this area were spread over the whole year. The most abundant year
classes are those of 1974, 1973 and 1976. The recruiting 1979 year class
was represented in the samples from the acoustic survey carried out in
July 1982 (see Section 2.4.1) and represents 53% of the total, the 1976
and 1973 year classes amounting to almost 10% each.

i
;
j
i
|




Year Division IVa/W Division IVb Divisions IVe + VIId
class|W.R. |Jan-Feb July Auvgust December 1st Quarter 4th Quarter
c R R c VII4/IVe  4c North | IV*VIIA
I A ..C
1981 | O 0.4
1980 | 1 2,0 65.6 1.9 3
1979 | 2 52,6 62.2 24.0 9.7 39.5 33
1978 | 3 3.9 15.9 18.6 5.9 62,4 50.9 52
1977 | 4 4.8 4.4 6.9 0.9 19.2 5.9 8
1976 | 5 22,6 9.9 2.6 1.0 5.2 1.6 2
1975 | 6 12.8 2.5 1.5 0.5 0.1 1
1974 | 7 29.1 4.0 5.3 1.3 3.4 1
1973 | 8 | 23.9 8.2 1.3 0.2 0.2 +
8+ 2.9 0.5 1.6 0.2 +

R: from acoustic survey
C: from commercial catches

In Division IVb, the 1979 year class constituted the major part of the
spawning stock in the samples obtained during the acoustic survey (62.2%).
This fits with the dominant year class in the adult component of purse-
seine catches taken in December. In the overall age composition of these
catches, the 1980 year class, which will recruit to the adult stock in
198%, constituted over 65% indicating the possibility of continued
improvement of recruitment in 1983, at least in the central North Sea.

In Divisions IVe and VIIA, the 1978 year class still contributed over

50% to the catches. The recruiting year class accounted for 33% in

the catches made on the spawning grounds in the last quarter of 1982.

DPhe differences between the two age compositions obtained during the first
quarter are due to the different location of the fisheries. The highest
percentage of the 1979 year class (39.5%) originated from samples taken
in catches made off the Dutch coast in the northern part of Division IVe,
the lowest value (9.7%) from catches from the Southern Bight.

2.3 Recruitment
2.%3.1 Length frequency distributions for International Young Fish Surveys

Length frequency distributions have now been computed for all International
Young Fish Surveys up to 1982. The distributions, representing total
numbers of l-group herring caught in the North Sea, excluding those

in the Moray Firth, are presented in Figure 2.1 for the year classes
1969-80.

I+ is geen that the mean length over the whole period is somewhere around
16.0 cm. In some years there is a very marked component of small fish,
with a mode between 10.0 and 14.0 cm. This occurred in year class 1969,

and more recently, in year classes 1978 and 1980. It is likely that these
small fish represent mainly Downs recruits.
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2.3.3

Year class 1979

From the data on catches per age group in Divisions IVe, VIId (Table 2.3),
it appears that year class 1979 has recruited in smaller numbers to the
Downs stock than its predecessor. In the central and northern North Sea,
on the other hand, recruitment of year class 1979 was better than in the
six preceding years (Sections 2.6.1 and 2.6.2),

In the previous report of this Working Group, the opinion was expressed
that year class 1979 would contain a high proportion of Downs herring.
This expectation was based on a limited study of otolith characteristics
of l-group herring, abundance of pre-metamorphosis larvae in Dutch
coastal waters, and a high component of the 1979 year class in Dutch
catches in the southern North Sea in early 1982.

It is now clear that the previous prediction was incorrect, and that the
criteria on which this prediction was based were of limited value in
assigning juvenile herring to specific sub-populations.

The length distribution of the 1979 year class as l-group fish, which
only now has become available, would have been far more useful in pre-
dicting the racial composition of the year class., It is obvious from
Figure 2.1, that the year class contained relatively few small fish, and
a high component of Downs fish was, therefore, not to be expected.

It is interesting to note that the 1979 year class was the first one

that showed up in reasonable numbers as big larvae in the eastern North
Sea during the IKMT Survey (Section 2.3.4). Now that this year class

has also been the first one in several years to recruit in reasonable
numbers to the northern and central North Sea, it seems possible that

the abundance and distribution of the larvae during the IKMT Survey may
indeed be related to the final strength of the year class on the spawning
grounds in central and northern Nortl Sea.

Year class 1980

The final abundance of this year class from the 1982 International Young
Figh Survey was 1 293 fish per hour. At the previous meeting of the
Working Group, a provisional index of 1 314 fish/hour was used. Sub-
stituting the final index of 1 293 into the usual formula

Y = 0.0031 x -~ 0.21

results in a year class strength of 3.80 x 109 instead of 3.86 x 109
as used previously.

From catch at age data in the industrial fishery in Division IVb, it
appears that 7.9 x 109 individuals of this year class had already been
caught as O~group in the summer of 1981, Starting from the IYFS value of
%.80 x 109 in February 1982, and taking into account a catch of 7.9 x 109
in the summer of 1981, the original strength of the year class is cal-
culated at 12.4 x 109 as O-group, which is about 150% of the mean for

the year classes 1951-70. These calculations are based on a natural
mortality of 0.1 on the O-group. If the natural mortality on O-group is
higher, the estimated relative strength of the 1980 year class compared to
year classes 1954-70 would be somewhat lower.

The length composition of the fish sampled in February 1982 shows a
pronounced component of small fish with a modal length of 13.0 cm
(Figure 2.1). Thig suggests that a high proportion of this year class
will recruit to the southern North Sea. At the same time, it must be
born in mind that large numbers of this year class were caught in the
German Bight and Skagerrak during the IKMT Survey. This could mean that
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survival of larvae from the northern North Sea had been good up to the
age of % year. If sufficient numbers of these fish have survived. the
subsequent attack by the industrial fishery, there could again be a
reasonable recruitment to the northern population in 1983.

Year clasgs 1981

From the IYPS in February 1983, a preliminary index of 1 910 fish per

hour was obtained for the herring standard area. Substituting this index
in the formula mentioned in the previous section, the strength of the

year class as l-ringers is estimated at 5.71 x 109. This year class

is, therefore, the strongest one sampled in the IYFS since year class 1969.

Abundance Year class strength as Year class strength as
Year index l-ringers (x 10~ ) 1-ringers (x 107)
class IYFS estimated from VPA predicted from regression
formula

1968 822 3435

1969 2 647 T35

1970 1629 579

1971 827 3.82

1972 1195 1.75

1973 1592 4439

1974 452 0.73

1975 342 - 0.85

1976 575 - 1.57

1977 139 - 0.45%)

1978 535 - 1.45

1979 551 - 1.50

1980 1 293 - 3.80

1981 1 910 - 5.71

x) Ignoring constant in regression formula.

Cateh at age data in the industrial fishery in Division IVb show that

8.3 x 109 individuals of this year class had already been caught as
O-group in the summer of 1982. Starting from the IYFS value of 5.7 x 109
in February 1983, and taking into account a catch of 8.3 x 109
individuals in the summer of 1982, the original strength of the year
class is calculated at 14.9 x 109 as 0-group, which is about 180% of the
mean for year classes 1951-70. The same reservations apply to these
calculations as expressed in Section 2.3.3.

The distribution of l-ringers during the 1983 IYFS is shown in Figure 2.2.
The fish showed a more offshore distribution than in the previous year;
relatively high catches were made in the central and northern parts of
the survey area. Also in the western part of the North Sea some very
high catches were made.

At the time of the Working Group meeting, few length distributions had yet
been exchanged, but the data available indicated a mean length above that
of the preceding year class.

Both the spatial distribution of l-ringers and their mean length indicate
a predominance of central and/or northern North Sea recruits in the 1981
year class.
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Year class 1982
Result of IKMT sampling during IYFS

Figure 2.2 in last year's report shows the distribution of larvae in

each of the years 1977-82, The Pigure shows a very low abundance of
larvae in the years 1977-79. The year 1980-82 all show large abundances
of herring larvae, although the area distributions are different each
year. In 1980, large concentrations exist in the northeastern part of
the North Sea, while herring larvae in 1981 were abundant in a band from
the German Bight to Skagerrak. In 1982, the larvae were mainly distributed
in the central North Sea. In broad terms, the distribution pattern in
1983 (Figure 2.3) could be described as the sum of the distribution in
1981 and 1982. Herring larvae are abundant in the central North Sea,

the German Bight, and in the Skagerrak and XKattegat. Figure 2,2 is based
on preliminary data available at the Working Group meeting. Moreover,

it should be noted that the northwestern part of the North Sea was not
gsampled by IKMT hauls in the IYFS 1983, Herring larvae in significant
quantities have earlier (1980) been found in this area, and, thus, the
1983 survey may underestimate the overall distribution.

Acoustic Surveys
The 1982 acoustic survey in the Orkney-Shetland area

A report on the ICES-coordinated survey in the Orkney-Shetland area was
presented at the 1982 Statutory Meeting (Doc. C.M.1982/H:47), and an
evaluation of it was carried out at a meeting of the Acoustic Survey
Planning Group held in Aberdeen, United Kingdom, from 14-17 February 19Y83.

To convert echo-integration values to biomass, the target strength values
given in the last report of the Working Group were used (see also Doc.
C.M,1982/H:4). Using the results of trawl hauls to identify echo-traces
in each area, two estimates of herring biomass were obtained:

No. of quarter statistical Estimated
Ship Dates rectangles surveyed herring biomass
(tonnes)

"G 0 Sars" 9-18 July 32 166 800
"G O Sars" 9-18 July Raised to 59 rectanglesx) 215 900
"Scotial 7-26 July 59 233 000

x)

Raised by proportion of stock in Mean of b and c: 224 450
additional area on "Scotia" survey.

To compare the biomass estimates in 1981 and 1982, the Norwegian estimate
of biomass in July 1981 was corrected to take account of a revision in
calibration procedures. This correction resulted in a 29% increase
compared with estimates given in the 1982 report of the Working Group.

The corrected biomass in July 1981 is 140 000 tonnes, which consisted
mainly of large herring, At the same time, the Dutch research vessel
"Iridens" recorded herring echo-traces in the Moray Firth and these were
again recorded by "Scotia" during August. An estimate of biomass of

these herring, which consisted primarily of 2-ringers, was 57 000 tonnes,
so the estimate of the total biomass in 1981 is 197 000 tonnes. In view

of the likely error in the two years' esgtimate, the Working Group concluded
that there was no evidence of a significant change in biomass between

1981 and 1982 from the acoustic survey results. More doubt was cast on

the absolute level of the estimates because of conflicting evidence on the
target strength of herring.
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From the results of the trawl sampling, the herring biomass estimates
obtained in both 1981 and 1982 have been allocated to their respective age
distributions (Table 2.5). In 1981, the overall age composition showed

a strong contribution of 2-, 4~ and 7-ringers. In 1982, 2-ringers were
predominant (53%), indicating increased recruitment from the 1979 year
class compared to the immediately preceding year classes., Within the
older age groups, the relative proportions of year classes corresponded
closely to that in 1981, with the exception of the 1973 and 1974 year
classes. However, comparison of age compositions obtained on the Scottish
and Norwegian surveys indicates a probable discrepancy in age determination
of these older herring. On the assumption that the Norwegian age readings
are correct, the relative proportions of these age groups have been
changed in Table 2.5 accordingly.

Division IVb stock (Bank)

An echo survey was carried out during the first half of July 1982 by the
Netherlands. Concentrations of herring were located off the northeast
coasts of England and Scotland, and the overall age composition of adult
herring taken in sample trawl hauls contained a high proportion (46%) of
the recruiting 1979 year class. This year clags included 39% full herring
in maturity stages IV and V, which were considered to be central North Sea
spawners. The percentage of full herring in all adult year classes
combined was 36%.

An acoustic survey was made by England during the gsecond half of August
between the Farne Islands and Flamborough Head. Two concentrations of
herring, which were spawning, were ilocated and acoustic biomass estimates
obtained for each one: 26 000 tonnes for the first to the east of the Farne
Islands and 32 000 tonnes for the second off the Yorkshire coast.

These estimates were based on the target strength values, which were
recommended by the 1982 Planning Group on ICES Coordinated Herring and
Sprat Acoustic Surveys. In addition to the above estimates, a further
estimated 5 000 tonnes was obtained for herring in maturity stage V off
Whitby and 11 000 tonnes for unidentified pelagic fish off Flamborough
Head, which were considered likely to be later central North Sea.spawners
(a larval survey in October indicated that a substantial spawning occurred
off the Yorkshire coast in mid-September). The total acoustic biomass
estimate for all these concentrations combined was therefore 74 000 tonnes.
This must be considered to bé an underestimate of the whole of the adult
spawning stock in Division IVb in 1982, as the substantial larval
production which occurred off the Scottish coast within this Division
indicated that an important component of the stock had spawvned in August
outside the area, which was surveyed acoustically.

Divisions IVe and VIId (Downs)

Three acoustic surveys were carried out by England during 1982. The

first in early February concerned a gubstantial part of the spent herring
population then in the Southern Bight, and the distribution of these was
jdeal for echo-integration. A combined echo- and larval survey made a

few days earlier indicated that some herring were also distributed over a
total 4 300 xm? outside the acoustic survey area. A correction was made
for this area by applying the mean biomass value per kxm2 from the acoustic
survey. A further adjustment was also made for a component of immature
herring. A total acoustic biomass estimate of 143 000 tonnes was then
derived for adult herring, which at that time were virtually all in a
spent condition.

A second acoustic survey was carried out in late November, but this was
geriously restricted by the severe weather conditions, which prevailed at
that time. A biomass estimate of 46 000 tonnes was, however, obtained
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from an area in the Bastern Channel, where small herring larvae were
very abundant 2-3 weeks afterwards. A biomass estimate of 70 000 tonnes
vas also obtained from a restricted area of 4 049 km? within the
Southexrn Bight.

The final survey was conducted early in December. Weather conditions were
reasonable, and a good coverage was achieved both within the Southern
Bight and Eastern Channel. A total acoustic biomass estimate of

145 000 tonnes was obtained for adult herring from the area which was
surveyed. Herring were, however, reported to have been present in coastal
areas, which were not covered by the survey. It is, therefore, possible
that the acoustic biomass estimate is an underestimate of the total
spawning stock, but there is no objective method to correct for this.

During the two surveys in November and December 1982, herring were
generally very widely dispersed, and no dense concentrations were
encountered. The only substantial spawning concentration to be surveyed
(northeast of Dieppe on 2 December) produced a biomass estimate of only
9 064 tonnes.

The results of the acoustic surveys indicate that the size of the
spawning stock during the winters 1981/82 and 1982/83 were substantially
the same.

Herring Larval Surveys

In general, as in 1981, the data available were satisfactory in 1982 in
all areas in terms of sampling intensity and distribution over the
hatching period. There was only one minor exception to this, i.e.

in Division IVb, where some interpolation was required, This is
discussed in Section 2.5.2.

Division IVa
Surveys in this area were carried out by the Netherlands and the Federal

Republic of Germany in early September and by Denmark and Scotland in
late September. The coverage in both periods was satisfactory.

The indices of abundance of larvae less than 10 mm long are: lst half

of September: 2 885; 2nd half of September: 967. The index for the

first half of September is considerably lower than in 1981, but that

for the second half is very much higher. The resulting mean for 1982

of 1 926 is, however, slightly lower than in 1981, and inserited on the
regression equation given in last year's report gives a spawning stock
biomass estimate for 1982 of 202 000 tonnes. In the light of the likely
confidence limits of these estimates, this would suggest that the spawning
stock biomass in this area has remained stable over the period 1980-82,

In the text table below, the larval indices and the resulting estimates
of spawning stock biomass are given for 1979-82.

1979 1980 1981 1982
Larval index 3 325 2 074 2 341 1 926
SSB (tonnes) 314 000 214 000 236 000 202 000

Division IVb

In the Buchan area one survey was carried out by Scotland in early
September and one by Denmark in late September. They gave estimates

of abundance of early larvae of 248 and 216 x 109, respectively. These
are very much higher than corresponding values in this area in recent
years.
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In the central North Sea, surveys were done by the Netherlands in early
and late September and by England in early October. Unfortunately, due to
the late withdrawal of the country which in recent years has surveyed
this area in late October, no survey was done at this time, which
necessitated some interpolation. The Dutch surveys in early and late
September gave estimates of abundance of early larvae of 96.77 and
73%.98 x 109, respectively; these are low compared with those of 1981
at these times. The English survey in early October, however, gave an
estimate of 1 038 x 109, which is extremely high compared with the
corresponding estimate in 1981. Because the area was not surveyed in
late October, it was necessary to interpolate a value for this period.
This was done by taking the mean ratio of late to early October surveys
in previous years, when the area was adequately sampled in both periods.
This gave a mean value of 0.32 by which the abundance from the English
survey was multiplied to give an abundance for late October.

The resulting index for Division IVb, estimated in the same way as in
previous years, is 617.1 x 109, Inserting this value into the spawning
stock biomass-larval index regression given in last year's report gives

an estimate of spawning stock biomass in 1982 of 72 000 tonnes. It should
be noted, however, that the larval index for 1982 is somewhat higher than
the highest value used in calculating the regression.

1979 1980 1981 1982
Larval abundance x 10-11 2,26 0.59 3.44 6.17
SSB (tonnes) 32 000 15 000 43 000 72 000

Divisions IVe and VIId

Surveys were carried out by the Netherlands, England, the Federal Republic
of Germany, and France. The coverage of both the distributional area of
the larvae, and their distribution in time, in 1982-83 was satisfactory.
The resulting values of abundance of all size groups of larvae were:

2 361 x 107 for early December, 581 x 109 for late December, 756 x 109 for
early January, and 260 x 109 for late January, giving an overall mean of
990 x 109. This value is somewhat lower than that of 1981-82, but is
still well beyond the range used in calculating the regression previously
used for this area. Accordingly, as in 1981, these larval data cannot

be used in estimating the absolute size of the spawning stock in this
area., They are, however, still useful in a non-quantitative way in
giving a relative index of changes in spawning stock size from year to

year.
1979/80 1980/81 1981/82 1982/83%
Larval index 147 .3 363.7 1531.0 990

Acoustic surveys at spawning time in this area in 1981 and 1982 have
indicated that although possibly half of the Downs stock has spawned in
the Bastern Channel during these years, a major proportion of all small
larvae taken in larval surveys in Divisions IVe and VIId have, in fact,
hatched in the Eastern Channel in December. This could affect the
relationship between spawning stock biomass and larval abundance compared
with earlier years.

State of the Stocks

Division IVa

Estimates of spawning stock size in Division IVa are available from
acoustic and larval surveys. The estimates from acoustic surveys given
in Section 2.4.1 are slightly inflated by the existence of a component
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of immature fish in the total biomass estimate. In 1981 and 1982, the
proportion of 2-ringers that were immature was estimated to be 16% and
25%, respectively.

Estimates of spawning stock size in Division IVa in 1981 and 1982 from
larval surveys, using the equation referred to in Section 2.5.1, and
acoustic surveys, are as follows:

Larval Acoustic survey Adjusted to exclude
survey Total immature 2-ringers
(tonnes) (tonnes) (tonnes)

1981 236 000 197 000 191 000

1982 202 000 224 000 202 000

Taking into account the likely confidence limits of these estimates,
there is no evidence of a change in spawning stock size between the two
years from either of the surveys. Trawl samples taken during the
acoustic survey indicate a strong contribution by the recruiting 1979
year class in 1982, which is difficult to reconcile with the apparent
lack of inocrease in spawning stock size. If these estimates of relative
stock size and age composition are correct, then one inference is that
there must have been a considerable mortality or loss of 2-ringers and
older between July 1981 and July 1982. Taking the acoustic survey results
at face value, the estimate of Z for these age groups is 0.45, which is
equivalent to a total loss of 71 000 tonnes of herring, and, assuming a
natural mortality coefficient of 0.1, a catch of 55 000 tonnes. Rven if
the total catches in Division IVa in 1981 and 1982 combined were taken in
the relevant period (July 1981 - July 1982), the total recorded catch
does not amount to more than 25 000 tonnes.

This discrepancy could be explained in several ways:

a) the age composition recorded on the acoustic surveys was
biassed (i.e., the real percentage of 2-ringers in 1982 was
much lower);

b) the results of both the larval and acoustic surveys in one or
both years are incorrect;

¢) catches in Division IVa have been underestimated;

d) there was an emigration of fish or a higher natural mortality
between the two years.

The Working Group was not able to determine the most probable explanation
or combination of explanations.

Although it was appreciated that running a VPA would not resolve the
problem referred to earlier regarding the conflict between stable stock
sizes in 1981 and 1982 taken in conjunction with a considerable
recruitment in the latter year, it was decided to run a VPA for Division
IVa to illustrate the problems this raises in assessing the current
state of this stock.

This was done using the catch in numbers per age group given in

in Table 2.4 for Division IVa W and IVa E combined, for age groups
2-ringers and older in the years 1972~82, The input Fs for each age
group in 1982 were estimated from the catch of that age group in that
year, and the estimate of the numbers of that age group in the stock
derived from the acoustic survey., The outputs are given in Tables
2,6-2.8. There are features of this VPA, which require some comments:
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a) The output spawning stock biomass in 1982 is somewhat smaller
than the estimate of 202 000 tonnes given by the acoustic survey.
This is due to the fact that the latter value is based on the mean
weight at age found in the samples taken during that survey. In the
VPA estimate, the same mean weights at age have been used throughout
the entire period, based on those used by the Working Group in the
past for this stock.

b) The output spawning stock biomass in 1981 is only 64% of that for
1982, This is compatible with the increment to stock in 1982
provided by the stronger 1979 year class, but is not compatible
with the acoustic survey results in that year, which gave an almost
identical estimate to that of 1982.

c) The outputs of spawning stock biomass, derived from this VPA, are
not compatible with the indices of larval abundance, which have been
used in the past for predicting spawning stock size in this area.
The larval indices are plotted against the spawning stock biomasses
from this VPA in Pigure 2.4, It is apparent that there is no
linear relationship between these data, and, if one accepts the
outputs of this VPA, larval abundance cannot be used to predict
spawning stock biomass in this area. It should be noted, however,
that the output spawning stock biomasses of this VPA are extremely
sensitive to rather small changes in assumed stock size in 1982 and
its age composition, even back to 1975, In an alternative VPA run
with relatively minor changes in input Fs, the spawning stock biomass
in 1975 was over 40% higher than that given in Table 2.8. This is in
part due to the lack of any appreciable convergence in this VPA in
the years 1977 to 1981, when catches were extremely small.

From these analyses of the available data it is clear that there are major
inconsistencies between the various sources of information on the current
state of this stock. These may be due to one or more of the factors

a) to d) mentioned earlier in this section (p.1ll). The result of these
inconsistencies, however, is that there is currently no firm basis on
which to make an assessment of the present state of this stock or any
prediction of catches in 1983,

Division IVb (Bank stock)

Two estimates of spawning stock size in Division IVb in 1982 are available.

Larval survey Acoustic survey
1982 T2 000 tonnes T4 000 tonnes

Both of these are likely to be underestimates. The acoustic survey
estimate for the reason discussed in Section 2.4.2, and the larval
survey estimate because few, if any, larvae were derived from the August
spawning, which took place off the Yorkshire coast. This was most
unusual, because this particular spawning concentration has now been
surveyed acoustically each year since 1979, and previously considerable
numbers of small larvae have always been taken in the same locality some
3 weeks later., The possible explanation might lie in the fact that as
many of the spawning shoals in 1982 were exceptionally dense, the egg
layer deposited on the sea-bed was abnormally thick, and this resulted
in a high egg mortality.

The estimated size of the spawning stock in Division IVb in 1981 was

43 000 tonnes (from larval survey data), so it is quite clear that a
substantial recovery of this stock took place in 1982, as a result

of comparatively strong recruitment by the 1979 year class. This can be
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seen from the following age distributions (a) from research vessel catches
of gpawning herring in August and (b) from commercial purse-seine catches
of spent herring in December.

Rings 2 3 4 5 6 7 8 9 10 11
‘ﬁj’;‘s 1979 | 1978 | 1977 | 1976 | 1975 |1974 |[1973 | 1972 | 1971 |1970
% (a) 62.2 | 18.6 6.9 2.6 1.5 5.3 1.3 0.9 0.6 0.1
% (b) 65.9 | 20.0 3.1 3.4 1.7 4.3 0.6 0.6 0.4 -

A further indication of the change in spawning stock size in 1982 may be made
from the series of acoustic survey estimates of herring spawning biomasgs in
the concentration off the Yorkshire coast during late August 1979, 1981 and
1982 (the 1980 survey was not carried out at the correct +time to obtain

a valid estimate).

25-28 August 1979 Acoustic biomass estimate 12 000 tonnes
22-23 August 1981 " " " 10 000 tonnes
26~27 August 1982 it n i 32 000 tonnes

These values suggest a substantial increase in the spawning stock biomass
in 1982, It was decided that the acoustic estimate of 74 000 tonnes for
the spawning area off the northeast English coast should be accepted as
the best available estimate for that area. No acoustic survey, however,
was made in the spawning area in Division IVb off the east coast of
Scotland, where a substantial larval production took place in 1982 (see
Section 2.5.2).

The increment to the total Division IVb larval index provided by the
Buchan area can be converted to a biomass estimate. This was used to
raise the 74 000 tonnes from the acoustic survey to the total area of
larval production. This would give a total estimate of spawning stoack
biomass of 117 000 tonnes. In view of some of the uncertainties
surrounding this estimate, however, it seemed reasonable for assessment
purposes to take a value of about 100 000 tonnes.

Results from VPA

A VPA was run for 2-9+ ringers, using F values in 1982 as given for
Division IVb in Section 2.7. The catch in number data are given in Table
2.9 and were derived by subtracting the estimated catches from the

Downs stock (Table 2.12) and catches in Division IVa from the totals for
the North Sea (Table 2.4). The mean weights used were catch weights at
age given in the 1978 Working Group report (Section 2.5). For all years,
lOO% of fish in all age groups were assumed to be mature except for
2-ringers in 1982, of which only 81% were taken as mature reflecting the
catch sample data for that year.

Because of the very low catches in recent years, the results (Tables 2.9

to 2,11 and Figure 2.5) should be treated with caution, though the

trends are probably realistic. Fishing mortality of 2-7 ringers dropped
from very high values of 1-2 between 1972 and 1976 to 0.2 or less since 1978.
The decline in recruitment (as 2—ringers) from year classes 1972-75 was
reversed with the 1978 year class. Recruitment from the 1979 year class was
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appreciably stronger than recruitment from the immediate preceding

6 year classes. Spawning stock biomass fell from a peak of about

70 000 tonnes in 1974 to remain at about 20 000 tonnes between 1976

and 1980. Improved recruitment subsequently brought about a rapid
increase. The spawning stock biomasses in the recent past compare closely
with the estimates made by previous Working Groups.

Divisions IVe and VIId (Downs stock)
The fishery in 1982

1/5th of the 1982 catch of 72 000 tonnes was taken in January and February
as spents in the continental coastal areas and as spents and immature
2-ringers off the Dutch coast. In the 1982 IYFS, the highest density
of 2-ringers in the North Sea occurred in that area at a level of 22 times
the mean density (Figure 2.6), which is where the Dutch fishery took place.

During the main seasonal fishery in October to December, a major part of
the catch was taken in coastal grounds off the Netherlands, Belgium and
France.

Estimates of spawning stock

Though larval abundance indices are available for recent years, they
cannot be used to derive spawning stock biomass values by the reasons
explained in the 1982 report (Section 2.5.3). The 1982/83 larval index
for this stock of 990 x 109 was based, as normally, on four separate
surveys, these being in the two halves of the months of December and
January. The 1981/82 index of 1 531 x 109 was only derived from two
surveys due to inadequate coverage. The comparable larval index from
1982/83 to that of 1981/82 is 1 260 x 109, This is about four times
the 1980/81 index and about eight times the 1979/80 index.

The results from the larval surveys indicate that one major spawning
took place about mid-November in the Eastern English Channel, with some
spawning also in the Southern Bight. Further spawning took place in
the Southern Bight early in December.

Biomass estimates from English acoustic surveys are available for
Decemb;r 1981, and February, November and December 1982. (See Section
243, .

The Working Group accepted'the February 1982 survey as the best estimate
of spawning stock for the reasons given in Section 2.4.3

Recruitment indices

To make a projection- for 1983, some estimate of the Downs contribution
is required. Two methods have been employed. The length frequency
distribution obtained from the IYFS in 1982 in Sub-area IV was made
available to the Working Group. The total distribution was split into a
number of normal frequency distributions, using a method (and a computer
program) by MacDonald (MacDonald and Pitcher, 1979). The length com-
ponents with a mean length less than 14 cm was regarded as Downs herring.
They made up about 60% of the total number of fish.

A second method, using the distribution of mean length per statistical
area in the IYFS, was derived. Centres of abundance characterized

by fish with mean lengths of 12.1 cm, 14.4 cm and 18.2 cm were identified
and were used to proportion the catches in other areas %o these
populations, The results gave a similar estimate to that derived above.

The Working Group decided to reduce this proportion and assign 50%
of the IYFS recruitment estimate to the Downs stock in view of the known
occurrence of North Sea herring in the Skagerrak.
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Results of VPA

The results of the VPA are given in Tables 2.12-2,14 and are summarised
in Figure 2,7.A and 2.7.B.

In this section, which describes past development of the fishing
mortality, average fishing mortality refers to mean F over the age
groups 2-8 weighted by numbers at age in the stock. However, these
weighted means cannot be directly related to the fishing mortality used
in the catch projection and in the calculation of the Y/R curve. For
this purpose, fishing mortality has to be expressed as unweighted mean
and, therefore, these values are also given in the VPA table of fishing
mortality.

Fishing mortality fluctuated around a level of about 1.0 up to 1975.
After an increase to a level of about 2.4 in 1976, it decreased con-
siderably by 1977 and remained at comparatively low levels up to 1979

as a result of the ban on directed herring fishery in the North Sea.

As a consequence of figshing in 1980, when the fishery was not officially
re-opened, fishing mortality increased to 0.4. With the progressing
recovery of the Downs stock and about the same amount of catch as in
1980, the fishing mortality decreased somewhat to a level of 0.2 in

1981 and reached again 0.4 in 1982 due to a higher catch level in that
year.

The spawning stock biomass at spawning time (i.e., the end of the year)
increased continuously from the very low level in 1976 of about

% 000 tonnes to 61 000 tonnes in 1980. A further increase to about
150 000 tonnes in 1981 took place as a result of the contribution to
the spawning stock biomass by the strong 1978 year class, which
recruited predominantly yo the Downs stock. Since the Downs component
of the 1979 year class was relatively small, no further increase in
spawning stock biomass was observed by the end of 1982.

The positive development of the spawning stock since 1978 must
obviously have resulted from the protection of the Downs herring in

the years 1977-79. The quick reaction of the Downs stock to the ban on
directed herring fishing compared to the central and northern North Sea
may be explained by a lower level of exploitation of juvenile herring

of this stock in the mixed fisheries.

Projection of catch and spawning stock size for 1983

Catches and the corresponding spawning stock biomass for different
levels of fishing mortality in 1983 have been calculated, using the
data given in Table 2.15.,

Recruitment at age 2 in 1983 (year class 1980) was derived from IYFS
results, indicating a very strong year class. Based on an analysis

of the length composition of IYFS catches, the Downs component was
estimated to be about 50% of that year class, i.e., about 1 900 million
l-ringers in 1982, To estimate the number of 2-ringers, 50% of the
total catch of l-ringed fish in 1982 was assumed to be Downs herring.
These catches and natural mortality (M = 0.1) were applied resulting

in 1 528 million recruits at the beginning of 1983.

The fishery in 1982 was concentrated mainly on the three youngest age
groups in the population, and this fishing pattern is expected to con-
tinue in 198%. Therefore, the exploitation pattern of 1982 was used
in the catch projection.

The detailed results of the catch projection are given in Pigure 2.7.D,
and some selected management options in the following text table.
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Downs herring ICES Divs, IVc and VIId
1982 Management 1983
option for
Stock Catoh Spawn 198% Stock _ Spawn.
biom. F(o 8 ate stock biom, F(Q—B) Catch | stock
(2+) “ biom, (2+) biom.
(2+) (2+)
237 271 72 146 FO.l 360 2125 55 273
Fo3=Fgp 271 107 224

Weights in thousand tonnes.

Stock biomass refers to the beginning of the year.

Spawning stock biomass refers to spawning time (end of the year).
Fishing mortality refers to the average F on age groups 2-8 not weighted
by stock numbers.

2.7

In the 1982 Working Group report it was suggested that the catches

should be taken solely in Divisions IVc and VITd in the period 1 October
to 28 February the following year, as it is only in that area, and during
that time period, that one can be sure of catching only the Downs
population.

This suggestion was made with reference to the expected continuation of
the ban on directed herring fishing on the central and northern North Sea
herring stock and was subsequently submitted by ACFM to the managers

a8 a recommendation.

If the herring fishery will not be re-opened'on the central and northern
North Sea stocks in 1983, then the considerations given in last year's
Working Group report still apply.

VPA -~ Total North Sea

Estimates of the spawning stock biomass of the components of the North
Sea herring are available from acoustic surveys or larval surveys. The
estimates are summarized in the text table below:

Area Spawning stock Date Source
Div. IVa 200 000 tonnes 1.8.1982 Larval/Acoustic
Div. IVb 100 000 tonnes 1.9.1982 Larval/Acoustic
Divs.IVe+VIIA 146 000 tonnes 31.12,1982 Acoustic

Using the catch numbers for 1982, the input Fs to the VPA were calculated
to give a spawning stock size as estimated above. However, because of
different age distributions and different spawvning times, it is necessary
to calculate the spawning stock in numbers for each component at spawning
time. Taking account of the catch of the component in the period from

1 January 1982 up to spawning time, the spawning stock of each component
is back-traced to 1 January 1982. Adding each component, we get an
estimate of the total North Sea stock in numbers of herring at 1 January
1982,
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Division IVb
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x) The number of 2-ringers has been adjusted upwards, because the samples showed

19% immature 2-ringers.

The calculations are based on samples from commercial catches of spent herring.

Spawning stock 1.1.82 - Total North Sea
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630.8
189.7
52,5
120.2
30.5
49.5
99.4
6.9
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595.2
142.9
21.3
24.%
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30.3
4.6
7.6
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415.7
767.7
166.5
4.9
58.2
13.7
3.1

1 701.7
1 100.3
240.3
219.4
100.8
93.5
107.1
14.5

%) The basis of these calculations are described in Section 2.6.3,
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As the first step, the stock in numbers at spawning time is calculated,
Secondly, the fishing mortalities on each stock are calculated to meet
two requirements:

a) The catch of the age group should be the value of the catch in
the relevant area.

b) The stock in number of the age group at spawning time should
match the value of the age group in the estimated spawning
stock.

The fishing mortalities are thus found solving the equation:

F+M) .8 F ~(F+M
c=w - e( ) e (1 -e (F+ k)

where Ny is the stock size at the date when the fraction s of the year
was gone, i.e., N7/12 is the number as at 1 August.

The input Fs for the last year in the VPA are now selected to give a
stock size at 1.,1.1982 as given in the text table on p.18.

For age groups O and 1, the inputs F are chosen to produce stock sizes
as estimated in the IYFS in 1982 and 1983, respectively.

The catch in numbers is given in Table 2,16, and the fishing mortalities
in Table 2.17. The stock in numbers, together with the total biomass,

is shown in Table 2.18. It should be noted that the weights at age used
for this calculation are the stock weights in Doc. C.M.1978/H:3,

although different sets of weight at age have been used for the individual
components in the calculation of the spawning stock in numbers.

North Sea Herring — Management Considerations

In last year's report of this Working Group, it was concluded that the
population spawning in Division IVe and Division VIId had shown a
very marked recovery, while in Division IVa and Division IVb the
recovery had been very small. It was further concluded that Divisions
IVe+VIId spawning stock would increase further to a level of

300 000 - 400 000 tonnes at the end of 1982, due to good recruitment
from the 1979 year class, the exact increase depending on the fishing
mortality and on what part of the 1979 year class would recruit to the
southern areas.

The present assessment shows that the expected further large increase
in Divisions IVe and VII4 spawning stock d4id not occur. It seems clear
that a larger part than expected of the 1979 year class recruited to
the spawning stocks in Divisions IVb and IVa in 1982, This resulted
in a large increase in the spawning stock in Division IVb from about
40 000 tonnes in 1981 to about 100 000 tonnes in 1982,

The situwation in the northern North Sea is more unclear. While neither
larval surveys nor acoustic surveys indicated a substantial increase
in spawning stock in Division IVa from 1981 to 1982, age compositions
collected during the acoustic surveys indicated a substantial relative
contribution to the spawning stock in 1982 from the recruiting 1979
year class. As discussed in Section 2.6.1, this discrepancy could
have several explanaiions. If estimates of present stock size are
correct, then either the spawning stock estimatesfrom the larval
surveys have overestimated the stock in the years 1978-81, and that
some increase occurred in fact in 1982, or that non-reported and
unknown catches from the stock in 1981/82 have generated a significant
mortality on the age groups, which had already recruited to the
spawning stock in 1981.
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Tt has only been possible to carry out a stock projection for 1983 for
the stock in Divisions IVc and VIId. Assuming 50% of the 1980 year class
will recruit to this stock, a further substantial increase in the
spawning stock is expected at the end of 1983,

If the part of the year class, which recruits to Divisions IVb and IVa

is not fished as 2-ringers prior to the spawning season, the year class
is expected to contribute approximately 200 000 tonnes to the spawning

stock in these areas in 198%, Thus, a further increase in the spawning
stock in Divisions IVb-IVa combined is expected in 1983, but it is not

possible to calculate how this increase will be divided between the two
Divisions.

Based on IYFS, year class 1981 seems to be even stronger than the 1980
year class as l-group. If not fished to any significant extent as
l-ringers and as 2-ringers before it recruits to the spawning stocks, this
year class could contribute approximately 600 000 tonnes to the total
North Sea spawning stock in 1984, if the IYFS estimate is correct., It ha
not been possible to make any estimate of how this contribution would b
divided between the three stocks. )

1% is thus clear that a significant rebuilding is taking place in the
total North Sea spawning stocks, although difficulties are
experienced in making projections on a stock basis. It is, however,
also clear that the rebuilding is being seriously delayed by illegal,
directed young herring fisheries.

At its 1982 meeting, the Working Group had to use indirect methods to
estimate the O- and l-group catch in 1982. Data, which have now been
presented to the Group, show that the catches of O-ringers in Division

IVb in 1981 and in 1982 are the highest ever recorded for this fishery.
They are, in fact, of the same order of magnitude as an average year class
from the period 1954-T0.

For several years the recruitment to the North Sea stock was at a low
level probably due to stock/reoruitment failure. This is no longer
the case. The North Sea herring have recently (1980-81) produced at
least two strong year classes, which could have brought the North Sea
herring stock to its former state of highly productive resource.

The O-group fishery, which took place in Division IVb in 1981 and

1982, will, however, seriously delay a further recovery of the total
stock. In this context it must also be noted that a large O-group
fishery also takes place in Division IITa. This fishery is mainly based
on O-group fish of North Sea origin. It is, therefore, concluded that
not only are the young herring industrial catches in Divisions IVb and
IITa a serious threat to the recruitment of the North Sea herring but
they are also contrary to any rational exploitation of this potentially
largest fish resource in the North Sea.

Concerning the fishing of O-group herring along the Danish coast,

ACFM at its April meeting in 1982 recommended a closure of the sprat
fishery in ICES statistical squares 41 F7 and 42 F7 from 1 July to

31 October. The last two years' fishing indicates, that this area
should be extended southwards and include ICES statistical square 40 F7
as well as the fishery taking place very close to the shore. The
Working Group suggests that the area be defined as: from the shoreline
to 7°E longitude, and between 55°30'N and 57°N latitude.

The Working Group is concerned about the failure to implement the
already existing regulations to prevent catches of young herring.
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At its 1980 meeting, the Working Group agreed that before re-opening
fisheries on the North Sea herring stock certain criteria should
be met, i.e., that there should be evidence that the spawning stock
would recover to about 800 000 tonnes, even under a limited fishery,
and that there should also be evidence of improved recruitment. If
the 1980 year class will not be fished further before it recruits to
the spawning stock in 1983, the total North Sea herring stock will
probably reach the target of 800 000 tonnes that year.

As discussed above, there is firm evidence of improved recruitment.
It is concluded that the criteria will probably be met in 1983, if
one considers the total North Sea stock as one unit. However, it
should be kept in mind that three main components of the

stock have recovered at a different rate.

The Working Group would stress the need for continued protection of

the spawning stocks in Divisions IVa and IVb to ensure further
rebuilding in these areas. If a re-opening of the adult herring fishery
in the North Sea outside Divisions IVe-~VIId is considered, only °

very moderate fishing mortalities should be allowed on these stocks.

Area TACs combined with closure during the spawning seasons would
probably be the safest method for preventing that a large fishing
effort is concentrated on either Division IVa or Division IVb stocks.

Congidering a fishery in Division IVb in early summer, when the Downs
and the Bank stocks are mixed in that area, the Working Group refers
to what was said in last year's report about the mixing of these
stocks.

DIVISION IIIa HERRING
Stock Composition

In late January 1983, a Workshop on Stocks Components undertook a
trial of separating Division IIIa herring into spring- and autumn-
spawned components, using length distributions and meristic characters.
The Workshop found that more than three components could be separated
in Division IITa on the basis of length frequency distributions. Of
these, at least one could be referred to autumn spawners and one or
more to spring spawners, Kattegat spring spawners, Skagerrak spring
spawners, and North Sea autumn spawners have different pure stock
characteristics and can be identified by these means. The Workshop
was unable, however, to separate the Kattegat spring spawners from
those in the western Baltic and the Belt Seas.

The Workshop considered four different methods of separating length
distributions into components that are normally distributed. It

reached the conclusion, that before an attempt to estimate the

relative proportions of the length components can be made, an integrated
method of analysing length frequencies must be applied to all

presently available and future data.

For the time being, the broad outlines indicate that the major
proportion in the catches of O-groups in July-December and of l-groups
in January-March are referrable to North Sea autumn spawners.

l-groups in July-December seem to be dominated by spring spawners,
which are almost the sole component amongts 2-ringers and older fish.

The Fishery
Catch data

The landings of herring during the last decade are given in Table 3,1l.
Preliminary figures for 1982, partly based upon official figures,
amounted to about 111 500 tonnes, which is slightly less than the
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revised figure for 1981l. An increase of 6% in the Skagerrak was counter-
balanced by an 11% decrease in the Kattegat.

Tn last year'!'s report, Denmark was not able to produce reliable data

for the second half of 1981, and an indirect method was applied in order
to estimate the likely level of this part of the landings. At the
present meeting, figures based on a restricted number of samples were
presented to the Working Group, and Table 3.l was revised accordingly.
The main change occurs in the unallocated landings, which increased

by 11 000 tonnes to 57 000 tomnes. In 1982, this part of the landings
declined to about 35 300 tonnes.

The total estimated landings thus show a decline from about 171 000 tonnes
in 1981 to about 147 000 tonnes in 1982,

Catch in numbers at age

Catch in numbers at age data were available for the major fisheries in
1982 and for those landings in 1981, for which no data were available

in last year's report. The revised data for 1981 and new data for 1982 are
given in Table 3.2, together with the years 1974-80. It should be kept
in mind that the apparent exactitude with which the catch of immatures

are stated grossly exagerates the actual precision of these estimates.

In both 1981 and 1982, the figures indicate, however, the largest catches
of O-group herring on record in Division IIIa and gmount to over 60%

of the total catch in number. Most of these would probably be of

North Sea origin (see Section 3.1).

Biomass Estimates from Acoustic Surveys

The yearly acoustic survey in August-September was carried out by the
Danish and Swedish research vessels "Dana" and "Argos". The preliminary
results were presented to the ACFM meeting in November 1982.

The 38-kHz equipment was calibrated against a standard copper sphere. The
recorded mm-deflections were corrected for deviation between measured
TVG-amplification and the theoretical values as well as for the actual
sound absorption and sound velocity.

The corrected mm~deflections were converted to biomass, using the
following length-~dependent target strength:

21,7 log I - 75.5 dB (Haldorsson and Reynisson, 1982)

L}

Herring: TS.md

Gadoids: Eg'md = 21.8 log L - 37.3 dB (Dalén and Smedstad, 1982)

Mean target strength per individual for all species was converted to
corresponding target strength per kg by length and weight data from the
catches. A total of 36 pelagic trawl hauls were used to split the
total fish biomass on species. The material was grouped by quarters of
ICES rectangles.

The estimated herring stock in number per age group and total biomass
at 1 September 1982 are presented in the text table below:

Age group Number x 10_6
0 6 171
1 2 349
2 989
3 221
4 31
5 8
6 1
i +
Total 9 770

Biomass in tonnes %40 000
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Recruitment

The annual voung fish survey was carried out in Division IIIa during
31 January - 18 February 1983, A total of 35 hauls, covering 14
squares, were made with the GOV trawl.

The index of the l-group herring, calculated as the geometric mean of
the arithmetic means of seven standard squares, was 3 255, which is
more than twice the index of 1982 and the highest recorded.

The l-group herring had a wider distribution over the surveyed area,
compared with previous years, and high numbers were also caught in
the eastern part of the Skagerrak.

It was not possible during the Working Group meeting to split the
index om local and North Sea components.

The abundance indices for 1972-83 (year classes 1970/71 - 1981/82)
are given in the text table below:

Year Index 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

The IKMT sampling during the survey covered 13 squares and 52 hauls
were made. The abundance of autumn-spawned larvae was higher than
in the preceding 5 years.

Virtual Population Analysis

A VPA was done on the basis of the 9 years! catch at age data, which
are available up to now. When considering the regulis, two points
should be kept in mind:

(i) a major part of the 0O- and some of the l-group fish probably
belongs to the North Sea herring and cannot be regarded as
potential recruits to Division IIIa stocks,

(ii) part of the adolescent and adult stock (i.e., Z 2-ringers)
probably belongs to the spring-spawning communities in the
Belt Seas and in the western Baltic. Fishing mortality
inflicted upon that component in these adjacent areas will
be added to the fishing mortality generated in the Skagerrak-
Kattegat.

The results of the VPA (Tables 3.3 and 3.4) are consequently of
restricted value in respect to the management of Division IIIa stocks.
They show, however, the trend of development in the late decade and
permit comparisons with results from acoustic surveys and trends

in other areas.

The input figures are partly the catch in numbers at age, which have
already been commented upon in Section 3.2.2. They are shown in
Table 3.2, A knife-edge maturity ogive at 3 years of age (3-ringers)
was assumed. Input fishing mortalities were estimated from
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the acoustic stock in number estimate in September 1982, and the catches
in number for the period January-September 1982, By this means,
estimates of the fishing mortality of the O-group, l-group and the
group of 2 years and older fish were obtained.

Weight at age data were not included in the present VPA run, as the
stock in numbers was the main object of the exercise. For the sake
of recording they are, however, shown in the text table below (in g):

WR. 0 1 2 3 4 5 6 7 8

In
catch

1974-80 12 65 79 140 196 218 241 265 285
1981-82 12 40 79 140 196 218 241 265 285

In
stock

- 26 60 116 175 205 225 255 275

The stock in numbers, calculated by the VPA and shown in Table 3.4,
permits comparisons with year class fluctuations in adjacent areas. In
Pigure 3.1 is shown the relation between the numbers of 2-groups
calculated by the present VPA for Division IITa, and those calculated
by VPA in Sub-divisions 22 and 24 (C.M.1982/Assess:16). The correlation
between these two sets of figures is highly significant.

In Figure 3.2, the catch of 3-ringers in Sub-divisions 22 and 24 is
plotted against the catch of 2-groups in Division IITa in the year
before. Again, a high correlation is found.

Another comparison can be made between the results of acoustic surveys
carried out in Sub-divisions 22424 in October and in Division IITa in
August-September., The data are shown in the text table below, together
with catches of 2-groups in Division IIIa.

Acoustic surveys Catch
Year class | Baltic Baltic Div.IITa Div.IIIa
(o-gr.) | (1-gr.) | (2-gz.) (2-gr.)

1978 1 048 217 434 253
1979 5 846 663 1 260 656
1980 4 020 550 989 314

3.6
3.6.1

Even though the time-series is very restricted, there is an apparent
conformity between the three acoustic estimates of year class strength.
The catch in numbers of 2-groups in 1982 seems, however, to be some-
what lower than would be expected from the acoustic estimates.

Management Considerations

General

The difficulties mentioned in the preceding section and indeed in
several earlier reports dealing with the Division IITa herring fisheries
have made it impossible to make an assessment from which a meaningful
prognosis can be obtained. The Working Group considers, however, that
the attention of ACFM should, in the first place, be drawn to the
continuing and apparently increasing catches of young herring and
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secondly, to the appropriateness of assessing indigenous herring
stocks in Division IIIa and herring in Sub-divisions 22+24 as one unit.

The catch of O-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 1981-82.
This may not reflect an increase in fishing effort on young herring

but could be an indication of an increase in abundance in these

year classes compared with earlier year classes in the restricted
period for which age data are available. Even then, these catches
undoubtedly reduce the recruitment to the herring stocks mainly in

the North Sea and could - together with the O-group catches in the
North Sea proper - equal the major part of an average year class.

ACFM has already proposed a number of restrictions which, if enforced,
would effectively cut O-group catches, and it is difficult to

imagine which further restrictions could be suggested. The real
problem in Division IITa thus appears to be the lack of enforcement

of existing regulations and the failure to accept the additional
proposals recommended by ACFM in November 1982. ©No improvement can be
expected from any additional restrictions without effective
enforcement.

Management of adult herring

The borderline between Division IIIa and Sub-divisions 22 and 23

cutes through a more or less continuous series of spawning sites, which
also extends along the western Baltic coast in Sub-division 24. In
Section 3.5, the close relationship between the herring stocks in
these areas was pointed out, and the Working Group finds that

there are good arguments for considering these stocks as one unit.

At present, partial assessments are carried out in two Working Groups
(the present for Division IIIa and the Working Group on Pelagic

Stocks in the Baltic, for Sub-divisions 22-24)., It is felt that

ACFM should consider the pratical possibilities and eventual virtues
of a joint assessment in the future. The situation may, however,

be more complex in the future, as it should be born in mind that North
Sea adult herring were fished in winter in Division IIIa in the

years prior to 1967, and there was also a fishery on adult autumn-
spawning Kobbergrund herring in that period.

With no reliable indication of the 2-group strength in 1983 and
with some doubts about the strength of the 3-group, no reliable
prognosis can be made.

CELTIC SEA AND DIVISION VIIj HERRING

Introduction

The herring stocks in the Celtic Sea and in Division VII]j were
assessed separately by the 1982 Working Group. However, the Working
Group examined the biological data of the stocks in both areas and
the location of the fisheries and concluded that consideration should
be given to managing both areas as one unit. Accordingly, a combined
assessment was carried out and presented to the July meeting of

ACFM. ACFM considered this assessment and recommended that no catches
gshould be allowed during 1982/83 from the combined areas. A
modified version of this assessment was subsequently used by the
November meeting of ACFM in making predictions about the effects

of various catch levels on the stock size. Catches of 8 100 tonnes
were permitted by the EEC from the area for the period October 1982
to March 1983,
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4.2 The Fishery in 1982/83
4.2.1 Catch data

The total catches from the combined areas per year and per season are
shown in Tables 4.1 and 4.2. The total catch taken during the whole
of the 1982/83 season amounted to approximately 1% 000 tonnes, which
was over 4 000 tonnes less than that taken in 1981/82. The catches
were again taken almost exclusively by Irish pelagic trawlers and
drifters. Over 70% of the total catch was taken in the third and
fourth quarters of the season by boats fishing during the main
spawning season. As in recent years, lack of markets greatly cur-
tailed catches throughout, the season, and boats were obliged to fish
under severe nightly quota restrictions.

Quantities of herring were also discarded at sea by boats, whose
catch had exceeded their nightly quota., It was not possible, however
to quantify the amounts discarded in this way.

4.2,2 Catch in number per age group

The total catch in number per age group is given in Table 4.4. The
catches throughout the season were dominated by the 1979 year class,
which during the third and fourth quarters constituted approximately
60% of the total. This year class had been noticeably abundant
during 1981/82 as l-winter-ring fish, Older fish were relatively
more abundant during the first and second quarters, while l-winter-
ring fish.(i.e., the 1980 year class) became increasingly more
plentyful as the season progressed.

4.3 Spawning Stock
4.3.1 Larval surveys

Larval surveys were conducted for the fifth successive season. Because
the Celtic Sea and Division VIIj were amalgamated for assegsment in
1982, it was planned to extend the survey grid westward during the
autumn to 10°13%'W so as to cover the Bantry Bay area, where it was
suspected from commercial catch samples that spawning occurred.
Unfortunately, due to severe weather conditions coverage extended

this far west on only one cruise and then virtually no larvae were
taken. A change in sampling distribution was also made to winter
(Deoember—February) cruises when sampling in 1982/85 did not extend
further west than 8°31'W, because in previous years small class larvae
were very rare in that region. In addition, winter coverage was
extended northwards on the eastern end of the grid to see, if many
larvae were drifting into the Irish Sea. Again, virtually no larvae
were taken at these new stations. Coverage on time was very satis-
factory with surveys roughly every 14 days. An additional cruise was
undertaken at the end of the season, because some spawning herring
were still caught in early February, which was later than in

previous years.

In the 1982/83% season, small class larvae were most abundant west
of Cork Harbour in the autumn and again in late February and also
off Baginbun Bay in February. Medium and large class larvae

were less abundant than in any of the previous seasons.

Following suggestions made at the 1982 meeting of this Working Group,
a new means of calculating the larval index was used, and this is
described in an Appendix to Doc. C.M.1982/Assess:7 and in Grainger
et al. (Doc. C.M.1982/H:38). Briefly, for each cruise the total
abundance of small class larvae was calculated, as before, by multi-
plying the numbers per m2 by the area represented by each station
(see Table 4.3). The mean abundance of <10 mm larvae prior to

15 December gave the autumn index and the mean abundance of <11 mm
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larvae after 15 December gave the winter index. The winter index was
then multiplied by 1.465, to compensate for the lower fecundity of
winter spawners (Molloy, 1979) and added to the autumn index to

give an index for the whole season. The indices for the last five
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) 8 932 (4) 16 533
1981/82 16 285 (5) 1 510 (5) 17 795
1982/83 14 557 (5) 5 164 (6) 19 721

4.4 Estimates of Fighing Moxtality

It has not been possible to caleculate F for the 1982/83 season from
cpue data, because, as in the last few years, boats were working

to nightly quotas. There isg, however, indirect evidence, that ¥ was
substantially lower than in the previous seasonw. In 1982/83, market
demand was lower resulting in lower nightly quotas than in the
previous season. For a period of about six weeks in October/November
1982, there was virtually no fishing because of a protest by fishermen
and severe weather conditions. Because of the poor demand, several
vessels left the fishery before the end of the season., Catches fell
from 17 100 tonnes in 1981/82 to 13 000 tonnes in 1982/83.

Several Truns of VPA were carried out with different input values,and an
increasing trend in spawning stock biomass over the last five years

was shown with Fgo/83 = 0.6 or less., There has been a continuous
increase in the larval index during the same.period. In order to
determine which rate of increase in spawning stock biomass best matched
the increase in the larval index, the ratio of the mean spawning stock
biomass of the last two seasons to the mean of the two previous seasons
was found for each input F. The equivalent ratio of the two-year means
for the larval indices was also found. The ratios are given in the
text table below:

Mean SSB Lar?al index
Input F 0.4 0.5 0.6
4) 1979/80 - 1980/81 27 350 26 080 25 240 14 705
B) 1981/82 - 1982/83 35 490 30 190 26 650 18 758
B/A 1.30 1.16 1,06 1,28

The increase in spawning stock biomass best matching the increase in the
larval index is derived from F82/83 = 0.4, and this was taken as the
appropriate F for 1982/83.
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Recrultment

No method is available to predict recruitment to the stock in this new
area. BExamination of the numbers of l-winter-ring fish in the stock
from VPA from 1968-81 indicates that apart from the strong 1969 and

1979 year classes recruitment has varied between 49 and 97 million fish
each year at 1 April. Although l-winter-ring fish were again abundant
in the catches taken during 1982/83, it is not possible to draw any
definite conclusion about the strength of the 1980/81 year class.
However, if F adult in 1982/83 = 0.4 (se Section 4.4) and F on l-winter-
ring fish -is 40% of that on adults, then the estimated strength of the
1980/81 year class is about 109 million at 1 April 1982. This is

higher than the average level of 65 million produced by the stock during
the 1974-80 period, when it was at a very .low level.

Results_ from VPA

The results from VPA, assuming F adult = 0.4 in 1982/83, are shown in
Figure 4.1 and Tables 4.5 and 4.6, The exploitation pattern agsumed
that F on l-winter-ring fish was 40% of that on adults. The mean weights
per age class are the same as those used in the assessment presented

to ACFM in July, and the mean weights per age class of the stock at
spavning time are the same as those in the catches, because all catches
are now taken during spawning time., The VPA has been run back to 1958,
and it must be emphasized that over this period considerable changes in
stock sizes and composition have taken place. From 1958 to 1970
approximately, the fishery mainly exploited a winter spawning component,
but in the early 1970s an autumn-spawning component emerged and has
since then dominated the catches and the total stock, as reflected in
the larval surveys.

The spawning stock biomass has slowly increased in recent years from
its lowest level of 23 500 tonnes in 1976 and was estimated to be about
39 000 tonnes at spawning time in 1982, Fishing mortality decreased from
high levels in the early 1970s (F = 0.70) to about 0.45 during the
years 1975-79 and has since increased slightly to about 0.50 from
1980-82. Recruitment of l-winter-ring figh from 1974 to 1980 averaged
about 65 million, with the lowest level of about 49 million. The 1979
year class (173 million) appears to be the strongest one to enter the
fishery since that of 1969, while preliminary evidence indicates that
the 1980 year class will be above the average recorded during the
1974-1980 period.

It should be pointed out, that the results obtained from VPA, assuming
F = 0.4 in 1982/83, give estimates of spawning stock and recruitment
in 1982 and F values in 1981/82, which confirm the assessment carried
out by ACFM in November 1982,

State of the Stocks

The spawning stock biomass at spawning time in 1983 is estimated to

be about 40 000 tonnes. The highest level recorded was during 1965-69,
when it averaged about 106 000 tonnes, and the lowest level was in the
mid-1970s when it averaged about 25 000 tonnes.

Estimate of target spawning stock biomass

The preliminary assessment of the stocks in the combined Celtic Sea
Division VIIj area was presented to ACFM in July 1982, The desired
minimum target spawning stock biomass was, however, not estimated.
ACFM examined this aspect and concluded that it was not possible to
determine any period since 1958, when F values were consistently low
and the stock could be considered to be lightly exploited. It was
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difficult, therefore, to determine lhe level to which the stock should
be rebuilt. It was apparent, however, that prior to the increase that
took place in the total stock around 1955, the spawning stock was stable
at about 80 000 tonnes from 1958~64. TYields during this period were
also stable at around 20 000 tcanes, and F values varied between 0.3 and
0,5

The Working Group was therefore asked to examine the question of an
appropriate target stock biomass for the area. Two aspects were
therefore examined:

1) stock/recruitment relationship

2) yield/biomass ratio.

Stook/reorui%ment relationship

The relationship between the spawning stock biomass and the numbers

of recruits as 1 winter-ring fish produced two years later is shown in
Figure 4.2, This covers the period 1958-80, during which considerable
changes in stock composition took place from mainly winter spawners

to autumn spawners. There does not appear to be any clear relationship
over the whole time period, but the points fall into two well defined
groups each of which corresponds to different phases of the fishery.
There is a period from 1973-80, when, with the exception of the 1979
year class, recruitment was low and stock was low. Recruitment during
this period averaged 89 million fish. A second period from 1958~72 con-
tained fluctuwating stock sizes, which produced several good year classes
which averaged 162 million fish. The probability that the present
spavning stock biomass will produce very strong year classes is considered
to be low.

Yield/biomass ratio

The relationship between yield and spawning stock biomass was also
examined for 1958-82 to determine a desired stock level (Figure 4.3).
Four periods can be identified:

l) 1958-64 Stable stock - mainly winter spawners
2) 1965-69 High stock - mainly winter spawners
3) 1970-76 Declining stock - mixed autumn and winter spawners

4) 1977-82 Low stock - mainly autumn spawners.

The average yield in each period has been expressed as a percentage of
the spawning stock biomass and is 20%, 28%, 48% and 40%, respectively.
The stock, therefore, was able to expand after the 1958-64 period

during which yields were about 20% of the spawning stock biomass. During
the period 1965-69, the yields increased to 28% of the biomass. The
stock declined rapidly when yields averaged 48% during the period
1970-76. 1In the latest period, from 1977-82, the yield is approximately
40% of the biomass, and the stock cannot produce sufficiently good

year classes to effect a rapid recovery.

Therefore, to ensure rebuilding of the stock, the yield should never
exceed 20% of the spawning stock biomass. It seems that if the yields
are consistently allowed to exceed about 30% of the biomass, then the
stock will be in danger of collapsing.

Stock predictions and management considerations

Stock predictions were made with a selection of fishing mortalities in .
1983-84 and 1984-85, assuming 40% adult F on the l-ringers. The
starting stock in numbers for 1 April 198% was from the VPA, assuming
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F82/83 = 0.4, with the number of l-ringers taken as 50 million fish
(roughly the minimum value since 1958).

also taken as 50 million l-ringers.
predictions are given in Table 4.7.

Recruitment in 1984-85 was

The input parameters for stock
The results are given in-

Pigure 4.1, and in the following text table (SSB in tonnes at spawning

time):
1982/83 1983/84 1984/85
SS8B F2_9+ Catch SSB F2_9+ Catch SSB F2_9+ Catch
39 000 0.4 13 000 41 800 0 0 49 900 0 0
40 600 0.16(=Fo 1) 6 100 | 42 200 0.16(=Fo 1) 6 400
38 700 0.4(=F82/83 13 700 | 33 100 O.4(=F82/83)]l 700
For rebuilding the stock, the catch/spawning stock biomass ratio should
not exceed 0.2 (see Section 4.7:3)
5. WEST OF SCOTLAND HERRING
5.1 Assegsment Procedure
The assessments in this area were done on the same sub-divisions as
in 1982, The limits of these are given in Figure 5.1.
5.2 Division VIa North
5.2.1 Catch data
The catches reported by each country from this area in 1973-81, and
the preliminary estimates of the catches in 1982 are given in Table 5.1.
The preliminary total catch of 49 100 tonmes in 1981, given in the
previous report, has been increased by about 2 000 tonnes in the revised
figure for that year. The preliminary total catch for 1982 is about
92 000 tomnes. This is considerably in excess of the catch in that
year given as the preferred level by ACFM in its advice on manage-—
ment of this stock in April 1982.
5262 Catch in numbers at age

The estimated numbers at age caught in this area in each of the years
1973-82, and including the by-catches of herring in the Moray Firth

gprat fishery, are given in Table 5.2.
catches was much more satisfactory than in 1981, with all countries
which had taken appreciable catches in the area supplying catch at

age data.

The sampling of national

The age composition of the catch in numbers in 1982 is in general
agreement with the prediction made last year, with 2-ringers (1979

year class) being the predominant age group.

The 1980 year class was

taken in considerably smaller numbers in 1982 than was the 1979
This, however, was due to the almost complete

year class in 1981.

absence of a sprat fishery in the Moray Firth in 1982.
of these year classes as l-ringers in the directed herring fisheries
in Division VIa (north) were of almost identical size in the two
years. This might suggest that the 1980 year class will also be
a strong one, when it recruits more fully to the herring fishery in

1983,

The catches
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Larval surveys

Larval surveys were carried out in this area throughout September and
October by the Federal Republic of Germany and Scotland, resulting in
satisfactory sampling coverage in 1982, both in space and time. The
1982 index of abundance for the smallest size category of herring
larvae was only slightly higher than in 1981 (Table 5.5). TUsing the
1982 larval index in the regression equation of larval abundance and
spawning stock biomass given in Table 5.5, based on a preliminary VPA,
provided an estimate of spawning stock biomass in 1982 of 380 897
tonnes. This value was used to initiate a VPA.

VPA outputs

From the VPA outputs obtained in 1982 it appeared that the exploitation
pattern on this stock was full recruitment to the fishery of fish

older than 2-group and 0.8 on 2-group. This, however, was based on

the results from the fishing pattern prior to the closure of the
fishery and might not be applicable to the changed situation since

the fishery was re-opened in 1981. It is not possible, with so few
data points subsequent to the re-opening of the fishery, to resolve
this problem reliably. But the preliminary VPA run, based on the
assumption of the exploitation pattern used in last year's prediction,
suggested that the 2-group fish were fully recruited to the fishery in
1981. A new input F for 1982 was, therefore, estimated from the
spawning stock biomass on the assumption that recruitment to the fishery
was complete at 2-rings. The final VPA was run on this basis.

The relevant data are given in Table 5.5, The points are plotted and
the new regression line is shown in Figure 5.2. .

The outputs of fishing mortalities, stock in numbers at age and spawning
stock biomasses at spawning time are given in Table 5.3 and Table 5.4.
As would be expected from the high level of catch taken in 1982, the
fishing mortality in that year was about 30% above the preferred level
of 0.15 advised by ACFM. The size of the 1979 year class at 1 January
1982 is in close agreement with that predicted in last year's report.
The number of all other age groups, however, are somewhat lower than
predicted due to the somewhat higher fishing mortality rate in 1981

than was estimated last year.

Recruitment

In last year's report on this stock, recruitment as 2-group in 1982

was estimated based on Scottish research vessel surveys carried out

in February-March 1981 and 1982, In these years the indices of .
abundance were of comparable size, and the method used appears, from

the 1982 catch data, to have given a rather good estimate; of recruitment
in that year. A similar survey was carried out in February-March 1983,
and the results would suggest that the 1980 year class is a much

weaker one than either the 1978 or 1979 year classes. However,

with only three data points from these surveys, it would be very
dangerous to assume that the relationship between the index of abundance
and stock size is a linear one over a very wide range of indices.

Under these circumstances all that can be inferred from the 1983 survey
is that the 1980 year class is a weak ong. For prediction purposes,
this year class has been set at 205 x 10° fish, which is the lowest
value at this age given in the VPA over the period since 1970.

Management Considerations

The results of the assessments mentioned above were used to predict
yields and spawning stock biomasses in 1983 and 1984. The parameters
used are given in Table 5.6. The outputs of the predictions over a
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range of fishing mortality rates are shown in Figure 5.3, Yield per
recruit and spawning stock biomass per recruit curves are shown in
Figure 5.3. The Y/R curve has no maximum. The yields at Fp,1 and
some adjacent values in 1983 and 1984 are given in the text table
below. These assumptions madé throughout these predictions are

a) that the same fishing mortality rate will be maintained in both
years, and

b) that recruitment will be at the same level in both years.

1982 1983 1984

Catch

F Spawn. Catch P Spawn. Catch Spawn.
2=T | stock 2-1 stock 2-1 stock

92 417

.201 | 380 000 | 38 437 0.10 370 900 | 36 739 0.10 354 521
57 996 F0.1=-1549 357 500 |52 653 0.1549 | 324 567
73 277 0.20 346 865 |63 783 0,20 301 926

104 859 04,30 324 386 |83 172 0.30 257 296

5.5
5.5.1

54502

The predicted catches in 1983 are somewhat lower than those predicted
last year at the same F values. This is principally due to the low
recruitment value assumed in this prediction as compared to that
assumed for 1983 in the previous prediction.

Clyde Herring
The fighery in 1982

Landings in the years 1973-82 by Scottish and a few Northern Irish
vessels are given in Table 5.7. The landings in 1982 of 2 506 tonnes
were almost exactly the recommended TAC for that year, but sampling
suggests that approximately 10% more may have been landed due to
overweight boxes., In addition, there were reports of discarding of
immature fish as well as reports of illegal landings from this fishery,
but no data are available to quantify this aspect. In addition, an
estimated 11 tonnes were caught as by-catch in the sprat fishery.
Reports of the fishery indicated that fishermen experienced difficulty
achieving their quotas both at the beginning of the season in May and
June and also at the end of August, while quotas were more readily
achieved during July and early August.

Catech in numbers (spring- and autumn-spawners combined) for the period
1967-82 is given in Table 5.,8. The data for 1982 have been raised to
take account of the percentage overweight boxes on a monthly basis.

In 1982, 2-ringed herring made up approximately 50% of the total
landed, with 3-5-ringed herring making up another 30%. In addition,
there were reports of discarding of small herring.

Tagging experiments

The updated recapture data for the tagging experiment carried out in
the Clyde in May-June 1980, in which approximately 7 000 externally
tagged herring herring were liberated, are given in Table 5.9. Only
a few further returns of tagged herring were received in 1982, and
these were all recaptured within the Clyde, apart from one taken off
the Donegal coagt in June.,
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Bagis for stock assessment

The 1982 returns of tagged herring liberated in the Clyde in 1980 are too
few to draw firm conclusions about the rate of emigration. Only one

out of 29 tags, however, was returned from outside the Clyde, which
supports the earlier conclusions that most of the fishing mortality on
the Clyde population takes place within the Firth of Clyde itself.

On this basis, a VPA was carried out to estimate recent changes in F,

VPA

As in the previous report, the VPA was carried out using a natural
mortality of 0.1. The exploitation pattern was derived from a trial
analysis, which showed that full exploitation appears to be reached at
an age of 2, wvhile that on l-ringers was approximately 7% of that on
older fish in the years 1979-81. Since catches of O-group are
entirely due to a small sprat fishery, and since sampling of this
fishery was very poor, it is not possible to determine the proportional
F on this age group. In all runs of the VP4, the value of F on the
oldest age group was assumed to be 0.5 in all years. Estimates of F
on 2-ringers and older are shown in Figure 5.4 for input values of 0.1,
0.2, 0.4 and 0.6 in 1982, All runs show a progressive decrease in F
from a peak in 1977 to 1980, PFor 1981 and 1982, the results of the
VPA itself are equivocal. Low values of input F indicate a small
decrease of F in 1981 and 1982, whereas high values of input F suggest
that P has increased. No independent information is available to
indicate the most likely value of input F. If it is assumed that
fishing mortality has neither increased nor decreased over the period
1980-82, an input F of 0.3 is appropriate. The results of a VPA,
using this input value of F, are given in Tables 5.10 and 5.11.

Since discarding of small herring, particularly l-ringers, is

difficult to estimate, it is appropriate to comsider recruitment values
for 2-ringers. An input F of 0.3 would suggest a slightly higher
recruitment than average in 1982,

State of the stock and management considerations

The VPA analysis summarized in the previous section indicates that
fishing mortality was reduced when a TAC regulation was introduced in
1979. Estimation of the fishing mortality in 1982 is impossible
without some independent evidence, but in the absence of any indications
of changes in fighing effort, it is likely to be around 0.3+ If this
is correct, and if recruitment remains at approximately the same level
as in the past few years, then the TAC of 2 500 tonnes advised by
ACFM for 1983 will result in a slight decrease in fishing mortality
rate to about 0.27. As stated in the previous report, it is likely
that a continuation of this level of TAC will result in a stable

level of fishing mortality.

HERRING IN DIVISIONS VIa (SOUTH) AND VIIb,c

Catch Data

The catches of each country fishing in this area in the years 1973-81,
and the preliminary estimates of catcheg in 1982, are given in Table 6.1.
The revision to the preliminary 1981 catches given in the 1982 report
amounted to a reduction of about 1 000 tonnes. The preliminary total
catch figure for 1982 is 18 000 tonnes, very predominantly taken by
Ireland. This is the lowest catch taken from this area since 1971,

partly reflecting the reduced stock size commented on in last year's
report, and partly due to some reduction in fishing effort in 1982,
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Catch in Numbers at Age

The estimated numbers at age caught in this area in each of the
years 197%-82 are given in Table 6.2. There has been some minor
revision of the data presented in last year's report for 1981,
arising from the revised catch in weight data for that year. All
countries fishing in this area in 1982 supplied catch at age data
from this fishery. The largest contribution to the catch in 1982
was made by the 1977 year class, reflecting the rather moderate
recruitment to this stock in recent years. The catch of l-ringers
in 1982 was again very low compared to previous years.

Larval Surveys

Although the larval surveys in 1982 again extended south to

Galway Bay and covered a longer time period, the time-series of
comparable data on this basis is as yet too short to be used in
predicting stock size. Accordingly, the index of larval abundance
in 1982 has been estimated on the same basis as in the past.

The sampling coverage in 1982 in the standard area, which has been
used to date for spawning stock biomass estimation, was again very
satisfactory both in space and time. In 1982, comparative fishing
was done between Irish and Scottish vessels engaged in these larval
surveys. - This suggested that, although there was no significant
difference in the total number of larvae caught by the two vessels,
the Scottish vessels were catching 1.8 times more larvae in the size

category used in the index. The reason for this will be investigated,

but, for the moment, this value was applied as an adjustment
factor to the Irish 1982 data. The effect on the final index was
less than 5%.

The resulting larval indices are given in Table 6.5. The index for
1982 is somewhat higher than for 1981 but is again low compared
to earlier years.

YPA

It will be noted that the spawning stock biomass estimates given
in Table 6.5 are somewhat different from those given in the
corresponding table in last year's report even for the earlier
years, when they are unaffected by the terminal F value used to
initiate the VPA. This is because it was discovered, that the
spawning stock biomasses used in 1982 were calculated with the
wrong mean weight at age. To initiate the VPA, it was, therefore,
necessary to recalculate the spawning stock biomasses derived from
last year's VPA, and a new regression equation between spawning
stock biomass and larval abundance. This was then used to estimate
the spawning stock biomass in 1982, which, in turn, was used to
estimate the input F value for 1982 to start the VPA. The input
data for this, the predictive regression equation,using the data
up to 1981, and the revised spawning stock biomasses derived from
the final run of the VPA are all listed in Table 6.5. The revised
regression equation using the final outputs is also given in this
table and shown in Figure 6.1.

In this stock, recruitment to the fishery is complete at age 2, and
an F of 0.208 gave a satisfactory fit to the larval data. The Fs
at age, stock in numbers at age and spawning stock biomasses at the
time of spawning are given in Tables 6.3 and 6.4, respectively.

The data given in Table 6.3 would suggest a reduction of about 20%

in F in 1982 compared with 1981, The VPA output (Table 6.4), however,

would suggest a slight reduction in spawning stock biomass in 1982,
compared with 1981, due to the reduced recruitment to the population
in the last two years.



6.5

6.6

- 35 =

Recruitment

In this area, there are no satisfactory date available to give a fishery-
independent index of recruitment to the stock in 1983. Young herring
surveys, designed to identify nursery grounds in this area and to

provide indices of recruitment, were carried out in 1981 and 1982 and will
be continued in subsequent years. The surveys carried out to date
indicate Galway and Donegal Bays as nursery areas. The time-series of
data is as yet too short to measure year class strengths quantitatively.

The only data which can give any indication of this are the catches of
l-ringers in 1982. As mentioned in Section 6.2, these were very low
in that year. The problem in estimating the stock of this age group
at 1 January 1982 from the catch data in that year is, that there is
no objective way of estimating the F in that year on that age group.
If one takes the ratio of the F on l-group to the mean F on fully
recruited age groups in the years 1979~81 and takes the means of these
ratios as applying to 1982, an estimate of F on l-ringers in 1982 of
0.018 would be gbtained. This, however, would estimate this year class
as only 44 x 10° fish at 1 January 1982. This would be by far the
poorest year class ever recorded in this stock. The Scottish recruit
survey in Division VIa does not sample this area very well, but the
results of it would indicate that this 1980 year class in 1983 is only
slightly less abundant than was the 1978 year class in 1981, On

this basis, an F of 0,010 would seem an appropriate compromise,
resulting in an estimate of 2-ringers in 1983 of 70 x 10°.

Management Considerations

The results of the assessments given above were used to predict yields
in 1983 and 1984. The parameters used are given in Table 6.6. The
outputs of the predictions over a range of fishing mortality rates,

in terms of yields and spawning stock biomasses, are shown in Figure 6.2,
Yield per recruit and spawning stock biomass per recruit curves for this
stock are shown in Figure 6.2 C-D. The yield per recruit curve is
flat-topped, and, therefore, Fpyy is not relevant. The yields, at Fo,1
and some adjacent values, in 1983 and 1984 are given in the text table
below.

1982 1983 1984

Catch

Spawn. Catch Spawvn. Catch Spawn.

F F F
2=T | s%ock 2T stock 2-1 stock

18 079

.208 |77 345 7 822 0.10 75 475 | 7 798 0.10 75 248
11 772 |F, 1=.1545 72 769 |11 180 L 1=+1545 69 107

14 911 0.20 70 584 |13 601 0.20 64 381
21 338 0.30 66 010 {17 824 0.30 55 139

These predictions for 1983 are reasonably consistent with those
given for that year in the 1982 report.
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IRISH SEA HERRING (DIVISION VIIa)
Introduction

The TAC for the North Irish Sea for 1982 was set at 3 800 tonnes, the
same as in 1981. The reported catch from the North Irish Sea was

4 855 tonnes (Table 7.1). Actual catches were probably greater than
this, because many small fish were dumped at sea, boxes often
overweight, and some catches may not have been reported. Nominal
catches were allocated to Manx or Mourne stock on the basis of
vertebral counts, gonad condition, and location of capture as
described in Doc. C.M.1979/H:6. % 097 tonnes were allocated to Manx
stock, and 1 758 tonnes to Mourne stock (Table 7.2). The two stocks
are considered separately below, and general recommendations for the
North Irish Sea are given in Section 7.4.

Manx Stock
The fishery in 1982

The fishing pattern was similar to that in 1981, Daily quotas per
boat were recommended by a representative port committee; a short
week of four fishing days was worked; wunfilled quotas could be
carried over up to the end of the week but not longer. Effort data
are not available, but reports and observations suggest that the
effort was similar to that in 1981. The TAC was taken by 2 September.

Some fishing took place after the TAC was taken. There were persistent
reports of discarding at sea of small herring; these reports were
supported by the difference in length frequency distribution between
samples of sorted and unsorted boxes of herring landed, but it was not
possible to quantify the amount of young fish discarded.

Estimates of fighing mortality and stock size

The number of fish at each age in the nominal catch is given in

Table 7.3. VPAs were applied to these data, with a range of input F
for 1982. There is no independent evidence on which to base a choice
of input F. In view of the similarities between the fisheries of
1981 and 1982, the Working Group used the same reasoning to choose
an input F in 1982 as was used in 1981,

Most of the fishing took place to the west of the Isle of Man, and most
of the fish were caught before September; it is likely that the
fishing mortality on the 2-winged fish was higher than on the older
fish, which tend to appear in quantity late in the season. The TAC

was taken early without difficulty by a relatively small fleet. The
Working Group considered that F on the fully recruited fish would be
much less than in 1980, and an F of 0.4 on 2-ringed fish and of 0.3

on 3-ringed fish and older seemed appropriate. Actual catch in numbers
of l-ringed fish could not be estimated because of discards at sea.
This year class is derived from the low spawning stock of 1980 and is
likely to be poor. An F on l-ringed fish of 0.07 gave a stock in
number of this age in 1982 of about 30 x 106, equivalent to that of
1965, the lowest given by VPAs carried out by the Working Group. This
value of F was used for the VPA. Results of VPA with F (age 1) =

0.07, F (age 2) = 0.40 and F (age 3 to 8+) = 0.30 are given in

Tables 7.4 and 7.5. The results indicate a spawning stock biomass

at spawning time in 1982 of 8 400 tonnes, a modest increase on that
indicated for the previous two years.

State of the stock

Figures 7.1.A and 7.1.B show that the decline in spawning stock
biomass associated with high F which started in 1971 and continued
until 1980, has possibly been halted. Estimates from VPA of stock size
in 1981 and 1982 must be treated with caution, but it appears that a
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recovery may have started. Continuing recovery will depend on the
recruitment (which is likely to be low, since the spawning stock is
relatively low) and a very modest catch to generate an F of less than
0.4. The text-table below gives projections based on an assumed
recruitment of 30 x 10=® l-ringed fish in 1983 and 1984, with an F on
l-ringed fish of 0.07, and fishing mortality on fish 2-ringed and more
equal at all ages and equal in 1983 and 1984.

Manx Herring Div, VIIa N.Irish Sea
1982 1983 1984
Stock | Spawn. 7 Option | Stock | Spawn. Stock| Spawn.
biom. |stock Cateh | (P, ) | biom. | stock |Catch | biom.| stock |Cateh
X 2-8 , :
1 Jan.| biom. 1 Jan.|biom. 1 Jan{ biom.
Age| F
at sp. at sp. at sp.
time time time
1 0.07
16.3 8.4 2 0.4 3.1 F
>2 0.3 (0.1)
= FO.15 17.2 10.9 1.8 19.9 13.1 2.1
0 17.2 12.7 0 21.9 17.1 0
0.1 17.2 11.5 1.2 20.5 14.3 1.5
0.2 17.2 10.4 | 2.3 19.2 11.9 2.7
0.3 17.2 9.4 | 3.3 18.1{ 10.0 3.5
0.4 17.2 8.5 4.2 17.0 8.4 4.2

7.3.1

P1984 = F1983

Catch and biomass in tonnes x 1072,

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

Spawning stock biomass = ¥ weight of stock age 2 to 8+ at spawning time.
Weight at age in catch and in stock as given in 1982 Working Group report,
based on mean values from Manx samples over 10 years.

Mourne Stock
The fishery in 1982

The total nominal catch of the Mourne stock in 1982 was 1 758 tonnes, made

up of 490 tonnes selectively fished by gill nets over the Mourne spawning
grounds and 1 260 tonnes taken as a component of the Isle of Man fishery out-
side the 12-mile Irish coast limit (Table 7.2).The comparable data for

1981 were 1 146 tonnes in the mixed fishery and 295 tonnes selectively

fished over the spawning grounds. There was, therefore, an increase of

about 22% in the catch in 1982. However, as the Republic of Ireland did

not participate in the Mourne gill-net fishery in 1982, their allocation

of 200 tonnes was not taken. Accordingly, in 1982, the selective gill-

net fishery did not take up the whole 600 tonnes allocation.
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Catch in numbers by age

The total catch in numbers of fish per age group in each of the years
1972-82 are given in Table 7.6. This has been estimated by using data
from samples of the catch landed in Northern Ireland, the Republic of
Treland and the Isle of Man, From sample data in the mixed fishexy,
it was estimated that at least one-half of the l-group herring caught
in 1982 were discarded at sea by vessels participating in the Isle of
Man fishery.

Thus, the catch in numbers of l-ringers was doubled to give the catch
in numbers shown in Table 7.6. It may be seen from Table 7.6 that the
cateh is heavily dependent on 1- and 2-group fish; 2-ringers made up
46% of the catch in 1982 as opposed to 43% in 1981, Mean weights at age
used to calculate the stock sizes were based on the 1982 sample data
and were as follows:

4ge (wer.) o 1 2 3 4 5 6 1 8 9+
Weight (g) 26 108 165 204 226 244 258 279 281 305

North Irish Sea - Young herring survey

A young herring survey, similar to those carried out in 1979-82, was
carried out in the northwestern Irish Sea in February 1983. The
results, although not yet completely analyzed, indicate that the 1981
year class will be at about the same level of abundance as that of 1980.

VPA

A first VPA was carried out with ¥ = 0.2 on age groups 2 and over, as
this was the value adopted by the previous Working Group for the 1981
geason., This VPA gave a value of F = 0.31 for 1981, Thus, a further
trial run was made with input F = 0.3. This increased Fgj to 0.43. As
in previous years, the Working Group had little evidence on which to
select as the most appropriate value of input F in 1982. However, given
that there was no increase in the number of boats participating in the
fishery in 1982, only a moderate demand for herring, and the low TAC, it
was assumed that the fishing mortality rate in 1982 was probably lower
than that in 1981.

Hence, input ¥ = 0.3 was chosen as the most appropriate value for age
groups 2 and over in 1982. The input value for l-group fish in 1982

was then adjusted to produce a recruitment of 26 x 10 (a value equal to
the number of l-ringers in 1981)(1979 year class). This was congruent
with the results of last year's young herring survey, which indicated
that the abundance of the 1980 year class was similar to that of the
1979 year class. This generated an F of 0.13 on age group 1. The

input value of F for the oldest age group in 1981 and earlier years

wag taken as those given by mean weighted F for age groups 2-7.

The exploitation pattern on the Mourne stock is rather different from
that used in the Manx stock assessment (see Section 7.2.2). The reason
for this is that the fishery, which mainly took place to the west of

the Isle of Man is considered to have exploited all age groups of Mourne
stock to the same extent, while mainly younger age groups of the Manx
stock are taken in this area.

The results of the VPA, with the input values discussed above, are
summarized in Tables 7.7 and 7.8, which give fishing mortality at age,
stock in numbers at age age, and spawning stock biomass at spawning time.
The results indicate a spawning stock biomass at spawning time of

5 000 tonnes and were consistent with the conclusion reached by the )
Working Group in 1982, i.e., that the spawning stock biomass is increasing.
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State of the stock

The Y/R and spawning stock biomass per recruit curves, dependent on the
1982 exploitation pattern, are shown in Figure T.2.

In making a prediction, the Working Group assumed that the geometric
mean of l-ringers from the VPA in the period 1974-79, i.e.,
32 x 106 l-group fish, was appropriate for l-ringers in 1983 and 1984.

Although the young herring survey (Section 7.3.3) cannot yet be

used to measure the size of these year classes, the results would
support the assumptions that the 1981 year class was at least as strong
as the 1980 year class, and that both year classes were stronger than
year class 1979.

Predictions were carried out with the above-mentioned assumptions, and
the 1982 stock (2-9+) generated by the VPA with an input Fgy on age 2
and over of 0.3.Stock changes and yields indicated by the projections
are given in the text-table below.

The resulting catches and spawning stock biomasses over a full range of
Ps are illustrated in Figure 7.2,

Mourne Herring Div, VIIa North Irish Sea

1982 (from VPA) Manage- 1983 1984

Stock | Spawn option Stock| Spawn. Stock | Spawn.
biom. | stock| F Catch| for biom. | stock |Catch | biom. | stock Catch

ment

biom. 1983 biom. biom.

9.1

5.1 |Age 1 1.7|F = 0.1 8.1 0.9 15.9 11.6 1.2
=0.13

Age 2-94 F =0.15 11.8 7.8 1.3 15.4 10.7 1.8
= 0.3

T4
T4l

P = 0.20 7.4 1.7 | 15.0 9.8 2.3

F = 0.30 6.8 2.4 14.1 8.3 3.0

F1983 = F1984

Units: tonnes x 10~3

It must be noted, that the stock in both years is heavily dependent on
assumed values of initial strengths for year classes 1980, 1981 and 1982,
Thus, the predictions for 1984 must be considered as somewhat uncertain,

Management Considerstions
TAC

The fishery in the North Irish Sea exploits a mixture of Manx and Mourne
herring in the area west and southwest of the Isle of Man for a large
part of the fishing season. Catches in this area cannot be allocated
to stock until all relevant biological and statistical data are avail-~
able after the end of the fishing season. The Working Group, therefore,
recommends that a single TAC be set for herring in the North Irish Sea,
rather than separate TACs for Manx and Mourne stocks.
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The impact on each stock will depend on the seasonal and spatial
distribution of the fishing effort; it is important that the effort
applied to take the TAC should not be concentrated on either the Mourne
or the Manx stock. If the fishing was concentrated on the early part
of the season, it would exploit the Manx stock and the Mourne stock
with a more or less equal F. If major part of the TAC was taken late
in the season, the impact on Manx fish would be greater, and that on
Mourne fish less.

In 1982, ACFM considered that, subject to the examination of data from
the 1982 fishery, the TAC for 1983 should be the same as that set for

1982, i.e., 3 800 tonnes, of which 600 tonnes could be allocated to a

gselective directed herring fishery over the Mourne spawning ground in

1982 and 1983,

The Working Group considers that it is undesirable to increase the

catch on this spawning ground until the impact of the fishery, which was
resumed in 1980, can be reliably assessed. A TAC of 3 800 tonnes, of
which 600 tonnes were taken on the Mourne ground, would leave a balance
of 3 200 tonnes to be taken between the mixed fishery and the fishery on
Manx herring as they approach their spawning ground east of the Isle of
Man. In 1981 and 1982 about 70% of the catch other than that on the
Mourne spawning ground was made up of Manx stock and 30% of Mourne stock,
If this pattern was followed in 1983, about 2 240 tonnes of Manx fish
would be taken and 1 560 tonnes of Mourne fish (960 tonnes from the
mixed fishery, and 600 tonnes from the spawning ground). Projections
made in Sections 7.2.3 and 7.3.5, illustrated in Pigures 7.l and 7.2,
suggest that the fishing would generate an F of about 0.2 on Manx fish
and 0.18 on Mourne fish. It should be remembered, that the projections
were made with F in 1982 and recruitment in 1982 and 1983, based on
qualitative evidence only. Nevertheless, they were made with caution
and they indicate that a TAC of 3 800 tonnes in 1983 would represent

a cautious management. The same TAC in 1981 and 1982 appears to have
allowed the biomass of both Manx and Mourne stocks to increase.

It would be prudent to examine data from the 1983 fishery before
considering management for 1984. If, however, it is essential to make
a provisional recommendation, it is suggested that the TAC for 1984
should be the same as that for 1983. In each year, the part of the TAC
allocated to the selective directed herring fishery over the Mourne
spawning ground should be clearly stated.

Other conservation measures

Management of the North Irish Sea fishery in the past has included
measures to reduce fighing 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 directed gill-net
fishery on the Mourne spawning ground, prohibition of directed herring
fishery in the nursery areas, and a minimum size regulation. These
measures should be continued in 1983 and 1984.

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 1982 was entirely based (99.8%) on
Icelandic summer spawners.

The landings of summer-spawning herring from 1973-82 are given in Table
8.,1. The 1982 landings were about 53 900 tonnes. Of these, about

14 500 tonnes were taken by drift nets, 1 900 tonnes by set nets and

37 500 tonnes by purse-seines. The fishery took place during the last
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four months of the year. The texi-table below gives the catches,
the TACs set and the TACs Fecommended during the last four years
for this fishery.

Landings and TACs (in tonnes x 10_7) of Icelandic summer-
spawning herring in 1979-82

Year Landings TACS Rec. TACs
1979 45.1 35.0 35.0
1980 53.3 50.0 45.0
1981 39.5 42.5 40.0
1982 53.9 50.0 50.0

Catech in Numbers, Weight at Age and Age Distribution

The catch in numbers by age for the Icelandic summer spawners are

given in Table 8.2 for the period 1969-82. During the period 1975-77,
the catches were predominated by one year class, i.e., the 1971 year class.
In 1979, two new strong year classes had recruited to the fishery, i.e.,
the 1974 and 1975 year classes, which predominated in the catches until
1981. However, the catches in 1982 are based on a much wider range of
age groups, especially those belonging to the 1979-1974 year classes.

It should be noted that about 8% of the catches are still coming from
the 1971 year class, Out of 210 million herring caught in 1982, 20.6
million were immature or just about 10% by numbers. This corresponds to
about 5% immatures by weight. The weight at age for each year is

given in Table 8,3.

The Maturity at Age

The division between immatures and the adult part of the stock is based on
a new maturity ogive, which has been re-calculated from all samples of
herring taken during the last four months each year by non-selective
gears, l.e., purse-seines or pelagic trawls (Table 8.4). During the
period 1969-73 of low stock abundance and low recruitment, there was a
sharp increase (from 0.08-0.64) in the proportion of 2-ringers, which
matured and spawned at that age. There was a reversal of this trend in
1974, when the strong 1971 year class recruited to the stock. During the
period 1977-82, only a very small fraction (about 0.05) of the 2-ringers
became mature and spawned at that age. Similarly, the proportion of the
3-ringers, which matured, fell from 1 to about 0.7 in the period 1973-79.

Acoustic Abundance Surveys in 1982 and in January 1983

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.

As discussed in the report of the Atlanto-Scandian Herring and Capelin
Working Group 1982 (Doc. C.M.1982/Assess:12), the summer-spawning
herring assembled at the beginning of 1982 on new wintering grounds near
southwest Iceland at the mouths of two big rivers. During the period
9-10 January 1982, acoustic abundance estimates were obtained under
excellent weather conditions. Based on the mean weights at age from the
sampling of these wintering concentrations and length-dependent TS
(Haldorsson & Reynisson,1982)., the biomass on the wintering ground

was about 200 000 tonnes of herring. The age distribution of the samples
showed that the immature part of the stock was, to a large extent, absent




8.5

8.6

- 42 -

from these wintering concentrations. Despite a considerable effort in
December 1982 and in January 1983, an acoustic estimate of the adult
stock could not be obtained, either because the herring were too close
to the coast, or due to long periods of very bad weather, especially
in January 1983, which prevented the work at sea. However, the
%-ringers, i.e., the 1979 year class, had assembled in January 1983

in one fjord at the east coast and two almost identical acoustic
estimates were obtained. In the absence of a new acoustic estimate for
the adult stock, it was decided to use the results of the January 1982
acoustic survey and the catches taken in 1982 to calculate the fishing
mortality for the adult herring (4—ringers and older). On this

basis the fishing mortality was Fy, = 0.25. The fishing mortality

for 3-ringers was taken to be about half of the adult F, but the
fishing mortality for 2-ringers in 1982 of F2 = 0,05 was calculated
from the new acoustic estimate of the 1979 year class and the catches
taken in 1982, The data used in these calculations are given in

Table 8.5.

VPA Outputs

Using the catch at age data given in Table 8.2, 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 1 July are given in
Tables 8.6 and 8.7, respectively., The results are similar to those

given in the 1982 report of the Atlanto-Scandian Herring and Capelin
Working Group (C.M.1982/Assess:12). The fishery for this stock was
re-opened in 1975, and according to this assessment, the fishing mor-
tality for 4-ringers and older herring was about 0.15 during the first
three years of exploitation. During the period 1977-82, the fishing
mortality has been around, or just above, 0.2.

As shown in Table 8.7, the 1971 year class is estimated to have been
about 470 million as l-ringers. The 1972 and 1973 year classes are
both poor (144 million and 184 million, respectively), while the 1974
and the 1975 year classes are estimated to have been 721 million and
518 million as l-ringers, respectively. The 1976 year class is poor or
only about 176 million. The 1977 year class was estimated as very
strong (620 million as 2-ringers) in the 1980 acoustic survey. The new
estimate of about 272 million in this assessment is based on the
assumption that the year class had fully recruited as 4-ringers in
1982, and, therefore, this low estimate is based on the input fishing
mortality of Fy, = 0.25. The strength of the 1978 year class was
acoustically estimated as 500 million l-ringers (Jakobsson, 1982). On
that basis, the fishing mortality of 3-ringers in 1982 would only

have been 0.06 or 0.25 of the adult F, Inspection of Table 8.6
indicates, however, that this is probably not realistic, and, therefore,
a more conservative estimate of Fz = 0.12 was chosen, which is about
half the value of the adult F. This input fishing mortality reduces
the estimate of the 1978 year class to 311 million l-ringers. The
strength of the 1979 year class of 437 million l-ringers is based on

an acoustic estimate obtained in January 1983.

The spawning stock biomass (Table 8.7) increased from about 11 000
tonnes in 1972 to about 200 000 tonnes in 1978. During the 4-year
period 1979-82, the spawning stock biomass has been about 250 000 tonnes.

Management Congiderations

According to the present assessment, the spawning stock biomass has
remained stable at a level of about 250 000 tonnes during the last

four years. In 1983 it is expected to increase somewhat (265 000 tonnes).
This level of stock abundance is within the range of spawning stock
biomass during the 1954-63 period of high and steady recruitment. Catches
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have been calculated, over a range of Fs, for 1983, using the starting
parameters given in Table 8.8, The stock in numbers data are

derived from Table 8.7 apart from the 1- and 2-ringers, which are assumed
to be 400 million as l-ringers. These age groups are a very small
proportion of the catch. The weight at age for the catch are rounded
mean weights from the previous few years. The exploitation pattern

is the same as in 1982, The resulting catches and spawning stock
biomasses over a range of Fs are illustrated in Figure 8.1. For

this population, the yield per recruit and spawning stock biomass per

' recruit are also shown in Figure 8.1.

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

1982 1983 1984 I
Spawnin Spawning
Catch | F p € F Catch stock in
4+ stock 4+ 1984
53%.8 0.25 248.6 0.1 27.8 301
0.22 49.7 276
0.3 65.5 260

During the last five years (1977-82), the fishing mortality in the
adult component of this stock has been about, or just above, 0.2,
Since the stock abundance has also been at a steady level and its
abundance is within the target range of spawning biomass (200 000 -
300 000 tonnes), which during the period 1954-63 gave high and steady
recruitment, it would seem appropriate that the exploitation of this
stock should be continued at about the F = 0.2 level.

MINIMUM SIZE OF HERRING

At present, the minimum size limit for herring in most areas is 20 cm
(at this length the herring have not yet spawned). Under the EEC
marketing arrangements, fishermen are allowed compensation for herring
which they cannot sell, and in the present situation of depressed
prices for herring, considerable quantities of small herring (2520 cm)
can nowbe landed legally and will subsequently be dumped .

Although this may be considered as a marketing problem, it has serious
biological implications. The Working Group would, therefore, point
out the dangers of encouraging the landings of small immature herring
by the present marketing arrangements within the EEC.

It should further be considered to increase the minimum landing size.

DENSITY-DEPENDENT POPULATION PARAMETERS

The only data presented to the Working Group on density~dependent
population parameters concerned the Icelandic summer~spawning herring.
Here, the proportion of herring spawning as 2-ringers increased from
8% to 64% during the period 1969-73, when stock abundance was low.
There was a reversal of this trend in 1974, when the strong 1971 year
class recruited to the stock. During the period 1977-82, only a very
small fraction' (about 5%) of the 2-ringers spawned at that age.
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For the other herring stocks with which the Working Group is concerned,
long data series exist at the various national laboratories, but these
data had not been worked up for the present meeting. It was agreed
that various members of the Working Group would attempt to extract

the relevant information from their data files at home, and present

the results in working documents to the 1984 meeting of this Working
Group. The following division of labour between laboratories was
proposed:

England: central and southern North Sea stocks
Scotland: Divisions IVa and VIa north stocks
Ireland: Celtic Sea stock, and herring in Division VIa south

and Divisions VIIb,c
Isle of Man: Manx stock
Tcelands Icelandic summer spawners.
The Canadian representative offered to produce a working document

for the next meeting of this Working Group on density-dependent
growth of herring in the Northwest Atlantic.
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Table 2.1

*)Preliminary

a)
b)
c)
d)
e)

f)

Catches from Moray Firth not included

HERRING. Catch in tonnes 1973 - 1982 North Sea (Sub-area IV and Division VIId) by country
(National catches as officially reported. Unallocated catches provided by Working Group membei‘se)
Year 1973 1974 1975 1976 1977 1978 1979 1980 1931 1952SE
Country
Belgium 2 lSOa) 603 2 451 2 451 57 - - - - 10 306
Denmark 174 25L;b 61 728b) 115 616 34 841 12 769 4 359 10 546 4 431 21 146 72 116
Faroe Islands 54 9357 26 161 25 854 .14 378 8 070 40 10 - - -
Finland - - - 1 034 - - - - - -
France 22 235 | 12.548 20 391 14 468 1613 2 119 2 560 5 527 15 099 15 616
German Dem. Rep. 1 728c) 3 268 2 689 2 624 2 - - - -9 - o)
Germany, Fed. Rep. 10 6314d 12 470 6 953 1 654 221 24 10 147 2 300 349
Iceland 23 7427y 29 017 16 286 9 412 - - - - - -~
Netherlands 34 070 | 35 106 38 416 20 146 4 134 18 - 509 7 700 11 967
Norway 99 739 | 40 975 34 183 27 386 4 065 1189 3 617 2 165 70 680
Poland 5 738e 9 850 7 069 7 072 2 - - - - -
Sweden 4 222 3 561 6 858 4 777 3 616 - - - - -
U.K. (England) £) 2 268 5 699 6 475 © 9 662 3 224 2 843 2 253 77 303 3 730
U.K. (Scotland) 16 012 | 15 034 8 904 15 015 8 159 437 - 610 45 1 780
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 46 663 116 544
Total including unallocated catches 25 148 | 60 994 140 972 171 481
Total includes 2 107 t for human consumption unspecified to area
Supplied by Fiskirannsdknarstovan
From Federal Republic of Germany national statistics compiled by Federal Research Board for Fisheries, Hamburg
Excludes 15 938 t caught on Skagerrak border and allocated to that area on the basis of age analysis
Swedish catches in Danish ports reported by area (North Sea, Skagerrak) used for area allocation of Swedish 1
landings reported as Skagerrak and North Sea in Swedish Statistics - ~
U1
1
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Table 2.2.1 HERRING, catch in tonnes in Division IVa West

YEAR 1978 1979 1980 1981 1982
BELGTIUM - - - - -
DENMARK - 437 687 11 357 300
FRANCE 486 49% 651 1 851 2 276
Ped. Rep.

GERMANY 4 10 - - 48
NETHERLANDS - - - - -
NORWAY 27 - - - -
UK (England) - - - - -
UK (Scotland) - 6 18 2 -
Unallocated 0 0 1 762 6 492 1 706
TOTAL 517 946 | 3118 | 19702 | 4330

Table 2.2.2 HERRING, catch in tonnes in Division IVa East

YEAR 1978 1979 1980 1981 1982

BELGIUM - - - - -
DENMARK - - - - 500
TRANCE - 68 - - -

FED.REP.
GERMANY - - - - -

WETHERLANDS - - - - -
NORWAY 1033 1 250 21 70 680
UK (England) - - - - -
UK (Scotland) - - - - -

Unallocated 0 0 2 476 937 0

TOTAL 1 033 1 318 2 497 1 007 1 180
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Table 2.2,3 HERRING, catch in tommes in Division IVb

YEAR 1978 1979 1980 1981 1982
Juv., Adult | Juv. Adult | Juv, Adult | Juv. Adult | Juvs Adult
BELGIUM - - - - - - - - - -
DENMARK 4 359 - 10 107 - 3733 | - 9 689 - 64 205 -
FRANCE - 302 - 448 | - 176 | - 524 | - 561
GERMANY
FED.REP. - - - 147 | - 2300 - 18| -
NETHERLANDS - - - -~ 35 - - - - -
NORWAY 129 - 2 367 - 1 607 - - - - -
UK (England) 2 620 - 2 252 76 - - 13 | - -
UK (Scotland) 4371 - 56| - 592 | - 33 10 %l -
Unallocated 0 236 1 030 9 258 65 811 0 24 795% 4 622
TOTAL 7 546 538 16 360 15 624 77 833 547 {89 192 |5 183
* for the first 3 quarters of 1982 only
Table 2.2.4 HERRING, catch in tonnes in Divisiors IVe and VIId

YEAR 1978 1979 1980 1981 1982
BELGIUM - - - - 10 306
DENMARK - - 11 100 7 111
FRANCE 1 331 1 551 4 700 12 724 12 779
GERMANY
FED.REP. - - - - 183
NETHERT.ANDS 18 - 474 7 700 11 967
NORWAY - - 482 - -
UK (England) 223 1 1 290 602
UK (Scotland) - - - - -
TUnallocated 0 5 000 37 418 21 069 28 648
TOTAL 1 572 6 552 43 086 41 88% 71 596
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Table 2.3. HERRING. North Sea catch in millions of fish by age.

Year Area Age in winter rings Total
o 1 2 3 4 5 6 7 8 | >8
1972 | IVaW of 2°E - 338.9 830.1 | 176.8 88,6 | 19.3 4.1 - 0.5 | 0.4 | 1458.7
IVaE of 2°E - 75.1 91.0 17.8 5.8 0.7 0.1 - - - 190.5
Vb - 25.2 46.4 98.8 20,5 6.7 0.6 0.2 | 0.6 - 199.0
IVoYH 750.4° | 2 896.6 337.9 21.1 6.4 1.2 0.2 - - - 4 013.8
IVe+VIId, e - 4.8 135.1 29.3 9.3 5.0 - ~ - 183.5
Total NS 750.4 | 3 340.6 | 1 440.5 | 343.8 | 130.6 | 32.9 5.0 0.2 [ 1.1 | 0.4 | 6045.5
1973 | 1IVaW of 2°B - 52,5 742.1 | 452.6 58,0 [ 39.5 | 20.3 2.6 | 0.5 | 0.6 | 1 368.7
IVaE of 2°E - 0.3 16.2 23.1 6.3 7.2 1.0 0.3 | 0.8 - 55.2
Vo - 242.5 180.1 39.0 28.3 4.7 7.2 - - - 501.8
IVbYH 289.4 | 2 070.5 362.5 29.4 2,6 0.5 0.2 0.3 - - 2 755.4
IVe+VIId,e - 2.2 43.3 | 115.1 55. 7.4 1.9 0.5 1 0.1 | 0.0 225.5
Total NS 289.4 | 2 368.0 | 1 344.2 | 659.2 | 150.2 | 59.3 | 30.6 3.7 | 1.4 | 0.6 | 4906.6
1974 | IVaW of 2°B 65.3 162.9 98.5 | 112.9 97.1 ] 36.0 | 18.6 4.5 | 1.5 | 1.0 598,3
IVeE 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
IVbYH 925.1 493.5 132.1 5.7 - - - - - - 1 556.4
IVe+VITd 3.9 24,1 20.3 8.4 1.2 3.1 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°B - 267.0 120.0 69.0 49.0 | 40.2 9.8 63 | 29 |11 565.3
IVaE of 2°B - 82.5 8.2 7.0 2.4 0.4 0.1 0.1 - - 100.7
b (adult) 268.8 47,1 | 124.2 81.2 | 14.8 5.8 2,7 | 0.5 | 0.3 645.4
IVbYE 262.8 | 1 818.1 139.2 19.8 2.6 - 0.4 2 242.9
IVe+VIId 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 | 37533
1976 | IvaW of 2°E - 19.4 572.9 56,3 17.9 | 13.2 3.6 2.6 | 0.5 [ 0.3 €86.7
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 | 0 312.8
IVoYH 237.3 49.5 17.7 0.5 1.7 - - - - - 306.7
IVe+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 | 14820
1977 | IVaW of 2°E 2,6 2.7 9.3 | 171.7 8.6 3.8 2.1 0.9 | 0.2 201.9
IVaE of 2°E 0.4 3.3 4.9 1.2 1.1 1.0 0.6 | 0.5 + 13.0
Vo (adult) - 1.1 25.9 6.8 0.3 1.9 1.0 - + - 37.0
IVoYH 253.8 136.3 3.1 - - - - - - - 393.2
IVe+VIId - 0.9 6.4 3.0 0.7 0.2 + + - - 11.2
Total NS 256.8 144.3 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°B 0.2 1.2 - + 0.2 | 0.2 | 0.3 2,1
Ivb Eadul‘b) 0.2 0.6 1.4 1.1 0.1 0.1 + 3.5
IVb (indust.) 130.0 168.0 1.4 299.4
IVe+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
IVaE of 2°F - 2.4 0.3 + + + 2.7
Ivb éadult) 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°B + 2.2 6.5 1.2 2.7 0.6 0.8 | 0.4 | 0 14.5
IVaE of 2°B 166.8 - + 0.1 0.1 0.1 + + + 167.1
Vb %adult) 0.4 0.7 0.4 0.1 0.2 + + + + 1.8
IVb (indust.)| 624.9 137.3 6.0 1.0 0.6 0.3 + 0.1 + 770.2
IVe+VIId + 23.4 99.1 83.8 30.2 [ 18.4 1.7 0.5 + + 257.1
Total NS 791.7 161.1 108.0 91.8 32,2 | 21.7 2.3 1.4 | 0.4 | 0.1 | 1210.7
1981 | IVaW of 2°E 20.0 3.7 0.7 7.6 17.7 | 20.1 | 17.9 | 18.0 | 5.4 [ 1.1 112.1
IVaB of 2°B - 0.1 0.1 0.4 1.1 1.5 1.1 0.1 - 4.5
Vb (adult) - - 0.8 0.4 0.3 0.3 0.4 + + + 2.4
IV (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 | 22,7 [18.7 |55 |11 | 87731
1982 | IVaW of 2°B 0.1 3.2 1.5 0.9 3.9 2.2 4.2 [30 |09 19.9
IVaE of 2°B 4.3 7.0 11.3
IVo éa,dult) 0.1 28.6 12,1 3.3 0.5 0.5 0.2 0.5 0.1 0. 46.0
Ivb (indust.) | 8 269.1 352.1 27.0 2.0 8 650.2
IVe+VIId 17.6 166.4 | 268.2 42.6 | 10.0 5.5 1.8 |06 |o0.1 512.8
Total NS 8 269.2 402.7 215.7 | 275.0 44.0 | 4.4 7.9 6.5 |37 [1.1 |9 240.2




Table 2.4. Millions of HERRING caught annually per age group (winter rings) in the North Sea 1970-1982.
Winter
rings 0 1 2 3 4 5 6 7 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 4249.3
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{ 343.8)] 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 996.1 846.1 772.61 362.0{ 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 ;L.S 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}f 21.8 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 8269.2 402.7 215.71 275.0| 44.0 | 14.4 7.9 6.5 3.7 1.1 | 9 240.2

-6V -
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Table 2.5. Estimated numbers at age (x 10_6) from acoustic ‘purveys
in July-August 1981 and July 1982 in the northwestern
North Sea. ’ .
1981 1982
A Year
8% | class G O Sars| Scotia Moray Year "Scotia"
July Firth - Aug. Total Age class July
0 1980 - - . 0 1981 -
1 1979 1.9 3.2 5.1 1 1980 22.7
2 1978 1.9 255.0 256.9 2 1979 589.2
3 1971 18.3 33.8 52.1 3 1978 178.1
4 1976 162.2 20.3 182.5 4 1977 49.0
5 1975 52.6 5.5 58,1 5 1976 111.1
6 1974 36.7 1.0 377 6 1975 27.5
7 1973 | 198.9 3.2 202.1 7 1974 44.2")
8 1972 10.1 - 10.1 8 1973 9'2.0")
28 p 1973 6.0
Biomass 140 000 57 000 197 000 233 000
(tonnes) )
W (g) 290 177 208

x) Proportions of these two age groups were corrected to correspond to the
proportions found by "G O Sars" in appropriate areas.




Table2.6. HERRING IN THE NORTHFRN NOURTH SEA (FISHINLG AREA IVA)

VIRTUAL POPULATION ANALYSIS dkkdk VPA kddk
CATCH IN NUMBERS UHIT: MILLIONS B
1972 1973 1974 1975 1976 1977 1978 1979 1980 1931 1YA?
2 921.1 758.3 i22.7 125.2 583.5 9.3 vl 2.8 2.7 y. s Tu.2
3 194.6 L75.7 123.7 76.0 57.4 176.0 n.3 n.o 6.6 Ao 1.5
4 Vb b 66,3 961 51.4 18 .4 .o 2.t 2.2 1.3 18.8 ULy
5 20.n 46.7 2640 40.6 15. 4,9 n.2 n.5 2.5 21.6 5.9
5 4.2 21.3 13.0 Y.y 4 .1 3.1 uli L.u u.b 9.0 2.?
7 n.n 2.9 4o [ 2.6 Tub 0.2 n.g .8 - 4.2
3 u.5 1.3 1.0 2.9 U.b .7 u.2 u.u U.b S.b 3.0
9+ n.4 n.o 1.0 1.1 ] n.n n.3 n.n 0.1 1.1 n.9
TOrAL 1235.2 1371.1 400.2 316.5 osu. b 2U5.9 4.1 0.1 14.3 Y2.8 20.0
Table 2.7, HERKING IN THE NORTHERN WOKTH SEA (FISHIWG AREA IVA)
VIRTUAL POPULATIOHN ANALYSIS *ktrx VPA dhen
UtIi: Year-1
FISRING MORTALITY COEFFICIENT MATURAL /ORTALITY COEEFICIENT = U.lu
1972 1973 1974 1975 1976 1977 1976 1979 1960 1981 1982
N.73R8 1.312 nN.612 0.659 N.939 n.nvy 0.N01 N.015 0.031 n.ons nN.017
U, 8s7 1.145 u.670 U.s6u v.621 U.734 U.uus U.uuy U.u41 C.134 U.uus

n.752 n.73y 0.674 0.587 N.456 0.174 n.019 n.n24 n.nzz n.isn N.N14%8
.42 .940 1.2 U. 584U u.209 U.167 L.UUs O.uu4 U.u3s U.s14 0.u35
N.473 n.910 1179 N.993 N.n9n n.ny1 n.Naos n.oonn n.0a0s 0.21n n.azy
O.uun U.617¢ u.428 T.910U u.o82 u.0cu [VRVIVI) U.u0ou Uaug2 U.189 U.uU93
N.R02 1.222 D.754 N.47s N.696 N.3245 n.00o n.nno 0.Nn23 n.i7v9 n.039
Y+ 0.8u2 1.223 U.734 U.s78 U.o9é U.345 U.bue U.tul u.u23 0.179 0.u3y

~ O NN

P

2= 7Ou n.552 n.945 0.782
2= 7)4 0,737 1.1935 U.6%0

z

N.509 nN.217 n.noe6 n.nav N.026 n.21s N.u42

N.9z2
u.rbu U.s23 0. 445 n.00y n.n11 n.naz n.152% n.o2z

' \o
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Table_2.8. HERRING IN THE NORTHEKN NOKRTH SEA (FISHING

VIRTUAL POPULATION ANALYSIS dkkk VPA ddkedk
STOCK SIZE IN NUMBERS UNIT: MILLIONS
--------------------- BIOMASS UNIT: TORNES
TOTAL STOCK 1 JANUARY + SPAWNING STOCK AT SPAWNING TINE
PROP.OF ANNUAL F N.670 PROF.OF ANNUAL M 0N.670
1972 1973 1974 1975 1976 1977 1978 1979 1980
2 1764 1079 248U 278 999 128 78 196 76
3 345 726 263 137 130 353 107 71 za
4 187 129 209 121 53 63 153 97 63
5 62 8y 56 90 61 3U 45 136 ]
6 12 37 28 16 49 42 23 43 122
7 2 7 14 <] 5 4U 35 2u 39
3 1 2 M 8 1 3 35 n 1R
9+ 1 1 2 3 1 *] 53 U 5
TOTAL NO 2374 2Nn6nN 855 663 1298 660 532 562 584
SSB NO. 1312 871 SU4 394 79 469 495 522 536

TOT.BIOA 341456 322134 151282 117217 188798 121074 111522 106789 121855
SSB BIO1 189735 139521 87939 69262 1N7972 36623 103702 99179 112043

AREA IVA)

1931

219
67
151
56
75
11U
35

7

720
010
144475
119952

1982 1933
630 ddede ke dekdek
198 566

53 178
119 4y
n 104
5U 25
82 41
25 93

1193
1N9%

2U4974
1881098

-ag-



TableZ2.9. HERRING IN THE CENTRAL NORTH SEA (FISHING AREA IVB)

VIRTUAL POPULATION ANALYSIS kkdkd VPA dxksx
CATCH IN NUMBERS UNIT: MILLIONS
1972 1973 1674 1975 1976 1977 1978 1979 19806 1981 1982
2 I78.7 443,35 427.7 268.7 176 .2 22.5 TeB 9.2 6.6 40,9 39.1
3 148.0 47.U 152.2 129.1 14.1 5.1 T.u u.3 1.3 8.5 5.3
4 24 .4 15.3 15.5 74 .1 23.6 n.2 0.3 1.7 0.7 1.4 0.5
5 7.2 2.7 13.u 13.U 15.6 1.4 u.l U.y U.4 u.2 u.5s
6 n.7 3.5 2.8 4.5 1.4 n.7 0.1 0.1 0.0 0.4 0.2
7 U.2 0.3 v.2 1.9 1.5 O.u u.u G.7 u.l u. U U.5
A 0.5 n.o 0.3 0.4 0.4 n.n 0.0 0.5 0.0 0.1 0.1
9+ 0.0 0.U U.1 u.3 u.l o.u J.u u.u u. it u.u [V
TOTAL 519.7 512.1 6N9Y. R 492.0 23%2.9 29.9 3.3 15.3 9.1 57.5 46,3
Table_2.10. HERRTNG INM THE CENTRAL MOKTH SEA (FISHING AREA IVB)
VIRTUAL POPULATION AHALYSIS dkkk VPA wadk
ULIv: Year-1
FISHING MORTALITY COFFFICIENT NATURAL PMORTALITY COEEFICIENT = 0.1y
1972 197% 1974 1975 1976 1977 1978 1979 1950 1981 19382
2 1.625 n.927 1.133 2.434 2.466 Nn.352 0.090 0.238 0.177 N.242 a.n72
3 1.210 0.827 L.8BT7 1.209 A U.431 u.u2i 0.017 U.u43 U.321 U.usu
4 1.235 N.463% N.527 1.340 0.648 0.025 N.0%y n.0s41 N.046 n.054 N.N25
b) 0,910 0.357 U.su3 1.322 1. 088 U. 062 U.ul4 0.121 G.ul1 0.u15 U.u22
f n.552 1.57% N.674 N.638 0.40n0 N.104 0.005 0.016 0.n0n n.ao1e 0.017
7 U.553 0.437 U.2482 1.265 U.4dl 0. 10U U.uuu 0.u4d U.ul8 0.uuo G.ul?
3 1.0N0 n,nno 0.900 1.250 0.900 a.n0n 0.000 0.1100 0.000 0.020 0.022
Y+ 1.0u0 0.000 U.yub 1.25u u.9u0 t.,0uU U.uuu 0.100L O.uu0 o.uz2e U,ue2
2= 7 1.494 N.R93 1.027 1.816 1.87N 0.274 0.036 0.104 0.0v2 0.193 N.ué1

C 3~ 7 1.190 D.770 U.s23 1.242 U.79U 0.703 0.n235 n. 041 0.027 0.109 n.n3z2

- ¢G -



Table 2.11. HERKING IN THE CEWFRAL WOUKTH SEA (FISHING AREA IVB)

VIRTUAL POPULATION AMALYSIS dokkk VPA kkkee
STOCK SIZE IN NUMHERS UNIT: MILLIONS.
BINMASS UNIT: TOWNES
TOTAL STOCK 1 JANUARY % SPAWMNING STOCK AT SPAWRING TIHE
PROP.OF aMNUAL F 0.0607 PROP.UF ANNUAL M U.o067
1972 1973 1974 1975 1976 1977 1978 197y 1980 1981 1982 1983
2 489 765 657 N4 199 Y 22 40 43 2n0 597 kk kst kkkh
3 10l X4 274 192 24 5 51 18 52 52 142 498
4 36 3 34 104 52 Y Y 45 16 28 21 123
5 12 9 25 18 25 Z4 o 7 59 14 24 19 1
6 2 5 [+] Tu L s 21 7 6 35 12 21 g
7 n ] 1 3 5 0 [ 19 6 5 21 11 \
<] 9 U 1 il 1 iU v} 6 v} 5 5 28
9+ n n 0 0 n 0 0 0 n 0 5 9
TOTAL NO 7u1 91uL y97 632 3u9 135 110 147 142 320 832
SSB  MO. 245 471 473 191 98 1006 106 128 127 264 ob7

TOT.BIOM 101213 124521 146147 101953 4870606 22325 22254 28376 27059 51836 123892
SSB BIOM 36417 65358 70922 33204 175U4 17929 2Ub4us 25127 24424 L30be 99u97



Table 2.12. HERRING IN THE SOUTHERW HOKTH SEA (FISHIKG AREAS IVC AND VIID)

VIRTUAL POPULATION AMALYSIS *kdk VPA hdds
CATCH IN KUMBERS UKIT: HILLIONS
1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1YRZ
2 140.7 142 .4 170.2 144 .8 141.8 12.9 3.u 22.1 99.3 222.6 100.4
3 41.2 136.5 B36.1 S4.b 4508 4.7 [ANA 9.1 82.9 404 268.2
4 11.38 7u.6 14 .4 15.U TU.U U.s T.5 0.2 3u.2 19.3 42.6
5 5.7 9.9 7 5.6 5.2 n.7 0.0 0.4 18.5 0.7 n.n
6 Ut 5.8 u.y 1.7 u.? 0.3 U.u U.1 1.7 3.3 5.5
7 n.0 n.5 0.3 0.8 0.3 0.0 D.0 0.1 0.5 0.6 1.8
3 u.1 0.1 U.1 u.l J. dou u.u U1 u.0 u.0 u.o
9+ n.n n.0 0.0 0.0 0.0 n.n 0.0 n.n n.n 0.0 0.1
TOTAL 199.5 365.8 23¢.1 22U.0 2U3.9 19.4 8.9 35.5 234 .1 292.9 495.2
Table 2.13. HERKING IN THE SOUTHERN NORTH SEA (FISHING AREAS IVC AND VIID)
VIRTUAL POPULATION ANALYSIS Akkdr VPA Axkk
UMIT: Year-1
FISHIKG MORTALITY COEFFICIENT NATURAL MORTALITY COEEFICIENT = U,1U
1972 1973 1974 1975 1976 1977 1978 1979 1980 19817 19382
2 N.596 n.7zz 1.227 1.%28 2.261 n.1g4 a.021 n.o9y 0.548 n.24% N.456
3 0.382 1.993 1.467 1.699 3.183 U.355 t.ury 0.u75 U.571 u.2u7 U.456
4 n.638 2.041 1.256 1. 081 2.522 N.606 0.181 n.128 0.336 0.219 n.s12
5 U.597 1.715 1.380L 1.585 1.306 1.26U L.u12 0.125 U.602 0.103 U.151
6 n.né2 2.371 Nn.e19y T.543 1.734 n.2eg 0.041 N.138 0.572 n.20s N.104
7 U.149 1.218 u.782 1.801 1.269 U, 083 U.uuy u.619 1.0659 0.194 U148
] 7.N00 1.000 1.000 i.000 1.000 n.100 N0.100 0.110 0.100 n.no n.270

I+ 1.040 1.000 T.Lub 1. uiu 1.0l U.1ul u.iuu G.100 U.1ul C.100 g.27u

C 2= %) N.443 1.537 1.122 1.424 1.884 N.404 0.063 n.185 0.578 n.142 n.271
€ 2~ 3)W G.539 1.377¢ 1.307 T.40U 2.426 N.234 0.044 n.o97 N.428 n.229 0.410

- GG -



Table_2.14.

VIRTUAL PCPULATION

ANALYSIS

STOCK SIZE IW NUMBERS

TOTAL STUCK 1 JANUARY » SPAWNING STOCK AT SPAWNING
PROP.OF ANNUAL F

+ NN

e

TOTAL KO
ssB NO.
TOT.BIOM
SSB BIOM

1972

328
136

26

Docao-=W

267
68
37

1.000

1973

276
164
34

13

oc =N

143
78
24U

UNIT:
BIOMASS UNIT:

1974
261
110

2u

HERRING IN

MILLIONS

THOUSAND TONRES

1975
205
69
24

PROP.OF ANNUAL #

1976

163
49
11

7
1
n
3]
n

233
20
31

3

Hhkdkk VPA *kkw

TIvE
1.00U

1977

8
1

oCcTON=NUnD

-
C
ey

-~
(SN

C

THE SOUTHERN NORTH

1978

149
o1

[=Nal ol -

1979

246
132
51

a0 =~N

433

260
61
50

SEA (FISHING AREAS

1931

1081
226
103

72
19

§]

1504
Tus3
205
149

IVC AND VIID)

1982 1983
LT 6 sk ek dkkde
767 273
167 44U

75 110

58 58 1
14 48 W
3 1
0 2 !

1559
942
237
146



Table 2.15. LIST OF INPUT VARIABLES FOR THE ICES FREDPICTION PROGRAD

HERRING Il THE SOUTHERN NORTH SEa (FISHING AREAS IVC AkD VIID)

PROPORTION NF F BEFORE THE SPAWNING SEASOW: 1.UUUD
PROPORTION OF M BEFORE THE SPAWNING SEASON: 71.Nn00N

LIST OF [hPUT VARIARBLES BY AGE GROUP:

MATURITY WEIWLRT IN WEIGHT IN

AGE STOCK SIZE F=-PATTERN 11 OGIVE THE CATCH ThE STUCK
2 15258.90 1.6959 a.1900 1.0000 (.1230 n.1230
3 273,04 1,695 Ui uu T.UUUl U.1b5u0 U.i50u
4 440.N00 1.1420 0.100 1.0000 0.1780 N.173N
5 P10, Uy u.55350 U.iuu 1. Uyl L.2U50 J.2usu
6 5%.00 N.2080 7.900 1.0000 0.2330 nN.233
7 48,00 U. 55350 U.1bu 1.LUUb b.260u U.26Uu
3 11.00 n.995n n.100 1.0000 (.2 380 n.238n0
9+ 2.00 Y. 9951 Uy 1. uuul L3150 U.3150

...Lg..



Tahle_%£§~

VIRTUAL POPULATION

CATCH IN b

TOTAL

F LN =

e

TOTAL

UMIERS

1972

75U.4
374006
14405
J42.3
13u.6
32.9
5.u
n.2
1.1
N4

6U45.5

AHIALYSIS
UNIT:
1961 1902
1269.2 14108
236.0 2146.9
1889.4 269.06
4L79.Y 191 .4
1455.9 3351
1246 .0 1udi .3
157.9 12609
61 .4 1451
54.0 3025
37.5 3G.9
5V17.2  3217.7
1975 1974
289 .6 Y9061
2262.0 340.1
1346 .2 (72.6
659.2 362.0
15uU.2 126.0
59.35 56.1
3d.0 22.3
3.7 5.0
1.4 2l
n.o 1.1
4906.0 318Y.3

NURTH

dekdw VPR kokdk

JILLInws

1v63

44203
1262.2
2961 .2

177,22
THHLS

bbaoo

229.7

28 b

4z .0

PNV

54274

1975

203,08
2400.5
541.7
25Y%.0
T4ULS
57.2
0.1
Y.l
.4

Tob

35(535.3

Tvob

490.9
2971.7
1547.5
22451

l4n.t

Tl gt

5.0

2o0.5

L6 .2

S5¢.7

7791.9

1965

1571
22092
221746
1324.0
2029.4

14507

151.9

P117.0

412.0

78,4

W

94564, 0

SEA HERRING (FISAInG

1900

37605
12621
2569 .7

6.2
5001

SBY .6

4.3
oh o6
95.5

236.3

68515

1978

13u.u
Te3.0

i~
Y

.

ScocCc vy
.
RN RN W TN

v

315.4

AREA IV)

1979

542 .U
159.2

T9Lh

B39 .5
262> .U
1795 .2
1494 .3

621 .4

157 .1

Thy 0N

To5.4

1.7
g1.8

7740.2

909

112 .U
25U3.3
1eszLn

290.3

1351

TI9uULs

49 .9

42,7

27 .4
25.1

5203.6

1931

78881
4ot .0
204 .3

50.9
39.5
Z8.5

v7rn

8931
119%0.2
2N0e. ¥

Bé5.0

125.2

SuLl

¥240.2

1971

Goh .0
L378.5
114604

662.5

2N8.32

20.9
0.5
26.5

0.0
2.4

7176.7

- g6 -



Tahle 2.17. MORTH SEA HERHING (FISHING AREA IV)

VIRTUAL PCOPULAITINY AMAL YSIS *xkk VPN 2huk

UMIT: Year-1

FISHING MORTALITY CORFFICIENT PATURAL HORTALITY CUEFFICLERT = N.4nN

19¢n 1961 1962 9063 1904 190605 17606 Yo7 1908 TYa9 1970 Ty 7i

U Bo11u [PIRVER U.u21 J.ubs U.us9 volzy U.ur? U.ugs u.i23 g.u31 V.tiu L.1nNo
il N.456 n.25¢ .10 N.2x7¢ N.557 0,442 U.S4 U.5u3 u.521 G.501 U.bes U.967
2 J.5u6 n.701 n.293 N.34Y9 Daady N.877 Noo?/s N.&7% Tat07 n. 330 1.0%5 Nn.v93
3 0.331 U.3 b0 U.ob2 U, 84 U.4 3L u.705 u.rde - bao3y 1.v24 L.vbd i1.5Us 1.2506
4 n.zzn n.347¢ O.416 0.221 N.302 n.7zrz abos Nn.yny 1.N7 N.s6R 1.214 1.2170
5 0.253 U.372 UL 4yl U.lbo u.2vr U.634 U.s2é U.osdy Ta1/74 1.uU53 U.sb2 1T.U43
5 N.256 N.2645 n.711 N.1901 1.252 N.byve 0.206 N.v79 1.104 1.526 1.076 2.3572
7 U.423 G.1v3s y.592 u.22¢ u.2L3 U, 442 U.350 1.2906 1.452 1.ubs 1.ulyu 2.634

ow

n.znn n.zan N.4N0 n.zon 0.40N nN.67N N.690 0.9n0 n.vo0n 0.900 n.yno 0.020

9+ 0,34y U.30u U.tul U.3bu U.bulj J.o7u U.oYu U.%du u.yucl U.YUL U.ylu U.ull
( 2= 7)u N.%49 n.z29v U.52¢4 n.z23¢z 0.335 N.b04 o587 N. X35 1.%02 1.05¢6 1.107 1.58¢6
C 2= 7w N.307 G.bd2 V. 499 U.30s U. 404 0,735 N.oob n.rNs T.514 N.9i11 To147 1.121
1972 1973 1974 1975 1976 1977 197 1979 1Yan 1981 1982
J [V 0.135 u.2uv U.4b2 U.425 u.2ve U.l165 U.249 U.z78 1.ussh 0.56u
1 n.914 1.N55 0,629 N.980 0.350 0.43% N.2s2 n.zv7 0.0v7 0.222 n.11e
2 0.9uu 1.089 Ta117 u.962 1118 u.l1ry u.u2it U.u7é U274 0.205 U.143
3 n.zsn 1.220 0. 837 1.433 0.492 O.o040 0.028 N.n49y N.206 n.2n3 n.sn03
4 0.796 0.97¢ J.3yu UL Y4 ¢ 1.23l L. o7 u.u2? u.us7 U.i1ve6 G.157 u.213
5 N.539 N.941 1143 Ta263 D.561 0.450 n.noz2 n.n13 N.150 0.258 n.nN71
3 b.av7 1.300 T.uby? 1.149 U.301 U.1ub U.ute U.u2 U.u16 0.2us u.uge
4 n.nv4 N.691 N.e70 T.767 T.0532 n.ize 0.106 0.0%85 0.2 nN.154 n.ove
3 D.ous 0.9uu U.9uu T.25u U.yud U 4l U.lizZu O.u2u U.usu U.us5 U.u3s7
Y+ n.onn n.91n 0.9yN0 1.250 g.van n.400 Nn.neo n.nz2n .050 n.nass N.037

¢ 2- 7 D.6u3 1.056 u.ysu 1.254

U.su2 U.201 v Ul U.usy uaise U.194 U.149
C 2= 7)4 N.869 1.144 1.024 T.0%6 0.94

35 N.36u u.b2u G.u51 U.2ul U.198 0191

- 6G -



Table 2.18.

MURTH SEA HERRING (FISHING AREA

VIRTUAL POPULATION AMALYSIS

STOCK SIZE TH WHUNMBERS UNTIT: WIL
————————————————————— BINHMASS UHIT: TON

1 JANUARY (TOUTAL AKD SPAWHNIWG STUCK)D
1900 1967 1962 1963
n 1954 16686 7N35 8740
1 0336 1583 13892 02706
2 010 2919 1114 10532
3 7313 1642 176U 152
4 636 4752 1n31 8343
5 113 A 292U 615
& 524 5471 261 1618
7 342 347 539 110
3 52n 226 214 7
Y+ 574 354 270 2Uo
TOTAL KO 22522 3IN48Y 28952 2945635
SSB 1O. 137353 12224 TYrs Thob(
TOT.HBIOW 2889762 260762u 24483171 2¢0Y0lb
SSB RIUM 2518654 2279169 1642230 2324724
1972 1973 1974 TYTS
U 4975 2395 5585 s
1 5816 2789 1895 419000
2 2532 2110u 1190 914
3 656 932 642 554
4 248 251 223 24y
5 3 101 S0 33
S 14 hb 36 Z5
7 5 8 11 11
. 2 2 4 5
9+ 1 1 2 P
TOTAL hd 14310 96206 9670 6512
SSR LO. 3519 3449 - 209y 1633
TOT.BION B73944 TL6RIZ . J5% 470140
SSK Blo:il 5n3521 21427 Sa4is70 259249

*x%x VPA

LIONS
NES

1904

n9en7
1458
Ltk
or2e
5172

o U
43N
1246
3h
183

32711
14316
3Uo7udbl
2529008

1976

(2
449
1394
516
76

—- o

3070
Tyu?
3u9uul
215734

e ek
1905 1900
5709 52 3Y
9397 Suld
3962 2462
2560 1491
3957 1090
323 Tob54
409 55
344 d20
Auk 20(
Toy LYy
27742 21031
12030 INvS
29U%%36 220uU/u
2567853 187052
1977 197
1004 bYY
Lro Y
287 249
412 217
175 1YY
2u 146
%4 12
1% 35
2 11
u 10
2443 2501
953 334
202801 215975
165554 166541

Iv)

1967

7531
443U
3228
2513
64y
557
056
97
143
U4

20162
8151
1769162
14253960

4528
1256
302558
1229225

1908

7023
6246
242%
st
Y85
257
226
223
24
ey

19ven
6nyn
1462570
1055910

670
1524
4 Ex|

2. 17

1969

5820
6l ul
5556
>16
239
305
56
(-3
49
4b

14554
46352
14503
696233

19481

12414
2347
1496

326
24

141
127
13n
(L

22

17402
20642
747611
4641163

197y

YN8
335u
2151
1259
178
91
96
13
21
27

17262
4027
Tu2i122i
117495

1952

149 5%
3796
ToYy
1103

241
221
i
93
inz
32

22452
5596
Tulasl?
0NN536

1971

7166
7563
1899
Y64
503
43

k4
3

3u
n
U

17787
2274
976357
500994

1983

ek e ok dkoke
5027
3054
1533

57

176

1536

84

73

121

- 09 -



Table 3.1 HERRING in Division IIIa.

Landings in tonnes 1972-1982.
(Data mainly provided by Working Group mem‘bers)

Country/Year = | 1972 | 1973 | 1974 | 1975 | 1976 | 1977 | 1978 | 1979 | 1980 19617 1962°%)
Denmark 34 900| 42 098] 35 732 29 997 7 326| 19 889 6 425 5 153 5 180 18 001 22 881
Faroe Islands 4 115 5 265 T 132 8 053 1 553] 10 064 | 1 041 817 526 990 715
Germany,Fed.Rep. - - 36 108 6 32 28 181 - 199 43
Iceland T 317] 15 938 231 1 209 123 - - - - - -
é Norway (Open Sea)| 1 045| 36| ‘698 196 - - 1860 2460 | 1350 6 330 10 140
a8 Norway (Fjords) 4 222 1680 1 720 1459 2 304)° 1837| 2271| 2 259 2 795 950 1 560
g Sweden - 19 644 ‘20 429 11 683 12 348 6 505 8 109 | 11 551{- 8 104 10 701 30 274 24 859
Total 71 243 86 246 57 232 | 53 370 17 817| 39 931 |23 176| 18 974 | 20 552 | 56 744 60 198
Dermark 52 755| 78 125| 54 540 | 48 974| 41 749! 38 205 | 29 241| 21 337 | 25 360 18 721 12 366
%‘ Sweden 39 972| 40 418 39 779 23 769 | 30 263 37 160 | 35 193| 25 272 18 260 38 871 %8 892
g
g Total 92 727|118 543| 94 319 | 72 743| 72 012| 75 365 | 64 434| 46 609 | 43 640 | 57 592 51 258
D atas” T |63 970|204 789|151 551 | 126 113 89 829|115 296 | 67 610 65 563 | 64 192 | 114 336 111 456
TUnallocated 8 117 | 20 053 57 000 35 344
GRAND TOTAL 75 700 | 84 245 171 336 146 800
xg }{;w;ised 7
xx) Preliminary

-19 -



fable_3.2. HERRIWe I FISHTLG ARks LL1A (KATTEGAT nid SKAGrRREAX)

VIRIUAL POPULATTON ANALYSIYS ok WP x k%
CATCH I4 FUMBEKS Ui 1T IILLICS
TeYh 1975 1970 Tvre (ENaH Tery 1yl T30 TyL?

[ER L A OV e 45504 J55.0 T40.2 457 .2 ond .. Zo2b .0 533560

1 E2 BT A A A R A 3 1656 .5 Y4 ThHH S Giot. ! Dot .0 yus.nt
2 3o, 1495 3?25.L 32060 454 05 ha?2 L7 238> 650 d 314 .U
4 155.7 SY.Y BRIy 0.k b7 atilh Tues 172.2 24106
A afd.? 57.u L2 Y] 7.9 13,4 Sual 0f .l 2oL
b 5.9 15.4 7.5 S5l .2 .Y [ L i) To.b
o P 6.2 T bl da6 (R Tl e 3.0
7 %1 n.y 1.0 ) 2.3 n.2 M. n.2 .6
ot 1.4 [SI4 L.5 Lo u.? Ul u.l u.2 U.h

TOTAL  4N05.4  3765.9  2269.%  2733.4 155501 1295.%  dubdl.b 5502010 492000
Tahle_3.3. HERRING IM FISHING AREA IIIA (KATTEGAT ARD
VIRTUAL PCPULATINE ALALYSIS “kkx VPA okt

ULIT: Year-i

FISHING TIORTALITY COEFFICTENT FATURAL GORTALITY COEEFICIENT = n.30
1974 1975 1y 76 1970 1978 199 1980 1987 1952
8] U.o7 D.57 Va4 J.5u u.13 I -1 v.23 U.50 U 4?2
1 T.52 1.5% 1.3 T.n7 n.5s n.z% .24 n.e? n. 33
? 1.08 1.35 1.5u T.b2 .42 U.YS J.DY .oo 0.50
: 1.06 1.71 1.03 T.bY 1.2y n.s3 N.90 1.22 N.5n0
4 1.18 2.2 WU, bk 1.2 U, 94 U.y? uv.96 U.9u G.ou
5 1.33 1.66 N, 5y 1.80 T.nn 1.4 Nn.70 n.67 n.s5n
o 2.u9 1.34 U, 42 2Ly 1.2 1.2U 1.5 u.7u u.hl
7 i.5n 1.5n0 n.7n 1.50 .00 1.0 1.0N P.00 n.osn
S+ 1.50 1.54 u.7u 1.50 1.0U 1.U0L i.uu 1.0U U.su
C 2= 8 1.48 1.53 N. 74 1.67 1.NY 1.01 Nn.97 .18 N.5nN
2= o) T.486 1.55 1.44 T.45 1.39 U.94 u.re u.75 U.ou

SKAGERREAK)
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Tahle_3.4.

YIRTUAL POPULATTON ANALLYSTS kddh VPN

STOCK

STZE Il LUMBERS UGIT: RILLIONS
BIOHASS UNIT: [0HIES

T JAHUARY (TOTAL ALD SPAWNIKG STUCK)

1974 1975 197¢ 177 1Y7R

J 5311 529u 3105 417y 1421
1 1275 2197 2225 2470y 250
2 495 217 451 4o G47
3 216 7o bo i 93
4 1 63 e 15 i
5 37 24U 3 / ?
O 11 Y M 5 1

7 3 1 e 2 1
S+ 2 1 q [} n
TOTAL w0 (92% 787y 6517 AN 4bs?

SSB o, Z4N 174 72 11 114

TOT.S8101 11185 9741 ¢ I35y Tuoeg?y 1132463
SSB RIS 43955 27251 1N761 1529y 14652

FISHIT U Alikns
ok

197y 1Yy a0
334351 5752
Lrd 244
N2y H74
120 325
2 50
%3 w
1 2
L %]
n n
5946 7159
154 a5
TUc?06  lhorad
2N405 4Bo02

I114

CXATIEGAT ARD

1931

Y445
2198
1495

loe

(K

13543
402
2207
55070

1952 1Y%

TS0« s sk hxns

3904 9420

$iz e2ne

YA 4 5L

09 251

44 34

5 24

2 A

1 1
Totubd
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252457
Y7707
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Table 4.1.

(Data provided by Working Group members. )

Anmual Celtic Sea and Division VIIj HERRING catches 1973-82.

Year | France Dg;fgﬁe; gzg‘.‘;‘g. Ireland | Netherlands | Poland gﬁzzim USSR | Unallocated| Total
1973 5 553 7 294 17 068 5 834 1125 - 334 - 30 215a)
1974 | 2 261 - 4%3 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 - - - 2% 705 12 178
1980 9 - 2 8 849 393 - - - - 9 253
1981 123 - - 15 562 1150 - - - - 16 835
1982*) + - - 9 501 - - - - - 9 501
Table 4.2. Celtic Sea and Division VIIj HERRING by season (1 April to 31 Ma.rc;h).
(Data provided by Working Group members.)

Season |France Dnggzz. g::f;z :\g. Ireland | Netherlands | Poland gﬁ;ﬁm USSR | Unallocated | Total
1973/74 |4 143 7 294 15 185 5 834 1139 - 334 - 26 936a)
1974/75 |2 150 - 435 13 939 2 462 954 - - - 19 940
1975/76 |2 451 - 399 8 640 2 441 579 24 1054 - 15 588
1976/77 |1 317 147 36 5 864 1 324 257 - 826 - 9 171
1977/78 95 - 96 6264| 1378 - - - - 7 833
1978/79 8 - 220 8 239) 1002 - - - 7 559
1979/80 584 - 20 7 932 850 - - - 935 10 321
1980/81 9 - 2 9 024 292 - - - 3 803 13 130
1981/82 123 - 15 830 1 150 - - - - 17 103
1982/83%)| + - 13 042 - - - - - 13 042

ional

%) Provis
a

Including 123 tomnes for Bulgaria.

- %9 -
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Table 4.3. Larval abundances in the 1982/83 season.

Abundance (x 10'6)

Cruise Mid-date 210 um 10-15 m ~15 m
13.10.82% 25 645 1 169 225
27.10.82 8 852 2 550 0
10.11.82 36 245 14 510 0
24.11.82 2 043 3 477 519

9.12.82 0 3 660 1 658
<11 mm 11-16 mm >16 mm

19.12.82 348 1 287 927
7.1.83 0 415 709
19.1.83 3 605 0 314
2,2,83 942 0 1 788
16.2.83 5 363 367 253
28.,2,83 10 890 5 650 0

%) Monthly cruises - inefficient estimate.




Tahle_4.4. HEKKING SOUTH A¥U SOUTA wEST OF IKEUARD (FISH AREAS v ILu-dJ)

VIRTUAL POPULATION AMALYSIN Fokew VPA kkkxk
CATCH I.4 NUMSERS EPFRA T usAaAnLns
1972 1973 1974 TYT75 (N a TYrT 197 1979 19a0 190 I7ve
(i 5622 2?3547 >5U7 12165 135517 BToy 204U 11335 Yiu? 1055y
2 12769N w135 L240R Thu?Y THA 12570 VR 129712 MIRNF4 2285 L4425
b 17855 S555US (Nams Torss [F 1) BGTw T b 1230 117¢0 21551 6/29
4 152472 e 22550 252 YAINN| HaEn PR BuZé no.h 55718 4417
5 145351 9851 4225 Yl 2ar? (Rl 150U 2 Sy 2817 45N 1497
2 Gébh 5323 1027 L5720 b4 (38 1w 1o 1516 220k M [ISTA]
14 sui? 3352 24 (s Teha (EE (A LU 1253 iok (95 oo?u
2 2574 Prie P TiZo 124625 iz 4hi 557 12o? 212 M
Y+ Ul 17206y B2 1196 NS ATu Lz [%5) R} oot 5%
TOTAL  2N9%4971 146264 INNGYY vy rlZ S51a76 399 44 24052 52957 6I597 976N 715948
Teble__4.5. BESRING S0OUTH AT SOUTH WEST OF IKELALD (FISH ARGAS VILG-J)
VIRIUAL POPULATION ANALYSIS wkkx VIPA kkkw

urIT: vear-1

FISHING OCRTALITY COEFFICICGLT LATURAL JOETALITY CUEEFICIGLT = n.n

1972 1972 1y 74 TYTS 1974 19Ty IR 1Yy Ty a0 19 PYP¥e 1972-7Y

| . uvo U.23L vl voeof Uaz b Lotsy U.ube L1382 Uil U.2ax I 1V n.157
H n. 7436 n.ovs AN .540 1.249 a_l0f u.dty U 432 [P Y | U.s4o Uoavu u.nlé
M n.5o1 n.76¢ N D60 Notor N.bat Noo s N.474 N.oyvy7 N, 554 no4nn 0.6
L .557 [ Y ULt Jeolu VIR YA [EI YN L.buo Lot7a L.otbls U39 RIS Y] L.ooee
5 n.755% nN.64%9 N hih N. 62 Ay n.2ny N.200 N, 472 Nocdwn a.530 Nn.4nn n.4v7
b .35 su U.nlt U.4v7 Uouoy U.SY4 U.2uo? Jdobily S ot UabJu C.o50
7 Nobod n.9se n.7:52 N.270 : n.2uvy N.2vh n.s4¢ T.N0H n.ss n.4nn n.s4y
vl H.725 U.7u2 U.ou J.0la [FRRI L.3Gr U.3i0 sy U.on /9 .ot (RS Lab5S
Y+ n.72s5 n,7ne Na 690 N.a10 n.450 n.se67v n.z+n N, 439 o519 (AN S B N.400 N.555

C 1= 704 [T G.5647 U.b?oe U.olle U557 U.275 U274 U.37u U bl Uob oo G.374
« 2= Mu n,724 n.zan 0.anY N.ony N.4d6 L.Ih0 u.500 U.b 35 U.os9 .us3 0.4ty
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Tehle 4.6. HER DG SOJTH ANE SOUTH WEST OF IKELAUD (FISH
VIRTUAL POPULATTON ANALYSIS wdhtk VEA eres
STOCK STZE IN HUMHERS ULTIT: THOUSALDS
————————————————————— BIDMAASS UNIT: TORMES
TOTAL STOCK 1 JANUARY & SPAWMNING STOCK AT SPAwfING 110k
PROP.OF AMNOUAL F n,219 PROP.OF ARNUAL it N.57N
1972 19735 1974 1975 1976 1977¢ 1973 197y EAT
1 96947 120usy 48550 572U 75954 ohuss Lisol 95210 PPN
2 264057 79721 B6515 3509y 59571 560y 52N¢s 49551 75564
3 42392 103849 560351 Z0641 20411 25209 38870 24274 246715
39915 21402 45702 1047 17245 1156 Taur 23653 19504
5 28056 211720 12776 20117 7904 8906l 54 74 “wne 15807
[ 11031 12184 932 7557 9679 Lhy ot u 454 Log?
7 3491 55806 535 S494 5509 4255 224 45 %7 Tigsn
3 LduQ L8330 1893 26 3413 1306 2643 14491 2928
Y+ 2066 25n4 175¢ 2724 41557 1602 1597 1718 1211
TOTAL N0 4948345 376341 249077 1568357 1682545 179526 173204 214257 2uviye 3
SSB 0. 375660 266492 138729 136292 126892 1311uY 132937 147458 152949 1
TOT.RION 89N24 672306 46392 54639 51594 30555 1024 25730 56557
SSB BRIV AY4HT 50470 SoorY 20034 23523 2379y 2571 ub 20624 23005

AREAS VI1G=J)

1Y 59

91255
529U
L9724
1T1ulle
1120
Y46
200%
545
To1h

19877
93992
4339¢
31941

TYNZ 1982

TOY2AU % wdt eksh

155732 136562
2eear R23525
T55U3 10818
4756 v2s2
oul? 23885
5505 o644
Tuod 3218
(BYM 1794
5671029
2525706
57502

L25UU

1
[*)
-3
1



Table 4.7. Input parameters for stock prediction. Celtic Sea HERRING.

PROFOKTION OF F BEFORE THE SPAWNING SEASON: 0.2000
PROPOKFIUN OF 1 BEFORE 1THE SPAWNING SEASON: U.5uul

LIST OF INPUT VARIABLES BY AGE GROUP:

MATURITY WEIGHT IN WEIGHT IN

AGE STOCK SIZE F-PATTERHN 3] UGIVE THE CATCH IHE STOCK
1 50000.00 0.4uUU U.iluu U.5uuy u.115u u.115u
2 83945.00 1.0000 0.100 1.0000 0.1740 0.1740
3 82325.00 1.0uuU U.lTuy 1.UuUU u.211UL u.211u
4 16818.00 1.9000 0.100 1.0000 N.2290 n.2290
5 9282.00 1.Uduu U.1UY 1.0uuU U.2440 0.2440
6 2885.n0 1.1000 0.100 1.0000 0.2570 N.2570
7 3644 .00 1.00uU u.luy 1.uUdul U.20oUu U.260u
3 3218.00 1.0000 Nn.100 1.0000 0.2630 n.2630
9+ 1794 .00 1.0uui u.luu 1.0uul u.266u u.266u

- g9 -



Table 5.1 Catch in Weight, Division VIa (North) 1973-1982

. Country 1973 1974 1975 1976 - 1977 1978 '1979 1980 1981 19827
Denmark 932 - 374 249 626 128 - - 1 580 -
Faroes 10 003 5 371 3 895 4 017 3 564 - - - - -
France 2 441 411 1244 1 481 1 548 1 435 3 2 1 243 2 084
G.D.R. 251 200 600 279 - - - - - -
ot | 96ss | seer | sse2 | dose| - 26 | - 256 | 3 029 8 569
Ireland 2 532 .9 566 2 633 3 273 - - - - - -
Tooae™™ | 21892 | 17461 | 12024 | 16573 | 8705 | 5em - 5602 | 30275
Norway 32 557 | 26 218 509 5 183 1 098 4 462 - 3 850 13 018
Poland 2 062 334 376 390 - - - - -
Sweden - - - 2 206 261 - - - -
UK, (Engl)| -~ 45 125 20 301 134 54 53| 1094 90
UK (Scot)] 120 800 | 107 475 85 395 53 351 25 238 10 097 3 15 | 30 389 38 381
USSR 1 137 2 392 1 244. 2 536 - - - - - -
TUnallo~ - - - - - - - - .
cated 4 633

TOTAL 208 270 | 178 164 |114 001 9% 642 | 41 341 | 22 176 60 3061 51 420 92 417

# Preliminary
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tahle_5.4- HERKTLG L0 TRE HOKIHFKG PahT OF VIa
VIRTUAL PCPULATINM AMALYSIS werk VPR dek
STOCK SIZF Tu HUHBERS UNTT: THOUSAHDS
————————————————————— BINMASS UNTI: 10OMUES
TOTAL STOCK T JANUARY » SPAWNING STOCK AT SPAWlIHG T 1k
PROP.OF ALRMUAL F tlo?u PROPLUF ARNUAL o U.otu
1973 1974 1%¢5 Tv 7o 1907 1978 19y 1YL
D VUO5517 1575345 L1704 395944 6YeTes 10TNYIY  67v5s? TRNZL85
1 39U2410 TEB227  91BY2U 299507 350440 61590LL  Sooulds 615173
2563707 304508 332765  woktyy  2uss7il 2854003 53550y 1854350
L 1R72201 287136 157278 195452  29Wi1R 0 T4NS4N 295047 LRLobHY
Y 29¢7ud Y293uU¢ 17140 524U 44995 179359 Tu7016 19206
5 1475351 146999 2570724 L5334 ¢ Tty 19H0n 1247121 wriLy
6 120104 73515 53356 13901 Trous 7365 Trau?  131228Y
7 55414 4 62461 20011 19294 5S4t 457¢ 3493 113490
3 151353 RVVET) 23323 6512 12406 29240 21us 3ih4
v+ 74953 2753y 24471 1YY n 5904 7195 b} 1057
TOTAL MO 4550621 41994U0 2463269 Toubobd 10Y5U47 2359854 2543257 4101543
SR DL 988130 1014051 6D4ANIN oNSYI6 458905  S4172Y 932727 157427%
TOT. IV 549732 4UU913E 209733 4935512  14r005 Tosbs4 228758 322738
SSB RI0Y 316839 169512 Y7011 BILds (11354 81972 1346351 233143

1yl

166542
16216567
542591
N7
L3617
174081
saull.
1N1s62
w291
Y402

286388¢6
173%002
L7949 R
273uY9
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S5 ek ko hk
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1446716206
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5S4 uuuy
238178
130121
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sUs9o
2455¢

3203145
249u474
470702
379525

TY83

1491
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s2UobH 6L
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25ue 7Y
01430
5uu75
73N29
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Table 5.5 Predicted regression between larval indices
numbers x 10“9) and spavning stock biomass

t x 1073, age 2 and older) in Division VIa

(North)., Regression based on data from 1972~

1979.

Year Larval index Spawvning stock biomass
1972 2 871 30 448 713
1973 1 913 30 316 889
1974 1 094 80 169 512
1975 1 039 30 97 611
1976 374 85 86 114
1977 1039 95 67 769
1978 648 95 77 431
1979 1 290 13 125 809
1980 2 184 60
1981 2 484 00
1982 2 533 18 (380 897)1)

Regression between larval indices and spawning stock
biomass using values 1973-1979

Y = - 38.9661 + 0.1656 x (T = 0.9441)

1) Predicted from regression egquation
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Table 5.6. Input parameters used in catch predictions for
Division VIa (North) in 1983 and 1984,

Stock_size Mean weight in the
Age (x10-3) F~pattern catch and stock (g)
2 205000, 00 1.0000 0.1210
3 1066915.00 1.0000 0.1580
4 30{3560.00 1.0000 0.1750
5 399649.00 1.0000 0.1860
6 250277..00 1.0000 0.2060
7 101480.00 1.0000 0.2180
8 50075.00 1.0000 0.2240
9+ 75029.00 1.0000 0.2240

Recruitment in 1984: 205 000 x fl.O—3




Table 5.7

Monthly landings (tonnes) of HERRING from the Firth of Clyde (all fishing

methods combined).

(Data provided by the Working Group)

- Yl -

Month 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 i
January W - « [l * I* Lw 6+ 15% on :
February 71% 91* 68+ 7 * 6* 8+ 3* 15* 16*%
March 36+ 168* 85 69+ * 7* 13* 8x 1hx 1%
April 316 398 369 521 530 246 12* Iy 2t o !;
May 385 280 283 136 skl 245 L* 2% 5% 615 }
June L68 607 203 281 640 238 336 11k k29 850
July 688 690 354 337 4ol 376 466 656 982 757
August 593 543 2h0 L3 601 587 150 645 511 262 i
September 668 310 515 Sh1 559 581 37k | 559 106 -
October 711 451 811 598 556 653 263 79 - -
November L6k 245 571 595 560 647 1% 3+ 2 - '
December 248 9 120 236 328 272 - 2 fix 1% ]
Not known 67 189 n 50 35

Total L 715 4 053 3 663 4 139 L 84y 3 862 1951 2 081 2 135 2 506

* Subject to closure of directed fishery



Table 5.8 Catch in numbers x 1073 in the Firth of Clyde, 1967 ~ 1982
(Races combined)
Age (winter rings)
Year 0 1 2 3 b 5 6 7 9 210 Total
1967 - 10 109 |24 797 3950 | 1828 | 8151 | 4 775 526 106 63 109 54 41k
1968 b 5 354 |27 811 | 11 721 | 3 145 767 | 5218 | 4 b2 k12 326 220 59 520
1969 - 3106 |2k 336 | 19 936 | 6 256 | 1 282 | 1 ok2 |1 429 990 89 28 58 Sou4
1970 6 5008 [ 7551 | 10 338 | 8 745 | 2 306 741 760 753 | 227 117 36 552
1971 6 2 207 | 6 503 19761 4355 3 432 | 1 090 501 352 225 181 20 828
1972 - 1351 | 8 983 3181 | 1684 | 3007| 1114 656 282 177 132 20 567
1973 - 9139 | 5 258 L 548 | 1 811 918 | 1 525 659 307 132 114 2 b1y
1974 86 5308 | 8 841 2817| 2559 | 1 1ko Lok 700 253 87 59 22 3hb4
1975 - 12 694 | 1 876 24831 1024 | 1072 451 175 356 130 67 20 328
1976 - 6 194 (10 480 913 | 1 0Ly 526 638 261 138 178 100 20 477
1977 - 1041 | 7 524 65976 1062 | 1112 574 489 251 1k6 192 19 267
1978 - 14 123 | 1 796 2259 2 724 634 606 330 298 174 236 23 180
1979 - 507 | 4 859 807 9%0 888 gLl 289 156 119 154 9 050
1980 380* 333 | 5 633 1 592 567 341 20k 125 48 56 68 9 347
1981 312% | 23724 2 785| 1622 | 1158 423 486 4o7 74 18 9 667
1982 427% 197 | 5 619 1953 | 1559 956 621 137 203 60 46 11778

. % Including sprat by-catch.

_QL..



Table 5.9 Number of recapture by month and
in the Clyde in May-June 1980

~ 76 =

area of HERRING tagged

N W sV
Age of Recovery Clyde Irish Sea Ireland Ireland S Minch
1980 May-June 30 - - - _
July 192 2 - - -
August 155 1 - - -
September 152 3 3 - -
October 32 2 1 - -
November 21 - - - -
December 1 1 - - -
1981 January 5 1 - - -
February L - - - -
March 6 2 1 - -
April 8 g 2 - -
Yay 3 - il - -
June 58 - 2 - -
July Lo - 3 - -
August 51 - - - -
September 13 - - - -
October 2 - - - -
November - - 1 1
December - 1 - - k|
1982 January
February
March - - - - -
April
Vay 2
June L 1
July 11
August 11
Date unknown 10 - 1 - -
825 14 15 1 2




Table_5.10. CLYDE HERRING

VIRTUAL POPULATION ANALYSIS *kxk VPA 2k at
UNIT: Year-1
FISHING MORTALITY COEFFICIENT NATURAL MORTALITY COEEFICIENT = 0.10
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 198U 1981
1 n.000 0.0n0 0.000 0.000 0.002 0.n00 0.000 0.000 a.n0on 0.00n 0.014 u.ubu
1 0.247 0.039 u.u9s U.413 U.524 U.375 0.350 0.105 0.662 n.nz28 0.028 0.013
2 0.695 0.512 U.541 0.557 u.787 U.314 u.537 U.849 u.237 U.442 0.432 U.251
3 . 0.585 0.344 0.449 D.514 0.583 0.4066 0.222 0.737 0.588 N.143 N.226 0.350
4 0.3813 0.463 u.489 U. 441 U.541 U.353 u.325 0.383 U.o36 0.454 U.127 0,335
5 0.609 n.736 0.595 0.477 0.487 0.404 0.303 N.595 0.3069 n.387 n.265 0.363
6 0.438 0.577 L. 560 U.60Y U.453 0.321 U.397 0.57uv 0.672 0.308 U.128 0.554
7 N.593 0.527 n.730 0.675 0.554 0.254 0.277 N.531 0.669 n.703 0.158 0. 445
3 0.7583 0.535 U.565 0.512 U.526 U.538 u.291 0.615 0.637 0.6388 0.208 0.949
9 n.500 n.500 0.500 0.500 0.500 0.500 0.500 n.500 n.500 n.50n 0.500 0.500
10+ 0.500 0.500 u. 500 U, s50u U.500 0.5u0 U.5uu 0.500 U.5u0 0.500 0.500 U.500

C 2-1MwW N. 666 0.516 0.532 0.535 0.652 0.38% N.451 n.710 0.465 n.376 n.308 0;340

19R2

0.001
0.021
0.3u0
n.z00
0.300
0.3nn
0.3u0
N.300
0.3u0
n.300
0.300

+oE~NOVHWN=CT

-
<

 2-100uW n.300
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VIRTUAL POPULATION

ANALYSIS

STOCK SIZE IN NUMBERS

+ LNV PN D

-
C

TOTAL NO
SSB No.
TOT.BIOM
SSB BION

FOXNGWVAWN=

-
c

TOTAL NO
SSB  NO.
TOT.BIOHM
§SB BIOM

1970

30034
24017
15747
24411
16406
52 %6
2189
1777
1443

604

311

122230
68179
22815
18672

19482

996N
22725
7899
6305
3366
2512
554
821
243
146

505997
45110
17801
11718

1971

17295
27170
16979
7110
12300
6585
2601
1279
889
593
4871

93294
4882¢%
17843
13323

1933

3825
15233
5295
4226
2592
1684
371
550
287

URNIT: THO

1972

31276
15644
22488
9206
456U
7010
2710
1322
683
471
351

95726
43807
15720
12904

1973

15044
28300
12671
11844
5317
2531
3494
1404
576
351
303

820338
38095
15151
10473

*kkk VPA

USANDS

BIOMASS UNIT: TONMNES

1974

47037
13012
16946
6670
6411
3095
1421
1722
647
231
157

97950
37300
12491

9843

*de

197>

23934
42479
7291
6981
3369
3379
1721
818
896
346
178

91392
24979
13921

6385

1976

12116
27650
264 U4
4813
3965
2078
2U41
1129

574

473

266

75525
41750
14133
10546

1977

33691
10962
13723
13971
3493
2593
1382
1242
774
388
511

82732
38073
12225
101324

19¢38

21158
3N4¥5
8931
5513
6U49
2154
1294
707
061
463
628

77822
26200
12230

7141

1979

14087
19126
14228
6377
2670
23897
1348
598
328
316
410

62584
29171
Tus U9
7608

198U

23518
12746
16824
8271
5004
1535
1779
397
268
149
131

76171
34907
11366

9042

1981

11007
25443
11217
9&86
5973
3989
1065
1416
693
197
48

70934
34483
13498

9317

- gl -



Table 6.1. Estimated catches in weight in Divisions VIa (south) and VIIb,c, 1973~1982.

Country 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982*)
Belgium - - - 12 - - - - _ _
France - 145 68 47 - - - - _ 353
German

Dem.Rep. 2 256 1 833 1 394 890 - - - _ _ a
Germany, 221 100 - 2 68 26,
Fed.Rep. T 785 5 667 4 431 924 5 687 5
Ireland 16 912 16 395 |12 465 10 895 | 15 916 |19 128 18 910 27 499 | 19 443 15 726
Netherlands| 5 228 2 225 (15 208 16 546 4 423 481 1 939 1514 2 790 1 735
Poland 3 623 6 034 2 558 2 778 6 - - - - -
U.K.. _ 6 2 1 2 -
(N.Ireland) 28 6 1 1 )

USSR 915 4 262 2 634 674 - - - - - -
Unspecified - - - - - - 1 752 1 110 - -
Total 36 719 36 589 |38 764 32 767 20 567 |19 715 22 608 30 124 .| 24 922 18 079

%) Provisional data.
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Tabl e_6«_?_-

HERRING IN FISHING AREAS VIIB,C AND LOWEK VIA (wW. COAST OF IRELAND)

- 0g -

VIRTUAL FPOPULATION ANALYSIS *hktk VPA Fddk
CATCH IN NUMBERS UNIT: THOUSANDS
1973 1974 1975 1976 1977 1978 1979 198U 1981 1982
n 46 0 194 823 n 8¢ 4 n n n
1 6423 3374 73560 166135 4485 1917U 591 Y 2856 1020 743
2 410390 29406 41307 29011 44512 40320 50n71 40058 22265 17017
3 L7349 41116 25117 37512 13396 270y 19161 16943 41794 15163
4 16R62 L4579 29192 26544 17176 13308 19969 25140 314060 253870
5 (432 17385¢ 23718 25317 122U9 TUhs5 9349 22126 12312 17Ul 8
6 12383 Rey2 109703 15000 9924 5356 3422 77438 12746 7239
7 9191 10911 59Uy 52Cs 5534 427U >443 09406 34061 3653
5 1969 1n272 V178 2596 1300 36534 4425 4344 2755 snsn
9+ 509 il 3054y 32029 15703 4750 3324 4U9U 5334 5220 27Ul
TOTAL 193066 196976 184908 175227 112746 1182272 120851 131495 1341313 92454
Teble 6.3. HERRING IM FISHING AREAS VIIB,C AND LOWEKR VIA (W. COAST OF IRELAMH
VIRTUAL POPULATION AMALYSIS *kkk VPA Fokx

UMIT: Year-1

FISHING tIORTALITY COEFFICIENT ITATURAL MORTALITY COEEFICIEKRT = 0n.1Nn
1973 1974 1975 1976 1977 19T 19ry 1980 1981 1982
i 0,uul C.u0u u.ud J.uls u.uul u.duu U.uJu u.uiu G.uut U.uuu
1 0.n3s n.nia 0.054 N.0xrN n.024 n.nsy 0.021 n.n2s N.016 0.010
2 0.2u? 0.20u U.29u u.27s u.265 u. 270 U.240 U al u.223% 0.2us
2 n.z02  0.299 0.235 0.4%2 0.179 0.250 N.183 nN.110 0.243 N.203
4 0.2938 U.4506 u. 320 U.37U u.299 U.242 G.264 U.344 u.2s3 0.2uU8
5 n.,2n0v n.s52n 0.415 N.4b s 0.25R n.274 n.2%53 n.460 0.2632 n.z2og
6 .21 U.387 u.6ul U 6bS U.251 U. 154 L.32u U.283 U.bo5 U.2ue
7 n.2nz n.2s9 N.294 N.5%6 N.z260 n.tes 0.207 0.421 0.176 n.2nse
8 0.2 44 0.333 U. 330 U.%93 u.262 U.,24% bU.235 G.227 u.2s9 U.2Us
v+ N.244 n.25% L350 L5925 0.262 n.24% N.255 n.z27 N.259 n.2n8
2= 7 0.245 (.37 u.31y u.3u1 u.262 u.244 u.23v u.22 u.2n9 U.2Us



Tehleb.4. HERRING IN FISHING AREAS VIIB,C AND LOWER VIA (W. COaSI OF IRELAND)

VIKTUAL rOPUBLATION ANALYSIS wkek VPA  ddkk
STOCK SIZE IN HUIMBEPRS uidIT: THOUSAWDS
————————————————————— BIJDMASS UNIT: 1QHNES
TOTAL STOCK 1 JAHUARY + SPAUNIHG STOCK AT SPAWIIING T1IE
PROP.OF anlitUAL F Uoord PRUF.OF ANNUAL M L8670
1973 1974 Turs 1976 19¢7 19¢8 19ty Ty 1961 1982 1983
M 2712921 161686 2469642 219972 205494 252049 T4ot 7y 117984 gol1s M % s kb ik %k
T 1945446 93520 146299 22501 19agve  2/7070b  3DI2¢s  1522u4 106757 7nh6 0
2 R20417  TA9RRY 11596 125382 Tssk37 175126 244lrs 266%4u 116902 95ub? Tuete
L0906 01 16532 14Ss0ls 116555 55929 125201 1202010 17052 2N5559 “4 000 69359
4 add?7 12751 ¢ 11lovo YUuuY 6Y (35 a5Us3 Yuslo 94579 138uUsbd 1446574 0d24o
5 L2k LENS Y 73154 13075 5621% 4530 L6210 62852 PEAR2A 959632 10ou2Ns
S5 685213 3031 247067 45770 4246100 39554 se2n¢ 32%4o 3h894 4Uu4 37 HY5 05
7 51644 5nN72 TAYY N 120 B4 2h54 % 23760 20505 21104 2240 2040¢ 2y¥7714
3 w537 38000 54905 T1H9u ols/ 1rheh 2215u 22430 12509 Trus? 14990
S+ 240927 115029 1194756 B TharY ta1sy 204 32 27549 25958 15048 25609

TCTAL w0 1311742 109256009 1U7 oo YousYay  Y9054%0 112721y 1USUSYE 945usoe 8USUSE SYudl
SSB Lo 717049 5591425 595228 I7wde 38719 4NYQYS  4HI256 0 5€1599 431191 4107706
TOV. 3101 194757 160320 145090 1220602 A0Y7r21 123246 126305 122409 129714 1037032
SEB 2190 1Ssvsu 103215 vhY ol VoLl vovl3 114 G154 93097 EEEYaY 70345
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Table 6.5. Predictive regression between larval indices (numbers x 10_9)
and spawning stock biomass (t, age 2 and older) in Division
Via (south) and Division VIIb,c. Regression based on
data from 1973-79.

Year Larval Index Stigiwgigﬁass

1973 716.60 135 930

1974 767.30 103 215

1975 386.35 94 962

1976 56.30 68 621

1977 162.10 66 613

1978 338.84 71 174

1979 349.78 81 543

1980 327.46

1981 197.45

1982 250,96 177 030%)
Regression between larval indices and spawning
stock biomass using values 1973-79

¥ = 56658.204 + 81.1770x (r = 0.8576)

1) Predicted from regression equation.

Table 6.6. Parameters predicting yield and spawning stock biomass

in Divisions VIa (south) and VIIb,c in 1983 and 1984.

Weight in

Age Stock Size F-Pattern the Catch

and Stock
2 70288.00 1.0000 0.1290
3 69859.,00 1.0000 0.1650
4 62248.00 1.0000 0.1910
5 106203.00 1.0000 0.2090
6 69863.00 1.0000 0.2220
7 29718.00 1.0000 0.2310
8 14996.00 1.0000 0.2370
9+ 23609.00 1.0000 0.2410

Recruitment in 1984 (age 2) = 70 288



Table 7.1. HERRING.
Total catches (tonnes) in North Irish Sea (Division VIIa), 1971-82 (includes industrial catch).
Countxy 1971 | 1972 1973 1974 | 1975 1976 | 1977 1978 1979 1980 | 1981 1952;‘)

France 1815 1 224 254 | 3194 813 651 85 174 4552) 1 - -

Ireland 3131| 2529 | 3614 5894} 4790 3205| 3331} 2371 1 805 1 340 283 300

Netherlands - 260 143 | 1116 630 989 500 98 - = - -

T.X. 21 B61| 23 337 {18 587 | 27 489 | 18 244 |16 401 |11 498 | 8 4321> 10 0783) 9 272 |4 0943 375

USSR - - - 945 26 - - - - - = |1 180%

Total 26 807} 27 350 |22 596 | 38 638 | 24 503 } 21 246 | 15 414 |11 075 12 338 10 613 |4 37714 855

;zg Preliminary. 1) Includes 68.5 tomnes of spring-spawned herring. 2) No data basis for allocation to stock.

3) Additional unrecorded catch of 106 tormes estimated. 4) Unallocated.
Table 7.2. HERRING.

Total catch by stock in North Irish Sea, 1972-82.
Country 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1952;‘)
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

France 1224 = 254 | - 3194 - 83| - 651 - 85 - 87 87| - - 1) - - - - -
Ireland - 2 529 - 3614| 1783|4112 ) 2 406|2 384| 1 816| 1 389] 2 009 |1 322 610 {1 761 748] 1 054 762 578 100 183 198 102
Netherlands 260| - - 1435 1 16| - 630) - 989 | - 500| - 98| - - - - - - - - -
U.X. 19 308 | 4 029|135 071 |5 516| 23 639 | 3 850 | 15 408 | 2 836 | 12 831 3 570 9 837 | 1 661 | 7 663 700 9 382 696{ 7 897 |1 375| 2 83T |1 257} 2 120 1 255
TUnallocated - - - - - - - - - - - - - - - - - - - - 779 401
Total Manx 20 792 13 325 29 732 19 257 16 287 12 431 8 458 10 130 8 660 2 937 3 097
Total Mourne 6 558 9 273 7 961 5 220 4 959 2 983 2 548 1750 1953 1 440 1758

1 - Manx stock; 2 = Mourne stock.

%) Preliminary

- ¢g ~



Table 7.3 Manx stock HERRING.

6

Catch in number x 10 .

Rings
Year 1 2 3 4 5 6 7 |8andsr | Total 2 tose | 20 aEe excl.
1971 | 4.98 |54.36 | 21.91 |18.68 | 9.67 | 3.41 | 1.74 | 1.16 110.93 3.060
1972 | 3.64 | 41.76 | 26.05 |11.28 [13.15 | 6.46 | 1.96 | 1.27 101.93 2.327
1973 | 1.75 |18.74 | 22.74 |10.69 | 5.52 | 4.07 | 2.09 | 1.40 65.28 3.468
1974 | 12.95 |95.95 | 32.55 [19.41 | 9.65 | 4.09 | 4.55 | 1.03 167.23 2.871
1975 | 5.63 |38.94 | 36.61 | 9.44 | 6.17 | 4.1 | 1.89 | 1.34 98.50 3.005
1976 | 9.3¢ | 47.46 | 17.38 |13.62 | 3.88 | 2.41 | 2.32 | 1.07 88.14 2.952
1977 | 13.98 |33.04 | 20.29 | 5.85 | 3.92 | 1.16 | 0.81 | 1.02 66.09 2.856
1978 | 3.64 |32.41 |11.41 | 6.18 | T.44 | 1.24 | 0.57 | 0.35 53.60 2.709
1979 | 3.66 |35.37 | 21.29 | 3.55 | 1.90 | 0.85 | 0.30 | o0.19 67.11 2.632
1980 | 0.66 | 22.82 |17.41 | 7.27 | 1.54 | 0.63 | 0.21 | o0.12 50.00 2.817
1981 | 2.02 |11.67 | 2.34 | 2.05 | 1.70 | 0.24 | 0.22 | o0.13 18.35 2.783
1982 | 1.99 |10.84 | 4.435 | 1.31 | 0.89 | 0.75 | 0.20 | o.28 18.58 2.759

- 8 -



Tehle_T-4.

VIRTUAL PCPULATION

UKII: Year-1

ANALYSIS

FISHING MORTALITY COEFFICIENT

1972

N.N43
3.510
N.559
0.548
N.674
O.o72
n.538n
U.540

+ NGOG VNN =

~
~ [N
=

¢ 2= N.556

1973

n.n1o
0.238
n.512
0.41¢
n.snz
0,400
N.420
0.42u

Nn.40n0

1974

0.158
u.906
1.017
u.939
N.720
u.76U
n.930
u.93Uu

N.v20

MANX HERRING

NATURAL MORTALITY COEEFICIENT

1975

N.061
U.831
N.971
U.s35
n.9nn
U.o6Bo
0.870
J.s7u

0879

1976

N.149
U.g06é
1.1M6
12121
N.897
U, 9yi
N.95n0
U.9sU

0.937

kkkx VPA wexx

1978

n.ns2
u.ou7
0.993
U.vs3
N.729
1.117
g.7n0
U.7uu

n.722

1979

N.100
0.651
N.927
0.,88U
N.841
1.197
N.8n0
U.s0u

N.881

U.1u

1980

0.019
1.277
1.501
U.s59
1.124
U. s01
1.000
1.0U0

1194

1931

n.054
0,430
n.350
0.432
N.435
U.446
0.450
U.45U

0.449

1982

Q.070
U.suu
N.300
U.3uu
n.200
0.30uU
0.300
0.300

3
.

(&8
w
w

- Gg -



Tahle_7.5. ANX HEKRRTHG
VIRTUAL POPULATION ANALYSIS wkdk VPN ddonk

STOCK SIZF TN NUMBERS UMTI: MILLIONS
ittt BINMASS UWIT: THOUSAND TONNES

TOTAL STOCK 1 JANUARY « SPAWNING STOCK AT SPAWNING 1TIME
PROP.OF ANNUAL F 1.000 PROP.OF ANNUAL 1 0,750
1972 1973 1974 1975 1976 1977 1978 1979 1940 1931 1982 1983
1 9U.5 137.5 93.2 Tul. b 7Tu.9 97.u f5.U 40,2 30.1 4l ? U9 kb hkkk
2 1mnye.3 Th. b 168.0 7.0 35.5 55.3 4.5 6h. 4 32.9 32.U 344 26.1
3 03,6 59 .4 53.2 61 .4 23.4 32.5 TR.9 30.7 24.9 8.3 17.9 20.9
4 23.U 32.9 32.2 17.4 21.0 9.3 1u.3 6.3 13.2 6.1 5.3 12.0
5 2R.N 14,6 19.6 10.8 6.8 6.2 2.9 3.5 d.h 5.0 5.6 3.6
6 13.8 12.9 $.U 5.7 4.0 2.5 1.9 1.3 (I u.7 3.0 2.4
7 4.7 6.4 7.8 4.4 5.9 1.3 1.2 Nn.o n.3 nN.6 N.4 2.0
3+ 3.0 4.3 1.6 2.h 1.8 1.7 u.7 0.4 u.2 u.4 T 1.U
TOTAL NO 340.9 396.4 83,08 2705 222 .4 205.9 135.4 15%.4 111.2 Z.4 Yo.7
SSB  MO. 133.4 130.4 1407.8 65t 55.3 37.1 50.5 43,6 21.5 31.5 42.9
TOT.RIOHN 6N, 7 64 .4 66 .8 46.7 37.5 32.4 29.3 25.9 158.8 14.9 6.3
SSB BIOH 26.5 26.53 20.% 1%3.5 10.6 7.2 9.2 8.1 4.2 6.N 8ok
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VIRTUAL POPULATIOMN AMALYSIS

*kkx VPA dwkn

CATCH IM MNUMBERS UnlIT: ALLLIONS
1972 1973 1974 1975 1976 19v7 1908 1979 1yun 1981
) (5.4 5U.2 57.9 2.3 TU. b 26.4 2U.8 U.u .l u.U
1 57.n 4N, 4 30.5 21.7 25.4 16.5 .y ¥ 5.2 3.0
2 4.9 14,04 13.0 V.3 8.7 G.U 4> 2.9 2.9 4.1
3 n.9 15.5 7.2 2.3 A 2.k a0 2.2 2.1 0.9
4 1.9 U, 5.1 Tt 1.6 u.9 u.6 (Vs 1.2 u.v
5 n.6 104 1.0 1.7 0.7 n.¢6 0.3 n.3 n,4 0.6
6 0.3 T.u u.9y u.l U.é .3 U.1 u.2 u.3 Ul
7 N.7 n.s N.6 n.z 0.1 0.1 0.1 n.a 0.2 0.1
3 0.1 1.4 L.2 u.2 [V U1 L.u u.1 [V | (V|
Y+ n.z n.2 N.4 0.1 0.1 0.0 0.0 0.0 0.n g.0n
roTaAL 1355.1 125.u0 117.2 63.% Su.9 53.1 4U.3 14.6 12.4 9.6
TabIGZLZL MOURNE HERRING
VIRTUAL POPULATION ANALYSIS kkkk VPA *xkk
UNIT: Yerar-1
FISHING MORTALITY COEFFICIEHNT LNATUKAL MORTALITY COEEFICIERT = .10
1972 1973 1974 1975 1976 1977 197y 1979 1980 1981 1982
Q 0.757 0.667 U.8U3 U.4uy U.282 L.754 u.751 [VIRVIV IS U.uul 0.ub0 U.u0u
1 n.831 1.032 0,997 1.051 1.132 0.8206 0.i22 U.658 U.4U4k 0.128 g.13u
? U.449 n.780 1.114 n. 863 1.059 n.ond N.499 N.422 0.4069 n.s75s n.zon
3 0.289 1,065 1.709 U.e3u U.3818 v.317 Uu.7489 0.43U U.545 0.215 0. 30U
A n.471 Nn.%99 1.103 0.577 N.305 N.465 0.431 N.o2o0 0.411 n,3%2 n.30n
5 3.231 0.675 1717 1.370 U.564 u.r2u u.240 0.354 U.925 0.315 G.300
6 0.2 34 N.b4c 1.127 n.zé6n 1440 N, 445 0.217 n.220 N.574 N.423 n.30n
7 G.315 0.924 U.919 Uu.737v .397 2.17u u.232 U.312 u.242 0.242 0.30U
3 n.4en N.R870 1.110 N.310 0.920 n.7en n.0np n.s4c N.390 n.zan n.3n0
9+ 0.420 0.370 1.110 U.stu u.y2n U.7vu U.uuu .340 0.590 1.2U0 U.30U
C 2= 74 n.420 N.R65 1.10%8 N.¥14 D.v27 n.3ne N.515 n.425 N.49 Nn.422 n.30u

TYR2

DCocITCcSoc=uvnC
.
D=DPrPpxhN=C

-
-
.

w

1972-79

U.553
L.y26
N.760
0.741
n.610
U.659
N.583
0.751
N.655
0,655

_Lg._



TahleZ7.8..

VIRTUAL POPULATION

STOCK SIZE 1IN

TOTAL STOCK 71 JANUARY + SPAWNING STOCK AT SPAWNING

PROP.OF ANNUAL F PROP.OF AWNUAL M

J

1

2

3

4

5

6

7

A

Y+

TOTAL NO
SSB KO.
T0T.RIOY
SSB RIO"

283
47
22562
3225

ANALYSIS

MUMBERS

n.95n

1973

108

UNTT:
BIOMASS UNIT:

1974

1u9
50
21
1M

SO == NI

2n5
21
1699U
3541

MOURNE HERRING

1975

63
4t
17

5}

A
S

2
0

caoC

133
1¢
12126
20938

MILLIONS
TONNES

1976

T4
1U244
2428

Thkh VPA wdkak

TINE
n.750

1977

52

20

-
~D

k=N IR e

1ne
13
8391
2148

1979

13
18

coCc = =NNC

55
15
62 44
2763

1981
30

mn

o DN W

2n
7096
4417

1982 1933
U s e s e e
27 U
21 21
5 14
3 3
2 2
2 1
u 1
0 n
u U
6U
2
914U
5149

- gg —
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Table 8.1 Landings of Icelandic summer spawning
herring 1973-1982 in tonnes x 102

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

0.2 1.2 12.8 17.8 28.7 37.3 45.1 53.3 39.5 53.8

Table 8.2 Catch in number, millions, Icelandic Summer Spawners

1969-1982.
AGE 1969 1970 1971 1972 1973 1974 1975
4,320 2,003 8.774 0,176 0,001 0.001 14,465

784410 22,344 13,071 0,385 0,172 3,681 1.977

el

3 8,274 33,965 54439 0,157 0,734 0,814 30,858
4 9.178 4,500 13.688 0,195 0.113 0,972 64266
S 10,015 2.734 3.040 0.316 0.018 040920 74628
é 2,841 4,419 14563 0.056 0,014 0,048 0.833
7 1.389 14145 3.276 0,033 0.006 0,002 0,427
8 1,179 0,531 0,748 0,029 0,006 0,001 04333
9 0,609 0.604 04250 04016 04003 0.001 0+110
10 0,424 04195 04103 0.011 0,003 04001 0,004
11 0,286 0,103 0,120 04004 0,001 0,001 04001
12 04139 0,076 0.001 0,001 0.001 0,001 0,001

13 04109 0,061 0,001 0,004 0,001 04001 0,001

14 0,074 0.051 0,001 0,001 0,001 0,001 04001
JUVENILE 78,943 23,167 16.899 0,449 04070 3,219 3.834
ADULT 34,504 49,564 33,176 04935 1,004 2,396 46,068
TOTAL 113,447 72,731 50.075 1,384 1,074 5612 49.902

AGE - 1976 1977 1978 1979 1980 1981 1982
1 0,632 0,683 24607 04919 3,239 24279 0,431
2 10,136 18,264 22,318 14,932 14,768 4,622 184245
3 4,022 23,400 504469 47,038 21,370 16,745 26.729
4 354142 10,080 13,703 68,968 62,509 12,107 364400
9 74214 44,913 B8.648 16,270 674245 364813 15.807
6 S 641 64525 394085 74915 11,879 41,851 364427
7 1,076 5,252 74178 254753 94557 7.288 41,621
8 0,451 1,352 64288 3.016 20,012 4,855 64479
9 0,305 0,508 1.599 1.848 1,849 134395 64307

10 0,138 04351 0,916 0,489 1,507 1,030 ?4943

11 0,095 0,026 04396 0+434 0.718 0.883 2,238

12 0,001 0,124 0,017 0,032 0,001 04759 0.565

13 0,001 0,001 0,025 0.053 0.113 04101 0.071

14 0,001 0,001 0,050 0,006 0,081 0+062 04201
JUVENILE 74853 21,626 354135 32,648 18,978 12,744 214764
ADULT 55,002 89,856 118,164 155,025 195.870 130,046 179,700
TOTAL 64,835 111,482 153,299 187,673 214.848 142,790 201,464




Table 8.3
AGE 1969
i 82.0
2 15740
3 195.,0
4 264,0
] 284,0
é 304,0
7 33240
8 37240
? 37940
10 39040
i1 3760
i2 401.0
13 40940
i4 414.0
AGE 1976
i 103.0
2 18940
3 243.0
4 281.0
] 30540
) 33540
7 351.0
8 35540
9 39540
10 36340
11 39640
12 32640
13 39640

39640

Weight at age, in grammes.
1969-1982.

1970

85,0
169.0
21640
263,0
31240
32940
338,40
35740
37840
396.0
40840
425.0
430.,0
45040

1977

84.0
15740
21740
261.0
28540
313.0
32640
347.,0
364.0
362.0
35840
355.0
40040
420,0
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1971

88,0
165.,0
237.0
273.0
301.,0
324.0
346,0
36840
390.0
40940
412,40
420.0
442,0
450.0

1978

73.0
128,0
1960
247,0
295,0
314,0
339.0
359.,0
360,0
376.0
380.0
425,0
425,0
425,0

1972

9640
17740
27840
33240
35840
379.0
410.0
41940
470.,0
500,0
500.0
500.0
50040
500.,0

1979

7543
145.3
182,4
230.9
284.7
315.7
333.7
350.4
36647
346843
37046
350.0
350.0
450.0

Icelandic summer spawners

1973

90,0
199.0
287.0
27840
337.0
381.,0
380.0
39740
385.0
450.0
45040
450,0
450.0
450.0

1980

6849
115.,3
202,0
232.5
268.,9
31647
35146
360.,4
379.9
382.9
39247
390.0
390.0
320,0

1974

80,0
189,0
262,0
297.0
340.0
332,0
379.0
356.0
407,0
410,0
410,0
423,0
423,0
423,0

1981

60,8
140,9
190, 5
245,95
26846
29746
329.8
35547
36843
40544
381.,5
40040
400.0
400.0

1975

110.0
17920
241.,0
291.0
319.0
339.0
365.0
364.0
407.0
389.0
43040
41640
416.0
41640

1982

6540
141.0
18641
217.3
27347
293.3
323.0
353.8
384.6
388.,7
4004
393.5
390.3
419.5
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Proportion of mature herring in each group. Based on samples taken in Sept. -

Oct. by purse seine and pelagic trawls.

given in the brackets.

The mmber 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
2 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) 10.64 (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
2 0.04 (714) [0.07 (366) | 0.05 (417) { 0.03 (185) |0.05 (718)
3 0.78 (1012)|0.65 (835) | 0.92 (290) [ 0.65 (390) |0.85 (342)
4 1.0 (174) 10.90 (907) | 1.0 (808) 10.99 (178) [1.00 (466)
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Table 8.5

Stock abundance and catches by age groups X 10“6 1982.

Rings Acoustic estimates Catches F82
1 0.4

1)
2 393 18.2 0.05
3 4482 26.7 0.06 (0.12)
4 206 36.4 0.19
5 54 15.8 0.36
6 157 36.4 0.28
7 205 41.6 0.24
8 30 6.4 0.25
9 10 6.3 1.07
10 57 9.9 0.2
10+ 12 3.0 0.3
= 731 C = 155.8 F 0.25

4+

4+

4+ =

1) Based on acoustic estimate Jan. 1983.

2) Based on acoustic estimate Dec. 1980.




Table 8.6

AGE 19469 1970 1971
i 0.104 0. 063 0,130
2 0.844 6.897 0,625
3 0.5é68 1,009 0497
4 046355 0614 1,463
5 0.715 04775 0.999
é 0.827 0,713 1,331
7 0.920 0,850 1,858
8 0,901 14015 3.066
? 0,857 1,727 24373
10 1,149 04655 2,038
11 1,219 0,867 0,989
i2 1,110 1,204 0,015
13 0,799 3.564 0,035
14 0,700 1,000 1,000
AVERAGE WEIGHTED EY STOCK IN NUMBERS

AVE 4-14 0,750 0744 1,474
AGE 1976 1977 1978
1 0,001 0,001 04016
2 0.066 04030 0,051
3 0,037 0,193 0,097
4 0,124 04110 0.148
5 0,135 0,207 04117
6 0,209 0,184 0,249
7 0,143 0,273 0,281
8 0,105 04240 04534
9 0,170 0,148 0,437
10 04161 0,269 0.381
11 0,371 0,037 0,484
12 0,003 1,034 0.028
13 0,152 0,003 04820
14 0,200 0,200 04200

AVERAGE WEIGHTED' EY STOCK IN NUMEBERS

AVE 4-14

Fishing mortalities.

0,135

0.186

~93_
Icelandic summer spawners (herring in Division Vva.)

0,215

1972

0,002
0,007
0,012
0.026
0,020
0,036
0,068
0,055
04677
04652
0,343
0.016
04069
0,040

04049
1979

0,004
0,105
04131
0,167
0.234
04135
0,231
04164
0,261
0,205
0,278
0.057
0,102
0.200

04183

1973

Q5,000
0,002
0,014
0.009
04003
0,005
0,004
04014
0.007
0,225
0.097
04,120
0,018
0,020

0,007
1980

0.011
040865
0,193
0,230
0.218
0,240
0,213
04,282
0,129
0,313
0:461
0,001
0,261
0,200

1974

0,000
0,009
0,012
0,021
0.008
0,007
0.001
0+001
0,003
0,002
0,097
0120
0,152
0+020

0,017
1981

0,005
0,018
0,088
0,143
0,184
0,183
04203
04143
0239
0,088
0,272
1,139
04096
0,200

0.183

1975

0.008
0016
0,089
0,107
0,207
0,089
0,082
0,144
0,102
0.012
0,003
0,120
0.132
04200

0,138
1982

0,001
04050
0.120
0+250
0,250
04250
04250
0,250
04250
04250
0,250
04250
04250
04250
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Table 8.7. Icelandic summer spawners (HERRING in Division Va), VPA
stock size in numbers (x 1é‘ ) and spawning stock biomass
at 1 July.

AGE 1969 1970 1971 1972 1973 1974 1975
1 48,245 34,586 754713 88,797 470,135 144,066 184,483
2 143,544 39,360 29.391 60,174 80,179 425,440 130,344
3 19,980 55,845 14,525 14.230 54,082 72,386 381,455
4 11,264 10,249 18,499 74992 12,726 48,238 64,724
5 20,474 G295 5,016 3.876 74,046 11.408 42,723
é 5.271 ?.059 2.208 1,672 34207 64359 10,237
7 24408 2,086 4,020 0.528 1,460 2,888 5.711
8 2,071 0.868 0.806 0.567 0,446 1,315 2,611
9 1.104 0.761 04285 0,034 0.486 0.398 1.189

10 04646 0,424 0.123 0.024 0.016 0,437 0,359
11 0,422 0,185 0,199 0,014 0.011 0,011 0,374
12 0216 0.113 0.071 04,067 0.009 0,009 0,009
13 0,207 0,064 0,031 0,063 0,060 0,007 0,007

14 0.154 0,084 0,002 0,027 0,053 0,053 0,006
JUVENILE 185,813 71,430 93,469 131,521 499,541 514,288 291,079

Sp.stock
biomass 16 798 20 153 13 824 11 688 30 527 48 835 128 647
AGE 1976 1977 1978 1979 1980 1981 1982
1 721,447 517,770 176,396 272,520 311.851 436,673 453,132
2 165,535 652,189 467.850 187,131 245,712 279,094 392,952
3 116,062 140,150 572,761 402,117 127,993 208,295 248,141
4 315,839 101.194 104,599 470,307 319,174 95,526 172,563
] 924612 252,403 81.989 81,632 360,066 229,478 74,937
b 31,417 40,755 185,752 65,972 58,423 261,978 172,691
7 8,471 23,073 30,4682 130,989 524176 41,391 197.315
8 4,762 64643 15.899 20,953 94,084 38.140 30,715
? 2,047 3,880 4,728 8.+430 16,095 664143 29,900
10 0,971 1.562 3,028 2,763 5.874 12.807 474,137
11 0,321 0,748 1,081 1,872 2,036 3,886 10,610

12 0,356 0,201 0,652 0,603 1.282 1,162 2,679

13 0.007 0,321 0,065 0.574 0,515 14159 0,337

14 0,006 0,006 0.289 0,035 0469 0.359 0,953

JUVENILE 877.068 1175.,134 751.539 568,799 555,517 781,253 854,594
Sp.stock

biomass 143 512 144 477 207 457 243 558 263 523 237 029 248 770
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Table 8.8.

Input parameters used in Catch Prediction for

the Icelandic summer spawning Div. Va herring

Stock in number Proportional Mean weight in catch

Rings at 1/1 1982 F and in spawning stock
1 400 000 0.004 65
2 341 299 0.2 140
3 338 216 0.48 190
4 199 138 1.0 240
5 121 603 - 280
6 52 807 - 300
7 121 694 - 330
8 139 045 - 360
9 21 070 - 380
10 33 217 - 400
11 33 217 - -
12 7 477 - -
13 1 888 - -
14 237 - -
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Figure 2.1.

Length distributions in number per hour
of one year old HERRING in the North Sea
without ‘Moray Firth and Skagerrak.

Dcta from from IYFS.
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re 2.2. Internationzal Young Fish Survey, Febiuaxry 1983,

One-ringed HERRING in numbers per nour, preliminsyy data.
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HERRING larvae sampled by IKMT during IYFS 1983.

No. larvae per haul.
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Annual Yield

A Trends in Yield and fishing mortality (F)

Fi,

e 2.5.

FISH STOCK SUMMARY

Division IVb - HERRING

(stock)

B Trends in spawning stock biomass (SSB) and recruitment.
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Figure 2.7. FISHE S$TOCK SUMMARY Downs HERRING, ICES Divs. IVc and VIId.
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Figure 4.1. FISHE STOCK SUMMARY HERRING -Celtic Sea and Division VITj
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Figure 5.1. Boundaries of new HERRING unit stocks west of Scotland and
Treland.
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Figure 5.3. FISH STOCK SUMMARY

A Trends in Yield and fishing mortality (F)

Herring in Div.VIs, (Norfh), .,

(stock)

B Trends in spawning stock biomass (SSB) and recruitment.
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Figure 5.5. FISHE STOCK SUMMARY Clyde Herring
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Figure 6.2.

FISH STOCK SUMMARY

A Trends in Yield and fishing mortality (F)
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Figure 7.1.FISHE STOCK SUMMARY Manx Herring in Div. VIIa
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Figure 8.1. FISEH STOCK SUMMARY JTcelandic Summer Spayming Herring
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A Trends in Yield and fishing mortality (F B Trends in spawning stock biomass (SSB) and recruitment.
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