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4. CELTIC SEA AND DIVISION Vllj
HERRING

4.1 Introduction

The herring fisheries to the south of Ireland in the
Celtic Sea and Division VIIj have been considered to
exploit the same stock. For the purpose of stock
assessment and management these areas have been
combined since 1982. The areas for which the
assessment is now made, together with the area for
which the TAC is set by the E.U. is shown in Figure
4.1.1. It should be noted, however, that although the
management unit covers all of Divisions VIIg,hj and k
and the southem part of Division VIIa, the total Irish
catch which constitutes over 95% ofthe catch from the
entire management unit is taken from the inshore
waters along the Irish coast.

The Study Group on Herring Assessment and Biology
in the Irish Sea and Adjacent Areas which met in
Belfast early in 1994 proposed a change in the area
over which this stock should be assessed (Anon 1994).
This proposal to alter the area was endorsed by the
Herring Assessment Working Group in 1994 (Anon
1994a). It has not, however, proved possible to
establish revised databases for the 1995 meeting ofthe
Herring Assessment Working Group and consequently
the current assessment covers the same area as in
previous reports.

4.2 The fishery in 1994-1995

4.2.1 Advice and management applicable to 1994
and 1995

In 1994 ACFM considered this stock to be within safe
biological limits and concluded that fishing at current
levels of fishing mortality would lead to Iittle change in
SSB in the immediate future. The catch level suggested
by ACFM for 1994 was within the range 20,000 ­
24,000 t. The TAC subsequently set by the E.U. for
1994 was 21,000 t, which was the same range as that
set each year since 1991. Similarly ACFM did not give
a specific recommendation on a catch level for 1995
and the TAC again agreed by the E.U. was 21,000 t.
The spawning box c10sure system was continued
during 1994 - the box closed being that in Division
VIIj.

4.2.2 The fishery in 1994/1995

The major portion of the catches from this area in
1994/1995 were taken by the Irish fishery during the
spawning season which lasted from October to
February. As has been the case for a number of years
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the lrish fishery is directed towards the Japanese roe
market. The Irish fishery, therefore, continues to be
operated on a seasonal basis and fishing during
1994/1995 was opened on 7 October and c10sed on 27
February. The total Irish quota was sub-divided into
boat quotas on a week by week basis. All vessels
participating in the fishery were again regulated by

. Iicences which restrict landings to specific ports and to
specific times.

As in the 1993/1994 season there appeared to be a
severe scarcity of fish during October and November ­
particularly on the spawning grounds in Division VIIj.
This scarcity continued throughout most of December.
In January fishing improved and shoals were reported
to be abundant on the spawning ground in Divisions
VIIa (S) and VIIg. As in recent years considerable
fishing took place in the northem part of Division Vllj
in January and February and fishermen have reported a
continuing increase in the abundance of winter­
spawning herring in this area.

The maximum number of lrish boats participating in
the fishery during 1994/1995 was 60, compared with
62 in the previous season and 80 in the previous two
seasons.

4.2.3 The catch data

The estimated catches from 1985-1994 for the
combined areas by year and by season (1 April - 31
March) are given in Tables 4.2.1 and 4.2.2
respectively. The total catches for the fishery from
1958 to 1994 are shown in Figure 4.2.1. The reported
catches, including estimates of discards and
unallocated landings, taken during 1994/1995 were
about 19,000 t which was very similar to the figure of
the previous season. Landings have been reasonably
stable for a number of years and have averaged about
21,000 t since 1988. The level of discards in the fishery
is believed to have decreased in recent years due to the
increased ability of fishermen to avoid herring shoals
which are not considered suitable for the "roe" market,
and also to an improvement in the markets for "non
roe" herring. Observers were again placed on
commercial vessels throughout the season as part of an
EU funded project. The results of this project are not
yet available but preliminary indications confirm that
the level ofdiscards in the Irish fishery accepted by the
previousWorking Groups of 10% is satisfactory.

4.2.4 Quality of catch and biological data

Management authorities are confident that the accuracy
of the landing statistics has increased considerably for
this fishery in recent years. During 1994/1995 no
misreporting of catches to thc adjoining Division Vllb
took place because of the very poor fishing
experienced along the boundary between Divisions
Vllb and Vllj. Biological sampling of the catches in
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general was satisf~ctory although the fishery which
developed in Division VIlj in Januai-y 1995 \vas not
adequately sampled. Details of the sampling data per
quarter are shown iri Table 4.2.3, while the length
distribution of the catches taken by the Irish fleet per
quarter are shown in Table 4.2.4.

4.2.5 Catch in mimber at age

be consistent with the reports from the fishery. The
estimates obtained from the 1994/1995 surveys \~'ere:

Total stock biomass 51,800 t and Spawning stock
biomass 50,600 1. These stock estimates were
converted to numbers at agci using the method
described for this stock by the Working Group in 1994
(Anon 1995a). The stock numbers at age, together with
those obtained from previous surveys, are shown in
Table 4.4.1.

4.3 l\1ean Weight at Age

As the major portion of the catch from this fishery is
taken during the spawning fishery the mean weights at
age in the catches have traditionally been taken as the
mean weights in the stock at spawning time (1
October). The mean weights are shO\vn below for the
last four seasons and appear to be reasoriably stable.

The total catches in numbers at age, including discards,
per season are shown in Table 4.2.5 from 1958-1994.
The. catch for 1994/1995 was dominated by the
1990/1991 year class, i.e. 3-ring fish. This year class,
which constituted over 70% of the catches during
1993/1994, constituted nearly 50% of the catches
during 1994/1995. Over 88% of the catches in
1994/1995 were composed of 1, 2 and 3-ring fish.

Acoustic surveys have been carried out on this stock
each year since 1989/1990. Two sUrVeys were again
carried out during the 1994/1995 season by the R. V.
Lough Foyle and the results were presented by Molloy
et alt (W.D. 1995). The surveys are designed to
estimate the size of the autumn and winter-spawning
components separately - the combined estimate being
considered the size ofthe total spawning stock. Herring
shoals during both surveys appeared less abundant and
less dense than those observed during previous
surveys. This was particularly so during the November
survey when virtually no adult shoals were located.
The difficulties encountered during these surveys - e.g.
double counting, species mixing, timing, bad weather
and area distribution of shoals have been described in
previous working group reports. In November there
was some evidence from a French research vessel
suivey that shoals were distributed much further
otrshore than usual and during 1995 the January
survey did not cover Division Vllj where important
catches were taken at that time. Nevertheless, the
surveys have been carried out consistently and the.
results obtained from the 1994/1995 survey appear to

4.4.2 Rcsults of Asscssnicnts

Tbe integrated catch analysis program (lCA) was used,
as in 1994, in this assessment to reconstruct the stock
size in this area. In the analysis the age-disaggregated
data froin the acoustic surveys from 1990/1994 to
1994/1995 were used as the only. tuning index
available. The 0 and I-ring fish are excluded from the
analysis as they are not believed to be fully recruited to
the Celtic Sea from Division VIla (N). The analyses
carried out at the 1994 Working Group meeting
indicated that using the acoustic surveys as. a
proportional index of stock abundance provided the
best fit to the ICA model. This approach was again
adopted and the results of this run are shown in Table
4.4.2 and results from the ICA model are shown in
Figures 4.4.1,4.4.2 and 4.4.3.

Tbe estimated spawning stock size in 1994 from the
ICA model is 45,000 1. Tbis is considerably lower than
that estimated at the 1994 meeting of the Working
Group which calculated that the spawning stock in
1994 would be 59,000 1. There has also been a very
dramatic change in fishing mortality and the average
level in the three recent years is higher than in any
corresponding period since 1976. Tbe 1990/1991 year
dass which appeared to be very strong when it was
first evident in the acoustic surveys as 0 and I-ring fish
does not now appear to be exceptionallY abundant. It is
difficult to explain the decrease which the ICA model
suggests has occurred in the stock. An examination of
the residuals about the model fit shows that in 1994 the
separable model residuals in 1993 and 1994 contain
unusually high numbers of negative values. These
negative values are also apparent in the aged index
residuals for 1994 which were not present in 1993.
Tbis suggests that the numbers at age in the acoustic
survey estimates have decreased too rapidly compared
with the expected d~cre~s.e in the numbers at age in the

Tbe acoustic surveys have again indicated the presence
of the strong 1990/1991 year class which has been a
feature of the fishery since 1991/1992. This year class
was, as already mentioned, also. abundant in the
catches ofthe commercial vessels. Tbe presence ofthe
year dass each season, inspires some confidence in the
surveys as an indication ofthe age structure ofthe total
stock. Tbe low abundance of the 1992/1993 and
1993/1994 year classes in the 1994/1995 surveys may,
therefore, be a potential cause for concern.

7 8
229 237
212 228
210 225
218 217

4 5 6
172 190 206
177 191 194
178 201 204
179 190 210

3
168
150
155
168

I 2
92 128
96 123
92 129
97 135

4.4.1 Ac:oustic surveys

4.4 Stock Assessment

1991-1992
1992-1993
1993-1994
1994-1995

Season

•

•
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catch. Tbis in turn suggests that the 1994/1995 acoustie
surveys underestimated the stock size or else the
catches in the same year were underestimated.

Tbe difficulty in interprcting the survey data has
already bccn mentioncd. During November 1994,
while the ofTshore area was extended, it was not
possible to include that area in whieh the Frcnch
research vessel had reported herring concentrations. In
addition the January 1995 survey did not extend into
Division VIIj.

Considerable doubts about the accuracy of the catch
data for this fishery have been expressed by the
Working Group on a number of occasions and major
revisions to the catch statistics have been made.
Management authorities are confident that the landing
statisties have improved in recent years but doubts are
still expressed by the Working Group about the
accuraey ofthe total catch.

4.5 Rccruitment Estimates

There are no recruitment indiees available for this
stock which can be used for predietive purposes. In the
absence of this infonnation the Working Group in
1994 used the geometrie mean value ofthe numbers of
I-ring fish from 1983 to 1992, excluding the
exceptionally strong 1990/1991 year class, for
predictions. The results from the acoustie surveys
suggest that recent year classes may be below average
size. It was, therefore, considered advisable to accept a
conservative rccruitment level in the 1995 predietion.
Accordingly the geometrie mean value over the period
1988-1993 was uscd. Tbis was calculated as 340
million I-ring fish compared with 517 million used in
1994.

4.6 Short-tcrm Projections

Stock and catch projcctions werc carried out for 1996
and 1997 using the stock in numbers at age at I
January generated from the ICA model and using the
mean geometrie recruitment of 340 million I-ring fish
for 1996 and 1997. It was decidcd because of the
uncertainty about the stock size and the lack of
infonnation about recruitment that only short-tenn
predictions should be carried out:-

I. A single option prediction in whieh catches in
1995 to 1997 were fixed at the 1995 TAC of
21,0001. Tbe results show that the spawning
stock will decrease from 42,700 t in 1995 to
35,000 t in 1996 (Table 4.6.1).

2. A predietion with management option tables
for 1996 is also shown. If the spawning stock
is to be maintained at the 1995 level then
catches in 1996 should be restrieted to about
10,000 t (Table 4.6.2).

172

Tbe yield per recruit curve and stock summary
diagrams are shown in Figures 4.6.1 and 4.6.2.

4.7 Management Considerations

4.7.1 Evaluation ofspawning box c10sures

The system of rotating closures of selected spawning
grounds was first introduced in this fishery during
1989 and has been continued each season since then.
The reason why it was thought necessary to introduce
this management measure was because of the concern
that the development of a "roe" fishery might cause a
very high fishing mortality on spawning fish. The
selection of the spawning boxes to' be closed and the
timing of the closures have been described and
discussed at a number of Working Group meetings ­
particularly those of 1989 (Anon 1989), 1991 (Anon
1991) and 1992 (Anon 1992). Apart from some minor
changes in the boundaries of the boxes and the timing
ofthe closures the system has remained unaltered since
its introduction.

In 1991 ACFM questioned the benefits that may arise
from a continuation ofthis measure and whether it was
possible to evaluate them in tenns of increases in
spawning stock sizes. In 1992 the Working Group
examined this question and stated that it was unable to
quantify the effects of these measures because only
part ofthe spawning areas were closed each season and
because fishing effort may have been transferred to the
adjacent areas. I1owever, it was feIt that fishennen
generally respected the regulations and consider them
as a necessary method ofconservation.

At present the situation is similar to that of 1992 - i.e.
there is no way of detennining how efTective these
spawning box closures are. During 1994 the box closed
was that off the southwest of Ireland and during the
time of the c10sure (the first fortnight in November)
reports (rom the acoustie surveys suggested that there
were 00 spawning hcrring in this area. The benefit of
this closure " therefore, was minimal. It has been
suggested that the length of the closures (14 days) is
too short to ensure any measure of conservation
because any 'change in timing of spawning may mean
that shoals may arrive on the spawning beds before or
after the spawning closure. It also seems clear that an
extension ofthe closed period or an enlargement ofthe
closed boxes would almost certainly create a diversion
of efTort to an adjacent area.

In the circumstances the Working Group is reluctant to
advise that this conservation measure should be
discontinued - particularly in view of the history of
stock collapse in the area - without the introduction of
some othcr effective method of effort control. A more
efTective measure ofreducing mortality would possibly
be to reduce the number of vessels participating in the

•
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fishery and to ensure that the TAC is taken over a
Jonger period than at present.

4.7.2 Risk Analyses and Medium-term Projection

As there is no method of predicting recruitrnent for this
stock it is not considered realistic to carry out risk
analyses and medium-term projections.

4.7.3 Potential for multispecies or multiannual
options

In common with other stocks around Ireland the
herring in this area are taken in a single species
directed fishery species with no by-catch. There is no
information from this area about predation on herring
by other species. There is, therefore, no potential in
considering the stock for muJtispecies assessment.

The large fluctuations in the stock biomass and similar
fluctuations in recruitrnent and fishing mortality would
create difficulties in providing multiannual catch
options.

4.7.4 Appropriateness of controls on catch and
fishing effort

Most of the catches in this area are taken by the Irish
fleet. Landings are controlled by boat quotas, weekend
c1osures, seasonal c10sures and designated landing
places. There are, however, only Iimited restrictions on
the number ofvessels participating in the fishery which
means that boat quotas are often economically
unviable. In these circumstances under-reporting of
landings is often possible, unless there is strict
surveillance of vessels at sea and ashore. The situation
could be improved by Iimiting the number of vessels
licensed to participate in the fishery.

The attempt to control effort by the introduction of
spawning box c10sures has been discussed in Section
4.7.1.

There are no controls on discarding herring at sea and
at present this still remains a legitimate practice.
Attempts to eliminate this have been introduced by the
delayed opening of the season and by the c10sure of
certain areas when no marketable herring were being
taken. .
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Table 4.2.1 Celtic Sea and Division VlIj HERRlNG ]andings by ca]endar year (t) 1985-]994. (Data
provided by Working Group members.) ,

These figures rnay not in all cases correspond to the official statistics and cannot be used for
management purposes.

Year France Germany Ire]and Netherlands U.K. Unallocated Discards Tota]
]985 600 11,000 4,600 3,100 19,300
1986 13,300 + 6,]00 3,900 23,300
1987 800 15,500 1,500 5,300 4,200 27,300
1988 16,800 2,400 19,200
1989 + 16,000 1,900 1,300 3,500 22,700
1990 + 15,800 1,000 200 700 2,500 20,200
1991 + 100 19,400 1,600 600 1,900 23,600
1992 500 18,000 100 + 2,300 2,100 23,000
1993 19,000 1,300 + -1,100 1,900 21,100
19941 + 17,400 1,300 + -1,300 1,700 19,100

1 Preliminary •TabJe 4.2.2 Celtic Sea and Division VIlj herring landings (t) by season (1 April - 31 March). (Data provided by
Working Group members).

These figures may not in all cases correspond to the offical statistics and cannot be used for
management purposes.

Year France Germany Ireland Netherlands u.K. Unallocated Discards Total

1985/1986 600 12,000 4,500 3,300 20,400
1986/1987 14,700 + 6,100 4,200 25,000
1987/1988 800 15,500 1,500 4,400 4,000 26,200
1988/1989 17,000 3,400 20,400
1989/1990 + 15,000 1,900 2,600 3,600 23,100
1990/1991 + 15,000 1,000 200 700 1,700 18,600
1991/1992 500 100 21,400 1,600 -100 2,100 25,600
1992/1993 18,000 1,300 -100 2,000 21,200.
1993/1994 16,600 1,300 + -1,100 1,800 18,600
1994/1995 + 17,400 1,300 + -1,300 1,900 19,300

Table 4.2.3 Celtic Sea, Division VlIj (1994 - 1995). Sampling intensity of cornmercial
catches.
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Country

Ireland Q 4.94

Q 1.95

Netherlands Q 2.94

Catch (t)

12,300

7,100

1,300

NO.of No.of NO.of Aged per Estimates
sampies age fish 1000 t of

readings measured discards

51 1,298 8,763 105 Yes

35 742 5,801 105 Yes

1 25 126 19 Yes



Table 4.2.4 Celtic Sea and Division VlIj. Length distribution (including discards) of Irish
catcheslquarter (thousands).

Length Division VlIa South Division VlIg Division VlIj

Q494 Q195 Q494 Q195 Q494 Q195

18 6

19
27 18

20 108 18 92
261 24 156 203

21 611 48 414 474
1,222 72 341 29 15 541

22 1,465 269 460 88 37 406
1,411 436 479 118 59

• 23 1,024 746 534 304 67
943 1,391 469 441 67 68

24 1,375 1,552 672 833 111 406
1,582 2,262 957 1,029 97 203

25 2,256 2,430 1,390 1,784 171 677
2,624 2,340 1,951 2,009 579 812

26 3,541 2,895 3,921 2,892 1,590 2,099
3,334 2,967 4,400 2,911 2,347 1,083

27 2,741 2,364 5,652 3,048 3,654 1,015
1,492 1,427 3,351 1,568 3,082 135

28 1,096 740 2,246 1,078 2,414 135
773 221 801 323 1,122

29 503 101 700 216 966 68
225 72 312 118 535

30 108 30 203 49 334
36 12 46 134

31 37 22
9 7

e 32 7

Total 28,775 22,421 29,604 18,840 17,418 8,326
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Herring South end South ~est of lrelend (Celtic Sea + Vllj)
11:44 Friday, March 31, 1995

Table 4.2.5

Catch in Humbers (Thousands)

(CAHUM)

Year Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9

1958 1642 3742 33094 25746 12551 23949 16093 9384 5584
1959 1203 25717 2274 19262 11015 5830 17821 3745 7352
1960 2840 72246 24658 3779 13698 4431 6096 4379 4151
1961 2129 16058 32044 5631 2034 5067 2825 1524 4947
1962 n2 18567 19909 48061 8075 3584 8593 3805 5322
1963 297 51935 13033 4179 20694 2686 1392 2488 2787
1964 7529 15058 17250 6658 1719 8716 1304 sn 2193
1965 57 70248 9365 15757 3399 4539 12127 13n 7493
1966 7093 19559 59893 9924 13211 5602 3586 8746 3842
1967 7599 39991 20062 49113 9218 9444 3939 6510 6757
1968 12197 54790 39604 11544 22599 4929 4170 1310 4936
1969 9472 93279 55039 33145 12217 17837 4762 2174 3469
1970 1319 37260 50087 26481 18763 7853 6351 2175 3367
1971 12658 23313 37563 41904 18759 10443 4276 4942 2239
1972 8422 137690 17855 15842 14531 4645 3012 2374 1020
1973 23547 38133 55805 7012 9651 5323 3352 2332 1209
1974 5507 42808 17184 22530 4225 3737 2978 903 827
1975 12768 15429 1n83 7333 9006 3520 1644 1136 1194
1976 13317 11113" 7286 7011 2872 4785 1980 1243 1769
19n 8159 12516 8610 5280 1585 1898 1043 383 470 •1978 2800 13385 11948 5583 1580 1476 540 858 482
1979 11335 13913 12399 8636 2889 1316 1283 551 635
1980 7162 30093 11726 6585 2812 2204 1184 1262 565
1981 39361 21285 21861 5505 4438 3436 795 313 866
1982 15339 42725 8728 4817 1497 1891 1670 335 596
1983 13540 102871 26993 3225 1862 327 372 932 308
1984 19517 92892 41121 16043 2450 1085 376 231 180
1985 17916 57054 36258 16032 2306 228 85 173 132
1986 4159 56747 42881 32930 8790 1127 98 29 12
1987 5976 67000 43075 23014 14323 2716 1175 296 464
1988 2307 82027 30962 9398 5963 3047 869 297 86
1989 8260 42413 68399 19601 8205 3837 2589 767 682
1990 2702 41756 24634 35258 8116 3808 1671 695 462
1991 1912 63854 38342 16916 28405 4869 2588 954 593
1992 10410 26752 35019 . 27591 10139 18061 3021 6285 689
1993 1608 94061 9372 10221 4491 2790 5932 855 508
1994 12130 35768 61737 3289 3025 4m 1713 1705 474



Table 4.4.1 Total stock at age estimated from acoustic surveys (106
).

W.Rs 1990/1991 1991/1992 1992/1993 1993/1994 1994/1995
0 204.8 213.8 141.8 258.8 41.3
1 131.6 62.6 426.9 217.1 38.0
2 249.0 195.2 117.0 437.9 127.2
3 108.6 94.7 87.8 58.7 160.3
4 152.5 54.0 49.6 63.4 10.5
5 32.4 84.8 22.2 26.0 10.6
6 14.9 22.1 24.2 16.3 6.5
7 6.1 5.3 9.6 24.6 1.6
8 2.5 6.1 1.8 2.3 2.6
9+ 1.5 1.1 1.7 0.5
Total 1904.9 738.6 882.0 1,106.8 399.1
TSB (OOO't) 103.0 84.4 88.5 104.0 51.8
SSB (OOO't) 91.0 77.0 71.0 90.0 50.6•

•
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Table 4.4.2 Celtic Sea I VIIj

CATCH NUMBERS AT AGE (Hillions)
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

1 13. 8. 3. 11. 7. 39. 15. 14. 20. 18. 4. 6. 2. 8. 3. 2. 10. 2. 12.
2 11. 13. 13. 14. 30. 21.' 43. 103. 93. 57. 57. 67. 82. 42. 42. 64. 27. 94. 36.
3 7.' 9. 12. 12. 12. 22. j 9. 27. 41. 36. 43. 43. 31. 68. 25. 38. 35. 9. 62.
4 7. 5. 6. 9.

~:
,6. 5. 3. 16. 16. 33. 23. 9. 20. 35. 17. 28. 10. 3.

5 3. 2. 2. 3. 4.i 1. 2. 2. 2. 9. 14. 6. 8. 8. 28. 10. 4. 3.
6 5. 2. 1. 1. 2. 3. 2. O. 1. O. 1. 3. 3. 4. 4. 5. 18. 3. 5.
7 2. 1. 1. 1. 1. 1. 2. O. O. O. O. 1. 1. 3. 2. 3. 3. 6. 2."
8 1. O. 1. l. 1. O. O. 1. O. O. O. o. O. 1. 1. 1. 1. 1. 2.
9 2. O. O. 1. 1. 1. 1. O. O. O. O. O. O. 1. O. 1. l. 1. O.,

I
INDICES OF SPA~NING STOCK BIOHASS

0

AGE . STRUCTUREO INOICES
INDEX : 1 from 1990 to 1994

1990 1991 1992 1993 1994

2 •249E+06 .195E+06 .117E+06 .438E+06 .127E+06
3 .109E+06 .947E+05 .878E+05 .587E+05 .160E+06
4 .153E+06 .540E+05 .496E+05 .634E+05 .105E+05
5 .324E+05 .848E+05 .222E+05 .260E+05 .106E+05
6 .149E+05 .221E+05 .242E+05 .163E+05 .650E+04
7 .610E+04 .530E+04 .960E+04 .246E+05 .160E+04
8 .250E+04 .610E+04 •180E+04 .230E+04 .260E+04

FISHING HORTAlITY
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 : 1989 1990 1991 1992 1993 1994

1 .1062 .0766 .0331 .0780 .0804 .1628 .0373 .0298 .0556 .0585 .0123 .0091 .0094 .0161 .0131 .0185 .0241 .0200 .0278
2 .3034 .2357 .3005 .4013 .5541 .6738 .4816 .6934 .5248 .4015 .4733 .4994 .2847 .4761 .3874 .5470 .7128 .5917 .8247
3 .4481 .4361 .3949 .5400 .7636 1. 1662 .7131 .6994 .7282 .4286 .6489 .8905 .4891 .5931 .4826 .6815 .8881 .7371 1.0275
4 .5635 .6492 .5337 .5243 .5874 .9907 .8515 .5982 1.2081 .6714 .8337 .8495 .4596 .6131 '4989 .7044 .9180 .7620 1.0621
5 .4738 .2103 .3609 .5164 .2858 .9009 .7133 .8528 1.1532 .4701 .8651 .9809 .4852 .5520 I }4492 .6343 .8266 .6861 .9563
6 .7048 .5839 .2754 .5102 .8405 .5898 1.1615 .2905 1.9646 .2544 .3921 .6357 .4999 .6609 .5378 .7593 .9895 .8214 .1.1449
7 .9123 .2842 .2876 .3629 1.0756 .7457 .5652 .6521 .5576 .7672 .1482 .8013 .3781 ", .8204 .6676 .9426 1.2284 1.0196 1.4212
8 .5287 .3855 .3548 .4704 .6435 .8334 .7257 .6317 .9927 .4777 .5723 .7564 .4220 .~931 .4826 .6815 .8881 .7371 1.0275
9 .5287 .3855 .3548 .4704 .6435 .8334 .7257 .6317 .9927 .4777 .5723 .7564 .4220 .5931 .4826 .6815 .8881 .7371 1.0275

NUMBERS AT AGE (HilI ions)
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

•



Table4.4.2 Celtic Sea I V1Ij (continued)

1 207. 174. 136. 237. 146. 409. 660. 728. 568. 496. 536. 1044. 39L 451. 379. 156. 710. 208. 698. 395.
2 49. 69. 59. 48. 8L 49. 128. 234. 260. 198. 172. 195. 380. 142. 163. 137. 56. 255. 75. 250.
3 22. 27. 40. 32. 24. 34 19. 59. 87. 114. 98. 79. 88. 212. 66. 82. 59. 20. 105. 24.
4 17. 12. 14. 22. 16. 9 9. 7. 24. 34. 61. 42. 27. 44. 96. 33. 34. 20. 8. 3L
5 8. I 9. 5. 7. 12. 8. 3. 3. 4. 6. 16. 24. 16. 15. 22. 53. 15. 12. 8. 3.6 10. 4. 6. 3. 4. 8,1 3. 1. 1. L 4. 6. 8. 9. 8. 12. 25. 6. 6. 3.7 3. 4. 2. 4. 2. 2. 4. 1. L O. 1. 2. 3. 4. 4. 4. 5. 9. 2. 2.8 3. 1. 3. 2. 3. 1. 1. 2. O. O. O. 1. L 2. 2. 2. 1. L 3. 1.9 3. 3. 3. 4. 3. 3. 1. 1. L 1. 1. O. O. L 1. 2. 2. L 1, L

STOCK SUMMARY
....... _............. -

Year Recruits Total B Spawn B Landings Yld/SSB Ref. F
x10'6 tonnes tonnes tonnes Fbar 2- 7

1976 207. 47953. 27054. 9771. .3612 .5677
1977 174. 45877. 27694. 7833. .2828 .3999
1978 136. 42725. 27468. 7559. .2752 .3589
1979 237. 52874. 29282. 10321. .3525 .4759
1980 146. 45340. 27830. 13130. .4718 .6845
1981 409. 70245. 31414. 17103. .5444 .8445
1982 660. 107204. 47451. 13000. .2740 .7477
1983 728. 140669. 68718. 2498L .3635 .6311
1984 568. 112678. 6215L 26779. .4309 1.0227
1985 496. 107641. 61094. 20426. .3343 .4989
1986 536. 119706. 6551L 25024. .3820 .5602
1987 1044. 157007. 74574. 26200. .3513 .7762
1988 39L 114425. 74419. 20447. .2748 .4328
1989 45L 11194L 66088. 23254. .3519 .6193
1990 379. 93231. 57498. 18404. .3201 .5039
1991 156. 66221, 45778. 25562. .5584 .7115
1992 710. 99563. 44755. 21127. .4721 .9272
1993 208. 64868. 4123L 18618. .4515 .7696
1994 698. 100950. 45026. 19300. .4286 1.0728

PARAMETER ESTIMATES +/- SO

Separable Model: Reference F by year
1 1989 .5931 .5204 .6759
2 1990 .4826 .4237 .5498
3 1991 .6815 .6041 .7688
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o Table 4.4.2 Celtic Sea I Vllj (continued)

4 1992 .8881 .7929 .9947
5 1993 .7371 .6510 .8347
6 1994 1.0275 .8675 1.2169
Separabl e Mode I : Selection (S) by age
7 1 .0271 .0185

\
\ .0396

8 2/ .8027 .6938 j .9286
3 1.0000 Fixed : RefFrence age

9 4 1.0337 .89891' ;1.1887
10 5 .9307 .81371' 1.0646
11 6 1. 1143 .9824 1.2638
12 7 1.3832 1.2338 1.5507

8 1.0000 Fixed : last true age
Separable Model: Populations in year 1994

1718554.13 1 697641. 283205.
14 2 75169. 60578. 93274.
15 3 104531. 88337. 123694.
16 4 8020. 6893. 9333.
17 5 8383. 7253. 9689.
18 6 5602. 4868. 6447.
19 7 2333. 2019. 2696.
20 8 2776. 2325. 3314.
Separable Model: Populations at age 8
21 1989 1791. 7144 1362.3018 2356.4827
22 1990 1770.9797 1448.5704 2165.1477
23 1991 1959.8869 1648.7714 2329.7083
24 1992 1479.8822 1251. 7149 1749.6407
25 1993 1395.0805 1172.9536 1659.2724

Age-structured index catchabilities
Age-Structured Index 1

Linear model fitted. Slopes at age:
26 2 Q .30810E+01 •25809E+Ol
27 3 Q .31605E+01 .26532E+01
28 4 Q .31506E+Ol •26465E+Ol
29 5 Q .27107E+01 .22745E+01
30 6 Q .30123E+Ol .25185E+Ol
31 7 Q .31619E+01 •25968E+01
32 8 Q .27182E+Ol .21724E+Ol

RESIDUALS ABOUT THE MODEL FIT

.36781E+01

.37648E+01

.37507E+Ol

.32305E+Ol

.36030E+Ol

.38500E+Ol

.34012E+Ol

•



Table4.4.2 Celtic Sea I VIIj (continued)

­00-

._ •• e •• __ ._. _____ ••• ___________

Separable Model Residuals
(log(Observed Cateh)-log(Expeeted Cateh»
and weights (W) used in the analysis.
------_._----~-----_._------_.. _._--_ .._---------

Age 1989 1990 1991 1992 1993 1994
1 •59566E+00 -.14100E+00 .56331E-01 .26214E-01 -.48389E+OO .62982E-13 .10000E+OO
2 - •10589E+00 -.92078E-01 •23033E+OO .57053E-01 -.59516E-01 -.39786E-01 •1OOOOE+O1
3 -.23851E+00 .72064E-01 .29729E-01 .93395E-01 -.44309E-01 - •19789E-02 .10000E+01
4 .16604E-01 -.21033E-01 .54147E-01 .34180E+00 •82046E-02 -.42637E+OO .10000E+01
5 •28224E+OO .85595E-01 •18191E+00 I .23917E+OO -.26317E+OO -.49265E+00 .10000E+01
6 -.86545E-01 •18638E+00 -.26409E+00 •16958E+00 - •12053E+OO . •26299E+OO .10000E+01
7 .81909E-01 -.16412E+00 .51168E-01 - .17046E+OO •12812E+OO .51625E-02 .10000E+01
8 - •12599E-13 .69759E-01 .28441E-01 -.28547E+00 .20420E+OO -.35318E-02 _10000E+01

Wts .10000E+01 .10000E+01 .10000E+01 .10000E+01 .10000E+01 •1OOOOE+O1

Aged Index Residuals: log(Observed Index) - log(Expected Index)

Aged Index
-- ....._------
Age 1990 1991 1992 1993 1994

2 -.2435bE+00 -.20713E+00 •28341 E+OO .12973E-01 .15431E+OO
3 -.18821E+00 -.41833E+00 -.23032E-01 •53034E+OO .99230E-01
4 - .28280E+OO -.11954E+00 -.88988E-01 •59108E-+OO -.99754E-01
5 -.22166E+00 -.29685E-01 .28210E-01 .27812E+00 -.54977E-01
6 - .47049E-01 .47240E·01 -.41683E+OO •53686E+00 -.12022E+00
7 - •26960E+00 -.22017E+00 •33854E+OO •66077E+00 -.50954E-+OO
8 -.26542E+00 .65849E+00 - .1428ZE+OO .60141E-01 -.31039E+OO

PARAMETERS OF THE DISTRIBUTION OF In CATCHES AT AGE

Separable model fitted fram 1989 to 1994
Vari-shce .0867
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Table 4.4.2 Celtic Sea I VIIj (continued)

Skewness test statistic
Kurtosis test statistic
Partial chi-square
Probabil i ty of ch i-square
Degrees of freedom

\

-.3586
1.4066
.2346

1.0000
23

PARAMETERS OF THE DISTRIBUTION OF THE AGEi~TRUCTURE~ INDICES
----_ ... _-_ .... -. __ .. ------------------.------------- .. -----

DISTRIBUTION STATISTICS FOR In AGED INDEX

linear catchability relationship assumed.

Age 2 3 4 5 6 7 8
Variance .0516 .1255 .1154 .0328 .1202 .2330 .1561
Skewness test stat. .0675 .4031 1. 1751 .4490 .4932 .3737 .9690
Kurtosis test stat. -.7070 -.3636 .0110 -.2543 -.2493 -.6368 - .1829
Partial chi-square .0173 .0455 .0430 ..0129 .0501 .1057 .0775
Prob. of chi-square 1.0000 .9997 .9998 1.0000 .9997 .9987 .9993
Nlmber of data 5 5 5 5 5 5 5
Degrees of freedom 4 4 4 4 4 4 4
lJeight in analysis .5714 .5714 .5714 .5714 .5714 .5714 .5714

•
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Table 4.6.1

Herring South and South West of Ireland CCeltic Sea + Vllj)

Single option prediction: Input data

Year: 1995

Stock Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight
Age size mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

1 340.000 1.0000 0.5000 0.2000 0.5000 0.094 0.0271 0.094
2 250.000 0.3000 1.0000 0.2000 0.5000 0.129 0.8027 0.129
3 24.000 0.2000 1.0000 0.2000 0.5000 0.160 1.0000 0.160
4 31.000 0.1000 1.0000 0.2000 0.5000 0.1n 1.0337 0.1n
5 3.000 0.1000 1.0000 0.2000 0.5000 0.193 0.9307 0.193
6 3.000 0.1000 1.0000 0.2000 0.5000 0.204 1. 1143 0.204
7 2.000 0.1000 1.0000 0.2000 0.5000 0.217 1.3832 0.217
8 1.000 0.1000 1.0000 0.2000 0.5000 0.227 1.0000 0.227
9+ 1.000 0.1000 1.0000 0.2000 0.5000 0.240 1.0000 0.240

Unit Mill ions · - . - Kilograms - Kilograms

Year: 1996

Recrui t· Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight
Age ment mortality ogive bef.spaw. bef .spaw. in stock pattern in catch

1 340.000 1.0000 0.5000 0.2000 0.5000 0.094 0.0271 0.094
2 · 0.3000 1.0000 0.2000 0.5000 0.129 0.8027 0.129
3 · 0.2000 1.0000 0.2000 0.5000 0.160 1.0000 0.160
4 · 0.1000 1.0000 0.2000 0.5000 0.1n 1.0337 O.ln
5 · 0.1000 1.0000 0.2000 0.5000 0.193 0.9307 0.193
6 · 0.1000 1.0000 0.2000 0.5000 0.204 1.1143 0.204
7 · 0.1000 1.0000 0.2000 0.5000 0.217 1.3832 0.217
8 · 0.1000 1.0000 0.2000 0.5000 0.227 1.0000 0.227
9+ · 0.1000 1.0000 0.2000 0.5000 0.240 1.0000 0.240

Unit Millions · . - - Ki lograms - Kilograms

Year: 1997

Recruit" Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

1 · 1.0000 0.5000 0.2000 0.5000 0.094 0.0271 0.094
2 · 0.3000 1.0000 0.2000 0.5000 0.129 0.8027 0.129
3 · 0.2000 1.0000 0.2000 0.5000 0.160 1.0000 0.160
4 · 0.1000 1.0000 0.2000 0.5000 0.1n 1.0337 O.ln
5 · 0.1000 1.0000 0.2000 0.5000 0.193 0.9307 0.193
6 · 0.1000 1.0000 0.2000 0.5000 0.204 1.1143 0.204
7 · 0.1000 1.0000 0.2000 0.5000 0.217 1.3832 0.217
8 · _._ 0.1000 1.0000 0.2000 0.5000 0.227 1.0000 0.227
9+ · .0.1000 1.0000 0.2000 0.5000 0.240 1.0000 0.240

~

Unit Milligns · . . " Ki lograms . Ki lograms

Single option prediction: Summary table

13:59 Monday, April 3, 1995 4

1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F nunbers weight she biomass she biomass she biomass

1995 0.8632 0.9013 150917 21000 655000 75629 485000 59649 340785 42751
1996 1.1235 1.1731 143376 21000 578155 67008 408155 51028 274976 35064
1997 2.0370 2.1268 144414 21000 189620 27297 189620 27297 117086 16846

Unit . - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name
Date and time
Computation of ref. F:
Prediction basis

CELTlC2
03APR95:14:33
Simple meen, age 2 • 7
TAC constraints
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Table 4.6.2

Herring South and South West of Ireland (Celtic Sea + Vllj)

Predietion with management option table: Input data

Year: 1995

Stock. Natural Maturity Prop.of F Prop.of M lIeight Exploit. lIeight
Age size mortal i ty ogive bef.spaw. bef.spaw. in stock. pattern in eateh

1 340.000 1.0000 0.5000 0.2000 0.5000 0.094 0.0271 0.094
2 250.000 0.3000 1.0000 0.2000 0.5000 0.129 0.8027 0.129
3 24.000 0.2000 1.0000 0.2000 0.5000 0.160 1.0000 0.160
4 31.000 0.1000 1.0000 0.2000 0.5000 0.1n 1.0337 0.1n
5 3.000 0.1000 1.0000 0.2000 0.5000 0.193 0.9307 0.193
6 3.000 0.1000 1.0000 0.2000 0.5000 0.204 1.1143 0.204
7 2.000 0.1000 1.0000 0.2000 0.5000 0.217 1.3832 0.217
8 1.000 0.1000 1.0000 0.2000 0.5000 0.227 1.0000 0.227
9+ 1.000 0.1000 1.0000 0.2000 0.5000 0.240 1.0000 0.240

Unit Milli ons - · - - Kilograms - Kilograms

Year: 1996

Recrui t- Natural Maturity Prop.of F Prop.of M lIeight Exploit. Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

1 340.000 1.0000 0.5000 0.2000 0.5000 0.094 0.0271 0.094
2 · 0.3000 1.0000 0.2000 0.5000 0.129 0.8027 0.129
3 · 0.2000 1.0000 0.2000 0.5000 0.160 1.0000 0.160
4 · 0.1000 1.0000 0.2000 0.5000 0.1n 1.0337 0.1n
5 · 0.1000 1.0000 0.2000 0.5000 0.193 0.9307 0.193
6 · 0.1000 1.0000 0.2000 0.5000 0.204 1.1143 0.204
7 · 0.1000 1.0000 0.2000 0.5000 0.217 1.3832 0.217
8 · 0.1000 1.0000 0.2000 0.5000 0.227 1.0000 0.227
9+ · 0.1000 . 1.0000 0.2000 0.5000 0.240 1.0000 0.240

Unit Mi II ions . · - - Kilograms - Kilograms

Year: 1997

Recrui t- Natural Maturity Prop.of F Prop.of M lIeight Exploit. lIeight
Age ment mortality ogive bef. spaw. bef.spaw. in stock. pattern in catch

1 340.000 1.0000 0.5000 0.2000 0.5000 0.094 0.0271 0.094
2 · 0.3000 1.0000 0.2000 0.5000 0.129 0.8027 0.129
3 · 0.2000 1.0000 0.2000 0.5000 0.160 1.0000 0.160
4 · 0.1000 1.0000 0.2000 0.5000 0.1n 1.0337 O.ln
5 · 0.1000 1.0000 0.2000 0.5000 0.193 0.9307 0.193
6 · 0.1000 1.0000 0.2000 0.5000 0.204 1.1143 0.204
7 · 0.1000 1.0000 0.2000 0.5000 0.217 1.3832 0.217
8 · 0.1000 1.0000 0.2000 0.5000 0.227 1.0000 0.227
9+ · ....··-0.1000 1.0000 0.2000 0.5000 0.240 1.0000 0.240

Unit Millions . · - . Kilograms . Kilograms
-

Predietion with management option table

13:59 Monday, April 3, 1995

•

•
Year: 1995 Year: 1996 Year: 1997

F Reference Stock. Sp.stock Catch in F Referenee Stock Sp.stock Catch in Stock. Sp.stoc:k
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

0.8632 0.9013 75629 42751 21000 0.0000 0.0000 67008 40916 0 80306 5354E

· 0.2000 0.2088 · 39784 5352 74856 47025
· · · · 0.4000 0.4176 · 38693 9851 70310 4173e

· · · · 0.6000 0.6265 · 37642 13640 66512 37421

· · · · · 0.8000 0.8353 36628 16837 63337 33891

· · · · · 1.0000 1.0441 · 35650 19541 60679 31002

· · · · 1.2000 1.2529 · 34708 21832 58451 2861'

· · · · · 1.4000 1.4617 · 33799 23780 56580 26631

- · Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name
Date and time
Computation of ref. F
Basis for 1995

184

CEL T1C1
03APR95:14:48
Simple mean, age 2 - 7
TAC constraints
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• Figure 4.1.1 The assessment covers the area Divisions VIIj and VIIg and that part of Division VIIa
below 52"30. TAC is set by EC for Divisions VIIg-k and that section of Division VIIa

below 52"30.
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Figure 4.6.1 • ••
FISH STOCK SUMMARY

STOCK: Hening South and South West of Ire1and (Ce1tfc Sea + VBn
3-4-1995
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Figure 4.6.2

FISH STOCK SUMMARY
STOCK: Hening South and South West of Imland (Celtic Sea + vnß

3-4-1995
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5 WEST OF SCOTLAND HERRING

5.1 Division Via (North)

5.1.1 ACFM Adl"ice applicable to 1994 and
1995

In 1994 ACFM regarded this stock to be within safe
biologicallimits. For this stock no MBAL level has
been defmed. The. projected catch for 1994
corresponding to fishing at 1993 levels of fishing
mortality was 60 0001. The agrced TAC for 1995 is
77 0001.

5.1.2 The rlShery

Estimatcd catches by participating nations are given
in Table 5.1.1. The total catch for 1994 was
estimated at 54 708 t including discards and
unallocated catches, compared with the agreed TAC
of 62 4001. This is the sixth year in succession in
which the TAC was not reached. Estimates of
discards were available for one fleet and estimates
of unallocated catches were available for three
fleets. Negative unallocated landings arise because
of misreporting of catches taken in adjacent areas.

Fishing in late winter was on large fish on the edge
of the continental shelf and on smaller, winter-spent
flSh closer inshore. In summer the fleets tended to
target North Sea herring in preference to the West
Coast stock, then moving onto the western herring
thereafter. 1I0wever this pattern of fishing was not
entirely successful due to low catches at the start of
the Nofth Sea season and later spawning of the
West Coast herring. Fleets may reverse their
pattern of activity in 1995, exploiting the West
Coast herring first and then moving on to the North
Sea stock later.

The Faroese fishery in Sub-area V caught
approximately 1,500 t of herring in 1993. No
Faroese catches were reported to the Working
Group for 1994. Although Faroese catches may be
taken from Division VIa(N) herring stock, it was
shown in the 1992 assessment that the impact of
including these catches is small. The analysis will
not again be repeated with the inclusion of these
catches.

5.1.3 Catch in numbers at age

Age composition data for 1994 were available from
Scotland (first, third and fourth quarters), the
Netherlands (second and third quarters) and Norway
(in the second quarter). As the UK fleets have a
more inshore distribution of effort, Scottish

sampling data was used to allocate unsampled
catches by England and Wales by ages. Unsampled
Scottish catches in the second quarter of the year
were allocated by interpolation between the first and
the third quarter.

Unsampled catches in the first and sccond quarters
by all fleets other than Scotland and England and
Wales were allocated to ages using an age
distribution calcUIated by taking a mcan (weighted
by the number of sampIes taken) of the Netherlands
and Norwegian age distributions for the first and
second quarters. Unsampled catches in the third and
fourth quarters were assumed to have the age
distribution recorded in the Netherlands sampies in
the third quarter.

The sampling effort Used to derive the catch in
numbers is summarised in Table 5.1.2., and the
estimated catches in numbers at age are given in
Table 5.1.3, including historical data back to 1970.
Sampling was unevenly distributed over the
quarters, and sampling was weIl below the
recommended level

5.1.4 Lanae sun'c)"s

Larvae surveys for this stock have been
discontinued and no new information is available
since 1994. As the larval survey indices of
abundance are again used in the assessment the
available information has been reproduced in Table
5.1.4. for convenience. Details of the survey are
given in the 1994 report of the Working Group
(Anon. 1994a).

5.1.5 Acoustic suncy

Historical acoustic survcy information as available
and as documented in Anon. (1994a) have been
used. The time series has been updated to include
information from the most recent survey (Table
5.1.5).

An acoustic survey of Division VIa (N) was
completed from 9 July to 29 July 1994 using a
chartered purse-seine fishing vessel. Previous
surveys of this area bad detected regions of
markedly higher abundances of herring, and in
order to improve survey precision a stratified survey
design was introduced. Areas expected to have high
densities of herring were surveyed with a track
spacing of 7.5 nautical miles (n.m.), compared with
a spacing of 15 n.m. for the other areas. A
systematic track design with random starting point
was used. Forty-one successful. trawl hauls were
shot on the echotraces, of which 22 captured
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sufficient herring to provide adequate sampies. 3
and 7-ringers predominated in the sampies: the age­
structure of the stock is consistent with that
observed in the 1992 and 1993 surveys.

Echo-traces were allocated among the following
categories, where the percentage in brackets
indicates the contribution of each category to the
stock size estimate.

(1) Berring (57.3% )
(2) Likely to be herring (31.2% )
(3) Unlikely to be herring ( 0 % )
(4) Herring mixed with large (ca. 16cm)
Norway Pout (3.4% )
(5) Berring mixed with small ( ca. 6cm)
Norway Pout (7.9% )
(6) Berring mixed with sprat or mackerel (
0.2 %) "

The two sizes of Norway Pout were rarely mixed in
trawl catches. Bad all the fish traces seen been
scored"as herring, this would have resulted in a total
stock size estimate of 953 000t. This figure may be
considered an upper bound on the likely size of the
stock. The spawning biomass of the stock was
estimated to be 600 430 t, compared with 893 600t
in 1993. However, it is thought that the 1993 survey
rcturned an exceptionally high stock estimatc,
possibly on account of a strongly contagious
distribution.

In fitting the age-structured model to the survey data
it was again assumed that 40% of annual mortality
had been incurred before the surveys. This figure
was calculatcd by assuming that natural mortality is
constant throughout the year, and that fishing
mortality can be apportioned in the ratio of seasonal
eatches in 1993.

5.1.6 Recruitment

The aeoustie index is still not usable as an index of
recruitment because the time series is too short. The
fcw data available seem to eoincide weIl with the
fitted populations, however, suggesting that it may
be feasible to use this measure of eohort strength in
future years.

No index of reeuitment from the Scottish groundfish
surveys is presently available for 1995. 1994 survey
data have now been ealeulated and are prescnted
together with earlier data in Table 5.1.6. The index
is an arithmetie unweighted mean of the eateh rate
per hours' trawling in statistical rectangles 47E4­
E6, 46E4-E6 and 44E3-E4.

5.1.7 l\Iean weight at age, maturity ogive and
natural mortality

Weight at age data from the 1994 fishery were
available from Seotland, Norway and the
Netherlands (Table 5.1.7). In previous assessments
a historical mean weight at age in the stock has been
used. Beginning in 1992 however, reasonably good
estimates of these quantities are available from the
acoustie surveys. It was decided, to begin using
these estimates rather than historical means. For
predietion purposes mean weights at age in the last
three years of the eatches and of the acoustie
surveys have been ealeulated. These are given in the
last eolumns of Table 5.1.7. Assumed values of
maturity and natural mortality are also included.
The same maturity ogive as used in previous
assessments has been eontinued for eonsisteney. For
future assessments it is suggested that the maturity
ogives as estimated from data from acoustie surveys
should be uscd.

5.1.8 Description ofthe assessment method

Tbe assessment method is an integrated eateh-at-age
analysis as described in the Appendix to Anon.
(1994a).

In order to provide eonsistency with previous
assessments, a separable model was fitted over the
last six years of the assessment with terminal
seleetion set = 1.2 relative to referenee age 3-rings.

As in the previous year's assessment, a variety of
model formulations were tested in order to assess
the importance of the form of the assumed prior
relationship of the indices of abundanee to the
resulting stock size estimate. For simplicity the
acoustie and larval survey eomponents were tested
separately. Tbe following model ehoices were
testcd:

Larval Survey
" 10% Trimmed mean, linear relationship

assumed
10% Trimmmed mean, power relationship
assumed
Larval abundanee index, linear relationship
assumed
Larval abundanee index, power
relationship assumed
Larval production estimate, linear
relationship assumed
Larval produetion estimate, power
relationship assumed

•
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Acoustic Survey
Age-disaggregated index, absolute
relationship assumed
Age-disaggregated index, linear
relationship assumed.

Eight model fits were completed to assess the
predicted fishing mortality from each model
component. Estimates of fishing mortality at
reference age from each model fit are given in
Figure 5.1.1. It was again found infeasible to fit the
LPE or 10% trimmed mean of the larval indices as
power indices of abunillince as the sums of squares
surface did not have minima in the range of fishing
mortality at reference age from 0.05 to 1.0. Results
of the six remaining model fits are given in Figure
5.1.1, which show that in all cases fishing mortality
estimates were below 0.2. It is again very difficult
to estimate such low fishing mortalities.

A model was fitted with a formulation exactly
corresponding to that used in the previous year's
assessment of this stock:

~y (log(Ca,y) - Iog(Ca",y) / +

Ly(log(KLAI ssIfJw) - Iog(LAIy) / +

')..a~y(log(QAcu.aN:y) - Iog(ACOUSTa,y)/+

aSSBy ) 2
O.OlLy(log(Nl,Y+2)-Iog(b+SSB

y
)

where aand y suffices indicate year and age, QLAl'
KLAl and QACU.a are the coefficients relating the
indices and the acoustic abundance estimates to the
stock size; lambda is a weighting value set. at 0.1
for age 1 and at 1 for allother ages; N a,y are
population sizes calculated for the time of the
acoustic survey; LAly are the values of the larval
abundance index in each year; ACOUSTa,y are the
values of the acoustic survey for each year and age.
Lastly a and b are the parameters of the Beverton
and Holt stock-recruit relationship.

Consideration was given to inc1uding the 2-ringer
index of recruitment in the model. The recruitment
index was compared with the fitted populations and
an apparently good correspondence obtained
(Correlation coefficient = 0.69 %). It was
conc1uded that there existed sufficient indication of
a relationship between the recruitment index and the
fitted populations to warrant the inclusion of this
index in the model. As an approximately linear

relationship was relation was assumed. The
objective function was therefore expanded to
inc1ude the 2-ringer index:

~y (log(Ca,y) - Iog(Ca",y) / +

Ly(log(KLAI SSIfJUl) - Iog(LAIy) / +

')..a~y(log(QAcu.aN:y) - Iog(ACOUSTa,y)/+
aSSBy 2

O.OlLy(log(Nl,y+2)- Iog(b+SSB/)

where Krec and Qrec are parameters of the
catchability relationship for the 2-ringer recruitment
index, and RECy are observations of the index in
each year. The relationship between the 2-ringer
index and the fitted populations was found to be
strongly nonlinear with Q .::z 4.0. The index was
found to be a very poor predictor of population
sizes, and its inc1usion in the model was rejected on
this account.

5.1.9 ßaseline Assessment

Using the criteria defmed in the foregoing section a
baseline assessment has been calculated. No
reweighting procedure was used on account of the
possibility of overfitting the model. Instead, all
observations were given equal weight in the
assessment, with the exception that the acoustic
estimate of I-ringers was downweighted to 10% on
account of a perception that the survey is a poor
indicator of this year-class. Values so estimated are
given in Table 5.1.8 and in Figures 5.1.2.- 5.1.15.
Salient points of the assessment are:

1. Fishing mortality in 1994 was low, and in the
range 0.098 to 0.26 (Parameter 95% C.I.s).

2. The catches at age are reasonably consistent with
the separable model, except for the I-ringers.

3. I-ringers are highly variable in the acoustic
index.

4. 3-ringers are unusually abundant.
5. Assumptions of lognormality in the index

observations are not demonstrably violated.
6. Tbe estimate of fishing mortality in 1993 has

changed from 0.144 in the 1994 assessment to
0.183 in the present assessment (95% C.I. 0.12
to 0.28). However, the assessments. are
consistent as last year's estimate falls within the
confidence interval calculated in the present
assessment.
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7. Fishing mortality in 1994 is estimated to have
fallen to 0.16 from 0.18 in 1993. The change
may not be significant (the confidence intervals
for F in 1993 and 1994 overlap widely) and does
not necessarily indicate a fall in true fishing
mortality.

5.1.10 Short-tenn projections

For reasons described in section 5.1.15.3, the
Working Group considered that a calculation of
projected catches from the baseline stock assessment
is not meaningful and should not be presented.

5.1.11 Risk Anal}'sis and Medium-Tenn
Projections

Given the large uncertainty in the assessment which
is introduced by the apparently high levels of
misreporting of catches, the Working Group
considered that it would be misleading to present
such calculations as part of an assessment. A
calculation of risk in the medium term based on the
baseline assessment for this stock is presented in
Section 1.7.4, solely for the purpose of
demonstrating the application of a method.

5.1.12 Appropriateness of controls on catch
and fIShing effort

Given the well-known lack of a depcndable
relationship between fishing mortality and fishing
effort in pclagic fisheries, it is not considered
appropriate to attempt management of this fishery
through regulation of fishing effort. Catch controls
are thought to be more appropriate, but in the case
of this stock there are serious doubts abOut their
effectiveness (see Section 5.1.15.3).

5.1.13 Potential for multispecics or multiannual
catch options

Herring in Division VIa(N) is caught in a single­
spccies directed fishery with little by-catch. No
information is available about interactions with
other spccies in the area. Consequently there is not
at present thought to be substantive potential for
considering multispccies catch options that include
this stock.

A trial calculation comparing the effectiveness of
constant catches versus constant F over a three-year
pcriod is given in Scction 1.7.4.6. This calculation
is based on the assessment which is considered
unreliable and the relationship between future
catches and future stock size should not be uscd for
management purposes. However, the general
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conclusion from this calculation is that if fishing
mortality remains low, then a constant catch
strategy is almost as good at protecting the
spawning biomass as is a constant F strategy•
Convcrsely, if fishing mortality is high ( ca. 0.6)
then a constant F strategy is markedly better at
keeping the stock size at a higher level, for similar
amounts of catches over the three-year pcriod. This
conclusion is likely to be generally applicable.

Management comment on this comparison of
options is invited.

5.1.14 Long-tenn Yicld

A conventional yield-pcr-recruit analysis was
repcated with the updated population estimates
(Figure 5.1.16). FO.1 was estimated at 0.139
compared with 0.136 in the previous assessment.
Fmax was undefmed.

5.1.15 Uncertaintics in the Asscssment.

5.1.15.1 Uncertainty in Model Fonnulation

Figure 5.1.2. shows that the estimated fishing
mortality is somewhat different depcnding on the
tuning index used and on the way in which it is
treated in the model. There is no apriori objective
criterion for making such a model choice; hence
uncertainty is introduced due to lack of prior
knowledge as to which model formulation is
correct. On this basis, estimates of current year
fishing mortalities could He in the range 0.083 to
0.163 depcnding on the tuning index used, the way
in which it is calculated, and the relationship it is
assumed to hold to stock abundance. The highest
uppcr 95% confidence interval of terminal-year
fishing mortality was beiow 0.4. The range of
estimates is generally consistent and bclow the
assumed natural mortality.

5.1.15.2 Paramctric Unccrtainty

As an indicator of uncertainty in the baseline
assessment, simple separable VPAs wcre initiated
with terminal Fs corresponding to the estimated F
+1- 1.96 * estimated parameter standard deviation,
in order to approximate 95% confidence bands. The
estimated time series of biomass together with the
upper and lower confidence bands are given in
Figure 5.1.17.

5.1.15.3 Misrcporting and Discarding

Reports of catches by ICES statistical rectangle
were available for three fleets. Of these, in two
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cases the catches were largely concentrated in an
area at the eaStern maritime edge of Division VIa,
in statistical recianges 46ES to 50ES (here termed
the ES rectangles). Although there are substantial
reports of catches around the Shetland Islands, there
are very few catch reports from the rectangles along
the eastern edge of the boundary between Divisions
VIa and IVa. The catches from these two fleets iri
the ES rectangles accounted for 65% of the total
internatioriaI catch (including unallocated catches).
For the .wo fleets individually 82% and 99% of the
national catches were taken from the ES rectangles.
In contrast, from the acoustic survey reports, only
2.9% of the estimated spawning biomass of herring
in Division VIa(N) was distributed in the ES
rectangles (Sirnrnonds pers.comnl. 1995).

The discrepancy cannot easily be explained in terms
of the seasonality of the fishery. The acoustic
survey was completed between 9 and 29 July. For
the flfst fleet mentioned, 21 % of the catch was
taken in July and a further 38% in August. In the
case of the other fleet, 33 % was taken in July and
30% in August. Most of the remaining catches were
taken in September. It seems most unlikely that a
rapid migration of fish could have occurred from
the areas of distribution reported from the acoustic
survey as being West and South of the Hebrides,
into the ES rectangles but not moving into Division
IVa. Instead, the Working Group considered that
this distribution of catches is most probably an
indication of substantial misreporting.

The Working Group considered that it would be'
feasible to reallOeate catches on the basis of this
perception of rnisreporting for 1994. However, it
appears likely that the problem is not a new one and
has existed to a variable extent in recent years.
Reallocating catches only in 1994 would therefore
be an inconsistent treatment of the data. Instead, the
Working Group rccommends that an objccth'e
criterion for the reallocation of misreported
catchcs and associated sampIes onr at least the
last five years be dcfincd and implemcnted by
next year's Working Group meeting.

As an interim measure to explore the scale of the
problem a population model was fitted in which the
catches by the two fleets mentioned above in the ES
rectangles over the previous ten years were
removed from the analysis. Catches reported by the
two fleets in the ES rectangles were assWned to be
misreported, and the proportion of misreported
catches relative to the total catch (as used by the
Working Group in preVious years) was calculated
(Table 5.1.9.). The international catch in nurnber
matrix was decremented by the proportion of the

misreported catches. Results of a stock assessment
calculation based on this adjusted catch-at-age
matrix are presented in Figure 5.1.18 for
comparison with the baseline assessment, with all
model parameters specified as in section 5.1.8. This
'adjusted' assessment shows an approximately two­
thirds reduction in spawning stock size and a fishing
mortality that is only slightly lower. The overall
trends in the populations are generally similar.
There was no significant difference in the goodness
of fit of the two assessments (variance = 0.1415
for the baseline assessment and 0.1216 for the
adjusted assessment, F = 1.163 for 75, 75 d.f.;
P(F)= 26%).

A calculation of Fstatus quo TAC for 1995 [ defming
Fslatus quo as the mean F from 1992-1994], based on
the adjusted assessment is 35 630 t compared with
the estimate of 51 460 t based on the baseline
assessment. This comparative assessment indicates
that allowing for estimated misreporting has a
substantial effect on the calculation of the stock size
and of the Fslatus quo TAC for 1995. However, the
estimate of fishing mortality is slightly lower. The
general perception of the stock as being lightly
exploited, with decreasing fishing mortality and a
spawlling stock size close to the highest recorded
level is little changed.

5.1.15.4 Changes in SeIcction

The analytic method used here assumes, as has that
used in recent years, that selection pattern was
constant over the six most recent years of the
fishery. It is difficult to discriminate changes in
selection from a time-trend in recruitrnent. For
example, increased catches of smaller fish can be
due either to an increase in recruitment or to an
increase in selection on younger. ages; the model
cannot discriminate between the two without
external information. In an attempt to investigate
any such possible changes, a model fit was repeated
with very high weights (10.0) forced on the tuning
indices, so that the selection pattern of the
cornrnercial fleets could be examined for
consistency against the populations tuned on the
survey data alone. This affords a simple test of the
validity of the separable assurnption. Figure 5.1.19
shows some indication of increasing selection on
ages 1 and 2 in 1994. The mortaIity exerted on
these year classes may therefore have been
underestimated.

5.1.15.5 Uncertainty for Management

This assessment is predicated on the assurnption that
the reported catches are taken from the same
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population of fish as are being measured by the
acoustic and larval surveys. If this is not so, as
points mentioned in Section 5.1.13.3 appear to
suggest, then the assessment is invalid. It is not
known to what extent information on catches used
in the assessment correspond to the actual removals
from the assessed stock, either in quantity or in age­
structure. The calculation of a comparative
assessment with an adjustrnent for misreporting
appears to confmn the finding that fishing mortality
is low, but the stock size estimate is much more
sensitive to assumptions made about misreporting.
Possible misreporting is clearly identified as the
most important cause of uncertainty in the estimate
of stock size.

5.1.15.6. Consistency of Assessments

It is not possible to calculate an informative
retrospective analysis for this stock, as the
assessments are heavily dependent on a short time
series of acoustic survey data. Thus, deleting recent
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data leaves a data set which is too small for a
comparable analysis to be calculated. Recent
assessments have been calculated using a variety of
assumptions about survey indices, but in general the
assessments have been relatively stable considering
the low fishing mOrtality in this stock and also the
uncertainty introduced by having few and variable
survey indices. A summary of estimates of fishing
mOrtality made in recent assessments is given as
Figure 5.1.20. Recent estimates of F have
fluctuated in a narrow band around F =0.2.
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Table 5.1.1. HERRING in Division VIa (North). Catch in tonnes by country 1982-1994. These figures do not in al1 cases
correspond to the official statistics and cannot be used for management purposes.

Country 1982 1983 1984 1985 1986 1987
Denmark 96
Faroes 74 834 954 104 400
France 2069 1313 20 18 136
FDR 8453 6283 5564 5937 2188 1711
Ireland 6000 6800
Netherlands 11 317 20200 7729 5500 5 1602 52121

Norway 10 018 7336 6669 4690 4799 4300
, UKEngland 90

UK Scotland 38381 31616 37554 28065 25294 26810
Unallocated 18958 -4059 16588 502 378401 180381

Discards

Total 92360 63523 75154 43814 81699 63007

- Country 1988 1989 1990 1991 1992 1993
Denmark
Faroes 326 482
France 44 1342 1287 1168 119 818
FDR 1860 4290 7096 6450 5640 4693
Ireland 6740 8000 10000 8000 7985 8236
Netherlands 6 131 5680 7693 7979 8000 6132
Norway 456 1607 3318 2389 7447
UK Eng. & Wales 1892 1977 2376 2998 3327 2965
UK Scotland 25002 27897 35877 29630 29403 29637
Unallocated 52291 2123 1 2397 -10 597 -5485 -3753
Discards 1550 1300 1 180 200 820

Total 47354 53039 69959 50606 51585 56175

Country 1994
Denmark 0

e Faroes 0
France 1362
FDR 5087
Ireland 7938
Netherlands 6093
Norway 8183
UK Eng. & Wales 3511
UK Scotland 27165
Unallocated -4675
Discards 700

Total 54708

IIncluding discards.
Discards are included in national catches.
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Table 5.1.2 HERRING in Division VIa (North), 1994. Sampling intensity ofcommercial catches.

Country Catch in NO.of No.ofage NO.offish Estimate of
tonnes sampies readings measured discards

France 274 0 0 0 NONE
FDR 5087 0 0 0 NONE
Netherlands 6093 18 450 1976 700
Norway 8183 2 200 200 NONE
UK. (Eng. and Wales 3555 0 0 0 NONE
UK. (Scotland) 25399 15 1310 2203 NONE

Table 5.1.3. Estirnated catches at age ofherring in Area VIa(N).

Rings 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

1 238738 169947 801663 51170 309016 172879 69053 34836 22525 392
2 205454 372615 804097 235627 124944 202087 319604 47739 46284 225
3 359711 560348 219502 808267 151025 89066 101548 95834 20587 122
4 139718 357745 63069 131484 519178 63701 35502 22117 40692 31
5 53320 113391 85920 63071 82466 188202 25195 10083 6879 21
6 203462 54571 37341 54642 49683 30601 76289 12211 3833 12
7 29141 181592 13377 18242 34629 12297 10918 20992 2100 7
8 32860 18042 100938 6506 22470 13121 3914 2758 6278 2
9+ 30651 36395 20465 32223 21042 13698 12014 1486 1544 0

Rings 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

1 12867 36740 13304 81923 2961 45663 38943 27645 2273 9690
2 1335 77961 250010 77810 253291 77063 178714 93679 158832 57305
3 452 105600 72179 92743 66857 166112 99264 64575 55529 170687
4 246 61341 93544 29262 46963 19269 137077 45488 37815 29497
5 62 21473 58452 42535 20057 17027 21723 71188 26292 28228
6 43 12623 23580 27318 15250 7422 20759 11973 37993 11830
7 40 11583 11516 14709 12478 7731 2973 10378 4327 23400
8 3 1309 13814 8437 5940 3720 16177 4982 2956 2529
9+ 1 1326 4027 8484 2629 2450 2273 8498 3140 5463

Rings 1990 1991 1992 1993 1994

1 22374 46826 9346 41169 3863
2 75241 40824 43538 147513 81712
3 63832 44755 44344 30400 89846
4 116270 50048 42228 18642 13428
5 41512 66554 38818 24045 16616
6 20826 24007 60262 27464 18109
7 15463 13449 11301 36129 23505
8 33585 12226 7681 8839 27178
9+ 8644 7904 9805 13825 22814



Table 5.1.4.HERRING in Division VIa (North). Larvae abundance indices (Numbers in billions), larvae mortality
rates (Z/K), fecundity estimate (lOs eggs/g). LPE Biomass estimate in thousands oftonnes.

LPI;
Year LAI 10%Trim Z/K

LAI
Larvae Fecundity SSB

1973 2442 46.49 0.74 318 (1.39) 229
1974 1 186 17.44 0.42 238 (1.39) 171
1975 878 22 0.46 157 1.46 108
1976 189 11.04 60 1.23 49
1977 787 25 223 1.49 150
1978 332 32.8 132 1.37 109
1979 1071 26.94 118 1.49 79
1980 1436 26.33 0.39 287 2.04 141
1981 2154 35.61 0.34 448 2.12 211
1982 1890 32.58 0.39 267 1.95 137
1983 668 24.55 112 1.88 60
1984 2133 45.99 0.57 253 1.75 145
1985 2710 50.03 0.37 418 (1.86) 225
1986 3037 45.36 0.24 907 (1.86) 488
1987 4119 45.47 0.53 423 (1.86) 227
1988 5947 75.13 0.47 781 (1.86) 420
1989 4320 82.68 0.40 752 (1.86) 404
1990 6525 86.2 0.64 426 (1.86) 229
1991 4430 63.06 0.60 632 (1.86) 340
1992 12252 41.79 0.66 463 (1.86) 248
1993 2941 65.01 0.56 538 (1.86) 289

Table 5.1.5. HERRING in Division VIa (North). Estimates of abundance from Scottish acoustic surveys.
Thousands of fish at age.

Age 1987 1991 1992 1993 1994

1 249100 338312· 74310 2760 494150
2 578400 294484 503430 750270 542080
3 551 100 327902 210 980 681 170 607720
4 353 100 367830 258090 653050 285610
5 752600 488288 414750 544000 306760
6 111 600 176348 240110 865150 268130
7 48100 98741 105670 284110 406840
8 15900 89830 56710 151730 173740
9 6500 58043 63440 156 180 131880
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Table 5.1.6. HERRING in Division VIa(North). Scottish bottom trawl survey indices of 2-ringed herring catch
rates. Mean catches per hour's trawling.

Trawl survey Number of 2-ringer
Year Trawls index

1981 9 1 237
1982 10 2361
1983 12 11
1984 12 12456
1985 17 98
1986 12 359
1987 15 40
1988 19 15770
1989 15 1435
1990 16 46
1991 18 1242
1992 14 38
1993 13 836
1994 18 343

Table 5.1.7. HERRING in Division VIa (North). Mean weights at age (g), maturity ogive and assumed natural
mortality.

Age Weight in the catch

1982-1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Mean
92-94

(Age, Rings)

1 90 69 113 73 80 82 79 84 91 89 83 88
2 140 103 145 143 112 142 129 118 122 128 142 131
3 175 134 173 183 157 145 173 160 172 158 167 166
4 205 161 196 211 177 191 182 203 194 197 190 194
5 231 182 215 220 203 190 209 211 216 206 195 206
6 253 199 230 238 194 213 224 229 224 228 201 218
7 270 213 242 241 240 216 228 236 236 223 244 234
8 284 223 251 253 213 204 237 261 251 262 234 249
9+ 295 231 258 256 228 243 247 271 258 263 266 262

Weight in the stock

Historical 1992 1993 1994 Mean Maturity Natural Mortality
92-94

I 90 68 75 52 0 1.0
2 164 152 162 150 155 I 0.3
3 208 186 196 192 191 I 0.2
4 233 206 206 220 211 I 0.1
5 246 232 226 221 226 I 0.1
6 252 252 234 233 240 1 0.1
7 258 271 254 241 255 I 0.1
8 269 296 260 270 275 I 0.1
9 292 305 276 296 292 1 0.1



Table 5.1.8. HERRING in Division Vla(N). Results ofbaseline assessment.

CATCH NUMBERS AT AGE (Millions)
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

1 173. 69. 35. 23. O. 13. 37. 13. 82. 3. 46. 39. 28. 2. 10. 22. 47. 9. 31. 4.
2 202. 320. 48. 46. O. 1. 78. 250. 78. 253. 77. 179. 94. 159. 57. 75. 41. 44. 168. 82.
3 89. 102. 96. 21. O. O. 106. 72. 93. 67. 166. 99. 65. 56. 171. 64. 45. 44. 33. 90.
4 64. 36. 22. 41. O. O. 61. 94. 29. 47. 19. 137. 45. 38. 29. 116. 50. 42. 19. 13.
5 188. 25. 10. 7. O. O. 21. 58. 43. 20. 17. 22. 71. 26. 28. 42. 67. 39. 23. 17.
6 31. 76. 12. 4. O. O. 13. 24. 27. 15. 7. 21. 12. 38. 12. 21. 24. 60. 26. 18.
7 12. 11. 21. 2. O. O. 12. 12. 15. 12. 8. 3. 10. 4. 23. 15. 13. 11. 34. 24.
8 13. 4. 3. 6. O. O. 1. 14. 8. 6. 4. 16. 5. 3. 3. 34. 12. 8. 8. 27.
9 14. 12. 1. 2. O. O. 1. 4. 8. 3. 2. 2. 8. 3. 5. 9. 8. 10. 13. 23.

INDICES OF SPAWNING STOCK BIOMASS
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

.878E+03 .189E+03 .787E+03 .332E+03 .107E+04 .144E+04 .215E+04 .189E+04 .668E+03 .213E+04 .271E+04 .304E+04 .412E+04 .595E+04 .432E+04 .653E+04 .443E+04 MISSING .294E+04

AGE - STRUCTURED INDICES
INDEX : 1 from 1987 to 1994

1987 1988 1989 1990 1991 1992 1993 1994

1 .249E+06 .338E+06 .743E+05 .276E+04 .494E+06
2 .578E+06 .294E+06 .503E+06 .750E+06 .542E+06
3 .551E+06 .328E+06 .211E+06 .681E+06 .608E+06
4 .353E+06 .368E+06 .258E+06 .653E+06 .286E+06
5 .753E+06 MISSING .488E+06 .415E+06 .544E+06 .307E+06
6 .112E+06 .176E+06 .240E+06 .865E+06 .268E+06
7 .481E+05 .987E+05 .106E+06 .284E+06 .407E+06
8 .159E+05 .898E+05 .567E+05 .152E+06 .174E+06
9 .650E+04 .580E+05 .634E+05 .156E+06 .132E+06

FISHING MORTALITY
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

1 .1374 .1900 .0884 .0373 .0004 .0214 .0329 .0228 .0342 .0032 .0428 .0425 .0122 .0020 .0169 .0263 .0249 .0181 .0190 .0165
2 .7389 .7708 .3420 .2803 .0008 .0028 .2993 .5937 .3100 .2400 .1783 .4130 .2322 .1503 .1285 .1996 .1891 .1378 .1447 .1255
3 .8955 1.2240 .6018 .2578 .0011 .0020 .3272 .5364 .4934 .5133 .2605 .3899 .2733 .2228 .1621 .2518 .2385 .1738 .1825 .1584
4 .8600 1.1253 .9560 .5276 .0005 .0026 .3700 .5098 .4103 .4737 .2566 .3370 .2947 .2416 .1432 .2223 .2106 .1535 .1612 .1399
5 .9219 .9054 1. 0600 .8010 .0004 .0011 .2881 .6357 .4071 .4846 .2786 .4525 .2615 .2472 .1834 .2849 .2699 .1967 .2065 .1792
6 1.0231 1.1308 1.5378 1.5585 .0024 .0009 .2971 .5182 .6142 .2224 .2949 .5655 .4286 .1941 .1833 .2846 .2697 .1965 .2063 .1790
7 1.1160 1.2092 1. 0178 1.1919 .0077 .0088 .3118 .4284 .6306 .5593 .1504 .1649 .5450 .2409 .1759 .2732 .2589 .1886 .1980 .1719
8 1'.1099 1.2770 1. 0701 .8787 .0024 .0037 .3857 .6555 .5666 .4986 .2843 .4689 .4025 .2596 .1945 .3021 .2862 .2086 .2190 .1900
9 1.1099 1.2770 1.0701 .8787 .0024 .0037 .3857 .6555 .5666 .4986 .2843 .4689 .4025 .2596 .1945 .3021 .2862 .2086 .2190 .1900
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Table 5.1.8. (contd.)

NUMBERS AT AGE (Millions)
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

1 2107. 622. 646. 969. 1528. 961. 1789. 932. 3841. 1483. 1717. 1476. 3611. 1837. 1319. 1041. 1207. 2019. 2306. 391. 1277.
2 440. 676. 189. 218. 344. 562. 346. 637. 335. 1366. 544. 605. 520. 1312. 675. 477. 373. 433. 729. 832. 141.
3 164. 156. 232. 100. 122. 254. 415. 190. 261. 182. 796. 337. 297. 306. 837. 439. 289. 229. 280. 468. 544.
4 115. 55. 37. 104. 63. 100. 208. 245. 91. 130. 89. 502. 187. 185. 200. 582. 280. 187. 157. 191. 327.
5 326. 44. 16. 13. 55. 57. 90. 130. 133. 55. 73. 62. 324. 126. 131. 157. 422. 205. 145. 121. 150.
6 50. 117. 16. 5. 5. 50. 51. 61. 62. 80. 30. 50. 36. 226. 89. 99. 107. 291. 152. 107. 92.
7 19. 16. 34. 3. 1. 5. 45. 35. 33. 30. 58. 21. 26. 21. 168. 67. 67. 74. 217. 112. 81.
8 20. 6. 4. 11. 1. l. 4. 30. 20. 16. 16. 45. 16. 14. 15. 128. 46. 47. 55. 161. 85.
9 18. 11. 4. 3. 5. 5. 6. 6. 17. 19. 19. 24. 39. 33. 33. 36. 109. 106. 112. 122. 211.

STOCK SUMMARY
-------------

Year Recruits Total B Spawn B Landings Yld/SSB Ref. F
xl0 A 6 tonnes tonnes tonnes Fbar 3- 6

1975 2107. 430957. 119683. 111922. .9352 .9251
1976 622. 261298. 94298. 93642. .9930 1. 0964
1977 646. 165376. 61085. 41341. .6768 1. 0389
1978 969. 176923. 59807. 22176. .3708 .7862
1979 1528. 250893. 97790. 60. .0006 .0011
1980 961. 284539. 170891. 306. .0018 .0017
1981 1789. 402233. 171923. 51420. .2991 .3206
1982 932. 351162. 161399. 9236l. .5723 .5500
1983 3841. 543518. 130607. 63523. .4864 .4813
1984 1483. 477036. 237167. 75154. .3169 .4235
1985 1717. 480594. 242882. 43814 . .1804 .2727
1986 1476. 471614. 232286. 82280. .3542 .4362
1987 3611. 626732. 222579. 63007. .2831 .3145
1988 1837. 593903. 327436. 47354. .1446 .2264
1989 1319. 561696. 351690. 53039. .1508 .1680
1990 1041. 524638. 329594. 69959. .2123 .2609
1991 1207. 487623. 291787. 50606. .1734 .2472
1992 2019. 490488. 283136. 51585. .1822 .1801
1993 2306. 546122. 294681. 56175. .1906 .1891
1994 391. 435003. 330982. 54708. .1653 .1641

•



Table 5.1.8. (contd.)

PARAMETER ESTIMATES +/- SO

Separable Model: Reference F by year
1 1989 .1621 .1358 .1935
2 1990 .2518 .2122 .2987
3 1991 .2385 .1994 .2854
4 1992 .1738 .1435 .2104
5 1993 .1825 .1480 .2250
6 1994 .1584 .1241 .2020
Separable Model: Selection (S) by age
7 1 .1043 .0844 .1291
8 2 .7927 .6583 .9547

3 1.0000 Fixed Reference age
9 4 .8831 .7476 1.0432

10 5 1.1317 .9636 1.3291
11 6 1.1305 .9653 1.3241
12 7 1. 0852 .9228 1.2761

8 1.2000 Fixed last true age
Separable Model: Populations in year 1994

13 1 390773. 250746. 608995.
14 2 832391. 602338. 1150309.
15 3 467523. 364603. 599495 .• 16 4 190750. 150362. 241987.
17 5 121263. 97189. 151300.
18 6 106621. 86061. 132092.
19 7 112173 . 90524. 139000.
20 8 160830. 129983. 198997.
Separable Model: Populations at age 8
21 1989 15072.1864 10672.5223 21285.5777
22 1990 127787.1197 98818.9731 165247.0922
23 1991 46147.8533 36452.9852 58421.1237
24 1992 47016.0061 37556.6466 58857.8863
25 1993 55316.6505 44550.2206 68684.9982

SSB Index catchabilities
26 1 Power Model Q
27 1 Power Model : K

.47452E+01
- •11324E+02

.40790E+01
-.13134E+02

.55204E+01
-.95144E+01

Age-structured index catchabilities
Age-Structured Index 1

Linear model fitted. Slopes at age:
28 1 Q .96148E-01 .25828E-01
29 2 Q .11156E+01 .72012E+00
30 3 Q .16899E+01 .10969E+01
31 4 Q .20715E+01 .13472E+01
32 5 Q .25020E+01 .16297E+01
33 6 Q .26156E+01 .17017E+01
34 7 Q .20811E+01 .13499E+01
35 8 Q .17053E+01 .11003E+01
36 9 Q .69658E+00 .44333E+00

.35792E+00

.17284E+01

.26035E+01

.31852E+01

.38410E+01

.40203E+01

.32085E+01

.26427E+01

.10945E+01

Parameters of the B.-H. stock-recruit relationship
37 a .2403350E+07 .4321812E+06 .1336498E+08
38 b .1056475E+06 .9955917E+03 .1121081E+08

RESIDUALS ABOUT THE MODEL FIT

Separab1e Model Residuals
(log(Observed Catch)-log(Expected Catch»
and weights (W) used in the analysis.

Age 1989 1990 1991 1992
1 -.36793E+00 .26847E+00 .91263E+00 -.89923E+00
2 -.20717E+00 .41717E-02 -.31265E+00 -.10462E+00
3 .40570E+00 -.33261E+00 -.22212E+00 .28993E+00
4 .14781E+00 .49112E-01 -.11870E-01 .51196E+00

5 .29710E+00 .11150E+00 -.35800E+00 .10661E+00
6 -.18256E+00 -.11510E+00 -.33204E-02 .19551E+00
7 -.10095E+00 .11648E-Ol -.84885E-Ol -.67910E-Ol
8 - .4211 OE- 02 .54946E-01 .10954E+00 -.93948E-01

Wts .10000E+Ol .10000E+Ol .10000E+Ol .10000E+Ol

1993
.12863E+00
.68186E+00

-.24852E+00
-.14050E+00
-.94031E-01
-.34419E-Ol
-.89928E-Ol
- .21964E+00

.10000E+01

1994
-.48248E-01
-.40763E-01

.36733E+00
-.56895E+00
-.13210E+00

.83546E-Ol

.33110E+00

.24090E-01

.10000E+Ol

.10000E+01

.10000E+01

.10000E+01

.10000E+01

.10000E+01

.10000E+01

.10000E+Ol

.10000E+01
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Table 5.1.8. (contd.)

Biomass Index Residuals: log(Observed Index) - log(Expected Index) : LARVAL ABUNDANCE INDEX

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
-.10504E+00 -.12697E+01 .83286E+00 .26733E-02 .40824E+00 -.16769E+00 .22839E+00 .19601E+00 -.51441E+00 -.28236E+00 -.80021E-01

1986
.10336E+00

1987
.47457E+00

1988 1989
.24078E+00 -.19013E+00

1990
.32330E+00

1991
.12578E+00

1992
MISSING

1993
- .29924E+00

Aged Index Residuals: log(Observed Index) - log(Expected Index)

Aged Index 1: Acoustic Survey

Age
1
2

3
4
5
6
7
8
9

1987
.72830E-01
.20925E+00
.28419E+00
.66135E-01
.69192E-01
.38241E+00
.14655E+00

-.32311E+00
-.12320E+01

1988 1989

MISSING

1990 1991 1992 1993 1994
.14797E+01 -.55289E+00 -.39786E+01 .29832E+01

-.15061E+00 .21587E+00 .96741E-01 - .36811E+00
-.22440E+00 -.45635E+00 .51865E+00 -.11908E+00
-.33013E+00 -.30290E+00 .79869E+00 -.22869E+00
-.62303E+00 -.93788E-01 .52867E+00 .12271E+00
-.31254E+00 -.10367E+01 .89756E+00 .72308E-01
-.20623E+00 -.25885E+00 -.34273E+00 .66420E+00

.28682E+00 -.22285E+00 .60289E+00 -.34050E+00
-.11632E+00 -.24618E-01 .82078E+00 .55798E+00

PARAMETERS OF THE DISTRIBUTION OF In CATCHES AT AGE

Separable model fitted from
Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Probability of chi-square
Degrees of freedom

1989 to 1994
.1867
.6895

2.7056
.4166

1.0000
23



Table 5.1.8. (contd)

DISTRIBUTION STATISTICS FOR In (LARVAL ABUNDANCE INDEX)

Power catchability relationship assumed.
Last age is a plus-group.

Variance
Skewness test statistic
Kurtosis test statistic
Partial chi-square
Probability of chi-square
Number of observations
Degrees of freedom
Weight in the analysis

.2183
-1. 6017
1.5728

.5242
1.0000

18
16

1.0000

DISTRIBUTION STATISTICS FOR In (ACOUSTIC SURVEY)

Linear catchability relationship assumed.

Age 1 2 3 4 5 6 7 8 9

Variance 6.8073 .0645 .1556 .2238 .1741 .5324 .1724 .1789 .6292

Skewness test stat. -.4793 -.5169 .2262 1. 0458 -.3258 -.2400 .8190 .5342 -.5852

Kurtosis test stat. -.3392 -.5785 -.6333 -.1451 -.2908 -.4458 -.3368 -.6312 -.3409

• Partial chi-square 2.4298 .0194 .0484 .0706 .0526 .1644 .0564 .0637 .2411

Prob. of chi-square .6573 1.0000 .9997 .9994 .9997 .9968 .9996 .9995 .9933

Number of data 5 5 5 5 5 5 5 5 5

Degrees of freedom 4 4 4 4 4 4 4 4 4

Weight in analysis .0111 .1111 .1111 .1111 .1111 .1111 .1111 .1111 .1111

ANALYSIS OF VARIANCE

Total weighted SSQ is : 9.122499245759684

Unweighted Residuals About the Model fit
----------------------------------------

Start SSQ End SSQ df Variance IV Wt
Separable model: 4.7840 4.2934 23 .1867 5.35709

Biomass idx 1 3.4242030 3.4929487 16 .2183 .85507
Aged index 1 43.7442655 35.7532116 36 .9931 .18796

Partition of the weighted residuals
-----------------------------------

Catch at Age Matrix : . 4293E+01 for 48 observations •

SSB Index 1 3.492949 for 18 observations

Aged Index
Age:

Wted SSQ:
No data:

1
1 2 3 4 5 6 7 8 9

.3025E+00 .2866E-01 .6917E-Ol .9948E-Ol .7737E-01 .2366E+00 .7663E-01 .7953E-Ol .2797E+00
5 5 5 5 5 5 5 5 5
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Table 5.1.9 HERRING in VIa(N). Catcbes that are assumed misreported in rectangles 46E5-50E5, as aproportion of tbe total catcb.
from Division VIa(N), as used by tbe Working Group in previous years. Where available, tbe proportion of tbe stock distributed in tbe
E5 rectangles (as estimated from tbe acoustic survey) are also given.

* . Not available

214

Year

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

Proportion of
Cateh Reported

in ES rectangles

(X)

15
11
13
30
25
36
36
36
44
43
55

Proportion of
Stock Reported

in ES rectangles

(X)

*
*
*
*
*
*
*

9.8
11.8
1.1
2.9

•



Herring in Vla(N)
Comparison of Tuning Indices
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Figure 5.1.1. Herring in VIa(N). Estimates of fishing mortality at age 3 in population models fitte<! to the 10%
trimmed mean of larval abumiances (TI0), the conventional larval abundance index (LAI-L, proportionate
model; LAI-P, power model), the larval production estimate (LPE, in proportionate model), the acoustic survey
used as an absolute estimator of abunclance (ACU-A) and the acoustic survey used as a proportionate measure
of abundance (ACU-L). In these independent model fits, the indices were given a high weight (= 5) relative to
the cateb-&t-age observations. Lastly, the estimate from the baseline fit in which the LAI and the acoustic survey
(used as a proportionate measure of abundance) are given equal weight to observations of catches at age
(LAI+ACU-L).
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Figure 5.1.2. Herring in VIa(N). Sums of squares surface for the baseline model fit. Twenty independent
conventional separable VPAs have been fitted to the catch at age data with a range ofvaJues of fishing mortaJity
at age 3 from 0.05 to 0.5. For each calculated time series of larval survey (SSBx) and acoustic survey (Agex
1), a simple double-Iogarithmic regression of LAI on SSB was fitted. Sums of squared residuals of these
regressions are plotted above, showing that the model has a reasonably well-defined minimum in the region of
F= 0.16. Tbe plot is for illustrative purposes only as the model is fitted with a multidimensional mimimisation
algorithm.
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Figure 5.1.3. Herring in VIa(N). Results of baseline assessment. Summary of estimates of landings. fishing
mortality at age 3, recruitment at age I, stock siz.e on 1 ]anuary and spawning stock siz.e at spawning time.
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Figure 5.1.4. Herring in Vla(N). Results ofbaseline assessment. Selection pattern diagnostics. Top left. contour
plot of selection pattern residuals. Top right. estimated selection (relative to age 3) +,- standard deviation.
Bottom. marginal totals of residuals by year and age.
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uning Diagnostics: Biomass index 1
Catchability
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Figure 5.1.5. Herring in VIa(N). Results of the baseline assessment. Diagnostics of the fit of the larval
abundance index against the estimated spawning biomass. Top left, spawning biomass from the fitted populations
(line), and predictions of spawning biomass in each year made from the index observations and the estimated
C3tchability (triangles +/- standard deviation), plotted by year. Top right, scatterplot and fitted relationship of
spawning biomass from the fitted populations and larval survey index observations. Hottorn, residuals, as
(In(observed index) - ln(expected index) plotted against expected values and against time.
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uning Diagnostics: Aged Index 1
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Figure 5.1.6. Herring in VIa(N). Results ofthe baseline assessment. Diagnostics ofthe fit ofthe acoustic index
against the estimated populations at age 1. Top left, fitted populations (Iine), and predictions of abundance in each
year made from the acoustic index observations and the estimated catchability (triangles +/- standard deviation),
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against time.
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uning Diagnostics: Aged Index 1 at age 2
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Figure 5.1.7. Herring in Vla(N). Results of the baseline assessment. Diagnostics of the fit of the acoustic index
against the estimated populations.at age 2. Top left, fitted populations (line), and predictions ofabundance in each
year made from the acoustic index observations and the estimated catchability (triangles +/- standard deviation),
plotted by year. Top right, scatterplot and fitted relationship of the fitted populations and acoustic survey index
observations. Bottom, residuals, as (In(observed index) - In(expected index) plotted against expected values and
against time.
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uning Diagnostics: Aged Index 1 at age 3
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Figure 5.1.8. Herring in VIa(N). Results of the baseline assessment. Diagnostics of the fit of the acoustic index
against the estimated populations at age 3. Top left, fitted populations (Iine), and predictions of abundance in each
year made from the acoustic index observations and the estimated catchability (triangles +/- standard deviation),
plotted by year. Top right, scatterplot and fitted relationship of the fitted populations and acoustic survey index
observations. Bottom, residuals, as (In(observed index) - 1n(expected index) plotted against expected values and
against time.
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Figure 5.1.9. Herring in VIa(N). Results of the baseline assessment. Diagnostics of the fit of the acoustic index
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year made from the acoustic index observations and the estimated catchability (triangles +/- standard deviation),
plotted by year. Top right, scatterplot and fitted relationship of the fitted populations and acoustic survey index
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against time.
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uning Diagnostics: Aged Index 1
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Figure 5.1.10. Herring in VIa(N). Results ofthe baseline assessment. Diagnostics ofthe fit ofthe acoustic index
against the estimated populations at age 5. Top lell, fitted populations (line), and predictions of abundance in each
year made from the acoustic index observations and the estimated catchability (triangles +/- standard deviation),
plotted by year. Top right, scatterplot and fitted relationship of the fitted populations and acoustic survey index
observations. Bottom, residuals, as (In(observed index) - In(expected index) plotted against expected values and
against time.
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Figure 5.1.11. Herring in VIa(N). Results ofthe baseline assessment. Diagnostics ofthe fit ofthe acoustic index
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year made from the acoustic index observations and the estimated catchability (triangles +/- standard deviation),
plotted by year. Top right, scatterplot and fitted relationship of the fitted populations and acoustic survey index
observations. Bottom, residuals, as (In(observed index) - In(expected index) plotted against expected values and
against time.
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uning Diagnostics: Aged Index 1
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Figure 5.1.12. Herring in VIa(N). Results ofthe baseline assessment. Diagnostics ofthe fit ofthe acoustic index
against the estimated populations at age 7. Top left, fitted populations (Iine), and predictions ofabundance in each
year made from the acoustic index observations and the estimated catchability (triangles +/- standard deviation),
plotted by year. Top right, scatterplot and fitted relationship of the fitted populations and acoustic survey index
observations. Bottom, residuals, as (In(observed index) - In(expected index) plotted against expected values and
against time.
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Figure 5.1.13. Herring in Vla(N). Results ofthe baseline assessment. Diagnostics ofthe fit ofthe acoustic index
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against time.
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Figure 5.1.14. Herring in Vla(N). Results of the baseline assessment. Diagnostics of the fit of the acoustic
index at ageq against the estimated populations at age 9. Top left, fitted populations (line). and predictioos of
abundance in each year made from the acoustic index observations and lhe estimated catchabilily (tnangles +/­
standard deviation), plotted by year. Top right, scatterplot and fitted relationship of the fitted populations and
acoustic survey index observations. Bottom, residuals, as (In(observed index) -In(expected index) plotted against
expected values and against time.
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Figure 5.1.17. Herring in VIa(N). Estimated spawning stock biomass, +/- estimates of the 95% confidence
interval.
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5.2 CI,)'de Herring

5.2.1 Advice and management applicable to
1993 and 1994.

Management of herring in the Clyde is complicated by
the presence oftwo virtually indistinguishable stocks' a
resident spring-spawning population and the immigr::nt
autumn-spawning component. In recent years
management strategies have been directed towards
rebuilding the highly depleted spring-spawning
component to historicallevels.

The TAC has been maintained at 1000t in 1993, 1994
?nd. 1995. The ban on herring fishing to protect the
mdlgenous spring-spawners, initiated in 1990 and
exte~ded in 1992 from 1 January until 30 April was
contmued for 1994 and 1995. Other fishing activities
were allowed a 200 t maximum by-catch during the
c10sed season. In addition the spawning grounds at
Ballantrae bank were c10sed to all forms of active
fi~hing from 1 February to 1 April in order to prevent
dtsturbance to spawning shoals and to the demersal
eggs themselves.

5.2.2 The fishery in 1994

Landings up to 1994 are presented in Table 5.2.1. Total
landings were estimated to be 608 t compared with 852
t in 1993. Both estimates were below the TAC of 1
000t. Ofthe totallandings, 572t were reported taken by
pair trawlers in the directed fishery between July and
December, and 36t were taken as a by-catch in
demersal trawl fisheries in all months. Sampling levels
in the fishery are given in Table 5.2.2 and are weIl
above recommended levels.

An index of effort has been ca1culated by raising the
number of days absence from port by pair trawlers by
the ratio of pair trawl to total landings. Values are
given in Table 5.2.3. Effort in 1994 was half the
recorded level in 1993 and much lower than the lowest
recorded level of 1992. The proportion of
spring/autumn spawners in the catches could not be
estimated.

5.2.3 Weight at age and stock composition

Problems in age-readings of Clyde herring in 1992
were addressed and commented on in the 1994 report
(Anon, 1994a). In 1993 the anomalous age
distribution, and in particular thc marked high catch of
5-ring fish, was still evident. The catch at age in 1994
(Table 5.2.4) shows that this anomaly is no longer as
evident as in previous years. The catches at age for the
younger year c1asses, 1 to 4-ringers, havc increased
indieating possible improved recruitment to the fishery.

Weights at length have been assigned using thc weight­
length relationship observed in 1991 and assigned to

234

ages accordingly. These are given in Table 5.2.5. As
mean weights in the stock are not available from
research vessel surveys for 1994, the weights in the
stock used are simply the weights at age in the catches
Weig~ts at age i~ previous years are as used by the
Workmg Group 10 1994. Once again no attempt has
been made to apportion catches between spring and
autumn-spawning stocks for 1993. The landings data
show that the fishery has been directed at aggregations
of autumn-spawning fish, with 70% of the catch taken
in thc last quarter and virtually all of the remainder
from July to September.

5.2.4 Sun'e,)'s

No demersal egg surveys on the Ballantrac Bank and
Brown Head spawning sites were carried out in 1994.
The egg survey estimates of SSB up to 1993 are
presented in Table 5.2.6. No acoustic surveys have
been conducted in the Clyde since 1992. Historieal
survey data are presented in Table 5.2.7. The spring •
trawl surveys are no longer carried out but the
historieal data on thc proportion of fish by age are
presented in Tablc 5.2.8 .

5.2.5 Stock Assessment

Because of uncertainty about stock structure 00 formal
?".alytical stock assessment has been attempted. No
Jomt-stock VPA will be ca1culated on account of the
known extensive migrations of autumn-spawners in
and out ofthe area.

5.2.6 Stock and catch projections

As no analytieal estimates of the stock have been
ca1culated, no oew stock projections can be provided.

5.2.7 Management considerations

The management of this fishery continues to be e
problematic due to the mixed-stock nature of the
fishery and the absence of current fishery-independent
survey data. Further research is required to improve
our understanding of the Clydc stock structure.
Suitable management objectives for the spring­
s~a~mers and. autumn-spawners are necessarily
dtstmct. The sprmg-spawoing stock supported a strong
and 10caIly-important fishery from 1955 to 1974 at
catch levels ranging from 4,000 t to 15,000 t. Catches
then declined but increased again in thc 1980's. A
TAC of 3,000 t was set in 1984 but was exceeded in
that year and the following three years. Since then
catches have steadily declined and the stock shows no
signs of recovering to its former level. However, the
?ppearancc of ~ncreased numbers of 1,2 and 3-ringers
10 thc catches tu 1994 may indicatc some improved
recruitment. Nevertheless, the stock is still at a very
low level and current management measures should
remain in force in order to protect it. Consequently, if



•

•

the objective is to restore the spring-spawning stock the
catches should be reduced to as low a level as possible
and the technical measures to protect the spring­
spawning stock should remain in place.

----~---------------------

5.2.8 Future research requirements

Provision of some fishery-independent survey data for
this area is imperative if an analytical assessment for
the stock is to be provided.
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Table 5.2.1. Catches ofHERRING from the Firth ofClyde. Spring and autumn-spawners combined. Catch in tonnes by
country, 1955-1994.

Tonnes.

Year Scotland ether UK Unallocated Discards Total Agreed

used by IJG TAC

1955 4 050
1956 4 848
1957 5 915
1958 4 926
1959 10 530
1960 1S 680
1961 10 848
1962 3 989
1963 7073
1964 14 509
1965 15 096
1966 9 807 •1967 7 929
1968 9 433
1969 10 594
1970 7 763
1971 4 088
19n 4 226
1973 4 715
1974 4 061
1975 3 664
1976 4 139
19n 4 847
1978 3 862
1979 1 951
1980 2 081
1981 2 135
1982 2 506 262 1 253 4 021
1983 2 530 273 293 1 265 4 361 •1984 2 991 247 224 2 308 5 no 3 000
1985 3 001 22 433 1 3443 4 800 3 000
1986 3 395 576 6793 4 650 3 100
1987 2 895 278 4394 3 612 3 500
1988 1 568 110 2454 1 923 3 200
1989 2 135 208 -2 2 343 3 200
1990 2 184 75 -2 2 259 2 600
1991 713 18 -2 731 2 900
1992 929 926 2 300
1993 852 852 1 000
1994 608 608 1 000
1 Calculated from estimates of weight per box and in seme years estimated by-catch in the sprat fishery.
2 Reported to be at a low level, assumed to be zero

3 Based on sampling

4 Estimated assuming the same discarding rate as in 1986.
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Table 5.2.2 Sampling levels of Clyde HERRING 1988-1994

Year Reported NO.of NO.offish NO.offish Discards
catch sampIes measured aged

1988 1,568 41 5,955 2,574 Based on local reports
1989 2,135 45 8,368 4,152 " "
1990 2,184 37 5,926 3,803 "
1991 713 29 4,312 2,992 No information
1992 929 23 4,604 1,579 No information
1993 852 16 3,408 798 No information
1994 608 16 3,903 1,388 No information

Table 5.2.3 Effort on Clyde HERRING. Number of days' absence
from port by pair trawlers in the Firth of Clyde, 1974
to 1992, and estimated total effort in pair trawI units.

Year Days absent Raised to total• (pair trawl) landings

1974 3376 3376
1975 3209 3209
1976 3016 3016
1977 4186 4186
1978 4379 4379
1979 2933 2933
1980 1982 1982
1981 1529 1529
1982 1755 1 755
1983 1644 1644
1984 1401 1401
1985 1688 1688
1986 1375 1375
1987 850 998
1988 540 626
1989 582 639• 1990 388 429
1991 169 254
1992 137 165
1993 194 224
1994 104 111
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Table 5.2.4 Clyde HERRING catch in numbers at age. Spring and aurumn
spawners combined. Thousands of fish.

Thousands of fish.

Age(Rings)

1970 1971 19n 1973 1974 1975 1976 19n 1978 1979

5008 2207 1351 9139 5308 12694 6194 1041 14123 507
2 7551 6503 8983 5258 8841 1876 10480 7524 1796 4859

3 10338 1976 3181 4548 2817 2483 913 6976 2259 807
4 8745 4355 1684 1811 2559 1024 1049 1062 2n4 930
5 2306 3432 3007 918 1140 1072 526 1112 634 888
6 741 1090 1114 1525 494 451 638 574 606 341
7 760 501 656 659 700 175 261 409 330 289
8 753 352 282 307 253 356 138 251 298 156
9 227 225 1n 132 87 130 178 146 174 119 •9+ 117 181 132 114 59 67 100 192 236 154

Age(Rings)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
"'&r,

1 333 312 220 314 4156 1639 678 508 0 845

2 5633 23n 11311 10109 11829 2951 4574 1376 1062 1523
3 1592 2785 4079 5232 5n4 4420 4431 3669 1724 9239
4 567 1622 2440 1747 3406 4592 4622 4379 2506 876
5 341 1158 1028 963 1509 2806 2679 3400 2014 452
6 204 433 663 555 587 2654 1847 1983 1319 252
7 125 486 145 415 489 917 644 1427 510 146
8 48 407 222 189 375 681 287 680 234 29
9 56 74 63 85 74 457 251 308 66 16
9+ 68 18 53 38 80 240 79 175 16 5 •
Age(Rings)

1990 1991 1992 1993 1994

1 716 42 145 3 399

2 1004 615 411 418 964

3 839 4n 493 261 964

4 7533 703 385 268 358

5 576 1908 1305 1305 534
6 359 169 333 327 319
7 329 92 91 78 76

8 119 113 69 111 57
9 49 22 32 38 16
9+ 16 9 10 0 17
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Table 5.2.5 HERRING in the Firth of Clyde. Mean weights at age in the catch and stock (g).

Age lJeight in

(rings)the stocK

(Spr spawn)

lJeight in the catch

1970-81 1982-85 1986 1987 1988 1989 1990 1991 1992 1993 1994

2 225 149 166 149 156 149 170 143 141 141 92

3 171 173 270 187 199 194 194 174 186 163 187 174 157

4 195 218 290 228 224 203 207 203 202 188 188 198 184

5 210 215 310 253 253 217 211 221 216 192 216 213 212

6 210 245 328 272 265 225 222 227 237 198 227 216 249

7 234 340 307 297 236 230 235 234 210 206 229 248

8 345 291 298 247 225 237 234 222 218 261 240

9 350 300 298 255 244 219 257 200 201 233 249• 10+ 350 300 321 258 230 254 272 203 221 254 294

Table 5.2.6 Clyde HERRING. Estimates ofstock biomass from egg surveys on BaIIantrae Bank and Brown Head in
April and from fish in acoustic surveys in July, except for acoustic surveys in 1985 and 1986 in June.
Tonnes of spawning fish Year

1986 1987 1988 1989 1990 1991 1993

Egg survey:
Spring-spawners
BaIIantrae 760 5200 4843 2984 1 730
Brown Head 1 187 3976 1344

• Total 6730 6960 3074

Acoustic survey

Total (2+ ringers) 6600 9000 16100 12400 18400 11900
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Table 5.2.7 Proportions offish by age in the trawl surveys carried out in spring.
These represent almost entirely spring-spawners.

Age (Rings) 1985 1986 1987 1988 1989 1990 1991 1993

1 5.8 11.3 10.4

2 7.9 3.3 18.8 0.7 1.1 0.25 0.6
3 31.8 36.1 32.7 23.5 93.0 0.9 0.75 19.0
4 25.4 24.0 12.9 35.6 2.6 97.5 3.99 9.3

5 14.6 16.3 7.0 16.4 1.9 1.2 93.02 54.4

6 5.9 3.6 7.2 10.7 0.4 0.3 1.75 13.9

7 4.3 2.5 3.7 7.8 0.7 0.25 0.7
8 2.9 1.9 4.1 4.0 0.6
9 0.7 0.8 1.4 1.0 0.4

10 0.5 0.3 1.6
11+ 0.2 0.6 0.2 •

Table 5.2.8. Estimates ofClyde HERRING abundance
at age from acoustic surveys.

Age (Rings) 1985 1986 1987 1988 1989

2
3
4
5
6
7
8

240

3200
9900

10 600
3000
3200

800
700

20 500 11 500 67 400 9 500
12500 9200 620080300
9 300 11 500 4 800 6 700
3 400 5 700 5 500 2 400
3 200 3 000 3 600 1 800
1 200 1 200 2 800 1 100

700 1500 300 •
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6. IIERRING IN DIVISioNS VIa (SOUTH)
ANDVIIb,c

6.1 The Fishery

6.1.1 Advice and management applicable in 1994
and 1995

The TAC set for the area for 1994 was 28,000 tonnes.
This was a precautionary TAC and ;,vas the same as
that set for 1993 and 1992. The total catch estimated by
the Working Group to have been taken from the stock
inthis area during 1994 was about 33,900 tonnes
compared with 36,800 tonnes in 1993. The total catch
therefore, as it has been every year since 1982, was
considerably higher than the recommended level.
ACFM in 1994 did not give any specific scientific
advice for this stock for 1995 as it has not been
possible to carry out an analytical assessment for a
number of years. It did advise, however, that catches
should not exceed the recent catch level of 36 000
tonnes, which was about the average level from 1990­
1993. The TAC subsequently set by the EU for 1995
was again 28,000 tonnes.

6.1.2 Catch data

As has now been the position for a number ofyears the
main catches from this area in 1994 were again taken
by the lrish fleet.

The total amount of "unallocated" catches in 1994
amounted to about 6,200 tonnes. This total consisted of
approximately 8,000 tonnes which were reported as
having been taken in Division VIa (North) but which
:-vere in fact taken in Division VIa (South) and a
negative unallocated catch of 1,800 tonnes.

The catches arid landings taken by each country fishing
in this area from 1985-1994 are shown in Table 6.1.1
arid the total catch from 1970 is shown in Figure 6.1.1

The catches for 1994 are preliminary. It has not been
found necessary to make any alterations to the 1993
data. Even though a substantial roe fishery has been
developed in the area in recent years by the Irish fleet
the quantities of herring discarded are believed to be
very smalI. Estimates of herring discarded by the
Dutch fleet are provided but catches by this fleet have
in recent years been very smal!.

The pattern of the Irish fishery in 1994 was similar to
that of 1992 and 1993, Le. herring appeared to be
distributed more northerly than in the years prior to
1992. As indicated in the 1994 Working Group report
catches taken in the first quarter of 1993 and 1994
contained large riumbers of full arid spawning fish
(40%). These fish were again present in the catches
during January-March 1995. Throughout most of 1994

. ".. ~ .. ': :'

herring shoals were reported to be very scarce ­
particularly throughout Division VIIb. Catches in this
area were very poor and shoals appeared to be almost
com~letely absent from the traditional spawning areas.
This scarcitY of herring from west of Ireland was also
reported by the Dutch fleet.

The compositicin of the Irish fleet in 1994 was very
similar to that in 1993 and has been stable at about 18
vessels for a number of years. Landings were again
regulated in weekly quotas and a closed season was
again introduced during June and July.

6.1.3 Catch in numbers 3t age

The catches in numbers at age for this fishery since
1970 are shown in Table 6.1.2. These data are based
mainly on sarnples from the Irish fishery, together with
a small sampIe from the Dutch fishery. For a long
period the age compositions of the catches from this
fishery were similar to those from that in Division VIa
(North). However in 1993 and 1994 considerable
difference became apparent arid this was particularly
evident in 1994. The strong 1985 year dass constituted
16% of the catches in Divisions VIa (South) and VIIb
compared with 9% in Division VIa (Nofth) while the
1990 year class which constituted 15% of the catches
in Divisions VIa (South), VIIb constituted 30% of the
catches in the northem area. The 1991 year dass
constituted 28% of the Irish catches. This year dass
was particularly apparent in the .catches taken during
the fourth quarter and the percentage age composition
over the period 1970-1994 indicates thatthis year class
may be the strongest to recruit to the fishery for some
time.

6.1.4 Quality ofthe catch and biologicaI data.

Although there have been reports of underreporting of
the landings from this area management authorities in
general seem confident ofthe accuracy ofthe figures in
recent years. The scarcity of herring throughout 1994
did not put pressure on skippers to under-report to any
great extent. Misreporting of catches to Division VIa
(North) did, however, continue but it was possible to
reallocate these catches using information from the
fisheries. There was no misreporting of catches
between Divisions VIIj and VIIb during 1994 because
of the very poor fishing reported around the boundary
line 52°30'N.

The numbers of sampIes and .the biological data,
together with the length distribution of the catches
taken per quarter by the Irish fleet, are shown in Tables
6:1.3 and 6.1.4 respectively. Although sampIes have
been obtained throughciut the year there is a relatively
low sampling intensity during quarter 4 when catches
are high compared to that ofquarter 2 when catches are
rather low. .
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6.2 l\1ean Weight at Age

The mean weights (g) at age in the catches in 1994 are
based on a combination of Irish and some Dutch data
and are shown below together with those for 1992 and
1993.

···Year·-..-----......-......-....----------..-----Äge--··-------·------------
1234567 8

1992 95 141 147 157 165 171 180 194
1993 112 138 153 170 181 184 186 229
1994 81' 141 164 177 189 187 191 204

The mean weights are again higher than those of 1993
whieh were in turn higher than those of 1992. These
increases may be due to the increased catches taken
during the fourth quarter and the increased numbers of
full and spawning fish taken during the first quarter.

The mean weights at age for the stock at spawning time
(1 October) are based on Irish sampIes of full fish
taken during the fourth quarter. These mean weights
are shown below, together with those for 1992 and
1993.

Year Age
2 3 4 5 6 7 8 8+

1992 144 167 182 194 197 214 218 242
1993 166 196 205 214 220 223 242 258
1994 156 192 209 216 223 226 230 247

The mean weights of the spawning stock for 1994 are
very similar to those of 1993

6.3 Young Fish Sun'e)'s

Young fish surveys were carried out during November
in Divisions VIa (South) and VIIb. Over 60 stations
were again sampled, as in a similar survey in 1993.
These surveys have only been carried out for two years
and it is not yet possible to use the results to provide an
index ofrecruitment to the herring stock in the area.

6.4 Acoustic Surveys

An acoustic survey, designed to obtain an estimate of
the total herring stock size in this area was carried out
during July 1994. The vessel used was the RN Lough
Foyle and the resuIts were presented in a working
paper (Molloy and Fernandes, 1995.W.D.), and were
also reported in the report of the 1994 Coordinated
Acoustic Survey (Simmonds et al., 1994.W.D.). The
total stock size estimated from the survey was 350,000
t. 1I0wevcr, this cstimate was not acccptcd by the
Working Group as an accurate estimate of stock size
because it was based on extremely limited biological
information and very poor verification of obscrved fish
traces. During the survey extreme difficulty was
experienced in relocating observed herring shoals and
in actually catching herring. In fact throughout the
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survey no sampies of adult herring were obtained. The
estimate was, however, consistent with total stock sizes
indieated from tentative VPAs for the area in recent
years. Although it was not possible to use this survey
as an indieation of stock size it is considered extremcly
important that these surveys should be continued and
that every effort should be made to improve the
sampling tcchniques cmployed - a possible solution is
the use of nets with much larger mouth openings than
those used during the 1994 survey and/or the use of
chartered commercial vessels. The Working Group
therefore recommends that the surveys should be
continued and that every efTort should be made to
ensure that sufficient biological data are obtained to
enable proper stock estimates to be made,

6.5 State of the Stock

No analytical assessment has been carried out on this
stock in recent years because of the absence of any
fishery-independent data. Although an acoustic survey •
was carried out in 1994 the stock estimate was not
considered sufficiently reliable on whieh to base an
assessment. It was decided therefore that no assessment
would again be carried out for the purpose ofproviding
management advice.

As mentioned in the 1994 report the landings in this
area in recent years have been very stable and there has
been little change in the composition of the fleets. In
general, recent working groups, on the basis of
available information, have suggested that the stock
did not appear to be heavily exploited. It was pointed
out, however, that the stock was declining each year as
the strong 1985 year class passed through the fishery
and came to the end of its natural life span and because
it had not been replaced by any other year class of
similar strength. During 1994 there have been
continuous reports from fishermen about a scarcity of
herring throughout the area - partieularly in Division •
VIIb.

In the absence of any data necessary for assessments, it
was decided to adopt the same procedure as that
adopted at recent Working Group meetings. A VPA
was therefore carried out in order to study the
development of the stock in recent years. A separable
VPA was carried out using the updated data and a
terminal S value of 1.2 and downweighted prior to
1989 to 0.001. Using a reference age of 4 the
exploitation pattern rose sharply on age 7. This sharp
rise was also apparent in similar separable VPAs
carried out in 1993 and 1994. The results of the
separable VPA are shown in Table 6.5.1. As in 1994
the terminal populations from the separable VPA using
an input F value = 0.30 wcre used to carry out a
traditional VPA. This value was again selected to be
consistent with that selected in 1993 and 1994 and to
reflect the apparent stability of efTort in the area. The
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summary results from this VPA are shown in Table
6.5.2. For comparative purposes VPAs were also
carried out using input F values ofO.2, 0.4 and 0.5. The
resulting spawning stock estimates are shown in Figure
6.5.1.

The results from the VPA indicate that the spawning
stock was at its maximum level of 268,000 t in 1988
when it was boosted by the recruitment of the
exceptionally strong 1985 year class. This year class
appears to have been the strongest one to recruit to the
fishery since 1970. Since 1988 the stock has declined
each year as the 1985 year class progressed through the
fishery. Fishing mortality appears to have been rather
stable. The VPA would suggest that in 1990 the
spawning stock may have been between 150,000 t and
200,000 t. Since then the spawning stock has declined
but the present level is not known.

6.6 Management Considerations

Although it has not been possible to carry out an
assessment for this stock or to carry out any predictions
it is important for management authorities to be aware
that the stock has declined in recent years. This decline
will not be reversed until another strong year class
enters the fishery. There are some indications from the
age composition ofthe 1994 catches that the 1991 year
class may be above average size but this is by no
means certain. It is therefore extremely important that
every efTort should be made to ensure that the 1995
catches are restricted to the advised level of 28,000 t.
In this respect it is also important to ensure that no
misreporting of catches from Division VIa (North)
takes place.

6.7 Risk Analysis and Projections

As no assessment has been carried out on this stock for
a number of years and because no recruitment indices
are available it is not possible to carry out risk analyses
or to make projections

, -.".,)-..-'

6.8 Appropriateness of Controls on Catch and

Fishing Effort

In this area the main catches in recent years have been
taken by the Irish fleet. The total national quota is
administered by a local management committee which
divides it throughout the year according to market
requirements. The quota is further divided into boat
quotas per week according to boat categories.
Enforcement of boat quotas is carried out by local
fishery officers. \Vhile the controls on catch are in
theory appropriate to ensure that landings are restricted
to the permitted level the actual enforcement of control
measures has proved difficult, unless there is intense
and consistent monitoring of landings at port level. In
addition area misreporting of catches cannot be
detected unless there is continuous surveillance of
fleets while at sea.

6.9 Potential for Multispecies or Multiannual
Catch Options

As in Division VIa (North) herring in this area is
caught in a single species directed fishery with little
by-catch. There is no information available about
interactions with other species in the area. There does
not appear to be any possibility of carrying out
multispecies assessments in the near future.

At present, as it is not possible to carry out stock
predictions it is not possible to provide multiannual
catch options.
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Table 6.1.1 Estimated Herring catches in tonnes in Divisions VIa (South) and VIIb,c, 1985-1994. These
figures do not in all cases correspond to the official statistics and cannot be used for
management purposes.

Country 1985 1986 1987 1988 1989

France
Germany, Fed.Rep.
Ireland 13,900 15,540 15,000 15,000 18,200
Netherlands 1,270 1,550 1,550 300 2,900
UK (N.Ireland) 5
UK (England + Wales) 51
UK Scotland +
Unallocated 8,204 11,785 31,994 13,800 7,100

Total landings 23,374 28,785 48,600 29,100 28,200
Discards 1,000
Total catch 23,374 28,785 48,600 29,100 29,200

•Country 1990 1991 1992 1993' 1994'

France +
Germany, Fed.Rep. 250
Ireland 25,000 22,500 26,000 27,600 24,400
Netherlands 2,533 600 900 2,500 2,500
UK (N. Ireland) 80
UK (England + Wales) 50
UK (Scotland) + 200
Unallocated 13,826 11,200 4,600 6,250 6,250

Total landings 41,439 34,300 31,750 36,550 33,200
Discards 2,530 3,400 100 250 700
Total catch 43,969 37,700 31,850 36,800 33,900

,Provisional

•
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Table 6.1.2 Herring West of Ireland and Porcupine Bank and lower part of VIa (fish catch in numbers).

12:21 ~ednesday, March 29, 1995

Catch in Numbers (Thousands)

(CANUM)

Year Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9

1970 0 135 35114 26007 13243 3895 40181 2982 1667 1911
1971 0 883 61n 7038 10856 8826 3938 40553 2286 2160
1972 0 1001 28786 20534 6191 11145 10057 4243 47182 4305
1973 46 6423 40390 47389 16863 7432 12383 9191 1969 50980
1974 0 3374 29406 41116 44579 17857 8882 10901 10272 30549
1975 194 7360 41308 25117 29192 23718 10703 5909 9378 32029
1976 823 16613 29011 37512 26544 25317 15000 5208 3596 15703
19n 0 4485 44512 13396 17176 12209 9924 5534 1360 4150
1978 82 10170 40320 27079 13308 10685 5356 4270 3638 3324
1979 4 5919 50071 19161 19969 9349 8422 5443 4423 4090
1980 0 2856 40058 64946 25140 22126 n48 6946 4344 5334• 1981 0 1620 22265 41794 31460 12812 12746 3461 2735 5220
1982 0 748 18136 17004 28220 18280 8121 4089 3249 2875
1983 0 1517 43688 49534 25316 31782 18320 6695 3329 4251
1984 0 2794 81481 28660 17854 7190 12836 5974 2008 4020
1985 0 9606 15143 67355 12756 11241 7638 9185 7587 2168
1986 0 918 27110 24818 66383 14644 7988 5696 51.22 2127
1987 0 12149 44160 80213 41504 99222 15226 12639 6:82 10187
1988 0 0 29135 46300 41008 23381 45692 6946 2~82 1964
1989 0 2241 6919 78842 26149 21481 15008 24917 .213 3036
1990 0 878 249n 19500 151978 24362 20164 16314 3'84 1130
1991 0 675 34437 27810 12420 100444 17921 14865 "311 7660
1992 0 2592 15519 42532 26839 12565 73307 8535 3203 6286
1993 0 191 20562 22666 41967 23379 13547 67265 .~ 71 6013
1994 0 11709 56156 31225 168n 21m 13644 8597 3"29 10093

•
Table 6.1.3 Divisions VIa (South) and VIIb. Sampling intensity ofcatches in 1994

Country Q Catcht No.of No.ofage No.offish Aged per Estimate of
sampies readings measured 1000 t. discards

Ireland 1 5000 6 298 1634 60 No
2 5000 15 692 2942 138 No
3 700 3 150 150 214 No
4 21700 16 794 3956 37 No

Netberlands 3 1300 3 75 307 236 Yes
4 +

UK (England &
Wales) 4 + No

1 Including Division VIa (North)

245



246

Table 6.1.4 Divisions VIa(S) and VlIb. Length distributions of Irish catches (pelagic trawlers) per
quarter (103

) in 1994.

4U1 quarterLength 1st quarter 2'XI quarter 3td quarter
18.0
18.5 63
19.0 11 316
19.5 11 726
20.0 21 33 1105
20.5 42 45 1926
21.0 83 67 1516
21.5 63 67 947
22.0 229 212 789
22.5 334 323 884
23.0 626 680 23 1074
23.5 584 735 23 1579 •24.0 584 1404 2368
24.5 563 1136 69 3757
25.0 1022 1638 207 7042
25.5 1147 1270 229 9758
26.0 1564 1437 275 12853
26.5 1460 1582 275 9537
27.0 2336 2150 367 9158
27.5 3900 3130 436 8116
28.0 6423 5158 551 10327
28.5 5526 5091 436 12253
29.0 4171 4133 413 14148
29.5 1814 1727 69 7326
30.0 980 624 69 5179
30.5 250 100 1295 •31.0 271 537
31.5 42 11 221
32.0 42 126
32.5

Total 34077 32775 3442 124926



Table 6.5.1 Herring west of Ireland and Porcupine Bank and lower part of Division Via.

At 29-Mar-95 14:40:18

Separable analysis
from 1970 to 1994 on ages 1 to 8
with Terminal F of .~00 on age ~ and Terminal S of 1.200

Initial sum of squared residuals was
final sum of squared residuals is

Matrix of Residuals

457.259 and
70.650 after 114 iterations

•

Years, 1970/71, 1971/n, 1972173.1973/74,

1/ 2, -.675, .153, - .143. 2.125,
2/ 3, 1.838, -.488. .103, .633,
3/ 4, .686, .420, .352, .230,
4/ 5, .0", .060, -.246, - .123.
5/ 6, -.366, -.009, -.142, - .232,
6/ 7, -.416, -.007, - .013, -.011.
7/ 8, -.432, -.364, .385, - .523,

TOT , .000, .000, .000, .000,
'JTS , .001, .001, .001, .001,

Years, 1974/75,1975/76,1976/77,1977/78.1978/79. 1979/80,1980/81, 1981/82,1982/83,1983/84,

1/ 2, .814, 2.054, 1.853, .865, 1.734, 1.679, .973, .630, -.325, -1.336,
2/ 3, .446, .468, .575, .579, 1.106, .338, -.015, .352, -.243, .096,
3/ 4, .111, -.224, •046, - .390• .204, -.154, .256, .011, -.104, .217,
4/ 5, .142, - .292, -.234, -.161. .025, -.220, -.045, -.071, - .051, .212•
5/ 6, •024, .017, -.on, .208, -.068, .083, -.154, -.133, .081, - .117.
6/ 7, - .182, .167, -.120, .147, -.396, .004, .011, .475, .199, .018,
7/ 8, -.n6, -.338, -.086, - .573, -.701, -.239, - .162, -~894, -.060, -.208,

TOT , .000, .000, .000, .000, .000, .000, .000, .000, .000, .000,
'JTS , .001, .001, .001, .001. .001, .001, .001, .001, .001, .001,

Years, 1984/85,1985/86,1986/87,1987/88,1988/89,1989/90, 1990/91, 1991/92, 1992/93, 1993/94, TOT, IHS,

11 2, 1.520, 2.267, .059, 1.959, -3.053, 1.145, -.402, .162, 1.488, '2.407, .000, .114,
2/ 3, .473, -.113, -.113, -.183, - .744, -.423, .206, .133, .209, -.130, .000, .300 •
3/ 4, .664, -.028, .009, .063. .387, -.481, .312, - .071, .138, .099, .000, .567,
4/ 5, .105, -.389, -.094, ·.2n, .247, .032, .052, -.340, .037, .221, .000, .887•• 5/ 6, -.382, .127, .291, •• 047, .077, .054, -.028, .013, •• 156, .118, .000, 1.000,
6/ 7, -.043, .025, -.197, -.114, .181, -.155, -.099, .373, -.069, -.:::49, .000, .793,
71 8, -.906, -.028, -.073, .426, •• 216, .761, -.325, -.062, -.327, - .041, .000, .407.

TOT , .000, •000, .000, .000 • .000, .000, •000, .000 • .000, .000, 12.805,
WTS , .001, •001, .001, .001 • .001, 1.000, 1.000, 1.000, 1.000, 1. 000,

Fishing Mortalities CF)

, 1970, 1971, 19n, 1973, 1974,
F-values, .2182, .1851, •2594, .3389• .4980,

, 1975, 1976, 1977, 1978, 1979. 1980, 1981, 1982, 1983, 1984,
f-values, .5306, .6406, •4147, .3307• .3451, .4787, .3710, .2893, .4656, .2419,

, 1985, 1986, 1987, '988. 1989. 1990, 1991, 1992, 1993, 1994,
f-values, .2196, .2191, .4233, .2~61, .2367. .3081, .3003, .3017, .4000, .4000,

Selection-at-age (S)

,
"

2, 3, ~ , 5, 6, 7, 8,
s-values, .0062, •3483, .7396, 1. 0000 • 1.0826. 1.2488, 1.4151, 1.2000,
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Table 6.5.2 Herring West ofIreland and Porcupine Bank (VIa South).

248

At 30-Mar-95 17:28:43

Table 17 SLIl1lI8ry (with SOP correction)

Traditional vpa Terminal populations fram weighted Separable populations

RECRU1TS, TOTALBIO, TOTSPB10, lAND1NGS, YlElD/SSB, SOPCOFAC, FBAR 3- 7,
Age 1

1970, 392543, 175110, 103480, 20306, .1962, .8968, .2175 ,
1971, 791759, 199635, 93623, 15044, .1607, .8707, .1983,
1972, 709049, 214289, 102677, 23474, .2286, .8975, .2708,
197.3, 5117.38, 249742, 1367.36, 36719, .2685, 1.0162, .3259,
1974, 560842, 201061, 89142, 36589, .4105, .9762, .4933,
1975, 382650, 192294, 91883, 38764, .4219, 1.1237, .5242,
1976, 645460, 184642, 65004, 32767, .5041, 1.0472, .6212,
1977, 537098, 171525, 72265, 20567, .2846, 1.0778, .3906,
1978, 962299, 216474, 71140, 19715, .2771, 1.0161, .3131,
1979, 885332, 248286, 98610, 22608, ' .2293, 1.0664, .3528,
1980, 477547, 196684, 97513, 30124, .3089, .9636, .5053,
1981, 613379, 208512, 96519, 24922, .2582, 1.0312, .3864,
1982, 644853, 210525, 100026, 19209, .1920, 1.0301, .2941,
1983, 2024491, 382533, 94390, 32988, .3495, 1.0042, .4767,
1984, 890989, 311328, 157095, 27450, .• 1747, .9688, .2507, '.1985, 1133971, 309138, 154930, 23343, .1507, .9846, .2362,
1986, 893031, 327718, 1897.30, 28785, .1517, 1.0002, .2355,
1987, 3205761, 525533, 159249, 48600, .3052, .9488, .4644,
1988, 439644, 389501, 268222, 29100, .1085, .9992, .3307,
1989, 713556, 349554, 200125, 29210, .1460, 1.0010, .2629,
1990, 940080, 333545, 172724, 43969, .2546, 1.0006, .3087,
1991, 471880, 261246, 161972, 37700, .2328, .9971, .2917,
1992, 796433, 249766, 128180, 31856, .2485, .9951, .2767,
1993, 871348, 283195, 131170, 36763, .2803, 1.0060, .3786,
1994, 10722298, 1220260, 126689, 33908, .2676, .9980, .3172.

Arith.
Mean , 1248721, 304484, 126524, 29779, .2564 .3':'39,

Units, (Thous8l'lds), (TOMes), (Tonnes), (ToMes),

•
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Figure 6.1.1 Herring: Landings from Divisions Via (5) and Vllb for the period 1970 to 1994.
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7.

7.1.

IRISH SEA HERRING (DIVISION Vlla,
NORTH)

The Fishery

because of difficulties in obtaining markets for non-roe
herring. Tbe Nofthem Ireland fleet took 71% of their
catch in the 2nd and 3rd quarters and the remainder in
the 4th quarter.

•

•

7.1.1. Advice and management applicable to 1994
and 1995

In 1993 no analytical assessment was undertaken due to
continued uncertainty about the fishing mortality and
level of SSB. It was suggested that there would be a
slight reduction in SSB if current catch levels were
maintained or the TAC of 7,000t was taken. ACFM
recommended a catch of approximately 5,300t for 1994.
Tbe EU subsequently adopted a TAC of7,000t for 1994.
Tbis was partitioned as 1,820 t to the Republic ofIreland
and 5,180 t to the UK. Tbe spawning and nursery
closures were maintained. However, the EU in
conjunction with the Northem Irish authorities
sanctioned limited exploitation (for scientific purposes)
within the spawning closed area to the east ofthe Isle of
Man.

Tbe UK fishery started in the third week of June. Tbe
area to the east of the Isle of Man (encompassing the
Douglas Bank spa\'lIling ground) was closed on 21
September. Two sets of pair trawlers undertook fishing
operations within the closed area between 26 and 30
September and again between 19 and 20 Gctober. Tbe
Moume skiff fishery opened in September arid closed in
November. Fishing by the Republic of Ireland opened in
the second week of August but no catches were
recorded.

In 1994, ACFM concluded that the present state of the
stock is not known. Consequently ACFM advice was
that if a precautionary TAC is required for 1995 it should
not exceed the recent catch levels of 5,100 t (average
over the period 1990-1993). A TAC of 7,000 t was
subsequently adopted for 1995 and again partitioned as
1,820 t to the Republic of Ireland and 5,180 t to the UK.
ACFM also considered arequest by the UK (Northem
Ireland) for amendment of the spawning Closure to the
east of the Isle of Man. Due to not being able to assess
the state ofDivision VIIa(N) stock and uncertainty about
its present status ACFM stated that it was not possible to
evaluate on scientific grounds the effect of the current
closure or ofthe proposed amendments.

7.1.2. The fishery in 1994

Tbe catches reported from each country for the period
1981 to 1994 are given in Table 7.1.1. Again there has
been no estimate of discarding or slipping. Tbe total
catch of4,828 t was again below the recommended TAC
of 7,000 t. Tbe catches reported here also include 718 t
from the 'experimental fishery' in the spawning closed
area, which was riot put against <luota. Tbe Republic of
Ir~land dId not take any herring in Division VIIa(N)

1

7.1.3. Quality of catch and biological data

Tbe quality of landings data is probably quite good.
However, there are still no estimates of discarding or
slippage.

Biological sampling in this fishery remains fairly high
with approximately one sampie per 81 t landed (Table
7.1.2). Coverage in the 4th quarter could still be
improved. Tbe question of potential ageing problems
with the Isle of Man data was resolved in 1995 with a
small workshop involving otolith readers from Northem
Ireland, the Republic ofIreland and the Isle ofMan.

7.1.4. Catch in number at age

Catches in numbers at age are given in Table 7.1.3 for
the years 1972 to 1994. Tbe predominant age group in
1994 was the 3-ringers (1990 year class) which was
prevalent in the 1993 fishery as 2-ringers. Tbis year class
constituted approximately 39% of the total catch in
numbers. Tbe last above-average year class (1985) also
constituted 39% of the catch in numbers at 3-ringer age.
Tbere was a fairly even representation of 4, 5, 6 and 8+
ringers. Tbe catch in numbers at length is given in Table
7.1,4 for 1988 to 1994. Tbe distribution of lengths was
similar to the preceding year with a low abundance of
fish over 30cm. Tbe progression of the 1990 year class
from 1992 to 1994 is clear in the length frequency
distribution.

7.2. Mean length, weight and maturity at Agc

Mean lengths at age were calculated for the 3rd quarter
using the Northem Ireland data and are given for the
years 1985 to 1994 in Table 7.2.1. In general mean
lengths have remained fairly stable since 1988.

Mean weights at age in the stock are given in Table
7.2.2. Mean weights at age in 1994 were comparable to
those in 1993. Tbe weight at age in the stock (WEST)
file again uses third quarter mean weights.

Tbe maturity ogive used in 1994 (Anon. 1994) was used
again since there was no evidence to suggest a change:
0.08 for I-ringers, 0.85 for 2-ringers and 1.00 for 3+­
ringers.

7.3. Research surve)'s and scientilic experiments

7.3.1. Acoustic sun'eys

Acoustic surveys were undertaken both over the whole
north Irish Sea (Division VIIa(N» (N?rthem Ir~land)

, "." .. '. .,'
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and on Douglas Dank (Isle of Man). The Division
VIIa(N) survey was undertaken between 28 August and
8 September (slightly later than in previous years)
(Armstrong 1995a WD). This year an EK500, split-beam
system was used. Coverage of the area was complete; in
some areas survey Iines were only 2NM apart. There are
some problems with reconciling the output data between
two software packages and as such the estimates can
only be considered as preliminary. Estimates of variance
have also not been computed. The preliminary results
suggest a total stock biomass of between 29,000 and
35,000t (Table 7.3.1).

The acoustic survey on the spawning aggregation (22-24
September 1994) on Douglas Dank was undertaken using
a single bcam EY500. The same software problems were
also encountered as with thc Northem Irish survey.
Again preliminary cstimates ofthe spawning aggregation
are ofthe same order ofmagnitude as the Northem Irish
survey. It is hoped that the problems can be resolved for
both surveys and the data can then be made available by
the next Working Group meeting.

7.3.2. Larvae surv~ys

Larvae surveys were again undertaken by Northem
Ireland (whoIe of Division VIIa(N» and the Isle of Man
(Douglas Dank and northeast of the Isle of Man). The
Douglas Dank survey (the 6th in the series) was
undertaken between 12 and 14 October over the usual
5nm grid centred on Douglas Dank (see Nash & Hughes
1995a WD). The numbers of larvae at 6mm and the
average number per m2 was higher than the previous
year (Table 7.3.2). The distribution of spawning dates,
back-calculated from the length at capture, suggested
that the majority of the larvae in the area were spawned
around 30 September. This is consistent with previous
years, the acoustic survey on Douglas Dank and the
experimental fishing experiment (see below).

The larvae survey to the northeast ofthe Isle of Man (the
3rd in the series) indicated that the numbers of larvae
produced, based on back-calculation to 6mm, was highcr
than in the previous year but still an order of magnitude
less than in 1992 (Table 7.3.2). An examination of the
length frequencies and estimated spawning dates (Nash
& Hughes 1995b WD) suggests that there is probably a
sampling problem with this survey. The Isle of Man
utilizes a 50 cm, 20 cm aperture Gulf III and it is
possible that the larger larvae have not been properly
represented in the 1993 and 1994 surveys. This may lead
to the large variability seen in this index which was
commented on by ACFM. In 1995 the Isle of Man will
utilize a 76 cm, 30cm aperture Gulf III (identical to the
one utilized by Northem Ireland).

The Northem lrish survey covered the majority of
Division VIIa(N) in 1994 and the 1993 survey results
were also made available (Dickey-Collas 1995 WD,
Table 7.3.1). These surveys indicated an increase in

252

larvae produced between 1993 and 1994. However, the
results appear more consistent than the Isle of Man
results. The length frequencies and estimated spavming
dates were more realistic than the Isle of Man data.
These surveys also suggested that peak spawning could
have been up to one week later in 1994 than 1993. The
1994 surveyalso suggested that the number of larvae at
6mm produced by the Moume component was two
orders ofmagnitude less than the Manx component.

7.3.3. CommerciaI fishing experiment in the
spawning closed area

An experimental commercial fishing experiment was
started on the herring spawning grounds to the cast ofthe
Isle of Man on 26 September (one weck after the c10sure
of the spawning grounds) (see Armstrong 1995b WD).
The objectives were:

I. To improve the scientific understanding of
distribution, population structure, biological
parameters and behaviour of spawning herring on
the Douglas Dank spa\ming ground over the entire
spa\ming period.

2. To provide information allowing optimum design of
scientific acoustic surveys of the spawning
aggregations.

3. To investigate the Iikely nature of fishing operations
on the spawning aggregations and the potential risk
to the stock causcd by discarding or slipping of
unwanted catches if the spavming ground was open
to fishing.

Objectives I and 2 related to scientific studies and
objective 3 related to the impact of a commercial fishery
operating at this time.

The initial design of the experiment was to allow two
pairs of Northem Irish vessels to fish inside the c10sed
box for two 24h periods each during a week. They were
also required to retum to port to offioad their catches. An
observer accompanied each trip and maintained a
detailed log of all operations. A sampIe of fish was taken
from each hauI for biological parameters. The
experiment was terminated after the first week due to the
large catches taken (718 t) and was not resumed until a
new protocol could be agreed between the Isle of Man
and UK authorities. Poor weather delayed the restart of
the experiment until 19 October. The new protocols for
the experiment were that fishing could take place only
over two 24h periods, the catch per trip would be Iimited
to IOOt between the two vessels and there was an overall
limit of700t for the remainder ofthe experiment.

During the experiment (four days of fishing) the four
vessels landed 663t and slipped a further 55t. The catch
levels indicate that these four vessels could remove
approximately 400 t in a 24h period. It is obvious that

•
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with only four vessels operating substantial catches
could be taken from this relatively short time period
during the spawning season. Information from when the
experiment restarted (19 October) and the larvae surveys
suggest that the spawning aggregation is mainly present
from 21 September to around the second week in
October, Le. approximately 3 weeks.

The results from the commercial fishing experiment,
which were reported to the Working Group, have not
provided any new information from which an assessment
can be undertaken.

7.4. Stock Assessment

7.4.1. Estimation of fishing mortality and trends in
abundance

There was no information available to tune a VPA;
therefore no new analytical assessment could be
undertaken. Acoustic surveys estimated a stock size of
about 28,000 t and therefore for illustrative purposes
only a separable VPA with a terminal F of 0.15 was
chosen to reOect this perception (Table 7.4.1).

7.5. Stock and Catch Projection

The Working Group is very unsure of the SSB level and
fishing mortality so no catch projections were
undertaken for this stock. However, there was an
increase in SSB in 1993 as the strong 1990 year class
entered the adult phase. This year class will form a
significant portion of the stock for at least the next three
years. The stock also contains a wide range of year
classes with the strong 1985 year class still present as 8+
ringers.

7.6. Management considerations

7.6.1. Management Advice

It appears that maintaining current catch levels
(approximately 5,000 t) will not harm this stock. More
detailed advice, including risk analysis, medium-term
projections and the potential for mutispecies or
multiannual catch options cannot be given until reliable
fishery-independent data are available.

7.6.2. Spawning and Juvenile Fishing Area
C10sures

Natural mortality was assumed to be 1.0 on I-ringers,
0.3 on 2-ringers, 0.2 on 3-ringers and 0.1 on all older age
classes.

7.4.2. Exploitation pattern

Age 3-ring herring were chosen as the reference age for
the exploitation pattern generated by the separable VPA
and unweighted mean Fs were generated for age classes
2-6-ring fish. This is consistent with analyses in previous
years. The separable VPA output with a terminal F of
0.15 is given in Table 7.4.1. The exploitation pattern was
essentially Oat topped.

• 7.4.3. Results of VPA

There is considerable doubt as to the stock level as there
are still no reliable fishery-independent data. The VPA
with an input F of 0.15 is given to illustrate the trends in
fishing mortality, landings, SSB and recruitment (Figure
7.4.1). The outputs for F=0.15 are given in Tables 7.4.2
to 7.4.4. This VPA suggests a slow decline in SSB from
1988 onwards with a sharp increase in 1993, primarily
due to the strong 1990 year class. Due to the
uncertainties in the assessment a number of plausible
input Fs (0.1-0.3) are also presented (Figure 7.4.2). A
similar pattern of change in SSB is seen over the range
ofFs.

Due to the uncertainty about the size of this stock and
because a large proportion of the Manx stock aggregates
in a small area for spawning, the closure ofthe spawning
areas should be maintained for 1996. The closure of the
existing nursery areas should also be maintained.

7.7. Research and Data Requirements

There is still an urgent need to provide information on
the extent of mixing of adults in Dision VIIa(N) with
adults from adjoining areas - e.g. Divisions VIa North
and South and the Clyde. There is also a need to
establish the extent of emigration of I-ring herring each
year from the Irish Sea to the Celtic Sea. This could be
established by aseries of tagging experiments. The Irish
Sea wide and north-east sector larvae surveys should be
continued and inconsistencies in sampling strategy
resolved. The acoustic surveys should be continued.
Estimates of discarding and slippage in this fishery
should be made.
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Table 7.1.1. Irish Sea HERRING (Division VIIa(N). Catch in tonnes by country, 1981-1994. These
figures do not in all cases correspond to the official statistics and cannot be used for
mangement purposes.

Country 1981 1982 1983 1984 1985 1986 1987

France 48
Ireland 283 300 860 1,084 1,000 1,640 1,200
UK 4,094 3,375 3,025 2,982 4,077 4,376 3,290
Unallocated 1,180 4,110 1,424 1,333

Total 4,377 4,855 3,933 4,066 9,187 7,440 5,823

Country 1988 1989 1990 1991 1992 1993 1994

France

Ireland 2,579 1,430 1,699 80 406 0 0

UK 7,593 3,532 4,613 4,318 4,864 4,408 4,828 •
Unallocated

Total 10,172 4,962 6,312 4,398 5,270 4,408 4,828

Table 7.1.2 HERRING. Sampling intensity ofcommerciallandings for Division VIIa (N) in 1994.

Quarter Country Landings (t) No. No. fish No. fish Estimation
sampIes measured aged ofdiscards

Ireland 0
UK (N.Ireland) + 0 0 0 No
UK (Isle ofMan) 0 •UK (England and Wales) 0

2 Ireland 0
UK (N.Ireland) 11 0 0 0 No
UK (Isle ofMan) 81 1 409 47 No
UK (England and Wales) 0

3 Ireland 0 2* 569 100 No
UK (N.Ireland) 2,600 35 2,819 975 No
UK (Isle ofMan) 635 13 3,315 567 No
UK (England and Wales) 157 0 0 0 No

4 Ireland 0
UK (N.Ireland) 1,345 8 872 200 No
UK (Isle ofMan) 0
UK (England and Wales) 0

* Sampies from NI landings
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Table 7.1.3 Herring in the North Irish Sea (Manx plus Moume herring, Division VIIa(N».

Herring in the North Irish Sea (Manx plus Mourne herring)

Catch in Numbers (Thousands)

(CANUM)

Year Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8
1972 40640 46660 26950 13180 13750 6760 2660 16701973 42150 32740 38240 11490 6920 5070 2590 26001974 43250 109550 39750 24510 10650 4990 5150 16301975 33330 48240 39410 10840 7870 4210 2090 16401976 34740 56160' 20780 15220 4580 2810 2420 12701977 30280 39040 22690 6750 4520 1460 910 11201978 15540 36950 13410 6780 1740 1340 670 3501979 11770 38270 23490 4250 2200 1050 400 2901980 5840 25760 19510 8520 1980 910 360 2301981 5050 15790 3200 2790 2300 330 290 2401982 5100 16030 5670 2150 330 1110 140 3801983 1305 12162 5598 2820 445 484 255 591984 1168 8424 7237 3841 2221 380 229 4791985 2429 10050 17336 13287 7206 2651 667 7241986 4491 15266 7462 8550 4528 3198 1464 8771987 2225 12981 6146 2998 4180 2777 2328 1671• 1988 2607 21250 13343 7159 4610 5084 3232 42131989 1156 6385 12039 4708 1876 1255 1559 19561990 2313 12835 5726 9697 3598 1661 1042 16151991 1999 9754 6743 2833 5068 1493 719 8151992 12145 6885 6744 6690 3256 5122 1036 3921993 646 14636 3008 3017 2903 1606 2181 8481994 1970 7002 12165 1826 2566 2104 1278 1991
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Table 7.1.4 HERRING in Division VIIa (North). Catch at length for 1988-1994. Numbers of fish in
thousands.

Length 1988 1989 1990 1991 1992 1993 1994
14 1

1
15 1 95

10 169
16 13 6 343

16 6 2 275
17 29 50 1 779 84

44 24 7 4 1,106 59
18 46 44 224 31 1,263 69

85 43 165 56 1,662 89
19 247 116 656 168 1,767 39 226

306 214 318 174 1,189 75 241
20 385 226 791 . 454 1,268 75 253

265 244 472 341 705 57 270
21 482 320 735 469 705 130 400

530 401 447 296 597 263 308
22 763 453 935 438 664 610 700 •1,205 497 581 782 927 1,224 785
23 2,101 612 2,400 1,790 1,653 2,016 1,035

3,573 814 1,908 1,974 1,156 2,368 1,473
24 5,046 1,183 3,474 2,842 1,575 2,895 2,126

5,447 1,656 2,818 2,311 2,412 2,616 2,564
25 5,276 2,206 4,803 2,734 2,792 2,207 3,315

4,634 2,720 3,688 2,596 3,268 2,198 3,382
26 4,082 3,555 4,845 3,278 3,865 2,216 3,480

4,570 3,293 3,015 2,862 3,908 2,176 2,617
27 4,689 2,847 3,014 2,412 3,389 2,299 2,391

4,124 2,018 1,134 1,449 2,203 2,047 1,777
28 3,406 1,947 993 922 1,440 1,538 1,294

2,916 1,586 582 423 569 944 900
29 2,659 1,268 302 293 278 473 417

1,740 997 144 129 96 160 165
30 1,335 801 146 82 70 83 9

685 557 57 36 36 15 27
31 563 238 54 12 2 4

144 128 31 3 •32 80 57 29
7 7

33 2 5
I 6

34 0
5
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Table 7.2.1 HERRING in Division VIIa (North). Mean length at age.

Year Lengths at age (ern)

Age (rings)

2 3 4 5 6 7 8

1985 22.1 24.3 26.1 27.6 28.3 28.6 29.5 30.1
1986 19.7 24.3 25.8 26.9 28.0 28.8 28.8 29.8
1987 20.0 24.1 26.3 27.3 28.0 29.2 29.4 30.1
1988 20.2 23.5 25.7 26.3 27.2 27.7 28.7 29.6
1989 20.9 23.8 25.8 26.8 27.8 28.2 28.0 29.5
1990 20.1 24.2 25.6 26.2 27.7 28.3 28.3 29.0
1991 20.5 23.8 25.4 26.1 26.8 27.3 27.7 28.7
1992 19.0 23.7 25.3 26.2 26.7 27.2 27.9 29.4
1993 21.6 24.1 25.9 26.7 27.2 27.6 28.0 28.7
1994 20.1 23.9 25.5 26.5 27.0 27.4 27.9 28.4

•
Table 7.2.2 HERRING in Division VIIa (North). Mean weights at age.

Year Weights at age (g)

Age (rings)

2 3 4 5 6 7 8

1985 87 125 157 186 202 209 222 258
1986 68 143 167 188 215 229 239 254
1987 58 130 160 175 194 210 218 229
1988 70 124 160 170 180 198 212 232

• 1989 81 128 155 174 184 195 205 218
1990 77 135 163 175 188 196 207 217
1991 70 121 153 167 180 189 195 214
1992 61 111 136 151 159 171 179 191
1993 88 126 157 171 183 191 198 214
1994 73 126 154 174 181 190 203 214
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Table 7.3.1 Herring: Summary of acoustic survey infonnation for Division VlIa(N) for the period 1989-

1995.

Year Location Dates of surveys Adult herring (t) Sprat (t)

Douglas Bank VIIa(N)

1989 Spawning aggregation 25-26th September 18,000

1990 Spawning aggregation 26-27th September 26,600

1991 Mainly west of10M 26th July-8th August 10,300 66,000

1992 Mainly west of10M 20th-31 st July 10,400 41,200

1993 Spawning aggregation 22nd-25th September *
1994 Total 28th August-8th 25,000-35,000'

September

Spawning aggregation 22nd-26th September *
1995 Total 11 th-22nd Septemberb

Spawning aggregation 21st-26th Septemberb

Table 7.3.2 HERRING larval production (lOH) indices for the Manx component ofDivision VIIa(N

Spawning aggregation

* data not supplied to the WG

• Preliminary estimate only

bProjected dates

Year Douglas Bank

23rd-26 Septemberb

North east ofthe Isle ofMan •
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1989
1990
1991
1992
1993
1994

3.39
1.92
1.56

15.64
4.81
7.30

Northem Ireland

34.7
52.5

Isle ofMan

128.86
1.10

12.50



Table 7.4.1 HERRING in the North Irish Sea (Manx + Moume herring).

Title : Herring in the North Irish Sea (Manx plus Mourne herring) (run name: NIRS-FIRST)

At 28-Mar-95 18:27:04

Separable analysis
fram 1972 to 1994 on ages 1 to 7
with Terminal F of .150 on age 3 and Terminal S of 1.000

Initial sum of squared residuals was
final sum of squared residuals is

Matrix of Residuals

Years, 1972/73,1973/74,
Ages

1/ 2, 1.529, .966,
21 3, -.634, -.398,
3/ 4, -.026, .195,
4/ 5, -.150, -.100,
5/ 6, .140, .089,
6/ 7, .019, -.322,

TOT , -.001, - .001,
WTS , .001, .001,

146.951 and
20.172 after 80 iterations

e
Years, 1974/75,1975/76,1976/77,1977/78,1978/79, 1979/80,1980/81,1981/82,1982/83,1983/84,

1/ 2, 1.111, .900, 1.117, .987, .464, .609, -.313, -.004, .227, -.332,
21 3, -.088, -.029, -.219, -.074, -.448, -.220, .465, .127, .172, .128,
3/ 4, .117, .012, - .077, -.007, .184, .053, .258, -.531, -.204, -.030,
4/ 5, .030, -.004, .087, .218, .237, - .122, -.291, 1.295, .765, - .076,
5/ 6, -.256, .089, -.064, .000, -.456, -.078, .116, - .166, -1.242, -.203,
6/ 7, -.389, -.458, -.153, -.513, .173, .038, -.622, - .126, .519, .296,

TOT , .000, .000, .000, .001, .001, .002, .004, .007, .005, .002,
WTS , .001, .001, .001, .001, .001, .001, .001, .001, .001, .001,

Years, 1984/85,1985/86, 1986/87,1987/88, 1988/89,1989/90,1990/91, 1991/92,1992/93,1993/94, TOT, WTS,

1/ 2, .310,- -.441, .220, -.099, .093, -.573, - .169, .549, .899, -.714, -.001, .276,
2/ 3, - .189, -.326, .200, .165, -.484, -.018, -.071, .205, -.050, -.063, .000, .651,
3/ 4, -.092, .054, .178, .017, - .041, .068, -.035, - .176, -.094, .236, .000, 1.000,
4/ 5, -.027, .512, .072, •• 175, .347, .209, .001, -.234, .029, -.009, .000, .482,
5/ 6, .378, .195, -.205, .010, .255, .014, .182, -.153, -.147, .106, .000, .532,
6/ 7, -.091, -.111, -.467, -.028, .044, -.009, .049, .135, -.093, - .079, .000, .628,

e TOT , .001, .001, .001, .001, .000, .000, .000, .000, .000, -.001, 4.571,
WTS , .001, .001, .001, .001, .001, 1.000, 1.000, 1.000, 1.000, 1.000,

Fishing Mortalities (F)

, 1972, 1973, 1974,
F-values, .6129, .5241, .9693,

, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984,
F-values, .8779, 1.0195, .9706, .8375, .8694, .9590, .4271, .2794, .1639, .1470,

, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994,
F-values, .3647, .3080, .2233, .4186, .2281, .2944, .2096, .2535, .1459, .1500,

Selection-at-age (S)

, 1, 2, 3, 4, 5, 6, 7,
S-values, .0809, .8899, 1.0000, 1.0105, 1.0677, 1.0844, 1.0000,
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Table 7.4.2 HERRING in the North Irish Sea (Manx + Moume herring).

260

Run title : Herring in the North Irish Sea (Manx plus Mourne herring) (run name: NIRS-FIRST)

At 28-Mar-95 18:27:34

Traditional vpa Terminal populations from weighted Separable populations

Table 8 Fishing mortality (F) at age
YEAR, 1972, 1973, 1974,

AGE
1, .1667, .1042, .2139,
2, .3621, .3456, .8237,
3, .5340, .6154, 1.0211,
4, .5480, .4337, 1.0084,
5, .6444, .5508, .8085,
6, .6704, .4609, .8767,
7, .6108, .5191, 1.0615,

+gp, .6108, .5191, 1.0615,
FBAR 2- 6, .5518, .4813, .9077,

Table 8 Fishing mortality (F) at age
YEAR, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984,

AGE
1, .1525, .2291, .1566, .1024, .1408, .0601, .0377, .0337, .0087, .0138,
2, .7521, .7948, .8536, .5299, .7404, 1.0465, .4026, .2769, .1m, .1189,
3, .9044, .9759, 1.0028, .9147, .8465, 1.2654, .3583, .2618, .1554, .1611,
4, .8415, 1.0923, .9936, .9293, .8123, .8342, .5622, .4119, .1907, .1443,
5, .9627, .9565, 1.0510, .6653, .7990, 1.0330, .4939, .1042, .1243, .2020,
6, .7849, 1.0175, .8327, .9419, .9905, .8189, .4079, .4169, .1960, .1334,
7, 1.0457, 1.4013, 1.0004, 1.0725, .7281, 1.0249, .5932, .2698, .1411, .1202,

+gp, 1.0457, 1.4013, 1.0004, 1.0725, .7281, 1.0249, .5932, .2698, .1411, .1202,
FBAR 2- 6, .8491, .9674, .9467, .7962, .8377, .9996, .4450, .2944, .1687, .1519,

•Run title : Herring in the North Irish Sea (Manx plus Mourne herring) (run name: NIRS-FIRST)

At 28-Mar-95 18:27:34

Tradi ti onal vpa Terminal populations from weighted Separable populations

Table 8 Fishing mortality (F) at age
YEAR, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, FBAR 92-

AGE
1, .0253, .0390, .0114, .0316, .0094, .0225, .0291, .0425, .0073, .0121, .0206,
2, .2705, .3818, .2585, .2449, .1698, .2321, .2112, .2247, .1101, .1706, .1685,
3, .4052, .3525, .2770, .4934, .2266, .2403, .1949, .2351, .1532, .1330, .1738,
4, .4666, .3393, .2210, .5666, .3055, .2726, .1705, .2857, .1488, .1246, .1864,
5, .3876, .2540, .2465, .5434, .2501, .3591, .1998, .2691, .1728, .1635, .2018,
6, .3494, .2645, .2182, .4700, .2455, .3256, .2211, .2836, .1845, .1639, .2106,
7, .3235, .2948, .2792, .3758, .2278, .2947, .2037, .2104, .1677, .1962, .1915,

+gp, .3235, .2948, .2792, .3758, .2278, .2947, .2037, .2104, .1677, .1962,
FBAR 2- 6, .3759, .3184, .2442, .4636, .2395, .2860, .1995, .2596, .1539, .1511,



Table 7.4.3 HERRING in the North Irish Sea (Manx + Moume herring).

Run title : Herring in the North Irish Sea (Manx plus Mourne herring) (run name: NIRS-FIRST)

At 28-Mar-95 18:27:34

Traditional vpa Terminal populations from weighted Separable populations

Table 10
YEAR,

Stock number at age (start of year)
1972, 1973, 1974,

Numbers*10**-3

AGE

"2,
3,
4,
5,
6,
7,

+gp,
TOTAL,

412935,
176204,
71232,
32678,
30257,
14461,
6084,
3820,

747672,

668013,
128579,
90883,
34189,
17093,
14373,
6693,
6718,

966542,

349103,
221427,
67419,
40214,
20050,
8917,
8203,
2596,

717929,

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1975, 1976, 19n, 1978, 1979, 1980, 1981, 1982, 1983, 1984,

AGE

"
368092, 263464, 326262, 250420, 140186, 157600, 215079, 242543, 237755, 134357,

2, 103693, 116256, n079, 102627, 83156, 44800, 54595, 76193, 86266, 86706,
3, 71979, 36210, 38899, 24319, 44757, 29380, 11655, 27040, 42794, 53525,
4, 19883, 23854, 11172, 11684, 79n, 15717, 6786, 6669, 17039, 29993,
5, 13274, n55, 7240, 3743, 4174, 3203, 6175, 3500, 3997, 12740,
6, 8082, 4586, 2696, 2290, 1741, 1699, 1032, 3410, 2853, 3194,
7, 3358, 3336, 1500, 1061, 808, 585, 678, 621, 2033, 2122,

+gp, 2635, 1751, 1846, 554, 586, 374, 561, 1685, 470, 4439,
TOTAL, 590995, 457213, 466696, 396697, 283384, 253358, 296561, 361660, 393209, 3270n,

e
Run title : Herring in the North Irish Sea (Manx plus Mourne herring) (run name: NIRS-FIRST)

At 28-Mar-95 18:27:34

Traditional vpa Terminal populations fram weighted Separable populations

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, AMST

AGE

"
153767, 185249, 309479, 132195, 195673, 164015, 110191, 459673, 140889, 258379, 0, 2607

2, 48748, 55157, 65544, 112557, 47118, 71312, 58994, 39376, 162060, 51454, 93907, 883
3, 57031, 27554, 27894, 37496, 65273, 29454, 41887, 35384, 23300, 107541, 32140, 443
4, 37303, 31138, 15858, 17312, 18744, 42607, 18963, 28222, 22901, 16366, n082, 222
5, 23491, 21168, 20068, 11503, 8889, 12495, 29353, 14469, 19191, 17857, 13074, 130
6, 9420, 14426, 14857, 14192, 6045, 6263, 7895, 21749, 10003, 14608, 13721, 78
7, 2529, 6010, 10019, 10808, 8026, 4279, 4092, 5727, 14821, 7526, 11220, 42

+gp, 2745, 3600, 7191, 14088, 10070, 6632, 4638, 2167, 5762, 11725, 14316,
TOTAL, 335034, 344302, 470910, 350151, 359839, 337056, 276013, 606766, 398926, 485457, 255460,
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Table 7.4.4 HERRING in the North Irish Sea (Manx + Moume herring).

Run title : Herring in the North Irish Sea (Manx plus Mourne herring) (run name: NIRS-FIRST) ,

At 28-Mar-95 18:27:34

Table 17 .SlIlJIIa ry (with SOP correction)

Traditional vpa Terminal populations from weighted Separable populations

RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, SOPCOFAC, FBAR 2- 6,
Age 1

1972, 412935, 103265, 36649, 27350, .7463, 1.1200, .5518,
1973, 668014, 106513, 31854, 22600, .7095, 1.0073, .4813,
1974, 349103, 91446, 23655, 38640, 1.6335, .9958, .9077,
1975, 368092, 70184, 16822, 24500, 1.4564, 1.0260, .8491,
1976, 263464, 53704, 12316, 21250, 1.7254, .9927, .9674,
1977, 326262, . 47100, 8938, 15410, 1.7240, .9538, .9467,
1978, 250419, 40310, 10152, 11080, 1.0914, .9243, .7962,
1979, 140186, 33015, 9211, 12338, 1.3395, .9296, .8377,
1980, 157600, 28329, 5721, 10613, 1.8552, .9701, .9996,
1981, 215079, 27421, 7297, 4377, .5998, .9092, .4450,
1982, 242543, 38155, 12902, 4855, .3763, .9837, .2944,
1983, 237755, 44606, 19104, 3933, .2059, .9838, .1687,
1984, 134357, 42566, 23861, 4066, .1704, .9623, .1519,
1985, 153767, 44222, 19014, 9187, .4832, 1.0202, .3759,
1986, 185249, 40188, 18157, 7440, .4098, .9767, .3184,
1987, 309479, 46254, 19097, 5823, .3049, 1.0382, .2442,
1988, 132195, 44812, 20468, 10172, .4970, 1.0521, .4636,
1989, 195673, 42058, 18562, 4949, .2666, 1.0034, .2395,
1990, 164015, 40941, 18834, 6312, .3351, 1.0130, .2860,
1991, 110191, 33012, 18062, 4398, .2435, 1.0006, .1995,
1992, 459673, 49486, 15475, 5270, .3405, 1.0111, .2596,
1993, 140889, 50647, 26906, 4409, .1639, 1.0133, .1539,
1994, 258379, 56164, 28120, 4828, .1717, 1.0249, .1511,

Arith.
Mean , 255449, 51061, 18312, 11470, .7326 .4821,

Units, (Thousands) , (Tonnes) , (Tonnes) , (Tonnes) ,
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8.1

SPRAT IN THE NORTII SEA

The Fishery

8.2 Catch Composition

8.2.1 Catches in number

•

•

8.1.1 ACFM advice applicable for 1994 and
1995

No ACFM advice on asprat TAC has been given for
recent years. Tbe TAC set by the management bodies
was 83,000 t for 1993 and 114,000 t for 1994
[Subarea IV(EU zone) + Division Ha (EU zone)]. Tbe
agreed TAC for 1995 is 175,0001.

8.1.2 Catches in 1994

Landing statistics for sprat for the North Sea by area
and country are presented in Table 8.1.1 for 1983­
1994. Tbe monthly and annual distribution of catches
by rectangle for Sub-area IV is shown in Figures
8.1.1-8.1.13. As in previous years, sprat from the
fjords of western Norway were not included in the
landings for the North Sea. While there remains
uncertainty concerning the sprat stock identity,
landings from the fjords are considered separately.
Norwegian catches in the western fiords for 1983­
1994 are presented in Table 8.1.2.

Preliminary sprat landing figures for Denmark,
Norway and UK (England) indicate that 323,700 t
were harvested from the North Sea in 1994. Tbis
represents a 60 % iricrease in landings from 1993.
Danish laridings increased by 86 % while .the
Norwegian catches decreased slightly between 1993
and 1994. Catches by Denmark, which represent
nearly 90 % of the North Sea sprat landings,
continued their upward trend started in 1990 and were
the largest reported in the period. English catches
accounted for only 1% and were at the same level as
in 1993. Catches by Norway in the western fjords
increased and were the highest since 1987.

Landings by area and quarter are shown in Table
8.1.3. As in previous years, the largest component of
the catch was reported from Division IVb,
predominantly Division IVb (E) in the third quarter.
Significant catches from this division were also made
during the fourth quarter.

8.1.3 Fleets

Fleet descriptions were provided in the report of the
Industrial Fisheries Working Group (lFWG) in 1992
(Anon., 1992c).

Uncertainties in the reliability and/or absence of
quarterly aged sampIes have prevented the IFWG
from running a VPA since 1984. A historical
perspective ofthe problems associated with estimates
of catch in numbers at age by previous groups until
1992 are described in the Working Group report of
1993 (Anon. 1993).

Tbe estimated quarterly catch-at-age in numbers is
presented in Table 8.2.1. Age composition data for
commercial landings for 1994 were provided by
Denmark and Norway. Tbe sampling intensity is
given in Table 8.2.2. Although the number of sampIes
presented to the Working Group has increased, the
sampling was far below the recommended level. Tbe
Working Group concluded that the data were poor
and unsuitable for catch-at-age estimation.

8.2.2 l\1ean weight at age

Tbe mean weights (g) at age in catches taken in
1994 are provided by quarter in Table 8.2.3. Weights
were estimated from Danish and Norwegian
commercial sampIes data as provided by Working
Group members.

8.2.3 Quality of catch and biological data

In 1994 the sampling of Danish landings for
industrial purposes was continued with the intensity
and coverage largely unchanged compared to the
previous years. A total of 724 sampIes were analysed
for species composition of which 73 sampIes were
analyzed for age and weight at age. From the
Norwegian purse seine landings .17 sampIes were
analysed for age and weight at age. Tbere were no
sprat reported in the Norwegian industrial fishery. For
details of the sampling for biological data see Table
8.2.2.

8.3 Recruitment

8.3.1 Abundance

In 1993 it was decided to break from the traditional
presentation of indices for the North Sea (all ages),
Division IVb (I-group) and Division IVb E (I-group)
and concentrate on Division IVb only, as Division
IVb is considered the IBTS standard area applicable
for North Sea sprat assessment. These revised IBTS
(no.lhr) sprat indices from 1981 to 1994 are presented
in Table 8.3.1 for age groups 1-4 and 5+. Data in the
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old format can be found in the 1992 IFWG report
(Anon., 1992c).
The 1994 IBTS-Fbruary data indicate that aIl indices
for age groups 1-3 have decreased after a 3- year
period with increasing indices in these age groups.
For age groups 4+ the indices have increased. The
total 1995 abundance index decreased compared
with 1994 but is higher than in 1993. The IBTS data
are provided by rectangle in Figure 8.3.1 for age
groups 1,2 and 3+ and show the abundance of the 1­
group to be concentrated in the central-eastem areas
of Divisions IVb and IVc. The mean lengths of age
group I by rectangle are presented in Figure. 8.3.2.

8.4 Acoustic Survey

the 1989 index (r2=0.84). There are indications in the
current fishery that this estimate is on the low side.

The assumption behind the above regression is that
the exploitation level is fairly constant over the years
i.e. that the variability in abundance is greater than
that ofthe exploitation.

An attempt was made to improve this analysis by
including a model for stock development: the
biomass dynamic model

B(t+l) = B(t) + r* [I - B(t)/K] - C(t)

I(t) = q* B(t)

8.5 State of the Stock

8.5.1 Catch-Survey Data Analysis

No acoustic estimates were available to the Working
Group for 1994.

•

•

There is no predietor availahle to indicate the 1996
catch.

8.7 Management Considerations

Predictions made by the simple regression model
(catch vs. abundance indices) can be done with CV ­
25 % while the biomass dynamic model provides
projections with approximately twiee this CV.

where B(t) is the biomass at time t, C(t) is the catch
and let) the total abundance IBTS index. r, K and q
are parameters of the model. This model was fitted
using the CEDA program (see Anon I993b). The data
were total catch and IBTS(February) abundance data
for 1978 to 1994 (see Figure 8.6.2). The initial state
of the stock in 1978 was assumed to be that the
biomass was 0.8 ofthe carrying capacity K. The 1989
observation is again clearly an outlier. The model
suggests that the biomass will decrease after 1994.
However, this is an extrapolation of the 1995
IBTS(February) observation.

The stock does not show signs of overexploitation as
both catch and biomass appear to be high at present.
There are no indications of a re-direction of effort
from other areas to this stock. There are therefore no
reasons, so far as the sprat stock is concemed, for any
severe management constraints on the current fishery.

l-gr/2-gr
1.88
0.39
0.54
1.28
6.42
0.96
0.56
0.34
7.62
1.52
3.30
3.69
1.36
4.81

2-group
501.87
754.08
387.05
297.67
102.75
74.33

1436.80
441.86
557.41
II 6.08
340.17
422.47

1294.30
834.84

I-group
941.46

,,295.82
210.04
382.37
660.12

71.36
803.37
148.49

4245.98
176.81

1121.06
1560.54
1754.61

4013.40

The IBTS survey has difficuIties following strong and
weak cohorts. This is illustrated by the text table
below whieh is extracted from Table 8.3.1. The 1­
group:2-group ratio varies between 0.34 (1987 year
class) and 7.62 (1988 year class).
Year
class
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

8.6 Projections of Catch and Stock

As discussed in the 1994 report (Anon 1994a) a
regression of catch and IBTS(February) indices in
the same year showed a reasonable relationship but is
very dependent on the 1989 and 1994 observations
(Figure 8.6. I). The 1989 observation now appears to
be an outlier but the regression is largely driven by
the 1994 observation. The 1995 (February) index is
2830 whieh, when applied in the regression,
indicates a 1995 catch of 189,000 t when excluding

8.8 Prelimary Analysis ofthe 1991-1994
Quarterly IßTS Indices

The indices are shown in Figure 8.8. I in whieh the
data for the 2nd

, 3rd and 4th quarters are preliminary.
Even so, Figure 8.8. I demonstrates large differences
between quarters. Apparently the index for the 4th

quarter is much higher than that for the other three
quarters. This is caused by a large l-group index
observed in the 4th quarter whieh disappeared from
the surveys between November and February. This
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•

•

seems difficult to explain by fishing and there is no
obvious biological explanation. Conceming the 0­
group in November and the corresponding I-group in
February the data appear fairly consistent with only a
minor mortality. Therefore, a preliminary conclusion
could be that the O-group index from the 4th quarter
may suffice for prediction of the fishery in the
following year. This may be of some help to
management when setting a TAC in November­
December.

8.9 Research Recommendations

The Working Group considered the research required
to improve the quality of the sprat assessment and
identified three tasks which should be addressed
before the next meeting ofthe Working Group.

I) The acoustic surveys should include an estimate of
sprat abundance. The survey data should be
revisited to obtain these estimates for as rnany
years as possible.

2) There are no biological sampies taken from the
landings for human consumption, either from the
North Sea or from Division lIla. Such sampies are
required for an adequate description ofthe age
composition ofthe total fishery. Sampies from
Division lIla are particularly needed.

3) MIK is appropriate for sampling of sprat larvae.
However MIK is not used in the IBTS (4th
quarter). IBTS should be expanded by MIK
sampling during the 4th quarter survey. Whenever
MIK sampies are taken the analysis should
include identification of sprat larvae.
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Table 8.1.1. Sprat catches in the North Sea ('000 t) 1983-1994. Catch in tonnes by country. Catches in fjords ofwestem Norway
excluded. (Data provided by Working Group members except where indicated).These figures do not in all cases
correspond to the official statistics and cannot be used for management purposes.

19941Country 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
Division (Va West

Denmark 0.9 0.6 0.2 0.1 + 0.26 0.6
Germany

Netherlands 6.7
Norway 0.1
UK (Scotland) + 6.1 + + + 0.1
Total + 13.7 0.6 0.2 0.1 + + 0.1 0.26 0.6 0.1

Division IVa East (North Sea) stock

Denmark + 0.2 + + + + +
Norway 0.54 2.5 +
Sweden +5 2.5
Total + 0.2 + + + + 2.5 0.64 2.5 •Division (Vb West

Denmark 32.6 5.6 1.8 0.4 3.4 1.4 2.0 10.0 9.4 19.9 13.0 19.0
Faroe Islands

Norway 0.9 0.5 3.5 0.1 1.2 4.4 18.4 16.8 12.6
UK (England) + 0.48 0.5
UK (Scotland) + + 0.1 0.5
Total 33.5 6.1 1.8 0.4 3.5 4.9 2.1 11.2 13.8 38.26 30.5 31.6

Division (Vb East

Denmark 39.2 62.1 36.6 10.3 28.0 80.7 59.2 59.2 67.0 66.56 136.2 251.7
Germany 0.6 0.6 0.63

Norway 10.8 3.1 0.6 0.6 25.1 9.5 24.1 19.1
Sweden +2 +2
Total 50.0 65.8 37.2 10.9 28.0 81.3 59.2 59.8 92.1 76.49 160.3 270.8

Division IVc

Belgium + + + +2 +2 +2
Denmark 1.0 0.5 + 0.1 + 0.1 0.5 1.5 1.7 2.49 3.5
France + +2 +2 + •Netherlands 0.1 0.4 0.42.3 +2.3
Norway 0.5 3.4 0.4 4.6
UK (England) 3.6 0.9 3.4 4.1 0.7 0.6 0.9 0.2 1.8 6.121 2.0 2.9
Total 5.1 4.9 3.4 4.3 0.7 1.1 1.8 1.7 3.5 8.61 5.9 21.2

Total North Sea

Belgium + + + + +2 +2
Denmark 72.6 68.1 39.5 11.7 31.7 82.3 61.9 69.2 78.1 89.1 153.3 284.4
Faroe Islands

France + + +2,3 +
Germany 0.6 0.6

Netherlands 0.1 0.6 0.5 0.4 0.4 +2,3
Norway 12.0 7.0 6.1 4.1 0.1 1.8 29.6 28.5 43.8 36.3
Sweden +2 +2 0.1
UK (England) 3.6 0.9 3.4 4.1 0.7 0.6 0.9 0.2 1.8 6.6 2.6 2.9
UK (ScotJand) + + + 0.2 + 0.5 0.1
Total 88.4 76.7 49.6 16.4 33.1 87.4 63.3 71.2 109.5 124.2 200.3 323.7
'Preliminary. 20fficial statistics. 'Includes Divisions IVa-c. 'lncludes Division IVb East.

+ = less than 0.1. - = magnitude known to be nil.
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Table 8.1.2 Sprat catches ('000 t) in the fjords ofwestem Norway, 1983-1994. Tbe catches for 1988 are
to be included and the value is 5.3.

1983

3.2

1984

4.4

1985

7.1

1986

2.2

1987

8.3

1988 1989

2.4

1990

2.7
1991

3.2

1992

3.8

1993

1.9 5.3

INot available.

2Preliminary.
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Table 8.1.3 Sprat catches (t) in the North Sea by quarter in 1986, 1987, 1988 (Denmark and the UK), 1989
(Denmark, Norway and the UK), 1990 (Denmark and Norway), and 1991, 1992 (Denmark, Norway and
the UK) 1993 (Denmark, Norway, Sweden and UK) and 1994 (Denmark and Norway). Catches in
fjords ofwestem Norway excluded

Year Quarter Area Total

IVa West IVa East (North Sea stock) IVb West IVb East IVc

1986 1 282 123 104 2,899 4,134 7,542
2 5 39 206 5,048 22 5,320
3 3 10 6 389 9 417
4 373 63 80 2,005 51 2,571

Total 663 235 396 10,341 4,216 15,851

1987 1 70 10 148 17 564 809
2 7 118 3,297 57 3,479
3 6 65 6,999 46 7,116
4 98 3;191 16,456 17 19,762

Total 168 23 3,522 26,769 684 31,166

1988 1 5 206 529 740
2 229 682 28 949
3 11 4,682 72,317 73 77,083 •4 55 651 7,529 31 8,266

Total 55 11 5,567 80,734 621 87,028

1989 1 39 1,127 14,702 1,231 17,099
2 241 242 14 497
3 31 784 43,190 110 44,115
4 10 2 1,092 101 1,205

Total 41 39 2,154 59,226 1,456 62,916

1990 1 222 4,896 5,118
2 426 320 39 785
3 6,759 31,054 10 37,823
4 3,812 23,565 1,420 28,797

Total 11,219 59,835 1,469 72,523

1991 1 31 899 1,117 2,047
2 55 87 1 143
3 144 9,038 58,312 67,494
4 4,821 33,389 38,210

Total 144 13,945 92,687 1,1l8 107,894 '.1992 1 1 19 404 5,234 5,658
2 164 2,223 4 2,391
3 252 26,736 62,248 869 90,105
4 8 635 11,370 11,586 2,500 26,099

Total 261 635 38,289 76,461 8,607 124,253

1993 1 1 2,478 22,448 18,246 3,916 47,089
2 5 278 4,280 10 4,573
3 682 9,926 65,410 991 77,009
4 8,014 60,887 1,964 70,865

Total 688 2,478 40,666 148,823 6,881 199,536

1994 I 42 2,616 17,227 16,091 35,976

2 242 10,857 2 11,101

3 10,479 184,747 3,572 198,798

4 97 18,224 57,959 1,325 77,605

Total 97 42 31,561 270,790 20,990 323,480

270



Table 8.2.1 North Sea Sprat. Catch in nurnbers (millions) taken by quarter in 1994 by Denmark and Norway.

Country Fishing area Quarter Age
0 1 2 3 4 5+

1994
Denmark Division IVa) 4 0.54 2.13 0.61 0.06

Denmark (Division IVb) 1 485.02 670.18 268.1
2 2983.51 15
3 24541.4 272.95
4 887.11 4528.93 1289.6 144.85 2.97 5.38

Norway (Division IVb) 1 794.57 172.58 12.82

Denmark (Division IVc) 1 22.74 673.41 150.43 27.99
2 0.27
4 1.26 85.25 23.6 4.12 0.23

271



Table 8.2.2. North Sea Sprat. Sampling of commerciallandings in 1993 and 1994

1993
Country Quarter Total catch No. sampies No. aged No. meas

I 1('000 t) I I I
Denmark 153.3 81 1209 6832
Norway 43.8 3 100 315
Sweden 0.1
UK(England) 2.6
UK(Scotland) 0.5
Total 200.31 I 841 I 13091 7147

1994 I I I 1
Country Quarter Total catch No. sampies No.aged No. meas

I ('000 t) I
Denmark 1 18.7 13 839 1565

2 11.1 4 191 194
3 174.8 23 1479 2639
4 76.3 33 1776 3619

Total I I 280.91 I 73 1 I 4285 1 8017
Norway 1 14.5 17 707 1870

3 20.4 0 0 0
4 1.5 0 0 0

Total I 36.41 I 17 1 01 707 1 01 1870
UK(England) 6 0 0 0
UK(Scotland) 0.1 0 0 0
Grand I 323.4 I 90 4992 1 9887

Table 8.2.3 North Sea Sprat quarterly mean weight (g) at age in the landings in 1994.
Weight were estimated from data provided by Working group members

I I lAge 1 I
Quarter I 0 11 21 31 4

1 1.8 9.6 12.8 17.4
2 3.7 8.0
3 7.0 10.8
4 8.4 10.4 13.7 18.5 24.7

Total I 8.4 7.1 111 13.9 18.1
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Table 8.3.1 North" Sea Sprat. Abundance indices from IBTS for the standard area for sprat

(Division IVb).

Year No.ofrectangles I-Group 2-Group 3-Group 4-Group 35-Group Total
sampled

1981 72 941.46 1,379.85 333.286 4.0259 0.3016 2658.93
1982 69 295.82 501.87 123.141 5.5884 0.1884 926.61
1983 81 210.04 754.08 188.451 8.1393 0.8710 1,161.59
1984 82 382.37 387.05 46.427 6.5030 0.4008 822.75
1985 81 660.12 297.67 37.306 4.2101 0.8770 1000.18
1986 81 71.36 102.75 29.041 I.3109 0.2519 204.71
1987 80 803.37 74.33 24.179 3.5246 0.2014 905.61
1988 80 148.49 1,436.80 107.168 8.5611 0.0000 1,701.01
1989 80 4,245.98 441.86 315.169 4.0471 13.2736 5,020.33
1990 80 176.81 557.41 146.421 30.0234 0.5748 911.24
1991 80 1,121.06 116.08 27.898 2.3144 1.2079 1,268.56
1992 80 1,560.54 340.17 37.831 5.4531 0.4430 1,944.44
1993 81 1,754.61 422.47 71.163 3.2936 0.0370 2,251.57
1994 80 4,013.40 1,294.30 129.300 2.4000 0.0600 5,439.58

1995 78 1,906.48 834.84 84.88 3,210 0.47 2,829.88
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Figure 8.1.1 North Sea and Division VIId,e sprat catches in tonnes for January 1994
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Figure 8.1.2. North Sea and Division VIId,e sprat catches in tonnes for February 1994
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Figure 8.1.3. North Sea and Division VIId,e sprat catches in tonnes for March 1994.
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Figure 8.1.4. Nürth Sea and Division VIId,e sprat catches in tannes für April 1994.
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Figure 8.1.5. North Sea and Division VIId,e sprat catches in tonnes for May 1994.
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Figure 8.1.6. North Sea and Division VIId,e sprat catches in tonnes for June 1994.
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Figure 8.1.7. North Sea and Division VIId,e sprat catches in tonnes for July 1994.
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Figure 8.1.8. North Sea and Division VIId,e sprat cutches in tonnes for August 1994.
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Figure 8.1.9. North Sea and Division VIId,e sprat catches in tonnes for September 1994.
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Figure 8.1.10. North Sea rind Division VlId,e sprat catches in tonnes for October 1994.
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Figure 8.1.11. North Sea and Division VIId,e sprat catches in tonnes for November 1994.
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Figure 8.1.12. North Sea and Division VIId,e sprat catches in tonnes for December 1994.
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Figure 8.1.13. North Sea and Division VIId,e sprat cutches in tonnes for the year 1994.
(in '000 tonnes. + is less than I).
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Figure 8.6.1 North Sea sprat. IBTS total indices vs total catches in 1981-1995.
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Figure 8.6.2 Biomass vs year for the North Sea sprat, 1978-1994.



Figure 8.8.1 North Sea sprat. Quarterly IBTS total indices 1991-1995.
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9 SPRAT IN DIVISIONS Vlld,e 10.1.3 Fleet

9.1 The Fishery

The nominallandings are shown in Table 9.1.1. Table
9.1.2 shows monthly catches for the Lyme Bay fishery.
Monthly and annual distributions of catches by
rectangle are shown in Figures 8.1.1-8.1.13. The
landings from the western Channel increased in 1994.

The sprat fishery in Division IIIa is conducted by fleets
from Denmark, Norway and Sweden. These were
described by the Herring Assessment Working Group
in 1993 (Anon. 1993b).

10.2 Cateh composition

No data were available to the Working Group on catch
composition in the commercial landings in the fishing
season 1994/95. Tables 9.2.1 and 9.2.2 show catch
compositions and mean weights for the fishing seasons
1991/92 to 1993/94.

9.2

10

10.1

Cateh Composition

SPRAT IN DIVISION lIla

Fishery

10.2.1 Catches in number and weight at age

No weight-at-age data in the catches were available for
1983- 1991. For 1992-1994 data were supplied by
Denmark, and in 1994 also by Sweden. The numbers
and the mean weights by age in the Danish and
Swedish industriallandings in 1992-1994 are presented
in Tables 10.2.1 and Table 10.2.2, respectively,
representing 96 % of the total sprat landings in
Division IIIa.

10.2.2 Quality of catch and biological data •
10.1.l ACFM adviee applieable for 1994 and 1995

ACFM advice on asprat TAC has not been provided
in recent years. Sprat is landed under the TAC for the
mixed clupeoid fishery, including catches of all species
taken in this fishery. The mixed clupeoid fishery at
present mainly consists ofherring but the proportion of
sprat increased substantially between 1993 and 1994.
In 1994 there was for the first time in several yearS a
directed sprat fishery for industrial purposes in the
Skagerrak and the northern part of the Kattegat. The
TACs for this fishery, as adopted by the management
bodies, were 45,000 t in 1993 and 43,000 t in 1994.
The TAC set for 1995 was 43,000 1.

10.1.2 Catches in 1994

The total annual landings for Division IIIa by area and
country in 1974-1994 are given in Table 10.1.1. The
Norwegian and Swedish catches include the coastal
and the fjord fishery. The total landings in 1994 as
estimated by the Working Group were 96,000 t, the
highest reported since 1975. The increase was reported
in the Danish and Swedish landings. Of the total
landings 2 % were taken for consumption, 600 t by
Norwayand 1,170 t by Sweden, all in the Skagerrak.

Landings by quarter for all three countries in 1994 are
shown in Table 10.1.2. Nearly all the landings were
taken in the third and last quarters.

292

In 1994 the sampling was extended to cover the
Swedish landings for industrial purposes . About 100
sampies were analyzed for spccies composition and 45
sampies for age and mean weight at age. The Danish
sampling intensity and coverage of the landings in the
"mixed clupeoid" fishery were largely unchanged
compared to previous years. A total of 187 sampies
were analysed for species composition of which 80
sampies were analysed for age and weight at age. In
1993, the landings of sprat made up about 6 % in
weight of the total landings in the "mixed clupeoid"
fishery while in 1994 the estimate increased to 40 %.
There were as in previous years no sampies taken from
the fisheries for human consumption. Further details of
the sampling for biological data are shown in Table
10.2.3.

10.3 Recruitment

10.3.1 Abundanee of I-group and older sprat
from IßTS

The IBTS(February) indices have been revised for
1993-1995 based on data in the IBTS database. Indices
before that time are as given in previous IFWG reports
(see Anon., 1992c). Sprat occurs mainly in the upper
150 m and only hauls taken between 10 and 150 m
depth were included in the calculations. The 1993­
1995 indices wcrc calculatcd as mcan cpue (#/hr)
weighted by the area with water depths between 10 and
150 m in the rectangle (see Table 10.3.1). The
rectangle arca used for weights arc presented in Table
10.3.2. The difference between the revised index and
the index previously presented is in the assumption of

•



the density in unsampled rectangles. The old index
included a standard set of rectangles (12 out of 15
rectangles in the Skagerrak and 8 in the Kattegat, (see
Anon 1993, Table 10.3. 1) and ifthese rectangles were
not sampled they were allocated zero density. The new
index assumes that the rectangles sampled are
representative of the entire stock, Le. rectangles not
sampled had the average density estimated by the
survey allocated to them. The 1995 survey sampled 10
rectangles in the Skagerrak and 7 in the Kattegat. The
age structure in the survey is rather variable as
demonstrated in the text table below. The 1993 and
1994 comparison, particularly appears out of line with
the other data.

Year
c1ass l-group 2-group l-grl2-gr

1982 5818 2426 0.42

• 1983 2402 1934 1.24
1984 670 2219 0.30
1985 2234 5527 0.40
1986 950 1012 0.94
1987 435 243 1.79
1988 510 468 1.09
1989 659 634 1.03
1990 5897 4620 1.28
1991 177 116 1.52
1992 1121 340 3.30
1993 1561 422 3.69

The lBTS (February) index increased slightly between
1994 and 1995 (see Table 10.3.1).

The quarterly lBTS indices were not available for
analysis.

10.4 State ofthe Stock

No assessments of the sprat stock in Division lIla have
been presented since 1985 and this year is no
exception. The Working Group conc1uded that the data
available do not allow any assessment which could be
helpful for management.

10.5 Projection of Catch and Stock

Figure 10.5.1 shows the lBTS (February) index plotted
vs the catch in the same year. The 1994 observation is
apparently an outlier. Ignoring this observation the
projection for 1995 is 10-20,000 t. which seems low
taking the current fishery into account.

10.6 Management Considerations

The recruitment variation between years does not
appear to be driven directly by fishing. The sprat stock
has in recent years been mainly fished together with
herring except in 1994. The human consumption
fishery is only a minor part of the total catch. There
are no indications of overexploitation but the data
available are quite variable.

10.7 Research Recommendations

For research recommenadations see Section 8.9.
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Table 9.1.1 Nominal eateh ofsprat in Divisions VIId,e, 1983-1994.

Country 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 19941 .
Belgium 3

Denmark 638 1,417 15 250 2,529 2,092 608

Franee 60 47 14 23 2 10 35 2

Germany

Netherlands 1,454 589

Norway

UK(Eng1.& 4,756 2,402 3,771 1,163 2,441 2,944 1,319 1,508 2,567 1,790 1,798 3,132
Wales

Total 6,911 4,455 3,785 1,178 2,714 5,475 3,421 2,116 2,567 1,825 1,800 3,133

1Preliminary

Table 9.1.2 Lyme Bay area fishery monthly catches (t) (UK vessels only).

Season Jun Jul Aug Sep Oet Nov Dec J30 Feb Mar Total

1991/92 0 0 205 450 952 60 358 258 109 51 2443

1992/93 0 0 302 472 189 294 248 284 158 78 1719

1993/94 8 0 156 82 302 529 208 417 134 53 1889

1994/95 0 0 ·299 834 545 608 232

1Provisional.
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Table 9.2.1 Lyme Bay sprat fishery. Number caught by age group (millions).

Season

1991/92

1992/931

1993/942

1994/95

Oll

1.7

0.22

o

1/2

56.03

28.23

0.83

2/3

44.69

48.61

44.81

Nodata

3/4

16.24

12.94

15.70

4/5

0.57

1.56

1.95

516

0.03

o
0.58

1August to December only (sampIes in August and December only, so these are best
estimates.
2August to December only (sampIes in August September and November only, so these
are best estimates.

Table9.2.2 Lyme Bay area SPRAT. 1991-1993 mean weight at age.

• Season Quarter Oll 1/2 2/3 3/4 4/5 516 Overall
mean

1991/91 3 4.7 16.6 22.6 25.4 29.2 34.6 20.7
4 6.6 17.1 23 26.3 30.9 21
1 5.7 13.3 17.5 20.2 24.1 14.4

1992/93 3 4.2 12.1 22.8 24.6 32.4 21.8
4 15.8 20.0 23.8 24.8 21.0
1 13.2 17.1 21.2 14.2

1993/94 3 19.1 22.2 20.8 19.8
41 14.2 18.9 24.5 28.1 25.5 20.6

1994/95 No data

1Based on November sampIes only.
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Table 10.1.1 Landings ofSPRAT in Division lIla Catch (in tonnes 10.3). (Data provided by Working Group members).
These figures do not in all cases correspond to the official statistics and cannot be used for management purposes.

Skagerrak Kattegat Div. IIIa
Year total

Denmark Sweden Norway Total Denmark Sweden Total

1974 17.9 2.0 1.2 21.1 31.6 18.6 50.2 71.3
1975 15.0 2.1 1.9 19.0 60.7 20.9 81.6 100.6
1976 12.8 2.6 2.0 17.4 27.9 13.5 41.4 58.8
1977 7.1 2.2 1.2 10.5 47.1 9.8 56.9 67.4
1978 26.6 2.2 2.7 31.5 37.0 9.4 46.4 77.9
1979 33.5 8.1 1.8 43.4 45.8 6.4 52.2 95.6
1980 31.7 4.0 3.4 39.1 35.8 9.0 44.8 83.9
1981 26.4 6.3 4.6 37.3 23.0 16.0 39.0 76.3

Skagerrak Kattegat Div. IIIa Division
Year IIIa •Total

Denmark Sweden Norway Denmark Sweden Sweden

1982 10.5 1.9 21.4 5.9 39.7
1983 3.4 1.9 9.1 13.0 26.4
1984 13.2 1.8 10.9 10.2 36.1
1985 1.3 2.5 4.6 11.3 19.7
1986 0.4 1.1 0.9 8.4 10.8
1987 1.4 0.4 1.4 11.2 14.4
1988 1.7 0.3 1.3 5.4 8.7
1989 0.9 1.1 3.0 4.8 9.8
1990 1.3 1.3 1.1 6.0 9.7
1991 4.2 1.0 2.2 6.6 14.0
1992 1.1 0.6 2.2 6.6 10.5
1993 0.6 4.7 1.3 0.8 1.7 9.1
19941 47.7 32.2 1.8 11.7 2.6 96.0

IPr r .e 1mmary.
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Table 10.1.2 Sprat in Division lila. Landings of sprat ('000 t) by quarter by the three
countries. (Data provided by the Working Group).These figures do not in
all cases correspond to the official statistics and cannot be used for
management purposes.

1992 Quarter Denmark Norway Sweden Total

1.9 0.0 2.3 4.2

2 0.8 0.7 1.5

3 0.6 0.2 0.1 0.9

4 0.1 0.3 3.5 3.9

Total 3.0 0.5 6.6 10.5

1993 Quarter Denmark Norway Sweden Total

0.7 0.1 1.3 2.1

• 2 0.2 0.4 0.6

3 0.3 0.2 0.8 1.3

4 0.2 1.0 3.8 5.0

Total 1.4 1.3 6.3 9.0

1994 Quarter Denmark Norway Sweclen Total

0.3 0.0 0.5 0.8

2 6.0 0.0 0.3 6.3

3 37.0 0.1 23.0 60.1

4 16.1 1.7 11.0 28.8

Total 59.4 1.8 34.8 96.0

•
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Table 10.2.1 Division lIla sprat. Landed numbers (millions) of sprat by age groups in the industrial fishery. \

Country Fishing area auarter Age
0 1 2 3 45+

Denmark Skagerrak 1 - 16.28 - - '- ' ..
2 - 1191.33 - - - -
3

,
4221.72 21.21 - - -

4 16.47 874.75 23.79 - - -
Sweden Skagerrak 1 - - - - - '-

2 - - - - - -
3 18.49 2135.32 37.64 8.21 2.08 6.53
4 1.51 911.44 7.30 7.10 0.32 ,

Denmark Kattegat 1 - 5.02 7.39 3.48 0.31 -
2 - 0.92 36.53 6.30 -
3 3.69 632.38 5024.00 42.11 - '0

4 5.73 287.74 42.28 21.50 - '-

Total Div.llla 1 0.00 21.30 7.39 3.48 0.31 0.00
2 0.00 1192.25 36.53 6.30 0.00 0.00
3 22.18 6989.42 5082.85 50.32 2.08 6.53
4 23.71 2073.93 . 73.37 28.60 0.32 0.00

Table 10.2.2 Mean weights (g) at age of sprat in Division lila 1994 (Danish and Swedish data)

Aqe
Quarter 0 1 2 3 4 5+

1 4.5 18.3 20.3 24.7
2 4.3 20.0 22.8
3 7.8 8.1 17.4 21.6 22.1 17.6
4 4.2 11.2 17.1 22.3 31.0

Total 6.0 8.4 17.8 21.9 27.2 17.6

•

•
Table 10.2.3

1993

Division lIla Sprat. Sampling ofindustriallandings in 1994.

Country Total catch
('000 t)

No.
sampIes

No.
aged

No.
measured

Denmark
Norway
Sweden

1994

0.6
1.3
4.7

30 98 654

Country Total catch No. No. No.
('000 t) sampies aged measured

Denmark 59.4 80 3420 6564
Norway 1.8 1 96
Sweden 34.8 45 687 3719
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Table 10.3.1 Div. lila Sprat. Revised indices of sprat from IBTS 1993­
1995.
(mean no/hr per rectangle weighted by area. Only hauls taken in depths of 10-150
mare included)

A e
Year No

hauls
1 23+ Total

•

. 1993
1994

L.- 1995

41 1789.72 4623.66 1475.42 7888.8
43 1546.82 614.21 1327.87 3488.9
45 2282.86 1828.81 89.29 4200.96
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Table 10.3.2 Division IIIa. Areas (sq. n.m.) used for weighting !BTS indices

Skagerrak
Area

Rectangle Total 0-9 m > 150 m 10-150 m
weight of cpue

used in the index
calculations

47GO 900.0 0.0 300.0 600.0
46GO 933.7 21.1 422.5 490.1
46G1 400.0 0.0 120.0 280.0
45F9 950.6 0.0 933.7 16.9
45F8 950.6 0.0 950.6 0.0
45GO 950.6 0.0 722.9 227.7
45G1 527.0 237.3 0.0 289.7
44F8 967.2 0.0 721.3 245.9
44F9 967.2 25.1 170.7 771.4
44GO 967.2 174.1 53.3 739.8
44Gl 957.4 380.3 0.0 577.1
43F8 904.8 103.5 0.0 801.3
43F9 904.3 535.3 0.0 369.0

Kattegat
Area

Rectangle Total 0-9 m > 150 m 10-150 m
weight of cpue

used in the index
calculations

43GO 973.5 768.6 0.0 204.9
43G1 973.5 289.7 0.0 683.8
43G2 325.2 227.0 0.0 98.2
42GO 879.0 595.6 0.0 283.4
42G1 993.9 110.8 0.0 883.1
42G2 958.9 341.7 0.0 617.2
41G1 1000.7 33.6 0.0 967.1
41G2 965.6 450.7 0.0 514.9
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Division lIla sprat. IBTS total indices vs total catches 1984-1995.

•

Figure 10.5.1
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