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4.1 Introduction

The herring fisheries to the south of Ireland in the Celtic Sea and in Division VIIj have been considered to exploit the

same stock. For the purpose of stock assessment and management these areas have been combined Slncc 1982. The areas
Fren wrrlriala thoa Anscsorviambe A seriezs smncda doneabboan eelele wle s oo L LT sl PTVA S Ll
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titutes over 95 % of the catch from this entire management unit is taken

&

of Division VIa, the total Irish catch which con
from the inishore waters along the Irish coast.

4.2 The Fichery in 1997-1908
4.2.1 Advice and management applicable to 1997 and 1993

In 1997 ACEFM considered that this stock was within safe biological limits and that the SSB was stable and above the
long term average. The TAC recommended was 21,000 t. The TAC subsequently set by the EU for 1998 was 22,000 t
compared with TACs of 21,000 t over the period 1991 to 1996__ '

The Qnawmna box closure system, which was first mtrgducPd in the late eighties and which is described in T(’“F'S
(1989/Assess: 15) was again continued during the 1997/98 season - the box closed being that in Division VHj. This was
closed for a fortnight in November 1997. The entire Irish ﬁshery was again ¢losed from mid-February 1997 through to

early October 1997,

The total Irish quota was subdivided into boat quotas on a week by week basis. All vessels were again regulated by
licences which restrict landings to specific ports and to specific times.

42.2 . The fishery in 1997/1998

As has been the case for a number of years the major portion of the catches in this area was taken by the Irish fishery
during the spawning season which normally lasts from October to February. This fishery is directed to the Japanese roe
market.

The main feature of the fishery during 1997/98 was the very poor marketing conditions which prevailed throughout the
whole season and as a result the number of vessels participating in the fishery was very much reduced. The maximum

number of Irish vessels participating in 1997/1998 fishery was 58 although the average number participating was about
38, This was considerably lower than the number which participated in recent seasons when up to 70 vessels took part.

During the season shoals appeared to be abundant and there were: no reports from fishermen of any scarcity of heming,.

The distribution of the total international herring catches (t) in Sub-areas VI and VII per quarter per statistical rectangle,
based on the loghooks and not corrected for misreporting is shown in Figure 4.2.1 a-d.

4,23 The catch data -

The estimated national catches from 1988-1997 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 over the longer period from 1958 to 1997

are shown in Figure 4.2.2. The reported catch including the estimates of discards and unallocated landings, taken during -

1 1anmrTong 1oAn nne 1 I T . Y V. R TR ) - Q o1 L
LNe 1¥% /71770 5C4A50N was nedrly ZuU,Uuld L compdred witn 1%, U000 L uurmg UIE Previous S€dson. 30Ie Sllgﬂl [CVIS1ons
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The level of discards in this fishery is beheved to ‘have decreased srderab yin recent years In 1997/98 because of the
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command a higher market price than non “roe” fish, There were no reports of discards from the fishery and therefore no
landings were raised to include a discard level. This was in contrast to recent years when some of the landings were

increased by 10 %-20 %.
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4,24 . Quality of catch and biclogical data

During 1997/98 there was a major increase ‘in ‘the monitorin’g of landings from this fi shery and the managemem
measures were tightly enforced throughout the season. The accuracy of the landing figures in recent years is now
believed to have increased significantly.

RV Y L Al N o 1t ____1 a0 el

Bioio glcal sampling of ihe cuiches ilircughoui ihe area conilnues o be sauisiaciory and at a high level. Deiails of the
PN | e [P fe Ml AN o liTn ke Tl At bt fF b it kb Loy bl Todnbl flanas
Ddlllpllllg Uf.u.d. pt:l Liu&“ Ll ac DUUWII Ol Ao 5. L.y WLHILLL UG ICIELL VDU IUULLIVIES UL e LALGJICD ARG UY LG 211301 1L
per quarter are shown in Table 4.2.4, '
4.2.5 Catches in numbers at age
LY I LIS RPN X, MR SN SN LN [ s, Uy Fors TOED s TOMOT on ohimen 2o Polafe A A A Flo oon
LTE Ot Caloiioy 10 ll.I.‘I el L dEb, IHCIUWGLILE U dlu-ﬁ, Pel dbaduin UL 1730 W RFF ) dalt SIHDWIL HL Lalhe 554 1HC apge
....... sian i 1007/08 has been dominated By 3 worine fish (the 10023/1004 vent closs) which also dominated the
LU‘IJPUDIL[UJI Il L XXM 70 LIAda Nedl uviniinidaivud o -~ WY, J.llls llall \I.IIU LA L AT wllh WEUOOF YVIILWIE chlow UUIIIIIII‘II.U\.I LW
catches in 1996/97 4 w.ring fish (1992/93 year class) constituted over 21 % of the catches
4.3 Mean weights at age

Ac thn maaiar mactinn af tha anto v thic fichary cantinnee ta ha tnban durine thoe cnawnine canenan tha maan waiahte ot
A0 LW llKuJUl I.J\J'l LILSED 7]l LW wddlhwld flU.Jll LILla 1iouiwl WASLALA LU T WL U RLDV R ML IIIE LEL JF“V'IIIIIE D ILTRL LA RLEddi- VI\JIEI.II.J L
age in the catches have traditionally bean taken as t mean welichts in the stock at snawnino time {1 Qctobery. The
ge in the catches have traditionally been taken as the mean weights in the stock at spawning time (1 October). The

mean weights from 1958 to 1997 are shown in Table 4.4.2. The mean weights appear to be reasonably stable e although
there has been a decrease of approximately 10 % in the values of the 1 - 3 w. ring fish in recent years.

No acoustic surveys have been carried out on this stock in 1997/98 and there is no fishery independent estimate of the
stock in the most recent year. Acoustic surveys were carried -out in 1990-1996 and two surveys were carried out each
year which were designed to estimate the size of the autumn and winter spawning components separately. The separate
estimates ‘were then combined to give the estimate of the total stock. The total SSB estimated in 1996 was over 140,000
t and this was consistent with reports from fishermen about unusuvally dense shoals on the spawning grounds in that
Season. '

The stock biomass estimates and the age disaggregated data for the stock, estimated at the time of the surveys, are shown
in Table 4.4.1 The age distribution indicates that the 1993/94 year class was the strongest one to enter the fishery since
1990.

4.4.2 Results of Assessments

The integrated catch analysis program (See Section 1.5) has been used since 1994 10 estimate the fishing mortality and
the size of the stock. In the present analyses the age-disaggregated data from the acoustic surveys from 1990 1o 1996
have again been used as the only tuning index available. The 0 and 1-ring fish have been excluded from the analyses as
they are not believed to be fuily recruited to the Ceitic Sea from Division Viia (North) The anaiyses carried out at the

1YYG YW Or ]S.I.Iig UIUUP II!UCLIHB l[lUlLdlﬂU Llld.l. l[lU UCbl lJL Lo LHC l\'ﬂ lllUUCl was pIUVJUUu U)’ lelllg [.llU ACOUSLIC SU lVCy S as
a proportional index of stock abundance. The input data for the ICA analysis are shown in Table 4.4.2.
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bsence of acoustic surveys for that ve resulls bnwpd a decreasin ng tock ‘CiZP and high values of F in the last
three years. The SSB for 1997 was estlmated to be 47,000 t and the fishing mertality to be 0.61. Thes values were
considered to be inconsistent with the results from the acoustic surveys from 1994—1996 which showed an increasing
trend in SSB. They were also inconsistent with reports from the fishery, which in recent years indicated unusually large
concentrations of fish and in which there has been a considerable decrease in effort in 1997/98 because of the collapse

of markets.

An examination of the diagnostics from the ICA model showed.that there were unusually high residuals for the older age
groups in the age structured index for the 1996 surveys. These residuals suggested that these age groups had been
inadequately sampled by the surveys in that year. The 1997 WG discussed the results of the 1996 surveys and it was
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poinied out that ihe huer:yb in that year were restricied o the inshore areas of the Ceilic Sea and had not covered any
part of Division VIIj. It i{s therefore possible that the surveys underestimaied ihe numbers of older-fish in the popuiation
because these older fish.tend to be located in the offshore areas and in Div. VIIj. This underestimate would:have had-the
effect of reducing the numbers of fish in the population estimated by ICA and would subsequently have. produced - the

Jower stock sizes.

Further ICA -runs were C,_rr_erj out in whtr'h the SSE values _rpm the acoust Urveys w
mstead of the age. dlsaggregated data.. These gave values of SSBs in recent years which were o a
of F which were lower than 0.3. It was felt that these values should be treated with caution because of the lack of survey

data in 1997.

A further ICA run was then carried out in which fish older than 5 w. rings were omitted from the acoustic tuning index.
(It should be poinied out that in 1996/97 and 1997/98 fish in age groups 2-5 constituted over 80 % of the catches
throughout the Celtic Sa and Division VIIj.) The results of this run produced values of SSB and F which were sm‘ulaI 0
those produced by the 1997 assessment. The SSB estimated for 1997 is 69,000 t and the value of F=0.4. ThlS run was
considered to be the give the most realistic assessment of the state of the stock because it was based on the age structure
of the stock, The results were also consistent with those obtained in the 1997 assessment. The results and the dlagnostlcs
are shown in Tables 4.4.3 and in Figures. 4.4.1 - 4.4.7.

Although there must be some uncertainty attached to the values, because of the lack of survcy data’in 1997, .they do
indicate some stability in the smctc in recent years The' ‘values ot the SSBs esnmated from ICA analy51s smcc 1994 are
shown below. :

Season Acoustic ICA in 1994 ICA in 1995 ICA in 1996 ICA in 1997 ICA in 1998

surveys
1990 91000 65300 57500 65000 66000 69200
1991 77000 55000 45600 55700 56800 58600
1992 71000 61600 44800 57300 59600 57100
1993 90000 62500 41200 55200 58200 55700
1994 50600 9100+ 45000 6700 67900 69200
1995 114000 - 59700% - - 42700% 86000 71400 . 80200
1996 ~ 142000 60000% 35000* 93000% 67500 74700
1997 L 69,000 68500 .

predicted values

4.5 " Recruitment estimates

There are no recruitment indices available for this stock which can be used for predictive purposes. The numbers of 1-
ring fish derived from the 1998 1CA model are shown in Figure 4.4.2. There has been no apparent trend in recent years
and recruitment has fluctuated considerably: The geometiic mean over the period 1983 to 1995 was taken as'the most
redlistic value to be used in the catch predictions. This value was 562 million compared with a mmllar va]ues of 5343
mllhon and 535 ml!llon used by the 1997 and ]996 worklng groups respectively.

4.6 E Shm"t'ter_m Proje'ctibn

Because of the uncertainty about the current stock size and the lack of information on recruitment it was decided that
projections over 4 medium’or long term basxs would be unreallstlc A short term projection was therefore camed out
under the followmg assumptlons

Average 'Eecruit:lﬁent baéed on t-he geometric m;ean'lcvel of numbérs of 1 w. ring fish from 1983—1995.
A catch ln 1998 equal to’ 22 200 t which is the agreed TAC.

Mean we]ghts in the stock and catch based on the average levels from ]993 1997.

Population numbers-gstimated at 1.-January:1998 from the ICA analysis.
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An 58B in 1997 of 68,500 t.
The input data used in the predictions are shown in Table 4.6.1.

The projections were carried forward to 1999 and-2000, assuming catch levels correspondmg 1o those produced by E
values equal to that of 1997, i.e. 0.398.

The catches in 1999 and 2000 are estimated o Be around ]8,9(}0 t and 19,800  respectively whi_le the _re;;ultant SSB
levels would be around 69,900 t and 71,700 t. '

The data is summarised in Table 4.6.2 and the detailed output is shown in Table 4.6.3.

A projection was also carried out assuming that the TAC of 22,200 t would be taken in 1998 and that F in 1999 and
2000 would continue at about the same level as that generated by the 1998 TAC (F=0.47). The corresponding caiches in
1999 and 2000 would be around 21,900 t and 21,800 t respectively while the resultant SSB levels would be arcund
69,100 t and 68,000 t. The detailed output of this projection is shown in Table 4.6.4. The prediction with the
management options for 1999 is shown in Table 4.6.5.

Th prcdictions indicate that the stock is at present in a stable condition and is likely to remain at about this level in

2000 if catches in 1999 are fixed at about 22,000 t i.e F=0.48.
4.7 Biological reference points and management considerations.

The biological reference points in reiation to this stock are discussed in Section: 1.6. It is- apparent that in this stock
recruiimeni may be indcpendeni of stock size. The siock coﬂdpsed in ihe seveniies due v a decrease in recruiiment
'Wll.i\.-ll. was not UUI.CL«LCU ai I.II.U lllllC nL pl_esel_lL lllUlU lb bl-.lll. o lllUlllUu UJ. ﬁhllll]allilg LIIU TECTr UJLH]UIIL d.llu lJI l[llb blll.l.d.llUlI
a cautious approach is recommended. The stock size is now at a reasonably high level and recruitment in recent years
has also been high. The analysis carried out in Section 1.6 suggests that-in the present situation the Fpa should be about

0.4 which is in fact about the current level. The corresponding Bpa is estimated to be around 40,000 t.

It should be stressed that these reference require that the stock and recruitment must be monitored very precigely, If
there are indications that recruitment is decreasing then immediate measures should he taken m reduce the fishing
mortality to about to below 0.13 which is the level corresponding to t h lowest observes 8SB of 26,000 t which was

present during the time of the closure of the main fishery.

Because of the need to monitor this stock closely it is- important that the acoustic surveys should be resumed
lmmedlately and that adequate resources should be made available in order that they be maintained.

Protection of Spawning Grounds

The main Irish fishery takes place on the spawning grounds along the Irish coast. The spawning grounds are well known

and are-mainly located in shallow inshore waters. In recent years a nurnber of these spawning grounds have come under

threat from possible extraction of gravel, dumping of harbour silt and dredge spoil and from the sighting of fish farms. It
is extremely important for the survival of the stock that these spawning grounds are adequately protected.
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Table 4.2

1 Celtic Sea and Division VII

Thy Warl-ing (lraim srans

CY ¥WOrdng urdiap I.AJ.Lal.uUCL 8.}

DO dapmuivs

_'T'h-:lep fimirag may 1 notinalle

. managernent purposes,

AL

ITj herring landings by calendar year (t), 19871997, '(D_ata provided. ..
A : . . T

Year France Germany Treland  Netherlands UK. Unallocated Discards Total
1987 ' 800 - 15500 . - 1,500 . - 5,300 4,200 - 27,300
1988 - - 16,800 - SRR . 2400 19,200
1989 i - 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
1994 o+ 200 17,400 1,3000 o+ -1,500 1,700 19,100
1995 200 200 18,000 C100 0 o+ -200 2700 19,000
1996 1,000 0 18,600 1,000 - -1,800 3,000 - 21,800
1997 1,300 0 18,000 1,400 2,600 700 18,800
1

Table 422 Celtic Sea and Division VIIj herring landings (t) by seasoni(1 April-31 March) 1987/1988-1997/1998. . -

* (Data provided by Working Group members, 1997/98 figures are preliminary.).

- 'T'hr:m: Ficrrae mav nat 1in all cagee carrecnnmd i‘n the lr‘n] Qi‘a tetice and cannnt I'\P nead for manaogermient
AR LIS G BRIy REY B mar ““"’_""I’ """‘_‘_“”t"" e T ASALARAAE CRERASLALS AL TRMASAAAT A mRaAs AR AR “‘E:"
purpgses '

Year France Genﬁany Ireland Netherlands -~ U.K.  Unallocated  Discards Total
1987/1988 - "~ 800 ° B © 15,500 1,506 4,400 4000 ¢ -26200
1988/1980 - - - 17,000 - - S 3,400 20,400
1989/1990 + - 15,000 1,900 - 2,600 3,600 23,100
199071991 - '_ 15,000 1,000 200 700 1,700 18,600
1991/1992 500 100 21,400 1,600 - ~100 2,100 25,600
1992/1593 - - 18,000 1,300 - -100 2,000 21,200
1993/1994 - - 16,600 1,300 + -1,100 1,800 18,600
1994/1925 200 17,400 1,300 + -1,500 1,900 10,300
1995/1996 . 200 200 20,000 100 + 200 3,000 23,300
1996/1997 1 000 - 17,900 1,000 - -1,800 - 750 18,800
1997/1998". 1,300 19,900 1,400 -2600 -0 20,000

1 Dfﬂ]f]"l"“f\ﬂl'}?

LhrinEmiid
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Table 4.2.3 Celtic Sea, ‘D_ivisit.:)_n VIIj (1997-1998). Sampling intensity of commercial catches.

= L

Country ' - Catch (D No.of  TWNo.o No. of  Aged per Estimates
sampies age fish 1000t of
readings -measured discards
Ireland _ Q4 ' 13,000 40 1293 6898 99  Yes
Q1 6,900 27 1219 3807 177 Yes
Netherlands Q3 1,400 0
France Q3 1300 0 - - - -
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Table 4.2.4 Celtic Sea and Division VIIj. Length distribution of Irish catches/quarter {thousands) 1997 98. - -

Length
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183
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4859
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5695
4415
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1358
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105
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333 -

850
629
1811

- 2034

4252
4659
6175
5362

3587
1997
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1331

444
222
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|

- o
TR
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(Ve
[
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”l. © Q198

26

Total

11322

31408

34510

33944

23,121

4276

Tonnes

1,700

4,300

5,100

4,600

3,600

660
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Table 4.4.1 Total stock numbers at age (10°) estimated using acoustic surveys estimates.

W.Rs 199071991  1991/1992  1992/1993  1993/1994 1994/1995 1995/1996 1996/1997

0 204.8 213.8 141.8 - " 258.8 41.3 5.1 2.8

I 131.6 62.6 4269 217.1 380 279.5 133.6

y 249.0 195.2 1i7.0 437.9 127.2 330.7 757.0

3 1086 947 87.8 587 - 160.3 138.4 249.9

"4 © 1525 54.0 49.6 63.4 10.5 93.5 50.6
5 324 84.8 22.2 26.0 10.6 7.9 41.9

6 149 221 242 16.3 6.5 92 1.1

7 61 = 5.3 9.6 24.6 L6 R4 142

8 25 - 6.1 18 - .23 2.6 9.2 0.5

O+ 1.5 - 1.1 1.7 0.5 4.7 1.8
Total 903.9 738.6 382.0 1,106.8 399.1 1106.5 1,253.4

- TSB (000"t 103.0 84.4 88.5 104.0 51.8 134.6 151.3
SSB (000°t) 91.0 77.0 71.0 90.0 50.6 114.0 145.8
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Table 4.4.2 Herring in the Celtlc Sea and VIIJ
(run: ICACHRlS/IlS), 16.Mar.98-
ocutput Gen_erated by ICA Version 1.4

catch inNumber - (x 10°) -

uuuuuu B e T e e N el el R e e e
AGE |. 1958 1959 1960 1961 1962 1963 1964 1965 1956 1967 1968 |
e e e e e e e e e e e e e L e e — e, ————— e m e i
o 1,64 1.20 .. 2.84 2,13 77 36 7.53 o 7.0  7.80  13.20 R
2 3.74. 25.72 72.25 16.06 18.57. 51.94 15.06 70.25 19.56 39.99 54.7 f
3| - 33.09 2.27. 24.66 32.04 19.91 13.03 17.25 9.37. . 59.89 20.06 39.50
4 | 25.75 19.26  3.78 5.63  48.06 4.18 .66 15.76 . 9.92  49.11° 11.54
5 | 12.55  11.02 - '13.70 2.03 §.08 °© 20.69- 1.72 3.400 13.21 9.22: 22.60
6 | 23.9s5 5.83 4.43 5.07 3.58 . 2.89 8.72 4.54 ' 5.60 5.44 4.33
7 | 18.0% 17.82  6.10 2.83 8.59. 1.39 1.30 12.13 . 3.59 3.94 4.17
g | 9.38 3.75 4.38 1.52 3.81 2.49 58 1.38 8.75 6.51 1.31.
- 5.58 7.35. . 4.15 4.95 5.32.  2.79 2.19 7.49 3.84 6.76 .. 4.94
______ T U S S SR
—————— B ittt e i R Rt i UGy
AGE. | 1969 1970 1971 1972 1973 1974 1475 1976 1977 1978 1979
______ L S SO A
7] 8.47 1.32° 12,66 8.42  23.55 5.51° 12,77 13.32 5.16 2.80  11.34
z | 93.28 37.26  33.31 137.6% 38.13 42,81 15,43  1i.1i  12.52  13.39  13.91
i |° 55,04 50.09  37.56 17.86° 55.81 17.18  17.7% 7.29 .61  11.95  12.40
4 |- 33.15 26.48  41.90 15.84 7.01  22.53 7.33 7.01 . 5.28 5.58 8.64
5 |  12.22° 18.76 18.76  14.53 9.65 4.23 9.01 2.87 1.59 1.58 2.89
6 | 17.84 7.85  10.44 4.64 5.32 3.74 3.52 4.79 1.80.  1:.48 1.32
7 4.76 6.35 4.28. - 3.01 3.35 2.98 1.64 1.98 1.04 .54 1.28
g | 2.17 2.18 4.94 2.37 2.33 .a0 1.14 1.24 .38 .BE 55
3. | 3.47 3.37 2.24 1.02 1.21 .83 i.1 1.77 .47 .48
______ e o e e e
______ o e L L e
AGE | 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1590
______ o o
1 |T 7.16 39.36 15,34 13.54 18.52  17.92 4.16 5.98 2.31 8.26 2.70
2 |  30.09 21.29 42.73 102.87 $2.89 57.05 56.75 67.00 82.03 42.41 £1.76 r
3] -11.73  21.86 8.73 26.9% 41.12 36.26 42.88 43.08 30.96 68.40  24.63 -
4 | 6.5% 5.51 4.82 3.23  15.04 16.03  32.53  23.01 5.40 15.80 35.26 j
s .| 281 4._44 1.50 1.84 2.45 2.31 8.79 14 .32 5.96 821 B.12 ;
5 | 2.20 3.44 1.89 .33 1.09 23 1.13 2.72 3.05 3.84 3.81 |
7 1.18 .80 1.87 37 38 0% 10 1.18 87 2.59 1.67 %
8 | 1.26 31 34 93 23 17 03 30 30 77 69 :
g | 56 87 60 31 18 13 01 46 09 .68 46 j
—————— o e -
—————— M e e e e i
AGE | 1991 1992 1993 1994 1995 1996 1997 :
______ o o e e e ;
1. 1.1  10.41 1.61 12.13 9.45 - 3.48 3.54 ‘
2 | 63.85 26.75 94.06 °35.77 79.16 61.92  35.95
3 | 38.34  35.02 9.37 61.74 22.5% 38.24 51.98
4 | 18.92 27.59 10.22 3.29  36.54 7.94  30.19
5 | 2B.41 10.14 4.49 3.03° . 3.69  16.11 .20
5 | 4.87 18.0% 2.79 1.77 3.42 2.08 §.12,
7 2.59 3.02 5.93 1.71 2.65 1.59 1.10
8 | 95 6.29 .86 1.71 1.86 1.51 81
9 | 59 69 51 47 .84 1.03 50
______ S D S
.Predicted Catch in Number (x 10°)
vvvvvv e o e et e e oS
AGE | 1992 1993 199¢ 1995 1996 1997
______ U
1| 12075. 3084. 6437. 8734. 3180,  3639. . N
2. ]. 28327. 77317. 29617. 89544. 74884, 36266. . ' . : B
3 | 34143. 9761. 46083. 25920. 46522. 54308. _ . ' D
4 |. 26510. 8883.  4597. 32120. 10559. 2688%1. ' ' Tk
5. | 10935, 6700, 4036, 3107. 12833, 5385,
6 | 16270.. 3531. 3814.  13388. 1536.  8780.
7 ] 3121. 4828, 1882, 2997. 1564,  1003.
8 | &285. 828. 2326,  1342.  1248. 925.
______ b e e e e et e — oo
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Table 4.4.2 (Cont’d)

+
I
+
i
I
|
|
|
|
I
I
I
+
+
I
+
I
I
I
|
I
|
|
|
|
+

-+
I
+
|
[
|
1
|
|
I
|
!
|
I
¥
+
|
¥
|
|
i
|
|
|
i
|
"

Weights at age in the catches (kg)

.24400

.25700

.26000°
.26300
.26600

.11500
.17400
.21100
.229%00

TAANN
.t u

2y

.25700

.26000 .

.26300
.26600

.22900

28400

.25700
.26000
.26300

.22900

SAANN

AL VY

.25700
.26000
.26300

.22900

SAAND
A LA

.25700
.26000
.26300
26600

1958 1959 1960
.11500 .11500 . .11500
.17400 17400 .17400
.21106 .21100  .21100
.22900 .22900 .22900
.24400  .24400 . .24400°
.25700  .25700 .25700
.26000 .26000 .26000
.26300 26300 .26300
(26600 - .26600 .26600

1969 1970 1971
.11500 .11500 .11500
.17400. .17400 .17400
.21100 .21100 .21100
.22900 .22900 .22900
L24400° .24400 .24400
.25700 .25700 .25700
L26000  .26000 .26000
.26300 26300 .26300
.26600 .26600 .26600

1989 1981 1982
.11560  .11560 .11500

174040 17400 17400

.22900  .22900 .22900
.24400 24400 24400
.25700  .25700  -25700
.26000. .26000 .26000
.26300  .26300 .26300

.26600 .26600 .26600 .

.17000
.201900
.2340Q0
.24800
-25600

.26000
26300

.25700

.18200 .17700 .18000
.19000 .19100 .20100
.20600 .15400 .20400
.22900 .21200 .21000
.23600  .22800 22500
.25100 .24800 24000

.21800
1.21700
L22700

.11800
.14700
-15900
.18500
.1950C
.20700
-21900

.23100
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Table 4.4.2 (Cont’d)  Weights at age in the stock (kg)
______ e e e e e e e e L e
AGE | 1958 1959 1950 1961 1952 1963 1964 1965 1966 1967 i968
______ e e Ll
1 | . .11560 .11500 .11500 .11500 .1150C¢ .11500 .11500 .11500 .11500 .11500 .11500
27 7.17400 17400 .17400 . .17400 .17400 .17400° ,17400 17400 .17400. .17400 .17400 °
3] .211po .21160 21100 .211C0 .21100 .21100 .21100 .21100 .21100. .21100  .21ico
4 | .22900 ©.22900 .22900 .22900 .22900 .22900 22900 22900 .22900 .22900 22900
S| .24400° .24400 .24400 .24400  .24400 ©.24400 .24400 24400 .24400° .24400  .24400
6 | .25700 .25700 ©.25700 .25700, .25700° " .25700 25700 ° .25700 .25700  .25700 .25700
7 | 7.26000 .26000 .26000 .26000 .2600C .26000 26000 .26000 .25000 .25000 .26000
8 | .26300 .26300 .26300 .26300 .26300 .26300 .26300 .26300 .26300 .25300 .26300
9 |7 .26600 ' .26600 .26600 .26600- .26600 .26600 .26600 _26600 .26600 .26600 .26600
L O O e SR
age '} 1989 1970 1971 1972 1973 1974 1975 1976 1877 1878 1979
______ O S S D T
1 7| .11500 .11500 .11500 .11500 .11500° .11500 .11506 .11500 .11580 .11500  .11500
2 ] .17400 [.17400 .17400- .17400 -~17400 |.17400 17400 .17400 .17400 .17400 ".17400
3 ] ‘ziieo. .21100. .21100 -.21100 .21100 .21100  .21i00 .21100 .21100 .21160  .21100
4 1 .22dp00 22940 22900 .22900 .22900 .22900 122900 122000 _22900 22800 22500
§ | .24400  .24400 .24400 24400 .24400. .24300 .24400 24400 .24400 .24400 .24400
6 | .25760 .25700 25700  .25700  .2570C .25700 .25700 .25700 .25700 .25700 .25700
7. | .26000 .25000 .26000 .26000 .26000 .26000 .26000 .26000 .25000 .26000 .26000
8 | .26300 .26300 .262300 .26300 .26300 .2Z6300 .26300 _26300 .26300 .26300 .26300
o "l 28600 26600 26500 -.26800 .ZRE0Q  .26R00 .26600 26600 .26600 28600 .26600
R e o e o e e e e e e e
_____+1______________ __________________________________________________________________________
AGE | 1980 1981 1982 1983 1584 1985 1986 1987 19838 1989 1290
______ U S U LSO
1 7] .11500  .11500 .11500 .11500 .C9300 .10400 11200 .09500 .09700 .10600 ~.09900 ° :
2 |7 .17400. .17400 ,17400 .17400 .14200 .1400C .15500 .1380¢ .13200 .12900 (13700 ;
3 |- ".21100° .21100 21100 .21100 ~.18500 .17000 .17200 ~.18600 .16800 .15100° .15300 ¢
4 | .22900 .22900 24900 .22900 21300 .2010C .18700 % .19200 ~ .20300 .16900° .15700 i
5 71 124400 .24400 .24400 .24400° .213C0 .23400 .21500 20400 .20900 .19400 | .18800 |
6 | .25700° .25700 .25700 .25700 .24500 .24800 .24800 .2310C .21500 .19900 .20800 L
7 | -.26C00 .26000 .25000 .26000 .24600 .25600 .27600 .25500 .23700 .21000 .20900 {
B | .26300 - .26300 .26300- .26300 .26300 .26000 .28400 .26700 .25700 .22100 .22900 ;
9 . | .26600 .26600 .26600 .26600 .26200 .26300 .33200 .28400. .28300 .24000 25100 7 !
—————— e 5
—————— - e e S e e e e e e o "
AGE | 1991 1992 1993 1994 1895 1996 1997 !
______ P P S SO :
1 | .09200 . .0%600 .0%200 .0S700 .08800  .08B00  .0S300 1
2 | .12800 .12300 .12900 .13500 .12600 .11800 .12400
3 | .16800 .15000 .:5500 .16800 .15100° .14700 .14100
4 | .18200 .17700 .18000 .17900 .17800 .15300 .157C0
5 | .19000 .191C0 .20100 19000 18800 18500 .17200
& | .20600 .19400 .20400 .21000 .13800 .13636  .18200
71 228000 21200 210000 21800 20700 .20700 20600
& .| .23600 .22800 .22500 21700 .22700 .21500 .21600
9 | .25100 .24800 24000 .22700 .22700 .23100 .22000
et ettt e e

[$%)
[
[4.4]
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—————— e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T e e e e e e e
AGE | 1958 1959 1960 1961 ete 1994 1995 1996 1997
______ e e e e e e e e e e e e e
1 i 1.0000 1.0000 1.0000. 1.0000 fixed 1.0000 1.4000 1.0000 21.0000
2 i 3000 3000 3000 L3000 fixed ipQo 3000 L3000 3000
3 ! 2400 2000 2000 2000 fixed 2000 L2000 L2000 2000
1 i - .1000 L1000 L1200 L1000 fixed 1000 L1000 L1000 1000
5 1000 1000 1000 1000 fixed 1000 L1000 L1000 1000
6 | 1000 1000 1000 1000 fixed 1600 1000 1000 1000
7 | = .1000 1000 1000 1000 fixed 1000 1000 1000 1000
8 | - 1000 1000 1400 1000 fixed 1000 1000 1000 1000
9 | 1000 1000 1000 1000 fixed 1000 1000 1000 1000
______ L U UV
Froportion of fish spawning
______ o e
AGE | 1958 1959 1960 19561 etc 1594 1995 1996 1997
—————— B e e e e e e e e e i
1 | 5000 5000 5000 5000 fixed 5000 5000 5000 5000
2 -} 1.0000 1.0000 1.0000 1.0000 fixed 1.0000 1.0000 1.0000 1.0000
i !' 1.0000 1.0000 1.0000 10000 fivad 1.0000 1.0000 21.0000 1.0000
4 | 1.0000 1.000C 1.0000 1 2000 fixed 1.0000 1.0000 1.0000 1.0000
5 | 1.0000 1.¢0000 1.0000 1.0000 fixed 1.0000 1.0000 21.0000 .1.0000C
6 | -1.0000 1.0000 1.0000 1.0000 fixed 1.0000 1.0000 1.0000 1.0000
7 | 1.0000 1.0000 1.0000 1.0000 fixed 1.0000 1.0000 1.0000 1.000C
8 | 1.0000 i1.0000 1.0000 1.0000 fixed 1.0000 21.0000 1.0000 1.0000
9 | 1.0000 1.0000 1.00G0 1.0000 fixed 1.0000 1.0000 1.0000 1.0000
______ O

Table 4.4.3 :
AGE~STRUCTURED INDICES: FLT02: celtic combined acce data (Catch in tonnes)

______ T U0y

I

¥
2 | 24%.00 195,20 117.00 437.90 127.20 5%0.70 757.00
3 | - 108.80 94.70 87.80 58.70. 160.30 138.40 -249.9%0
4 | 152.50 54.00 49.60 63.40 10.50 93.50 50.60
5 | 32.490 84,80 22.20 26.00 10.60 7.90 41.90

+

Fighing Mortality (per year)
_____ e e e e e e o o e
AGE ! 1958 1959 1960 19561 1962 1963 1964 1965 1966 1%67 1968
______ e e e e e e e e e
1 0082 0019 0136 0137 Q025 D017 0116 .0o02 0172 Q177 0230
2 1225 2954 2491 1667 2718 L4021 1884 2435 1831 2148 2932
3 3572 1076 5503 1767 3411 .3319 2393 1817 1601 3079 3639
4 5301 3447 2480 2186 4110 1051 2674 3392 2821 5347 2771
5 4103 4019 3905 1833 4883 2772 0517 1901 4680 4068 4460
[ 5069 301% 2487 2177 43585 2638 .18iz L1680 4787 6365 3521
7 8165 7802 L5218 2219 L6056 3227 1768 3128 1741 6471 5700
8 4719 3943 .3886 2104 .4605 L3106 1519 .2557 3462 4789 4081
9 4718 3943 .388¢ 2104 4605 .310e 1519 2557 1462 4789 4081

=1 OV Ul e B

o
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Table 4.4.3 (Cont’'d)

AGE | 1980 1981 1982 1983 1984 1985 1986 ~ 1987.  1988. 1989 1990
mmmmmm g
1 0805 1628 0373 0298 0557 0497 0123 00493 0c8s 0253 0096
2 | 5541 6740 4814 6923 5212 .4028 3845 4998 2907 3758 2955
3 i 7668 1.16863 136 8990 7458 L4240 6521 €120 4897 4493 4182
4 | 5889 1.0007 8517 5990 1.2064  .6870 8166 8585 2433 6286 4178
5 -|.. .z2907 9061 7300 8533 1,1570 4636 8528 9325 4951 3088 5121
13 | .s588 6058 1.1806 3017 1.9695 2561 .3902 8173 4520 6073 2054
7] 1.1129 7822 5930 6782 5913 7738 - .1494 7944 ..3603 7663 5149
g8 | L7302 3111 8037 5308 1.0899 5281 5818 7658  .4154 5491 4196 ‘
9 ! L7302 9111 8037 6908 1.0899 5281 5B18 7658 - 4154 5491 4198 v
______ b e e
______ b o e e
AGE | 1991 1992 19393 1994 1995 1996 1997
ﬁﬁﬁﬁﬁﬁ e e e et e f e e e e
1 0157 0238 0141 0121 0158 0122 0125
2 | 5885 6134 3629 3131 4076 3145 3234
3 I 5203 8031 4751 4099 5337 4118 4234
4 | 5375 7986 4724 4076 5306 4094 4210
5 | 8180 7088 41393 3617 4710 3634 3738
6 | 5855 7780 4603 3971 5170 3989 4101
7] 1879 8271 4993 4221 5496 4241 4360
8 5531 8031 4751 4099 5337 4118 4234 i
9 5531 8031 4751 4099 5337 4118 4234 i

------ e |
nGE | 1958 1959 1950 1961 1962 1963 1964 1965 1966 1947 19684 i
—————— et Rt e L P E ¥
1 | 316.7 1026.6 3321 247 .2 489.8 275.1 1028.6 166.3 658.8 685.5 8482 f
2 | 37.4 115.5 176.9 120.5 89.7 + 178.7 101.0 374.0 134.7 . 238.2 247.8
3 i 120.9 24.5 63.7 217 .7 73.6 50.6 89.1 62.0. 217.2 83.1 142.4
4 £5.5 §9.2 18.¢0 30,1 140.4 .. 44,0 29.7 57.4 42.3 0 124.1 5¢.0
5 ] 39.1 ° 34.9 44.4 12.7 21.9 - 89.6. 35.8 20.6 7.0 28.9 65.8
3 |' 63.0 23.4 21.1 27.2 9.6 12.1 - 61.4 30.8 15.4 21.0 11774
7 | 30.1 34.3 15.7 14.9 19.8 5.3 .. 8.4 47.3 23.¢ 8.6 10.0
8 | 26.1 12.0 14.2 8.4 10.8 9.8 3.5 6.4 31.3 17.9 4.1
a | 15.5 23.% 13,8 27.2 15.1 10.9 13.2 24.8 12.8 18.8 15.4
+
-
|
+-=
|
A
l
|
1
]
I
|
|-
|
" +
+
1
+-=: 4 : i
1 | 145.6 409.1 661.2 . 731.7 S67.0 582.2- 535.9. 1025.1. 425.7 .522.9  449.4
2 |+ 80.8. 49%.4  127.9  234.3 261.3 197.3. 203.8 . 194.7 373.6, 155.2. 1B7.6
30| 23.9. 34.4 18.7 58.5 B6:9 - 115.0 97.7 - 102.8°  87.% 207.0 79.0
4 15.5 9.1 8.8 7.5 23.8 34.4 61.6 41 .7 45.6 43.9..1G8.1
5 0 11.7 7.8 3.0 3.4 3.7 6.5 16.0 24.6 16.0° - 32.4 21.2
6 4.0 7.9 2.8 L% 1.3 i.1 3.7 6.2 8.5 8.8 1.5
7] 1.8 1.5 3.9 8. .8 2 7 2.2 3.0 0 5.1 4.3
8 | 2.5 - .5 .6 2.0 4 4 1 & .9 1.9 2.1 ;
9 | 1.1 1.5 1.1 6 3 a 0 g 23 1.7 1.4 ;
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Table 4.4.3 (cont’d)

Fitted Selection

|
|
I
|
!
!
]
i
|
!
1
|
!
t
F
|
E
\

348.9 843.3 880.1 414.7 461.6 589.1
281.4 126.5 306.5 318.7 158.7 1677
28.3 150.2 68.5 151.0 172 .4 80.8
24.7 14.4 8l.6 32.9 81.9 92 .4
20.5 13.9 8.7 43 .4 19.8 48.7
10.0 12.2 8.8 4.9 27.3 12.3
13.1. 5.7 7.4 4.7 3.0 16.4
2.3 7.2 . 3.4 3.9 2.8 1.7
1.4 1.5 - 2.1 3.2 1.8 2.7
catches in number

|
+ .
| 194.5. 811.2
| . 163.7 70.4 .
| s34 67.3
i 42.6 50.3 .
.. e4.4 22,5
] 12.5.  31.4
1. 15.8. 5.8
| - 2.3 11.9
i 1.5 1.3
. .
ing factors for
+
| 1992 1993
+
| L1000 L1000
i 1.0000 1.0000
| ‘1.0000 1.000C
| 1.0000 1.000C
| 1.0000 1.0000
| 1.0000 1.0000
| 1.0000 1.0000
.| 1.o000 1.0000
+

1000 L1000 L1000 - L1000
0c00 1.0000 -1.0000 1.00C0
0000 1.0000 . 1.0000 1.0000
0000 1.0000 1.0000 1.0000
0000 1.0000 1.0000 1.000C
Qo000 1.0000 1.0000 1.0000
gocd 1.0000 1.00C00 1.D00C
gooo 1.c00C 1.0000 1.0000

1.0000
1.7367
1.3211
2.0673
2.1016
1.5552
1.5552

1.1215

Pattern.
1958 1958
0230 L0172
3430 2.7443
1.0000 1.0000
1.4843 3.2021
1.1486 3.7337
1.4193 2.8050
2.2860 7.2487
1.3214 3.68630
1.3214 3.68630
1969 1870
0575 0185
7452 .6533

L9653 1.2422
.8064 1.3483
1.1614 1.1724
1.0322 1.01490
1.0102 1.137%
1.0102 1.137%

0247 0776 .0073 .gos1 04ge L0014
4526 9438 .7968 1.2118 7871 1.33¢98
1.0000 1.0000 1.0000 1.0000 1.000C 1.000C
4506 1.2373 1.2048 3166 1.1175 1.8667
7097 1.0377 -1.4317 8354 2160 1.0461
4519 1.2320 1.4531 7949 .6735 9248
9482 1.255% 1.7756 9722 .7383%  1.7213
7062 1.1912 1.3502 9360 .8020  1.4071
7062 1.1912 11,3502 9360 .8020 1.4Q71
1871 1972 1973 1974 1975 1976
0373 0887 1686 0981 2100 2372
5830 1.2388 8218 L8740 6980 §767
1.0000 1.0000 1.0000 1.0000 1.00C0 1.0000
1.4007 2841 5758 1.0915 -9488 1.2892
1.537T1 1.3505 .9289 6543 .9486 1.0798
1.250% 1.0279 8347 8246 1.0341 1.6348
L9326 .8375 1.3143 1.1232 .6538  2.1477
1.1852 1.1676 L9742 1.0083  .8404 1,3632
1.,1852 1.1676 .9742 1.0083 .9404 1,3632

1.0060
1.3504
.9162
L7301
L7712
.9815
-9815
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Table 4.4.3 (Cont’d)

AGE | 1980 1981 1982 1583 1984 1985 1986 1587 15¢8 1989 1990
g
1 | 1049 1395 0522 0424 0768 1172 0183  .0151 0176 0582 0228
2 i 7227 5779 6747 2903 7181 9446 5897 .Ble’t 5837 8385 7065
3 | 1.0000 1.0000 1.000C -1.0000 1.0000 1.0000 ~1.0006 1.0000 % 1.00606 1.0000 '1.0000
4 ! 1681 8580 1.193s6 8569 1.6622 1,731 1.25272 1.4028 46965 1.3990 .9991
5 | 3791 7769 1.0230 1.2207 1.5942 1.1053 1.3078 -1.%236 1.0111 - .6872 '1.2246
6 | 1200 51¢4 1.6545 L4316 2.7136 6039 5984 1.0086 9231 1.3517 4912
7 | 1.4515 67086 8310 9703 8148 1.825%2 2291 1.2981 .7358 1.7055° 1.2313
8 | 9523 7812 1.1263 9882 1.5017 1.2456 8922 1.2513 L8483 71.2220 1.0033
g | . 9523 7812 1.1263 9882- 1.5017 1.2456 8922 1.2513 -8483 1.2220° 1.0033
ﬁﬁﬁﬁﬁﬁ i e Gl
______ e —m—
AGE i 1991 1592 1993 1594 1995 1596 1997
ffffff o e e T e e e e 2 2 i e m e e e e e e
1 | 0301 0296 0296 .0286 0296 0296 0296
.2 | 1.1312 7638 7638 .7638 7638 7638 7638
3 | 1.0000 1.0000 1.000C 1.0000 1.0000 1.0000 1.0000
4 | 1.0331 53943 55943 9943 9943 55943 9943
5 I 1.1879 L8825 L8835 L8828 .BE82E L8825 L8825
6 | 12,1254 9688 9688 9688 9688 3688 9688
7 | 3612 1.0298 1.02%8 -1.0298 1.0298 '1.0298 1.0298
8 i 0631 1.0000 1.0000 1.000C 1.0000 1.0000 ~1.0000
g | 1.0631 1.0000 1.0000 1.0000 1.0C00 1.0000 1.0000
—_—————— g U S -
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Table 4.4.3 STOCK SUMMARY

| -Reecruits | Total | Spawning| Landings | | |

| - Age . 1 | Biomass | Bicmass | | | |

i - .| thousands | tonmes | tonnes | tonnes | ratio | "2- 7 | (%)
+ + + + + +

1958 316650 127975 B8922 22978 .25H4 L4572 73
1855 1526550 T 152104 55260 15886 L1521 L3720 7e
18480 332110 149024 104284 18283 .1753 .3681 87
1261 247180 125671 93833 15372 .1638 L1975 100
1962 £89820 141887 90252 = 21552 .2388 L4356 82
1963 275120 115513 81477 . 17349 L2128 .2838 85
1964 - 1028800 192623 101550 10599 .1044 .1808 85
1965 366260 165619 121995 19126 L1568 -2392 75
1966 . 658800 185733 117078 27030 L2309 L3243 95
1967 685490 190564 118117 27658 L2342 .4580 85
1968 . B4B2loe 210456 124701 30Z38 L2425 .3837 EL
1969 456800 177601 1175%6 44389 L3775 .5507 94
1970 241510 124950 89001 31727 .3565 .5013 96
1971 . B73760 171163 87032 31396 .3607 .6936 94
1872 273340 118563 77403 © 3B203 .4936 .6016 98
1973 315340 93819 56327 26936 4782 .b6730 95
1874 137E10 s0221 40067 199240 4977 L6268 EE
1975 152260 47302 29316 15588 5317 .5893 113
1976 206460 47739 26869 9771 .36386 .5866 29
187 - ~ 173710 45044 26949 7833 L2907 .4100 104
1978 135230 42101 26913 7559 :2803 .3662 98
1979 237350 52130 28617 10321 .3607 .4840 103
1980 145580 44698 27269 13130 .4815 .6954 108
1981 409080 69845 31065 17103 L5505 . 8558 103
1982 661150 - 107177 47369 13000 L2744 .7584 95
1983 731650 141038 68731 24981 .3631 L6372 93
1984 566980 112480 . 62075 26779 .4314 1.0285 99
1985 582230 116649 63871 20428 .3198 .4387 102
1986 535910 124512 69754 25024 1.3587 .540% 100
1287 1025070 - - 159831 78397 26200 .3342 L7191 99
1588 425650 120822 78426 20447 L2807 .3885 106
1289 522850 124041 73446 23254 L3166 5227 100
1990 449370 110528 69186 18404 2660 3940 a9
1991 124470 83125 58628 25562 4360 5063 101
1992 B11200 120199 57061 21127 3702 7548 95
1993 348850 88268 55725 18618 3341 .4465 100
1994 843300 135042 89201 . 19300 .2789 L3852 99
1995 880100 147039¢% 80175 23305 i 2907 L5016 100
1996 414730 113094 74717 ‘18816 - 2518 .3870 100
1997 461580 108053 68533 19987 L2916 3979 100

IFAP run code: T15
No of years for separable analysis : 6
Age range in the analysis.: 1. . . . 9
Year range in the analysis @ 1958 . . . 1997

Number of indices of S5B.: 0
Number of age-structured indices : 1

Parameters to estimate : 29
Number of observations : 76

Conventional single selection vector model to be fitted.
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Table 4.4.3 (Cont’d)

FARAMETER ESTIMATES

| Parm. |

| Maximum | ! | | \ | Mean of |
| No. | | Likelh. | CV | Lower | Upper’ | -s.e. | +s.e. | Param.
j | | Estimate]| (%y| 95% CL | 55% ¢bL | i i Distrib. ! ‘
e Fm o ————— e R Fo—— - Fmm—————— b m e + o
i
Separable meodel : F by year . : . o
1 1952 .8031 13 (L6213 - -1.0381 . 7045 ©.9155 L8100 ;
2 1993 L4751 14~ L3806 . 6259 - .4128 5469 14798 §
"3 1994 L4099 14 -.30840 .h455 L3543 L4742 ©.4143 1
4 1995 .5337 15 23817 7271 . .4558 L6249 - . 5403
5 1996 ,4118 20 2768 .61l24 .3363 w5042 L4203
[ 1997 L4234 2B ‘2435 . .7361 - .3193 L5614 L4406
Separable. Model: Selection (8) by: age . .
7 1 L0296 40 -0135 0651 .0198 0443 L0321
8 2 .7638 15 L5632 1.0360 L6538 28923 L7731
3 1.00060 Fixed : Reference Age E -
) 4 L9843 14 L7832 1.2127 .8E2% 1.1487 1.0042
10 5 .8825 13 BTR2 1.1519 .7704 1.0114 . .8907
11 [ .9688 13 L7495 1.2521 -8499 1.1042 S.9771
12 7 1.0298 13 L7962 .1.3320 .9032 1T.1743 ©1.0388
8 1.00090 “Fixad : Last. true. age i
Separable model: Peopulations in year 1997 ?
13 1 461589 98 67253 3168088 172762 1233282 748135 2
© 14 2 150710 35 74778 - 303746 105402 215492 1605659 f
15 3 172382 24 106553 277835 ‘135122 - 218917 S 1TIsT1 :
16 4 81924 22 © 53193 128172 65723 102117 83937 i
17 5 19774 21 © 12925 - 30250 o 15918 245863 20244 f
18 6 27328 21 © 17995 41491 22084 33816 27855 ;
14 7 2969 22 1833 4655 - 2360 3735 3028 )
20 8 2804 25 1762 4618 2174 S3617 2856
Separable model: Populatichs at age .
21 1892 11883 28 6824 20690 8954 © 15769 ~ 12368
22 1993 2289 23 1439 3641 1807 2901 - . 2354
23 1594 7242 21 4773 10988 ;58564 8958 .. 7407
24 1895 3394 19 © 2309 4987 © 12789 4130 3460
25 1296 3871 21 2533 5915 3118 4806 ©-3962
aga—sﬁractured index catchabilitiac FLT02: celtic combinegd acc data

Linear model fitted. Slopes at age :
26 2 © .3059E-02 14 .2650E-02 .4757E-02 .3053E-02 .4122E-02 .3591E-02

27 3 ¢ .2907E-02 14 .2518E-02 .4530E-02 .2507E-02 .3923E-02 .3415E-02
28 4 ¢ .2358E-02 15 _2047E-02 .3714E-02 .2368E-02 .3210E-02 .2789E-02
29 5 0

.1951E-02 15 .1682E-02 .3080E-02 .1851E-02 .2656E-02 .2304E-02
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Table 4.4.3 (Cont’d)

RESIDUALS ABOUT THE-MODEL FIT

______ oo
age | 1992 1993
______ o
1 | -.1484 -.6514
2 | -.0572 1960
3| 0253 -.0406
4 | 0400  .1403
s | -.0756 -.4001
6 1044 -.2357
7 | -.0325  .2060
g | 0000  .0325
______ oo

-.2885 L1709 .2434 3318

2244 G095 L3015 ~.3607
-.0940 -.122% L0142 L0855
-.3105 3258 L1886 -.1349

PARAMETERS OF THE DISTRIBUTICON OF 1ln{CATCHES AT AGE)

Separable model Fitted from 1992 to 1997

Variance

Skewness test stat.
Kurtosis test statistic
Partial chi-scuare
Significance in fit
Degreaes of freedom

L0750
-.6187
-1.0253
.1998
.0000
23

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES

DISTRIBUTION STATISTICS FOR FLTO02: celtic combined acc data
Linear catchability relaticonship assumed

Age
Variance
Skewness test stat.
Kurtosis test statisti
Partial chi-square
Significance in fit

. Number of clbservations
Degrees nf freedom
Weight in the analysis

2 3 4 5
L0985 d68l 0327 G614
-.3908 -.2550 -.0746 -.2791
-.5312 -.7970 2053 -.6674
.0650 0876 1712 1180
0000 Qoo ool aaco

K 7 7 7

6 6 & 6

. 6250 6250 6250 6250

O:\AcfmWgreps\Hawg\Reports\1998\Sect-NT-42-43.Doc
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Table 4.4.3 (Cont’d)

ANALYZSIS OF VARIANCE

TTovoren 4 oo o e mde £ vl s
Unwalghted Statistics
Variance ) o : .
550. Data Parameters d.f. Variance

Total for model 5.2006 76 .29 47 L1107
Catches at age : 2.5015 18 a5 23 . .1088
Aged Indices . _
FLT02: celtic combined acc data 2.6991 28 T4 24 L1125
Weighted Statistics
Variance )

. 530 Data Parameters d.f. Variance
Total for model 2.7803 76 ’ 25 47 L0352
Catches at age 1.7259 48 25 23 0750
Aged Indices . o . )
FLT0Z2: celtic combined acc data S 1.0543 28 4 24 .0439

o . . -
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Table 4.6.1

_ The SAS System : 11:03 Manday, March 16, 1998
Herring South and South.West of Ireland (Céitic Sea + VII])
Single option prediction: Input data’
_ Year: 1998
Stock | Natural Matirity|Prop.of FlPropiof M| wWeight | Explait.| Height
Age | size |mortality| ogive = |bef.spaw.|bef.spaw.| in stock| pattern.|-in catch
i 550.800 1.0080 0.8000 0.20007 .0.5000 -92,333  0.0125 22,000
2 147.700 0.3000| 1.0000 0.2000 0.5000| 126,000 0.3234| 126.000
3 80.800 0.2000 1.0000 0.2000 0.5000 152.000{- 0.4234 152.000
4 92.400 0.1000 1.0000 0.2000 D.5000f 171.000 0.4209( 171.000
5 48.700 0.1000 1.0000|  0.2000 0.5000{ 187.000| 0.373&4] 187.000
-] 12.300 0.1000 1.0000 0.2000 0.5000] 200.000 0.4101 200,000
7 14.400 0.1000 1.0000 0.2000 0.5000| 270,000 0.4360{ 210.000
8 1.700 0.1000 1.0000 0.2000 0.50000 221,000 0,62341 221,000
G+ 2.700 0.1000 1.DBDD 0.2000 0.5000F 229.000 0.4234)  229.000
Unit | Millions - - - - i Grams - Grams
Year: 1999
Recruit-{ Natural | Maturity|Prop.of F|Prop.ocf M| Weight Exploit. Weight
Age ment |mortality| ogive |bef.spaw.|bef.spaw.| in stock| pattern | in catch
1 560.8001 1.0000| 0.5000| 0.2000{  0.5000| 92.000| - 0.0125| 92.000
2 . 0.3000 1.0000| . 0.2000f Q.5000| 125.000 0.3234| 125,000
3 . 0.2000 1.0000( . 0.2000f .0.5000( 152.000| - 0.4234|  152.000{
4 . 0.1000(... "1.0008| . 0.2000 0.5000( 171.000] 0.4209( 171.000
5 . 0.1000 1.0000 0.2000 0.5000( 187.000 0.3734| 187.000
& . 0,1000 1.0000 0.2000D 0.5000} 200.000{. D0.4101} : ZUU.U‘UU
7 . 0, 1004 1.00000  0,2000 0,5000! 210.0001- 0,4340]1 210,000
B - 0.1000 1.0000 0.2000 0.5000| 221.000 D.4234| 221.000
o+ . 0.1000 1.0000 0.2000 0.5000| 229.000 0.4234( 229.000
Unit | Millions - - - - Grams . - .| Grams
Year: 2000
Recruit-| Matural | Mafurity Prﬁp.of F|Prop.of.M  weight Explo1t. Weight
Age ment (mertality| ogive i(bef.spaw.ibef.spaw.| in stock| pattern | in cateh
1 | s5e0.800| 1.0000| 0.5000| ©0.2000| ©.5000[ @2.000| 0.0125| 92.000
2 . 0.3000| t.0000 0.2000 0.5000| 125.000 0.3234( 126.0%0
3 0.2000 1.0000 0.2000 Q.5000( 152.000 0.42%( 152.000
4 0.1000( _ t.0000 0.2000 0.5000| 171.000 0.6209( 171.000
5 0.1004] ;. 1.0000 05.2000 0.5000 187.000) . 0,3735 187.000
& 0.10001 T.0oeo|  D.20000  0.5000) 200,000 0.4101( 200.000
7 0.1000| 1.0000 0.2000; 0.5000| 210.000} - 0.4360| 210.000
a 0.1000{  1.0000| - 0.2000) . 0.5000| 221.000) 0.4234| 221.000
9+ . 0.1000 1.0000 0.2000 0.5000( 229.00001. D0.4234} 229.000
Unit | Milliens - - --:_' - Grams . - | Grams
Notes: Run name + SPRJMOM
Date and time: 16MAR9B:11:21
Table 4.6.2
The SAS System 11:03 Monday, March 15, 1998

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

Sinmale notian mrodictinn: Cummars
=1hgle optian nredichion: Sur

1 January Spawning time
Year F Reference| Catch in| Catch inj Stock Stock Sp.stock| Sp.stock! Sp.stock| Sp.stock
Factor F numbers | weight size biomass size biomass size bicmass

1998 | 1.1702] 0.4656| - 143278]  22200| m3so0| 116811} 7os100|  91014| 520208] 70024

1999 1.0000 Q.3979 123774 13893 87282 116254 705882 90457 525617 49944
2000 1.0000 0.3979 129401 19721 1002754 118492 722354 G2695 537842 71694

Unit - - Thousands} Tonnes |Thousands| Tonnes |Thousands| Tomnes |[Thousands| Tonnes
Notes: Run name - L 1 SPRJIMO1
: Date and time i 16MARTB:11:21
Computacion of ref. F: Simpie mean, age 2 - 7 227

Prediction basis : F faetaore



Table 4‘._6,_.3

Herrima South and South West af Ireland {Celti

The SAS System

ic Sea + VTI }

Single option prediction: Detailed tables

11:03 Monday, March 16, 1998

Year: 1998  F-faetor: 1.1702° __RéferenCe‘F: 0.46586 1 January, Spawning time
Absolute| Catch inl Catch ini Steck - |- Stock Sp.stock|! Qm. stoek Sn.stock Sp.stock
Age F numbers | weight sizé | biomass. size hiomass size biomass
1 0.0146 5154 5§7£ 560800 515941 - 280400| 25797 169574, 15601
2 0.3784 46080 5806| 167700 21130| - 167700| -~ 21130 133319 16861
3 0.4955 28848 4385( - 80300 12282|. 80800 12282 66214 10064
4 0.4925 34338 58721 92400 15800 92400 15800 796848| 13820
5 0.4372 18472 3080} - 48700 ¢M07| " - 48700 9107 42446 937
5 0.4799 4479 CB96| - 12300 2460 12300 2660 10629 2126
T G.2102 0263 1315 - 18400 3444 7 16400 3a4bi T40BF 2958
B 0.4955 635 ;140 1700 3vél 1700 374 1465 324
o+ 0.,4955 1008 231 - 2700 618 2700 618 2326 533
Total 143278 2%200 - 983500 116811( = 703100 91014 520208 70024
Unit - |Thousands Tonhes Thousands| Tonnes [Thousands| Tonnes |Thousands| TYonnes
Year: 1999  F-factor: 1.0000; Reference F: 0.3979 1 January Spéuhing:timé
| Absolute| Catch inj Cateh in ;'Stoﬁk‘t ‘Stokk | ‘Sp.stock| Sp.stocki Sp.stock| Sp.stock
Age F numbers | weight size “biomass | size ‘biomass | ‘size biomass
1 0.0125 4408 406| - S60800 51594 - 280400f”, '25?9?' 169647 15607
g 0.3234 4BFZ6 6163 203317 25417 - 203311 23417 164037 20668
3 0.4234 26809 4075 85092 129341 - 85092 - 12934 TOT4EY 10753
4 0.4209 13223 2281 40307( .  4B9Z 40307 | 5892 35245 6027
5 0.3736 15204 2843 51090 95541 51090( 9554 45099 8434
& a.4101 42 1828 28450 3692 28460 | 5692 24944 L9BB
7 0.4360 2325 488 6887 | 1446 6887 ' 1446 6004 S 1261
B 0.4234 2937 [ 649 8909 | 1969 T T a%09 1969 77a7 17210
o+ 0.4234 800 1183 24261 535 - 2426 555. 2120 486
Total 123774 18898|  987282| - 116254| = 706882| - “90457| 525617 69944
‘Unit - Thousands Tonﬁes ThoUs?nds' Tonnes |Thousarids| Tonnes [ThoUsamds| Tdnnes
Year: 2000-  F-factor: 1..0000. Reference'F: 0.3979 1 January Spakning time
Absolute| Catch ini Cateh in| Staek | 'Steek | 'Sp.stock]| sp.stock| Sp:istock| Sp.stockl
Age F numbers | weight | size | bibmhss “size || biomass size b1omass :
1 0.0125 4408 “406 560800 " 51594 : 2B0400( 25797 189647 156071
2 0.3234| 49030 61781 203744 25872 © 203744 25672 164381 | ao712
3 0.4234 34341 52200 T08999( - 18588| - 108999} 16568 0618 137740
4 0.4209 14966 2559 45619 7801 4541% 7801 3zazd TosBa1t
5 0.3734 7125 1332 23942 4477 23942 w77 21134 - 39521
[} 0.4101 10221 2044 37 6363 31817 6343 27882 55761
7 0.4360 5747 i21i 7088 3589 170881 3587 T4B9T 31281
8 0.4234 1328 294 4030 & 4030} a 3522 778!
9+ 0.4234 - 2214 507 6716 1538 6716 1538 5870 1344,
1 Total 129401 19751} -. 1002754 118492| ?22354 92695| 537842 716%.
Unit - Thousandé Tonnes |Thousands| ‘Tonnes Thcusands Tonnes Thousaan Tannes f
ﬁotes: Run name - - “ 1 SPRJMGHY

[\
-

Date and time:

Predtct

ion basis

1 16MARPBI11:27
Computat1un af ref. F: Simple mean, age 2 - T
: F factcrs ’ .




Table 4.6.4

. _ : The SAS System 11:03 Monday,
... Herring South and South West of [reland (Celtic Sea + VIL])
Single option prediction: Detailed tables
Year: 1998  F-factor: 1.1702  Reference F: 0.4656 1 danuary Spawning time
Absotute} Catch in| Cateh:in| Stock’ 1K Stock Spistock| Sp.stock| Sp.stock| Sp.stock
Age F numbers | weigni siZe | biomass size . biomass | size biomass
T 0.0146 5154 474| 560800 51594 280400 25797 . 169574 15601
2 - 0.37B4 46080 5806 167700 21130 167700 211301 133819 16861
3 . 0.4955 28848 4385 . BOBOC 12282 80800 12282 66214 10084
ok - 0.4925 34338 5872 24001 - 15800 22400 15800 79648 13620
-5 0.4372 16472 3030 48700 Q7 48700 9107 42444 737
L& | 0.479% 44679 856 12300 2460) 12300 2460) 10629 2126
7 S 0,5102 6263 1315 18400 3444 16400 3444 14087 2958
a8 0.4955 ‘635 140 1700 376 1700 376 1465 324
9+ 0.4555 " ious 231 2700 618 2700 618 2326 533
Total 143278 22200 933500 116811 703100 ; 1014 520208 70024
unit - Thousands Tonnes |Thousands| Tonnes Thousénds - Yonnes |Thousardsi Tonnes
T Year: 1999 F-factdr: 1.2000 . Reference F: 0.4775% 1 January :Spawning time
3_1 Absolute| Catch in| Catch in| Stock Stock Sp.stock] Sp.stock| Sp.stock| Sp.stock
_Age F numbers | weight | size biomass siz; biomass | size biomass
1 9{3153 5284 485 550800 1594 280400 5797 149582 15600
- 0.3881 ‘57043 7187 203311 25617 203311 25617 151923 20402
3 0.5081 30981 4709 85092 12934 85092 12934 49555 10572
4 0.5051. 15274 2612 40307 =~ 6892 40307 6852 34657 5928
5 0.4483 17631 3297 51090 9554 51090 9554 44430 8309
& 04521 10569 2114 28460 5692 28450 5692 24534 4507
7T - 0.5232 - 2682 - 563 ‘6BB7 1446 6887 1446 5901 1239
8 | . 0:5081 3392 730 8909 1969 8209 1969 7656 1692
@+ 0.,3081 93 an 2426 555 2426 - 355 2084 477
Tatal 143780 21930 87282 116254 706882 0457 520302 6%124
Unif - Thousands| Tonnes |Thousands| Tonnes |Theusands: Tonnes ‘|Thousards|  Tonnes
Year: 2000 F-factor: 1.2000 Reference F: 0.4775 t January Spawning time
Absclute| Catch in' Catch inj Stock Stock Sp.stock| Sp.stock| Sp.stocki Sp.stock
Age F numpers | weignt size 0iomass size Diomass size biomass
1 0.0150 5284 486 540800 51594 280400 25797 169562 15600
2 0.3881 57022 7185 203235 25408 203235 25608 161863 20395
3 0.5081 37200 5654 102172 15530 102172 15530 83516 12694
4 0.50%1 15884 2716 41915 7158 41915 7168 36040 6163
5 0.4433 7595 1420 22009 4116 22009 4116 19140 3579
& 0.4%921 10965 2193 29526 5945 29526 5905 25453 5091
7 0.5232 6129 1287 159743 3306 15743 33064 13487 2832
a 0.5081 1406 N 3693 816 3693 816 N7 701
9+ 0.50381 2349 538 6171 1413 5171 1413 5303 1214
Total 143834 2171 985264 115455 704864 894658 517537 68269
Unit - Theusands! Tonnes |Thousands| Tonnes [Thousands! Tommes [Thousands! Tonnes
Notes: Run name : SPRJMOT
Date ard time : 16MARYB:11:21

Computation of ref, F; Simple mean, age 2 - 7
Prediction basis : F factors
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The SAS System ' 14:38 Wednesday, March 18, 1008
Herring South and South West ‘of Ireland (Celtic Sea + VIIj)
Prediction with management option table
Year: 1998, N ‘ ; : Year: 1595 ..} Year: 2000
F Reference| Stéck | Sp.stock] Catch in| -~ F ~ |Reference|  Stock Sp.stock| Catch in| Stock | Sp.stock
Facter | F .| biomass | biomass.| weight Factor Fo biomass. | biomass | weight biomass. | biomass
1.1702( -~ 0.4656| 116811 70024 . 22200 0.0000 :0..0000 116253 74234 . . 0| 137594 94038
. ‘. . ; S " . 0.1000 0.0398 L e CTET90| . 2212| . 135346 91340
. ‘. . g - 0.2000 0.0796 . 73350 - 4345 88759
. L. .| 0.3000| " D.1194 . 72913 . 402 85288
. i . . 0.4000| - 0.1592| . = . 72479 8384 83923
. i B . 0.5000 T.I990 . . Tz{48 10299 FI608
. i . - 0. &00H 0.,2387 N B & -1 12145 12528 Lr9ss0] sk
. : - " .| D.7000| 0.2785 . 71197 13925 123492 77413 v
. B _ . N 0.8000( . 0.3183 . . 70776 15642 121763 - 75424 i
. . S Y . 0.9000 0.3581 . 70358 1729%9| - 120098| - 73519
C . . B R - 1.0000) - 0.3979 . .. . 6944 18898 - 11847 LF1694
. . R B v 1.10001 - 0.4377 . 69532 20441 116945 69945
. . . . . 1.2000 0.4775 . 69124 21529 115455 68269
R . 1.3000 0.5173] . . &B719 23366 114019 66663
. el Y 1.4000( = 0.5571 . 68317 24753 112635 65123
B IR .- 1.5000] 0 0 0.5989 oo . BTRAT| - 26091| - 111302 . 63647
- o .| 1.6000 0.6366 .| 67521 27383  110018| . 62232
. - . . 1.7000 0.6764 . C6TI128| . 2B&30 108779 60874
. : . .|~ 1.8000| 0.7182 S .| 66738 29835 . 107586| 59572
. .| . 1.9000| D.7560 . 66351 - 30997  108436| - 58323
. . . 2.0000 0.7958 SRS - 65966 32120 105327] 57124
. . - . . 2.1000 0.8356f . . - 65585 33205] © 104258 55973
. : I . . 2.2000 0.6754[ . . - 65206 34252¢ . 105228 54869
- . R - 2. 3000f | o0.9152f - . . - &4BEN 35244 102235 53809
. Lo Jdo0000 . 2.4000| - D.9550 . . 64458 - 36241 01277 5271
.. : B S 2.5000 0.9948 .| . 64087 37185 100354 51813
- - Tonnes Tonnes Tonnes - Lo~ Tonnes Tennes Tonnes Tonnes | Tonnes
fotes: Kun name ~: MANJMDT )
Date and time : 18MAR9B:14:41. .
Computation of ref. F: Simple mean, age 2.- 7
Basis for 1998 : . . : TAC constraints
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Figure 4.2.1a : Dis_tribution of herring catches -_Quarter 1-1997. - -
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Figure 4.2.1c : Distribution of herring catchies - Quarter 3 - 1997,
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Figure 4.2.1d : Distcibution of herring caiches - Quarter 4 - 1997.

g\acim\wgrapsthawgbraportsy 998\ Sact-4\F-2-1CD.xls

[\

i



ez

LOonnes

* Herring - Celtic Sea+VIIj

45000
40000
35000
30000
25000
20000
15000
loobo

5000

 Figure 4.2.2. Herring catches in Celtic Sea and Division VIIj: 1958-1997
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Figure 4.4.3. Herring in CelticSea and Div. VIIj Resuilts of baseline assessment. Selection’ pattern diagnostics. Top

left, contour plot of selection pattern residuals. Top right, estimated selection (relative to age 4) +/- standard deviation.
Bottom, marginal totals of residuals by year and age. -
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_ Figure 4.4..4. Herring in Celtic Sea and Div.VIIj Résuits of baseline assessment. Diagnostics of the fit of the acoustic
- survey index-at age 2 against the estimated spawumg blomass Top left, spawning biomass:from the fitted. papulauons

'(lme) and predlctlons of spawnmg biomass in each year “made from the index observations and estimated catchability

o ‘(tr1ang1es =/- standard deviation), plotted by year. Top right, scatter plot and fitted relationship. of, spawning biomass
_ ',_:'from the fitted populatlons and larvae survey index’ observanons Buttom, r_emduals as ln(observcd mdex) - ln(expected .
" “index). Dlorted against expected values and against umc :
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" Figure 4.4.5. Herring in Celtic Sea and Div. VIIj Results of haseline assessment. Dmcrnosnr:s of the fit of the acoustic
index at age 3 against the estimated populations at age l-ring. Top left, fittied populations (line), and predictions of
abundance in each year made from the index observations and estimated catchability (triangles =/- standard deviation),

 plotted by year. Top right, scatter plot and fitted relationship of spawning biomass from the fitted populations and 1-
ringer survey index observations. Bottom, residuals, as In{observed index) - In{expected index) plotted against expected
values and against time.
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Figure 4.4.6. Herring in Celtic Sea and Div. VIIj Results of baseline assessment. Diagnostics of the fit of the acoustic
survey index at age 4 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 estimated catchability
{triangles =/- standard deviation), nlatted by vear, Tos right. scatter nlot and fitted

__________ C Cevialion), plotled by year. 1op righi, scatier plot and fitted CIdllUl’l&ﬂlp of Spawnmg biomass
from the fitted populations and larvac survey index observations. Bottom, residuals, as In{observed index) - ln{expecied

index) plotted against expected values and against time.
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5 WEST OF-SCOTLAND HERRING
51 DlVlSlOIl VIa(North)
511  ACFM Advme Applicable to 1997 and 1993

ACFM advice in 1997 stated that the stock was considered to be within safe biological limits. Although the estimate of
the state of the stock was uncertain, the stock was thought to be lightly exploited. ACFM advised that the stock appeared
able to sustain the levels of fishing mortality then thought to be current, At that level of exp]mtatmn the stock was
expected to rcmam wnthm safe biclogical limits in the medium term.

The' agreecl TAC for 1998 is 80,370 t comparecl with a TAC in 1997 of 83 ,570 t. ACFM recommended a status guo F of
0.12.

5.1.2 The Fishery

Catches are taken from this area by three more or less distinct fisheries. The Scottish domestic pair trawl fleet operates
in SI‘IaElOWBl‘, coastal areas, prlnCIpalIy fishing m the Minches and around the Isiand of Barra in the South. Younger
herring are found in ihese areas. The Scottish and morwcgmn Purse Seine fieeis target herring mosiiy in the Noribhern
North Sea,’ but also operate inthe Northern part of VIa{N). An iniernational freczer-trawler fishery has hisioricaily
operated in deeper water near the shelf edge where older fish are distributed. These vessels are mostly registered in the

Netherlands, Germany, France and England.

Ac a recult af narcaivad nrohleme af micrenortine, a new fichary reonlatinn wac introdoced hy Seatland with tha
\s a result of perceived problems of misreporting, 2 new fishery. regulation was introduced by Scotland with. the
intention 'of improvingireporting accuracy.: Under this regulation, Scottish vessels Jshir-g for herring were reguired'to
hold a license either to fish in the North Sea or in the West of Scotland Area. Only one of these options could be held at
any one time. During the months of the peak of the Shetland fishery, vessels requn‘mg We t Coast licenses were required

to collect-them from West Coast ports; and vice versa for the North Sea,
513 --inhdihgsEstimates and AHocation of Catches to Area

Prcliminary reported catches from the VIa(N) area for 1997 total 72,949 t compared with the TAC of 83.570 t. The
Working Group's estimates of unallocated catches are 8,015 t and a further 62t have been reported as discarded. The
Working Group has - further: evidence that 5,039 t were area-misreported, thus giving & Working Group Estimate of
"59,957t. However, the Workin’g' Group considers that due to area-misreporting of unknown extent, uncertainty exists in
thé'catches in the range 30,165 tto 64,995 t (Table'ﬁ. 1.1). This is e)(plained'further below.

Serlous problems with misreporting of catches from this stock have occurred in the past, with many exaniples of vessels
operating “and landing ‘herring catches distant from VIa(N) but reporting catches from that area. Fishery-independerit
information confirmed that large catches were being reported from aréas with low abundances of fish, and informal
information from the fishery and from other sources confirmed that most catches of fish recorded between 4°W and 5°W
were most probably rmsreported North Sea catches. The problem was particularly acute during the peak mornths of the

DllUlldllU llUlllllg llbllcly \nugubl w ULI.UUCI')

The new managemeni measures are believed to have had a significant impact on aréa-misreporting, but this effect cannot
be quantified. Also, survey information suggests significant abundances occurred in the area 4° to 5°W, and may
plausibly have supported a sngmficant fishery.

_________ 1.1 o owoa

rrors were discovered in Table 5.1.1 of ICES (1557/Assess:8). Most of the errors were not propagated into the
catch cstimatcs ﬂavd for assessment purposes. The catch estimaie table was recreaied froi pu:wuu:a Working Uruup

reports, taking catch estimates in each year from the Working Group report two years later (e:g., 1986 catch data were
taken from ICES (1988/Assess:17) because reports one year later are published with preliminary data. An exception was
made for the period 1970-1981, which were taken from the Working Group report in 1982 (ICES (1982/Assess:7). This
was the first year in which separate calch statistics for the northern part of VIa were calculated. In cases where the
published total did not coincide with the total of national catches this was assumed to be an error in the calculation and a
new total calculated. The totals so calculated were then adjusted using the area-misreporting estimates as calculated
-retrospectively by ICES (1997/Assess: '8). The revised table is given as Table 5.1.1 and a comparison with the catch
estimates used in 1997 for assessment purposes is given in Table 5.1.2. The differences are small.
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5.1.4  Catchin Numbers at age

Age composition data for the commercial catches for 1997 were available from Scotland (quarters 1, 3 and 4), Germany
(quarter '3) Netherlands (quarter 3) Northern: Ireland (sampled by Ireland) and Norway {quarters 2 and 3) A summary

)
L3
]
L%
¢
=k
3

‘Unsarnpled freezer trawler catches (England France Germany [Ql Q2 Q4] were assrgned age—drstrlbutrons recorded
in German samples in quarter 3 and weights-at-age from the Dutch sample in Quarter 3. No attempt was made to infer
annual changes in weights at age from other fleets. Only 8 samples were available to allocate the freezer-trawler catches
to ages compared with 23 samples in 1996. As a result, the age-distributions allocated to these catches are uncertam and
agree noorlv with the’ age- “structure that was estimated in catches in 1996 (Figure 5.1.1).

New and historic catch in number information is given in Table 5.1 A, raised to the estimate of 59,957t of catch.
,Larv_ae Snryeys

T arvm] survpvq Fnr rhm qroc_'k have heen dmcnntmued since 1994 The hletorlcal t1me-<;er1es will however be used in

assessment model ﬁttlne and has been reDrr)cluced for convenlence (Table 5.1 50 Documentatlrm of this survey llme—
series is given in ICES (1994/ Assess: 13)

515 Acoustic Survey

The survey reeorded an unexnectedlv low estimate of abundance Interuretatron of survev results is not stramhtforward
because, the survey was completed one month earlier than other surveys.in the historical time-series.

In previous surveys of this stock, a chartered commercial fishing vessel was used to complete the survey in July at:the
same time as the North Sea area was being surveyed by the FRV Scotia (Marine Laboratory, Aberdeen), hence ensuring
contiguous spatial coverage. In 1997 the survey design was changed and the- FRV Scotia was used for both surveys. ' This
required the VIa(N) survey to be completed one month earlier than is wsual, which may have resulted in a loss of
consistency with earlier surveys in the time series.

The 1997 survey. was completed from 16 June to 3 July using a Simrad EK500 38KHz echosounder and-echointegrator.
Further analysis was completed. using-Simrad BI500 and Marine Laboratery systems, Prior analysis has shown that the
stock size estimate is highly sensitive to.a small number of observations of very dense shoals, hence survey precision
could be improved substanriaily if more effort can be aiiocated to areas of high fish. density. On this account and as in

1

ihe . 1550 survey, a lnree—revet btrdullt:u bd.mputlg ut:blgu Wils used with sampliii g£0Q 6‘1‘151ti65 selecied io LOVer areas tha
had__.high herring abundances in the- period : 1991 1o 1996. The threc sampling intcnsity levels had transect spacrngs_ o
4.0,7.5and 15 nautlcal miles. Further detarls of the transect plan and the sampling scheme. are- given in Slmmonds et al
(WD 1998b)

!sh naorpcmﬁnr!c detected by r-r-h —gOou rlmcr Fish in Par‘h hnn! were

n‘ nllmz : cer
nty-nin wl samples 1 of the denger fish aggregations detected by echo-sounding. hau
sampled for leggt_hi agu ma rlmtv r—mrl weight of individual herrmn In each haul up to 350 fish were measured 50 fish

]525 otollths were read Echn-mregrals were calculated in 15 minute trme perlods equrvalent to 2.5.n.m. dlslance
intervals at 10 Kn, and in the water column from 1m above the sea-bed to 9m below the surface. Echo-traces were
allocated among ﬁve categorles

_'I-Iernng (79 % of estimate by number} _

Likely to be herring (21 % of estimate by number)

Unllkely to be herring (would add a further 12% by we1ght)
Mackerel traces, known not o be hemng (not estrmated) '
Sandeel traces, known not to be herrrng (not estlmated)

ok !ﬂ':-

:-There was 11ttle evrdence of a ehange m the drstrrbutron As m the 1996 Survey, the main concentratlons were agarn
‘between 4°W and 5°W, alrhough there was some evidence of drspersal west .of the Hebrides.. Abundance in.the. Barra
Headareawaslowerthanmrecentyears S . B N
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From the survey information alore, the following features were dpparent: :

e Lower maturity, pOSSIny on account of. earlier survey date (see Sectlon 5.1. 7)
o Lower proportion of older f]Sh in'the stock - .
. Lower abundance; particularly i thc Barra Head ared, Wthh prevmusly held largc abundances of fish,

Abundance es;imates by age'and in aggregate biomass for 1987-1997 are given in Table 5.1.6.
:5.1.6.‘ o ' Mean_Weights at,Age

‘Data consistent with the historical time-series are available for 1997 from the commercial fisheries. However, due to the
change in the timing of the acoustic survey the new estimates of weight at age in the stock are not consistent with
previous estimates (Table 5.1.7).

Measurements of weights at age in the commercial fisheries were available from the Netherlands, Scotland and Norway.
Some high-weights at age for older fish (around 250g), which is more typical of North Sea fish, were recorded in some
purse seine samples in quarter 3, which may indicale that misreporting of catches or stock mixing has obscured the true
origin of some of the samples.

Lower welghts at age were recorded in the acoustic survey in 1997 compared with earlier years. In order to maintain
historically-consistent estimates of spawning biomass, these values were not used for assessment purposes and instead
mean values over the period 1992 to 1996 were used.

y—l

5. Maiurity ogive
The earlier timing of the acoustic survey aiso occasioned iower values of maturity to be récorded (Table 5.1.8). As for
the weights at age, these values were not used for assessment purposes and a mean value over the years 1992—1996 was
used for 1997 and for years prior to 1991 :

5.1.8 ﬁaia Exploraiion and Prejiminary Modeiiing
Based on the foregoing, the foiiowing features of the data and assessment were perceived to be probiematic:

i. Uncertainty as to whether the 1997 survey is.consistent with the remainder of the time-series;
2. Uncertainty as to how much misreporting has been reduced in 1997 (i.e:, how much of the catches between 4°W and
5°W were genuinely taken from the VI1a(I) stock unit.

Four exploratory analyses were calculated in order to assess the sensitivity of the assessment calculation to these two
effects: .

a) either excluding or including the 1997 survey observation;
b} either including or excluding the catches in 1997 between 4°-5°W

The assessment model described in ICES (1997/Assess:8) for this stock was used for the comparative analysis.
Summary results are shown in Figure 5.1.2. This shows that both the 1997 survey estimate and the inclusion of the catch
between 4°-5°W lead to substantially higher estimates of {ishing mortality and correspondingly lower stock size. Of the
two factors, the new survey estimate has the greater effect. When both are included, the resulting assessment shows a

N e anmnan b i o nt il duremciadnn TPl ot nd AT N ST MO T 1 o sl maa s
significant change in perception of stock dymnamics. The estimate of F=0.57 (95 % C.L. 0.3 to 1.2) is substantially higher
than the estimate of 0.105 in 1998 {05 % C.L 0.054 1o 0213, previously calculated for this stock {ICES 1997/Asscss:

The Working Group considered that such a revision in estimates of stock dynamic parameters is not warranted on
account of unreliability in recent data. In particular, because of the change in the timing, the acoustic survey is not
considered a reliable indicator of changes in the stock. For this reason, it has been removed from subsequent analyses,
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A further calculation was made to investigate the sensitivity. of the stock assessment to:

a) Treatment of the acoustic survey as age—dlsaggreoated or spawning biomass estimate; - : SRR
b) Inclusion or exclusion of the very high and possibly unrepresentative survey ohservation in ]993 (the estlmate of '
866,190 t is much higher than other values in the time series (range 140,910 to 577,740t). The comparison was.made

o P Y . . e o BT bl o el TOONT pcininns and Lmnlan nndalh oapdisantan e ~ "IT.-..-'I;---;-

oi the basis of the same assessinent inodel, including the 1997 survey, and basing caich estimates on the "Working
i Tlaliatat arual airveus were o H i :

Group Hstimate’ of 59,957t Larval surveys were excluded for the purposes of this comparison. Summary results ars

shown in Figure 5.1.3. This shows that the estimates are relatively robust to these alternative ireatments, and

teg Vel ' .
alternative choices alter perceptions of fishing mortality in the range 0 38 to 0.53. This range is small ‘compared to S
other sources of uncertainty in the assessment. On this basis, the Working Group fouind no reason to alter the BT,
assessment model assumptlons used prevmusly. :
‘Howaver, uncertainty remains as to the’ extent ‘of misréporting in the area between 4°-5°W. The Worklng Grout) demded
to incorporate this uncertainty in a stock assessment ca]cu]atlen c

519 Stock As'se’Ss:tteﬂt '
5191 Agsessment Model
The cfrnt‘hlral rnnripl uged for the nsgesgtﬁgqr is ungh_. _nj_f'rnm that used in the nrevimlc vear, but uncerta in'rv was

;assessed using a. ‘Bayesian calculation including the uncertamty in the amount of atches taken in the area between 4°-
5°W. The 1997 acoustic survey was excluded from the data set.

R ‘A amd A o hoaeieto '_ . -
Ey GEMWAl yhal onuvovlipls R : _— .. . il 1

C .. Catch in number at age ; and year

. Catch in number at age and year predicted by a separahle flshmg model

SS§B Spawning stock size in the structural model

LAI Larval abundance index o

ACOUST  Acoustic Survey estimmates of abundance at age’ _ 3
N . Population abundance in the structural model - o o
SSB Spawning stock biomass in the structural model ' ' ' I
Qrar Coefficient of proportionality for larvae survey estimates of stock abundance

Quacy Coefficient of proportionality for acoustic survey estimates of stock abundance

K. - .- Power coefficient forthe LAI estimate of stock-abundance S .

A ' Weighting factor for the acoustic survey =01 for.age 1.and i for ail other ages (as ihe acoustic survey is

considered io be a poor indicator of rmgcrs)

The least-squares component of the likelihood function used in the assessmient is:

Yo (In(Cuy) - InfCe, )P+
5 {In(() SSBE ) - 1n(LA;_.,.,})2+

e Ve LA

7 +2

?»«;Z,,__\-(mtu,mu.a Nﬂ.y}. - ITI(A OQUST .5 )
Tt ts istres's'e'd 'thati'this"ass_jes'srnent sheuld d priciri be censidered uni"eliable', 'en_ accnu‘_nt off

. Uncertamty as to the amount and age composmon of the true catches from this stock umt;
»  Lack of useable survey index in 1997;
. Boor-sampllng of c_atches from the o_ffsho_re fishery,

Consequences of the fi rst two rnatters are mcluded in the uncertamty calculatlon, but the lmplicanons of Jow samphng of
age in the catch has not been addressed quantltatlvely at present This is believed to be |mportant

A Bayes Markov-Chain Monte Carlo calculation was initiated based on the model described above, with the same data,
parameterisation and likelihood function except that an additional parameter was included to scalé the catch in numbers
in 1997 with uniform prior probability in the range (1, 0.536) where 0.536 = (64995 - 30165)/64995. The ICA v1.4
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sofiware was used: with a medification to inciude this exira parameter and prior assumption. The chain was run with
Ao T B I I o . ¥ o T e 5 T L L I o 7 o T . N P P | -1 -t ro.a
DUITE-IM pcnou DL TUULHIELALIOIS AlU- 26U S4ilIPIEs WOIC LAKC dL IRBT Vills U1 4U0 LICTALIONs. INO TOFTIAL EvVAaludii Ol e
sufficiency of the burn-in period and of the-thinning interval was made, but the sequence of spawning stock size and
fishing mortality estimates drawn from the chain is shown in Figure 5.1.4,

Eynnatad vralnne amd mavanntilae af oaald hictaries atacl aiza Fohing overiality aed roccoitonante ca oalonlofad aen givoae 10
PAPUUL u ¥ _Lupa‘a.u_u J.J\.dl-b\.clll.ll\-fa il JI\JI\J, lllDI-Ul.l.La LAV AN PILU| IIDILIIIE s Lﬂlll.J AU Tl UIRRITGTIWD O iVl L™ 5[ il 1L
Tﬂhlﬂ q 1 D ‘J\ﬂn’l p;'ﬂl'r"ﬂ q ] q Th;ﬁ ﬂ]’\n\llﬂ that nracant r\prr\pnﬁnnr nf crr\.r\l.r fl‘}ﬂ')m;f‘? ara 1r 1‘1 Ilr\r‘ﬂr"ﬂ;ﬂ I‘!;fl’l On fm
Table 5.1.9 and Figure 5.1.5. This shows that present perceptions of stock dynamics are highly uncertain, with 90%
confidence. intervalg for fiching mortality in 1997 (mean over ages 3 to 6) of 0.13 .10 1.83, and for spawning biomass of
19,000.t0 309,000t
5.1.9.2 . . Assessment excluding uncertainty in catches.
aximum-likélihood model fit'is détailed in-Table 5.1.10, in which catch numbers are caleunlated on the hasis of the
orking Group Estimate’ of catches of 52,957 1. Diagnostic graphs are given as Figures 5.1.6 - 5.1.18. This is pmvided

for comparative purposes The assessment shows a substantial increase in estimated fishing mortality from 0.11 in 1996
to 0.47 in 1997, The increase in the estimate is due partly to an increase in cakches from 1996 to 1997 from 26105t to 59
9571, but is also due to an increase in the estimated numbers of fish caught aged between 4 and 7 years old in these
years. This is considered most likely to be due to deficiencies in the sampling of the offshore fleet and. may not be a
reliable feature of the assessment.

5.1.10 Short-term projections.
5.1.10.1 Deterministic short-term projections
Conventional short term catch projections were calcuiated on the fo]lowing basis:

s The ﬁshmg mortality in 1998 was equal to the ﬁshmg mortahty in 1997, :

» Starting population numbers on 1 January 1998 were taken from the population model estimates, except for age 2, where
the geometric mean of population abundance from 1986 to 1996 was used. This value was also used for recruitment in
1999 -and 2000; : :

» - Historic mean weights at age in the stock from 1994 to 1997 were used for stock’ welghts

= Historic:mean weights at age in the catch from 1994°to 1997 were used for catch weights; :

e The explmtatmn pattern used for the projections was taken from the population model. Fishing mortahty in 1997 was
used as a reference value for the projections.

Input data for the projections are given in Table 5.1.11, and the consequences of fishing at different levels of fishing
mortality (in terms of catch and spawning biomass) are given in Table 5.1.12.

At recent levels of fishing mortality (Fgyy), statfus guo catches (Table 5.1.13) are predlcted to be of the order of 53,000 t
in 1999, At this level of fishing mortality it is likely that the SSB will decrease.

5.1.10.2 Stochastic short-term-projections

'Projcctions of catch and stock size were made from each draw in the Bayesian assessment (using the MCMC process
described in Section 5.1.9.1), under the assumptions described in Section 5.1.10.1, with nshmg le‘tallt}’ multipliers
constrained to correspond to the following options:

F]999= F]993= F]gg-,u; F=0.], 02, 0.3 and 0.4.

B ekt —

The n_r' software was used for these calcuiations (Pauerson, WD 199E). Resuits are given in Tabie 3.1.14. As for the
stochastic assessment calculation, these show lower values for both- projected stock and forecast catches than the
projections based on the maximum-likelihood fit,

The difference between the
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ikelihood -surface is- not. necessarily symmetnc about this: point-estimate. ~These
whi forination is poor or very noisy, as appears to be the case Tor thissiock::

5.1.11 Medium-term projections

PSR 1

The- stochastic: medium=term pr UJCL.LIU]’Ih were caicuiaied usmg me same method as for last year's assessmem ana'
£ . : R PR, I
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~—~
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Populatlon parameters (vector of abundance at age in 1997, fishing mortality at referencc age in 1997 and selection at age)
were drawn from a multivariate normal distribution, with the mean equal to the values estimated in the stock assessment
model (see Section 5.1.9). Covariance was estimated in the same model fit. Because no nseable stock-recruit relationship
could be found pseudo-recruitment for subsequent years was generatéd by calculating a simple geometric mean.
Conventjonal non—paramet:rlc bootstrap methods were used to resample randomly from the residuals. The software ICP was
;used :

‘The folloﬁ'ing- 'bp_tio'ns are aé 'spéciﬁed for the short-tecm options (see Section 5.10):

‘maturity ogive, as measured in ‘1997 is'assamed for 1998 and thereafter;

‘natural mortality used for the assessment is assumed for 1998 and thereafter;

proportions of F and M before spawning in the projéctions were as used in the assessment;

weight at age in the stock for forecasting purposes was taken as the mean value'from 1994 -'16996;

weight at age in the catch was also taken as the mean values from 1994 —1996;

projections start from the populations on 1 January 1998 calculated: in ‘the assessment procedure. Projections-were F-
constrained.

In order to make forecasts consistent with last year, a second series of forecasts was made with the fishing mortality in
1996.The two scenarios were based on the assurnption ofa constant fishing mortality at the level of 1997 (F= 0. 42) and
at the level of 0.17, from last year’s assessment ICES (1996/Assess 10, Table 5.1 9)

The medium—term projection scenarios are summarised in Figures 5:1.19 and 5.1.20. The first scenario- indicates a
constant risk for the stock if fishing continues; at current levels with 80 % chance of falling below 140,000t (MBAL) in
2007. The second projection with the lowered F, constralmng last year ﬁshmg mertality. shows a-decline inh the r1sk for
the stock with-a 38 % chance of faliing below 140,000t in 2007 :

For comparable purposes a medium term projection based on the stochasuc assessment and assuming fi shmg mortallty
to be constant at the level of 1997, is given in Flgure 5.1.21. : :

5.1.1Z Consistency of Assessments
Assessment of herring in Division VIa(N) is-hampered by serious problems. with. misreporting of catches from this stock.

The catch uncertainty and poor sampling of catches in 1997, combined with the lack ‘of consistent survey ‘data {the
acoustic survey was one month earlier than in other years; the larvae survey series stopped in 1994), makes . the
assessment unreliabie, The
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5.1.13 Management Considerations

There aré no refiable fishery independeni daia for 1957 and, mt:rcforc ihe assessment is uncertain, and of limiied uséfuiness
for forecasting purposes. The Working Group propose 1o > 'do aTew assessment in a sub-group after the survey data of $998
are available. Results will be provided in a working document to ACFM before November 1998. The Working Group want
to stress that in future more efforts should be given to the maintenance. of fishery independent-estimates.and/ sufF01ent

samplmg of the commercial fleet.
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521 Advice and manage_men_tr_ap_plica,ble.-to.1997 and 1998

Management of herring in the Clyde i comphcated by the presence of two v1rtua11y mdlsungmshab]e stocks; a resident
spring-spawning population ai imimigrant. auitmn-spawning’ componen[ In recent years managemem strategies
have been directed towards rebuilding the highly depleted spring-spawning coinponent io histerical levels.

The measures which remain in force in order to protect the indigenous spring-spawning stock are:
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Annual Jandings from 1955 to 1957 are presen[ea in Table 5.2.1. Lanmngs in 1997 were 490 t which are the second
lowest in recont years, Landings by the local flest.dropped from. 558 iin 1996 to 371 tin 15597. A fotal of 119 t-was
taken by Northern Ireland vessels landing into either Northern Ireland or the Isle of Man. This is the second year since
1985 that landings by UK vessels, other than those from Scotland, have been reported from this area. Most of the
landings ‘were in the third and fourth quarters of the year with 282.2 t taken by the directed fishery of Scottish and

. Northern Irish pair trawlers. The proportions. of spring and autumn spawners in these landings could not be estimated,

,..
.
™
1l

‘The sampling levels of the local fishery have been reduced in recent years but are still well above recommended levels
(Table 5.2.2). Samples were taken from the Scottish fleets only.

523 . Weight at age and stock,composition :

The catch in numbers at age for the period 1970 to 1997 is given in Table 5.2.3, In 1995 the catch of aged 2 fish wag the
highest since 1989 which suggested an improved recruitment of the 1993 -year class. The indication fmm the 1996 and
1997 is that this year class is good with a high number of aged 3 and 4 fish, respectively. However the high number of
age 2 fish in 1996, does not appear in the 1997 catches as aged 3 fish.

Weights at age are given in Table 5.2.4: Mean.weights in the stock have not been available from research vessel surveys
since. 1991, therefore the weights in the stock used- are the weights at age in the catches.

Once again no attempt has been made to apportion catches between spring and autumn-spawning stocks for' 1997, The
majority of landings were in the last two quarters suggesting that the fishery was based on the autumn spawners, The
small landings in the first half of the year (0.2 t) are mainly taken as by-catch in the demersal trawl fishery.

An:index of effort (E), based solely on the Scottish pair trawler fleet, has been calculated for comparison with’ prevmus
years as Tollows; - :

E=E,.L/L,
where E, = days absent by Scottish pair trawlers.

L. = total landings in tonnes.
L, =landings by pair trawlers in tonnes.

This shows a large increase in the catch per unit effort over the previous year (Table 5.2.5).
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5.2.4 Surveys

No .demersal egg surveys on the Ballantrae Bank arid Brown Heéad spawning sites, no acoustic surveys in the Clyde and
no spring trawl surveys were carried out in 1997, Historical estimates from these surveys are tabulated in (ICES 1995
- Assess: 13) : R : g

5.2.5 St‘dckAssessment L BT , - S St

The structure of thc stock in the Clydc remains unccnam No survey data are available from recent years therefore no
analytlcal assessment could be attempted.

.5.2:6:. .. Stock and catch projections . -
In the absence of an analytical assessment'no stock projections can be provided..
5.2.7 = Management considerations

The management of this fishery is made difficuit by the presence of a mixture of a severely depieted spring-spawning

.component. and. autymn spawners from Division VIa south. The management objcciivcs for ihese two componeits are

e L e T T T o]

‘necessamy distinct. The absence of nbnl:[y mul:pt:nut:m data from sus vc_ya further compounds the problem; -

Hnstoncally the spring spawning stock supported a fishery with catches up to 15 000 tonnes per year-in the 1960°s.
apld dechne in cffort durlng the late 1980’s

E_Landmgs generally began 0 decline through thc 1970’5 and 1980’ s w1th a
[TPRY PP a

5 - -

up o e pu: St u_luﬁ. A TAL was st
subsequently decreasing to 1,000 tonnes by
fouryears. Thig-was followed by a decline. |

foury 1 a
effort and since then landings have fluctua
In the absence of surveys and no stock separation of the catches, nothing is currently known about the state of the spring
spawning stock or the origins of the improved year classes. All the management measures, currently in force, need to
remain.. Catches should be teduced to as low a level as possible and an attempt should be made to appomon those

_catchcs to sprlng and. autumn spawmng components
5.2.8 Future research requirements

Provisidn_ of some fishery independent survey.data for this area is necessary before an-analytical assessment of the stock
can be attempted. In a similar, but smaller stock, in the Thames estuary, a single pelagic trawl survey each year provides
an index of recruitment and a measure of the mixture of spring and autumn spawners in the area. That survey now
provides a.ten year time, series. and together with landings. data and biclogical samplmg is sufﬁc:ent for an ‘analytlcal
assessment-of the state of this stock.

Further research is required o improve the understanding of the stock structure in the Clyde and in particular to attempt
to appofticn landings to spring and autumn spawners.. If current managemem advice is rcquirea" for the spring spawning
stock, the otollth structure Iecnnlque descrlDeG by Mosegaard {(WD,1990) for separaling spring-spawners {iom. autuin
spawners 1 in the Baltic, shouid be investigated.
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Table 5.1,1, HERRING in Division VIa (North). Catch in tonnes by country, 1970-1997, These

figures.do not in all cases correspond to the offic

for management purposes. -

ial statistics and cannot be used

Country - 1970 1971 1972 1973 1974 1975
Denmark 0 554 150 932 0 374
Faroes 15100 8100 #0v4 10003 5371 3895
France 1293 2035 680 2441 411 1244
Germany 11768 6444 3376 9914 8387 6182
Iceland 5593 _ 5416 2066 2532 0566 2633
Netherlands . 464 8340 22673 27892 17461 12024
Norway 27250 76721 17400 32557 26218 509
UK (03530 99537 107638 120800 107520 83520
Other 930 2679 3199 2726 1620
Unallocated

Discards .

Total 165930 207167 164756 210270 178160 114001
Area-Misreported : : -

WG Estimate 165930 207167 164756 210270 178160 114001
Source (WG) 1982 1982 1982 1982 1982 1982
Country 1976 1977 1978 1979 1980 1981
Denmark 249 626 128 0 0 1580
Faroes 4017 3564 0 §] ) 0
France 1481 1548 1435 3 2 1243
FDR 4363 0 26 0 256 3029
Iceland 3273 0 0 0 4] 0
Netherlands 16573 8705 5874 -0 0 5602
Norway 5183 1098 4462 57 ] 3850
UK 53371 25539 10231 0 . 48 31483
Other 5132 261

Unalloeated 4633
Discards :

Total 93642 41341 . 22156 60 306 51420
Area-Misreported o

WG Estimate 93642 41341 22156 60 306 51420
Source (WG) 1982 1982 1982 1982 1982 1983
Country 1982 1983 1984 1985 1986 1987
Denmark 0 0. 96 0 0 0
Faroes 74 834 954 104 400 0
France 2069 1313 0 20 18 136
FDR 8453 6283 5564 5937 2188 1711
Ireland 0 -0 ) 0 6000 6800
Netherlands - 11317 20200 7729 5500 5160 5212
Norway 13018 7336 6669 4690 4790 4300
UK 38471 31616 37554 28065 25204 26810
Other

Unallocated 18958 -4059 16588 -502 37840 18038
Discards 0 0 D 0 0] 0
Total 92360 63523 75154 43814 81699 63007
Area-Misreported -19142 -4572 -10935 -18647
WG Estimate 092360 63523 56012 39142 70764 44360
Source (WG) 1984 1985 1986 1987 1988 1989
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Table 5.1.1. cont...

1988

1990

1991

1993

Country 1989 1992
Denmark -0 .0 0 0 0 0
Faroes 0 0. 326 482 0 0
France 44 1342 1287 1168 119 818
FDR/Germany 1860 4290 7096 6450 5640 4693
Ireland 6740 “ 8000 10000 8000 7985 8236
Netherlands - 6131 5860 . 7693 17979 8000 6132
Norway ' 456 -0 1607 3318 2389 7447
UK 26894 20874 38253 32628 32730 32602
Other ' ' ' S :
Unallocated 5229 C2123 - 2397 10597 -5485 -3733
Discards 0 1550 1300 1180 - 200
Total 47354 53039 69959 50608 51578 56175
Area-Misreported -11763 -19013 -25266  -22079 -22593 -24397
WG Estimate 35591 34026 - 44693 28529 28985 31778
Source (WG) 1990 1991 1992 1993 1994 1995
Country 1994. 1995 . 1996 1997

‘ " (preliminary)
Denmark 0 ¢ 0 0
Faroes D 0 0 0
France 274 3672 2297 3093
Germany 5087 3733 7836 8873
Ireland 7938 3548 - 9721 1875
Netherlands 6093 7808 9396 9873
Norway 8183 - 4840 6223 4962
1K 30676 42661 46639 44273
Other
Unallocated -4287 -4541 -17753 -8015
Discards 700 ‘ 62
Total 54664 61721 64359 64995
Area-Misreported -30234 -32146 -36254 -5039
WG Estimate 24430 29575 - 26105 59957
Source (WG): - © 1996 <1997 1997 New data

* In the 19935 WG report, the minus sign on the unallocated catch was omitted.
This error was repeated in subsequent reports. ‘

Other: Official catches by countries other;than those named. Unallecated: Catches for which the Working Gioup has
specific reports.of.an under- or over-reporting of catches, Discards: Estimates of fish discarded or slipped, usuallly
from observer records. Area-Misreported: Catches reported in the area:beteeen 4 and 5 W and reallocated to IVa.

1248
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. Table 5.1,2. Comparison of revised catch estimates (Table 5.1.1) with those previously used for
assessment purposes by ICES C.M. 1997/Assess:8. Catches in metric tonnes.

- Year Revised " Previous |Difference
1976 | 93642 93642 | 0
1977 41341 41341 0
1978 | 22156 22176 20

1979 | 60 60 0
1980 - 306 306 0
1981 | 51420 51420 0
1982 | 92360 92361 1
1983 63523 63523 0
1984 56012 56012 0
1985 39142 39142 0
1986 70764 71345 581
1987 44360 44360 0
1588 35591 35591 0
1989 34026 34026 0
1990 44693 44693 0
1991 28529 28527 2
1992 28985 28992 7
1993 31778 31778 0
1994 24430 24474 a4
1995 29575 29575 0
1996 26105 26105 0

Table 5.1.3. Herring in VIa(N). Sampling intensity of commercial catches
Country Official No.of No.ofage No.offish Estimate of
catch (t) samples readings  measured  discards

France : 2981 0 0 0 None
Germany 8 873 7 208 2429 None
Ireland * 1875 2 99 - 596 None
Netherlands 8 545 1 25 42 Yes
Norway 5058 16 420 431 No

UK (Scotland) 39521 18 1130 2967 - No

UK (England & Wales) 3 830 0 0 0 No

* Irish samples were of catches made in VIa(N) by Scottish vessels, landed in Northern
Treland and processed in an Irish factory. '
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Table 5:1.4; Estimated ‘catches at - -age of hemng m ‘Area’ VIa(N) Catches in number in 199’? are calculated mc]udmg
catches in the area 4 to 5 degrees W.. DR S ‘

Age 1976 1977 . 1978 1979 .1980 | 1981 1982 1983 1984 1985 1986
1 69053 34836 225257 © 247 2692 36740. 13304 81923 2207 40794 33768
2 319604 47739 46284 142 279 77961 250010 77810 188778 68845 154963
3 101548 095834 20587 77 95 105600 72179 92743 49828 148399 B60TZ
4 35502 22117 40692 19 51 61341 93544 29262 35001 17214 1 18860
5 25195 10083 6879 13 13 21473 58452 42535 14948 15211 18836
6 76289 12211 . 3833 8 19 12623 23580 27318 11366 6631 18000
7 10918 20992 2100, I '8 11583 11516 14709 9300 6907 2578
8 3914 2758 6278 1 11309 13814 8437 4427 3323 1427
9 12014 1486 1544 0 0 1326 4027 8484 1959 2189 1971
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
1 19463 1708 6216 14294 26396 5253 17719 1728 266 1952 2030
2 65954 119376 ~ 36763 40867 23013 24469 95288 . 36554 82176 37854 94974
3 45463 41735 109501 40775 125229 24922 18710 40193 30398 30899 59502
4 32025 28421 18823 7427% . 28212 23733 10978 6007 21272 9212 53871
5 50119 19761 1810%: 26520 37517 21817 13269 7433 5376 7508 39341
6 8429 28555 7589 13305 13533 33869 14801 8101 4205 2501 29780
7 7307 3252 - 15012¢ 9873 7581 6351 19186 10515 8805 4700 17581
B 3508 2222 1622, 21456 6892 4317 °© 4711 12158 7971 3458 8871
9 5983 2360 3505 5522 4456 5511 3740 10206 9787 31108 16819
Table 5.1.5. HERRING in Division VIa (North) Larvae abundance indices (Numbers in billions), larvae mortality
rates (Z/K), fecundity estimate UU' egps/g). LPE Biomass estimate in thousands of tonnes.
Year LAL 10% Trim ZIK LPE
LAI
: Larvae Fecundity SSB
1973 2442 45.49 074 318 {1.3% 229
1974 1186 17.44 - 042 238 (1.39) 171
1975 878 22 . D46 157 1.46 108
1976 189 11.04 - 60 1.2% - -49
1977 787 25 - 223 1.49 150
1978 332 S 328 E 132 1.37 109
1979 1.071- © 2694 : 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 1 890 3258 0.39 267 195 137
1983 668 2455 - 112 1.88 * 60
1984 2133 '45.99 0.57 253 1.75 - 145
1985 2710 5603 037 418 (1.86) 225
1984 3037 4536 . 024 Q07 {1.86) 488
1987 4119 4547 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 6 525 86.2 0.64 426 (1.86) 229
1991 4 430 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
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Table 5.1.6

HERRING i

n Division Via (North). Estimates of abundance from Scottich aconstie surveys.

Thousands of fish at age, and S[ﬁéﬁnihg’f_bidmass (SSB, tonnes).

Age 1987 1991 1592 - 1993 1994 1995 1996 1997
1 249100 338312 74310 2760 494 150 441240 41220 792320
2 378400 294484 503430 750270 542080 1103400 576460 641 860
3 551100 327902 210980 681170 607720 473220 802530 286170
4 353100 367830 258090 653050 285610 450270 329110 167040
5 752600 488288 414750 544000 306760 152970 95 360 66 100
6 111600 176348 240110 = B65150 268130 187100 60 600 49520
7 48 100 98741 105670 284110 406840 169080 77380 16 280
8 15900 89 830 56710 151730 173740 236 540 78 190 28 990
9+ 6 500 58043 @ 63440 156180 131880 201500 114 810 24 440
SSB: 273000 452000 351460 866190 533740 452120 370300 140910
" - Biomass of 2+ ringers in November.
Table 5.1.7. HERRING in Division VIa (North). Mean weights at age (g).
Weight in the catch
1982-1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1597
(Age, Rings)
1 90 69 113 73 80 82 79 R4 91 39 g3 105 81 i)
2 140 103 145 143 112 142 129 118 122 128 142 142 134 136
3 175 134 173 183 157 145 173 160 172 158 167 180 178 177
4 205 161 196 211 177 191 182 203 194 197 190 191 210 205
3 231 182 215 220 203 190 209 211 216 206 195 198 230 222
6 233 199 230 238 194 213 224 229 224 228 201 213 233 223
7 270 213 242 241 240 216 228 236 236 223 244 207 262 219
5 284 223 251 253 213 204 237 261 251 262 234 227 247 233
9+ 295 231 258 256 3B 243 M7 271 5% 263 266 277 261 263
Weight in the stock from Acoustic surveys
Historical (992 1993 1994 1995 1996 1997
(Age, Rings)
1 90 68 75 52 45 45 57
2 164 152 162 150 144 144G 150
3 208 185 195 152 15t i8G - 189
4 233 206 206 220 202 209 209
5 246 232 226 221 225 219 225
5 252 252 234 233 226 222 233
7 258 271 254 241 247 229 248
8 269 296 260 270 260 242 266
9+ 202 305 276 296 293 263 287
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Table 5.1.8 HERRING in Dmsmn Via (North) Maturity ogwe used in estimates of spawmng stock biomass
taken’ from acoustic surveys. The historical series is the values used in the assessment ‘where no data are
available, and also for 1997, Values measured in 1997 were méasured in JTune whilst other values are measured

in July.
l ;,.Year..‘Age W ﬁng)’ 2 3 >3

Mean 92-96 0.57. 096 1.00

: '_1992_ . 047 100 100

1993 - 093 096 1.00

1994 048 092 100
1995 019 098  1.00
1996 . 076 094 100
1997 041 088 100
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Table 5.1.% Herring in VIa(N). Evaluation of uncertainty in stock assessmeni using Bayes MCMC
and assuming uniform prior uncertainty about the proportion of catches reported in the area between
4 and 5 degrees W that are allocated to the stock in 1997. Mean and percentiles of the distributions

of spawning stock size, recruitment and fishing mortality.

Spawning Stock Size (Thousand t)

Year 1987 1988 1989 1990 1991 1992 1993 1994 ~ 1995 1996 1997
Percentile
5 a0 108 113 96 T8 69 78 75 62 69 19
25 102 125 139 130 109 96 103 96 82 98 37
Median 117 150 173 170 146 128 128 127 112 143 72
75 141 181 215 212 187 166 172 174 164 221 133
95 201 259 328 350 324 294 282 304 292 409 309
Mean 127 161 188 184 161 143 147 149 135 180 105
Mean Fishing Mortaliiy over ages 3 io 6
Year 1587 1588 1555 195G 1551 1552 1993 1994 1995 i%e6 1997
Percentile
5 0.23 0.18 0.14 0.18 0.12 0.11 0.10 0.07 0.06 005 - 0.13
25 0.31 0.25 0.20 0.27 0.20 0.17 0.19 0.11 0.11 0.10 033
Median 0.37 4.30 .25 .34 0.20 0.22 0.24 0.16 .15 0.16 -0.61
75 0.42 .34 0.25 0.41 .32 0.29 .33 0.22 (.22 023 i.07
95 0.48 $.3% 0.34 0.50 0.45 T.AG 0.43 .31 031 -0.34 i.83
Mean 0.36 .29 0.24 0.34 0.27 0.23 0.26 0.17 0.17 0.17 0.75
Recruitment at age 1 (Millions)
Year 1987 1988 1080 1900 1991 1902 1993 1904 1903 1996 1947
Percentile
5 1651 645 544 322 280 607 492 401 130 190 39
25 1836 822 678 406 383 891 727 594 213 366 68
Median 2136 996 827 506 484 1141 987 860 317 606 - 141
75 2584 1240 1030 638 611 1479 1345 1279 402 1043 302
a5 4136 1832 1495 937 R40 2305 2404 2332 Q09 2718 a63
Mean 2369 1091 005 547 517 1251 1140 1053 407 g04 261
Yield (Thousand t)
Year 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Percentile
5 44 36 34 45 29 20 32 24 30 26 36
25 44 36 34 45 29 29 32 24 30 26 43
Median 44 36 34 45 29 29 iz 24 30 26 50
15 44 36 34 45 29 29 32 24 30 26 58
95 44 36 34 45 29 29 32 24 30 26 64
Mean 44 3 34 45 29 29 32 24 30 - 26 50




Table 5110 HERRING in VIa(N) Results of maximum-likelihood model fit. Details are given in Section 5.1.9.

output Gendratied by ICA Version 1.4 °

Harring “in iVia (N}

Catch in Number

Weights at age in the stock [Kg}

1287

1988

1389

1990

1991 1952

AGE | 1974 1977 1973 1979 1980 198l lagz 1983 1984 1285 1984
1 | 69.05 34.84 22.52 C.25 2.69 3a.74. L3.30 Bl.32 2.21 49.79 33.77
2 i 313.80 47.74 45.28 o014 2.28 77,96 250,01 77.81 188,78 68.84 154 9%
3 | 101.55 95.83 20.59 0,08 0.10 105.60 72.18 92,74 49,83 148.40  86.07
;4 | ..35.50 22.12 40.69 0,02 .0.05 ‘61.34-, 93,52 28.26 35.00 17.21 118.8%6
-] | ~ 2520 10.08 6.88 0.01 0.0% 21.47 58.45 42.53 14,895 15.21 18.84
4 | 76.29 12.21 3.83 0.01 0.01 12.62 23,58 27.32 11.37 5,83 18.00
7 1 _10.82 20.99  2.10  ©.06  0.01 11,58 11,52 14.71  8.30 6.91 2.58
8 | .del 2.78 6.28 0.00 0.00 1.31 13,81 8.44 4.43 3.32 1.43
9 | 12.01 1.49 i.54 0.00 -0.00 1.33 4.03 g.48 1.96 2.19 1.97%
Xx'10 ~ 6
Citch in Nurmber
RGE | 1987 1988 1989 1990 1991 1882 1gsea 1884 1695 1995 - 1337
1 | 19,46 1.71 6.22 14.29 26.40 5.25' 17.72 1;73 0.27 1.45 2.03
2 | -.:65,95 119.38 36.78 40,87 23.01 24.47 55,253 36.55 B2.18 37.85 94,937
30 45,486 41,73 109.50 40.78 25,23, 24.92 18,71 40.1% 30,40 30.90 59.50
4 | 32.02 28.42 1g.92 4.28 28.21 23.73 10,28 &,01 21.27 9.22 53,87
5 | EQ.12 13.76 18.11 25.52 37.52 21.82 13.27 7.43 5.38 T.51 39.34
o i §.43 28.55 7.5%2 1z.30 1352 23.87 14,80 8.10 1.21 2.50 29,782
7 | 7.31 3.25 15.01 9.68 7.58 6,35 12,18 10.52 B.BO 4.70 17.58
8 1 3.51 2.22 1.52 21.4% .89 4.32 4,71 12.16 7.97 g2.18 g.87
-9 i 5.98 . 2.36- 3.50- 5.52 4.46 -B.51 3.74 10.21 g.79 31.11 16.82
%10~ 6
: Predicteﬁ:éatch in;Number
AGE I ‘}1992 1993 1994 1995 1998 1997
i i o 4.6l L.4.88 2,05 0.85 “l.64 2,03
2 | 37.75 99.32 58.36 54.07 19.37 112.42
3 {7 27.58 22.23 33.23 34,03 33,84 28.62
4 | 21.97 11.87 5.33 13.78 15.08 53.12
5 i L2G.51 17,30 3,22 3.50 10.50 43,18
[ I 22,68 17.13 7.91 4.01 3.24 32.66
7 | 4:6.53 -25.56 10,88 8.41 4i55 1292
| --4.30-- 5,01 16,97 7.88 . 6.52- -12.60
______ F o mm mmmmmm e B ———
x 10~ 6
AGE i 1; o] lo21 logz 1983 1984
--1 i 0.05000 0.02000 C.08500 2.02000 0. 5;5 0 0.09000 £.08000 0,082000 0_02000
2 | "0iiz1p0 O 12;00 0,12100°0.1210Q '9.12100 0.12100 0.14000 0.14000 0.14000 .
3 | '0.15800 0.15600 0.15800.0.15800 0.15800 0.15800.0.17500 0.17500 0.17500 0.13400 0.17300
4q | B.17500 0.17500 0.17500 0.17500 0.17500 0,17500 ©,20500 ©.2050C ©.20500 0.16100 0.19600
5 | 0,18600 0,18600 0.18600 0.184600 0.18600 0,18&00 C.22100 €.23100 ©.23100 0.18200 0.21500
6 |.G,20600 0.20600 0.20600 0.20600 0.20800 0.20600 0.25300 0,25300 0.25300 0.193400 0,23000
7 | ¥.21800 0.21800 0.21800°0.21800 0.21800 ©.21800 0.27000 0.27000 ©.27000 0.21300 0,24200
8 | 0.22400 0.22400 0.22400.0.22400 0.22400 0.22400 0.28400 0.25400 0.28400 0.22300 §.25100
] | 0.22400 5.22400 £.22400 £.22400 022400 0£.22400 0.29500 0 0,25800
Weights at-age in the catches (Xg)
______ L e e
hGE { 1987 1988 14984 19330 1991 ' 1992 1993 1994 1985 129¢ 1997
et ot e o e e e e e e e ot 2 e e e
1 | 0.07300 ©.0B00C 0,08200 0.07300 0.C8400 0.09100 0.08300 0.08300 0.10600 9.08100 0.08%00
2 | ©.143800 ©0,11280 0.14200 9.12900 0,11800 ©.11900 0.12800-0.14200 0.14200 0,13400 0.13500
3 | 0.18300 ©.157¢0 0.14500 0.17300 £.16000 0.18300 0.15800 0.16700 0.18100 0.17800 0.17700
4 ... 0.21i00.0.17700 0.19100.0.18200 D.20300.0.19600 0.19700 0.19000 ©.19100 0.21000 0,.20500
5 |©0.22000 0.20300 0.12000:0.20500 021100 0.22700 .0,20600 0.19500 ¢.193800- 0.23000 0.22200
S | 0.23800 515400 £.21300 022400 £.22900 0,21900 °0.22800 0.20100 0.21400 0,23300 0_22300
7T | 0,24100 0,.24000 0.21600 0.22800 0,.23600 0,24400 0.22300 §.24400 0,20800 0,26200 0.21900
8. .| .0.253C0.C.21300 D.20400 $.23700 0.26100 0.25800 0.28200 0.23400 0.22720 0,24700 0,23800
9 \ 0 25600 0./22800 0.24300°0.24700 0.27100 0.25600 0.26300 0.26600 0.27700 0.28100 0.26300
.ﬂeights at.rage in the sﬁnck {Kg)
AGE j'; 1378 $11977 1973. 1979 1980 1581 lEEZ 1282 1284 1985 1986
1 |::0.0%000 0.09000 9.99000 0,08000 0.03000 ¢.0%2000 C.05000 ©0.0%C00 0.0%000 0.09000 0.03000
2 P DL16400 0.156400 016400 018400 0, 15400 D,15400 £,16400 0,16400 0,16400 0,16400 0 18400
3 | 0.20800 0. 20800 0.20800, C.20800 0.20800 0,20800 0.20800 §.20800 0.20800 0.20800 .0.20800
4.0 170.23300 £.23300 £.23200 £.23300 0,23300 0.23300 0.23300 0,23300 £,23300 0.23300 0,23300
5 | 0.24800 0.24600 0.24600 0.24600 0.24600 0.29500 0.24600 0.24600 0.24600 0.24800 0.24500
3 | 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200
T | 0.25800 0.25800 0.25800 0.25800 0.25800 0,25800 0,25400 0.25800 0.25800 0.25800 0.25800
B | 0.26900 0.26900 0.26900 0.26900 0.26900 0.2€9095 0.2€300 0.265%00 0.26%00 0.26900 0.26300
9 b 0.28200 0.29200 0.29200 0.29200 0.29200 0.29200 0.22200 0 29200 0.22200 0.29200 0.29200

.0200C 0.02000 O

.20B0C 0.20B00C
.23300 0.23300
-24600 0.24600

N

.16400 0.16400 C.

.gsaae
1640¢
0.20800
0.22300
0,.248600

0.09000
0.16400
0.20800
0.23300
0.24600

Q. 09000 0,09000 0.07500
0.16400 0.16400 0.16200
0.208B00 0.20800 0.19800
0.23300 0.23300 0.20500
0.24600 0.24600 0.22600

0.05200 0,04200
0,15000 0.14400

0.04500
¢.l4000

0.05700
0.15000

0.19200 0.13100 0.1B0C0O
0.22000 0.2020¢ 0.20200
0.22100 0,22500 0.21800

0.18900
0.20900
0.22500
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[ | 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.23400 ©.2330C 0.22700 0.22200 0.23300
7 | 0,25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25440 ¢.2491CC 0,24700 ©0,225%00 0.24800
8 | 0.26900 0.26900 0.26900 0.26300 0.26900 0.25900 0.26000 0.27000 €¢.26000 0.24200 0.26500
9 | 0.28200 0.2%200 0.29200 0.29200 0.282Q0 0,25200 0.27600 (.28€00 ©.29300 0.26300 0.28700
Natural Mortality (per yearl
______ SR, - R S
AGE | 1276 1977 1978 1978 1880 1981 1982 1083 13814 1285 1986
1 {1.0680 1.0000 1.0000 L1.0000 1.0000 1.0000 1.0000 1,6000 1.0000 ©1.0800 1.0C00
2 ] ©.3000 ©€.3000 0,3000 0.3000 {.3000 0.3000 0.3000 6.3000 ©.3000 0,3000 0.3000
3 ] ©.2800 0.2000 0Q.2000 0.2000 0.2000 0.2000 0.20300 0.2000 ©.2000 0.2000 0.2000
4 | ©.1800 ©0.1000 Q.1000 0.1000 0.1000 0.1000 Q.1000 6.1000 ©.10C0 ©.1000 0.1000
5 | ©.1000 o0.1000 9Q.1000 0.1000 0.1000 0©.1000 O.1000 G6.1000 O0O.1CCC ©.1000 0.1000
& | ©.1800 0.1000 0.1000 0.1400 0.1000 0.1000 O.1000 ©0.1000 O.10C0 0.1000 G.1000
7 | ©.1000 0.1000 0.1000 4.1000 0.1000 00,1000 Q,IQ00 €.1000 0Q.l0CC 0.1000 ©.1000
8 | 0,1000 0.1000 0.1000 0_1060 0 1000 0 1000 0 _INGG 01000 01000 0_i000 0.1000
a | 0.1000 0.1000 0.1000 0O.100C ©0.1000 0.31000 O,1000 O,1000 O0.1000 0.1000 0.1000
—_————— _—
| 1992 1993 1954 1995 i996 1997
+ -
1 { 1.p0000 1,00600 11,0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 11,0000 1.0000
2 { 0.3000 0.3000 0.3000 O0.3000 ©.3000 0.3000 0.3000 0.3000 0.3000 0,3000 0.3000
3 i 0.2000 0.2008 0.2000 O0.2000 0.2000 0.2000 0.2000 0.2000 O.2000 O0.2000 0.2000
4 | 0.1000 01008 0 1800 01000 01000 01000 01000 01000 0. 1000 0.1000 0.1000
5 | 0.1000 10,1000 0©.1000 O0.1000 0,1000 0.1000 O.,1000 ©0.1000 0.1000 0.1000 0.1000
€ | 0.1000 0.1000 0.1000 0.1000 0,1000 01000 28,1000 0,1000 0,1000 0,1000 ©,1000
7 | 0.1000 @,1000 0.100¢ 0.1000 ©.1000 0.1000 ©.1000 O©0,1000 O.i000 ©0,1000 0.1000
B | Q.1000 g.1g00 p.o1goop 0.1000 03000 0,2000 90,1000 0,1000 01000 01000 0.1000
9 | 0.1L000 6.1000 0.1000 0.1000 0.1000 0.1000 ©.1000 0©.1000 0.1000 0.1000 0.1000
Proportion of fish spawning
AGE b 1976 1377 1278 1879 1960 1981 1582 1983 1584 1985 1986
...... POV ————
1 { 0.0000 ©.0Q000 ©.0ODO C.0OCO O.0000 0.0000 Q.00DD 0.0000 O.0000 O,0000 O©.0000
2 b0.8700 0.5700 40,5700 0.5700 0.5700 0.5700 ©0.5700 O0.5700 0.5700 0.5700 $.5700
3 | D.9600 0.9600 0.9%9600 O0.9600 0.9600 0.9600 0.9600 0.9600 0.9600 0.9600 0.98600
4 poo1.0000  1,0000 1.,0000 1.0000 1. 0000 10400 1.48000 1,0000 1 0000 1 0000 1,0000
5 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 121.0000 1,000C 11,0000 1.000C 1.0000
& j 1.0000 1.0000 1.0000 1.0800. 1.0000C 1.0000 1.0000 1.0000 1.0000 31,0000 1.0000
7  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 13.0008 1.0000 1.000C 1.0000 1.0000
8 | 1.0000 11,0000 1.6c00 1,0000 1.0G0C 1.0000 1.0000 1.000C 1.0000 1.000C 1.0000
a | 1.0000 11,0000 1.0000 1.0000 1.0000 1.0000 1.,0000 1.0000 1.0000 1.0000 11,0000
Proportion cof fish spawning
AGE | 1387 1288 16889 1980 1991 1982 1883 1994
1 | 0.0000 0.0000 ©.9000 0.0000 O.0QOC 0.0000 0.0000 0©.COOC
2 | 0.5700 00,5700 ©.5700 00,5700 0.5700 0.4700 0.9300 0.4800 0.1800 G.7600 0.5700
3 | 0.3800 0,9600 ©.%600 0.%600 ©0,%600 1.0000 0.9600 0.%200 O0.%B00 ©.2400 0.9600
4 | 1.0000 11,0000 1.,0600 1.0000 1.0000 1.0000 11,0000 1.0000 1.0000 1.0000 1.0000
5 / 1.000Q 1.40000 1.0000 1.8000 1.0000 1.0000 1.90000 11,0000 1.0000 1.0000 11,0000
6 { 1.0000 E(.0000 1.0000 1.6800 1.06000 1.0000 1.4000 1.8000 1.0000 1.0000 1.0000
7 { 1.0000 :.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.000C 1.0000 1.0000 1.000C
g ! 1.0000  1.004040 1,o000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.300C 1.800C
9 i 1.0000 1.0000 1.0000 1.0000 1.0G00 1.0000 1.0000 1.0800 11,0000 1.0000 1.c000
INDICES CF SPAWNING BIOMRSS
LPE
i 1976 1377 1978 1978 1580 1981 14982 1983
1 | 183.0 787.0 332.0 1071.0 1436.0 2154.0 1890.0 EE6B.0
LPE
! 1087 1oaa 1949 1920 1951 1992 1;;;
1 | 4118.0 5347.0 4320.0 6525.0 4430.0 *++++*+ 2341,0
e m e e -
AGE-STRUCTURED INDICES
[ e
AGE | 1992 ig83 1994 1885 1928
L | 249, 1 HEEREAE kdkddd whdddad 338.3 74.3 2.8 454, 2 460.86 41.2
2 | 7B, q *rdeddd ddddidd phwdiiw 294.5 503.4 750.3 542.1 1085,1 576.5
3 i 5511 *EEEddh Addddxd AkRkwAk 327.9 211.0 681.2 607.7 a72.7 802.5
4 I A3, AAkEAAd Addhddd wbdddd 367.8 258.1 653,0 285.86 450.2 328.1
5 I T52,6 *FEEEILL ahaadaw akdERA 488.3 414.8 S44.0 306.8 153.0 95.4
4] | 111.6 ****dds Shddddd 4ddbdix 176.3 240.1 865.2 268.1 187.1 60.6
71 QBLL FEErEAE dEAaARE AEEEERE 98.7 105.7 284.1 406.8 169.2  77.4
8 | 15,5 #hskass badiais sxniinn B9.8  56.7 151,7 173.7 236.6  78.2
] | £.5 kkddkdk hahhhin AddEiid BR_O 63.4 156.2 131,82 201.5 114.8
x 10~ 3
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ng Morial

y ipet year)

e L e e e ———————————— -
AGE | 1976 1977 1878 1879 1980 1981 1982 13983 1984 1985 1966
1 1 0.1%06 0.0903 0.03B%0 0.0003 0.,0047 0.034% 0,0265 0.0405 0.0027 0.0502 0©.0535
2 | ©.7516 0.3436 0.2873 0,0005 0©.0007 0,3106 0,8423 0.3722 0.2098 0.1858 ©0.4874
3 | 1.,180% 0.5730 Q.2584 0,0007 o0,0004 0.4258 0.5677 0.5670 0.4653 0.26% 6.3973
q | 1.0534 ©.8849 0.4B49% 00,0003 0.0006 0.38%8 0.7924 0.4501 0.4102 0.2737 0.3407
o i 0.8773 0.8842 0.8730 0.0002Z 0.0002 0.2582 0,58947 0.9331 0.2873 £0.2491 0,478
6 | 1.0469 1.3838 0.2086 0.0012 0.0002 0.2992 0.5426 0.7298 0.6101 ©.2641 0.5480
7 i -1.0807 ©.8284 0.54%1 0.0017 0.0019 0.E2748 0.4327 0.8853 {.5192 C.82%¢ 0.13833
8 | ©.8779% 0.7870 0,5572 00,0007 0.0005 ©0.2851 0.5377% 0.5%%3 0.39789 0©.3137 0,350%
S i ©0.877% ©,7870 0.5572 0.0007 ©.0005 $.2851 $.5377 O0.575% 0.3578  0.3137 0.350%

AGE | 1987 1988
1 i 0.0121 G.G020
2 | 0.2393 0.1605
3 i G.2730 0,Z485
4 | 86,2384 0.2598
5 i §.2100 ©.2029
6 I 0.3617 0.1592 .
7 | 0.3%72 0,205 0.1057 0.1648 0.1BB7 "0,1554" 0.170% 0.1031
] | ©,2543 ©0.1794 0.1347 10,1936 0.1487 0.13%6 00,1536 0.0924
& | D0.2543 ©.1794 0.1347 ©.1836 0.1487 10,1386 (00,1536 0.092§

0.1013 G.1066

0,0911 0.0%58
0.0911 0.pgsa

1 1 613.7 633.8 928.3 1Z5%8.¢€ 5i6.0 801.6 3251.3 1274.8 1313.0 1020.4
2 | 687.3 188.4 213.0 328.4 459.% 601.0 287.2 1l4B8.6 4677 459.4
3 | 157.9% 24C.1 99.40 118.4 243.2 182.1 234.2 146.86 689.8 287.7
q | 56.4 39.3 1190.8 €2.5 26.9 178.5 84.5 108.4 75.4 431.3
5 i 45.0 17.9 14.7 €1.8 56.6 122.0 73.1 48.8 65.3 51.%
€ | 122.5 16.9 6.7 6.8 55.9 568.9 55.1 26,0 30.0 44.6
7 i 17.2 38.9 3.8 2.4 6.1 34.3 j1.o 24.0 12.8 20.8
1] | 7.0 5.3 15.4 1.5 2.2 34.7 20.2 14.1 12.9 5.1
9 i 2i.4d 2.3 3.8 5.9 10.3 ig.1  ZG.3 8.5 3.5 7.0
S o S S —
Pﬁpulation ARbundance (I January) !
AGE | 1987 1984 19288 1990 ¢ 1991 1882 1523 1994 19385 1996 1937
1 j 2553.0 1327.0 1033.0 596.1 532,.5 1196.2 1104.2 1036.2 354.4 E18.8 175.9
2 I 355.8 928.1 487.2 376.4 211.7 180.E 437.4 403.5 379.86 128,85 226.7
3 1 209.0 2071.4 585.6 329.58 243.9 137.2 101.7 239.5 249.1 235,1 79.7
4 1 L15B.3 130.3 izz.z 380.9 233.0 177,40 67.5 83.Z le6.1 i73.3 i82.2
5 | 277.6 112.9 90.9 101.7 274.2 lg4.0 139.2 67.9 52.2 137.2 142.5
b i 29.1 203.6 83.4 £5.1 66.3 Z12.3 1a8.7 105.4 58.35 33.4 1i3.8
7 | 23.3 18.3 157.1 £8.2 46.2 47.7 170.7 116.4 91,86 47.3 36.2
g | 16.43 14.2 13.5 127.3 52.4 34.% 36,8 130.2 55.0 74.% 38.5
9 | 27.8 15.1 29.2 32.8 33.9 44.4 27.6 121.1 118.0 357,86 51.3
® 10~ @
Populaticn Abundance (1 January)
______ R
AGE 1 JEE] !
A e
1 i 5le.7
2 | 63,5
3 | 73.53
4 | 30.8
5 | 96.4
[ | ga.0
7 { 72.0
] { 20.%
] i 53.4
e e e
x 10 ™ &
Weighting factors for the catches in number
AGE f 1992 1993 1294 1995 1996 la97?
1 | 1.0000 1.,0000 1.0000 1.0000 1.000C0 1,0000
2 ! 1.0000 1.0000 1.0000 31,0000 1.0000  1.Q000
3 ! 1.0000 1.0000 1.0000 13.0000 1.8000 1.0000
4 I 1.0000 1.0000 1.0000 1.0000 1.00Q0Q0 1.Q0Q0
5 | 1.0000 1l.0000 1.0000 1.0000 1.Q000 1.0000
B | L.0000 1.0000 1.0000 11,0000 1.00600 L.0000
7 | 1.0000 1.0009 1.0000 1,0000 1.0000 1.0000
3 | 1.0000 1.00060 1.0000 1.0000 L1.0000 1.0000
Predicted $5B Index Values
LPE -
| 1876 1977 1978 1879 1280 1281 1982 1983 1984 1985 1246
1 | 687.5 367.7 331.6 727.2 1866.0 2092.3 1521.4 889,22 2003.1 3180.1 2873.8
[, . e e e e e e e
LPE
|- 1587 1938 1582 1690 1991 1992 1993
1 | 2752.1 4100.8 5665.6 5781.1 4352,8 #¥¥w*«x 353(.1
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Predicted Age-Structured Index Values

Wast Scotland Summer Acoustic Survey Predicted

AGE | 1487 1988 1589 1950 1991 1392 1983 1994 1935% 1996
1 | 3LL,TF] *kwkddsr khkkdes dhihhdd 63.23 146.37 135.08 126.83 43.41 75.78
2 1 A2 . A2 kkwwkd dkkwksx bhddddk JA0 BB 371 A0 A90 01 BE1.40 B811.4§ 27£.58
3 J o OSOT. 1L wrwrwaw kwkedad kdkdkedk 598 81 335,95 246.45 606.48 631.50 593.98
4 1 400,12 dkbdddd wkaikas drkdxks 214 Q7 486 25 220 24 160,93 446 4 464,77
] | 630.25 k¥+bwdk dhkkxkaa drxdddd B35 37 431,93 325.16 162.12 124,60 327.30
[ ! D 1A wrwwwke dedrdkxk dbbiddd 155 08 0 BHRE.E3 382,47 291,70 150,44 115.53
7 | 44,55 whkkkEg FREEEEE dhhRAdR 95.95 100.189 356.65 249,97 196.84 101.39
8 | A6, 40 *rkEEEE kkbdrd hkhhhhh 86.03 ag.47 61.94 223,84 163.51 128.84
El | 29,32 *EEkkda kdEdax hkkdhak 37.08 48.77 30.12 135.60 132,23 399.85
x 14 ~ 3
Fitted Sslection Pattern
______ fmmmm— - ———————
agr | 1875 1877 1978 1979 1980 1881 1382 1583 1784 1985 1886
______ + —_— ——
1| ©£.1809 0£.1020 0£.0805 ©£.9935 9.4188 D0,0884 0.02335 £.0901 £.8067 £.1834 0.1571
2 { 0.7135 0.3883 0.5924 1.5676 1.2953 0,.7%67 0.8106 0.B2668 0.5106 0.6730 1.4304
3 1 1.1305 0.6476 0.5349 2.2477 0.7781 1.0222 Q0.7166 1.1326 0.9849 1,166l
4 1 1.0000 1.0000 1.0000 1.0000 1.8000 1.0000 1.0000 1.0000 21,0000 1.0000
5 | ©0.8328 0.9593 1.3881 0.6928 0.4365 0.7617 0.B768 D.5426 1.0236 1.4033
6 | ©0.,9938 1.5636 1.8739 3.8888 0.3060 0.7675 O0.6B48 1.4848 0.9650 1,60B4
7 |* 1.0259 0,9362 11,7430 5.3936 2.4834 0.704% 0(.546l 1.2637 3.0289 0.4088
B | 0.8334 0.8894 11,1491 2.2052 Q.860% 0.7314 0.6787 0.9682 1.1462 1.02%8
E | 0.8334 ¢©.8894 1.1491 2.2052 D.260%2 O0.7314 0.£747 5.2882 1.14¢62 1.02%8
Fitted Selection Dattern
AGE | 1987 1988 1989 1880 1981 1992 1593 1999 19395 1986 1557
1 | ©0.0508 0.0078 0.0587 0.167% 0.5%67 0.0438 .0.043B 0.0438 0.0438 0,0438 0.0438
2 | 1.0082 0.6178 0.5604 0.584%2 0.2856 1.9672 1.9679% 1.9679 1.9679 1.967% 1.%679
3 | 1.1449 0.9620 1.4139 0.6400 O,.HE96 1.7663 1.7BB3 1.7883 1.7883 1.7883 1.7803
4 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 11,0000 11,0000 1.0000 1.0000 1.0000
5 | 0.8807 0.7811 1.4404 1.32854 1.1405 ©0.2024 D0.30%4 00,5054 0.50654 §.50G54  0,305%94
a | 1.5170 0.5128 0.5173 1.054% 1.7554 0.6513 0.B513 0.B513 0.8513 0.8513. 0.8513
7 I L.ggg2 o.7224 ©£.64927 0.7201 1.3884 1.1126 1.1126 1.1126 1.1126 1.112& 1.1iizZe
8 | 1.0666 0.6905 0.8281 0.8460 1.0937 1.0000 11,0000 1.0000 1.0000 1.0000 1.0000
o | 1.0868 {.8205 0.8281 D.B450 1.0237 1.008C0 1.0000 1.0800 1.0000 1.000C 1.0000
______ R —————
STOCK SUMMARY
Year Recruits Total Spauwning| Landings Tield Mean F S5cP
Age 1 Biomass Biomass /588 Ages
Eloeare s e ele Lt atatal +aonnos +aonnos ratio A- £ ey
i | thousands | tonnes | tennes | tonmnes 1 ratic | 3- & | (%}
1875 519740 252088 78551 g3842 1,222¢ 1.o4g22 Hs
1977 633790 168009 55232 41341 0.7485 0.9314 109
1g78 22832322 176424 52330 22178 0,4228 2.5815 EE]
15795 1225600 224201 78873 64 0.0008 0,0006 939
1980 915560 262698 129034 30a 0.0024 0.0003 g9
188l 1621730 373851 136983 514290 0.3754 0.3529 103
1282 801530 31lel82 1159388 92361 0.7963 0.64383 96
1983 3251290 459327 87607 63523 0.,7251 0. 6700 97
1884 12748480 385325 133301 56012 0.4183 0.4684 105
1885 1313ele 388800 170468 39142 0.2296 0.271% EE]
1e8¢ igacies 3£030% 161683 70764 0.4377 0.4411 EL
187 2553640 462764 158070 44360 d.2806 0.2708 102
igc8s 1327020 437161 1o4g81 35501 o.1828 0.2180 27
1589 1032960 421551 230481 34028 0.1478 0.18139 34
1980 £08130 378878 232511 44623 g.1222 0.2340 101
18581 532450 307870 200841 23529 0.1420 0.1628 a3
1882 1196240 340440 1801562 28992 0.1609 0.13588 a9
1823 1104210 317877 180024 31778 0.1765 0.1747 100
1994 1036160 313300 189176 24430 a.1291 0.1054 100
1995 354440 2571175 167333 29575 0.1767 0.1036 99
1296 618830 2687267 215810 26105 0.1211 0.1088 95
1987 175830 185520 107172 53957 0.5594 0.4777 99
E1
. 9
.. . 1987
Number of indices of S3B
Number of age-structured i 1
Parameters to estimate ; 36
Number of observations : 128
Conventional single selection vector model to be fitted,
PARBMETER ESTIMATES
Parm. Maximum Mean of
No. Likelh. cv Lower Upper -5.a. +s.@e. Param.
Estimazte| (%)] 95% CL 953 CL . Distrib.
Separable model : F by year
1 1992 0.13%6 23 0.0887 0.21949 9.1108 0.1760 0.1434
2 1993 0.1536 23 0.0976 0.2418 0.1218 0.1936 9.1578
2 1904 0,082 34 0.0575 0,31494 Q.0728 o.1182 Q.0954
4 1995 0.0911 25 0.0552 0.1503 0.0706 0.1176 0.0941
=) 190& 0,058 27 00855 0.1652 Q2.072% 0.12858 0.0095
€ 1887 0.4201 38 0.196% 0.8980 0.2851 0.el90 0.4528
Separable Model: Selection (5} by age
7 1 0.0438 27 0.02587 0.0746 0.0334 0.0575 0.0454
8 2 1.9672 23 1.2411 3.12¢00 1.5858 2.4825 2.0230
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9 3 1.7883 22 1.1603 2.7561 1.4341 2,2299 1.8323
4 1.0000 Fixed : Reference Age
10 5 0.9094 19 0.6234 1.3264 0.7500 1.1¢25 0.9284 ;
11 [ 0.8513 18 0.5888 1.2309 0.7053 1.0275 0.BEES X
12z T 1.1126 1% 0.7633 1,6216 ‘0.9180 1.3484 1.1333
g 1.0000 Fixed : Last true age

Separable model: Populations in year 1997 ..
13 1 175932 &1 52500 589558 94928 326057 212816
14 2 226701 40 lcls78 505453 150587 | 341288 24488
15 3 Ta882 37 37840 167790 54495 118510 gh64e
16 4 162172 35 80514 326647 L 11l3454 FER:IE] © 172859
17 5 142474 31 76235 266264 (103556 © 196017 149913
1s 4 113825 28 65613 197451 853935 150765 118410
19 7 36229 27 21155 62042 27533 47671 376320
20 8 38464 27 22624 65394 128340 50425 ¢ 38800

Separable model: Populations at age
21 1882 348650 39 15870 T8E52 23264 S1E0S 37512
22 1593 - 36916 31 199867 88252 26580 50511 ELERNT )
23 1294 - 130186 26 78866 220495 | 2R498 17b340i 134877
24 1895 95038 25 57572 1563886 73592 122733 9B197
25 1596 74913 25 45471 1123419 SBOEB 'GEE46 77383

538 Index catchabilities

LEE . : :
Power model fitted. Slopes (Q) and exponents (K} at age . :
2B 1 O 6,783 19 5.641 11.98 €.784 5.565 B.376

27 1 K .3068E-06 19 .2022E-05 _4295E-05 .2432E-05 ,3572E-05 ,3244E-05

Age-structured index catchabilities
West Scotland Summar Acoustic Survey

Linear model fitted. Slopes at age :

28 1 g .1830 129 .5292E-01 8,389 L1830 2,426 1.536
29 2 Q 2.383 43 1.713 - 9.2565 2.58%9 6.123 4.368
30 3 g 2.931 43 1.939 10.48 2.931 © 5.934 4,946
31 4 g 2.901 4z 1.922 10.32 2.90L 6.838 4.882 )
3z 5 Q 2.570 42 1.707 "8.075 | 2,570 6.028 4,310
33 & Q 2.860 4z 1.900 10.08 2.380 6.701 4,793
34 7@ 2.32% 42 1.544 8.268 2.328 5.482 3.91¢6
35 8 g 1.857 43:1.224 6.717 1.857 4.427 3.151
38 9 ¢ 1.209 43 .7987 4.344 1.208 2.06% T 2,045

RESIDUALS ABOUT THE MODEL FIT

Separaple Model Residuals

______ PO .
Age | 1952 1903 1994 1995 1988 1997
------ B T — ———————— |
11 0,130 1,331 -0.429 -1.210 0.175 0,060 . .
2 | ~0,434 -0,041 -D.468 0,419 0,670 -0,16% |
i | -p,102 -0.173 9.190 -0,113 -0.0B5  0.432
4 | ©.077 -0.078  0.120  0.434 -0.48%2 0.0l
5 | 0,043 -0.265 ©9.353 0.309 -0.373 -0.093
& | 0.401 -0.146  0.024  0.047 -0.25% -0.092
7 1 -0,028 ~0,287 -0.032 0,046 0,032 0,308
8 | 0.103 0.011 0,261 =-0.351

SPAWNING BIOMASS INDEX RESIDUALS

197¢€ 1977 1878 1979 La8n 1081 1982 1983 1984 1985 lg88

|
1 { -1.281 0,761 0.00L 0.387 ~0.262 0.029 0.217 -0.266 0.063 -0.l180 0,085
+

| 1987 1988

1 | 0,403 0.372 -0.271 0.125 0,018 ¥**¥¥*** -0 183

AGE-STRUCTURED INDEX RESIDUALS

West Scotland Summer Acoustic Survey

Age | 1987 15988 1989 1880 1991 1592 1233 1834
1 [ =0_224 whkbddd dktdkrdk kxrkkdd 1.677 -0.678 ~3,891 1,360
2 | Ak kR hkkkhhk dkddket () 448 0,304 -0,171 -0.463
3 | Ak h Rk Ahkkdkddk kkkkiir  -0_§5] -0,465 1.017 '0.002
4 1 AkENHAR AkERNER hkkAwar (0 514 -0,532 1,046 0.520
5 i kR kkhkkhh hkwhkkk  —0_265 -0.041 0,515 . 0,638
5 | bbb KRk Rk 0.055 -0.641 0.816 -0.084
7 | il ool A il 0.029 0,053 ~p.227 0.487
] | Wk ko o hok ok 0.020 ~0,03] 0.896 -0.253
g 1 A & 2 T T L T T 0,449 0.263 1.646 ~0Q.028

+

" OAAcTi W grépstHaw, giReports\1998\Sect-51T-1-10.Doc
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PARAMETERS COF THE DISTRIBUTION OF ln{(CATCHES AT AGE)

Separable model fitted from 1992 to 1997

Variance

istic

e s g
Lad

[ T

0.2764

o a41s
0.3416

5.6398

n "ana
0.7424

Q.0000

ag
23

DISTRIBUTION STATISTICS FOR LFE

Fuwer calihwebllliy relaitlocaship assumed

Last age is a plus-group

Variance

Skewness test stat.
Kurtosis test statistic
Partial chi-square
Significance in fit
Number of observaticns
Degrees of freedem
Weighi ln ihe analysis

0,2034
-2.0787
2.4011
0,4593

DISTRIBUTION STATISTICS FOR West Scotland Summer Acoustic Survey

Linear catchabkility relationship zzsumed

Age

Variance

Skewness test stat. -
Kurtosis test stacisci -
Partlial chi-square
Significance in fit
Number of observations
Degrees of freedom
Welght in the analysis 0.c0ll

[CR=R- RN
o O - D C
I
o in D
oo KOG

ANALYSIS OF VARIANCE

Unweignhted Statistics

Variance

Total for medel
Catches at age

538 Indices
LPE

Aged Indices

Weslh Scolland Summer Acoustic Survey

Weighted Statistics

Variancs

Total for medel
Catches at age

558 Indices

LFE

Aged Indices
West Scotland Summer Acoustic Survey

2 3 . 4 s 3
0226 0.0344 0.0392 Q.0433 G.03d84
5051 0.7663 0.8366 -1.1867 ~0.1507
6347 ~-0.1812 -4,3702 ‘D, 1480 -0,5gzz
01035 0.0162 c.0187 0,0207 0,01B5
oouG I.ouoo U.ooou 0.0 o.oooo

7 T 7 7 A

6 5 6 8 -6
1111 0.1111 4.1111 0.1111 0,1111

550 . Lata Parameters d4.f. variance
54.1802 128 . 36 Q2 0.5687
6.3562 48 25 23 0.2764
3_0508 7 2 15 0.2034
34.7532 63 % 54 0,328
559 Data Parameters d.f. Variance

9.6386 124 36 e2 0.1048

6.3562 48 25 23 0.27€4

3.0508 17 2 13 0.2034

0.2316 63 9 54 0.0043

YA e W s A T et 0 T e et L 1OOICL DY
ro UL ERERYTY e | aulnusu\upul AL P70 IR

7
0.0073
0.9371

-0.0440
0.0036
0.unbb

7

[
0.1111

8
00240
0.7690

~0,3025
0.0151
0. 00Uy

7

]
0.11131

9
U.1293
-0.1116
=0.45849
0.0716
d.4000
Pt

€
4.1111

I~
vt



Table 5.1.11 Herring in Division VIa(N). Input data for short-term deterministic predictions. , -

The SAS System 11:06 Monday, March 15, 1998
Herring in the Northern part of Vla : ) [P

Prediction with management option table: Imput data

Year: 1908
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
2 [348700.00 0.3000 0.5700 O.é?ﬂﬁ 0.5700 0.146 0.8266 0,139
3 | 73500.000 0,2000 0.9600 0.46700 0.6700 0.188 0.7511 0.178
4 130800.000 0.1000 1.0000 D0.6700 D.&6700 0.210! . 0.4201 4.199
5 |96400.000 0.1000 1.0000 D.&700 0.6700 0.223 0.3820 0.211
6 |88000.000 G.1000 i.00G0 0.6700 0.6700 0.229 0.3578 0.224
7 172000000 0, 1000 1.0000 0.46700 0.4700 0.261 0.,4874 0.251 :
8 |20500.000 0.1000 1.0060 0.6700 0.6700 0.260 0.4201% 0.237
9+ |53400.000( D0.1000 1.0000 0.46700 0,6700 0.285 g.4201 0.274
Unit |Thousands - - - - Xilograms - Kilograms
Year: 1999
Recruit-| Natural | Maturity|Prop.of F|Prop.of M! Weight | Exploit.! Weight
Age mertt [martality| ogive |bef.spaw. bef.spaw.] in stock| pattern | in catch
2 [348700.00 0.3000 0.5700 0.6700 0.6700] = 0.149 0.8266 0.139
3 . 0.2000 0.9400 0.6700 0.6700 0.190 0.7511 0.176
4 . 0.1000 1.0000 0.56700 0.6700 0.209 0.4201]  0Q.199
5 0.1000 1.0000 0.6700f - 0.46700 0.223 0.3820 g.2m1
[ 0.1000- 1.0000 G.56700 Q.6700 0,228 G,3576 0.224%
7 . 0.1000 1.0000! | 0.4700 0.4700 0.243 0.4674 Q.25t
8 . 0. 1000 1.0000 0.6700 0.4700 -0.258 0.4201 0.237
9+ . - D.1000 1.0000( °  0.6700 0.&700 0.282 0.4201 0,274
Unit |Thousands| - - - - Kilograms - Kilograms
Year: 2000
Recruit-| Natural | Maturity|Prop.of F|Prop.of M| Weight | Expioit.] wWeight
Age ment |martalityl ogive [bef.spaw.|bef.spaw.| in stock| pattern | in catch
2 1348700.00| 0.3000| 0.5700| 0.6700} 0.4700 0.149|  0.8266|  0.139 S .
3 . 0.2000 0.9600 0.67000 = 0.6700 0.1%0 a9,7311 0.174 -l
4 0.1000 1.0000 0.6700 0.6700 0.209 0.4201 0.199 o
5 0.1000 1.0000 0.6700 0.6700 0.223 0.3320 0.211
& 0. 1060 1.0000 0.8700 0.4700 0.229 09.3576 0.224
7 . 0.1000 1.0000 0.4700 0.4700 0.243 0.4674 0.251
8 . 0.1000 1.0000 0.6700 0.6700 0.258 0.4201 0.237
o+ . G.1000 1.0000 0.6700 0.6700)  0.282 0.4201 0.274
Unit |Thousands - - - - Kilagrams - Kilograms
Notes: Riun name : MANHEN

4

E
-
-

ERG
Date and time: 16MARYB:17:31




Table 5.1.12 Herring in Division VIa(N). Management option table. Estimated effect on stock

biomass at different levels of catches and fishing mortality in the stock
:06 Honday, March 16, 1998
Herring in the Northern part of Vla

Frediction with management option tabie

Year: 1998 . ' ) : Year: 1999 . Year: 2000

F Reference| Stock Sp.stock| Catch in F Referencej Stock Sp.stock| Catch in{ Stock $p.stock

Factor F biomass | biomass | weight Factor | F biomass | biomass | weight biomass | biomass
1.0000 0.4777 150744 81983 54945 0.0000 0.0000 133534 98441 ] 177617 137048
. . S0 - 0.1000 0.0478 - Q4734 6898 170003 125232
. . . . .. 0.2000 0.0955( . 21162 13363 162893 114542
. . Ca .|- 0.3000 0.1433 . 87740 19424 156253 104862
. . . . 0.4000 0.191 . 84460 2510¢ 150049 95088
. . . . . 0.5000 0.2389 . 81315 30443 144251 agez7
. . . . . 0.£000 0.2856 . 78302 38449 138830 808%8
. . . 0.7000 0.3344 . 75411 40151 133750 74325

. . Q.8000 0.3822 . 72439 44558 129016 58344
. . 0.5000 0.429% . 69980 48719 124576 62897

. 1.0000 0.6777( - - .| &7429 524622 120419 57930
. 1.1000 0.3255 64982 56294 116525 53398
1.2000 0.5732 62633 59749 112876 49257
1.3000 0.6210 60373 63001 109456 45472
© 1.4000 0.5688 38213 66065 106248 42008
1.5000 0.7166 58135 68951 103240 38835

4 Lnn N FTLLT ELATIN T LT AMAL R L TEANL
1 n AP LR A% 2T rore 1vus o 2IATFEQ

1.7000 0.8121) 52222 74238 FTTEE 33254
1.8000 0.85%9| 50380 76660 95276 308
1.9000 0.9076{ 48610 78945 92538 2855

P T T )
PR T T T S

[ T R T T T Y

T T T T T R R T TR MRS B S )

. 2.0000 0.9554] . 456910 81103 9073% 26479
. . 2.1000 1.0032] . . 45275 83141 88572 24571
. . . 2.2000 1.05094 . 43704 35068 8a728 22813
. . . 2.2000 1.00874 - . L2104 8800 Bs802 21192
. . . . 2.4000 1.1465 . 40741 88814 83176 19697
. . . 2.5000 1.1943 . 39344 90244 B1554 18315
. . . 2.0000 1.2420 . 38000 F178% 80020 17039
. . . 2.7000 1.2898 . - 38707 93251 78586 15859
. . . . 2.8000 1.3376 . 35483 QL&3T7 77228 14768
. . . . . 2.90001 1.3353 . 34266 95951 75947 13757
. . B . .|~ 3.0000 1.4331 . 33113 7197 74738 12820
- - Tonnes Tannes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonrnes
Notes: Run name : MANHEND1
Date and time : 16MARP8:11:31
Computation of ref. F: Simple mean, age 3 - &

Basis for 1998 : F factors

Table 5.1.13 Herring in Division VIa(N). Esﬁmated catches at maintaining Fsq for 1998 o
2000. ‘

The SAS System 11:06 Monday, March 16, 1998
Herrimg in the Marthern part of Vla

Single cption predicticn: Summary table

1 January Spawning time
Year F Reference| Catch in| Catch in| Stock Stock Sp.stock| Sp.stock| Sp.stock| Sp.stock
Factor F numbers | weight size biomass size biomass size biomass
1998 1.0000 Q.4777 322987 56965} 783300 150746 4608335 125078 378046 80487
1959 1.0000 0.4777 307253 52622 708401 1323%2 531855 106427 315427 65513
2000 1.0000 Q.4777 290640 48673 853204 119329 4764658 93343 275335 56150
Unit - - Thousands| Tonmes |Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes
Notes: Run name : SPRMDCOZ2 o
‘ Date and time " : 16MARGB:10:44 o . o 261
Fammiibne]am af nad Eux Cimmla maom e T o & .
LU LGS W] WF Tl s T e Jilisuir eaily Sy o E=3
Prediction basis : F factors
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Table 5.1.14. HERRING in. Vla{N) Stochastic projections for various F-multiplier
~ constraints for 1999. F in 1998 is assumed equal to F in 1897.

YIELD in 1999

T " Percentiles
B Expected Yield | - 25% 50%{ . 78%
ExpectedF t =~ ¢ b o1 2 R
0.1 7 ee3l - 5231 641 a01|
0.2 coorz291) 0 ast] o 1207 14.95
0.3 - 1814 1387 1674 21.22
ST 0.4/ 227 17.38] - 21.08 26.33
v |Feg=Fe7 ] 3571  25.79 33.05 42.49
. 8SBin 1999 -
g | Percentiles
o S TExnactad S8B 25% 50% 758%
lExpectedF | b
o1l 7633 205 44.03 95.48
0.2| : 73.3| . 18.07|  41.27 91.56
0.3 - 7049 - 158 38.67 88.03
o 04 67.91| * 1421  36.32 84.64
Fog=F97 = | - 60.17 . 9.25| . 29.21 74.72
~ YIELD in 1999
N ' ] Percentiles
o Expected.. . . 25% ' BD% 75%
Yield- i C 8142  19.86 28.88)  39.84
SSB in 1999
. Percentiles
~ Expected - | 25%] 50% - 75%
SSB i 170.32 1478  39.85 95.33

o:\acfm\wgreps\hawg\reports\1998\Sectj-5\T-1-1:4;xls‘ o
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Table 5.2.1  Catches of HERRING from the Firth of Clyde. Spring and autamn- spavwners combined. Catch in tonnes by country, 1955-1995.

Year 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965

Total 4,050 4,848 5,915 4,926 10,530 15,680 10,848 3,989 7.073 14,509 15,096
1966 1967 1968 1969 1570 1971 1972 973 197 1975 1976

Total 9,807 7,929 9,433 10,594 7,763 4,088 4226 4.715 4,061 3,604 - 4,139

Country 15977 1978 1979 1980 1981 1982 1983 1954 1985 oo 1986 1987

Scotland 2,506 2,530 2,991 3,001 3,395 2,895 :

Other UK - 273 247 22 - - '

Unallocated! 262 293 224 . 433 576 278

Discards 1,253 1,265 2,308 1,344 679° 4394

Agreed TAC 3,000 3,000 3,100 3,500

Totat 4,847 3,862 1,951 2,081 2,135 4,021 4,361 5,770 4,800 - 4,650 3,612

Country 1983 1089 1990 1991 1992 1993 1994 1945 1996 1997

Scotland 1,568 2,135 2,184 713 020 852 608 392 508 Kyl

Other UK - - - - - - - - 283 119

Unallocated! 110 208 75 18 - - - - -

Discards 245* 2 2 2 2 2 2 2 - .

Apreed TAC 3,200 3,200 2,600 2,900 2,300 1,000 1,000 1,000 1,000 1,000

Total 1,923 2,343 2,259 731 920 852 608 302 881 490

'Calculated from estimates of weight per box and in some years estimated by-catch in the sprat fishery
Reported to be at a low level, assumed to be zero.

OMAcfia\W greps\Hawg\Reports\1998\Sect-5\T-2-1. Do

*Based on sampling.

*Estimated assuming the same discarding rate as in 1986.
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Year Reported catch No. of No. of fish - No. of fish Discards " -
(tornes) - samples measured aged ‘
1988 1,568 41 5,955 2,574 Based on local
1989 2,135 . 45 8,368 4,152 reports
1990 2.184 37 . 5,926 3,803 " "
1991 713 29 4,312 2,992 " " :
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
1995 392 16 2,727 1,073 No information -
1996 881 9 1,915 679 No information
1997 490 3 383 No information

650
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Table 5.2.3 Clyde HERRING catch in numbers at age. Sprihg- and autumn-spawners combined.
Thousands of fish.

Age{Rings)

1570 1871 1972 1973 1574 1975 1976 1277 1978 1879

1 5008 2207 1351 92139 5308 12694 6194 1041 14123 507
2 7551 6503 8983 5258 8841 1876 10480 7524 1796 48598
3 10338 1976 3181 4548 2817 2483 213 6976 2259 807
4 - 8745 4355 1684 1811 2559 1024 1049 1062 2724 930
5 2306 3432 3007 918 1140 1g72 526 1112 634 588
6 741 1080 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
9 227 225 177 132 87 130 178 146 174 119
9+ 117 181 132 114 59 &7 100 192 236 154

1980 1981 1882 1983 1984 1585 18986 1987 1988 1989

1 333 312 220 314 4156 16389 678 - 508 0 845
2 5633 2372 11311 10109 11829 2951 4574 1376 1062 1523
3 1592 2785 4079 5232 5774 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 E55 587 2654 1847 1383 13189 252
7 125 486 145 415 489 917 Y. 1427 510 l4g
8 48 407 222 1R9 375 £81 287 530 234 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 1995 1996 1997
1 716 42 145 3 399 118 494 275
2 1004 615 411 418 964 1425 1862 2005
3 838 472 483 261 964 186 1185 429
4 7533 703 385 268 358 18% 273 346
5 576 1908 1947 1305 534 149 544 18
6 359 169 333 327 319 130 183 52
7 329 92 91 78 76 66 208 0
8 119 113 69 111 57 35 127 5
9 49 22 32 38 16 15 52 61
9+ 16 9 10 0 17 1 9 *

* change to 9+ in 1997.

OA\Acfm\Wgreps\Hawg\Reports\1998\Sect-5\T-2-3.Doc
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Table 5.2.4 HERRING in the Firth of Clyde. Mean weights at age in the catch and stock (g).

&
-

Age Weight in the catch L Cee : S
(rings) 1970-81  1982-85 1986 1987 1988 1980 1990 1991 1992 1993 1994 1995 = 1996 1997 ©

1 - - - - - - - - - - 102 90 112
2 225 149 166 149 156 149 170 143 141 141 92 151 146 142

3 270 187 199 194 194 174 186 163 - 187 174 157 174 184 174
4 290 . 228 224 203 207 203 202 188 - 188. . 198 . 184 201 203 .192
5 310 . 253 253 0217 211 221 216 192 216 213 . 212 226 233 231
6 328 2712 265 225 222 227 237 198 227 216 249 241 255 228
7 340 - 307 297 2% 230 235 234 210 206 229 248 249 257 189
8 345 . 291 298 247 235 237 . 234 0 222 218 261 240 252 255 286
9 350 ¢ 300 - 298 - 255 244 219 257 200 201 0233 249 242 284 218
10+ 350 300 321  258. 230 254 272 203 221 254 204 270 239 %

* change to 9+ in 1997

OMACFMA\WGREPS\HAWG\REPOR TS\ 998\SECT-5\T-2-4.DOC25/03/98




Table 5.2.5. Catch per unit effort 'o:n Clyde Herring 1974 to 1997, catch, Scottish Pair Effort.
Pair days absense, raised pair effort (by additional non-pair catch) and estimated CPUE

- Pair Effort Raised Pair Effort - . CPUE"

Year Catch

1974 4061 3376 3376 1.20
1975 3664 3209 3209 1.14
1976 4139 3016 3016 1.37
1977 4847 4186 4186 1.16
1978 3862 4379 4379 0.88
1979 1951 2033 2933 0.67
1980 2081 1982 1982 1.05
1981 2135 1529 1529 1.40
1982 4021 1755 1755 . 229
1983 4361 1644 1644 2.65
1984 5770 1401 1401 412
1985 4800 1688 1688 2.84
1986 4650 1375 1375 3.38
1987 3612 850 998 3.62
1988 1923 540 626 3.07
1989 2343 582 639 3.67
1990 2259 388 429 527
1991 731 169 254 2.88
1992 929 37 165 5.63
1993 852 194 224 3,80
1594 608 104 111 548 -
1995 392 79 89 4.40
1996 881 32 127 6.94
1997 490 12 36 13.60

| OAAChTWreps\Hawg Reports\1998\Sect-5\T-2-5.Doc
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offshore freezer-trawler fishery.

o igure 5.1.1. Comparison of age-structures (proportion of fish by nu_mbe'r in
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Figure 5.1.2 Comparison of estimates of fishing mortality at age 4 in 1997 (square markers and error
bars}, and spawning stock size (Round markers} excluding either or both (1) catches reported between
4°W and 5°W; (2) Acoustic survey estimates in 1997.
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Figure 5.1.3. Comparison of estimates of fishing mortality at age 4 in 1997 (Square markers
and error bars) and spawning stock size (Round markers) inferred using each of four
treatments of the acoustic surveys. (1) Age-disaggregated, exciuding 1993 outlier; (2) Age-
disaggregated, all observations. (3) Age-aggregated, including 1993 outlier (4) Age-

aggregated, excudes 1993 outiier.
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Figure 5.1.4 Values of fishing mortality in 1997 {ages 3 to 6)
drawn from the MCMC process at intervals of 400 iterations.
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Figure 5.1.5. Herring in VIa(N). Results of stochastic assessment. Summary of estimates of landings, mean
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Figure 5.1.7. Herring in VIa(N). Results of deterministic assessment. Summary of estimates of landings, fishing
mortality at age 4, recruitment at age 1, stock size on 1 January and spawning stock size at spawning time.
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6 HERRING IN DIVISIONS VIA (SOUTH) AND VIIB,C
6.1 . The fishery
6.1.1 Advice and management applicable to 1997 and 1998

The TAC for this area for 1997 was 28,000 t. This was a precautionary TAC and was the same as that set each year
since. 1992, The total catch estimated by the Working Group to have been taken from the stock during 1997 was
approximately 27,200. This catch was approximately 5,000 lower than that recorded for 1996 and was at about the same
level as that for 1995. The 1997 catch was about the lowest recorded from this fishery since 1986. There has been
considerable lrusreportmg of catches in this area and the total caich recorded from the area has probably been much
IUW';I Llldll l[le dL«l.Udi L-d.LL«Il I.dl&l:[l 11Ulli llll: blUbl\ . .

KBCEHI WO[KIDg Ul'Ul.l.pb have noi Ld.lTlGU ULll. any d]'ldlyl.l(.adl assessments for this stock but have bUggUblUU that the blUL-l\ ’

has declined in récent years and that the size of the stock is not known. The 1996 Working Group stated that, because of
the extremely high catching power of the pelagic fleet in this area and because of the ability to quickly change the target

species, a cautious management should be adopted for this fishery. In 1997 ACEM carried out an assessment of the -

stock and, assuming that there has been no-trend in fishing morfality in recent years, adwqecl that catches in 1998 should
not exceed 25,000 t. The TAC subsequently set by the EU was again set at 28,000 t. :

612 Catch data

The main landmgs in 1997 from this fishery were agam taken by Ireland who took over 95 % of the total allocated E

catches {Table 6 1.}

Tlte-tntal amnunt.n-f unﬁlldcated caiches in 1997 was 700 t. This was composed of 4 combination of misreported catéhes

both into and out of the area - with one fleet taking catches in this area and reporting them as having been taken in

Division VIa North and another fleet taking catches in the North Sea and reporting them as having been. taken in

Division VIa § of VIIb. The amount of catches taken from this area but reporied as having been taken in the ad_101nmg

area Division VIaN decreased during 1997.

The total international catches, from Sub- -areas VI and VII per statistical rectangle based on log book data, but not
corrected for ¢ rmsreportmg are shown in Figures 4.2.1:a- d

The catcheé and landings taken by-each country. fishing in this area from 19881997 are shown in Tuble 6.1.1 and;the
total catches from 1970:are shown in Figure 6.1.1. There were no estimates of discards reported from 1996 but there are
no. indications that 'di'scarding is a major problem in this fishery even though substantial catches in recent years have
been taken in a “roe” fishery. The catches for 1997 are prehmmary It has not been found necessary to make any
alterations to the 1996 data. : : E

6.1.3 The fishery in 1997

Reports from the Irish t1shery in this-area in recent years have suggested that herring shoals have been very scarce, -

partlcularly in U1v1s1on V1ib. As has been the. patiern in recent years, catches from the first quarter of 1997 taken from
the northern part of Division Via{Souih) 'cumameu suustanum amoudiis of . full and spawning fish. In 1997 tnese fish
amounted to over 90 % of the total catch in the first quarter and had a typical winter/spring vertebral count of 56.87,

compared with a vertebral count of 56.51 for full and spawning fish during Quarter 4. Recent Herring Working Groups

have commented on the increasing numbers of winter/spring spawning fishi which have appeared in the catches from this

area in recent years and this pattern has been maintained in the eatlv part of 1998. Herring shoals again appeared to be
very scarce on the trad1tlcnal autumn spawning Erounds in Division VHb in 1997, The main landings by the Insh ﬂeet
were taken during Quarter 4 when over 60 % of the total catch was landed.

The decrease in the landmgs in 1997 was due oa combmatlon of very poor markets which prevalled clurmg the year
and also because of a scarcity of shoals parttcularly during the third and fourth quarters.

Laﬁdines by the Irish fleet in 1997 were again. regulated by weekly quotas and a closed season was introduced during

June and July: This closed season is designed to prevent landmgs of herrings at a time when marketmg difficulties. are

usually experienced.
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6.1.4° - Catch in numbers at age

The catches at age for this fishery since’ ,_1'-970"'_&'r_§ shown in Table 6.1.2. In recent years the catches in numbers at age
have been derived mainly from Irish sampling data; The catches during 1997 wefe mainly dominated by 2 w.ring fish
, the 1994 year class which constituted over 34 % -of - the total number. This year class appeared to recruit to the

thm-u during tha fonurth ouarter and wac narticularly annarent intha catchers taken in Mhvicion VIaS. The 1002 vear
AAShLWE UUAAIAE R 1% LN LLY Llul-l.l!.ul L YYD l}ul.!.].\.«ulul IJ uk}t}l.l.lulll. BIE LBl wlllb iy LAl LIF AL Y LIJLWAIN ¥ ALCELY, Al 1o Juul
class, which dominated the catches during 1996, constituted 23 % of the 1997 catches

6.1.5 Quality of the catch and biological data

Catch statistics f om this fishery are believed to have 1mproved considerably in 1997 and there was tight management of
the fishery. Misr pe.ting of catches taken in Division VIa (North) to the arhmq!ng Division Vla (South) decreased . in
1997 and it was possible to re-allocate these can‘hes based on information from fishermen.

The numbers of samples 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. Sampling of catches throughout 1997 increased and was
~ considered satisfactory.

6.2 Mean Weights at Age
The mean weights. {g) at age in the catches in 1997 are based mainly on Irish samples, together with three Dutch
samples. The mean weights from 1970-1997 are shown in Table 6.2.1. The mean weights in 1997 are rather similar to
those of 1996,

The 1997 mean weights at age for the stock at spawning time (1 October) are based on Irish samples of full fish taken
during the fourth Quarter. The mean weights from 1970-1997 are shown in Table 6.2.2 and appear to have decreased
slightly in recent years. These mean weights are calculated for Quarter 4 but it may be more appropriate to calculate
thern based on a combination of both Quarter 4 and Quarter 1 because of the increasing catches of spawning fish in the
latter quarter. These revised mean weights over a number of years should be presented at the next meeting of the
Working: Group :

6.3 Ground fish Surveys

Ground fish surveys have been carried out during November along the west coast of Freland from 1993 to 1997. More
than 60 stations-have been sampled each year with a bottom trawl fitted with fine mesh liner. Although these surveys are
designed to obtain an abundance index for demersal fish it is hoped that they will also prowde recruitment indices for
herring. However, the data has not yet been properly evaluated.

6.4 Stock Surveys

No acoustic surveys have been carried out on this stock in 1997 and there is no fishery independent method of -stock
assessment.

It is important, however, that acoustic surveys should be resumed because at present there is no other method of
assessing the stock size and no basis for providing accurate management advice, As pointed out in the previous report
herring fisheries are extremely important to the local communities along the Irish coast and there is an extremely high
catching capacity of the fleet in the area. The stock appears to have seriously declined in recent years and catches may
need to be substantially reduced.

Analytical assessments have not been carried out on this stock for a number of years because of the absence of survey
data. Recent Working Groups have therefore only carried out VPA analyses to study the development of the stock and

no stock projections have been made. The results of those analyses have indicated that the stock has decreased in recent
vears froma h19’h level in 1988 This hurh level was as a resnlt of the rP{‘rlnthr!t of the' pvrpnrlnnn"u strong 1085 vaar

lass which dommated the catches mn th1s area for a long period.
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the catches may give an indication of the state of the stock. This "“E.“'Sl" carried out by ACFM and assuming no trend

To determine if it was possible to estimate a sensible fishing mortality for the last few years using only information from
the catch data sensitivity tests were carried out. The cho:ce of terminal F on the result of a model assummg separable :
fishing mortalities. was mvestlgated -

A range of terminal F's from 0.1 to ] 0} were uv.ed Catches were calculated and cnmnared to the nbs‘.erved catcheq The
problem to be solved was: :

: ) n 9 . " |
mmlmlsmg Z z (]-n( q: ‘I C_\_'g’))z w[ !

y=1 i=1
-(A:',.,‘r_is the éalculated Cateh of ageiinyear vy,

C, is the observed caich and W, is an age weight between O and 1.

optimisation. In ﬁost_cases_'dso 't_l,ll’:nedel.:lt to be sli'ght'ly'higher ;haﬁ age 2.

The tests were made with downwelghtmg of the catches of age 1 and age 2 and also w1thout dowuwenghtmg of those
ages.

With downweighting w, = 0.01, w, = 0.1, w; = 1for other ages.
Without _deWhvreighting w, = 1 for all ages.
The downweighting was carried out beeau_se of uncertainty in the catch data of the youngest age groups.

Flcrure 6:5.1 shows the ratio between the catches in successive years along the cohorts. From age 3 there is a remarkable
decrease in the catches from 1996 to 1997 Cye / Cyy = 2 for many ages,'and even higher for age. 7 and 8.

The _separah!e model for ‘the last 10 years shows the same tendencv both with- and without downwelghtmg of the
youngest.’ Figlires 6. 5.2 ‘and 6.5.3 both: show that recruitment:and survivors at 1 January 98" depend hcavﬂy on’: the
terminal F-value selected, There also appears to be a threshold termmal E, which suggests that if terminal F is 1ncreased

above O 5 0. 6 no dramatic chanoe in correspondmg recrmtment esumates are seen.

Without downWeighting the tendency that survivors and recruitment estimate increases with decreasing terminal F is
stronger, but thf: main tesults are similar. The conclusion is either

1. there has been very good recruitment (far above the average) for the last few years or
2. there have been a con51derable increase m F for the most recent years, so that Fin 1997 may be 0 6 or, hlgher

The: most plaus1ble result is that there has been a dramauc increase in ﬁshmg mortality on the stock i In the most recent
years. This is consistent with the reports from the fishery in 1997 when fishermen reported a severe scarc1ty of herrmg
pamcularly in the autumn spawning component which-is found mainly in Division VIIb. However, this scarcity is not
evident in the winter/spring component in the northern part of Division VIaS which is explmted mainly in the first
quarter.
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In the absence of any information on present stock size it was decided to adoptthe procedure of recent working groups
and o carry oui a series of separable YFASs in order io siudy ihe deveiopmeni of ihe siock This analysis was carried oui
using the updated catch data and a termma] selection § value of 1.0 and down welghted prior to 1990 to 0.001. Age 4
was taken as reference age, : :

‘The terminal populations from the separable VPA were then used to carry out traditional VPAs using input F values =,
0:4, 0.5 and 0.6. These values were selected to reflect the likelihood that fishing mortality-has increased 51gn1ﬁcant1y on
the'stock and:that it:may be as high as 0.6 as indicated in the age structure analysis.

pnenlfe from Accacemente

AaiSaaaasy aa s SaSSe b it an e

The results from the'tradi'ﬁ_onal VPA, using Fiin 1997=0.6 are shown in Tables 6.5.1 and are summarised in Table 6.5.2.
These ‘indicate that over the period 19701996 the spawning stock was at its maximum level in 1988 and has since
declined steadily each year. The very large value of SSB in 1988 of over 313,000 t is the result of the very high 1985
year class which was the strongest recruitment observed over the time series. The SSB estimated for 1997 has been
reduced to 58,000 t and this is the lowest value ever recorded. The general trends emerging from the analysis are similar
with those highlighted by recent working groups. The development of the stock, estimates as a result of using the
different values if input F=0.4, 0.5 and (.6 in 1997 is shown in Figure 6.5.4.

Although this analyms must be treated with caution it does indicate a seriously low stock size in the area and this is
consistent with. observations from fishermen in 1997,

There are no indications from the analysis of any high recruitment values in recent years although there are considerable
numbers of 1 w.ring fish in the 1997 catches (i.e the 1995 year class).

6.6 Stpck Forecasts and Cat_ch Predi_ctions

Although the size of the stock is by no means certain and must be treated with caution a prediction was carried out under
the following assumptions.

The SSB in 1997 was about 58.000 t. Population numbers at 1 January were taken from the output of the SVPA, The
recruitment was taken as the geometric mean over the period 1986 to 1996. Mean weights in the stock and the catches
were taken as the average of the last five years. The number of 2 w. ring fish in the population at 1 January, which was
generated by the catches of 1 w. ring fish in 1557 was repiaced by the geometric mean over the period 1986 1o i986.

If catches in 1998 are around 27,000 t i.e at an ¥ level equal to that of 1997 then the SSB in 1997 will have failen
slightly to 57,000 t. A continuation of this fishing level in 1999 will produce catches of about 25,000 t and the SSB will
fall below 54,000t.

If the TAC of 28,000 t is taken in 1998 then the 55B will fall to 56,000 i. A similar TAC in 1999 will lead 1o a decrease
AF thn, Q@O0 ¢ ohaaet SO0 0ONN +
Ul Ui DL LY LAULLL DU, UG L

It must be stressed that these predictions are based on a very uncertain assessment but they do indicate a serious
decrease in the stock.

The input data, used in the predictions and the results are shown in Tables 6.6.1 to 6.6.3. The input data and the yields
per recruit summary are shown in Tables 6.6.4 and 6.6.5 and in Figure 6.6.1.
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6.7 . . .- Managemeni Consideraiions
Precautionary approach

he spawning stock has declined consnderably in recent
— £ .

P DI RSP S SO SUONUTE TR T S S T AL SR S~ SUNY .-t A T
yiars and 15 -nag at a con [Jd[d.tlvt'.ly 1OW IEBVEL T3 18 COnsisient with ‘observaiions iroimn llbllcl LIS WIIU 1 TeCClIl yours
hawva avnraccad alaeme ot tha canrnity AF haeeines fn thic anna Thaera han hoas wa oodeotomtial sadenifemset fa fhal giaale do
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recent years and Ine very strong (Y82 year ciasg nas now reacned the end of 15 natural [1I8span. 1 0¢ scarcity of nerring

1085
may be due-to.a combination of the decline in.stock accentuated by a more northerly distribution. of the stock. in recent .

years. It.is also-interesting ‘to note the increasing importance of winter/spring spawning fish in this area. The pld
traditional fisheries in this area, which were extremely important in the iearly part of the century, were all based -on
winter/spring spawning herring.

Precautionary reference points. The precautionary reference points in relation to this stock are discussed in Section

1.6. It is clear that recruitment does not show any clear dependence on the SSB and that apart from the very high, 1985
year class: has been quite stable. The suggested Floss value is about 0.33 and the Fpa may be about 0.20.- The present
analysis, 1 uncertain though it is, indicates that the stock i is well below the Bpa and that the fishing mortahty is well above
the Fpa.. :

68 .. Medium Term Projections and Management considerations.

It has not been possible to carry out medium term projections for this stock because of the absence of information. It

appears necessary -that urgent- management measures are required to reduce the catches as soon -as possible to below -

20,000 t. More specific advice will not be possible until more information becomes available. on stock sizes, In this
respect it is important that the following investigations shouid be carried out: -

Acoustlc surveys should be resumed as soon as possible; : R O

2. An evaluation of the age composition of the autumn and winter/ spring spawmng components should be carned out
separately to examine if both components are declining at the same rates;

3. Revised mean weights of the stock at spawmng time should be presented because of the i mcreasmg 1mp0rtance of the

‘l)lﬂl‘ﬂl‘[cﬁl‘lnﬂ' Q'I'I'}I‘llnlﬂﬁ' camnoaneant
Mkttt -ub CISEAL R H L St L
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Table 6.1.1

" Estimated Hemﬂg catches in tonmes in Dwismns VIa (South) and VIIb,c, 1986-
“ 1996, ’T'hese figures do not in all cases corresnond ta the ofﬁmal statistics and
cannot be used for manaﬂement DUIpOSeES.

1 . .
Provisional -

OMCFM\WGREPS\HAWG\REPORTS\I99B\SECT-5\T-1-1.DOC  15/04/58

Country 1986 1987 1988 1989 . 1990 1991
France - - - - - + -
Germany, Fed. Rep - - - - - -
Ireland - 15,540 15,000 15,000 18,200 25,000 22,500
Netherlands 1,550 1,550 300 2,900 2,533 600
UK (N.Ireland) - - 5 Co- - R0 -
| UK (England + Wales) - 51 - - - -
UK Sc_ouanu - - - + - +
Unallocated 11,785 31,994 13,800 7,100 13,826 11,200
Total landings 28,785 48,600 29,100 128,200 41,439 34,300
Discards - - . 1,000 2,530 3,400
Total catch 28,785 48,600 29,100 $29,200 43,969 37,700
Country 1992 1993 1994 1995 1996' 1997
France - - - - - -
Germany, Fed.Rep. 250 - - 11 -
ireiand 26,000 27,600 24,400 25,450 23,800 24,400
Netherlands 900 2,500 2,500 1,207 1,800 3,400
UK (N.Ireland) - - - - -
UK (England + Wales) - - 50 24 -
UK (Scotland) - 200 - - -
Unallocated 4,600 6,250 6,250 1,100 6,900 -700
_ Total landin 31,750 36,550 33,200 27,792 32,500 27,100
Discards Clon 250 700 . - - .50
Total catch 31,850 36,800 33,900 27,792 32,500 27,150
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Table 6.1.2

The SAS System - - 1202 Tuesday, March 17
HER- IRLH- Herrmg Hest of Ireland & Porcupme Bank (F\shlng Area VIa South)

CANUM: Catch in Numbers (Total lnterna-tmnal Catch) (Total) (Thousands)

Year Age O ' Age 1 Age 2 Age 3 Age & Age 5 Age 6 Age 7 Age B Age 9
1970 0 135 35116 26007 13243 3895 40181 - 2982 1667 1911
1971 i 883 6177 . 7038 10856 8826 3938 - 40553 2286 2160: i
wr2 o T 28786 20834 - 4191 11145 10057 -+ 4243 - 47182 4305
1973 46 &423 . 40350 47389 - 16853 7432 12383 9191 1969 50980: -
1974 0 - 3374 29406 - 41116 44579 17857 8882 10901 10272 30549 .
1975 %4 7360~ 41308 25117 299 23718 10703 . 5909 9178 © 22029
1976 . 823 16613 29011 ¢ 37512 . 26544 25317 15000 5208 3506 15703
1977 . a 4485 54512 . 13396 . 17176 12209 9924 - 5534 1360 4150
1978 82 10170 . 40320 27079 13308 10685 5354 4270 3638 33
1979 4 5919 50071 19161 19969 “9349 8422 5443 4423 4090 -
1980 -0 2856 40058 64946 . 25140 22126 7748 6946 4344 5334
1981 0 1620 22265 41794 31460 12812 12746 3461 2735 . 15220
1982 4 748 - 18138 17004 28220 18280 B121 4089 3240 . 2875 .
1983 0. 1517 43688 - 49534 25316 31782 18320 6695 3329 w23
1984 -0 2794 81481 28660 17854 ‘TS0 - 12836 5974 2008 - 4020
1985 0 9606 15143 - 67355 12756 11244 7638 9185 7587 2168
1986 o - 918 27110 24818 66383 14644 7988 5696 5422 . 2127
1987 0 12149 44160 20213 41504 99222 15226 12639 6082 10187
1988 0 b 29135 46300 41008 - 23381 45692 6946 2482 1964
1989 g J2241 4910 78842 26149 21481 15008 24917 4213 3036
1990 0 . B78 24977 19500 151578 24362 20164 16314 8184 1130
1991 o 675 34437 27810 12420 - 100444 17921 14865 11311 7660
1992 S0 259z i55i¥ 42532 24839 12585 73307 8515 8203 5286
1993 0. 19 20562 © 22666 41967 | 23379 13547 67265 7671 6013
1994 0 11709 56156 ¢ 31225 16877 21772 13844 - BS97 31729 10093
1995 0 284 34471 35414 18617 19133 16081 5749 8585 14215
1996 43 4776 26424 69307 31128 9842 15314, 8158 12483 - 6472 .,
1997 0 . 7458 546329 25946 38742 14583 5977 8351 3418 - 4264
Table 6.1.3  Divisions Vla (boutn) and ‘VIIb, Sampling intensity of catches in 1997.
‘Country Q Catch]l Nb. of No.ofage No.offish Agedper Estimateof ..
samples  readings measured 1000 t. discards
Ireland 1 6,333 20 889 3,321 - 140 No
2 260 2 50 ' 50 191 No
3 1,778 11 456 - 2,452 256 No
4 . 18,601 20 838 = 3493 45 No
Netherlands 1,3 3,432 3 75 334 22 Yes

'including Division VIa (North).

1993'




Table 6.1.4  Divisions Via and VIib. Length distributions of Irish catches (pelagic trawlers) per
: quarter (10°) in 1997. -

Length- .. 1" quarter 2™ quarter . 3“’_:q1_1';1_rtef _ - 4™ quarter

18.0 . : B 5
18.5 5 _ ' : 9
90.. : | 28
19.5 - : ' 23 32
20.0 110 32
20.5 257 130
21.0 ii 380 712
21.5 23 380 1036
22.0 91 385 1878
225 125 243 1166
23.0 - 307 316 846
23.5 295 : 69 280 2656
24.0 - 488 o 69 724 6089
24.5 _ 761 ' 69 - 843 8388
25.0 o 1624 ' 346 1137 13828
25.5 : 919 346 880 . 11529
26.0 2714 450 880 8711
26.5 2612 311 642 6444
27.0 3725 35 623 6801
27.5 4055 35 614 6347
28.0 5236 706 9003
28.5 3589 454 7352
29.0 3486 477 7708
29.5 2260 298 5376
30.0 1817 307 3660
30.5 920 170 1619
31.0 647 41 486
31.5 273 9 65
32.0 238 5 194
2.5 136 9
13.0 114 5 32
33.5 136
34.0 45
345 57
350 1t

~ Total - 37720 1730 11239 © 112960

~ Tonnes | 6300 ' 260 1800 18600

O;\ACFNI\WGREPS\HAWG\REPORTS\I QOB\SECT-6\T-1-4.D0OC  25/03/98
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Table 6.2.1

1970 0.010
971 0.010
1972 0.010
1973 0.010
1974 0,010 .
1975 0.010
1976 0.010
1977 0.010
i¥78 §.010
1979 0.010
1980 0.010
1981 0.010
1982 0.010
1983 -1.000
1984 -1.000
1988 -1.000
1986 -1.000
1987 -1.000
768 -1.000
1989 -1.000
1990 -1.000
19M -1.000
1992 -1.000:
1993 -1.000
1994 =1.000-
1995 -1.000
1996 .
1997 .
Table 6.2.2
Year Age O
1970 0,010
19N 0.010
1972 0.040
1973 n.o1n
1974 0.010
1975 0.010
1976 0.010
1977 0.010
1978 0.010
1979 0.010
1980 0.010
1981 0.010
1982 0.010
1983 0.010
1984 0.010
1985 -1.000
1988 -1.000
1987 =1.000"
1988 ~1.000
1767 =1.000
~1990 -1.000.
1991 -1.000
1992 -1.000
1993 -1.000
1994 -1.000.
21995 -1.000
1994 . .
1997 .

HER-IRLW: Herring West of Irel

The SAS System

and & Porcupine Bank (Fishin

g Area VIa Sou

2:02. Tues
t

— O3

h

WECA; Mean Weight in Catch (Total Intermational Catch} (Tatal) (Kilograms)

Aga 1 Sae 2
0.110 0.12
3.110 g.12
0.110 a.12
0.110 0.12
0.110 0.12
a.110 0.12
0.110 0.12
p.110 0.12
g.112 0.129
0.110 0.129
0.110 0.129
g.110 0.129
0.110 ©0.129
0.0%0 0.129
0.106 0.141
0077 0.122
0.0%5 0.138
0.085 0.102
-1.000 0,008
0.080 0.130
0.094 0.138
0.089 0.134
0.095 0.141
g.112 0.138
0.081 0.141
0.080 0.140
0,085 0.135

O 0 0 0 W0« D D QO

Age ﬁ

€ O 000000

P G- e G 4

P e

OO ooOoOCO D0
w '] .
0
-

" The SAS System

hge S

wu

Age 7 Age 8
0.231 0.237
0.231 0.237
0.231 0.237
0.2} 0.237
0.231 0.237
0.231 0.237
0.231 0.237
4,221 0.237
0.231 Q0.237
0.231 0.237
5.231 0.237
0.231 . D.237
9.2 0.237
0.231 0.237
0.243 0.247
0.212 0.225
0.239 0.2U8
0,205 n.215
0.183 0.191
0.192 0.193
0.194 0.208
0.1%9 0.207
0.180 0.194
0.196 .0.229
0.1 0.204
0.194 0.206
0.220 0.233
9.217 0.231

1

HER-IRLW: Herring West of Ireland & Porcupine Bank (Fishing:Area vla Sou

. HEEBT:

Mean Weight in Stock (Total Intermational Catch) (Total) ¢Kilograms)
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Table 6.5.1
Title : Herring VIa Scuth {(run: SEPJMZ1/S21

At 15-Mar-98 13:03:09
Separable analysis

from 1970 to 1997 -on ages
with Terminal F of

1t 8

Initial sum of qnunrnd rociduals wae ]

2
final sum of squared residuals is 7

.
1.

Matrix of Re;iduals

058
280

)

Tal

[

.éﬂﬂ on age 4 and Terminal $ of 1.000

|a!
after 112 iterations

Years,
Ages
1/ 2, -.887, -.045, -.365, 1.867,
2/ 3, 1.733, -.552,-'- 020,‘ .470,
3/ 4, b2, 291,00 0199, 0 L04T,
4 5, -.025, .039,---_230 -.172,
5/ 8, -,323, - .051, -.087,- -.180,
6f 7, -.576, 141, 20137, -1,
7/ 8, 042, .18, 879, -.014,
ror .01, .pe1,” C.oo1,. Loot,
Wrs .001_ .0o1, .001,  .001,
Years, 1977/78,1978/79, 1979780, 1980/81,
1/ 2, .805, 1.478, 1.397, .6%4,
2/ 3, .422; . .955, .18, -.1B4,
I 4, -.569, .031, -.335, .07%,
4/ 5, -.207, -.023, -.268, -.084,
© 56, 262, ~-.021, .13?, -.086,
6/ 7, .029, . -.523, -.099, -.089,
778,  -.044, -.199, 272, .35,
ot , ogz, ooz, ogi,  .00f,
uTsS 001, .001,  .001, .00,
Years, 1987/83 1988/89 1989/90 1990/91
142, 1.700, -3, 352, . .937,  -.425,
2/ 3, -.33%, ~-.835," =,525, " ..083,
374, -.167, .266. -.611, . 160,
Ly B, - 313, [24n, 017, 020,
5/ 6, .010, .158, .135, .031,
& 7, -.237, .066, -.26B, -.220,
7/ 3, 9560, W303, 1.266, .185,
TOT , .oo, ' .000, ,000, .000,
WTS , 001, 001, 001, .0a1
Fishing Mortalities (F)
. 1970, 197, 1972, 1973,
fF-values, .1723,  .1517, .2244, .3038,
,  i¥78, %7, iseu, 1981,
F-values, .2696, .279%, .3767, .2831,
. 1588, 1989, 1990, 1991,
F-values, - .2038, -.1904, - .2592, .2608,
Selectipn-at-age'(S)'
. Ay 2, 3 &,
S-values,  ,0111,. 4879, ,9025, 1.0000,

1970/71,1971/72, 1972/ 73,1973/ 74, 1976/75,1975/76, 1976/ 77,

542,
281,
-.0%0,
.091,
. 088,
'9358;
-.166,

nn1

.001,

1981/82,1982/83, 1983/84,1984/85,1985/86, 1985/87,

.379,
.212,

- 18N

iy

-.104,
.07,

.35,
-.369,

001,
.oot,

1991/92,1992/93, 1993/94,1994/95,1995/96,1996/97,

-.0&1,
.007,
-.229,
-.379,
.085,
244,
LG40,

.000,

001,

1974,
4497,

1982,
.2198,

1992,
2708,

.9559,

1.746,

AN
ey,

- 447,
-.356,
.073,
.098,
.222,
nonT

.001,

-.591,
-.389,

- 2E0
by ==

-.07%,
L151,
. 108,
.453,

001,

01,

[ Cl

1975,
L4765,

1983,
.3470,

1993,
3730,

1.0315,

1.553,
-.178,
-.297,
-.015,
-.210,

.503,

nnz

wwiny

.00,

-1.586,
-.041,

nen
- U,

91,
-.039,
-.084,

.357,

007,

1976,

.5511,

1984,
1797,

1994,

.3955, -

.8580,

1.300,
.365,

534
A dnT,

.077,
-.327,
-.185,

-.417,

Lo,
01,

a
[=] C!

1977,
L3410,

83,
6T,

1995,
4074,

1.0000,

2.041,
-.229,
-.177,
-.430,

.168,
-.132,

[ )

0q,
a1
a1,

, -1.131,

-.327,

i¥Ba,
.1704,

1996,
.5823,

442,

.95,
.251,

.523,

.a7a,

1987,

.3281,

1997,
.60400,

WS,

13,
.305,

.562,
AQT

==

1.000,
.703,
.355,
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Run title : Herring Vla. South (run: SEPUM21/521)
At 15-Mar-98 18:03:13
Traditioral vpa Terminal populations. from weighted Separable populations

Fishing mortality residuals

YEAR, 970, 971, 1972, 1973, 1974, - 1975, 1976, 1977,
AGE : , , Lo . - .

1, -.00t4,  .0000, -.0004, .0154, 0039, .0227, .D314,  .0081,
2, .2885, -.0262,  .0053, .0371, -.0308,  .0103, -.0186, ~.0808,
3, 0759, -.0122, .0316, .0231, -.0960,. -:1710, ~-.1104, -.1220,
4, -.0084, -.0141, -.0781, -.0128, .0270,: -.1189, -.0988, -.0497,
5, -.0214, --.0043, -.0346, -,0542, .0718," -.0105, = .0034, ..0179,
6, -.0489,  .0324, -.0205, -.0364, -.0362, .0730, -.0715, - .0097,
7. o028,  .0384, - 0916, 0180, -.0145, .0890, .05%s,  .3125,
8,

-.0001, -.0035, .0406, -.1190, .0334, .0801, -.0174, -.1185,-

- Fishing mortality résiduals.

YEAR, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987,

AGE _ o : : ' : : -
1, .0119,  .004%, .0041, .0005, -.0008, -.0028, .0025, .0111, -.0003, .0021,
2, .1068, = .0223, -.0514, -.0007, -.0228, .039%, .0238, -.0320, -.0074, .0O041,
3, -.0201, -.0723, -.0019, -.0448, -.0419, .0552, .0569, -.0170, -.0403, .0585,
4, -.0003, -.0380, -.0176, -.0250, -.0158, 0001, .0281, -.0315, .0094, -.0618,
5, .0069; - -.0047, 0474, - .0084, -.0004, -.0014, -.0319, .0151, . .0412, =..0794,"
&, -.0560, .0176, -.0476, .0941, .0289, -.0594, .0070, .0210, -.0M29, -.0372,
7. .0010; - .0870, .0720, -.0188, -.0054, 0104, -.0200, ~.0399, ~ .0475,  .0881,
8,

.0303, © .0754, .0405,  -.0459, .0819, -.1476," -.0520, - .0574,. -.0296, -.0376,

Run title : Herring V¥la South {run: SEPJM21/821)
At 15-Mar-98 18:03:13
Traditional vpa Terminat populations from weighted Sebarable populatidns

Fiéhjng mortality residuals

YEAR, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997,
AGE Lo e I o - o I
1, -.0023, .0029, -.0012, -.0008, .0070, -.0036, .0182, -.0030, .0030,  .0000,
2, -.0717, ' -.0486, -.0093, .0160, -.0326, =.0103,  .1209, :-.0554; . .009%, . -.0440, -
3, [0913," -.0687, -.0550, -.0392, 0358, -.1180, ~.0970, ..0032, -.0198, .0828, . . -
4, L0893, .0436,  .0199, -.1036,  .0082, .0915, -.1572, .1031, .0330, -.0387,
5, 0161, .0377, .0688, .0188, -.0478, .0140, .0361, .0211, -,0637, 008, i
8, 0712, -.0141, .0267, .0915, .00S7, -.0566, -.084, . .1218, -.0059, -.0813,
7. .0204, .0548; .0521, .1027, 0273, .0B66, -.0213, -.1390, .0170, .1573,
8,

-.1015, -.0342, -.1665, - .0164, -.0023, +.0245, -.0919, ~-.1246;  .2354, -.2238, - .:
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Zun title : Herring Yi1a South {run: SEPIM21s521)

At 15-Mar-98 18:03:41

Traditional vpa Terminal popelations from weighted Separable populations

Tabie B Fishing mortality (F} at age
YEAR, 1970, 1971, 1972, 1973,
AGE - -
1, .0005,  .0017, .0021, .0188,
2, 3726, 0478, - .1148,  .1853,
3, 234, 1247, L2342, 2972,
4, 1640, L1356, (1462,  .2909,
5, L1633, L1607, 1799, L2342,
&, L1289, . 1889, - .2110, .2749,
7, 1506, .1665, .2842; - .2706,
g, L1723, L1482, L2450, - .1B48,
+gp, 1723, L1482, .2650,° .1848, -
FBAR 3- 6, 1669, L1475, .1928,  .274B,
Table 8 Fishing mortality (F) at age
YEAR, 1978, 1972, 1980, 1981,
‘AGE ‘ S .
1, .0149,  .0092,° ©.0083,  -.0036,
2, L2383, .1588, .1324; @ 1374,
3, .2232; 1804, 3381, .2107,
&, C L2893,  .E419, L3591, 2580,
5, 2646, L2743, L4075,  .2790,
8, 2221, 3063, .3410, .3861,
7. .2323, .37, 3951, .2241,
8, 2999, .3553, . L4171, .2372,
+gp, 2999, .3553, 4171,  .2372,
FBAR 3- &, 2448, .2507, 3414,  .2835,

Run title : Herring Via South {run: SEPJM21/521)

At 15-Mar-98 1B:03:41

Tarminal msess

Terminal populati

-

Fishing mortality

{F) at age

YEAR, 1988, 1989, 1990, 199,
AGE o o

-1, .Qoao, L0050, .0017, 8021,

2, 0278, (0443, 1172, L1432,

3, 2752, 032, . 1790, L1961,

4, 22931, 2341, 2791, L1572,

- CSowena, L2198, - L3166, 0 L2681,

-4, - .2815, . 1823,  .2941, 3605,

7, : 9583, L2182 274G, . L3264,

8, 10240000 15682, 0 L0928, 0 L2772,

+gp, L1024, 1562, 0928, L2772,

FBAR 3- &, 2652, . 1848, 25672, L2455,

1974
A

0089,
.1886,
3099,
4767,
5017,
4276,

3713,

ARZTI

R HRISAD

4832,
.4290,

.0100;
0995,
. .2802,
2791,
12111,
.2850,

1975
1245,

.0280,
2427,
L2591,

.3576,

L4450, -
5645, -
4978,

EELL-
3565,

5566,
L4066,

.0005,
717,
L2186,
4645,

- .3706,

.25%96,

. 2686,
. 2686,
.2639,

.3282,
L4067,

- 3485,

.3485,
.3455,

1974, 1977,

.0375, - .0118,

1994, 1995,
L0226, . 0015,
3229, 1434,
L4539, . 3708,
2383, .5104,
4142, L4105,
3416, . 5420,
3181, ©  .2105,
3036, - 5319,
3036,  .5319,
3620, L4584,

2503, - .2272,

.3870, .1857,

4522, 0 .2913,

25302, .3438,

4970, 0 L3615,

L3244, .3050,

5685, | .2225,

-.068%, L2229,

L6866, .29585,

198z, o8k, 198¢,
L0045, © L0129, - 0016,
L1, L0497, 0758,
2191, o L1341, 1136,
.2078, 0 .1380, . 1799,
J1398, 1752, 2042,
J1923, 0 1937, 1630
1382, 0 L1835, 1938,
1276, 0 L2249, 1470,
276, L2249, 1410,
L1897, .1598, 1652,
arable populaticns

1598,

L0094,
QT3

RS,

.5057,

.6153,

L4929,
5947, .

L5166,

L8177,

8177,
5522,

.0086,
L858

.6243,
.5613,

. .5804,

.5574,

L6721,

3762,
3762,
.5809,

"FBAR 95-97

.0058,

23R8

ool

.5003,
.5623,
4946,
5648,
664,
.5753,
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Table 6.5.1 {Continued)

.......

TOTAL,

Table 10

VEAD
- TEAR,

AGE

 owmom oW om

3~ O W B

-

+gp,
TOTAL

Traditional vpa

Stock number at

1970
LR

F LT
1047 1,

129471,
138355,
91887,
30618,
348759,
22381,

14nCE
Piuda,

12671,
1201466,

1071 .
LR

aTLATT
#1131,

153059,

66082,

89873,
70568,
24005,

| 277406,

ATLEAN

s,

16460,
1549009

Stock number at

1070
17ic,

1084507,
218786,

| 148809,
59109,

4183

Lo e}

28212,
21606,

LA LV
14{1@;

_ 13446,
1637377,

1070
1Fir,

1022639,
- 393056,

- 127711,

7464,

/nn:c

R b

3346,
20444,
14331'

4765463,

Terminal populations from

age ‘(start of year)

1077

FLOC LD
Ta7507,

306349,
108098,
47759,

71010,

55470,
17983,

2123EN1
[ ==

19389, .

1588128,

1071

czcn
545822,

275179,
202336,
70027,
37334,
53671,
40646,
12245,
317075,
1554326,

1974,

PV 754
QUi (05,

197064,

169376, .

123061,
47368,
26729,
36817,

23058,
83446,
1316584,

age {start of vear)

4108y 10014
[g=1tM TFGN,
548311, - 706245,
372766, 200051,
248417, 241915,
B7304, - 145047,
40240, ' 55163,
28102, - 41684,
22289, 180B%,
13338, 13585,
16377, . 25928,

, 1647702,

1406144

" Run title : Herring VIa South (run: SEPJMZ21/521)

At 15-Mar-98

+gp,
TOTAL, -

298

i 2525241

16:03:41

Traditional vpa

501942,
1229484,

211349,
1sca1nf

128936
195264,

- 41077,
26785, -

21195,

711994, -
184654,

- BB5E5E,

131404,
114210,

CT
133338,

30574,

© 22033,
2308541,

Terminal'pﬁpulations from

810636,
260624,

- 130869,

654187,
94084,
. 82954,

71235, -

97000,

13393, .
2214978,

515318,
297707,
171720,
BOSRY
447757,
. 62028,
55934,
- 48980, .
33170,
1722198,

1009
LiE =

725495,
258872,
129175,
160442,

1ﬁ110=

37760
25637,

aynwt‘“'
[ 1T =

11571,
1463422,

412379,
189183,

191122,
115553,

69265,
309855,

39136,
. 36516,
21410
1420183,

27982,

1390991,

ueighted Separable populations

Numbers*10%*-3

1075
B2,

421306,
220518;
120892,
101723,

69130,‘

25951,
15770,
22980,
78484,

1076755,

635475,
150199,
126876,
118234,

79096,

50747, -

210830,
27314,

1974

L =)

e LEFY-T]
FLIaY],

150716,
128156,
76386,
64368,
40083,
13352,
3574,
37876,
1231102,

Numbers*1Q¥**-3
1

1555612,

1977
i S

FALE-LI
Gd19117,

252103,
86931,
71256,
43973,
34276,
22065,

FiE1
TNy

21822, .

1141388,

1983, 1984, 985,
2425906, 985046, 1181497,
266460, B91560, 361084,
176259, 160131, 590809,
50439, 99835, 105309,
118387, 57831, 73388
74395, 76984, 45499,
26661, - 49939, 57473,
19345,  175%4, 39513,
24664, 35223, 1121,
3222286, 2375045, 2465862,

maers®l0wk-3 o
1994, 1995,
827509, 300628,
233667, 2976538,
93713, 125337,
RILTA, - 4R7RY,
67234, . 39517,
49408,  40205;
33072, 31770,
127025, 21772,
40407, - 34050,

961668,

915327,
429064,
254529,
423005,
" 83173,

55731,

33918,

L2407
REl=-E

16980, -

2255010,

weighted Separable populations . -

1996,

807286,
110430,

191058,
L. 70R22

| 26466,

35723,

21157,

23290,
12094,
1298327,

3361295,

336197, .

294656, -
- 186014, -
. 110775

4669719,

1997, .

1784774,
294206,

61017,
24330,

34635,
- 14628,
17834,
11420,
16247,
2327100,

1998,

- 169950,

9A7HQ

48695

17540,
7579,
- 8240,

" 15943,

| BhEGAE,

0,
852243,

ST

7407 ¢
2719
1701
100
ST
558 -
373
247




Table 6.5.1 (Continued)

Run title :'Herring Via South {run: SEFJMZ21/521)

At 15-Mar-98 18:03:09

SEPARABLY GENERATED FISHING MORTALITIES

YEAR, 1970, 1971, 1972, 1973, 1974, 1575, 1975, 1977,

AEE -
1, .0019,  .0017, .0025, .0034, -:0050, .0053, .00&1, .0038,
2, .0841, .0740, .1095, 1482, .2194, .2325, .2689, .1664,
3, .1555,  .1369,  .2025, ..2741, -.4059, .4300, .4974, .3077,
4, 1723, .1517, .2244, 3038, -.4497, .4765, 5511, .3410,
5, V1647, L1450, L2145,  .2904, .4299, 4555, .5268,  .3259,
6, .i778, .1565, .2315, .3133, .4639, .4915, .5684, ..3517,
7, 479, 1302, L1925, ..2604, .EBSO, 4088 4728, 2925,
8, 723, (1517, 2244, (3038, 4497, .4765, 5511, .3410,

SEPARABLY GENERATED FISHING MORTALITIES

YEAR, = 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987,

AGE N _
1, .0030, .0031, .0042, .0031, .0024, .0038, .0020, .0019, .001%,  .0035,
2, 1315,  .1366, .1838,  .1381, ..1072, .1493, .0877, .0817, .0832, .1401,
3, - 2633, 2526, 3399, .2555, .1983, .3132, - .1621, .1511, .1539,  .2962,
4, L2606, .2799, L3747, .2831, .2198, .3470, 1797, .1674, .1706,  .3281,
5, .2577, L2676, - .3601, .2706, .2101, .3318, .1717, .1601, .1830, .3137,
6, - 2781, _PRR7, 3885,  .2920, .2247, .3580, ..1863, .1727, .1759,  .33e%,
7. .2313, L2402, .3232, .2429, -.1886, .2978, .1541, .1437, .1463, .2815,
8, ..2696,  .2799, L3767, .2831, -.2198, .3470, -.1797, .1674, .1706,  .3281,

Run title : Herring VIa South (run: SEPJM21/521)

At 15-Mar-98 18:03:09

SEPARABLY GENERATED FISHING MORTALITIES

YEAR, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1993, 1996, 1997,

AGE : a
1, 0023, 0021, .0029, .0025, .0030, .0041, .0044, .0045, .0064, .00&6,
2, 0994, 0929, .1265, .1272, .1321, .1820, .1930, .19BB, .2841,  .2927,
3, 1848, 719, 2340, 2354, 2444, .3367, .3570, .3677, .5255, .5415.
i, 2038, 1904, .2592, (2608, .2708, .3736, .3955, .4074, .5823, 500D,
5, L1948, 1821, L2478,  .2493, .2589, .3566, 3781, 3804,  .S565, 5736,
6, 2102, 1964,  .2674, 2690, .2794, .384B, .4080, .4202, .6006, .5189.
7, 1749, 1634, .2224, .2238, .2326, .3201, .3393, .3495, .4996, .5148.
8, .2038, 1904, .2592, .2s08, .2708, .3730, .3955, .4074, .5823,  .6000.



Run title : Herring VIa South {run: SEPJM21/521)

At 15-Mar-98 18:03:09

 SEPARABLY GENERATED POPULATION NUMBERS
" 1973,

YEAR, 1970,

>
]
m

3882,
1043,
1305,
507,
31,

200
a20a,

224,
110,

- mow o wm omowm

O~y Ch il L ) —

-

"SEPARABLY GEMERATED POPULATION NUMBERS

YEAR, . 1978,
AGE :
1, 11003,
2, . 2160,
3, 1595,
b, . 578,
5,:- 458,
&, 262,
?l N . 200!
8, 143,

1971,

8198,
1426,
- 710,

915,
661,

220
-

2566,
175,

1975,

11188, -

4036,
1403,
1024,
399,
. 320,
180,

ey

14d,

1972,

8179,
3011,
981,

-..307,

S,
185,
2035,

5698,
4103,
2608,
892,
.. 700,
276,
217,

ann
128,

<6626,
3002,

1999,

656,
. 367,

L1
-

. 388,
138,

2087,
2529,
1520,

554, .

442,
170,

142,

Run title : Herring Vla South (run: SEPJM21/321)

At 15-Mar-98 18:03:09

SEPARABLY GENERATED POPULATION NUMBERS

CYEAR, 1988,

»
o
m-

- .

6175,
13591,

. 1567,
131,
1200,
2023,
416,
296,

Ve w %

e

C0 =4 O U1 3~ Wl M) —
e

300

1989,

7009,
2266,
9115,
1067,
968,
894,
1491,
316,

1990,

7373,
2573,

1530,
6285,
798,

rn
rau,

665,

. 146,

1991,

5872,
2705
1680,

99,
. 4388,

Y]

La0h,

505,

481,

1974,

6649,
2429,

1937,

- 244,
. 438,

e 741
LS50

L343,
271,

1992,

3824,
2154,
1764,
. 1087,
- 697,

LY.V
DU,

366,

1975,

4632,
2434,
1445,
1046,

718,

141
DOEdd,

141,
211,

1993,

5343,
1403,
1398,
1131,

750,

2

483,
2117,
280,

1391,

S wpRR2
1976, 1977,
| 8953, 589,
1695, 2542,
1429, 960,
. 770, 2,
588, 401,
412, 314,
143, 211,
85, a0,
Aqper-2 .
10469, 8604,
8437, 3844,
1576, 5726,
981, 1097,
578, 742,
756, 441,
- 481, 569,
x| Qrw-2
1994, - 1995,
9072, 2722,
1957, 3323,
86&, 1198,
817, 496,
705, - 498,
475, 437,
297, 288,
192,

6760,
3160,
2624,
4030,

840,
. 572,
336,

Ira
| e,

1996,

8387,
. 997,
‘2018,
- 678,

299,
" 308,

240,

ﬁTaa'

i

37079,

2482;
2154,

1842,

3075;
&46,
434,

eV )
LUy,

1997,

17843,
3066,

556,

977,.

343,
155,
182

2L

143,

i}




Table 6.5.2

Run title : Herring Yia South {run: SEPJ#Z'--;‘SE*.}-
At 15-Mar-98 18:03:41
Tabte 17 Summary (with- S0P carrection)

Traditional vpa Terminal populations from weighted Separable populations

RECRUITS, . TOTALBIQ, TOTSPEIG,- LANDINGS, . YIELD/SSH, -SOPCOFAC,  FBAR

Age 1
1970, 416271, .. o 214356, . 137618, 203048,
1971, 834137, - . 238909, - - 126126, 15044,
1972, T495469, i 252B&4, 134641, 23474,
1973, 545822, - @ 309203, - 1BB3&3, 3sNe,
1974, &04745, 00227798, 0 - 109811, . 34539,
1975, 421306, . 7..2209%1, - 114849, 38764,
1976, 711491, - 210459, B1468, 32767,
1977, 501811, CTYREFS, . F04%4, 20567,
1978, 1084507, « 250895, - 88841, 19715,
1979, 1022639, - 291381, - 121497, 22608,
1980, 548311, 233434, 123232, 30124,
1981, T06245, 253718, 127310, 24922, -
1982, 725495, 254368, 130951, 19209,
1983, 2425906, 467934, 128534, 32988,
1984, 2059465, 79570, 20774E, 27450,
1985, 1181498, 3563537, - 198721, 23343,
1984, 915327, - 380038, 236125, 28785,
1987, 33561296, 583807, 200784, 48800, -
1988, 501942, - 444511, 313194, 29100,
1989, 711994, . 384648, 234370, 29210,
1990, 8105636, 1350296, 202088, 43969,
1994, §15214, 1 275540, o 172188, 37700,
1992, 412379, < .218758, - . 135784, 31858,
1993, 635475, 1 237673, 0 - 117459, 36763,
1954, 27407, . 224TET, 103370, 33708,
1995, 3004628, - 153436, - - BB4E3, - 27792,
1994, 807286, 161894, 58282, 32534,
1997, 6?84773,) 257218, - 58844, 27225,
Arith. : .
Mean 898223, - 2B7284, - 143965, - 29715,
Units, {(Thousards}, {Tonnes), {Topnes), {Tonnes},

1476,
L83,
CATR3,
L1949,
L3361,
3399,
L4022,
.2273,

2219, -

L1861,
2h4k,

1958,
487,

.2566,

41T
idE Ty

L1189,

1219,
L2621,

L0929, -

1246,

2176,

2180

AR,

2. 2346,
3130,

E1-T. 0

BRI 2t 1 P
342

- 5582, ¢
L4627,

2382

.B968,
.8707,
L8975,

1.0162,

Q7A2

T ai-l-r

1.1237,
1.0472,
1.0778,
1.0161,
1.0684,

.9636,
1:0312,

-1.0301,

1.0042,

Hiaa
o TR

9846,

©1.0002,

.9488,
9992,
1.0016,

1.0006,:

2071

LS4 L

5951,
1.0060,
5988,

1.0525,

| L9955,

1.0016,

301



_ The SAS System
Herring West of Ilraland & Porcuping Bank {Fishing Ares Via South)
Prediction with management option table: Input data
Year: 1998
Skl Marimal I!Iad-nnlli-u. ODram af ClBnAm ~F W un.'.-.l.a-r Evwrl i N b
SLubs mH LT nu--:u LY AR SR 7- T Mpretdn w1 .niluln. AN LWL wo gL
Age size mortality|. ogive [bef.spaw. bef.spau. | in stock| pattern | in catch
1 583.500 1.0000(- -~ 0.0000 0.6700 D.46700 97.000( ° 0.006&(. -.90.000
2 205.000 0.3000 1.0000 0.6700 0.6700| 148.000| - 0.2920| 138.000
3 - 169.900 0.2000 1.0000{. 0.5700 0.6700) 185.000 0.5390( 161.000
&4 26.800|° 0.1000 1.0000 0.6700 0.6700] 203.000 0.5980| * 177,000
5 48.700 0.1000 1.0000! . 0.4700 a.67001 215,000 nD.57100  190.000
& 17.500 0.1008).  1.000Q 0.6700 0.6700| 225.000 0.6160| . 199.000
7 7.600 0.1000 1.0000( - 0.6700 0.46700| 228.000 0.5120|  204.000
g 2,200 2,1000 1.0000: " 0.6700 06700 238.000 0.5980 . .221.000
had 15.900 0.1000 1.0000 0.6700 0.46700| 249.000 0.5980| . 230.000
Unit | Millions - - - - Grams - ‘Grams
Year: 1999
Recruit-| Natural | Maturity Pfoh;of F|Prop.of M| Weight. Exploit. . Meight
Age merit |mortality] - ogive b;f.spau. bef.spaw.| in stock pattern ~in-catch
1 | s583:600 1.0000 0.0000| .0.6700| G.6700| 97.000) - 0.0066| .90.000
2 el 0.3000{ . .1.0000| " 0.6700 0.6700| 148.000} @ 0.2920| - 138.000
3 Ca 0.2000{ . 1.0000| --D.6700 0.6700| 185.080| . 0.5390| " 1561.000
4 = n.1000i- 10000 n.4700 Q47001 203,000 0.59801 177.000
5 Ve 0.1000{ 1.0000 0.6700 0.6700| . 215.000 0.5710| .190.000
b Ty g.1000|. -1.0000|. 0,6700 0.6700| 225.000 0.6160| . 19%.000
7 . 2.1000 1.0080. - D.&700 0.£700; 223.000 0.5120) . 204.000
8 . 0.10008( -1.0000]. ° ©.,6700 0.6700| 238,000 0.5980] -. 221.060
™ 0.1000 1.0000{. - 0.6700 0.6700 249.000(  0.5980(-.230.000
“Unit | Millions - - - - Grams. - Grams
feér:_?ﬂﬂﬂ
_ Recruit-| Natural | Maturity|Prop.of F|Prop.of M| Weight | Expleit.| Weight
Age [ ment [mortality| ogive |bef.spaw.|bef.spaw.| in stock pattern | in ecatch
1 | 583.600| - 1.0000f 0.0000|- 0.6700| 0.6700| $7.000| 0.0066| 90.000
2 . 0.3000 1.0000 0.6700 0.6700| 148.000 0.2920| 133.000
3 - a.2000 1.00000°  D.4700 0.s4700] 185_000 0.52901 141.000
4 . 0.1000 1.0000 0.6700 0.46700| 203.000 0.5980f 177.000
5. . 0.1000 1.0000 0.6700 0.6700| 215.000 0.5710] 1990.000
& 0.1000 1.0000 0,5700 0.87007 225,000 0.61807 199,000
7 0.1000. 1.0000 0.6700| 0.6700| 228.000 0.5120| 204.900
-8 . 0.1000] - 1.0000|  0.6700 0.6700| 238.000 0.5980| 221.000
™ . 0.1000 1.0000 0.6700 0.6700| 24%9.000 0.5980| 230,000
Unit | Milticns - - - - " Grams - Grams
Matag: Run name : MANIMOA
Date and time: 17MAR93:12:52
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) The SAS System 12:50 Tuesday, March 17, 1998
Herr1ng West of lreland & Porcup1ne Sank (Fishing Area VIa Scuth) : ‘ G : S

Prediction with management option table

Year: 1998 Year: 1999 Year: 2000
F Reference| Stock Sp.stock| Catch:in| F Reference| Stock | Sp.stock| Catch: in| Stock Sp.stock
Factor F biomass | biomass | uweight- Fagter F “kiomess | bicmass | weight bicmass Bicmass
1.0000 0.5810 145873 - BARAt 27246  .0.5000 0.2505 140013 62387 14178 149575 625670
. . . e SN ,5000 0:34B6 . 604568 T 16625| 146825 65493
. . B R 0.7000{ " 0.4067 : Y 58614 18957 144209 61631
. . . . . 0.8000( 0.4648 ‘ . 56821 2113 141718 58060
. . . SR 0.9000| -Q0.522% © . . -55088 - 23301 139346 54754
. . . . . 1.00000 -0.58100 . 53412 -253241 137087 51492
. . . 1.1000f " 0.6391 ' . 51792 - 27255 134935 48855
. . . 1.2000 0.56972 .| 50225 | 29097 132886 46223
. . . 1.3008; - 0.7553 S 48710 30855 = 130932 43780
- . R 1.4000 0.87134 . 47245 32534 129070 41510
. B . 1.5000 0,8715 . 435828 34137 127295 ‘39401
. . . . 1.6000 0.929% . 44457 356691 . 125403 37438
. . . . 1.7000; -0.9877 . 43131 37133 123989 35670
- . . R 1.8000 1.0458 . 41849 38531 122450 33907
. . . . 1.5000 1.103%9 . 40608 39859 120981 32318
. . . . 2.0000 1.1629 - 194507 £1147 119280 20834
- - Tonnes Ionnes Tonne$' - - Tonnes Tonnes Tonnes | Vonnes |- Tonnes
Notes: Run name i = MANJMO3 :
Date and time t T7MARDE:13:03 °
Computation of ref. F: simple mean, age 3 - &
Racis for 190R : F factors
The SAS System 12:50 Tuesday, March 17, 1998
Herring West of Ireland & Parcupine Bank (Fishing Area VIa South) .
Prediction with W-négemeﬁt sption table
Year: 1998 -~ . . . Year: 1599 _ ' . Yeair: 2000
“F Reference| Stock Sp,sfock Catﬁh in| © F '_ Referénqe :Stock Sp.stock| Catch in §t6ck Sp;stcck
Factor F biomass | biomass | weight .Factor F biomass | biomass | weight. | biomass | biomass
1.0358 0.6018 145873 56311 .28000 - 0.5000 0.2905] 139176 61753 _-1400# 148990 69220
. . . . . - .| ¢ 0.6000 0.3486) . - . -5985% 6421 0 146274 65084
. . . . S 07000 G.40467 St . 58027 18728 143688 $1360
. ; . S .1 . o.8000) . o.4s4B| . 56257|  20024| 141228 57723
. . . R B .|~ 0.9000 0.5229 u 54545 . 23020 138882 54448
. . T . 1.0000 0.5310 . . 52890 25020 136649 51414
. . . . . . . 1.1000 0.46391 B 51289 26928| | 134522 48602
. . . . . .| . 1.2000 0.6972 . 49742 28749 132495 45993
. B . . 1.3000 0.7553 . 48245 30487, 130563 43571
. . . . . 1.4000 0.8134 . 4A797 32148 128722 41321
. . . . 1.5000 0.871% . 45397 I37IZ| 126967 . 39229
. . . . 1.6000 0.5296 . 44043 35248 125293 37282
. - . 1.7000 0,.9877 . 42752 36696 123696 35468
. . . . 1.8000 1.0458 . 41465 38080 122173 33778|
. . . . 1.5000 1.103% . 40238 39403 120720 32201
. - . 2.0000 1.1420 . 39052 40669 119333 30728
- - Tonnes Tonnes Tanhes - - Tonnes Tennes Tonnes Tonnes Tonnes
Notes: Run fiame ; MANJMOL
Date and time : 17MAR®B:12:52
Computation of ref. F: Simple mean, age 3 - &
Basis for 1998 1 TAC constraints
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 Table 6.63

E ) ) The SAS . System '
Herr1ng uest of Ireland & Porcupine Bank (Fishing Area Vla South)

Prediction with management option .table:.input ‘data

304

ﬂate and t!me

17MAR98'13 03

Year: 1998

S 'Stock:_ HHaturai . Hatﬁrity Prop.of .F Frop.éf M ';weight Exploit.| Weight
Ahge g1ze camortatityl- agive  |bef.spaw. lbhef spaw. in stock! pattern:l in catch
v | ses.eo0] 1.0000| -~ 0.0000| -0.6700] 0.6700( . 97.000( 0.0066| -90.000
o2 '205.000( -.0.3000 1.0000 0.46700 0.56700| .148.000 0.2920| 138.000
3 169.900( --0.2000( "1.0000 0.4700 0.5700| :185.000|  0.5390| 141.000
L4 26,800 -0.1000 1.0000 0.6700{ -0.46700| ;203.0007 ~0.5980( 177.000
¢ 5 48.700( -:0:1000 1.0000| | 0.6700 0.6700| 215,000 @ Q.57107 190.000
- 17.5001  .0.1000 1.0000 0.46700 -0.6700| 225.000 0.61460 199.000
< T ~7.600] - +0.1000 1.0000 0.46700 0.5700| 228,000 0.51201 204.000
o B ©-8.200[ . 0:1000| . 1.0000| : 0.6700| = -0.6700| 238.000 0.5980] 221.000
- 9 15.900 0.1000 1.0000 0,87000  -0,4700 ;249.000 0.59801 230,000

| unit Millions . - - - Grams - Grams

- Year: 1999

: ﬁegruit- Mathal Méturity Prop.of FlProp.of M 'ngight Exploit.| Weight
Age | ment .|mortality|. ogive bef.spau.'bgf.spau. in stock| pattern | in catch
1 | 583.600] . 1.0000| o0.0000] 0.6700| .0.6700| 97.000| . 0.0066| 90,000
2 . . 0.3000 1.0000 D.&6700 0.6700 148.000 0.2920 138.000
3 0.2000 1.0000 0.4700 0.6700 185.000 0.5390 161.000
4 0.1000 1.0000 0.6700 0.6700| 203.000 0.5980] - 177.000
5 . 0.1000 1.0000 0.46700 0.6700] 215.000 0.5710¢ 190.000
6 . 0.1000 1.0000 0.6700 0.6700| 225,000 0.6160; 199,000
7 . 0.1000 1.0000 0.6700 0.6700| -22B.600| 0.5120] 204.000
g - 0.1000 1.0000 0,4700 a. 7000 232 000 0.59R0{ 221 000
o+ 0.1000 1.0000 0.6700 0.4700( 249.000 0.5980| 230.000

"] unit i Millions| '+ - - - - | Grams - Grams

Yeary 2000

. Récruit<| Natural | Maturity|Prop.of F{Prop.of M| Weight | Expleit.| Weight-
Age ment mortality ogive |bef.spaw.|[bef.spaw.| in stock| pattern | in catch
1 °1 583, 600_ "1.,0000] -0;0060| 0.6700] 0.6700 . 97.000 0.00881 : 90.000
2 0.3000| ~ .1.0000 0.67003 - 0.46700( 148.00Q 0.2920( 138.000
3 . . '8,2000 1.0000 0,6700{ 0.4700| 185,000 0.53%0( 161.000
L4 . 0.10001 - 1.0000 ‘0.46700 -0.6700| :203.000 0.2980 177.000
5 . 0.1000 1:0000| ~ 0.6700| --0.6700| :215.000| ~-0.3710| 190.000
- 0.1000] 1.0000 0.6700 0.6700f :225.000 0.6760| 19%.000
7 o:{oonl 100000 o700l oosvoRD 1228.080l 0 0.51200 204.000
8 fp.1000 1.0000| -G.6700| ~D.6700 238.000 0.5980{ = 221.000
S '--051000| 10000  0.6700( .°0.6700{ ‘249.000{  0.5980| ‘230.000

;Uhit Mil[ioné . - - - “Grams - Grams

H KLIT‘I name 7. l"'lﬂ.llnll"'ll.l.')

12:50 Tuesday, March 17

. 1998




Table 6.6.4

The SAS §

The SAS Svystem 0B:57 Tuesday, March 17, 1998
Herring West of Ireland & Porcupine Bank (Fishing Area Vla South) ) .
Yield per recruit: Input data
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 1.000[  %.0000 ¢.0000 0.46700 0.670D0 97.00Q 0.0066 90.000
2 . 0.3000 1.0000 0.6700 0.5700] 148.000 0.29201 138.000
3 . 0.2000| ~ 1.0000 0.6700 0.5700( 185.000 0.5390] 161.000
& . 0.1000 1.0000 0.6700 0.6700( 203.000 0.598G| 177.000
5 0.1000 1.0000 0.6700{ - 0.6700( 215.000 0.5710| 190.000
& 0.1000 1.6000 0.6700| - -0.5700| - 225.000| .- 0.6140| = 199.000
7 0.1000 1.0000 B.6700 0.6700| 228.000 0.5120| 204.000
g8 | . 0.1i000 7.0000 0.6700} ~ 0.4700] . 258.000[ -~ 0.5980| 221.000
ox . a.1000 1.00001  0.4700! - 0.4700] 240,000 0.semnl  230.000
Unit | Numbers - - - - CGrams. | - .- . Grams
Notes: Run name 3 YLDJMOT
Date and time: 17MAR?8:10:10
Table 6.6.5
" The Skszsystqm-_ . 08:57 Tuesday, March 17, 1998

Herring West of Ireland & Porcupine Bank (Fishing Area Vla South}’

Yield per recruit: Summary table

1 January Spawning time

F Reference| Catch in| Catch in| Stock Stock | Sp.stock| Sp.stock] Sp.stock| Sp.stock
Factor F numbers | weight gize | biomass | size ~biomass size biomass
0.0000 0.0000 0.000 0.000 3.985|. 759.072} . 2.985| .662.072 2.732| 609.7¢5
0.1000 0,058 0.098 19.370 3.029| 525.344| o 2.029| 42B.344 1.774 377.096
0.2000 0.1162 0.145 27.414 2.590( - &19.810: ~-.1.590| 322.510 1.333] 272.218
0.3000 0.1743 0.172 31.613 2.336| 359.575| - 1.336| 262.575 1.077| 212.854
0.4000 0.2324 0.1 34,115 2.170] - 320.992| - 1:.170} 223.992 D.909| 174.802
0.50001.  0.2905 02050 35.751 2.053] 294.163] 1.053] 197.163 0.790 148,396
0.45000 0.3486 0.216 356.899 1.966] Z74.452 0.966| 17T.452 0.701] 129.026
0.7000 0.4067 0.225 37.750 1.898]  259.3&9| 0.898) 162.369 0.632] 114.220
5.8000 04548 £.222 2m.512 1.8431 247 458 D.R4R1 150.458 n_5741 102.535
0.530 93.076

0.9000 0.5229 0.239 38.946 1.799| 237.813] - 0;79%| 140.813
1.0000 0.5310 0.244 39.390 1.762] 229.840 .72 132.8400 ©  0.491 85.257
1.1000 Q.63 0. 249 39.769] - 1.730| 223.13&4}.  0.730| -126.134 0.458 78.681
1.2000 0.6972 G.254 40,100 1.703| 217.413 0.703| 120.413] - 0.430 73.068

- - Numbers Grams Numbers Grams Nuwoers | Grams NumETS Grams

Notes: Run name YLDJMOT

Date and time : 1TMARSB:10:54
Computation of ref. F: Simple mean, age 3 - &
F«0.1 factor 1 0.2965

F-max factor © 1 Not found
F-0.1 reference F - : 0.1723

F-max reference F .. : Not found
Recruitment : Single recruit
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Figure 6.1.1. Héfr'rin,g V,Ifa(S')_ + VIIb: Catches.

c\acfmiwgreps\hawg\reports\1998\Sect-6\F-1-1.xls




Loe

ObS c‘yl (:y.n
A | —g— 1938
/‘”/, —— 1969
. : © g |k 1990
. f’" w1891
' Pt | —%— 1992
%ﬁ i eyl | —@—1993
—_ : §§ ﬁ"‘ —+— 1904
@’4:,_:' F g |—=—1095
= . - = ~7 N o506 |
3 -4 5 6 7 8
Age in yeary

Figure 6.5.1: The ratio of the catches along the cohorts. The age on the axis is the age in the

year on the label,
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Survivors at 1/1-98 for various levels of terminal F : . . TR
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Figure 8.5.2 a: Survivors at age 1/t 98 at different terminal F's. Age 1 has weight 0.01 and age 2 has weight 0.1
in the sum of squares (SSQ). Thus the catch data for age 1 and 2 has littte influence on S8Q. .
55Q is approximately 5.58 for all terminal F. : : N o ) S

Recruitment (age 1) for various levels of terminal F
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Figure 6.5.2b: Recruitment at age-1 far various levels o1t ‘terminal F. The welght ts i the minimized sum
are the same as in Flgure 6.5.2.a. -

Eishin:g mortalities for various levels of términal E
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Figure €.5.2¢: Fishing rnortallty over the lasl ten years for varluus levels of terminal F. The weights in the .
minimized sum Is as in figuré 6.5:2a. Note that the ln!luence of terminal F is clearly seen back ) iy
to 1990 for terminal F=0.1-0.2. For the hlqhar values of termmal F the |nt|uence is seen back to 1992 ;

i
¥
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quure 6.5.3a: Survivors at age 1/1 98 for different termlnal F's. No downwelghtlng of ages.
SSQ is approximately 15.6 for all terminal F. .
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Figure 6.5.3c: Fishing mortality over the last ten years for various levels of terminal F. No
downweighting of age groups. Note that the influence of the selected terminal F is seen
Dacl( io 1981 for terminal F greater than 0.2, and even iﬁr‘lger for ihe smiallest values.
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FlSh Stock Summary

3 West of Ireland & Porcupme Bank (Flshmg Area VIa |
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7 IRISH SEA HERRING (DIVISION ViiA, NORTH)
71 The Fishery
711 Advice al.'ldrma.i.nis-lge.r-neht applis:able to 1997 an& 1998
in 1996 an 'yticai assessmeni was undertaken and ACFM conciuded that the stock was within safe biolOgicaI Iimits
although the precision of the scieniific assessment was. comparaiively jow due io the shori time series of caich-

independent data. ACFM suggested that contmued exploitation at 7,000 t would not be detrimental to the stock. A TAC
of 9,000 t was adopted for 1997 and partitioned as 2,340 t to the Republic of Ireland and 6,660 t to the UK.

In 1997 the UK fishery opened in the third week in June. Closed aréas for herring fishing in the Irish Sea along the east

eoact of Ireland and within 12 nautical milag of tha waet coact of Britain wera maintainad thranchont tha vasr Tha

coagt of Ireland and within 12 nautical miles of the west coast of Britain were maintained throughout the year, The

traditional September, gillnet fishery on the Mourne herring, which has a derogation to fish within the Irish closed box,

did not take p]ace in 1997, The area to the east of the Isle of Man {encompassing the Douglas Bank spawning: ground)
1

was closed from 21 September to 31 December. .

In 1997 the Working Group did riot uhdertake an analytical assessment of this stock due to continued uncertainty about
the fishing mortality and level of $SB. ACFM undertook an analysis using RCSEP1 (Cook et al. 1991) and concluded
that the stock seems. able to sustain the current fishing mortality, Consequently ACFM forecast a status quo ﬁshing
mortality would give a catch of around 6,500 tin 1998. A TAC of 9,000 t was again adopted for 1993 and partltloned as
2,340 t to the Republlc of Ireland and 6, 660 tto the UK.

7.1.2 The ﬁshery!in 1997

The catches reported from each country, for the period 1984 to 1997 are given in Table 7:1.1 and from 1972 to 1997 in
Figure 7.1.1. The total catch of 6,651t was again below the recommended TAC of 9,000 t.'As in 1993 to'1996, this was

- mainly due to the Republic of Ireland not taking any herring from Division VIIa(N). In'1997, 67 % of the total catch was .
taken in the 3rd quarter, with-only a small proportion of the catch in the 2nd quarter (6 %). There were no landmgs from
the Mourne glllnet ﬁshery

7.1.3 Quaiity of caich and biological data

There are still no estimates of discarding or slippage of herring in the Irish Sea fisheries. Landing statistics are assumed
to be accurate. Biological sampling in this fishery remains fairly high with approximately one. sample per 200t landed
" (Table 7.1.2). However, there were no samples taken in the 1st and 2nd quarters. Only two samples were obtained from
1781+ 37 D7 A~ tHhn As X

Lafwrl L \ﬂlJlJAUAllllﬂllvly Fay J'l/_} lﬂllubu ill l.l.l.\»' 'l‘lll. \iuﬂl I.UI

7

14 PP - Wy
Lo LAalln In nUmyvers

Catches in numbers at age are given in Table 7.1.3 for the years | ]972 to 1997. The predommant year class in 1997 was

the 2-ringers (1994 year class). The 1992 year class, which was numerically the most abundant year ciass in the 1995
catchec wag still abandant in the 1997 catches, The 1000 year class wag algn ctill abundant, The catch in num

Callil Pk Srina aouiilns LI e R ] A FAT Lyl Wilddd SRSl LER -G & Li% WAlhdd LIl diuanided

length 18 mven in Table 7.1.4 for 1988 to 1997, Over this time nf-rlnd there has been a sligh[ eduction of 1gngth.
predommant numbers of tish in the catches. The distribution of lenoths in 1996 was similar to that in the preceding
with a'low abundance of fish over 30cm compared with 1988 and 1989, during which the strong 1979 and ]980 year

classes were abundant in the catches (see Table 7.1.3).

m{ﬂ

7.2 Mean length, weight, maturity and natural mortality at age

Mean lengths at age were calculated for .th:e 3rd and 4th quarters using the Northern Ireland and Tsle of Man data and are
given for the years 1985 to 1997 in Table 7.2.1. In general, mean lengths at age have remained fairly stable since 1988. :

Mean weights at age in the catch are giveh in Table 7.2.2, Mean weights at age in 1997 were, in general, comparable to
the mean weights in 1996, Mean weights at age in the third-quarter catches have been used as estimates of stock weights
al spawning time.

312 : O:\Acfm\Wgreps'\Hawg\Reports\1.998\Sect-7\Tcxt.Duc




Mha aaaaferoe: aminga rznmd En, FOOA STOMO 1DOASAL ol TEY aimm anw PR cimem tle s e sam el lo oo sl oo oa =
1ng Maturity ogive USed. I ¥4 (Lo 174 AS5855 1] Was USel agaii -SInce .inefc Was nod evidence 1o suggesi a
change: 0.08 for l-ringers, 085 for 2-ringers and 1.00 for 3+-ringers.

As'in previous years,:natural mortahty per. year-was assumed {o be:l LDon: l-rmgers 0.3.on 2-ringers; 0.2 on 3-ringers
and 0.1 on-all older age.classes.. = - L :

wy
[

7.3.1 Acoustic surveys

The inforeation on the time series of acoustic sirveys in the Irish Sea‘is given in Table 7.3.1.

R S A RPN T S PSR SOt ANITEE S NP SR I 2 PN 208
A aCOUSLC 3Urvey was unueridkell Over Ll CILFAL OGN RS Sed (LyIsion v LdLN )y, (.Eml"ﬁ:u UII lllB Spawmrlg arca
for Mam herring bétfvﬁﬁﬁ Bth and 12th Sr:pt"mber }997 by Noithern Ircland as part of a time serics that commenced in

1994, The Survey is described in deétail by Armstrong et al. (WD 1998a). The survey was carrled out using a Simrad
EK500 echosounder with a towed 38 kHz split-beam transducer. Targets were identified where possible by midwater
trawling, and appropriate ALKs constructed. The majority of adult herring (>22cm) were found to.the cast of the Isle of
Man close to the traditional spawning area for this stock (Figure 7.3.1). The estimated. SSB of herring in VIIa(N}
(11,800t).is given:in Table 7.3.1. The age structure from the acoustic survey is given in Table 7.3.2. -

- A furthier acoustic survey was carried out on the east-side of the Isle of Man and an aggregation of herring on Douglas
Bank on 21-22nd ‘October: Armstrong ef al. WID 1998a). The biomass of the shoal was estimated as 1,393t. This
re]at:vely low value mdlcate a substantial dec]me in spawnmg act1v1ty by the end of October.

7.3.2 Larvae surveys

Larvae surveys were undertaken by Northern Ireland (Douglas Bank, northérn Irish Sea) and the Isle of Man (Douglas
Bank, north-eastern Irish Sea). The twao Deuglas Bank surveys gave similar estimates of production (Dickey-Collas WD
1998, Nash and Hughes WD 1998a) (Table 7.3.3). The differences ‘in estimates reflect the added hatching of eggs
between the two surveys. Similarly both north-eastern Irish-Sea surveys gave similar estimates of production (Dickey-
Collas WD 1998, Nash & Hughes WD 1998b) (Table 7.3.3). The estimated larval production in all series were. higher
than the previous two years (Table 7.3.3). The distribution of spawmng dates, back-calculated from the length at
‘captiiré; ’Suggestec’i' thzit the major"ity of the iarvae ‘were spawned at the? e’nd of September to 't‘ne- beginn‘ing of October. -

Once again, thére were very few Mourne larvae caught in the Northern Insh survey (chkey Collas WD 1998). The
Mourne larvae constituted 1 % of the Irish Sea larvae in November 1997.

wTEw Cemr

733 urm.munsn surveys of Area vuau\i Jo

Groundfish surveys, carried out by Northern Ireland since 1991 in the Irish Sea, were used by the 1996 and 1997
Herring Assessment Working Groups to obtain indices for O group and 1-ringer herring in the Irish Sea (ICES 1997/
Assess: 8). These data indicated a strong 1992 year class (1-ringer in 1994) but the large 1990 ycar class 1-ringer in
0072y f

992y, und in the catch at age d data wasg not apparent .I"T'ah'lp 74, 1\ Thig vaar the Q.rino (Qanfnml-\ 1-ring {March
June an

L Lawen il G Liik Sl Lo B wu.u._, HEHH
o & v s i AR

m
d Sen f-rnher\ mdices were nvsrnmﬂd as a l-ring recruitment ind

w

ex for the whole Irish Sea, with the values’
weighted by he inverse of the CVs ( F:gure 7.3.2). The rationale for this was to reduce the noise generated by individual
1nd1ces reduce problems associated with juvenile Celtic Sea fish in the Irish Sea and ensure that the index was
representative of the whole stock (Armstrong et al. WD 1998b). This index shows the relatively strong 1992 and 1995

year classes.

T

7.4 Data exploration and preliminary modelling

-In 1997 the Working Group explored the possibility of undertaking an analytical assessment but concluded that none of
the tuning indices would provide an objective way of estimating $8B in 1997 (ICES 1997/Assess: 8). Therefore, no
analytical assessment was presented. ACFM undertook an assessment of this stock usmg the method of Cook et al,
{1991). This analysus gave an. SSB]Qg’; of 16,650t. .

The last analytu:al assessment of thls 'stock was in 1996. There was a large amount of uncertainty in this assessment, In
1996 the tuning indices used were the Douglas Bank larvae series, acoustic surveys and the June and September Ground
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Fish Survey i-ringer mmces' The shrinkage option was used glvmg a range of Fog of 0.107 o 0.152 for 19953 A value

P aud WA oY e e AR

0.13 L v=u, J) was clioseii foi plcuwuﬂ 15.

Explorations in 1997 indicated that the Douglas Bank larvae surveys gave questionably tow fevels of fishing' morta]ity
All other indices showed variation in fishing mortality after 1985 with a general slow decrease-over the years: TFhis

rnnr\rrnrl |qr\r||ﬂnc' rprnla:nlnrr ctahla at rn]ahv.’:l\f ]n“f 19\'n:]c: frnrr! 1QQ] to ﬂ'\P nregent, W1ﬂ"| th'

W be con with reported landings ren 1z stable at relati to the prese
gxggptign of the Dgl__glag Bank larvae index the hmlncr indices Suoaeqred an SSR in 1094 of between. L1 000 and 44, nnnr
(TCES 1997/Assess: R). This was not inconsistent wrth the estimate of 38,000t for 1995 (ICES 1996/Assess:10).

This year new data were added to the Douglas Bank larvae series (DBL), Northern Irish larvae series {NINEL) and the
Northern Irish acoustic suryey (AC-VIIa(N), and ACAGE) fer SSB tuning files. All the groundf' sh indices (GFSQOS,
GFSIM, GFSIJ and GFS1S) were reworked to provide a single l-ringer recruitment index (GFS-mean) for the whole
Irish Sea (see section 7.3.3) rather than a series. of noisy individual estimates. This year, the survey indices were used to
initiate an analytical assessment using an mtegrated catch-at-age anaIysm (ICA) meludmg a separable. constraing (Derlso
et al. 1985) The Integrated Catch Analy51s {(ICA). was used The fellewmg short survey series were avallable for
mclusmn in an assessment usmg the ICA package '

;- Larval production estimates from Douglas'Bank surveys to provide an SSB index: 1989 - 1997 (DBL)

-Larval production: estimates from the Northeém Ireland surveys in the riorthi-east Irish Sea: 1993 - 1997 (NINEL)
Age- aggregated acoustic -estimates’ for ‘the S8B:of ‘hetring -in- Division VIIa(N) in September 11994 - 1997 :
(AC_VIIa{N))

4. Age-aggregated acoustic estimates of Manx herring spawning aggregations in- 1989,1990 and 1994.({AC_DB): .

5. Age- dlsaggregated acoustic estimates for the. SS8B of herring in- Division. VIIa(N) in . September- 1994 - 1997
- (ACAGE)

6. Mean.catch of juvenile herrmg (1nver5e welghted mean of indices 7 10) as a 1—rmger mdex (1992 “ 1998) (GFS-
© mean}

7. Larval production estimates from Douglas Bank surveys to provide a recruitment index: 1989 - 1995 (LPERI)

8. Insh Sea groundfish SUrvey mdlces of O-ring herring in September 1991 - 1996 (GFS0S)

9. ;'Irrsh Sea groundfish survey mdlces of 1-ring herring in March 1992 - 1996 (GFS1M)

10. Insh Sea groundf" sh survey indices. of 1-ring herring in June 1991 - 1994 (GFS1]).

11. Irish Sea’ groundfi sh survey indices of 1-ring herring in- September 1991 - 1996 (GFSIS)

(NB Indlces 7 to 10 were niot consldered in 1998 see ICES 1997/ Assess 8)

W D =

The d.fferent iudices arc given if rables 7.4.1 and 7.4. 2. The var:abrhty in s'gnala coming from the various SSB. tunj
indices is highlighted in Figure 7.4.1. For the purposes of data exploration the two larvae indices (DBL and NINEL)
were considered as recruitment indices and compared with the Ground Fish Survey' 1-ringer index (thure 7 4. 1) There

are some similarities but agam there is'a mlsmatch with the suggested trends in recrurtment

The ICA model was fitted using each series ( 1-6). However, the acoustic survey data were anatysed together ( SSBA)_ :
because of the shortness of the AC_ DB and AC_VIIa(N) series. The following input values were used:

* Separable constramt over last 6 years (welghtmg = 1:0for each year)
“Reference'age = 4 e :

Constant selection pattern mode!

eetecnvuy on oidest age=10
- First age for catcu1at10n of reference age =2

Lasi age ror ea:eurauun of reference age = 6

' Welghtmg on l-ringers = 0 1; all other age classes = 1 0
Weighting for all years = 1.0
All mdtces treated as linear

]
-
.‘i_l“

o
L.
-]

west n A
All survey welghts fitted by hand i.e., 1.0

. Correlated errors assumedle =1.0 .
. No shnnkage apphed '

The Division VIIa(N) acoustic survey estimates were not consndered as absolute because of: dlscrepan{:les between

acoustic estimates and tuned SSB estimates seen in other stocks. Solutions were found with all indices with DBL giving
a very low mean F(2-6) = <<0.01 and ACAGE, NINEL and AC_VIla(N) giving mean Fs of >1.0 (Figure 7.4.2). There
was some doubt:about the 1996 data for the NINEL. series (the value was very low due to the spawning period-being 3
weeks later than expected) so the analysis ‘was rerun without this index value. This made very little change to the -
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the NINEL index on its own

combination of ndlces gave: snmlar results in percewed F(97) to

Due to concern about the wide range of F(97) from the different tuning indices ‘a series of Separable VPAs were rin
peing an innut F of 0.05 to 0.8, The differences in percention of Hg\rplnpmpql of the stock are shown in Fioure 7.4.3. The

wOLiE Gl dRlpAAL AT O A LUl L} P Lw R ) LA e) [ LRSI i DL -t 0 L, LR s o4 A 1%

senarab!g pnpl_gla_[!nnq were then r‘nmpajed with the survey indices for minimisation of sums of scpAares. n chneral as
with the ICA output, the different tuning indices gave a range of F(1997) with none showing a clear minimum in SSQ
surface. The SSB tuning indices suggested input Fs-of; AC_VIIa(N} = 0.20 and NINEL (minus 1996} = 0.15 (Figure
7.4.4). These results- are-in contrast to the higher Fs suggested by ICA. The 1—rmger index (GFS-mean) did not have.a

minimum <1.0,

In view of the conflicting signals from.the available tuning data and the variability in perceptions of mean Fp. it was
decided to continue with an ICA run using the NINEL {minus 1996) biomass and the GFS-mean 1-ringer indices and to
use: the shrinkage option: The removal-of the 1996 data from the NINEL series was due to spawning being late in that
year.and: the range in Jarvae length being less than in all previous years. This could bias the production:estimates for
1996. The removal of the 1996 data-also reduced the 95 % confidence limits on the F(1997) (Figure 7.4.2). The choice
of using the shrinkage option was used in the 1996 assessment when faced with a similar degree of uncertainty in the

P e] T f'l.n rru & T

percepuon of me 388 in UlVISlOIl v LIA[IN ). his: OpIIOIl is consistent with me Uﬂﬂﬂ[‘lyll’lg pﬂnClpaiS used D}’ ACFM in
- S

1
- N 4L
. I

L T S, P

S5 bb_[IlCIEl,l_[l 1991 dllu LIIC HICUWOL 1sC GIB Ib bUlIleu‘;IlL Wllll l.HU Plllll-lplﬁb clpput:u_ lE:J d.l.l. UL"U!. lIUl_l Illg btUbI\b
nooanmad T thic \'l!n.-l"-.n [ Iy,
dA3dG o300 U}' LHILY - ¥Y Ull\llls \.JIVULIP
7.5 Stock assessment

Y. (In(C.y) - In(ce, ) )+
'Z_‘.-“n('QEMNELS'SB_VJ - ln{'N'!NEL}))Z"“-
21 (I0{Qrs mean Niy) - IN(GFS — meani;))?

where:

ay age and vear subscripts

C Catch in number at age and year
¢ Catch in number at age and year predicted by a separable fishing model
SSB . Spawnmg stock size in the structural model

NINEL . Larval production index _

GFS-mean Ground Fish Surveéy estimates of 1- rmgers a

N . - o Populatl(m abundance in the siructural model

Q. _ ;' Loernclents of proporttonauty ror survey indices

‘The results of the baseline model fit are shown:in Figures 7.5.1 -7.5.5. The §8Q surfaces for each index show shallow
minima at intermediary levels of: fishing mortality. The estimate for Fug, for 1997 was -0.70 (Table 7.5.1) with a
corresponding S5B estimate of approximately 6,000 t. This assessment shows a substantial increase in estimated fishing
mortality from what was perceived in 1996 and a substantial decrease in estimated SSB from both 1996 and 1997.

Due to the uncertainty of the assessment the shrinkage option in ICA was applied. It was decided to shrink:the model
estimate of the 1997 F to the mean of 1987 to 1997. A number of runs were carried out following the initial fit of the
ICA model. CVs of 3.0 to 1 were explored. The effect on estimates of F ¢ was as follows:

Minimum shrinkage CV Mean F 5.4
0.0 - : : : . 0.40
0.1 . 0.40
02 0.42
05 0.51.
0.7 o 0.56.
0.9 0.5¢
no shrinkage 0.70
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consigered tnat the frue varance Of e Incan «© Was ¥ISio: {s¢C 1adie /.3.4). Since. tnoere. . was no GOJeCUye way -of

choosing between CVs at (0.0 and 0.1, the rin: with a minimum:' CV of 0.0 was chosen for making short-term predictions..
This assessment gave a mean F,.q for 1997 as 0,403 and an SSB of 8,200t. The population estimates, ﬁshmg mortahtles
and stock summary table. for the shrunk assessmient are given.in Table 153

76 S't'ock-and Cateh Projectinn R
Short-term: predictions were carried out using the shrunk ICA estimates of population numbers ‘and fishing mortalities
(Section 7.5). The numbers of 1-ringers in“1998- was taken from the ICA output as this reflected the perceptioniof
recruitment for this year from the 1-ringer tumng index (GFS-mean) and the ages in the acoustic surveys (Table 7.3.2).
The numbers of 1-ringers in 1999 and 2000 were assumed to be a geometric mean of the recruitment over the period
1982-1997 (Table 7.6.1). Mean weights i the catch and in-the stock were taken as a mean for the years 1995-1997.
The:shrunk ICA estimates of F at age in' 1997 were used for the exploitation pattern. Predictions of stock and yield were
made assuming Fyuuy quo in 1998, and TAC.constraint of either: UK landings reaching quota (6,660t) or the. complete
TAC (9,000t) being taken up in 1998. The full. TAC option is necessary as:there is a possibility that the Irish ﬂeet Could
re_|01n the f' shery Predictions for 1999 and 2000 were made for a. range of: F—mu]ttpllers

An Fiinar auo 111 1998 would result in a catch of 5, 760t - (Table 7.6.2). The UK catch of 6,600t ih 1998 suggests an‘F of
"0.45 which is dn mcrease from: F(1997). There 'would ‘be a small increase in S5B: The full lAL constramt (9.0 i)

would result in-an F(1998) = 0.68 with a concomitant increase in F and decline in SSB. An Fuius juo ‘for ‘thie 'years 1996

to 2000 gives a relatively stable SSB for Fy, s yuo and F=0.45 in 1998 but a decline in SSB with F=0.68 in 1998 (Table
7.6.3). Details of stock structure in 1998-2000, assuming a catch of 6,600t in 1998, are given in Tablei7.6.4. Status que
catch in 1999 is between 4,400 and 5,400t dependmg on the catch in 1998.

The present assessment is based on the assumption of stability in the stock. Therefore, the Working Group decided that
there was no real basis for undertaking a meaningful medium term projection of stock size.

AN #hin noongosmand

The currént time-series of survey data are very short and, as seen here, prone to providing variable perceptions of stock

development. In an effort to provide a basis for advice, the Working Group resorted to providing a view of stability in -

stock over the last few vears, “The S8&R nrpcpntprl here iz lower than ﬂPI‘{"PIVF‘{" h\.' APFM’ in. 1997 due to the

ifferences in analyses. The analysis prf_-qenred here is consisient with the TCA methnd used bv this Wnrkmsz Gmun
There have probably been changes in this stock since the early 1990s with the possible severe reduction i in the Mourne
component of VITa(N). The consequence of this is that the $SB in VIla(N) may be lower than when both components
are jpresent.: This change in stock dynamics and the variability in the tuning data mean that this assessment should;be
treated with caution. It is hkely that an analytlcal assessment wnll be possible in the future with Ionger time-series-from

this:area..

-
B i

All indices suggest a relatively stable SSB from 1994 to the present. Therefore, maintaining catch levels, in the short-
term, of approximately 5,000 t should not be detnmental to the stock. The consequences of catches -above 5,000 t.on
SSB,are at present unknown. : : - T R g

7.8.2 Spawning and Juvenile Fishing Area Closures
The present arrangement of closed boxes in Division VIIa(N) are discussed in detail in ICES (1996/Assess;10). The
closed areas consist of: all year juvenile closures along the cast coast of Ireland, and the west coast of Scotland, England

and Wales spawning closures along the east coast of the Iste of Man, and along the east coast of Ireland.

In view of the uncertainties in the size of the stock in D1v1510n Va(N) the Workmg Group recommends that any
aiterations to the present closures are considered carefuiiy, in the coniexi of this report, io ensure protect.lon for-ai
LUIIlpUﬂUHlb Ul Lnlb bLULK ' . o
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Table 7.1.1. 'Irish Sea

HEKKINCY

(Division

VIIA(N) Y. Catch in tonnes by codntry; 1984-1997.
ail cases correspond o the official staiisiics and cammot be used for management purposes. .

These figures do not in

1984

1985 -

1986

1987

L1988

1990

Country 1989

Treland 1,084 1,000 1,640 1,200 2,579 1430 1,699
UK 2,982 4,077 4,376 3,990 7,593 3,532 4,613
Unallocated - 4110 1,424 1,333 - - -
Total 4,066 9,187 7440 5,823 10,172 4962 6312
Country 1991 1992 1993 1994 1995 196 1997
Trefand 80 406 0 0 G- 100 | 0
UK 4318 4364 4,408 4,828 5,076 5180 - 6,651
Unallocated - - - - - _22 _ -
Total 4,398 5270 4,408 4,828 5,076 5,302 6,651
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Landings N()

No. fish

No. fish

Quarter  Country Estimation of
N (t) samples. - measured aged discards =
Ireland - o - - . - -
UK (N. Treland) 1 0 0 0 No
1 UK {Isle of Man) a - - - -
UK (Scotland) _ 0 - . - -
-, UK (England & Wales) 0 - - - -
“Treland - o 0 - - - -
UK (N. Ireland) 246 0 0 0 No.
2 - UK (Isle of Man) 157 0. -0 0 No -
UK (Scotland) 0 - - - -
. UR:{England & Wales) 0 — - - -
Ireland ‘ 0 z- 473 50 No-
UK (N. Ireland) 3877 23 2603 1049 No,
3 UK (Isle of Man) 608 7 2246 340 No
¥ UK (Scotland) 0 . - . No
UK (England & Wales) + 0 0 0 No
- Treland 0 - - - -
UK (N. Treland) 1556 2 297 150 No
4 “UK (Isle of Man) -0 - - - -
UK (Scotland) 205 - 234 76 No
UK (England & Wales) -0 - - - -

+< It

Table 7.1.3 Herring in the North Irish Sea (Manx plus Mourne VIIa(N)). Catch in numbers (thousands) by year.

318 -

Year Agel Age2 ge 3 Age 4 Age s Aged Age7 Age B+
1972 40640 46660 26950 13180 13750 6760 2660 1670
1973 42150 32740 38240 11490 6920 5070 2590 2600
1974 43250 109550 39750 24510 10650 4990 5150 1630
1975 33330 48240 39410 10840 7870 4210 2090 1640|
1976 34740 56160 20780 15220 4580 2810 2420 1270
1977 30280 - 39040 22690 £750 4520 1460 910 1120
1978 15540 36950 13410 6780 1740 1340 670 350
1979 11770 38270 23490 4250 2200 1050 400 . 290
1980 5840 25760 19510 8520 1980 910" 360 230
1981 5050 15790 3200 2790 2300 . 330 290 240
1982 5100 16030 5670 2150 330 1110 140 380
1983 1305 12162 5508 2820 145 484 255 59
1984 1168 8424 7237 3841 2221 380 220 479
1985 2429 10050 17336 13287 7206 2651 667 724
1986 4491 15266 7462 . 8550 4528 3198 1464 877
1987 2225 12981 6146 2098 4180 2777 2328 1671
1988 2607 21250 13343 7159 4610 5084 3232 4213
1989 1156 6385 12039 4708 1876 1255 1559 1956
1990 2313 12835 5726 0697 3508 1661 1042 1615
1991 1999 9754 6743 2833 5068 1493 719 815
1992 12145 6885 6744 6690 3256 5122 1036 392
1993 646 14636 3008 3017 2903 1606 2181 848
1994 1970 7002 12165 1826 2566 2104 1278 1991
1995 3204 21330 3391 5269 1199 1154 926 1452}
1996 5335 17529 9761 1160 3603 780 961 1364
1997 9551 21387 7562 7341 1641 2281 840 1432
Oz\ACFM\WGREPS\HAWG\REPORT‘S-\ 1998\SECT-T\T-1-2D0OC  -26/03/98  10:41




Length
14

15
16

—_—
[#=]

19
20
21

2

27

28

29

1988 1989 1990 1991 1992 1993 1994 1995
. S
1 ,
1 .. L 95
10 - 169
13 - [ 343 21
16 6. 2 275 _ 55
29 50 1 779 R4 139
44 24 7 4 1,106 59 148
.46 a4 224 31 1,263 &9 300
85 43 165 56 1,662 89 280
247 116 656 168 1,767 39 226 310

3,573 314 1,908 1,974 1,156 2368 1473 4,547
5046  1,i83 3,474 2,842 1,575 2,855 2,iZ20 4416
= AA"T 1 £ ™ D140 s B B I ¥ N oA1N s I 4 -~ A - ANt
2447 1,000 4,016 2,011 Ll 4,010 2504 35,091
£ 078 a2 90E A RN n 724 3 707 2 207 2218 21NN
Ty b O Ly LU 00U Fa Lyt FL ey AR s § oy EUAS
4634 2720 3,688 259 3,268 2,198 3382 2,358

1,335 801. 146 82 70 83 9 40
885 557 57 36 36 i3 27 5
563 238 54 12 2 4 i
144 128 31 3
80 57 29
7 7
2 5
1 6
0
5

L1996

1997

O:AACFM\WGREPS\HAWG\REPORTS\1998\SECT-T\T-14.DOC  26/03/98

319



320!

' n THuteiaA A V- Mann lanath at ara
2k 43} Division VIIa (North). Mean length at age
Year - Lengths at age (cm)
Aan [rinoc)
SRGT AR Lgey
1 2. 3 4 5 6 7 8
1985 22.1 24.3 261 2716 283 286 295 30.1
1986 197 24.3 258 269 28.0 288 288 29.8
1987 200 241 263 273 280 292 294 30.1
1988 20.2 23.5 257 263 27.2 217 287 29.6
1989 209 238 258 268 278 282 280 29.5
1990 20.1 24.2 - 256 262 277 283 283 29.0
1991 205 238 254 261 268 273 277 287
1992 190 23.7 253 "262 267 212 279 29.4
1593 216 241 259 267 27.2 276 280 287
1994 20.1° 23.9 255 265 270 274 279 28.4
1905 20.4 236 252 26.2 26.8 2770 276 283
1996 - 19.8 235 253 260 26.6 276 276 282
1997 19:6 23.6 25.1 26.0 265 271 217 28.2
“ Tabhle 7.2.2° HERRING in Division VIa ( Nonh). Mean weights at.age.
Yeai Weights at age' {g)
| Age (rings)
1 2 3 45 6 7 8
1985 87 125 157 18 202 209 222 258
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 70 121 153 167 180 189 105 214"
1992 &1 111 138 151 150 171 179 101 -
1993 88 126 157 171 183 191 198 214
1094 73 126 154 174, 181 190 203 214
1995 72 120 147 168 .. 180 185 197 212
1996 67 116 148 162 177 199- 200 214
64 118 146 165 176 188 204 . 216
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Table 7.3.1 Herring: Summary of acoustic survey information for Diviéion VIIa(N) for the period 1989-1996. Small clupeoids include sprat and O-ring herring
unless otherwise stated. CVs are approximate. Biomass in t. All surveys carried out at 38kHz except December 1996, which was at 120kHz.

Year Area Dates herring-.bibmass CV . hemring bioméss 0" small clupeoids  CV
(1+ years) = : (88B). biormass
1989 Douglas Bank 25-26 Sept | TR0 : - | -
1990 Douglas Bank 26-27 Sept 26600 | - - ‘ -
1991 Western Irish Sea 26 July - 8 Aug 12760 03 ' 66000’ 0.20
1992 Western Irish Sea 20 -31 July 17490 - 019 : 43200 0.25
+ IOM east coast | - | o
1994 Area VIIa(N) 28 Aug-8Sep 31400 0.36 - 26190 : - 68600 - 010,
Douglas Bank 22-26 Sept : © 28200 - - . .
1995 Area VIIa(N) 11-22 Sept 53200 0.32 34040 - 344700 0.13
Douglas Bank 10-11 Oct S - 9840 I . o
Dougles Bank 23-24 Oct = 1750 g 0.51 - e
1996 Area VIIa(N) 2-12 Sept 24500 0.24 23390 " 0.25 49120 0.13
Eastern Irish Sea 9-12 Dec 12800 049 11830 0.49 6810 0.13
(closed box) N _ " | | .
1997 Area VIIa(N)-reduced  8-12 Sept 20100 028 0 11300 ‘ 0.28 - . -

: sprat cnly
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Table 7.3.2 Age structure of hemng in Division VIIa(N ) from the Northern Ireland Acoustic surveys in .
September. : - ; :

“Age (rings) 1994 . 1995 - 1996 1997 :

Sl 66830 . 313869  ° 11340 0 . 134146
2 68290 . 133802 43372 L 49977 ¢
3 73529 21637 ' 67473 14812
4 11860 54804 ¢ 8954 10985
5 9299 . 8351 26469 SD 1751
6 7550 6588 4171 4553
7 3867 - . 9174 ..5911 . - - 571
§+ 101E8 - 1 12716 SEIS o 0 1910

Table 7.3.3 Irish Sea HERRING tarval productmn (10 'Y indices for the Manx component of Division
VIIa(N). Brackets denote one standard error:

“Year Co . Douglas Bank _ ‘ : North: East Irish Sea -
S : Isle of Man " Northern' Ireland B Isle of Man B Notthern Treland -
1989 © 339 : :

1990 192

1991 1.56.

1992 15.64 - i28.86

1693 4.81 1.10 38.3 (18.4)
1994 7.30 12.50 71.2 (8.4)
1995 1.58" . - 151 (9.3)
1996 o R 0.30. - 4.7 (1.4)
1997 559 . . 846(16) 3590 - 29.1 (3.2

1
No assessment
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Table 7.4.1 Tuning indices used for the Trish Sea (VIIa(N)) herring assessment. Values and approximate CVs are given.
na = not available. GFS-mean = Weighted mean of groundfish survey; 0-and. I group abundance for the
whole Irish Sea; GFS-mean E = Weighted mean of groundfish survey, 0 and 1 group abundance for the
eastern Irish Sea; SSBA = Spawning stock biomass by acoustic téchnigues (AC_ DB = Douglas Bank
acoustic surveys covering only the spawning stock, AC_VIIa{N) = Irish Sea acoustic surveys covering 2+

Ty T o T

rmgeIS), DBL = larvae proctucuon OI‘I uougias Bank. {UC[ODG]‘), Nu\u-_'.u-larvae ptouucuon in the l’lGl‘[Il-

Casieri ]J.lbll. OUd. !\i‘i UVUIHUUI}

Year GFS-mean’ | GFS-meanE' | DBL® NINEL® 'AC DB’ AC_VIIa(NY*

1989 . - 3,39 (0.49) ~ 18000 (na) -
1000 ‘ 1.92 {0.24) . 26000 (na) _
1001 - 1.56 (0.22) : -

1992 27 171 15.64 (0.55) - -

1993 94 98 | 481(0.18) | 383 (0.48) - -

1994 191 190 730(0.58) | 71.2(0.12) | 28200 (na) 26190 (na)
1995 85 32 1,58 (0.42) | 15.1(0.62) | - 34040 (na)
1996 36 68 - 47%(030) | - 23390 (0.25)
1997 139 103 T550() | 29.0(011) | 11300 (0.28)
1998 77 42 -

1. Mean of numbers per 3nm trawl from juveniles aged 0 in September and aged 1 in March and the following
September. Weighted by the inverse of the CV.

2. Numbers of larvae at 6mm x 10

3. Biomass of spawning aggregation, tonnes.

4. Biomass of S5B, tonnes.

Table 7.4.2 Age structure of herring in Division VIIa(N) from the Northern Ireland Acoustm surveys in

September.
Age (rings) 1994 1995 1996 1997
1 66830 313869 11340 134140
2 68290 133802 42372 49977
3 73529 21637 67473 14812
4 11860 54804 8954 10985
5 9299 8551 26469 1751
6 7550 6588 4171 4553
7 3867 9174 5911 571
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Table 7.5.1, Herring in VIIa(N): Results of baseline assessment.

Output Generated by ICA Versmion 1.4

- Herring N.Irish Sea {run: ICAMDC36/I36)

Cateh in Namber x 10 ~ 6

S e i e e e e e e e e e e L e e by
AGE I 1972 1973 1974 1975 1976 1877 1978 1979 Y{
—————— O U [
1 i 40 .64 472,15 43 .25 33,34 34.74 o228 13.54 11.77 3:
2 46.66  32.74 109.55 48.24 56.16  39.04 36.95  38.27
D30 26.95 ° 38.24  39.75 ° 35.41 - 20.78 22.69  I3.41 323.49
et 13.18 . 11.49 24,51 . 10.83 15.22! 6.75 6.78 4.25
5 13.75 6.92. "~ 10.65 7.87 4.58 4.5z 1.74 2.20
g ‘ 6.76 5.07. ., 4,99 7 4.21° 2.81 1.45 1.34 1.05
T 2.66 2.59  ~5.15 . 2.09 2.42 .91 67 40
) I 187 2,60  1._83 1.64 127, 1.12 a5 29
______ e e e e e e L e e L e e L L
mmmmmm B T i e e e T T I R
AGE | 1980 1581 1983 1983 1984 . 1985 1986 1987
________ S S O
1 5.84 5.05 5.10° ¢ 1.31: "1.17 " 2.43 4,49 2.23
2 25.76 15.79 16.03 : "12.16 - &.42° 10.05 15.27  12.98
A 19.51 3.20 - 5.67 5.60- 7,24 17.34 7.46 6.15
A | g.52 . 2.70 2.15° - 2.92 ‘3.84 12.29 2,55~ 3,00
‘5 | 1.98 . 2.30 .33 45 2.22 7.21 4.53: 4.18
g 91 33 1.11 .48 38 2.65 3.20 2.78
7 | 36 29 .14 .26 23 67 1.46 2.33
8. 23 24 - .1.38 06 4g 72 88 1.67
______ o o Tl
______ O A
AGE | 1988 1989 1390 1991 1992 1993 1994 1995
______ O
1 | 2.61 1.16 2.31 2.00  12.15 .65 1.97 3.20
2 21.25 6.39  12.84 9.75 6.89: 14.64 7.00.  21.33
3 l 13.34  12.04 5.73 6.74 £.74 3.01  12.1§ 3.39
4 7.16 4.71 9.70 2.83 6.69 3.02 1.83 5.27
5 'l 4.81 1.88 3.50 5.07 3.26 2.90 2.57 1.20 ‘
6 | 5.08 1.25 1.66 1.4% 5.12 1.61 2.10 1.15 j
7 | 3.23 1.56 1.04 72 1.04 2.18 1.28 .93 ;
g | 4.21 1.96 1.62 81 .39 85 1.99 1.45 :
—————— o e e e e e e e e  — — —— ——— —— ——— i
______ e B
AGE | 1996 1957 :
AAAAAA o K
1 - 5,34 7 §.55 ;
2 17.53  21.39 :
3 | ‘9.74 7.56
4 | 1.16 7.34
5 I 3.60 - . 1.64
6 ! _78 . . 2.28
7 95 .84
8 1.36 1.43
______ o e .
x 10 ~ 6 ;s
Predicted Catch in Numbexr (x 10°4 3) :
______ o e
aor | 1992 1993 1994 1095 1986 1847
______ e L lill_ L.
1 3797 1370 ‘5i46. 3307 2482. 10505 :
2 ] B518. 13619 8572. 23436. 15912. 16221 :
3 7057 2776 8339. © 3579. 10399 9503 v
4 5179 2651 1950. 4033 1840 7381 :
5 ! iz85. 2725, 2568, 1314, 2883, 1798. ;
6 | 4855 1499 2122. 1381 751 2274 :
7 ! 1036 2280 1304 1282 887 666 :
—————— o e e e - - £
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______ e e L et L
AGE | 1972 1873 1974 1975 1976 1977 1978 19739
—————— T e e e

1 | .07400 .07400 - .07400 -.07400: ..07400 -.07400 -:07400-.07400 .

2 } .15500 .15500 --.15500.. .15500. 15500 .15500 ..15500-. .15500

3 | .19500 .19500 = .19500 .19500 . .19500 ..19500 .;.19%00¢ . .19500 .

a .21900 21800 21800 - 21900 . -.21900 _21300 -.21900- _231900

5 | .23200  .23200 23200 - .23200. .23200 .23200 .23200 .23200

[ | .25100 .25100 - .25100 - .25100 .25100 .25100 -.25100 -.25100

7 | .25800 .25800 . .25800 .25800 .25800 .25800: ..25800 .25B00

8 | .27800 .27800 - .27800 .278B00 .27800 .27800 .27800 .27800
______ e e e e o e e
AGE 1980 1981 1582 1983 1984 1985 1986 1987

1 .07400 .07400 .07400 .07400 .07600 .0B700 .06800 .05800
2 .15500 .155C0 .15500 .15500 .14200 .12500 .14300 .130400
3 .19500 .19500 .19500 .19500 .18700 .1570C .16700 .16000
4 .21900 .21900 .2190C .21900 .21300 .18600 .18800 .17500
5 .23200 .23200 23200 .23200 .22100 .20200 .21500 .1940C0
& .25100  .2510C .25100 .25100 .24300 .20900 .22800 .21000
7 | .25800 .25B00 .25800 .25800 .24000 .22200 .23%00 .21800
8 | .27800 .27800 .27800 .27800C .27300 .25800 .25400 .22900

______ o o o e e
AGE | 1988 1989 1990 1991 1992 1993 1994 1995
______ et e e e ettt e mm e e e
1 | .0700C .081D0 .096C0 .07300 .06200 .08%00 .0700C .07500
2 l .12400 .12800 .14000 .12300 .11400 .12700 .12300 .12100
3 | .16000 * .15500 .16600 .15500 .14000 .15700 .15300 .14600
4 | .17000 ,17400 .17500 17100 .15500 .17100 .17000 .16400
5 .18000 . 18400 .18700 .18100 .165030 .1B200 .1B8000 .17500
6 I .19800 18500 .19500 .185000 .17400 .19100 .183%00 .18100
7 | .21200 20500 .20700 .1%800 .18100 .19800 .20200 .15300
8 | .23200 .21800 .21800 .21700 .19700 .21200 .21200 .20700
______ D
______ e
AGE | 199§ 1997
______ e
i |  .08706 .06400
2 | .i11600 .11BOO
3 | .14800 .14600
4 ’ .16200 .16500
5 .17700  .17600
§ | .1%%00 .18800
7 | .20000 .20400
8 | .21400 .21600
______ o
Waighta at aga in tha stock (Kg)
______ b o e e e
AGE | 1972 1973 1974 1975 1976 1977 1978 1979
______ o
1 | .07400 .07400 .07400 .07400 .07400 .07400 .07400 .07400
2 | .15500 .15500 .15500 .15500 15500 .15500 . .15500 .15500
3 | .18500 .19500 .19500 .19500 .19500 .19500 .19500 .19500
4 | .21900 .21900 .21900 .21900 .21S00 .21900 .21%00 .21500C
5 ] .23200 - .23200 .23200 .23200 .23200 .23200 . .23200 .23200
& | .25100 25100 25100 25100 .25100 .25100 .25100 25100
7 .25800 .25800 .25800 .25800 .25800 .25800 .25800 .25B00
8 l 27800 .27800 .27800 .27800 .27800 .27800 .27800 .27800
______ et e
ace | 1980 1981 1982 1983 1984 1985 1986 1987
______ e e ————————
1 | .07400 .07400 .07400 .07400 .07600 .08700 .0A800 .C5800
2 | .15500 .15500 .15500 .15500 .14200 .12500 .14300 .13000
3 | .19500 .19500 .19500 .19500 .18B700 .15700 .16700 .16000
4 | .21%00 .21%00 .219%00 .21500 21300 .18600 .1B8GO0 .17500
5 | .23200 .23200 .23200 .23200 .22100 .20200 .21500 .19400
6 | .25100 .25100 .25100 .25100 .24300 .20900 .2290Q0 .2i000
7 | .25800 .25800 ,25800 .25800 .24000 .22200 .23500 .21800
e | _27800 27200 27800 _I7H00 27300 25800 25400 22900
______ e e e e e e
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Table 7.5.1, {cont.)
. Weights at age in the atock (Kg)

______ T oy Sy iy S S Sy Uy Sy S
AGE | 1988 1989 1990 1991 - 1992 1993 1994 1995
______ o LTIt
1 07000 .08100 .07700 .07000 .06100° -088B00 .07300  .07200
2 12400 .12800 13500 .12100 ©-.11100 .126Q00 .12600 .12000
3 I 16000 .15500  .16300 15300 - .13600 .15700- ,15400 14700 o i
4 L17000 17400 .17500 .187000 ,151000 17100 .17400 ° (16800 . - ;
5 | .18000 .18400 18800 .18000: .15900- .18300  .18100° .18000 b
6 | .198C0 .19500 .19600-° .18900 .17100  .19100° .19000 .18500 :
7 .21200 .20500 . .20700 - .19500° .17900° .19800 % .20300 : .19700 b
8 .23200 ,21800 '.217CG0 ~.21400° .19100: .21400 .21400 .21200 i
—————— e e e e e e e e e m e m m——m —— i
______ o e e
AGE | 1996 1997
1 06700 .06300
2 11560 ..11900
3 14800 - .14800
4 16200 .16700C
5 17700 .17800
6 | .1%500 .1gg00
7 | .1%800 .20800
‘8" '} .21200 .21400

[

INDEX1

do——t

. AGE-STRUCTURED INDICES :
FLT0l: GFS mean Irish Sea (Catch: Thousa

O:\Acfm\Wgreps\Hawg\Repons\l S98\Sect-7\T-5-1.Doc
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F it

5.1, (cont.)

5668 L2858 .2857 -2016 .4395 .3224 4334 42419
6184 3785 .3366 .2215 .3786 2777 3733 3660
5771 2858 4913 L4630 L4248 Jlle 4189 -4107
5095 2688 3947 3424 3RA0 2809 A776 3702

414 _.8B4 6£67.97 349.48 369.41 263.34 325.01 248.78 139.32
176.65 129.28 221.41  103.83  116.74 77.03 102,17 82.55

73 N4 a1 27 &7 o4 741 a7 e A 0 nc nA g Ag an
Faa.uas = R Ui.3z PL.Zi JUu.o1 ATk A .

=

33.87 35.66 40.48 20.30 23.84 11.25 11.9% 7.958
4
1

32.41 18.17 21.318 13.52 8.13 7.23 3.B1 .43
16.02 16.32 3.85 3.28 4.80 3.03 2.28 81
7.45 - B8.10 . 9.9% 4,23 4.41 - 1.70 1.386 .80
4.68 8.13 3.15 3.32 2.32 2.08 71 58
158G 1581 izgz 1583 1584 1585 13986 1587

OM\Acim\W greps\Hawg\Reporis\1998\Sect-\T-5-1 Doe
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Table 7.5.1. (cont.)
__.____.;. ________________________________________________________________
AGE i 1988 1989 1990 . 1991 1992 1993 1984 1295
e e e e e e
1 114.21 146.20 113.84 70.19 .143.76 70.37 -197.52 -129.45
2 100.90 40.50 53.11 40.54 24.66 50.68 25.09 69.68
3 [ 33.70 56.65 24.56 28.43 21.73 11.06 25.97 11.33
4 16.23 15,65 25,56 14.95 17.21 11, 48 8,56 13.78
5 ‘ 11.00 7.91 9.70 22.98 10.85 10.67 7.885 4.08
6 13.33 5.59 5.38 5.37 15.98 6.42 7.07 4.68
7 9.07 7.25 3.86 3.29 3.44 9.86 4.38 4.38
8 11.83 9.09" 5.99 3.73 1.30¢ 3.67 5.70 4.95
—————— e e e e s A RR e  r brr wm rn T m  m m m m  m  me m — a m am e
______ S PO S
ATy | 1005 1an7 1Tnaa
SNTan L L0 LI L7330
—————— e e e
1 93.03 245.22 134.82
2 45.70 32.78 84.13
3 31.76 --.20.38 10.66
4 6.06 16.68 8.12
5 - B.6s5 3,74 g.11
6 } 2.45 5.10 1.69
7 J 2.92 1.51 c2.46 ¢
8 | 4.50 3.24 2.31
______ e e
Weighting factora for the catches in number
______ B
AGE i 1992 19493 1994 . 1985 1996 1997
______ o e e e
1 j 1000 1000 1000 1000 1000 1000
2 1 1.0000 1.0000 1.0000:1.0000 -1.0000 1.000C
3 | L1.0000 1.0000 1.0000 .1.0000 - 1.0000 - 1L.0000
4 | 1.0000 1.0000 .1.0000 1.0000 21.0000 .1.0000
5 1.0000 1.0000 1.0000 1.0000 1.0000 - 1.0000
6 1.0000 . 1.0000 1.0000 1.,000C .1.0000 1.0000
7 1.0000 1.0000 1.0000 1.000C- 1.0000 1.0000
______ o e e e e e
Predicted SSB Index Valuesa
INDEYT
—————— +.—_~——-———-————————-—-—-——-———-—————————————————
f 1993 1994 1995 1996 1997
—————— e e
1 _i 40863 33649. 35817. 999990.. 24331
______ e e

.éredicted Age-Structured Index: Values

FLT01: GFS mean Trish Sea (Catch: Thous Predicted

+ - : ;
AGE | 1872 1973 1974 - 1875 ° - 1976 - 1977 1978 S1979 i ) ) "A”
+ . .

1 3174 2532 2143 1864 L2097 1602 L1154 1735 L
2 6204 8342 L8263 9210 L7226 8703 5963 9163
3 | 9888 - 1.4874 - 1.0110° 1.109% 8887 10061 - 1.0257 -1.0489
& | L.uouy L.Uuuu L. ULuy L. ULuy - J..IUUUU T.Uuuy Ll.uuuu 1.-Uudou
5 I 1.1214 1.2351 7369 1.1464 8105 1.0731 7246 8955
5 1.1137 9563 7511 7889 .8611 7121 1.0603 1.1415
7 8944 9911 7785 8903 L7787 8365 . 8053 8041
8 B944 9911 7783 8903 . 7787 8365 2053 ~3041
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Table 7.5.1. (cont.)

Number of indices of $8B : 1
Number of age-structured indices : 1

Parameters to estimate : 26
Number of observations : 53

Conventional single selection vector model to be fitted.

OMACm\Wereps\Hawg\Reports\t 998\Sect-\T-5-1.Dac

______ o o e o e e ettt et e e et o e e e e et e e
AGE | 1980 1981 1982 1983 1384 1985 1986 1987
______ P e
1 0699 - :.0898 0827 ..0470 1352 0514 - .1194 .0554
2. 1.2357 6641 6159 98456 .9068 5453 1.1238- 0 1.2326
3 1.5203 .6078 6100 L7699 1.2781 8218 1.0275 -1.2733
4 | 1.0000 1.0000 1.0000: 1.0000 1.0000 1.0000 1.0000 -1.0000
5 Io12211 _B623 AR99 LR85 3.4939 69473 8inad -1.1320
6 | 7919 6938 1.0624 1.1634 1.0494 6810 6568 - 1.10B1
) i L1.02Z3 6956 6560. ~ .B336 1.0302 6521 8207 1.02359
8 | 1.0223 6956 6560 8336 - 1.0302 .6821 8207 1.0259
______ e S
______ e et e et b
AGE | 1988 1989 1990 1991 1592 1993 1994 1995
—————— e e e e e e e e e e e e e e e e e e e e e
1 0593 L0232 0968 L2074 1124 1124 1124 L1124
2 4483 .5294 9656 - 1.4603 1.3269 1.3269 1.3269 1,3260
3 9168 L7024 87B6 1.3BZ1° 1.1611 '1.1611 1.1611 1.14611
4 1.0060. 1.0000 1.0000 :.0000 1.0000 1.0000 1.0000 1.0000
5 9332 L7551 1.4598.  1.1877 1.1222 1.1222 1.,1222 1:1222
3] B238 7086 1.1s07 1.5550 1.0116 -1.011s 1.0116 " 1l.0lle
7 7547 67556 8865 1.1738 1.0000 1.0000 1.C0000 1.0000
- 8 7547 6756 9865 1.1738 1.0000 1.0000. 1.0000. 1.0000
AGE T 1885 1887
______ [
1 1124 .1124
2 1.3269 1.3268
3 1.1611 1.16l12
4 1.0000 1.9000
5 1.1222 1.1222
6 1.0116 1.01l16
7 1.0000 1.0000
5 100000 1.84000
______ o e
. STOCK SUMMARY .
.3 Year ? Recruits . Total * Spawning? Landings * Yield 3 ‘Mean F * SoP 3
El 3 Age 1 3 Biomass * Biomass ? * /88B 1 Ages 3
3 3 thougsands ? tonnes * tonnes ? tonnes 3 ratio ? 2-76 32 (%) ?
1072 414840 94504 34713 27350 _7E70 5139 112
1973 667960 107723 33448 22600 L6757 45349 100
1974 349470 33181 24998 38640 1.5457 8625 99
19758 is0410 693448 172249 24500 1.4220 _Boobsg 102
1976 263330 54758 13022 212540 1.6317 9364 99
1977 325010 49566 9628 15410 1.6004 9153 85
1978 248780 43610 11112 11080 3970 7878 ‘92
1979 139310 35356 9846 12338 1.2530 8163 92
1980 158100 29122 H805 10613 1.8282 9891 97
1ag1 224740 30821 7294 4377 L8472 4822 2q
1982 231990 38395 13306 4855 3648 3037 98
1983 2329850 A4749 15298 3933 2038 1744 98
1824 131830 432401 24375 A0&8 L1888 1535 g -
1985 148880 42509 18278 9187 5026 3795 102
1986 171300 39606 18075 7440 L4116 3266 97
1987 2771790 41758 17616 5823 3305 2644 103
1388 114210 37942 16647 10172 6110 5098 105
1989 146190 34543 15521 4949 3189 2798 1040
1990 113830 31138 14078 6312 4483 1679 101
1991 70180 23257 12136 4398 .3606 2908 1a0
1992 143750 22384 B3B8 5270 6283 4256 101
1483 o370 az1ze 10101 4409 4355 3122 101
1994 197520 27810 8318 4828 5804 4197 102
1995 129440 2517% 5854 5076 5733 4115 99
1994 93020 20716 8133 5301 6518 4300 100
1997 245210 27784 6015 6651 1.1057 6981 1400

IFAP run code: I36

No of years for separable analysis : 6

Age range in the analysis @ 1 . . 8

¥ear range in the analysis 1972 . 1997
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Tabla 7.5.1. (cont.)

PARAMETER ESTIMATES

iparm.?® - 3 Maximum 3 3 2 3
3 No. ? 3 Likalh. 3'CV 3 Lower ? Upper i-g.e, +s.e. ? Param., '3
e 3 1 Estimate? (%)? 95% CL ? 95%.CL - 3. .~ 3 -3 Distrib.?
Separable model : F by year : : : :
1 1952 .3786 327 L2020 o 7094 L2748 LHE216 . 3985
2 1993 J2777 33 .1442 © L5347 .1988 - 3879 2934
3 1994 L3732 345 .1896 T.7347 L2642 .5273 L3952
4 1a95 3660 3B L1712 . TB24 L2483 53593 L3945
5 1996 .3824 44 .1597 .916C .2449 .hg72 .d2z24
8 1997 L6209 59 L1918 22,0122 .3408 1.1312 .T7433
Separable Model: Selection {8) by age
7 1 .1124 62 .0332 -3805 {603 2094 L1364
g8 2 1:3268 29 .7485 2.3585 .9894 - 1.7784 1.3883
9 3 ‘101811 27 L6795 ~1.9839 o .8834 1.5260 1.2052
4 - 1.00080 Fixed : Reference. Age
10 5 1.1222 23 L7094 1.7752 .8881 1.4181. 1.1534
11 6 1.0116 22 .6491 - 1.5768 8067 - . 1.26BT7 1.0379
7 1.0030 Fixed : Last true age : - :
Separable model: Populations in year 1997
12 1 245214 ag: 94025 530505 150355 199892 276355
13 2 32782 38 15354 69950 22262 48272 35331
‘14 3 20382 42 8818 47110 13292 31253 22332
“15 4 16680 45 6803 40896 10556 26358 18521
16 5 3742 48 “1441 9715 2300 6089 4213
17 6 5095 &3 1794 14472 2991 B&79 5872
18 7 1505 55 504 4492 861 2623 1758
Separable model: Populaticns at age )
i35 1532 3442 51 1264 53371 2065 5738 3522
- 20 1993 9859 44 4118 23603 6315 15391 10887~
21 19924 4383 41 1953 9834 2902 6621 4772
22 1995 4383 45 1729 10678 2782 " 5903 4859 :
23 1996 2921 49 1121 7610 1792 4761 3291
Recruitment in year 1998 - S | _ __
24 1997 134919 51 119268 369470 80596 - 225574 153970
85B Index catchabilities
INDEX1 BT :
Linear model fitted. Slopes at age :
25 1 @ .4045E-02 40 .2733E-02 .1358E-01, .4045E-02 .915¢E-02 .6614E-02
7 nge—atrueturéd indes: catch#hiljties i
FLTOl: GFS mean Irish Sea (Catch: Thous
Linear model fittedm.élopesfét age : : : i :
© 26 1 Q ..6184E-C3 27 .4762E-03 .1384E-02 .6184E-03 .1066E-02  .8424E-03
RESTDUAY.S ABQﬁT.TEE MODEL, FIT
_ Separable Modél Residuals
e e e e e el
age | 1993 1993, 1994 1995 1996 1997
______ g
1 | 1.163 ~.752 -.960 -.032 765 -..085
2 | -.213 072, -.202° -.094 097 L2768
"3 | -.045 080 378 -.054 -_0863 -.239
A ']' 25% 129 -.066 267 - -._.461 -.005
5 | -.096 063 -.001 -.091 223 -.091
B 054 069 -.008 -.180 038 003
7 i 000 -.045 -.020 -.326 Q80 231
______ e e el
SPAWNING BIOMASS TMNDEX RESIDUALS
INDEX1
______ B
i 1993 1994 1995 1996 1997
1. -.0648 7495 - BEIT wAkwwakw 1790
ﬁﬁﬁﬁﬁﬁ S o S
o " O\AcEm\Wereps\Hawg\Reports\1 998\Sect- 7VT-5- 1.Doc
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Table 7.5.1. [conkt.)

AGE-STRUCTURED INDEX RESIDUALS

FLTOl: GFS mean Irish Sea {Catch: Thous .

e

PARAMETERS OF THE DISTRIBUTION OF ln{CATCHES AT AGE)

Separable model fitted from 1992 to 1997

Variance
Skewness test stat.
Kurtosis test statistic

Dartial ~hi_amiavs
farvlias Sai-sguare

Significance in fit
Degrees of freedom

.0739
~.1262
-.0354

PARAMETERS OF DISTRIBUTIONS OF THE SSB INDICES

DISTRIBUTION STATISTICS FOR
Linear catchability relationship assumed

Variance
Skewness test stat.
Kurtosis test statistic
Partial chi-square
Significance in fit
Number of observations
Dagrees of freedom
Weight in the analysis

INDEX1

L4480

“anna
T L.4L00

—-.4354
.3794
.0555

4
3
1.0000

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES
DISTRIBUTION STATISTICS FOR FLT0l: GFS mean Irigh Sea (Catch: Thous
Linear catchability relationship assumed

Age

Variance

Skewnesse test stat,
‘Kurtosis test statisti
Partial chi-sguare
Significance in fit
Number of observations
Degrees of freedom
wWeight in the analysis

ANALYSIS OF VARIANCE

Unweighted Statistics
Variance

Total for model
Catches at age

SSB Indices
INDEX1

Aged Indices

FLTOL

Weighted Statistics

Variance

Total for model

Catches at age

55B Indices
INDEX1

Aged Indices

FLTOl: GFS mean Irish Sea

1
.4009
.5238
.2138
5767
.0032
7
6
.0004a

20 Data Parameters 4. £. Variance

8.2453 53 26 a7 .3054

4.4959 43z 23 19 L2366

1.3440 4 1 3 .4420

atch: Thou 2.4054 7 1 5 L4000

850 Data Parameters d.f. Variance

5.1545 53 Zéa 27 L1503

1.4050 23 19 L0739

1.3440 4 1 3 .4480

{Catch: Thou 2.4054 7 1 5 4009
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Table 7.5.2. Herring in VIIa(N): Shrinkage diagnostics. o *
Conventional VPA with Fishing Mortality Shrinkage :
. o
Shrinkage Diagnostics, Fs shrunk over 10 years : : S A . "f
Hinimum CV of the mean taken as  0.00000
F from model fit Historic Mean F Shrunk estlmate
Estimate Variance  Estimate variance .~ Wt for F from Model . S f
0.070 0.539 0.037 0.019 0.034 0.038
¢.824 _0.281 0.401 0.015 G.053 0.417
0.721 0.307 0.403 0.010 S 0031 0.410
0.521 0.350 0.378 0.010 . S 0.027 0.383
0.697 0.356 0413 0.009 0.025 0.419
0.628 0.396 0.343 0.006 0.015 0.1386
0.621 0.360 0.359 0.007 0.020 0.357
IR 0.426 0.359 0.007 0.017 0.357
Minimum ¢V of the mean taken as 0.10000
F from model fit Higtoric Mean F - S ghrunk astimate
Estimate Variance Estimate Variance Wt for F from Model . ;
4.070 0.539 0.037 '0.019 "0.034 0.038 :
0.824 0.281 0.401 0.018 0.053 - 0.417, 5
0.721 0.307 D.403 0.c10 0.932 0.410 L 1
9.621 0.360 0.378 0.010 0.027 0,383 . 0T nh i
0.697 0.356 0.413 0.010 0.027 0.419 - - 0T : -
0.628 0.396 0.383 0.010 0.025 0.387
0.621 0.360 0.359 0.010 0.02 0.357
.k 0.425 0.35% §.010 3.023 G.357
Minimum CV of the mean. taken as 0.20000 S
F from model f£it Hiztoric Mean F Shrunk estimate
Estimate Variance Estimate Variance Wt for F from Model
- 0.070 0.53¢9 0.037 0.040 : 0.0569 0.039
G.824 G.281 §.401 6.040 §.125 0.43%
a.721 S 0.307 0.403 0.04a 0.115 0.431 v
0.621 0.360 0.378 0.040 0.100 S 0,397 . i
0.697 0,356 0.413 1 0.040 0.101 -.0.:436 |
0.628 0.396 0.383 0.040° 0.092 0.400 - :
0.621 0.360 0.359 0.040 0.100 ‘0,371 : : :
Rk 0.426 D.359 0.C40 0.086 0.370 ... -
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Table 7.5.3. Herring in VIIa(N): Conventional VPA

Fs shrunk cver
Minimum CV of the mean taken as

10 years

Shrinkage Diagnostics

F from model fit
Estimate

0.070
0.B24
0.721
0.621
0.697
0.628
0.621

dookokok ok

o e e — 4+ —

————— — — e}t

Vari
a.

OO Oo oo

0.00000

Histeoric Mean F

ance Estimate Varianse
539 0.037 0.01%
.281 0.401 0.016
.307 0.403 0.010
.360 0.378 0,010
.358 0.413 0.00%
.396 0.383 0.006
360 0.359 0.007
.426 0.359 0.007

Fishing Mortality (per year)

0.5669
0.6323
0.5720
0.4756
0.4396
0.4396

Wt for

QoooooCoCm

with Fishing Mortaiity sShrinkage

shrunk sstimate

from Medel

.034
.053
.031
.027
.025
.015
.020
.017

0.8540
0.9844
0.,9748
1.0659
0.7160
0.9203
0.9203

0.1087
0.3624
0.4211
0.4606
0.3871
G.4003
G.4675
0.4675

0.033
0.417
0.410
0.383
0.412
0.386
0,357
0.357
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::,’ Table 7.5.3. (conf).
- . .

Population Abundance (1 January)

o ——————— e — ¢
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Table 7.5.3.

‘ Year

1972
1973
1974
1975
1876
1877
1978
1879
1980
1981
1582
1983
1984
1985
1586
1987
19%£8
1989
1980
1991
1242
1993
1984
1995
19¢86
1997

(cont}.

Recruits
Age 1
thousands

414560
6567630
349690
369700
263390
326210
249170
1402350
157240
231740
234670
237030
132190
147720
171300
279320
113110
154110
112980

73760
184850

60420
183470
134260

374590
245120

STOCK SUMMARY

Total
Biomass
tonnes

92661
106292
92386
69012
54507
49586
43702
35514
29220
31436
39071
45651
44245
43034
40081
42510
38277
35485
31468
23731
25245
23101
27826
25649
21386
28450

Biomass
tonnes

33c28
32138
24237
16852
12775

9564

11155

94922
5840
8118
13662

19807 .

24593
18843
18532
18240
17011
15832
14348
12400
BE87
11182
8966
9182
B=48
8191

O\AcfmWerepsiHawg\Reportsi1 998\Sect-7\T-3-3.Doc

Spawning

Landings

tonnes

27350
22600
38640
24500
21250
15410
11086
12338
10613
4377
4855
3933
4066
9187
7440
5823
10172
4949
6312
4398
5270
4409

4828
‘5076

. 5301
6651

Yield
/538
ratio

- 0.8281

0.7032
1.5942
1..4538
1.6634
1.6111
0.9933
1..2435

'1.7364
"0.5392

0.3554
0.1986

- 0.1827
{'.4875

0.4315
0.3192
0.5980
0.3126
0.4399
0.3547
0.6066
0.3943

05384
4.5528 .
.0.6350

0.8119

Mean F
Ages
2- 6

0.5428
0.4703
0.8823
0.8269
0,9477
0.9198
0.7917
0.8053
0.9739
0.4527
0,2915

0.1706

0.1502

0.3723

0.3191

0.2605

0.5044

10,2811

0.3679
0.2865
0.4063
0.3106

10.4107
‘0.3799

0.3928
0.4029

SoP
(%)

112
1200

102
99
95
92
92
a7
ac
98
EL]

S96 .

102

97
103
103
100
101
100
101
101
102

99
100
100



o The SAS System
Herring in the North Irish Sea (Marix plus Mourne Vila North)

- -Prediction with management option table: Input date

Year: 1998

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
-1 134.860 1.0000 0.0800 0.9000 0.7500 0.087 0.0380 0.0569
2 BA_ R3O0 0.3000 0.8500 0,900 0.7z00 0.118 0.4170 g.11e
3 16.000 0.2000 1.0000 0.9000 0.7500 0.148 0.4100 0.147

4 11.080 0.1000 1.0000 0.9000 0.7500 0.166 0.3830 0.164( -
5 10,290 §.1000 1.0000 0.5000 0.7500 G.178 0.41%0 0.178
é 2.230 0.1000 1.0000 0.,9000 0.7500 0.1%0 0.3B60 0.189
7. 3.140 0.1000 1.0000 0.9000 0.7500 0.201 0.3570 0.199
B+ 5.020(. 0.1000 1.0000 0.%000 0.7500 0.213 0.3570 0.212
Unit: Millions - - - - Kilograms - Kilograms

Year: 1999

Recruit-| Natural | Maturity|Prop.of F|Prop.of M| Weight EExpLoit. Weight
Age ment |mortality| ogive |bef.spaw.|bef.spaw.| in stock| pattern | in catch
1 147.252( 1.0000 0.0800 0.%000 0.7500 0.067| . 0.0380 0.069
2 - © 0.3000 0.8200 0.9000 D.7500 0.118 0.4170 0.118
3 . 0.2000 1.0000| .0.9000 0.7500 0.148 0.4100 D.147
& . - ¢.1000 1.0000 0.9000 0.7500 0.166 0.3830 0. 164
5 $.7000 1. DOO% 0.5000 0.7500)  0.778 0.47%D 0.176
6 0.10040 1.0000 0.9000 0.7500 0.190 0.3860 0.189

7 0.1000 1.0000 0.9000 0.7500 ~0.20 0.3570 0.19¢ °
B+ 0.1000 1.0000 0.9000 ‘ 0.7500 0.213 0.3570 .0.212
Unit | Millions - - - - Kilograms| - Kilograms

Year: 2000 - :

| 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
1 147.252 1.0000 0.0800 0.9000| '0.7500 0.067( 0.0380| ~ 0.06%
2 . 0.3000 0.8200 0.2000 0.7500 oiNig; . C.sNTC 0.118
3 0.2000 1.0000 0.%000 0.7500 0.148 0.4100 -0.147
4 0.1000 1.0000 0.%000 0.7500 0.166 0.3830 0,164
5. 0.3000 1.0000 0.9000 0.7300 0.178 0.41%0 0.178
& 0.1000 1.0000 0.%000] -.0.7%00|.  0.190 0.3860 0.189
T 0.1000 1.0000 0.9000( -D.7500 0.201 0.3570 0.199
&+ | 0.1000| . 1.0000| 0.9000| 0.7500 0.213| 0.3570 0.212
unit | Millions. - - - - Kilograms - Kilograms
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Table 7.6.2.a

Herring in the Korth Irish Sea’

(Manx plLus Mourne V11

Prediction with mansgement op

The SAS System. . ;.
a North)

[
[~]

3
~t
]

P
-
L}

S Lo

. 08:40 Tuesday, March- 17, 1998

Year: 1998 Year: 1997 Year: 2000
‘F ' Reference| ' Stock 5p.stock Catch i F Reference 'stock Sp.stock| Catch in| Stock ' Sp.stock
Factor F bicmass |- biomass | weight Factor F biomass | biomass | weight biomass | biomass
1.0000| :: 0.4030} - 27480| . 10309 5755{ ~ 0.2000| 0.0806| 27006 = 13422]  1248]  3osuz| . 16763
- o Y . . 0.3000| . 0,1209 . 12956 1838 30335 15697
. . . 0.4000 0.1812 . 12504 2404 20752 14704
. P .| . 0.5000| :0.2015 . 12072 2953 29191 13778
.. . .} - 0.6000 0.2418 ) R 11653 3480 28652 12915
. . ~0:7000{ : 0.2821 . 11250 3988 28133 12110
- . . .| - 0,8000) ..0.3224 . 108461 LATT 27634 11359
. . - .| 0 0:9000( -0.3627 . 10486 4949 27154 10658
- . - . .| - 1.0000{ - 0.4030 . 10124 5403 26692 10004
- . . . . 1.1000 0.4433 . 977s 5841 26248 Q304
. - . . - 1.2000 0.4836 . 9438 6263 25820 8825
. - . . . 1.3000 0.5239 . 2114 6669 25409 8293
. - . . 1.4000, - 0.5642 8300 7061 25013 Tie7
. . . . 1.5000 0.6045 B499 7439 246632 7333
. . . | . 1.8000 0.56448 . 8207 7804 26265 6900
. . . .| 1.7o00| - 0.4851 . 7926 B155 23912 6495
. . . . . 1.8000( .0.7254 . 7856 8495 23573 6115
R . . 1.9000 0.7557 . 7394 BR22 23245 5763
. v . - 2.0000 0.8050 . 7142 9137 22930 5432
- —_— Tonﬁes Tonneé- -Tonhes- - Lo Tonnes Tnnnésj Tonhes Tonnes Tonnes
Notes: Run name : MANRDND3
Date and time : 17MARS8:08:48 ,
Computation of ref. F: Simple mean, age 2 - 6
Basis for 1998 : F factors
Table 7.6.2.b
The SAS System 08:40 Tuesday, March 17, 1998
Herring: in the North Irish_Sea (Manx plus Mourne ¥IIa North)
Prediction with management cption table’
Year; 1998 Yaoar; 1000 Year: 2000
F Reference|. Stock Sp.étock Catch in F Reference| Stock Sp.stock| Catch inj Stock Sp.stock
Factor F hibﬁass_zlbiomags weight Factor F biomass | biomass weight | biomass | biomass
1.1979 D.4827 é?GBD 95614 6660 0.2000 0.0B06 26079 12663 1183 30143 16074
. . ’ . . 0.3000 0.1209 . 12223 - iThe 29568 15057
: ‘ . .+ D.40000 0,512 . 11799 2zan)  29015] 14110
. . . 0.5000 0.2015 . 11390 2799 28483 13227
. R . - 0.6000 0.2418] N 10996 32098 27971 12403
. . . . 0.7000 0.2821 . 10615 3780 27479 11635
. . . . . 0.8000 0.3224 . 10249 Y-l 27004 10918
. . . . 0.%000 0.3627 . 9395 4691 256550 10249|
. . . . 1.0000 0.4030 . 9554 5121 26112 Q624
. . . . 1.1000 0.4433 . 9225 5536 25691 2042
. . . . 1.2000 0.4836 . asos " 5937 25285  B497
. . ‘ . - 1.5000 0.5239 . 8802 6322 24EB94 | ToB9
. . . . . 1.4000 0.5642 . asov 6694 24519 7515
. . . - 1.5000 0.6045 N 8022 7053 24157 7071
. . - . 1.6000 0.6448 . 7748 7399 23809 6657
. . . . 1.7000 1.6851 . 7483 7733 23474 6269
. . . . 1.8000 0.7254 . 7228 8054 23151 5907
. . - . 1.9000 0.7657 . £982 8365 22841 5568
. - . 2.0000 G.8060 - 6745 8664 22541 523
- - Tonnes Tonnes Tonnes - - Tonnes Tennes Tonnes Tennes Tonnes
Notes: Run name 3 MANRDNOZ
Date and time : 17HARPA:08:56
Computation of ref. F: Simple mean, age 2 - &

Basis for 1998

: TAC constraints
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Table 7.6.2.c
_ _ The SAS System 08:40 Tuesday, March 1?; 1998 . 1
Herring in‘the North IFish Sea (Manx plus Mourne ¥Ila North}- - ' . . ST
Prediction with management option table
Year: 1998 - :  Year: 1999 ~Year: 2000
. F- 'Referénce -+ Stock | Sp.stock| Cateh in F - |Reference| Stock Sp.stock| Catch.in| Stock : Spstock
_Factor . 'F:2 7 | ‘biomass ‘| biomass | weight -Factor F biomass | biomass’ | weight'- | biomass’}'-hiomass
1.7886| ©-0:7208| - 27480| . 7812 - -9000| * 0.2000| = 0.0806| - 23700|  10716] - 1015 = 28094 - 14306
" B I B SE L] - 0.3000)  -0.1209 g L 10346 - 1495 0 27599 1Y 34T
g - 0.4000 0.1612 . 9988 1957| = 27123| © 12587
S 3 : . - 0.5000 §.2015) . $643 ) ¢ 2ab3 ¢ 266060 1 11813
SRR e oo . . 0.6000| . -0.2418 S 93e 2832)  28225) 1 1109
R = oo - -| .- D0.7000 0.2821 .1 ¢ 8989f - 3245f : 25801 @ 10417
R = g o . ' .| - 0,8000| ' 0.3224] .| : 8480 3644 25394 | 9787
CoL P i o - . 0.9000} _-0.3627 .| ¢ 8382 - 4028 25002| . 9199
S S R - .| - 1.0000( = ©0.4030 .| BO0%4 - 4399 26624 BES0
. : o S o o . 1.1000( : 0.4433 i 4756 . 24261| @ 8137
J N . 1.20007 7 0.48%% L 7548 5100 23211 7558
. T .| - 1.3000| -0.5239 - 7291 5433 23574 © 7210
; I .| . 1.4000 -0.5642 . 7043 5753 23250 6791
. oo AR .+ 15000 0.6045 . 6803 6062 22¥38| . 6ab0 -
ST.6000( . 0.6448 .| - 6571 6360 22638 . 6033
; .| 1.7000| - ‘D.6B51 . 6348 6647 223491 - 5691
& ; .| -1.BOOD{  10.7254 .- 6133 £925 22070 5370
L T et . . 1.9000( - 0.7657 . 5925 - 7193 21802 5070
" sl SR AU P - 2.0000| ~0.8060 - 5725 7451 21543 4789
T .. T | Tonnes Tonnes Tonnes = - Tonnes Tonnes Tonnes Toines "Taﬁﬁés~
Notes: Run name: - - + MANRDNOT
Date and time: : 17MARSB:0B:58
Computation of ref. F: Simple mean, age 2 ~ &
Basis for 1993 : TAC constraints
m_1y - o .
Labie 7.0.3.a '
. The SAS System". . o 08:40 Tuesday, March 17, 1998
‘Herring in the North Irish Sea (Manx plus Mourne Vlla Horth)._
- Single option prediction: Summary table
. _ _ | Jahuaﬁy . _Sﬁauning time
Yéaf e LF _1% ﬁefe?encé:_Catéh:in Catch iﬁ'frstock ‘Stock - Sp.stockﬁ Sp.stock 'Sp.Stobk__Sp.stnck
; Faqtpt - F... numbers . | weight. | size | biomass size .| biomass.| size . | biomass.
1998 | -1.oooo] olsozb|  43ee3|  s7s5| 2e9450|.  27480| 132354  17see|  7s72t| 10309
1999 1.0000{ -0.4030 39330 - 5403 265597 | 27006 122961 17038 71356 10124
2000° 1.00001 - 0.4030% - 38420 5282 266921 . 110798 186847 70113 100041
Uﬁ}f‘ ﬁ ﬂ;_' - -_: Thousaﬁds Tonnes Thousands : Tonne#_ Thousands| Tonnes Thousands| Tonnes

'Nbfégﬁ Run name. : SPRﬁpﬂUE

Date'ahd time .. . : 17MAR98:08:59 o
Computation of ref. F: Simple mean, age g - 6‘.

Predictiom basis = : F facters
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‘ The SAS System
Herring in the North Irish Sea (Manx plus Mourne Vila North) o

08:40 Tuesday, March 17, 1998

Single option prediction: Summary table
1 January Spawning time
Year F Reference| Catch in| Catch-in| - Stock Stock Sp.stock| Sp.stock| ‘Sp.stack| Sp.stock
Factor F - numbers | weight | size biomass | " size biomass size biomass' |
1998 1.1979 0.48281- 50618 66601 269450 27480j 132354 17589 70733 9614
1999 1.0000 0.4030F 37545 5121 259765 2607y 11782} 6118 67803 9554 |
2000 1.0000 0,40z0 7817 S10B1  259792] 26112 11440710 . 18047 47954 9824
Unit - = |Thousands| ~Tonnes -|Thousands " Tonnes |Thousands| Tonnes' [Thousands|  Tonnes |
Notes: Run name = SPRRDNO4 -
Date and time 3 1TMARSB:09:27
Computation of ref. F: Simpie mean, age 2 - &
Pradiction basis + F factors R
Table 7.6.3.c

Herring in the North Irish Sea (Manx plus Mourne VII

The SAS System
a North). :

Single option prediction: Summary table

. 08:40 Tuesday,

"“Spawning fime__

| January-
Year F Reference| Catch in Catch in| Stock Stock | Sp.stock sp.stock Sp;stock Sggstock
Factor F numbers. [ weight size biomass. size biomass size’ biomass

1998 1.7886 0.7208 68627 9000| - - 269450 27480 132354 17589 57816 7812
1959 1.0000 0.4030 z2059 L3000 204773 23701 102348 13758 58591 80%4
2000 1.0000 0.4030 34841 4660 251317 24624 108022 14579 624616\ 8650
unit - - Thousands| Tomnes |Thoussnds| Tomnes |Thousends! Tomnes Thousands| Tonnes”
Notes: Run name = SPRRDNDS

Date and time

. : 17TMARYB:09:29
Computation of ref. F: Simple mean, age. 2-- &
Prediction basis

: F factors

March 17, 1998
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Herring in the North Irish

The

SAS System

Sea {Manx plus Mourne VIIa North)

.Single option prediction: Detailed: tables..

Reference F: 0.4828

08:40 Tuesday, March 17, 1998

Year: 1998 F-factor: 1.1979 :1 Januarf Spawﬁing time
Absolute- Cé{cﬁfﬁn¥LCach.fn Stock - ' 1§tbck- sp.stock| Sp.stock| Sp.stock| Sp.stock
Age Fo numbers. | weight . size hiomass size biomass | size biomass
1| o.0485) . -3mos| . 281 134sen| . oos1| . to7ee| . . 7es| - ase2| . 329]
2 0.4995 29862 3534 B6B3D|. . 10246 . 73806 8709 37595 4436
3 0.4911| . : 5674 8324 16000} 2363 - . 16000| - 2383|- 8851 1307| -
4 0.4588) 3893 637 11080 . 183&) -., 11080 1836 6802 Vg -
5 0.5019 38R0 6841 10290 .. . 1835| 10290 - : 1835 6077 1084
& 0.4624 782 149 22305 - 423 22301 425 |. . 1365 259
7 0.4277( - /1043 208 3140, 630 . 3140 o 630, 1982 398
8+ 0.4277 1668 354 5020 1068 . 5020 1068 3169 674
Total 505618 B660]  269450; 27480 132354| - 17589 ;?0?33 B-TATA
Unit . - Thousands| Tonnes |Thousands| Tonnes |Thousands| Tonnes Thousahds-.:Tonnes
Year: 1999 F-factor: 1.0000 Reference F: 0.4030 1 January Spawning time
Absolute| Catch in| Catch in| Stock Stock Sp.stock $p.stock| Sp.stock| Sp.stock
Age| ~ F numbers | weight size biomass size - | biomass size biomass
1 0.0380 3482 239 147252 9915 11780 793 5377 362
2 0.4170 14110 1670 47404 5554 40294 4755 22107 2609
3 0.4100 11981 1757 39034 5764 39034 . 5764 23230 3430
4 - 0.3830 2435 399 8016 1328 8016 1328 5269 873
5 0.4190 2071 365 6337 1130 6337 1130 4032 e
) 0.3860 - 1723 325 5636 1069 5636 1069 3695 701
7 0.357C 364 72 1271 255 127 255 855 172
8+ 0.3570 1380 293 4814 1024 4814 - 1024 3239 689
Totai 37345 3i2i 239763 26077 117182 6118 67803 554
;“”.Unit o “'THGUSanﬂé' Tonnes |Thousands| Tonnes :ThOUSQnds ‘Tonnes |Thousands| Tonnes
Year: 2000 F-factor: 1.0000 - Reference F: 9;4030 i danuary Spawning time
i Absolute| Catch:iin| Cateh in] Stock’ Stock | Sp.stock Sp,sfock Sp.stock| Sp.stock
Age F | numbers | weight | size: biomass | size | biomass ‘size biomass
1 0.0380 3482 239|. 147252 9915|  1i780| - 793 5377 362
2 0.4170| 15523 1837 52151 6154  44328| - 5231 - 24321} 2870
3 0.4100]. 7103 1042 . 23144 3418 23144 3418 137734 2034
b 0.3830 6442|° 1054 21209 3514 21209 3514 139440 2309
5 0.4190] =~ 1617 285 4945 882 4945 . 882] - 3147y 561
& 0.386D0; - 1153 218 C3FFY) TS| 3771 ©OTIS | 24Tey - 46
7 0.3570 993 198 C346T1 0 696| 3467 696 2333 468
8+ 0.3570 1104 234 3853 819 3853 819 . 2392 551
Total 37417 5108 259792 26112 116497 16067 "'i§7954 9624
Unit - Thousands| Tonnes [Thousands; Tonnes [Thousands| Tonnes |Thousands| Tonnes

Notes: Run name
- Date and time
Computation of ref.
Prediction basis
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Irish Sea VIIa(N)
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Figure 7.1.1. Herring Irish Sea VIIa(N): Landings (t)

o’\acfm\wgreps\hawg\reports\1 998\sect-7\F-1-1.xls

o



H | i
\, ,mg-l' Scotland . g
[ " 3 D { \\ . e FA )
TN, Lo+t £ e “/{ ; "?V /
N i ¢ ™~ +"\¢'ﬁw/, {
_1_'+‘: \\ - { . ! —+ /
: 1?1\ l\\_f+ ; +
£ L, #01 f b /
u | + o+ + T L :
Ay A S T / ,
b T T /- England
7 S Y ™ R . b
. $EE RS ™,
Northern ireland ﬁg o :: /ﬂ by _ \\ :

$++++t/ $+ bt
S PoF AR ?"LH; . A
l( ' P e LI
// b ." et :

AR, P, 5 /JI ) 3 IR ' 1‘2&’
v & + !

B4°N-| F} Rt LA frbed =
: ' S | EEEY TR R
o [ 1ii:i:¥****e~**“ F

L T !
| . [ . . T : ‘\
N |
- t 01-71 1
= : Py
a__}t\—f i 1'10 . (//_ p
‘ ?? _ 10 .-_.‘100 /J%TL_,/&’/ e \\\g

oW sw W W

Figure 73.1  Density distribution ‘of adult (22 r‘m-l-\ hp-rrmcr dnrma cruige LF3607 (tonnes per square n nautical [mle"a.,

ISTITIMILITCITE AL R LA AR AR AN

Crosses mark staring positions for 15 minute 1ntervals

342 -




i

400 + L _
' (a) Western Irish Sea i—p—_—-m; Sep

. , . =k 1-gp Mar
LU : i—n—' i-gp jun
|

:‘--G--i-gpSf:p

(7T

‘—mem
200 .

Index

-
[=
L=

Year class

(b) Eastern Irish Sea

o | ya

Index
[
(=]
o
1.

100 +
0 ¢ ' !
8 . % St %2 %3 %4 %5 56
Yeat class
400 T -
(¢) Whole Irish Sea
300 + ' A

index
b
[u]
[]

Year class

Figure 7.3.2  Mean catch-rate of 0-gp and 1-gp herring in Irish Sea groundfish surveys from 1991 to 1997. Indices are
expressed as percentage of series mean. Surveys in 1991 covered only the western region. Mean of indices is obtained
by weighting individual means by inverse of their CV's.

343



8SB indices

uuuuu

. Relative indlex
[
o
[}
—

0.00

Year

A
—w uDL

R e e 1T Vo)

1989 1890 1991 tg92 - 1993 1994 1995 1986 1997 1898 1998

[ N et O I |

0.40 +

Relative index
(=]
[+1]
Q

030 |
020 +

0.10 +

0.00 + t } } t 1 t -+ } —{
1889 1980 1991 1092 1993 1994 1995 1996 1997 1998 19939
. © Year

——GFS WM
—&—DBL Rec

| —— NINEL Rec

F|aure 7. 4 1 'Irish Sea (Vlla(N)): Relatlve SSB and
recruitment mdlces

: 344 L _ . 0:\acfm\wgreps\hawg\reportshQQB\sect-T\F-4-1.x_ls




Reference F

Reference Fs of Tuning indices for Irish Sea herring 1997
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- Figare 7.5.2. Herring in VIIa(N). Results of baseline assessment, Summary of estimates of landings, fishing mortality at
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8 = SPRATIN THE NORTHSEA
8.1 "' "The Fishery
8.1.1 ACFM advice applicable for 1997 and 1998

No ACFM advice on sprat TAC has been given in recent years. The TAC set by the management bodies was 200,000 t

for 1996 [Sub-area IV(EU zone) + Dhvision Ila (EU zone)} and 150,000 t for 1997, The agref:d TAC for 1998 is
150,000 t.

8.1.2 °  Catches in 1997

Landing statistics for sprat for the North Sea by area and country are presented in Table 8.1.1 for 1984—1997. As in
previous years, sprats from the fjords of western Norway are not included in the landings for the North Sea. Landings
from the fjords are presented separately (Table 8.1.2) due to uncertainty concerning their stock identity. -

The monthly and annual distributions of catches by reclangle for Sub-area IV are shown in Figures 8.1.1-8.1.13.

l\IOIWGgIaH catches l'CpOl’leO in the rec:anoles G205 S5€Cms ﬂl“ﬂl}" lllllll\’.f}ly and are prooamy mlsrepor[eu from other

It:t..l.d[lgl.t‘,b ll] UIVlblUI] l. V U

Catch statistics for Denmark, Norway and UK(England and Wales) indicate that 103,400 t sprat were landed from the
North Sea in 1997, which was. a decline in landings from 1996 of about 23 %. After considerable increases in landings
from about 10,000t in 1986 to a peak of 320,600 t in 1995, The Danish landings decreased to 81,000 t but increased in
1997 to nearly 100,000 t. During the last years, 60-70 % of the Danish sprat landings has been reported from the third
quarter..In 1997, a-major part was landed in the fourth guarter. To reduce the herring by-catches in.the small-meshed
fishery, Denmark in 1996 banned sprat fishing-from 1 July to 15 August. The same ban was maintained again in 1997.
The Norwegian landings in 1997 were 3,200 t, the lowest recorded. since 1990. In 1997, the. Norweglan sprat fishery was
closed in second and:third quarter and all catches were landed in the end of December.

5.1.3 Fleets

In 1997 the sprat was only taken in a directed sprat fishery carried out by trawlers (Denmark and UK(England and
Wales) and by purse seiners (Norway).

8.2- - . Catch Composition
‘8.2.1  +  Catches in number

The estimated quarterly catch-at-age in numbers is presented in Table 8.2.1. Age composition data of commercial
landings in 1997 were provided by Denmark, Norway and UK(England and Wales). In Division IVh the landings in 4th
quarter by both the Danish and the Norweglan fleets, were dominated by -1-group fish. The distribution of number per
‘age group in third quarter md1cates that only one age group were' Ianded This may be related to low samplmg mtensuy
for agemg (see Table 8 2. 3)

8._2'72 _ Mean Weight at 'a'ge

‘The mean weights (g) at age in catches taken in 1994 - 1997 are presented by quarter in Table 8.2.2. Weights were esti-
mated from commercial caich data as provided by Working Group members. Catch at age data from commercial
landings in IVb was available for quarter 3 and 4. The lan(lmgs from these quarters constitute 90% of the total landings
from ihe Norih Sea. L.BI'l(]ll'lgS Il'O].’Il ihe Z. quaner are negngwlc

‘8.2.3 Quality of catch and biological data

The sampling intensity for biological samples i.e age and weight at age, is given in Table 8.2.3. The total number of

bdﬂlplt:b decreased in 1557 and |:-, much below ihe rf:[.ommenueu level of one Samplc per 1,000 t landed. In Denmark 28
:.auq_uc:, flum cotnimercial | m.uumg:s WEiS Eirialyacu, usugtu mieasured and’ agt:u These bdlupu‘:b were used to estimate: age
composition and weight at age of sprat. From the Norwegian landings 8 samples were taken Wthh gwes 2.5 sample per

1,000t. These samples are well covered by age reading as well.

OMAcfm\Wereps\Hawg\Reponist 1 998\Sect-8\Text.Doc ' 351



The sampling of Danish landings for industrial purposes for estimating species' composition, increased substantial in
1996 (round 50 % compared to 1593) and wiih the iniensity and coverage jargely unchanged in 1997 compared io 1996.
Sampling intensity for species compositions is presented in Section 2.15. No sprat was reported.as by-catch in the

landings from the Norwegian small meshed fishery targeted at sandeel and Norway pout.
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cciruitinent
o 73 1 . AL__‘___‘I-_---
Lo 7% 9 (300 APDUIIGARICE

The IBTS(February) sprat ihdices no per hour, are used as an index of abundance. The historical data were révised by
the Working Group in 1995 (ICES 1995/Assess:13). The IBTS-indices are presented in Table 8.3.1 for age groups: 1:4;

5+ and total, along with the number of rectangles sampled and the number of hauls considered.
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mdex is we]l above the l-group index 1981— 1997 It a]so indicates a strong increase in the 2- group. From the IBTS—
survey’s age-length key, a strong 2-group is probably a result of problems in otolith readings. The tofal 1998-abundance
index (3,696) is the fourth highest for the period. - :

8.4 ::.Acdl‘l-stic,.Sli‘rvey. o . : |

Sprat abiindance was estimated from the TCES: Coordinated Herring Acoustic survey in June-July. 1997 {WD. Simmonds
ét al; 1998b). Sprat were mainly detected west of 1°W (R/V Tridens).The acoustic estimates of sprat biomasses were
210,000 t in 1996 and 60;000 t in' 1997. The difference is probably due to inappropriate coverage of the distribution area
in the south-eastern areas (Anon.1998b): Samples for-ageing were either .not-available .or there were: dlfﬁcultles in
mterpretlng the otoliths. :

8.5 State of the Stock ;
8.5.1 Catch-Survey Data Analysis -

The IBTS surveys do not fully reflect strong and weak cohorts for sprat, which was also demonstrated by previous
Working Groups (see ICES 1997/Assess: 8). The 1-group:2-group ratio varies between 0.32 (1981 year class) and 7.57
(1988 year class) and does not adequately reflect the age structure of the stock. These problems may be due: to
difficulties in age reading and/or a possible prolonged spawning and recruitment season. However, the IBTS-survey may
still be a useful indicator of the stock biomass which enables the use of production models.

To ir.r.lprové'.the analysis. a model for' stock.cievelopment was inéluded The Bimhass D};n'amic ‘Model. This mcl)del- '&as

fitted using the CEDA program, see ICES:(1993/ Assess:15). The data were totai catch and. IBTS(February) abundance

aa AL I8

indices for 1981 to 1998. The initial state of the stock in 1981 was assumed io be that the biomass was (.23 of _I.l'-lt'.

v Anon [ PR TR, LU R (RIS JUIS. TR T o s F o
carrylng (,apauuy . 10NE 1733 UDbt‘.l’VclllUll Wwas d.gd.l[l CONSIACIeq: as an Qutiier. A ncw Iin Wwas aone CACIUUINE e 1705
index. The run was consistent with the analyses donc in 1997 (ICES 1997/Assess: 8), still sbowing biomass at a very

low level and considerable log residuals on the abundance IBTS indices. Analyses started in 1993 have consistently
shown a declmlng trend in blomass, with a lower rate in declme the last year. For 1998 the estlmated blomass is about
'70 000 tonnes : : -

&6 B P;"v'je'cﬁons

f Catch and Stack

The regression of the total catches and the IBTS md:ccs for 1981 1997, excluding -the 1989-index (r =0.81), has a

predlcted a yield for 1998 of 260,000 t, see Figure 8.6.1. The Workmg Group has, however, doubt in this high levelof
yleld for 1998

Th_ .al IBT“-m.dwes was used m dn a. qHDT-ESt!mlE (s e ICES IQQ?/Ansegs 9\ The emmared Iandmg% fnr 1998

Was. found around.215,000 fonnes, Table 8. 6 1. Other runs using the 1-group. 1nd|ces and the cr.)rnbmed ] -and. 2 groul:!--
indices gave 170,000 and 210,000 tonnes, respectwcly, for the 1998 yleld
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- The Working Group. was asked by-ACFM to investigate the poss:blhty of a snmple management or catch contml rule -
taking into account the uncertainties. One posmblhty suggested was to.use the type. of model.used for capelm fisheries.

This model use acoustic surveys specnally designed for capelin to advice on a preliminary TAC. There is one acoustic
survey in the North Sea which estimates sprat, the North Sea Herring Surveys in June-Tuly, which have included:-sprat
g

ince 19968 The experience so far have demnnqtrated the need for hetter coverage of the qnu[h qouth-eastem areas of the

for better knowled ge. of spawning seasons and recruitment from possible autumn spawners.

- Tt was also indicated that the sprat data from the; IBTS-surveys might be useful in this context. The HAWG-reports from-
the last 10—15 years and the predictions presented in the present: report, should clearly-demonstrate the shortcomings in
these data. However, the Working Group recommends that the data from the IBTS-surveys are reviewed for length
distributions whlch mlght be useful in cohon analyses.

~ The stock shows signs of heavy exploitation as both catch and blomass appear to be decreasmg There is indication of 2~
good 1997 year class recrultmg to the 1998 ﬁshery :

The:current management regime with protection of Juvenile: herring, will probably present a limitation on the sprat
fishery at its present stock size.
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Table 8:1.1 Sprat catches in the North Sea (‘000 t} 1984-1997. Catch in fjords of western Norway excluded (Data provided by .- 7 -
- Working Group members except where indicated). These ﬁgures do not in all cases correspond t0 the: offical
7 statistics and cannot be used for management purposes. . _
Country 1984 71985 1986  ~ 1937 1988 1989 1990 1991 1992 '1993 1994 1995 1996 1997‘
L o j o DiviSionIVaWest . . :

Denmark. - .~ . - 0.9. 0.6 0201 4 .- 026 06 - - S

Germany B L SRSV SO AP S e C - - - B I -

Netherlands eI - e R e St

Norway - . ' 5 R e T S A

UK (Scotlandy  + 6.1  + + - -+ - - - 01 + - -

Toal —~ ~ + 137 06 02 0.1 + 0+ 0_.1':7 026 06 01 T -

N ~ DivsionivaBasi (Norin ey stock |

Demmark = = - + 02 4+ o+ 4+ - - -4+ +...03 4+

: Norway _ - - - - - - - - 054 2.5 + + - -
Sweden. . . o...- - .- o= =, - 4 25 - - T T
Total -+ 02 ¥+ + + 25 064 25 -+ _+ 03 F._

. : Division FVbh Waest : :

Denmark - © 5.6 1.8 04 ° 34 14 20 100 94 199 - 13:0 190 260 1R 822

.- Faroe Islands - - - - - - .- - - R -
Norway ' 05 - - - 35 01 12 44 184 168 126 210 1.9 23
UK (England & + - - - - - - - (.48 0.5 - + + -
Wales) '

UK (Scotland) + - - 0.1 - - - - - 0.5 - - - -

Total 51- 18 04 35 49 271 112 138 3826 305 316 470 37 845

: : Division IVb East .

Denmark 62.1 366 103 28.0 807 59.2 592 67.0 66.56 1362 2517 2832 747 109

Germany 0.6 06 0.6 - - - - - - - - - - -

Norway ©31 - - - 06 - 06 251 95 241 191 147 509 08

Sweden - - - - R S - - - 62 05 . -

Total 65.8 372 109 28.0 81.3 592 59.8 92.1 7649 160.3 2708 298.1 125.9 - 11.7

_ Division TVc . ' ‘ '

Belgium - ¥ + + S N - - - - - -

Denmark 65 + 0.1 + 01 05 15 17 249 3.5 - 114 3.9 5.7

France - - + - - 4! - 4! - + + + - -

Netherlands 01 - - - 04 04¥ N - - - - -

Norway 34 - - - - - - 0.4 4.6 0 0.1

UK (England 09 34 41 07 06 09 02 1.8 612 2.0 9 0 2.6 1.4

and Wales). :

Total 49 34 43 07 11 18 17 335 8.6l 59 212 120 6.5 7.2

Total North Sea

Belgium -+ + + - + o+ 47 - - - - =

Denmark 68.1 39.5 117 31.7 BZ3 619 692 781 89.1 1533 12844 3206 807 9838

Faroe Islands - - - - - - - - - - - - -

France T - - + - 423 - + - + S -

Germany 06 . - ~ 06 - - - - - - - - - - -

" Netherlands - . 0.1 0.6 - 05 04 04 - +2 - - - - -
Norway 70 6.1 - - 41 01 18 296 285 438 363 362 548 3.2
Sweden - - - - R - 01 - 02 05 -
UK (England 0.9 34 41 07 06 09 02 1.8 6.6 26 2.9 0.2 2.6 1.4
and Wales) . _ . ' :

UK (Scotland) - + - + 0.2 - - + - - 0.5 0.1 + - -
- Total 767 49.6 164  33.1 874 633 71.2 1095 1242 2003 3237 3572 136.6 103.4
'Preliminary.

*Official statistics.
3lncludes Division IV a-c o - o
354 : OAACEMWOREPSHAWGREPORTS\ 098\SECT-81T-1-1.DOC
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Table 8.1.3. Sprat catches (tonnes) in the North Sea by quarter*. Catches in fiords
of Westem Norway excluded.

Year Quarter : : - Area i " Total
o " WaW VaE VbW IVDE Ve

1904 1 0 42 2616 17227 16091 35976
2 0 0 242 10857 2 11101

3 0 0 10470 184747 3572 198798

_ 4 97 0 18224 57959 1325 77605
Total 97 42 31561 270790 20090 323480

1995 1 0 0 17752 16900 7324 41976
2 0 0 1138 5752 1 6891

3 0 86 . 25305  1B3500. 6 208897

4 0 5 2826 92054 4693 99578

“Total 0 91 47021 298206 12024 357342
1996 1 0 459 2471 81020 6103 90053
2 0 0 . 615 2102 .18 2735

3 0 0 242 6259 0 8501

4 0 353 411 36273 386 37423

_ Total 0 812 3739 125654 6507 136712
1997 1 0 0 7025 147 7089 8261
2 0 0 189 1054 0 1243

3 0 3 . 27487 569 0 . 28059
4 0 81 55814 - 0878 0 65773

Total ~0 84 . 84515 11648 7089 103336

* 1994 Data from Denmark and Norway -
1985-1996 data from Denmark, Sweden, Norway and the UK
1997 data from Denmark, Norway and the UK (England and Wales)
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Table 8.2.1 North Sea Sprat. Catch.in numbers {millions) taken by quarter in 1994 and 1995
{Denmark and Norway) and in- 1996 and 1997 (Denmark, Norway and UK-England).

Country- - - 'ﬁshing. T Quarter ‘ Lo Age .
1994
Denmark  IVa 4 054 213 | ot .08 0
Denmark Wb 4 48502 67018  268.1
2 298351 15 0
3 2454141 27295 0
4 88711 - 452893 12896 14485 2.97 5.38
Norway ivi i 794.57 172.58 12.82
Denmark Ve 1 2274 . 673.41 150.43 27.99
2 0.27 0
4 1.26 85.25 23.6 4.12 0.23
Denmark Va 4 0.23 0.17 0.02
Denmark Vb 1 578 113381  '360.51
2 217 552982 169.57
3 513223 1168R05 740248 13818
4 4327.87 3179.02 361.97
Norway Vb 1 o 127816  518.37 43.56
3 . 315.84 11548 3.22
Denmark Vo 1 537.11 98.77 9.68
3 026 016 - 002
T4 20666 12505 1531
1996
Denmark “Va 1 0.01 0.07 0.02
8.44 7.59 2.41
Denmark Vb 1 285.02 2278756 . 53428 £3.97 873
2 1.82 2208 22 48 1541 095,
3 40052  100.72 22.04 0.33 '
4 1167.75 1050.05  333.66 5.41
Norway Ivh 1 38.96 1984.32 1;891 40 24129 1.50
Denmari Ve i . 33.55 . 268.22 74.66 7.53 1.03
2 5,04 1.58 0.2 o1
4 10.28 9.25 2.94 0.05
UK(England) Ivc 1 167.2 84 21.49 383
4 421 2.12 0.54 0.09
1997
Denmark Wb 3 19591.88
4 t27.6 3597.21 996.22  117.78 58.1
Norway Vb 4 3.87 18067 50.87 10.60 1,99
UK(England) {Vc 1 12.1 51.1 37.3 9 0.4

olacimwgrepsthawgireportsyi 298\sect-8\T-2-1.xls 357



Sprat. Quarterly mean wetght (g) at age int e landings in 1992-1997.

Table 8.2.2."North Sea
L P LA Gl [ SRR S Ty .': RPPCIRIPSY ¥ JRS . [
VUGJHI_“I_L. WF—'II:; ﬂblll_.lld.l. u UL Ud.ld |J U&.‘U Uy VVUIKIIIQ \JIUUP IHB U(:.’ rs.

Yeait- - - Age
" Quarter 0 1 2 8 4 5+
1992 - _
1 3.1 11.0 15.0 24.0
2 6.6 - . 148 180 227
3 5.8 8.3 14.0 18,7 20.3 18.0
4 5.2 12.2 . 17.8 22.9 19.0 17.7
1893 '
1 4.2 12.0 14.9 20.0
2 .
3 _
. 26 11.4 142 127
1994 o
1 18 ' 98 @ 128 174
2 37 .. 80
3 7.0 - 108 :
4. 84° 104 - 137 185 - 247
Total 84 . 71 . 110 . 139 181
1995
1 T30 . 94 12.9 19.4
2 L30T B4 10.3 |
3 24 . 78 .. 139 16.4 20.7
4 105 139 16.2
 Total 24 . 84 . 128 . 140 195
' 19986 G ‘
St 088 .. 93 149 15.3 181 .. ..
2 .88 . 84 116 ~ 20.0 15.2
3 116 142 18.2 21.5
4 - 121 7 159  17.2 205
Total.-. .. . . . 106 . 106 _ 152 15.6 16.0
1997 T
1 . 80 - 100 - 150 17.0 19.0
3 . . 142 - ‘ |
4 37 19 164 101 19.6
“Total . N 41.9 ... 161 .. 182 . 175 19.0

| 0:\acffn\wgrepé\hawg\reports\1 998\sect-8\T-2-2.xls
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.Table 8. 2 3 North Sea Spr‘c‘lt Samplmg cOmmermal TR .- ;'. . l:
; samples in 1996 and 1997 e

Country = Giuarter

“Landings No

o

77 .

sampies fish meas. fish aged
1996 .
- Denmark = - 1 342 13 . 2635 743
2 27 11. . 109
2 55 -5 115 :
4 37.3 3 314 337+ -
Total - - - 80.7 32 3,173 743
Norway 1 558 36 3459 2774 -
3 0
4 0 - :
Total 55,8 36 3,459 2774
‘ ‘Total North Sea 137 68 6632 3517
) 1997 . ) ' )
- Denmark 1 6.8 4 408
p ' 2 1.2 4. 13
3 28.1 4 278
4 62.7 16 1,774 184
Total 98.8 28 2,473 261
Norway 1 01 0 0 0
2
3
4 3.1 8 800 785
_ Total 3.2 g 200 785
Total North Sea 102 36 3273 1046

o\acfmiwgrepsihawgireports\1 998\Sect-8\T-2-3.xls
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Table 8.3.1 North Sea Sprat. Abundance indices by age group from lBTS(February) 1981 1997
in the standard sprat area (Div. IVb).

Year Norect. Nohauls ' Age ' - S
' ' 1 ... 2 3. 4 5+ . Total ' ”
1981 70 146 95?.28_' S 1414.02 0 341,79 411 . 031 - 2717.51 .
©.1982 67 155 245.91 510.86 125.42 564 0.19 88_8.02 _
1983 79 -+ 211 0 20121 764.08 192.43 826 - 085 1166.83
1984 80 251 383.63 39357 47.43 6.66 0.41 831.?0
1985 79 289 675.49 305.00 38.22 4,32 0.90 1023.93
1986*_ 78 285 68.22 104.77 - 29.38 1.31 0.26 203.94
1987 78 299 ' 758.28 '74.68 24.80 361 021 861.58
1988 78 208 152.29 141052 109.66 8.78 0.00 1681.25
1988 79 236 4293.66 44572 318.65 410 13.44 507557
1980 . 78 192 115.16 567.46 149.83 30.79 0.59 863.83
1891 78 178 834.45 104.89 27.64 2.63 117 970.98
1582 75 185 156220 - -344.08.. .98.25 5.51 0.45 195043
1933 79 181 1732:.54 - 602.01 : -84.12 4.35 0.06 242308
1994 78 173 408489  1397.77 - 129.96 279 “0.67 5616.08
1995 79 166 1059.30 264393 134.01 3.23 1.12 3841.59
1996 78 146 346.37 483.45 141.96 2364 0.56 995.98
1097 79 158 887,42 388,35 3380 342 015 12141%
1008 79 197 185038 174480 | 28634 -12.14 232 2pORTL

160 . oacfm\wgrepsihawgireports\1998\Sect-8\T-3-1.xis




Table 8.6.1  North Sea Sprat. SHOT forecast of landings in 1998 using total landings and the total IBTS-indices as

input data.
North Sea Sprat ’ ~ SHOT forecast spreadsheet version 7
Total Index : Mars 1998

running recruitment weights _
clder G.00 G-M = 0.00

central 1.00 exp{d) 1.00¢
younger 0.00 _ - expl(ds2) 1.00

Year Land Recrt W'td Y/B Hang Act'l Est'd Est'd Act'l Est'a Est'd
-ings Index Index Ratio -over Prodn Prodn SQC. Expl Expl Land
: Biom Biom -ings

1981 209 2718 0.77 0.23 271
1982 154 . 8ga 888 0.77 0.23 138 _ 200
1983 88 1167 1167 0.77 0.23 68 362 314 114
1584 77 g3z 832 0.77 0.23 74 125 117 100
1585 50 1024 1024 0.77 0.23 42 99 94 65 122 24
1986 16 204 204 0.77 0.23 & 17 24 21 32 24
1987 33 862 B6z2 0.77 0.23 38 - 68 56 43 73 56
19388 87 1lesl les1r 0.77 0.23 103 - 123 . 103 113 133 103
1939 63 5076 5076 0.77 0.23 56 357 285 82 383 295
1990 71 864 864 0.77 0.23 73 39 44 92 57 44
1991 110 971 971l  0.77 0.23 'f122 46 52 143 67 52
1952 125 1850 1950 .77 0.23 129 103 105 162 136 105
1993 ‘200 2423 2423 ¢.77 0.23 222 133 -131 260 170 131
1994 ~ 324 5616 5616 0.77 ©.23 36l 335 304 421 395 304
1995 357 3842 3842 .77 .23 - 367 234 254 464 330 254
1996 137 996 9946 0.77 .23 71 65 132 178 172 132
1997 103 1314 1314 0.77 0.23 93 87 58 134 127 98
0:23 244 212 275 212

1998 3696 3696 0.77
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Figure 8.6.1. North Sea Sprat. IBTS indices vs total catches in
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9 'SPRAT IN DIVISION VIID.E

9.1 The fishery

2.1.1 ACFM advicefgpplicable.for 1998
The TAC for this fishery was set to :12 D{}Ot Vf(VJ; .1997 an‘:d-lS.)98. NUACFM _;dvice has been provide_d in I'QCE:IE'II: ybars.
9.1._2 : Catches in 1997 - |

Table 9.1.1 shows the nominal landings in 1983-1997. The landings in 1997, as reported bjf UK(Enéland:and Wales),
were at the same low level as in the last years. Monthly catches for, the Lyme Bay sprat fishery show that the catches are

mainly taken in the third quarter (Table 9.1.2), Monthly and annual dlStI'lbu[lOnS of catches by rectang]e dre shown in
Flgures 8.1.1-8.1. 13

9.2 Catch Compnsiﬁon

Catch compositions and the mean wmghts for 1991 1997 are gwen in Table 9.2,1 and Table 9.2.2. In 1997 the catches
were dominated by 2-and 3-group sprat.
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able 3.1.1 Nominal caich of sprat (i) in Divisions Viid,e, 1584-1557.

Ta 'l

-
AL |

Country 1084 1985 1986 1987 1988 1989 1090 1002 1003 04 - 1905 19098' 1007
Belgium - - - - - - - . . . - - } }
Denmark _ 1417 - 15 250 2529 2,002 608 - - - - - - _
France 47 - 14 - 23 2 - 10 - - 35 2 1 + - -
Germany - - - - - - - - - - - - - -
Netherlands 589 - - - - - - - _ ) . B ; }
Norway - - - - = = - - - - - - -
UK (Engl.& Wales) 2402 3,771 . 1,163 2441 2944 1,319 1,508 2,567 1,790 -1,798 3,177 1,515 1,789 1,621
Totai 4,455 3,785 1,178 2,714 5475 3,421 2,ii6 2567 1,825 1,806 3,177 1,515 1,785 1,021
'"Preliminary

Tahie 8.1.2 Lyme Bay sprak fishery. Maritiy caichies (3. (UK vesaale oniy).

_ Season . May _Jun Jul Aug ¢ Sep O;::t Nov Dec Jan Feb Mar Apr . Tolal

1991/92 0 0 0 205 450 952 60 358 258 100 51 0 2443

1992/93 0 0 "0 302 472 189 204 248 284 158 78 0 2025

1993/04 ° 0 8 o 156 82 a0z 529 208 417 134 53 0 1888

1004/95 0 o 0 290 834 545 €08 232 1z 68 0 a 2698

1995/96 - 0 0 0 164 409 301 367 161 15 a0 28 2 1440

1898/07 o a .0 200 452 586 47 243 230 74 30 0 1980

1007/98 2 0 14 250 625 105 255 1g 1279
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Table 9.2.1. Lyme Bay sprat fishery. Number caught by age group (millions).

Season 0 -0/ 1

I 23 34 . 4 5/6 -
d9gimez 17 5603 44,69 16.24 0.57 0.03
1992/93" RN = 28.23 48,61 12.94 1.56 0
1993/94° - _ 0 0.83 44.81 15.7 1.95 0.58
1994/95 e No data . S
0 1 2 3 4 5 8

1005° 0.33 5.20 2.31 0.23 0.03

1996 0.72 12.60 71.35 22.00 1.24 0.20

1997 8.81 42.88 3187 . 543 0.10

7 } August to December only (samples in August and December only, so these

are best estimates :
' Auqust to December only (samnles in Auqust Sentember and November only,
' . 80 these.are best estlmates :
" Only.September (one sample)

Tablé 9.2.2 Lyme Bay arca SPRAT. 1991-1997 mean weight (g) at age.

e Age .
Season Quarter O on w23 i 45 5/ T Overall
' : mearn
1951/9% 3 47 -166 2260 . 254292 %6 - 207
- 4 66 171 0 23 263 309 210 "
1 o570 133 175 202 240 L 144
1992/93 3 42 Q210 228 246 324 218
4 158 200 238 . 248 210
1 132 171 202 U R
1993/94 3 191 227 208 . 198
4! 142 189 245 281 255 2016
Age
Season Quarter 0 B | "2 3 4. -5 6 ' 'Ovpl;é,ll
1995 3 - - 120 - 170 190 210 . 290 -
1996 80 ~ 11.0 130 130 | -
- 80 150 190 - 230 280 -
1997 100 150 190 220 280

130 170 190 240
170 200 220 230

B o) — P

'Based on November samples only.
?Based on September sample only.
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10.1 :  The Fishery
10.1.1 - ACFM advice applicable for-.]_r99»7 ‘and 1998

ACFM advice on a sprat TAC has not been provided in recent years Sprat has been landed under the TAC for the
mixed-ciupeoid fishery, inciuding ail catches of ail species taken in this fishery. This mixed- cmpecna quola was CIosea
after negotiation between Norway and EU in 1997 and dees therefore not exist in 1998,

The TAC for this fishery, as adopted by the management bodies, were 40,000 in 1997. The TAC for 1998 is 40,000't,
with a resiriction in by- caiches of herring noi io exceed 12,000 i

i%.1.2 =~ - Landings

The proportion of sprat in the mixed-clupeoid fishery increased substantially between 1993 and 1994. In 1994 and ‘in
1995 there was, for the first time in several years, a directed sprat fishery for industrial purposes in Skagerrak and the

ol e st o F T atda end ot antehioeiz NL ne A s 10O

i'i\,u (81110 J I Pﬂll wul I\ﬂ.LlUEﬂ.l l. nc lllsll al)lal. CaiChics weIt ﬁnl. 3CCH ill IJJU ana in 1777,

The total annual 1anamgs for Division Iila 1 by area and coumry in 197419597 ‘are given in Tabie 1G_i.1‘."The-;tdt§ﬁ_

landings in 1997 were 16,000 t. There has béen a reduction in total landings from the peak of 96,000 t in'1994. The

Norwegian and Swedish landings in 1997 were low and include the coastal and fjord fisheries. '

b SO LR TR RPN [ U ISR A . B an 1N A1 PR T AT A LS Iy [ I . ) Con a W LR gy
Lanaings oy COUNics aid vy quaricl arc sinown 1l 1ate. ju.l.2. ADOUL /U %e 01 lIC olal 1anaings weire aken i ue
Froreth anosmiare Tonoigwmifinamt Actnbhoo taen boemdad Fae fodeoizin] moomaoas im [ A Lalf Af Qacimibioi Mhoen sissi
1vruin Lll.lﬂl el LIL lElllll AL LS WRLL IALIIGU AU RHuusu aal lJI.lllJUBUb J.Il. LT UL 1ALl ul \JCPI.CllI.UCI. 1ICIG Wdad
again in 1007 o tatal han nn the diractad TNianich cnrat ficherv fmivad_~hinanid) fram 1A March ta 20 Qantamhar

RLERRLEN FLI 577/ -0 MULERE ErOL VAT U UVl LAGLIISEL ﬂrul’-ll. llallul_’ AL AWMTWIMEACLAILL F LIRSV LYWL W A LJVFI.VIJIUV]

10.1.3 Fleet

Elaata fromm Thanm o 1 Wneuina nnd @iiadamn aomndiat tha omrad fohamr i TYoioin o T

A Il AlViLL JJ\.FI]I]J.KLIJ.\., ATLIL wu_y uuu I.JWU!_JL‘II LIRS LR JIJ L2 0N ] PR A1 LFEVIDIVIN LKL,

The Danish landings are taken by two fleet categories:

1. adirected sprat (mixed-clupeoid) trawl fishery, prior to 1997 using minimum mesh size of 32 mm but in.1997 it was
allowed to use 16 mm mesh size and,

2. by catches from the small meshed (16 mm) fisheries for Norway pout blue wh1t1ng and sandeel. The landmgs are all
-used for reduction purposes. :

The Swedish sprat fishery can be divided into three categories:

1. by-catches in a directed herring trawl fishery with minimum mesh size of 32 mm and by purse seines (see herrmg
“* fleet C defined in section 2.10),

2. directed sprat fishery for human consumptlon carried out by purse seines (see herrmg fleet D) ancl

3. a directed sprat {mixed-clupeoid) trawl fishery with mainly 16, 18 or 22 mm mesh size, for human consumimon and

for reduction purposes (see herrmg flest D).

T!‘IP Nnrweumq's'rirnt_ it herv inDiv T4 ic'sn i!-_n__h e ficherv fnr human r'nrmnmnhnn

RN EAleRidiend wisiiluAIRagsuantia,

10.2 Catch composition

0.2.1 Catches in nomber

-

_No we1ght-at-age data in the catches were avmlable for 1983-1991. For 1992-1993 only Denmark supphed data, in

1994 and 1995 by Denmark and Sweden, and in 1996 and 199? only by Denmark..

The numbers and the mean weight by age in the industrial ]andmgs in 1992--1997 are presented n Tables 10 and
ahla 107 27 racrmarnfivaluy CBrnrat Af tha 1004 vanse alace Anmninn tad the londises T 10077 P, PRI S

4 LR RSy AVG LS RI TR T WRALEL UL i LS Ol o uuuuunl.uu Wik IGIIUIAISB. ALl LFF i, 51 a|.ua|. WCID IBFJCBCIIL LK _Vl._ll

the catches in the third and fourth quarter. '
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3+, and the:mean length (mm) of 1-gr sprat.in Figure 8.3.2.

10.2.2 Quality of catch and biological data

Denmark intreduced an improved monitoring system for management and scientific purposes in 1996. The high
sampling level in 1996 was continded in 1997, Denmark provided samples used for estimation of sprat age and mean-
weight at age, for the industrial/”mixed-clupeoid” fisheries. The lamount of sampling has improved dand is considered,as .

adequate. As in previous years, no samiples of sprat were taken from the fisheries for human consumption. Details on‘the .
samnline for hinlaoical dafa ars chown in Tahla 10,73
sampling for biological data are shown in Table 10.2.3
10.3 Recruitment
10.3:1 . .. . Abundance of 1-group and older sprat from IBTS

v TrA IO A s 1 I3 rel n ra .

Y 158 1555 1955 H . rr BS 1555
1ne 1o La(r'euruary) ‘Indices ]OI' 170 1330, WEIC I'BVleU Dy ll’lf: 127572 NCITINg WO l'lg Ul'OLIp Ll LI ASSESSI1 D).

| R SR S, Sal PRSI [ o -

The i indices, calculated as mean cpue (no./hr) weighted by the area with water depths between 10 -an 150 m of ihe

a:
rectangle, are presented in Table 10.3.1. The IBTS data are provided by rectangle in Figure 8.3.1 for age gr oups 1,2 and

The indices from the 1998 sdreey co'nﬁr.m that the age st.r'u:c‘tnre of sprat from the eurvey-is ret.her. vanable, “with
difficulties in following strong and weak cohorts from year to year. The ratto 1- 2r/2 Juy has vaned between 0, 04( 1998)_
and 2.91(1984).

104 Acoustic Survey

Acoustic estimates of sprat has been 1nc1uded in the ICES Co-ordinated Herring Acoustic surveys since 1996 In 1996
the total estimates was 7.9 x 10° fish or 14, 267 tonnes. About 95 % of the biomass ‘was recorded.in Kattegat Dunng the:
1997-acoustic surveys only smgle speCImens of sprat were found (Anon 1998b)

105 -,  State of the Stock

No aséessrnents,of_ the sprat stock in Division Illa have been. presented since 1985 and .this.y_eer: is-no,eXcep_iion.-;The

Working Group concluded that the data _available do not allow any assessment which could be helpful for management.
10.6 Pro_|ectlon of Catch and Stock

IBTS(Febrnary) mdex plotted vs the catch in the same year (r —0 04) is shown in FIUUIB IO 6 1. The 1994 and 1995

observa‘nons are anomous!y hlgh

r

The estimated landmgs for 1997 using the total IBTS- 1ndlees in a SHOT-estimate’ (Shepherd 1991) was found around
20,000 tonnes, Table 10.6.1. Other runs using the 1- group indices and the combined-1-and 2-group mdrces gave ylelds
for 1998 in the range of 5-12,000 tonnes.

11_).7' Manigement Considerations

The recruitmerit between years does not appear to be driven directly by fishing effort. The sprat stock has in recent years
been. mainly fished together with herring, except from 1994 and 1995 when a directed sprat ﬁshery was 1mplemented
“The Hutnan consumpnon fishery is only a minor part of the total catch. The natural vanablhty in the stock is high. ‘The
current management regime with protection’ of Juvenlle herrmg, will probably présent a limitation on the sprat ﬁshery at
ltS present stock snze

108 n R‘l':s'eal"ch'Ré'connnenda.ﬁonS." See Section l‘.8_“;" ‘

376 o O:NAcfm\W greps\Hawz\Reporis\1998\Sect- IG\TEX'r-.Doc




Table 10.1.1 Landings of SPRAT in Division lla Catch (in tonnes 10°%). (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.Illa
Year R : : " 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 150 2 19 190 60.7 209 81.6 100.6
1976 ‘128 2.6 .20 174 279 - 135 414 58.8
1977 7.1 2.2 12 105 47.1 98 369 674
1978 26.6 2.2 2.7 315 37.0 9.4 46.4 77.5
1979 335 8.1 1.8 434 45.8 0.4 522 95.6
1980 31.7 4.0 34 - 39.1 358 9.0 44.8 839
1981 26.4 6.3 4.6 373 230 16.0 39.0 76.3
Skagerrak - Kattegat Div. Ila Division
Year ' ' la
o Total
Denmark Sweden Norway. - Denmark -~ Sweden . Sweden
1982 10.5 - 1.9 214 : - 59 397
1983 -34 - 1.9 9.1 : - 13.0 26.4
1984 132 - 1.8 10.9 . - 10.2 36.1
1985 - 13 - 25 4.6 - 11.3 19.7
1986 04 - B | 0.9 S : -84 10.8
1987 14 : - 04 : 4 - - - “11.2 14.4
1988 1.7 - 0.3 1.3 - 5.4 8.7
1989 0.9 - i.1 30 - 4.8 9.8
199G i3 - i3 i1 - 6.0 5.7
1991 4.2 - _ 1.0 22 - 6.6 i4.0
1992 1.1 - 0.6 -22 - 6.6 10.5
1993 0.6 4.7 1.3 0.8 1.7 - 9.1
1994 417 32.2 1.8 1.7 2.6 - 96.0
1995 26.1 9.7 0.5 1.7 4.6 - 55.6
1996 7.0 35 1.0 ' 3.4 3.1 - 18.0
1997 7.0 3.1 0.4 4.6 0.7 - 158
1Pre,liminary.
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Table 10 1 2 Div. Hla Sprat Landmgs of sprat (ooo t) by quarter by the three countrles :
{Data prowded by the Working Group members)
Quarter Denmark Norway  Sweden = Total
1994 1 03 00 0.5 08
2 . 80 00 03. 63
3. . - 37.0 0.1 23.0 60.1
Do 4. 1841 1.7 11.0 28.8
F Total L : 50.4 1.8 34.8 96.0
1995 7 : : : .
: i 4.8 0.1 4.8 9.7
2 - C 1004 - 0.0 0.9 11.3
3 - £ 19.3 0.0 2.3 216
4 63 704 6.3 13.0
~ Total . 40.8 0.5 14.3 556
1956
1 5.8 + 4.2 8.8
2 3.4 02 36 1
3 o+ 0.4 + 0.4
C 4 1.4 0.6 2.2 4.2
Total " 104 1.0 6.6 18.0
1097 ) ' s o
1 0.7 - 0.3 1.0
2 04 - 1.2 1.6
3 2.3 - 0.1 2.4
4 _ 8.2 0.4 2.2 10.8
"~ Total : ' 11.6 0.4 3.8 15.8
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Tahle 10:2.Y Division lilA Sprat, Landed nurmbérs (eilions) of sprat by age groups in 1894-1997.

Country, . Fishing area_ - Quarter _ ~ _ Age_ . .
1994 . 0 1 2. 3 4 5+
Denmark = Skagarrak . 1 16.28
2 1191.33
3 ) 4321,72 Zizi -
4 1647 B74.75 23.79
Denmark Kattegat 1 5.02 7.39 3.48 0.31
o o 2 092 36.53 B30
3 389 63238 5024.00 42,41
4 573 287.74 42.28 21.50
Swetden’ Skagerrak 1
' : 2 .
3 1849 213532 37.64 a8.21 2.08 6.53
4 151 g11.44 730 710 0.32
Total Div.lla 1 T 000 21.30 7.38 3.48 0.31 0.00
: 2 . 000 110225 . 3658 830 - 0400 -0.00
3 2218 698842 508285 50.32 2.08 6.53
4 23.71  2073.93 73.37 28.60 0.32 0.00
1885
Denmark Skagermak 1 66.07 19932 8.77
2 1026.38 758.87 34.589
3- 130454 - 108.83
4 25541 232
Denmark Katteoat 1 20554 104 92 3279 2125 7.8
' - 2 124.37 117.94 19.84 12.86 4.48
3 315.11 16.64 13.31
4 277.62 19.68. 0.60
Sweden  Div.lila 1 2154 34264 470 439 1.08
i 2 2237 5635 | 2.947 . 146
3 . s .
4 N508 109.50 28.14 9.34
TOTAL Div, Hla 1 293.15 736.88 50.26 25.64 8.46
2 117342 933.16 §7.36 1432 4.48
3 1618.65 125.47 13.31 0.00 .00
4 848.11 131.48 28.14 - 9.94 .00
1908 :
Denmark  Skacarrale 1 125,22 128,11 . 7.88 131 a.an
2 0.00 232.44 23.83 0.00 0.00
3 0.20 1.04 047 0.0% 0.00
4 11.18 £3.22 878 o7 0.00
Denmark Kattegat 1 40.54 185.99 2782 7.68 2.H
2 0.51 5.55 0.74 0.41 0.04
3 0.00 0.00 0.00 0.00 0.00
4 B8.77 35.98 5,94 0.44 0.00
TOTAL  Div.llla 1 18576 31410 35.69 9.00 2.1
b4 051 237.99 24.57 0.41 0.04
3 0.20 1.04 Q.37 0.01 0.00
4 17.92 895.20 15.72 117 0.00
1997
Denmark Skagerrak 1 0.00 0.75 3.99 4,49 1.00
2 0.67 1.85 131 1.01 017
<l 0.59 115.08 2.24 0.24 0.00 0.00
4 12.05 301,24 2142 Q.00 Q.00 jake 4
Denmark Kattegal 1 0.00 1.75 9.37 10.54 2.35
2 Q.06 0.t16 1.18 0.09 0.01
3 2.58 3757 4.70 1.16 4,55 0.00
4 1158  168.77 2812 532 20.44 0.00
TOTAL  Divlila 1 ¢] 0 2.5 13.36 15.03 3.35
2 0 073 2.09 1427 11 018
3 3.97 i52.685 5.94 i4 4,55 Q
4 23.63 470.01 42.54 5.22 20.44 Q
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Table 10.2.2. Div. llla -Sprat..Quarterly:-mean weight {g) at age in the Iandlngs in: 1994-1997
(1994-1995 Danlsh and Swed|sh data 1996 1997 Damsh data)

380

Quarter ,,Age N o
7994 o 1. 2 3 3 5+
1 45 183 20.3 = 24.7 '
2 4.3 20,0 228
3 7.8 8.1 17.4 21.6 221 17.6
4 42 . 112 17.1 22.3 30
Total . 6.0 .. 84 178 21.0 27.2 17.6
1995 ECEE N )
1 2.3 8.9 18.8 229 . 26
2 2.9 7.3 12:4 23.7 27.0
3 105 0 184 15.5
4 11.5 156 18.2 _
Total 7.8 92 153 . 222 264
1996 - B ,
1 © .82 . 106 . 142 17.4 17.7
2 86 12.5 15.1 17.4. A7.0 -
3 42 . 109 15.5 21.0
4 42 10.9 15.5 21.0 _
Total 8.7 7.6 14.8 19.6 17.7
1997 .
1 . 17.3 18.6 21.8 26.0
2 _ . 83 17.6 20.0 22.1 31.0
3 41 136 17.2 21.1
4 47 - 147 17.5 . 19.5
Total 46 144 175 19.6 20.4

26.3
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[

for biological samples in 1896 and 1997... .

. Table 10.2.3 Division llla Sprat. Sampling commersial landings .

Country Quarter Landings No. ;
s ‘ ('000.t) =~ 'samples  ~meas. ‘aged
~ 1996 = : . -
Denmark _
Skagerrak 1 2.8 .15 1208 199
L 2 33 .4 312 172
3 5 13
‘ 4 0.9 5 251
Total 7.0 29 1,782 371
Kattegat 1 2.7 17 1,533 . be2
L 2 0.1 2 196 196
3 1 116 116
. .4 0.5 -1 24 24
Totai 3.3 21 1,865 898
Denmari - 10.3 50 3651 1268
Norway i 0 0 o
Sweden 6.6 0 .0 .0
. Total. . 17.9 50 3651 = 1269
Denmaik
Skagerrak 1 0.2 4 309 o
2 0.3 4 £8 g
3 1.6 6 5 56
4 4.9 16 1608 160
Total 7.0 30, 2,977 216
Kattegat 1 05 2 41 40
' 2 + 1 100 46
3 07 1 63 68
_ 4 3.3 2 256 126
Total 4.5 6 460 280
Denmark 11.5 36 3651 496
Norway 0.4 o 0 0
Sweden 3.8 0 0 0
Total 16.7 36 3651 496
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Table 10.3.1. Div. |lla Sprat. Reévised indices of sprat per age group from IBTS(February) 1984-

1997. {(Mean number per hour per rectangle weighted by ‘area. Only hauls taken in depths of

10-150 m are included}. .

Year No Rect  No hauls: _'Age-érou’p , o :
| . 1 2 3 4 ~ b+ Total

1984 15 . .38 5779.73  854.30 . 207.60 80.09 “51..4"?_- '6983.19
1985 14 . 38 '2397.24 239515 ~ 368.76  128.50 4311 5338.76
1986 - 15 38 664.99 191853 178659  116.20 31.91 4518.22
1987 16 38 224433 2501.38 222494 1655.66 78.69 8705.00
1988 13 - 38 - 7939.91. 5461.23 - 151915 . .2130.02 = 459.41 10509.72
1989 14 © 38 . 437.60 99437 1077.13.. - 603.41 - 147.86 3260.37
1990 15 38 502.83 237.76 = 69.90 = 65.65 49.04 92518
1991 14 - - 38 ' §36.17  456.74  493.57 86.03 21558 1888.09
1892 16 - 38 6016.26 = 605.99 ~ 272.13 21545 79.26 7189.09
1993 16 38 178973 . 462370 996.75 . 218.97 . 260.08 7889.23
1994 16 - 38 - 1546:88  614.35. = 961.44. 299.48- - §7.58 3489.73 -
1995 17 © 38 2282.92 1828.84  37.24 . 47.86 453 4201.39
1998 15 38 17815 5800.45 79423 13595 22851 713529
1997 16 i 200.80  409.84 - 1307.35  147.36 = 144.17. 2209.52
1998 15 39 7509 174273 680.95. -1793.92 . 579.34 4872.03
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Table 10.6.1 Division ITIa Sprat. SHOT forecast of landings in 1998 using. total Jandings and the total IBTS
ag input data. - : o - :

indices

Div.IIIa sprat SHOT forecast spreadsheet version 6
Total index Mars 1998

running recruitment weights

plder 0.00 G-M = 0.00
central 1.00 exp(d} 1.00
yvounger 0.00 exp{d/2) 1.00

Year Land Recrt W'td ¥Y/BE Hang Act'l Est'd Est'd Act'l Est'd Est'd
-ings Index Index Ratio -over Prodn Prodn SQC.  Expl Expl Land
' ' Biom Biom -ings

1984 36 6983 .77 0.23 - 47

1985 20 - 5339 5339 0.77 0.23 15 ‘ 26

1386 11 4518 451 0.77 - D.23. 8 26 24 14

1987 14 870> 8705  0.77 0.23 15 31 27 18

1988 - -9 10510 10510 0.77 0.23 8 227 20 12 26 20
1989 10 3260 3260 0.77 0.23 10 5 6 13 g 6
1990 10 925 925 0.77 0.23 10 2 4 13 k) 4
1691 14 1888 1888 0.77 0.23 15 4 5 la 7 5
1992 11 718% 7189  0.77 0.23 10 17 16 14 21 16
1993 9 7882 7889 0.77 0.23 g 17 16 12 20 16
1954 96 3490 3490 0.77 0.23 122 7 7 125 10 7
1985 56 4201 4201 0.77 0.23 44 17 35 73 458 35
1996 18 7135 7135 0.77 0.23 7 33 38 23 49 38
1997 16 2210 2210 0.77  0.23 9 11 21 15 11
19468 4B72 4872 0.77 0.23 21 20 0 26 20
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Figure 10.6.1. Div.llla sprat. IBTS total indices vs total catches in

1984-1998. (rsg=0.04)
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