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4 CEL TIC SEA AND DIVISION VIU HERRING 

4.1 Introduction 

The herring fisheries to the south of lrcland in the Celtic Sea and in Division VIIj have been considered to exploit the 
same stock. For the purpose of stock assessment and management thesc areas have been combined since 1982. The 
areas for which the asscssments are now made, together with the area for which the TAC is set by the EU are shown in 
Figure 4.1.1. It should be noted that, although the management unit covcrs all of Divisions Vllg,h,j and k and the 
southern part of Division VIIa, the total Irish catch which constitutes over 95% of the catch is taken from the in.shore 
waters along the Irish coast. 

4.2 The Fishery in 1998-1999 

4.2.1 Advice and management applicable to 1998 and 1999 

In 1998 ACFM considered that this stock was currently well above Bpa and that the fishing mortality in 1999 shou1d be 
no greater than that in 1997 (0.4). This corresponded to a catch of no more than 19,000 t. The TAC subsequently set by 
the EU was 21,000 t for 1999 compared with 22,200 t for 1998. 

The spawning box closure system, which was first introduced in the late eighties and which is described in ICES 
(1989/Assess:l5) was again continucd during the 1998/99 season- the box closed being that in Division Vllg. This was 
closed for a fortnight in November 1998. The entire Irish fishery was again closed from mid-February 1998 through to 
earl y October 1998. 

The total Irish quota was subdivided into boat quotas on a wcck hy week basis. All vessels were again rcgulated by 
licences which restrict landings to speclfic parts and to spccific times. 

4.2.2 The fishery in 1998/1999 

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. Some small catches were taken during June 
1998 as a result of an experimental fishery designed to locate shoals of "maatjes"herring. 

As in recent years the main feature of the fishery during 1998/99 was the continuing poor marketing conditions which 
prevailed throughout the wholc season. As a result the number of vesscls participating in the fishery has decreased. The 
average number participating during the 1998/99 season was about 38 which is only about half the number which 
participated in the early nineties. 

During the season shoals appearcd to be abundant and there were reports from fishcrmen of very dense shoals on the 
spawning grounds in the Celtic Sea, particularly in January and February. 

The distribution of the total international herring ca te hes (t) in Sub-arcas VI and VII per quarter per statistical rectangle, 
based on the logbooks and not corrected for misreporting is shown in Figures 4.2.1 a--d. 

4.2.3 The catch data 

The estimated national catches from 1988-1998 for the combined arcas by year and by season (l April-31 March) are 
given in Tables 4.2.1 and 4.2.2 respectively. The total catches for the fishery over the langer period from 1958 to 1997 
are shown in Figure 4.2.2. The reported catch including same unallocated landings, laken during the 1998/1999 season 
was about 18,000 t compared with 20,000 t during the previous scason. Some slight revisions have been made to the 
1997/98 catches which had the effect of increasing the catch for that sea,on by about 500 t. 

Discards 

The leve! of discards in this fishery is believed to have decrcased considerahly in recent years. In 1998/98 as a res ult of 
the poor marketing conditions there was no incentive to discard because fish suitable for the Japanese "roe" market did 
not command a higher market price than non "roe" fish. There were no reports of discards from the fishcry in 1998/99 
and no adjustments were necessary for the landings. This was in contrast to same of the years befare 1997 whcn somc 
landings were increased by 10%-20% to allow for discards. 
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4.2.4 Quality of catch and biological data 

During 1997/98 and 1998/99 there has been a major increase in the monitoring of landings from this fishery and the 
management measures were tightly enforced throughout the season. The accuracy of the landing figures in recent ycars 
is now believed to have increased significantly. 

Biological sampling of the catches throughout the area continues to be satisfactory and at a high leve!. Dctails of the 
sampling data per quarter are shown in Tab le 4.2.3, while the length distributions of the catches taken by the Irish fleet 
per quarter are shown in Tab le 4.2.4. 

4.2.5 Catches in numbers at age 

The total catches in numbers at age, including discards, per season from 1958 to 1998 are shown in Table 4.4.2. The age 
composition in 1998/99 has been dominated by 2 w.ring fish (the 1995/1996 year class). The 1993/94 year class which 
dominated the age composition in the two previous seasons constituted 23% of the catches in 1998/99. 

4.3 Mean weights at age 

As the major portion of the catch from this fishery continues to be takcn during the spawning season the mean weights 
at age in the catches have traditionally been taken as the mean weights in the stock at spawning time (l October). The 
mean weights from 1958 to 1997 are shown in Table 4.4.2. The mcan weights during 1998/99 werc very similar to 
those in recent seasons. 

The mean weights ( weca and west) shown in Table 4.4.2 show that a constant set of data were used for all years prior 
to 1984. Prior to 1982 the Celtic Sea was assessed as a single stock and it was only after 1982 that it was combined with 
Division VIIj for assessment and management purposcs. Mean weights since 1984 have bccn updated each year and 
have been based on Irish data taken from the spawning fishery. The data set used prior to 1984 was calculated by 
combining data from Irish data from the Celtic Sea and Division Vllj from 1982 and this data set was then used to cover 
the whole period back to 1957. In the years prior to 1975 mean weights per age for the Celtic Sea were calculated from 
mean lengths. The 1973 Working Group which looked at growth data from the Celtic Sea commented that a very 
significant growth change bad taken place in the stock around about 1963 and that this growth changc coincided with a 
similar change observed in the North Sea stocl<. This growth change had the effect of increa<ing the mean weights by 
about 30%. Mean weights are available for all years after 1975 for the Celtic Sea and it is apparent that very big 
differences are present for different time periods. These are shown in the text tab le below. 

Comparison of various mean weights, used by previous working groups and the values used by the present working 
group for predictions and the constant set of values used in the VP A from 1958 to 1983. 

Age l 2 3 4 5 6 7 8 9+ 

Pre 1964 89.9 119.3 147.4 167.2 180.2 187.0 188.8 194.5 194.5 

1964to 1973 128.4 170.4 210.6 238.9 257.4 267.0 269.7 277.8 277.8 

1976 137.6 198.9 238.8 264.5 268.6 290.6 294.3 301.8 317.6 

1977 139.0 195.0 229.0 259.0 270.0 288.0 295.0 299.0 317.0 

1980 123.0 194.0 233.0 249.0 267.0 279.0 281.0 290.0 284.0 

Mean 1993-1998 93 126 153 169 185 198 208 218 228 

1957 to 1983 115.0 174.0 211.0 229.0 244.0 257.0 260.0 263.0 266.0 

The data set used to study the stock recruitment relationship for this stock is based on mean wcights which have 
constant values prior to 1984. ACFM in May 1998 commented that the part of the difficultics in selecting an 
appropriate Fpa for this stock is probably due to changes in weights at age. 

A complete analysis of the appropriate set of mean weights at age for this stock is necessary particularly during the 
earl y time period. This should be undertaken and the rcsults presented at the next meeting of the Working Group. 

205 



Maturity at age 

The maturity at age for this stock has been assumed to be constant throughout the whole time period (50% of fish are 
assumed to be mature at age l and 100% mature at age 2). It is now apparent that the stock has undergone growth 
changes and also considerable changes in abundance during this time period. Both these factors may have had effects on 
the maturity ogive and this needs to be investigated befare biological reference points are finalised. 

4.4 Stock assessments 

4.4.1 Acoustic surveys 

A series ofacoustic surveys have been carried out on this stock from 1990-1996. The series was interrupted in 1997 but 
has been resumed in 1998. The surveys are carried out during the spawning scason which lasts from October to 
February/March and two surveys are carried out if possiblc in October and in January. The objeetive of the surveys is to 
estimate the size of the spawning stock of the autumn and winter spawning components separately. In most years it has 
been possible to do this with same confidence and thereforc the sizc of hoth componcnts has bcen combined to gi ve the 
size of the total spawning stock. This estimate, broken down into numbers of fish at age, has bccn used in the ICA 
programme as a relative index of stock size. The age composition of the stock for 1998 and those obtained from 
previous surveys are shown in Table 4.4.1. 

It was only possible to carry out one survey during the 1996/97 season and this was carried out during October. Due to 
severe weather conditions this survey only covered part of the surve y area. 

No surveys were carried out during the 1997/98 season. 

During the 1998/99 season two surveys were again carried out. Howevcr, only the rcsults of the first sui-vey (November, 
1998) were available to the Working Group. 

The interruption of the time series in 1997 makes it very difficult to determine trends in spawning stock from these 
surveys. These difficulties are further compounded by changes which have occurred in the relative proportions of the 
stock components which have taken place over the time period. An examination of the relative proportions of autumn 
and winter spawning components show that the proportion of autumn spawners have declined consistently from 1990--
1995 (Figure 4.4.l).·The two most recent surveys which have bccn carricd out in Octobcr 1996 and November 1998, 
have both produced high indiccs of spawning stock size (145,000 t and llO,OOO t respectively). However, an 
examination of the maturity data from both these surveys indicated that over 80% of the mature stock was composed of 
stage N and V fish belonging to the winter spawning component. 

It is clear that the results obtained from the 1998 survey must be considered as an underestimate of the stock size for a 
number of reasons, viz 

• The stock size is only based on the November surve y and does not include the results of the February 1999 surve y. 

• An examination of the proportions of l w ring fish in the catchcs takcn during the acoustic survey in November 
1998 and catches takcn in the commercial fishery during the fourth quarter (1998) and first quarter (1999) indicated 
that substantial numbers of fish had recruited to the fishery after the acoustic survey had been completed. 

• The 1998 survey was carried out in November when most of the autumn spawners had left the area. 

• The 1998 survey may not cover the entire area over which the stock was distributed as evident from the large 
number of high SA values (Acoustic back scattering strength) at the outer ends of the transects, particularly south of 
Cork and in addition it did not extend to most of the Division Vllj. 

The 1997 and 1998 Working Groups used the results of the acoustic surveys in the !CA programme but stated that the 
results of the 1996/97 surveys should be taken as a minimum estimate because of the fact the only o ne survey had been 
carried out and because of the restricted coverage of that survey. In 1998 the Work:ing Group decided to use the age 
dissaggregated data but only over the years 2-5 as a relative index in the !CA programme. It was clear that the 1996 
survey bad failed to estimate the older fish in the population because of the small number of older fish recorded by the 
survey relative to the catch. The results of the asscssmcnt which was presentcd by the 1998 Work:ing Group showed that 
the stock in 1997 was about 68,500 t and that the F was about 0.4. 
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Even with an incomplete indcx it was decided that the same procedure as that adopted in 1998 should again be carried 
out in 1999 i.e an !CA run in which the age dissaggregated data over the ages 2-5 should be used as a relative index of 
stock size. The input data for the !CA are shown in Table 4.4.2. An examination of the diagnostics from the !CA model 
showed that there was a reasonably good tit between the data and the results were therefore laken as the best indication 
of the state of the stock at present. The results and the diagnostics are shown in Tab les 4.4.3 and in Figures 4.4.2-4.4.7. 

4.4.2 Results of Assessment 

The results of the assessment show that the SSB in 1998 was estimated to be around 82,000 t. The stock has increased 
in the early nincties due to the recruitment of the strong 1992/93 and 1993/94 year classes. Catches have heen very 
stable for a number of years -the average catch from 1990 being 20,500 t. Fishing mortality has continued to decline 
since 1991 and the estimated value for 1998 = 0.32 was the lowest recorded since 1965. 

4.5 Recruitment estimates 

At present there are no recruitment estimates for this stock, which can be used for predidive purposes. The numbers of 
l w.ring fish estimated from the ICA suggest that a number of good year classes have rccruited to the stock in reccnt 
ycars and that the 1992/93 and 1993/94 year classes appear to have bccn particularly strong. 

In this stock a large proportion of juvenile fish are present in the Irish Sea and do not recruit to the Ccltic Sea until the y 
are mature. Therefore neither the numbers of l w.ring fish in the stock as estimated from the acoustic surveys nor the 
numbers in the catches give a reliable indication of year dass strength. The relationship between the numbers of l 
w.ring herring taken per hour in the Northern Irish ground fish surveys and the numbers of l. w.ring herring estimated 
by !CA for the Celtic Sea was exarnined in a working document (Armstrong et a/.,1999, W.O) and the results suggest 
that these surveys rna y be a useful indicator of recruitment when a longer time series is cstablished. 

4.6 Short term Projection 

Because of the uncertainty about the current stock size and the lack of information on recruitment it was decided that 
projections over a medium or long term basis would be unrealistic. A short term projection was therefore carried out 
under the following assumptions.: 

Average recruitment based on the geometric mean levet of numbers of 1 w. ring fish from 1983-1996 = 559 million 
compared with an estimated valuc of 562 million fish by the 1998 WG. 

A catch in 1999 equal to 21,000 t which is the agreed TAC. 

Mean weights in the stock and catch based on the average leve Is from 1993-1998. 

Population numbers estimated at l January 1999 from the !CA analysis. 

An SSB in 1998 of 82,500 l. 

The input data used in the predictions are shown in Tahle 4.6.l.and the results are shown in Tables 4.6.2.-4.6.4. 

Jf the 1999 catch is at the TAC levet of 21,000 then the SSB will increase slightly to 89,315 t. Jf F should continuc at 
this lcvcl (0.32) then the SSBs in 2000 and 2001 will decrease slightly to about 86,442 t and the resultant catchcs will 
be around 21,700 t in 2000. 

If Fis set at the F med le vel (0.27) in 2000 then the SSBs in 2000 and 2001 will be 88,778 l and 89,651 t. respectively 
and catches in 2000 would be around 18,854 t. 

The SSB will start to decline slowly if Fis above the present levet of 0.32. An F of 0.3 would generate catches in 2000 
of about 20,000 t and a spawning stock of 88,500 t in 2000 and 2001. 

Plots of yield per recruit and stock and recruitment for Celtic Sea and Vllj herring are shown in Figures 4.6.1 and 4.6.2. 
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4. 7 Biological reference points and management considerations. 

Biological reference points were discussed in last year's report (ICES 1998a). There was a period of recruitment failure 
from around 1970 to the early 1980'ies, when recruitments were in the order of 100 million-300 million individuals, as 
opposed to 400 million to l 000 millions in most other years. This recruitment failure apparent! y was not induced by a 
low SSB. Rather, it started when the SSB was at a high leve! and recruitment returned to normal while the SSB was at 
its lo west. Overall, the recruitment does not appear to be strongly dependent on the SSB. 

In the periods with good recruitment, the fishing mortalities have most! y been in the range 0.35 - 0.6, and the stock 
seems to have tolerated this fishing mortality well. This fishing mortality is higher than that which most herring stocks 
will tolerate. The background for this may be part! y because the recruits per SSB is quite high, except in the period with 
poor recruitment, and partly because the fishery is almost exclusively on mature fish, which gives a favourable SSB per 
recruit. 

Last years Working Group suggested a Blim at 26,000 tonnes, which is the lowest SSB observed and is just below the 
biomass leve! which gave rise to the first strong year classes after the collapse. Assuming a 30% CV on the current SSB 
estimates leads to a B,. of 40,000 t. 

In order to evaluate long-term risk associated recruitment variation at various exploitation levels, long term stochastic 
equilibiria were computed for periods -with good and poor recruitment separately. In both cases, the recruitment was 
assumed to be independent of the SSB for SSB> 26,000 tonnes, and declining linearly to O with declining SSB below 
that value. The recruitment was assumed to vary randomly as Ry= RO*exp(E), where E was drawn as random numbers 
with normal distribution with mean =O and variance a 2

, truncated at ±1.0 The standard Ro and a were found as the 
geometric mean and log variance of recruitments either above or below 300 millions, giving RO= 636 and 195, and 
s = 0.37 and 0.27 respectively. No other sources of uncertainty were includcd. The simulation software was the same as 
used for North Sea herring (Patterson et al1997b, ICES 1996a). The rcsults are shown in Figures 4.7.1 and 4.7.2. 

With good recruitment, the risk of SSB< 26,000 tonnes was negligible for the whole range of F-values up lo 0.8, which 
was the highest value tested. The risk of SSB < 40,000 tonnes started to increase at F = 0.6, and bad reached 7.4% at 
F = 0.8. The median catch was 20,000 tonnes at just below F = 0.2 and reached 23,000 tonncs at F = 0.8, without any 
clear maximum. 

With a poor recruitment, the risk of SSB < 40,000 tonnes started to increasc at F = 0.12 and passed 50% at F = 0.19. 
The risk of SSB < 25.000 tonnes started to increase at F = 0.2 and passed 50% at F = 0.37. The F gi ving the maximum 
median lang term yield was poorly defined at about 0.3 during a period of sustained low recruitment. 

Medium term simulations with stochastic recruitment as described above, indicated that if a poor recruitment period 
started in 1999, it would take 4-5 years for the SSB to fall below 40,000 tonnes and 7-8 years to fall below 26,000 
tonnes with a constant F of 0.4. With a constant F of 0.27, which is equivalent to F med as dell ned by ACFM in May 
1998 it would take 5-6 years to fall bclow 40,000 tcmnes, and the probability of reaching 26,000 tonnes in the 10 years 
simulation period was below l%. Somc results of the simulation is tabulated helow (Tablcs 4.7.1 and 4.7.2). This 
medium term simulation software was also used for North Sea herring (!CES 1996a). 

Because of the recruitment pattern described above, the biomass reference points lead to different management advice 
for the periods with good and poor recruitment. In periods with good recruitment, the previously suggested Fpa of 0.4 
seems adequate also according to the present study, and the fishery has been conduced with such F-values for lang 
pcriods without any systematic trends in the SSB_ In periods with low recruitmcnt this mortality (0.4) is obviously too 
high. According to the present simulations, the Fpa in during periods of low recruitment should be bclow 0.2. 

Several factors are known that will influence these considerations, which have not been taken into account hcre. As 
noted in Scction 4.3 large variations in weight at age have occurred in previous years, but these have not been 
investigated in recent years. Likewise, variations in the maturity at age have not been taken into account. Variations in 
these parameters will broaden the distributions of yield and SSB, and induce less steep risk profiles, in addition to 
altering the SSB-recruit data. 

Furthermore, if an F-value around 0.4 is to be applied, there is a risk of severely decreasing the stock bcfore a period of 
poor recruitment is recognised, and this should be taken into account. At' present, tools are not available to simulate this 
taking into account all aspccts of uncertainty. It should also be noted that even though an F of 0.4 apparently carries a 
low risk, thcrc is not much to gain in terms of long term yield by increasing F beyond 0.3. 
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The Working Group reconsidered the fishing mortality reference point, Fpa which ACFM suggested should be sel at 
0.27, based on F med. Since it appears that this stock experiences periods of high and periods of low recruitment, 
irrespective of spawning stock biomass, the Working Group was of the. opinion that F med. may not be an appropriatc 
basis for Fpa. The Working Group also considered that the historie fishing mortality has been below 0.3 in only four 
years out of 41 (1961,1963,1964, and 1965) and yet the stock appears to be in a healthy state. Results from the 
simulations show that there is not much difference in the probabililies of falling be1ow Bpa, and the expected SSB, 
bctween F = 0.27 and F = 0.3. This is the case for scenarios for low and high recruitment. For F> 0.3, the risk to the 
stock (in terms of P(SSB< Bpa)) increases, particularly whcn rccruitment is low, and there is not much to be gained in 
terms of expected yield. The Working Group thereforc proposes Fpa = 0.3 for this stock. An Fpa of 0.3 would not cause 
unnecessary restrictions in catches at present as wc are in a period of good recruitment. In addition it would provide 
sufficient time to detect a sustained period of poor recruitment and thercfore allow managers to take approprlate action. 
This va lue would not, however, be valid during a period of low recruitment. If recruitment returns to sustained low leve l 
then the Fpa should not exceed 0.2. 

4.8 Management considerations 

The most recent assessment must be considered a conservative one in which the SSB is underestimated for various 
reasons. The SSB is, however, currently estimatcd to be at a high level, catches have been stable in recent years and the 
Fs have dccreased to a low level for this stock. Because of the uncertainties that surround recruitment estimatcs and the 
lack of any indicator that might predict a return to a low recruitment era, it would be inadvisable to allow catches to 
increase above 20,000 t. A catch of 20,000 t is consistent with an F of 0.3 and a Bpa of above 40,000 t. The present 
situation in the fishery in which markets are depressed and tishing effort has decreased means that an opportunity now 
exists to allow the stock to increase and at the same time to effect an improvement in the age composition of the stock. 
If this werc achieved it would mean that the stock would be in a better position to withstand a reduced recruitment 
period if it should come about and a consequential severe reduction in catches. 

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 number of these spawning grounds have 
come under threat from possible extraction of grave l, 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 thcsc spawning grounds are adequately protected. 
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Table 4.2.1 Celtic Sea and Division Vllj herring landings by calendar year (t), 1988-1998. (Data 
provided by Working Group members.) 

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

Year 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

l 
Preliminary 

Table4.2.2 

Year 
1988/1989 
1989/1990 
1990/1991 
1991/1992 
1992/1993 
1993/1994 
1994/1995 
1995/1996 
1996/1997 
1997/1998 
199811999 

1 Prelirninary 

France Germanr Ire land Netherlands U.K. Unallocated Discards Total 
16,800 2,400 19,200 

+ 16,000 1,900 1,300 3,500 22,700 
+ 15,800 1,000 200 700 2,500 20,200 
+ 100 19,400 1,600 600 1,900 23,600 

500 18,000 100 + 2,300 2,100 23,000 
19,000 1,300 + -1,100 1,900 21,100 

+ 200 17,400 1,300 + -1,500 1,700 19,100 
200 200 18,000 100 + -200 700 19,000 

1,000 o 18,600 1,000 -1,800 3,000 21,800 
1,300 o 18,000 1,400 -2,600 700 18,800 

+ 19,300 1,200 -200 o 20,3001 

Cel!ic Sea and Division Vllj herring landings (t) by season (l April-31 March) 1988/1989-1998/1999. (Data provided 
by Working Group members. 1998/99 figures are pre1iminary.). 
These figures rna y not in all cases correspond to the official statistics and cannot be used for management purposcs. 

France 

+ 
+ 
500 

+ 
200 

1,000 
1,300 

+ 

Germany 

100 

200 
200 

Ire land Ne!hcr1ands U.K. 
17,000 
15,000 1,900 
15,000 1,000 200 
21,400 1,600 
18,000 1,300 
16,600 1,300 + 
17,400 1,300 + 
20,000 100 + 
17,900 1,000 
19,900 1,400 
17,700 1,200 

U nallocated Discards Total 
3,400 20,400 

2,600 3,600 23,100 
700 1,700 18,600 

-100 2,100 25,600 
-100 2,000 21,200 

-1,100 1,800 18,600 
-1,500 1,900 19,300 

-200 3,000 23,300 
-1,800 750 18,800 
-2100 o 20,500 
-700 18,200 

Table 4.2.3 Celtic Sea, Division Vllj (1998-1999). Sampling intensity of commercial catches. 

Country Catch (t) No. of No. of No. of Aged per Estimates 
samples age fish 1000 t of 

readings measured discards 
Ire land Q4 9,689 33 1606 6723 165 No 

Q1 8.D25 14 691 4199 86 No 
Netherlands Q3 1,206 o 
France Q3 + o 
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Table 4.2.4 Celtic Sea and Division Vllj. Length distributiun of Irish catcheslquarter (thousands) 1998/99. 

Length Q298 Q4 98 Q1 99 l 
VllaS Vllg&j VllaS l Vllj l Vllg VllaS l Vllj L Vllg l 

18 13.71 
32.53 

19 67.51 
77.38 

20 168.72 5.99 33.63 
181.6 23.95 18.15 13.43 25.43 

21 365.22 113.76 24.2 40.29 156.96 
395.91 161.65 30.25 107.45 190.59 50.86 

22 677.8 299.36 54.45 174.6 470.88 76.29 
599.17 365.22 96.8 308.92 773.59 10.45 356.04 

23 874.87 736.43 133.1 980.47 2208.64 20.91 737.5 
605.76 700.5 242.01 1074.49 1984.42 26.13 686.64 

24 813.19 963.94 496.12 2337.31 3475.53 109.76 1322.42 
526.7 419.11 592.92 2081.82 2713.16 36.59 661.21 

25 928.68 886.11 1155.59 3398.07 3867.93 277.Q2 1144.4 
697.83 664.58 1185.84 2739.95 2040.47 162.03 788.37 

26 865.61 922.03 1869.52 5493.32 3587.65 381.56 2543.12 
451.41 640.63 1972.37 5439.6 3094.35 313.61 3865.54 

27 266.32 646.62 2032.87 7440.84 4159.43 339.74 4871.07 
93.35 281.4 1107.19 3975.61 2108.05 125.44 1932.77 

28 49.51 269.42 1089.04 2753.38 1648.07 52.27 1475.0 l 
19.99 113.76 490.07 1141.64 616.63 15.68 483.19 

29 23.25 47.9 592.92 980.47 369.98 41.81 279.74 
2.09 11.97 326.71 201.47 78.48 5.23 101.72 

30 5.99 193.61 147.74 33.63 10.45 25.43 
139.15 53.72 

31 18.15 11.21 
12.1 

32 
Total 8 798 8 2801 13 8731 40 885 33 6231 l 9291 21 427 

Table 4.4.1 Total stock numbers at age (106
) estimated using combined acoustic surveys estimates from November 

and J anuary. 

W.Rs 1990191 1991192 1992193 1993194 1994195 1995/96 1996* 1998* 
o 204.8 213.8 141.8 258.8 41.3 5.1 2.8 
l 131.6 62.6 426.9 217.1 38.0 279.5 133.6 21.43 
2 249.0 195.2 117.0 437.9 127.2 550.7 757.0 157.13 
3 108.6 94.7 87.8 58.7 160.3 138.4 249.9 149.62 
4 152.5 54.0 49.6 63.4 10.5 93.5 50.6 201.48 
5 32.4 84.8 22.2 26.0 10.6 7.9 41.9 108.53 
6 14.9 22.1 24.2 16.3 6.5 9.2 I.l 31.71 
7 6.1 5.3 9.6 24.6 1.6 8.4 14.2 29.80 
8 2.5 6.1 1.8 2.3 2.6 9.2 0.5 3.95 

9+ 1.5 I.l 1.7 0.5 4.7 1.8 1.28 
Total 903.9 738.6 882.0 1,106.8 399.1 1106.5 1,253.4 704.9 
TSB 103.0 84.4 88.5 104.0 51.8 134.6 151.3 110.9 

(OOO't) 
SSB 91.0 77.0 71.0 90.0 50.6 114.0 145.8 110.5 

(OOO't) 

*November survey only,likely to be an underestimate of stock size. 
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Table 4.4.2 Herring in the Celtic Sea & VXXj 

Herring Celtic VIIj {run: ICACJK07/I07) 
Output Generated by ICA Version 1.4 
Catch in Number x 10 ~ 6 
------+----------------------------------------------------------------
AGE 1958 1959 1960 1961 1962 1963 1964 1965 
------+----------------------------------------------------------------

l 
2 
3 
4 
5 
6 
7 
8 
9 

1.64 
3.74 

33-09 
25.75 
12.55 
23.95 
16.09 

9-38 
5.58 

l. 2 o 
25.72 
2.27 

19.26 
11.02 
5.83 

17.82 
3.75 
7.35 

2.84 
72.25 
24.66 
3.78 

13.70 
4.43 
6.10 
4. 38 
4.15 

2.13 
16.06 
32.04 
5. 63 
2. 03 
5.07 
2.83 
l. 52 
4-95 

.77 
18.57 
19.91 
48.06 

8.08 
3.58 
8.59 
3. 81 
5.32 

.30 
51.94 
13.03 

4.18 
20.69 
2.69 
l. 3 9 
2.49 
2. 79 

7.53 
15.06 
17.25 

6.66 
1. 72 
8.72 
1. 30 

.58 
2.19 

.06 
70.25 
9.37 

15.76 
3.40 
4. 54 

12.13 
1.38 
7.49 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1966 19 67 1968 1969 1970 1971 1972 1973 
------+----------------------------------------------------------------

l 
2 
3 
4 
5 
6 
7 
8 
9 

7.09 
19.56 
59.89 
9.92 

13.21 
5. 60 
3.59 
8. 75 
3. 84 

7.60 
39.99 
20.06 
49.11 

9.22 
9.44 
3.94 
6.51 
6.76 

12.20 
54.79 
39.60 
11.54 
22.60 

4.93 
4.17 
1.31 
4.94 

9.47 
93.28 
55.04 
33.15 
12.22 
17.84 

4.76 
2.17 
3.47 

1.32 
37 ;26 
50.09 
26.48 
·18- 76 

7.85 
6-3 5 
2.18 
3.37 

12. 66 
23.31 
37.56 
41.90 
18.76 
10.44 
4.28 
4. 94 
2.24 

8.42 
137.69 
17.86 
15.84 
14.53 

4. 64 
3.01 
2.37 
1. 02 

23.55 
38.13 
55.81 

7.01 
9.65 
5.32 
3.35 
2. 33 
1. 21 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AG.!: 1974 1975 1976 1977 1978 1979 1980 1981 
------~----------------------------------------------------------------

l 
2 
3 
4 
5 
6 
7 
8 
9 

5.51 
42.81 
17.18 
22.53 

4.23 
3.74 
2-98 

.90 

. 83 

12-77 
15.43 
17.78 
7.33 
9.01 
3.52 
l. 64 
1.14 
1.19 

13.32 
11.11 

7.29 
7.01 
2. 87 
4.79 
1. 98 
l. 24 
1. 77 

8.16 
12.52 

8.61 
5.28 
1.59 
l. 90 
1. 04 

.38 

.47 

2 .. 80 
13.39 
11.95 

5.58 
l. 58 
1.48 

.54 

.86 

.48 

11.34 
13-91 
12.40 

8.64 
2-89 
1.32 
1.28 

.55 

.64 

7.16 
30.09 
11.73 

6.59 
2.81 
2.20 
1.18 
1.26 

.56 

39.36 
21.29 
21.86 
5. 51 
4.44 
3.44 

.80 

.31 

.87 

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

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

AGE 1982 1983 1984 1985 1986 1987 1988 1989 
------+----------------------------------------------------------------

l 
2 
3 
4 
5 
6 
7 
8 
9 

15.34 
42.73 

8.73 
4-82 
l. 50 
1.89 
l. 67 

.34 

.60 

13.54 
102.87 

26.99 
3.23 
l. 86 

.33 

.37 

.93 

.31 

19.52 
92.89 
41.12 
16.04 

2.45 
l. 09 

.38 

.23 

.18 

17.92 
57.05 
36.26 
16.03 

2.31 
.23 
.09 
.17 
.13 

4.16 
56,75 
42.88 
32-93 
8.79 
1.13 

.lO 

.03 

.01 

5.98 
67.00 
43.08 
23.01 
14.32 

2. 72 
1.18 

.30 

.46 

2-31 
82.03 
3 o. 96 

9.40 
5.96 
3.05 

.87 

. 3 o 

.09 

8.26 
42.41 
68.40 
19- 60 
8.21 
3-84 
2-59 

.77 

.68 
------+------------------------------------------------------------

Catch in NUmber X lO ' 6 

------+----------------------------------------------------------------
AGE 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------------------

l 2.70 l. 91 10.41 1. 61 12.13 9.45 3.48 3. 85 
2 41.76 63.85 26.75 94.06 3 5. 77 79.16 61.92 37.44 
3 24.63 38.34 35.02 9.37 61.74 22.59 38.24 53.04 
4 35.26 16.92 27-59 10.22 3.29 36.54 7.94 31.44 
5 8.12 28.41 10.14 4.49 3. 03 3. 69 16.11 8.32 
6 3.81 4.87 18.06 2.79 4.77 3.42 2. 08 6.14 
7 1. 67 2.59 3.02 5.93 l. 71 2.65 1. 59 1.15 
8 .69 .95 6.29 .86 l. 71 l. 86 l. 51 .83 
9 .46 .59 .69 .51 .47 .84 l. 03 .60 

------+----------------------------------------------------------------
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Table 4.4.2 ctd. 

AGE 1998 
------+--------

l 5.86 
2 41.97 
3 27.32 
4 28.58 
5 13.31 
6 3. 79 
7 2.70 
8 .60 
9 .39 

------+--------

Predicted Catch in Humber x 10 ~ 3 
------+------------------------------------------------
AGE 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------

l 3173. 7084. 9549. 3521. 3261. 5857. 
2 75120. 31440. 99156. 82207. 41223. 32457. 
3 9708. 43047. 25837. 48270. 57418. 24490. 
4 8499. 4604. 29464. 10344. 28123. 28421. 
5 6666. 4038. 3167. 11826. 6031. 13902. 
6 3548. 3784. 3297. 1524. 8208. 3558. 
7 4313. 1789. 2755. 1405. 942. 4310. 
8 855. 2345. 1399. 1267. 936. 534. 

------+------------------------------------------------

Weights at age in the catches (Kg) 

------+----------------------------------------------------------------
AGE 1958 1959 1960 1961 1962 1963 1964 1965 
------+----------------------------------------------------------------

1 .11500 .11500 .11500 .11500 . 11500 .11500 .11500 .11500 
2 .17400 .17400 .17400 .17400 .17400 .17400 .17400 .17400 
3 .21100 .21100 .21100 .21100 .21100 .21100 . 21100 .21100 
4 .22900 .22900 .22900 .22900 .22900 .22900 .22900 .22900 
5 .24400 .24400 .24400 .24400 .24400 .24400 .24400 .24400 
6 . 25700 .25700 .25700 .25700 .25700 .25700 .25700 .25700 
7 . 2 6000 . 2 6000 .26000 .26000 . 2 6000 .26000 .26000 .26000 
8 .26300 .26300 .26300 .26300 . 26300 .26300 .26300 .26300 
9 .26600 .26600 .26600 . 2 6600 .26600 .26600 .26600 . 26600 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1966 1967 1968 1969 1970 1971 1972 1973 
------+----------------------------------------------------------------

1 .11500 .11500 .11500 .11500 .11500 .11500 .11500 .11500 
2 .17400 .17400 .17400 .17400 .17400 .17400 .17400 .17400 
3 .21100 . 21100 .21100 .21100 .21100 .21100 . 21100 . 21100 
4 .22900 .22900 . 22900 .22900 .22900 .22900 . 22900 .22900 
5 .24400 .24400 . 24400 .24400 .24400 .24400 . 24400 .24400 
6 .25700 .25700 . 2 5700 .25700 .25700 .25700 .25700 .25700 
7 .26000 .26000 .26000 .26000 .26000 .26000 .26000 .26000 
8 . 26300 .26300 .26300 .26300 .26300 .26300 .26300 .26300 
9 . 26600 .26600 .26600 .26600 .26600 .26600 .26600 .26600 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1974 1975 1976 1977 1978 1979 1980 1981 
------+----------------------------------------------------------------

l . 11500 .11500 .11500 .11500 .11500 .11500 .11500 .11500 
2 .17400 .17400 .17400 .17400 .17400 .17400 .17400 .17400 
3 .21100 . 21100 .21100 .21100 .21100 . 21100 .21100 .21100 
4 . 22900 . 22900 .22900 . 22900 . 22900 .22900 .22900 . 22900 
5 . 24400 .24400 .24400 .24400 . 24400 .24400 .24400 . 24400 
6 .25700 . 25700 .25700 .25700 . 2 5700 .25700 .25700 .25700 
7 .26000 .26000 .26000 .26000 .26000 .26000 .26000 .26000 
8 .26300 .26300 .26300 .26300 .26300 .26300 .26300 .26300 
9 .26600 .26600 .26600 .26600 .26600 .26600 .26600 .26600 

------+----------------------------------------------------------------
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Tab le •••• ::t etd. 

Weights at age in the ea.tches (Kg} 
------+----------------------------------------------------------------
AGE 1982 1983 1984 1985 1986 19 87 1988 19 89 
------+----------------------------------------------------------------

l .11500 .11500 .09300 .10400 .11200 .09600 .09700 .10600 
2 .17400 .17400 .14200 .14000 .15500 .13800 .13200 .12900 
3 .21100 . 21100 .18500 .17000 .17200 .18600 .16800 .15100 
4 .22900 .22900 . 21300 .20100 .18700 .19200 .20300 .16900 
5 .24400 . 24400 .21300 .23400 .21500 .20400 .20900 .19400 
6 .25700 . 25700 . 24500 .24800 .24800 .23100 . 21500 .19900 
7 .26000 .26000 .24600 .25600 .27600 .25500 . 23700 .21000 
8 .26300 . 26300 .26300 .26000 .28400 .26700 .25700 .22100 
9 .26600 . 26600 . 2 6200 .26300 .33200 .28400 .28300 .24000 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------~-----------

l .09900 .09200 .09600 .09200 .09700 .08800 .08800 .09300 
2 .13700 .12800 .12300 .12900 .13500 .12600 .11800 . 12400 
3 .153 00 .16800 .15000 .15500 .16800 .15100 .14700 .14100 
4 .16700 .18200 .17700 .18000 .17900 .17800 .1590C .15700 
5 .18800 .19000 .19100 .20100 .19000 .18800 .18500 .l7200 
6 .20800 .20600 .19400 .20400 .21000 .19800 .19600 .19200 
7 .20900 .22900 .21200 .21000 . 21800 .20700 .20700 .20600 
8 .22900 .23600 .22800 .22500 .21700 .22700 .21900 .21600 
9 .25100 .25100 . 24800 .24000 .22700 . 22700 .23100 .22000 

------+----------------------------------------------------------------
------+--------
AGE 1998 
------+--------

l .09900 
2 .12100 
3 .15300 
4 .16300 
5 .17300 
6 .18500 
7 .19900 
8 .20400 
9 .22500 

------+--------

Weights at age in the stock (Kg} 
------+----------------------------------------------------------------
AGE 1958 1959 1960 1961 1962 1963 1964 19 65 
------+----------------------------------------------------------------

l .11500 .11500 .11500 .11500 .11500 .11500 .11500 . 11500 
2 .17400 .17400 .17400 .17400 .17400 .17400 .17400 .17400 
3 .21100 .21100 .21100 . 21100 .21100 .21100 . 21100 .21100 
4 .22900 .22900 .22900 . 22900 .22900 .22900 .22900 .22900 
5 .24400 .24400 .24400 '24400 .24400 .24400 '24400 '24400 
6 .25700 .25700 .25700 . 2 5700 .25700 .25700 . 2 5700 .25700 
7 .26000 .26000 .26000 . 2 6000 .26000 .26000 .26000 .26000 
8 .26300 .26300 .26300 . 26300 .26300 .26300 . 26300 . 2 63 00 
9 .26600 .26600 .26600 .26600 .26600 .26600 .26600 .266CO 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1966 1967 1968 1969 1970 1971 1972 1973 
------+----------------------------------------------------------------

l .11500 .11500 .11500 .11500 .11500 .11500 . 11500 .11500 
2 .17400 .17400 .17400 .17400 .17400 .17400 .17400 .17400 
3 .21100 .21100 .21100 . 21100 .21100 .21100 .21100 .21100 
4 .22900 .22900 .22900 . 22900 .22900 .22900 .22900 .22900 
5 .24400 .24400 .24400 .24400 .24400 .24400 .24400 .24400 
6 .25700 .25700 .25700 .25700 .25700 .25700 .25700 .25700 
7 .26000 .26000 .26000 . 2 6000 .26000 .26000 .26000 .26000 
8 .26300 .26300 .26300 . 2 6300 .26300 .26300 .26300 .26300 
9 .26600 .26600 .26600 .26600 .26600 .26600 .26600 .26600 

------+------------------------------------------------------------·----
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Tab le 4.4.2 ctd. 

Weights at age in the stock: (Kg) 

------+----------------------------------------------------------------
AGE l 1974 1975 1976 1977 1978 1979 1980 1981 
------+----------------------------------------------------------------

l l .11500 .11500 .11500 .11500 .11500 . 11500 .11500 .11500 
2 l .17400 .17400 .17400 .17400 .17400 .17400 .17400 .17400 
3 l .21100 . 21100 .21100 .21100 .21100 . 21100 .21100 .21100 
4 l .22900 .22900 .22900 .22900 .22900 . 22900 .22900 .22900 
5 l .24400 .24400 .24400 .24400 .24400 .24400 .24400 .24400 
6 l .25700 .25700 .25700 .25700 .25700 .25700 .25700 . 25700 
7 l .26000 .26000 .26000 .26000 .26000 .26000 .26000 .26000 
8 l .26300 . 26300 .26300 .26300 .26300 .26300 .26300 .26300 
9 l .26600 .26600 .26600 .26600 .26600 . 26600 .26600 .26600 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1982 19 83 1984 1985 1986 1987 1988 1989 
------+----------------------------------------------------------------

l .11500 .11500 .09300 . 10400 .11200 .09600 .09700 .10600 
2 .17400 .17400 .14200 .14000 .15500 .13800 .13200 .12900 
3 .21100 . 21100 .18500 .17000 .17200 .18600 .16800 .15100 
4 .22900 .22900 .21300 .20100 .18700 .19200 .20300 .16900 
5 .24400 .24400 .21300 .23400 .21500 .20400 .20900 .19400 
6 .25700 . 25700 .24500 .24800 .24800 .23100 .21500 .19900 
7 .26000 . 26000 .24600 .25600 .27600 .25500 .23700 .21000 
8 .26300 . 26300 .26300 .26000 .28400 .26700 .25700 . 22100 
9 .26600 .26600 .26200 .26300 .33200 .28400 .28300 . 24000 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------------------

l .09900 .09200 .09600 .09200 .09700 . 03800 .08800 .09300 
2 .13700 .12800 .12300 .12900 .13500 .12600 .11800 .12400 
3 .15300 .16800 .15000 .15500 .16800 .15100 .14700 .14100 
4 .16700 .18200 .17700 .18000 .17900 .17800 .15900 .15700 
5 .18800 .19000 .19100 .20100 .19000 .18800 .18500 .17200 
6 .20800 .20600 .19400 .20400 .21000 .19800 .19600 .l9200 
7 .20900 .22900 .21200 .21000 .21800 .20700 .20700 .20600 
8 .22900 . 23600 .22800 .22500 .21700 '22700 .21900 .21600 
9 .25100 .25100 .24800 . 24000 .22700 .22700 .23100 . 22000 

------+----------------------------------------------------------------
------+--------
AGE 1998 
------+--------

1 .09900 
2 .12100 
3 .15300 
4 . 163 00 
5 .17300 
6 .18500 
7 .19900 
8 .20400 
9 .22500 

------+--------

Natural Mortality (per year) 
------+----------------------------------------------------------------
AGE 1958 1959 1960 etc 1996 1997 1998 
------+----------------------------------------------------------------

l 1.0000 l. 0000 1.0000 fixed 1.0000 1.0000 1.0000 
2 . 3000 .3000 . 3000 fixed . 3000 .3000 .3000 
3 .2000 .2000 .2000 fixed . 2000 .2000 .2000 
4 .1000 .1000 .1000 fixed .1000 .1000 .1000 
5 .1000 .1000 .1000 fixed .1000 .1000 .1000 
6 .1000 .1000 .1000 fixed .1000 .1000 .1000 
7 .1000 .1000 .1000 fixed .1000 .1000 .1000 
8 .1000 .1000 .1000 fixed .1000 .1000 .1000 
9 .1000 .1000 .1000 fixed .1000 .1000 .1000 

------+----------------------------------------------------------------
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Table 4.4.2 ctd. 
Proportion of fish spawning 
------+----------------------------------------------------------------
AGE 1958 1959 1960 etc 1996 1997 1998 
------+----------------------------------------------------------------

l .5000 .5000 .5000 fixed .5000 .5000 .5000 
2 l. 0000 l. 0000 l. 0000 fixed 1.0000 l. 0000 1.0000 
3 1.0000 1.0000 l. 0000 fixed 1.0000 1.0000 1.0000 
4 1.0000 1.0000 1.0000 fixed 1.0000 1.0000 1.0000 
5 1.0000 l. 0000 1.0000 fixed 1.0000 1.0000 1.0000 
6 1.0000 1.0000 l. 0000 fixed 1.0000 1.0000 1.0000 
7 l. 0000 1.0000 l. 0000 fixed 1.0000 l. 0000 l. 0000 
8 1.0000 1.0000 1.0000 fixed 1.0000 1.0000 1.0000 
9 1.0000 1.0000 1.0000 fixed l. 0000 1.0000 1.0000 

------+----------------------------------------------------------------

Table 4.4.3 
AGE-STRUCTURED INDICES FLT02: celtic combined acc data (Catch: 
------+----------------------------------------------------------------
AGE 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------------------

2 249.00 195.20 117.00 437.90 127.20 550.70 757.00 ***""*** 
3 108.60 94.70 87.80 58.70 160.30 138.40 249.90 ******* 
4 152.50 54.00 49.60 63.40 10.50 93.50 50.60 ***""*** 
5 32.40 84.80 22 ·. 20 26.00 10.60 7.90 41.90 ***•*** 

------+----------------------------------------------------------------
------+--------
AGE 1998 
------+--------

2 157.10 
3 149.60 
4 201.50 
5 108.50 

------+--------
Fishing Mortality (per year) 
------+----------------------------------------------------------------
AGE 1958 1959 1960 1961 1962 1963 1964 1965 
------+----------------------------------------------------------------

l .0082 .0019 .0137 .0137 .0025 .0017 . 0116 .0002 
2 .1227 .2958 .2491 .1676 .2721 .4023 .1885 .2435 
3 .3573 .1078 .5515 .1767 .3433 .3324 .2395 .1818 
4 .5320 .3449 .2485 .2193 .4111 .1059 . 2 680 .3395 
5 .4115 .4041 .3908 .1838 .4905 .2774 .0521 .1906 
6 .5090 .3033 .2506 .2179 .4976 .2655 .1613 .1697 
7 .8271 .7863 .5254 .2240 .6066 .3245 .1783 .3130 
8 .4846 . 403 5 .3940 .2125 .4668 . 3114 .1934 . 2 582 
9 . 4846 . 403 5 . 3940 . 2125 .4668 . 3114 .1934 .2582 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE l 1966 1967 1968 1969 1970 1971 1972 1973 
------+----------------------------------------------------------------

l l .0172 .0177 .0230 .0333 .0087 .0231 .0498 .1244 
2 l .1831 .2148 .2932 .4312 . 3 058 .3619 .6909 .6051 
3 l .3603 .3079 .3641 . 5788 .4678 . 6213 .5615 . 7376 
4 l .2824 .5350 . 2771 .5590 .5812 .8695 .5534 .4248 
5 l .4686 .4073 .4464 .4665 .6316 .9551 .7583 .6874 
6 l .4806 .6379 .3528 .6731 .5482 .7788 .5779 .6160 
7 l .1761 .6516 .5723 .5992 .4755 .5785 .4727 . 9725 
8 l .3465 .4865 .4129 .5887 .5353 .7392 . 654 6 . 7258 
9 l .3465 .4865 .4129 .5887 .5353 . 7392 . 6546 . 7258 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1974 1975 1976 1977 1978 1979 1980 1981 
------+----------------------------------------------------------------

l .0651 .1406 .1067 .0767 .0332 .0780 .0805 .1628 
2 .6469 .4660 .3042 .2370 .3009 .4023 .5541 .6742 
3 .6637 . 6705 .4496 .4379 .3978 .5409 . 7671 1.1663 
4 .7247 .6354 .5814 .6532 .5372 .5305 .5890 1.0019 
5 . 4345 .6356 .4858 .2201 .3646 .5222 .2908 .9062 
6 .5508 .6933 .7363 .6094 .2921 .5182 .8594 .6062 
7 .7465 .4423 .9688 .3053 .3073 .3939 1.114 7 .7835 
8 .6749 . 6315 .6239 .4323 .3920 .5192 .7408 .9150 
9 .6749 . 6315 .6239 .4323 .3920 .5192 .7408 .9150 

------+----------------------------------------------------------------
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Table 4.4.3 ctd. 

Fishing Mortality (per year} 
------+----------------------------------------------------------------
AGE 1982 1983 1984 1985 1986 1987 1988 1989 
------+----------------------------------------------------------------

l .0373 .0296 .0557 .0497 .0123 .0092 .0087 .0250 
2 .4815 .6924 .5212 .4025 .3848 .4997 . 2 882 .3794 
3 . 7138 .6991 .7262 .4240 .6517 . 612 6 .4895 .4438 
4 .8517 .5994 1.2066 .6677 .8168 .8573 .2437 .6282 
5 .7320 .8532 1.1592 .4688 .8548 .9331 .4938 . 3094 
6 1.1809 .3031 l. 9683 .2570 .3905 .6202 .4526 .6045 
7 .5937 .6788 .5956 .7722 .1500 .7953 .3632 .7681 
8 .8068 .6924 1.0921 .5348 .5795 . 7713 .4163 .5559 
9 .8068 .6924 1.0921 .5348 . 5795 . 7713 .4163 .5559 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------------------

l .0095 .0160 .0216 . 0141 .0123 .0158 .0119 .0122 
2 .2925 .5867 .5845 .3735 . 3258 .4177 .3153 .3243 
3 . 4240 .5124 .8293 .4673 . 4076 .5226 .3945 .4058 
4 .4099 .5498 .8236 .4593 .4006 . 5136 .3877 .3988 
5 .5115 .5985 .6636 .4194 .3658 .4690 .3540 .3641 
6 .2060 .5844 .8548 .4540 .3959 .5076 .3832 .3942 
7 .5108 .1885 .7841 .4428 .3862 .4951 .3738 .3844 
8 .4214 .5455 .8076 .4673 .4076 .5226 .3945 .4058 
9 .4214 .5455 . 8076 .4673 .4076 .5226 .3945 .4058 

------+----------------------------------------------------------------
------+--------
AGE 1998 
------+--------

l .0105 
2 .2777 
3 . 3474 
4 . 3415 
5 . 3118 
6 .3375 
7 .3292 
8 .3474 
9 .3474 ______ .,. _______ _ 

Population Abund&nce (l January) x 10 A 6 
------+----------------------------------------------------------------
AGE 1958 1959 1960 1961 1962 19 63 1964 1965 
------+----------------------------------------------------------

l 316.3 1026.4 330.6 246.9 489.6 275.0 1028.4 366.3 
2 37.4 115.4 376.9 120 .o 89.6 179.7 101. o 373.9 
3 120.8 24.5 63.6 217.6 75.2 50.6 89 .o 62. o 
4 65.3 69.2 18.0 30.0 149.3 43.7 29.7 57.4 
5 39.0 34.7 44.4 12.7 21.8 89.6 35.5 20.5 
6 62.8 23.4 21. o 27.1 9.6 :!_2.: 61.4 30.5 
7 29.9 34.2 15.6 14.8 19.8 5.3 8.4 47.3 
8 25.6 11.8 14.1 8.4 10.7 9. 7 3.4 6.3 
9 15.2 23.2 13.4 27.1 14.9 10.9 13 .l 34.5 

------+----------------------------------------------------------------
------+----------------------------------------------------·------------
AGE 1966 1967 1968 1969 1970 1971 1972 1973 
------+----------------------------------------------------------------

l 658.6 685.4 848.2 456.6 241.5 873.7 273.3 315.2 
2 134.7 238.2 247.7 304.9 162.5 88.1 314 .l 95.7 
3 217.2 83.1 142.3 136.9 146.8 88.6 45.4 116.6 
4 42.3 124.0 50.0 81. o 62.8 75.3 39.0 21.2 
5 37.0 28.9 65.7 34.3 41.9 31.8 28.5 20.3 
6 15.4 20.9 17.4 38.1 19.5 20.2 11.1 12 .l 
7 23.3 8.6 10.0 11. o 17.6 10.2 8.4 5.6 
8 31.3 17.7 4.1 5 .l 5. 5 9.9 5.2 4.7 
9 13.7 18.4 15.3 8. 2 8.5 4.5 2.2 2.4 

------+----------------------------------------------------------------
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Table 4.4.3 ctd. 

Population Abundance (1 January) x 10 A 6 
------+----------------------------------------------------------------
AGE 1974 1975 1976 1977 1978 1979 1980 1981 
------+----------------------------------------------------------------

l 137-5 152.3 206.4 173.7 135.3 237.4 145.6 409.1 
2 102.4 47.4 48.7 68.3 59.2 48.1 80.8 49.4 
3 38.7 39-7 22.0 26.6 39.9 32. s 23.8 34.4 
4 45.7 16.3 16.6 11.5 14 .l 21.9 15.5 9 .l 
5 12-6 20.0 7.8 8.4 5.4 7.4 11.7 7.8 
6 9.2 7.4 9.6 4.3 6.1 3.4 4.0 7.9 
7 S.9 4.8 3.3 4.2 2.1 4 .l 1.8 l.S 
8 1.9 2.5 2.8 1.1 2.8 1.4 2. 5 .5 
9 1.8 2.7 4.0 1.4 1.6 1.6 1.1 1.5 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1982 1983 1984 1985 1986 1987 1988 1989 
------+----------------------------------------------------------------

l 661.0 731.6 567.2 581.9 536.0 1032.7 422.4 527.4 
2 127.9 234.3 261.3 197.3 203.7 194.8 376.4 154.0 
3 18.7 58.5 86.8 114.9 97.8 102.7 87.5 209.0 
4 8.8 7. 5 23-8 34.4 61.6 41.7 45.6 43.9 
5 3.0 3.4 3. 7 6.4 16.0 24.6 16.0 32.3 
6 2.8 1.3 1.3 1.1 3. 7 6.1 8. 8 8.8 
7 3.9 . 8 .9 .2 .7 2.2 3 .o 5.0 
8 . 6 1.9 .4 .4 .l .6 .9 1.9 
9 l. l . 6 .3 .3 .o . 9 .3 1.7 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1990 1991 1992 1993 1994 199S 1996 1997 
------+----------------------------------------------------------------

l 450.4 190.S 767,7 357.9 915.5 964.0 470.1 423.4 
2 189.2 164.1 69.0 276.4 129.8 332.7 349.1 170.9 
3 78.1 104.6 67.6 28.5 140.9 69.4 162.3 188.7 
4 109.8 41.8 51.3 24.2 14.6 76.8 33.7 89.6 
5 21.2 6S.9 21.8 20.4 13.8 8.9 41.6 20.7 
6 21.5 11.5 32.8 10.2 12 .l 8.7 5.0 26.4 
7 4.4 15.8 5. 8 12.6 5.9 7.4 4.7 3.1 
8 2 .l 2.4 11.8 2.4 7.3 3.6 4.1 2.9 
9 1.4 l.S 1.3 1.4 1.5 2.2 3.3 1.9 

------+----------------------------------------------------------------
------+----------------
AGE 1998 1999 
------+----------------

l 887.4 615.6 
2 153.9 323.0 
3 91. s 86.3 
4 103. o 52.9 
s 54.4 66.2 
6 13. o 36.0 
7 16.1 8.4 
8 1.9 10.5 
9 1.4 2 .l 

------+----~-----------

Weighting factors for the catches in number 
------+------------------------------------------------
AGE l 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------

l l .1000 .1000 .1000 .1000 .1000 .1000 
2 l 1.0000 l. 0000 1.0000 1.0000 1.0000 1.0000 
3 l 1.0000 1.0000 1.0000 l. 0000 l. 0000 1.0000 
4 l 1.0000 l. 0000 l. 0000 1.0000 1.0000 1.0000 
5 l 1.0000 l. 0000 l. 0000 l. 0000 l. 0000 l. 0000 
6 l l. 0000 1.0000 1.0000 l. 0000 l. 0000 1.0000 
7 l 1.0000 l. 0000 l. 0000 1.0000 l. 0000 l. 0000 
8 l l. 0000 l. 0000 1.0000 1.0000 1.0000 l. 0000 

------+------------------------------------------------
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Table 4.&.3 etd. 

Predicted Age-Structured Index Va1ues FLT02: ce1tic combined acc data {Catch: Predicted 
------+----------------------------------------------~~~----~----------

AGE l 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------------------

2 294.87 190.59 80.24 397.18 195.70 457.44 531.73 ******* 
3 120.48 147.78 69.57 42.07 221.03 97.08 257.92 ******* 
4 161.09 53.37 49.78 33.73 21.63 101.51 50.57 ******* 
5 23.60 67.28 20.88 24.87 17.78 10.28 54.14 ******* 

------+----------------------------------------------------------------
------+--------
AGE 1998 
------+--------

2 243.34 
3 152.46 
4 161.72 
5 73.92 

------+--------

Fitted Seleetion Pattern 
------+----------------------------------------------------------------
AGE 19 58 1959 1960 1961 1962 1963 1964 1965 
------+-------------------------- --------------------------------------

l .0231 .0172 .0248 .0776 . :J073 .0051 .0486 .0014 
2 .3435 2.7430 .4518 .9482 .7927 1.2103 .7871 l. 3391 
3 1.0000 l. 0000 1.0000 1.0000 1.0000 l. 0000 1.0000 1.0000 
4 l. 4889 3.1979 .4507 1.2408 1.1976 .3186 1.1193 l. 8668 
5 1.1518 3.7472 .7087 1.0403 1.4289 .8344 .2177 1.0482 
6 l. 4245 2.8124 .4544 1.2330 1.4495 .7987 .6735 . 9330 
7 2.3148 7.2918 .9527 1.2677 l. 7671 .9763 .7444 l. 7214 
8 l. 3563 3.7420 .7145 l. 202 5 1.3600 . 93 68 .8075 1.4200 
9 1.3563 3.7420 . 7145 1.2025 l. 3 600 .9368 .8075 1.4200 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE l 1966 1967 1968 1969 1970 1971 1972 1973 
------+----------------------------------------------------------------

l l .0476 .0574 .0631 . 0575 .0185 . 0372 .0886 .1687 
2 l .5081 .6978 .8053 .7451 .6537 . 582 5 l. 2306 . 8217 
3 l l. 0000 1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
4 l .7838 l. 7378 .7610 .9659 1.2425 1.3995 .9856 .5759 
5 l 1.3008 1.3231 1.2259 .8061 1.3502 1.5372 1.3506 .9319 
6 l l. 3339 2.0721 .9689 1.1629 1.1719 1.2534 1. 02 92 .8352 
7 l .4887 2.1164 l. 5718 1.0354 1. 0166 .9311 .8419 l. 3185 
8 l .9619 1.5804 1.1340 l. 0172 1.1443 1.1898 1.1659 . 9840 
9 l .9619 1.5804 1.1340 1.0172 1.1443 1.1898 1.1659 .9840 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE 1974 1975 1976 1977 1978 1979 1980 1981 
------+--------------------------------------------~--~----------------

l .0981 .2097 .2372 .1752 .0835 .1443 .1049 .1396 
2 .9746 .6949 .6766 .5411 .7563 .7438 . 7223 .5780 
3 1.0000 1.0000 1.00(10 l. 0000 1.0000 1.0000 1.0000 1.0000 
4 l. 0918 .9477 1.2930 1.4916 1.3504 .9808 .7677 .8590 
5 .6547 .9479 1.0804 .5027 .9165 . 9655 . 3791 .7770 
6 .8298 1.0339 1. 6375 1.3917 .1342 .9581 1.1203 .5198 
7 1.1246 .6596 2.1545 .6971 .7725 .7282 1.4530 .6718 
B 1. 0168 .9417 1.3876 .9872 .9854 .9599 .9657 .7845 
9 1.0168 .9417 1.3876 .9872 .9854 . 9 599 .9657 .7845 

------+----------------------------------------------------------------
------+----------------------------------------------------------------
AGE l 1982 1983 1984 1985 1986 1987 1988 1989 
------+----------------------------------------------------------------

l l .0522 .0424 .0767 .1173 .0189 .0150 .0177 .0564 
2 l .6745 .9905 .7178 .9491 . 5904 .8156 .5888 .8549 
3 l l. 0000 l. 0000 1.0000 l. 0000 1.0000 1.0000 1.0000 1.0000 
4 l 1.1930 .8575 1.6616 1.5746 l. 2 534 1.3994 .4978 1.4156 
5 l 1.0254 1.2205 1.5963 1.1056 1.3117 1.5230 1.0087 .6973 
6 l l. 6544 .4335 2.7105 .6060 .5992 l. 0124 .9246 l. 3623 
7 l . 8317 .9710 .8202 1.8211 .2302 1.2981 .7419 l. 7309 
8 l 1.1302 .9905 1.5039 l. 2612 .8892 l. 2589 . 8503 1.2527 
9 l 1.1302 .9905 1.5039 1.2612 .8892 1.2589 .8503 l. 2527 

------+----------------------------------------------------------------

219 



Tab le 4.4.3 ctd. 

Pitted Selection Patter:n. 
------+----------------------------------------------------------------
AGE 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------------------

l .0225 .0312 .0261 .0302 .0302 . 03 02 .0302 .0302 
2 .6897 1.1451 . 7049 .7993 .7993 .7993 .7993 .7993 
3 1.0000 1.0000 1.0000 l. 0000 1.0000 1.0000 1.0000 1.0000 
4 .9666 l. 0731 .9932 .9828 .9828 .9828 .9828 . 9828 
5 l. 2063 1.1682 .8002 .8975 .8975 .8975 .8975 .8975 
6 .4858 1.1406 1.0308 .9714 . 9714 .9714 .9714 . 9714 
7 l. 2045 .3680 .9455 . 9475 .9475 .9475 .9475 .9475 
8 .9937 1.0648 . 973 8 1.0000 1.0000 l.OOOO 1. 0000 l. 0000 
9 .9937 1.0648 .9738 1.0000 1.0000 1.0000 1.0000 1. 0000 

------+----------------------------------------------------------------
------+--------
AGE 1998 
------+--------

l .0302 
2 .7993 
3 1.0000 
4 .9828 
5 .8975 
6 .9714 
7 .9475 
8 1.0000 
9 1.0000 

------+--------
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Table 4.~.3 ctd. STOCK SUMMARY 

Year Recruits Total Spawning: Landings Yield Mean F SoP 
Age l Biomass Biornass /SSB Ag es 

thousands tennes tennes tennes ratio 2- 7 {%) 

1958 316280 127509 88497 22978 .2596 .4599 73 
1959 1026360 191757 98882 15086 .1526 .3737 70 
1960 330630 148664 104053 18283 .1757 .3693 67 
1961 246920 125386 93 589 15372 .1642 .1982 100 
1962 489630 141649 90042 21552 .2394 .4369 82 
1963 274960 115347 81332 17349 . 2133 .2847 85 
1964 1028370 192435 101389 10599 .1045 .1813 85 
1965 366290 169405 121789 19126 .1570 .2397 75 
1966 658570 185594 116961 27030 .2311 -3 252 96 
1967 685420 190385 117949 27658 .2345 .4591 85 
1968 848170 210361 124613 3023 6 . 2426 .3843 96 
1969 456550 177520 117537 44389 .3777 .5513 94 
1970 241470 124888 88946 31727 .3567 -5017 96 
1971 873690 171112 86986 31396 .3609 .6942 94 
1972 273320 118529 77371 38203 .4938 .6025 98 
1973 315160 93762 56284 26936 .4786 .6741 95 
1974 137500 60184 40033 19940 .4981 .6278 99 
1975 152250 47270 29286 15588 .5322 .5905 113 
1976 206440 47698 26830 9771 .3642 .5877 99 
1977 173710 45025 26931 7833 .2908 .4105 104 
1978 135270 42082 26897 7559 .2810 .3666 98 
1979 237350 52117 28604 10321 .3608 .4847 103 
1980 145560 44682 27255 13130 .4817 .6959 108 
1981 409070 69838 31059 17103 .5506 . 8564 103 
1982 661030 107158 47360 13000 .2745 .7589 95 
1983 731640 141020 68778 24981 . 3 632 .6377 93 
1984 567150 112485 62070 26779 .4314 1.0295 99 
1985 581930 116616 63859 20426 . 3199 .4987 102 
1986 536000 124505 69742 25024 . 3 588 .5414 100 
1987 1032700 160550 78607 26200 .3333 .7197 99 
1988 422380 120867 78642 20447 .2600 .3885 100 
1989 527370 124667 73734 23254 .3154 .5222 100 
1990 450420 111002 69559 18404 . 2646 .3924 99 
1991 190450 83172 58910 25562 .4339 .5034 101 
1992 767720 116197 55876 21127 .3781 .7567 95 
1993 357920 87049 54304 18618 .3428 .4360 100 
1994 915520 140997 70412 19300 .2741 .3803 99 
1995 964000 157116 84461 23305 .2759 .4876 100 
1996 470080 123080 80467 18816 .2338 .3681 100 
1997 423390 111546 72637 20496 .2822 .3786 99 
1998 887350 152974 82500 18214 .2208 .3242 99 

IFAP run code: 107 
-----------------------------------------------------------------

No of years for separable analysis 6 
Age range in the analysis ' l 9 
Year range in the ana1ysis ' 1958 1998 
Number of indices of SSB o 
Nurnber of age-structured indices l 
Parameters to estimate ' 29 
Nurnber of observations ' 80 
Conventiona1 single selection vector rnodel to be fitted. 
-----------------------------------------------------------------
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Tl!!lble 4.4.3 ctd. 

PARAMETER BSTIMATES 

:Parm.: Maximum ' ' Mean of ' ' ' ' ' No. : Likelh. ' CV ' Lower UUpper -s.e. +s.e. :Param. ' ' ' ' ' ' Escimate: (%): 95% CL 95% CL ' Distrib. : ' ' Separable model ' F by year 

l 1993 .4673 15 . 3467 .6298 .4013 .5442 .4728 
2 1994 .4076 15 .3035 .5474 .3506 .4738 .4122 
3 1995 .5226 14 .3898 .7005 .4500 .6068 .5284 
4 1996 .3945 16 .2858 .5446 .3347 .4650 .3999 
5 1997 .4057 18 .2814 .5850 .3367 .4890 .4129 
6 1998 . 3474 21 .2277 .5301 .2801 .4310 .3556 

Separable Model: Selection (S) by age 

7 l .0302 42 . 0132 .0690 .0198 .0460 . 0330 
8 2 .7993 16 .5785 1.1044 .6778 .9426 .8102 

3 1.0000 Fixed ' Reference Age 
9 4 .9828 15 .7283 1.-3262 .B435 1.1451 .9943 

lO 5 .8975 14 .6738 1.1954 .7754 l. 0388 .9071 
11 6 . 9714 14 .7369 1.2806 .8437 1.1185 .9811 
12 7 .9475 14 .7148 1.2560 .8206 1.0940 .9573 

8 1.0000 Fixed ' Last true age 

Separable model: Populations in year 1998 

13 l 887349 100 123 603 6370276 324584 2425838 1471369 
14 2 153862 24 94377 250838 119904 197437 158720 
15 3 91530 21 60084 139433 73840 113456 93665 
16 4 102949 19 70653 150008 84959 124749 104866 
17 5 54392 lB 37760 78350 45151 65525 55343 
lB 6 13012 19 BB14 19211 10667 15874 13272 
19 7 16100 20 10712 24197 13078 19819 16451 
20 8 1903 23 1208 2998 1510 240D 1955 

Separable model: Popu1ations at age 
21 1993 2396 30 1309 4385 1760 3262 2511 
22 1994 7334 24 4525 11887 5733 9383 7560 
23 1995 3596 21 2338 5531 2887 4479 3684 
24 1996 4070 21 2 6B5 6169 32 92 5032 4163 
25 1997 2938 21 1944 4441 2380 3627 3004 

Age-structured index catchabilities 

FLT02: celtic combined acc data (Catch: 

Linear made l fitted. Slopes at age ' 
26 2 Q .2818E-02 14 . 2459E-02 .4290E-02 .2818E-02 . 3 744E-02 . 3281E-02 
27 3 Q .2880E-02 14 .2510E-02 .4398E-02 .2880E-02 . 3833E-02 . 3357E-02 
28 4 Q .2443E-02 14 .2126E-02 .3747E-02 .2443E-02 .3261E-02 . 2 852E-02 
29 5 Q .2052E-02 14 .1782E-02 .3166E-02 .2052E-02 .2751E-02 .2401E-02 

RESIDUALS ABOUT THE MODEL FIT 

Separable Model Residuals 
------+------------------------------------------------
Age 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------

l -.6796 .5379 -.0104 -.012B .1657 .0000 
2 .2249 .1290 -.2252 -.2B33 -. 0963 .2569 
3 -.0353 .3606 -.1343 -.2328 -.0793 .1094 
4 .1845 -.3363 .2153 -.2641 .1115 .0055 
5 -.3950 -.2B89 .1517 .3094 .3216 -.0433 
6 -.2404 .2322 .0365 .3099 -.2900 .0630 
7 .3186 -.0435 -.0384 .1208 .1976 -.4687 
B .0000 -.3186 .2839 .1734 -.1239 .1207 

------+------------------------------------------------
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Table 4.4.3 ctd. 

AGE-STRUCTURED INDEX RESIDUALS FLT02: celtic combined·:.acc data (Catch: 

------+----------------------------------------------------------------
Age 1990 1991 1992 1993 1994 1995 1996 1997 
------+----------------------------------------------------------------

2 -.1691 .0239 .3771 .0976 -.4308 .1855 .3532 ******* 
3 -.1038 -.4450 .2327 .3332 -.3213 .3546 -.0316 ******* 
4 -.0548 .0118 -.0036 .6309 -.7228 -.0822 .0007 ******y 
5 .3167 .2314 .0611 .0445 -.5173 -.2638 -,2563 ******* 

------+----------------------------------------------------------------
------+--------

Age 1998 
------+--------

2 -.4376 
3 -.0189 
4 . 2199 
5 -3837 

------+--------

PARAMETERS OF THE DISTRIBUTION OF ln(CATCHES AT AGE) 

Separable model fitted from 1993 

Variance 
Skewness test stat. 
Kurtosis test statistic 
Partial chi-square 
Significance in fit 
Degrees of freedom 

to 1998 

.0969 
-.5679 

-L 3282 
. 2546 
.0000 

23 

PARAMETERS OF THE DISTRIBUTION OF THE AGE-·STRUCTURED INDICES 

DISTRIBUTION STATISTICS FOR FLT02: celtic combined acc data {Catch: 

Linear catchability relationship assumed 

Age 2 3 4 5 
Variance .0640 .0540 .0874 .0634 

Skewness test stat. -.3417 -. 1963 -.3929 -.3969 
Kurtosis test statisti -.7533 -.7069 .3593 -.6737 
Partial chi-square .0842 .0820 .1842 .1374 
Significance in fit .0000 .0000 .0000 .0000 
Number of observations 8 8 B 8 
Degrees of freedom 7 7 7 7 
Weight in the analysis .6250 .6250 .6250 .6250 

ANALYSIS OF VARIANCE 
--------------------------

Unweighted Statistics 
variance 

SSQ Data Parameters d. f. 
Total for mo del 5.9409 80 29 51 
Catches at age 2.9309 48 25 23 

Ag ed Indices 
FLT02: ce1tic combined acc data (Catch 3.0100 32 4 28 

Weighted Statistics 
Variance 

SSQ Data Parameters d.f. 
Total for mode1 3.4056 80 29 51 
Catches at age 2.2298 48 25 23 

Ag ed Indices 

FLT02: ce1tic combined acc data (Catch 1.1758 32 4 28 

Variance 
.1165 
.1274 

.1075 

Variance 
.0668 
.0969 

.0420 
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Table 4.6.1 

The SAS System 
Herring South and SW of Ireland (Celtic 

Single option 

18:18 Monday, March 22, 1999 
Sea + VIIj) 
prediction: Input data 

+--------------------------------------------------------------------------------------+ 
Year: 1999 

+--------------------------------------------------------------------------------------1 
1 1 Stock 1 Nat.ural 1 MaturitylProp.of FlProp.of Mj, Weight 1 Exploi-t.) Weight l 
1 Age 1 size jmortalityl ogive lbef.spaw. jbef.spaw. i in stockl pattern 1 in catchj 
+------+---------+---------+---------+---------+---------+---------+---------+---------: 

1 565.soo 1.oooo: o.5ooo: o.2ooo o.5ooo: o.0931 o.o1o5 o.093l 
2 323.ooo 0.30001 1.oooo: 0.2000 o.sooo1 o.126 1 0.2111 0.1261 
3 86.300 0.20001 1.00001 0.2000 0.50001 0.153 0.3474 0.1531 
4 52.90o o.1ooo1 1.oooo: o.2ooo o.sooo: o.169 o.3415 o.1691 
5 66.200 0.10001 1.0000 0.2000 o.sooo: 0.185 0.3118 0.1851 
6 36.000 O.looo: 1.0000 0.2000 0.50001 0.198 0.3375 0.1981 
7 8.4oo o.1ooo: 1.oooo o.2ooo o.sooo: o.2os o.3292 o.2o8: 
8 10.500 0.10001 1.0000 0.2000 0.50001 0.218 0.3474 0.2181 

1 9+ 2.100 o.1ooo1 1.oooo: o.2ooo o.50001 o.22s o.3474 0.2281 
+------+---------+---------+---------+---------+---------+---------+---------+---------1 
1 Unit 1 Millionsj 1 1 1Kilogramsl jKilogramsj 
+--------------------------------------------------------------------------------------+ 

Year: 2000 
+---------------------------------------------------------------------------------------: 

1 Recruit-1 Natural 1 Maturity1Prop.of FlProp.of Ml Weight : Exploit.: Weight 1 

l Age 1 ment jrnortalityl ogive 1bef.spaw. Jbef.spaw. 1 in stockl pattern 1 in catchj 
+------+---------+---------+---------+---------+---------+---------+---------+---------: 

l 565.5001 l.OOOOj 0.5000 0.2000 o.sooo: 0.0931 0.01051 0.0931 
2 0.30001 1.0000 0.2000 0.50001 0.1261 0.27771 0.1,261 
3 0.20001 1.0000 0.2000 0.5ooo: 0.1531 0.34741 0.1531 
4 0.10001 1.0000 0.2000 0.50001 0.1691 0.34151 0.1691 
5 0.10001 1.0000 0.2000 0.50001 0.1851 0.3118: 0.1851 
6 0.10001 1.0000 0.2000 0.50001 0.1981 0.3375: 0.1981 
7 0.10001 1.0000 0.2000 0.5ooo: 0.2081 0.3292: 0.2081 
8 0.100011 1.0000 0.2000 0.50001 0.21811 0.3474~ 0.2181' 
9+ 0.10001 1.0000 0.2000 0.5ooo: 0.2281 0.34741 0.228: 

+------+---------+---------+---------+---------+---------+---------+----------+---------: 
1 Unit 1 Mi1lions l 1 1 1 1 Kilograrns 1 1 Kilograms 1 
+----------------------------------------------------------·----------------------------+ 

Year: 2001 
+--------------------------------------------------------------------------------------: 

1 Recruit-1 Natura! : Maturity1Prop.of F1Prop.of M1 Weight : Exp1oit.: Weight 
Age 1 ment Jmortality1 ogive :bef.spaw. 1bef.spaw.: in stock1 pattern 1 in catch 

+------+---------+---------+---------+---------+---------+---------+---------+------~--

1 565.500 1.00001 0.5ooo: 0.2000: 0.0105 0.093 0.5000 0.093 
2 0.30001 1.00001 0.20001 0.2777 0.126 0.5000 o' 126 
3 0.20001 l.OOOOi 0.20001 0.3474 0.153 0.5000 0.153 
4 0.10001 1.00001 0.20001 0.3415 0.169 0.5000 0.169 
5 0.10001 l.Oooo: 0.20001 0.3118 0.185 0.5000 0.185 
6 0.1000: 1.00001 0.20001 0.3375 0.:1,98 0.5000 0.198 
7 0.10001 1.00001 0.20001 0.3292 0.208 0.5000 0.208 
8 1 0.10001 1.00001 0.20001 0.5000 0.218 0.3474 0.218 

: 9+ 1 o.1ooo1 1.oooo: o:2ooo: o.sooo o.22s o.3474 0.228 
+------+---------+---------+---------+---------+---------+---------+---------+---------
: Unit 1 Mi11ions1 1 jKi1ograrnsl :Kilograrns 
+--------------------------------------------------------------------------------------+ 
Notes: Run name SPRJM02 

Date and time: 22MAR99:19:05 

'rable ,.6.2 

The SAS System 18:18 Monday, March 22, 1999 
Herring South and SW of Ireland (Celtic sea + VIIj) 

Single option prediction: Summary table 

+---------------------------------------+ 
: 1 January i Spawning time i 

+------------------------------------------------------------------+-------------------+-------------------: 
i Year : F :Reference: Catch ini Catch in: Stock i Stock : Sp.stacki Sp.stacki Sp.stack: Sp.stacki 
i : Factar : F : numbers : weight : size : biornass : size : biornass i size : biomass 1 

+------+---------+---------+---------+---------+---------+---------+---------+---------+---------"+---------: 
:1999: 1.0000: 0.3242: 1421001 21254: 1150900: 1393241 il6815o: 1130281 663806: 89436: 
i 2000: 1.0000: 0.3242: 140128: 21692: 1117187: 1375401 R34437i 111244: 638205: 88279: 
:2001: 1.oooo: o.3242i 135620i 2123o: 1098473: 1354861 R15723: 109191i 624469: 86895: 
+------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------: 
: Unit : i Thousands: Tonnes :Thousands i Tonnes :Thousands 1 Tonnes : Thousands: Tonnes : 

+----------------------------------------------------------------------------------------------------------+ 
Notes: Run name SPRJM02 

Date and time 22MAR99:19:05 
Computation of ref. F: Simple rnean, age 2 - 7 
Prediction basis F factors 
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Ta.ble 4..6.3 

The SAS System 18:18 Monday, March 22, 1999 
Herring South and SW of Ireland (Celtic Sea + VIIj) 

Single option prediction: Detailed tables 

+---------------------------------------+ 
Year: 1999 F-factor: 1.0000 Reference F: 0.3242 l January Spawning time 

+------------------------------------------------------+-------------------+-------------------: 
: l Absolutel Catch in: Catch in: Stock \ Stock : Sp.stock: Sp.stock: Sp.stock\ Sp.stock 1 

: Age l F : numbers \ weight : size l biomass : size l biomass : size l biomass 
+----+---------+---------+---------+---------+---------+---------+---------+---------+---------

l 0.0105l 3737l 348: 5655oo: 52592: 282750 262961 171137l 15916 
2 0.2777l 68133\ 8585\ 323000 1

, 40698\ 323000 40698\ 262989 1

, 33137 
3 0.3474: 23088l 3532: 86300: 13204: 86300 13204 l 72846l 11145 
4 0.3415l 14605: 2468l 52900l 894o: 52900 8940l 46998: 7943 
5 0.3118: 16919l 3130: 66200: 122471 66200 12247l 59::.64l 10945 
6 0.33751 98411 1948: 36000l 7128: 36000 7128: 32009l 6338, 
7 0.3292: 22481 468: 84oo: 1747l 8400 1747: 7481: 1556l 
8 ' 0.34741 2941 l 641\ 10500: 2289: 10500 2289\ 9318: 2031l ' 9+1 0.3474: 5881 134: 2100l 479: 2100 479l 1864: 425: 

+--------------+---------+---------+---------+---------+---------+---------+---------+---------: 
: Total : 142100 l 21254: 1150900: 139324: 868150: 113028: 663806: 89436: 
+--------------+---------+---------+---------+---------+---------+---------+---------+---------: 
l Unit :Thousandsl Tonnes :Thousands: Tonnes lThousandsl Tonnes \Thousandsl Tonnes l 
+----------------------------------------------------------------------------------------------+ 

+---------------------------------------+ 
Year: 2000 F-factor: 1.0000 Reference F: 0.3242 : l January : Spawning time : 

+------------------------------------------------------+-------------------+-------------------: 
: : Abso1utel Catch in: Catch in: Stock l Stock : Sp.stock: Sp.stock: Sp.stockj Sp.stock 1 

l Age: F : numbers : weight. j size l biomass : size l biomass : size : biomass 
+----+---------+---------+---------+---------+---------+---------+---------+---------+---------

' ' ' 
' ' ' ' 
' 

1 0.0105 1 3737l 348l 565500j 52592 282750 26296 171137l 15916 
2 0.2777 43424 5471l 205863\ 25939 205863 25939 167615l 21120 
3 0.3474 48493 7419l 181264J 27733 181264 27733 153005i 23410 
4 0.3415 13782 2329l 49920] 8437 49920 8437 44351: 7495 
5 0.3118 8694 1608: 34018l 6293 34018 6293 30403l 5625 
6 0.3375 11988 2374l 43855 8683 43855 8683 38993: 7721 
7 0.3292 6221 1294l 23243 4835 23243 4835 20701l 43061 
8 0.3474 1532 334l 5469 1192 5469 11921 4853l 1058\ 
9+ 0.3474 2256 514l 8055 1837 8055 1837l 7148\ 1630l 

+--------------+---------+---------+---------+---------+---------+---------+---------+---------: 
:Total 1

1 
140128 1

1 21692', 1117187', 137540'
1 

834437 1

1 111244 1

1 
638205\ 88279l 

+--------------+---------+---------+---------+---------+---------+---------+---------+---------: 
: Unit :Thousandsl Tonnes lThousandsl Tonnes lThousandsl Tonnes iThousands: Tonnes j 
+----------------------------------------------------------------------------------------------+ 

+---------------------------------------+ 
Year: 2001 F-fact.or: 1.0000 Reference F: 0.3242 : 1 January : Spawr.ing time 

+------------------------------------------------------+-------------------+-------------------: 
: j Absolutel Catch inl Cat.ch inl Stock l St.ock l Sp.stockl Sp.stock\ Sp.stockj Sp.stockl 
: Age l F l numbers \ weight l size \ biomass \ size l biomass \ size 1

1 
biomass '

1 

+----+---------+---------+---------+---------+---------+---------+---------+---------+---------1 
l 0.0105 3737 348j 5655oo: 52592l 282750 26296 171137: 159161 
2 0.2777 43424 5471: 205863 l 25939l 205863 25939 167615: 211201 
3 0.3474 30907 4729: 115528: 17676: 115528 17676 97517: 149201 
4 0.3415 28948 4892: 104852] 1772Dl 104852 17720 93154l 15743: 
5 0.3118 82 05 1518: 32102l 593 9: 32102 5939 28691: 5308: 
6 0.3375 6160 1220l 22536] 4462: 22536 4462 20037l 3967 1 

7 0.3292 7579 1576l 28315l 5889l 28315 5889 25218l 5245 
8 ' 0.3474 4238 924: 15132: 3299l 15132 3299 13428: 2927 ' ' 9+l 0.3474j 2422 552\ 8646: 19711 8646 1971 7672: 1749 ' +--------------+---------+---------+---------+---------+---------+---------+---------+---------

' Total ' 135620: 212301 1098473: 135486: 815723l 109191: 624469: 86895 
' ' +--------------+---------+---------+---------+---------+---------+---------+---------+---------
' unit lThousands: Tonnes IThousandsl Tonnes IThousandsj Tonnes IThousands\ Tonnes ' 
+----------------------------------------------------------------------------------------------+ 

Notes: Run name 
Date and time 

SPRJM02 
22MAR99:19:05 

Computation of ref. F: Simple mean, age 2 - 7 
Prediction basis F factors 
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Table 4.6.4 

The SAS System 
Monday, March 22, 1999 

Herring South and SW of Ireland (Celtic Sea + VIIj) 

Prediction with management option table 

+--·---------------------------------------------------------------------------------------------------------- ----------+ 
Ye<>.r: 1999 Year: 2000 j Year: 200~ l 

+----- ----------------------------------- --------+----------------------------- ----- --------------+------- ------------ : 
F jRefenmcel Stock l Sp.stocki Catch inl F l Reference l Stock l Sp.stockj Catch in l Stock Sp.stockl 

Factor l F l biomass : biomass l weight l Factor F l biomass l biomass :. W<'!ight l biomass : biomass 1 
.j.---------+--------~+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------1 

0.9862 0.3198 1387191 893151 21000 .60001 .19451 136890: 8997ll 138131 1424441 954101 

., 
' 

.: 

.65001 .2108l 1!97311 148531 1414001 942151 

.?ooo: .22101 894921 15B76l 1403731 930421 

.75oo: .24321 . , 892531 168841 1393621 918901 
o.eooo1 .25941 890151 17A77l 1383681 907601 
o.asoo1 27561 887781 188541 1373891 896511 
0.90001 291.81 885421 198171 1364251 885611 
0.95001 30801 883061 207651 1354771 874921 
l oooo: o 32421 88071.1 216981 1345441 864421 
l 05001 O 34041 878371 226H1 1336261 854121 

' 1.000: o 35671 876041 23523l 1327221 844001 
l 1500: o 37291 R7371.l 244141 1318321 834071 
l 2000 1 o 38911 871391 252921 1309561 824321 

2500: o 4053: 86908: 261571 1300951 81474: 
l JOOO l o 42151 86678: 27008: 129246: 805351 

35oo: o 4377: 8644.8: 27847: 1284121 7961.2: 
40001 o 45391 862201 28673: 1275901 787061 

+---------+---------+- ---+ --------+ ------+---------·---------+------- --+------- --+---------+-- ---- ---+-- ------- 1 
' ' ' ' 

Tonnes 1 Tonnes l Tonnes i Tonnes l Tonnes Tonnes 1 Tonnes 1 Tonnes 1 
+--- ---------------------------------- ----------------------------------------------- ------------------ ---------------+ 
Notes: Run name MANJM04 

Date and time 22MAR99 18:19 
Computation of ref. F: Simple mean, aqe 2 
Basis for 1999 TAC constraints 
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Table4.7.1 

Celtic Sea herring 
Medium term simulation with stochastic recruitrnent at a low level 
from year 1 onwards. 
Fishing rnortality assumed constant at 0.27 

Year %<25000t %25-40000t %>40000t 
l 0.0 0.0 100.0 
2 0.0 0.0 100.0 
3 0.0 0.0 100.0 
4 0.0 0.0 100.0 
5 0.0 0.0 100.0 
6 0.0 5.3 94.7 
7 0.0 38.3 61.7 
8 0.0 69.1 30.9 
9 0.0 83.9 16.1 

lO 0.0 90.1 9.9 

Fractiles for SSB: 

Year 5% 25% 50% 75% 95% 
l 90915.8 91916.6 92776 .l 93951.4 96426.7 
2 72388.5 74300.1 75943.5 78047.5 81482.1 
3 60287.0 62459.4 54399.4 66592.4 70335.3 
4 51813.9 54158.9 56220.3 58635.6 62130.5 
5 44930.6 47856.4 49733.0 52190. 6 55553.5 
6 39912.7 42577.4 44746.0 47147.0 50826.3 
7 36294.3 38915.7 40956.6 43191.4 47178.0 
8 33458.4 36234.8 38314.6 40608.2 44491.1 
9 31772.1 34482.3 36470.6 38819.6 42609.6 

10 30429.4 33047.6 35233.2 37330.3 41336.8 

Fractiles for Recruitment: 

Year 5% 25% 50% 75% 95% 
l 123661.2 160265.5 190992.1 235580.8 311973.8 
2 127842.3 166720.3 195377.6 229776.8 294917.3 
3 121078.2 162925.8 196574.2 231842.6 300736.2 
4 124901.9 163362.3 195972.6 233951.6 303632.3 
5 125087.5 162079.6 195788.0 235796.5 310656. o 
6 128758.7 164510.3 193550.3 232633.1 297612.0 
7 126645.2 163366.6 195399.4 234759.4 305644.8 
8 125828.6 162724.0 196839.7 237271.1 307825.0 
9 126778.0 163690.9 196316.6 229196.3 298960.7 

lO 122787.3 161894.5 196478.9 232370.3 301636.9 

Fractiles for Catches: 

Year 5% 25% 50% 75% 95% 
l 21663.7 21681.4 21696.6 21717.3 21761.0 
2 17595.2 17875.3 18119.3 18442.9 19111.2 
3 13953.4 14408.3 14784.7 15246.3 16010.3 
4 11878.7 12344.3 127 81.8 13252.3 14056.4 
5 10362.4 10885.6 11295.7 11790.2 12508.5 
6 8936.8 9547.5 9950.1 10468.6 11188.5 
7 7913.2 8499.2 8940.8 9426.2 10244.9 
8 7229.0 7787.5 8203.5 8708.4 9484.9 
9 6729.4 7295.8 7735.5 8225.6 9041.4 

lO 6404.9 6981.1 7426.7 7917.1 8718.3 
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Table 4.7.2 

Celtic Sea herring 
Medium term simulation with stochastic recruitrnent at a low level 
from year l onwards. 
Fishing mortality assumed constant at 0.40 

Year %<25000t %25-40000t %>40000t 
l 0.0 o. o 100.0 
2 0.0 o.a 100.0 
3 0.0 0.0 100.0 
4 0.0 16.4 83.6 
5 0.0 86.2 13.8 
6 0.6 98.1 1.3 
7 7.8 92.1 O.l 
8 23.6 76.4 0.0 
9 36.1 63.9 0.0 

lO 44.6 55.4 0.0 

Fractiles for SSB: 

Year 5% 25% 50% 75% 95% 
l 88705.7 89705.7 90564.6 91738.9 94212.2 
2 63176.0 65055.4 66680.3 68741. o 72097.8 
3 47966.3 50036.4 51843.0 53979.4 57485.3 
4 38639.6 40741.5 42667.2 44834.4 48086.4 
5 32033.2 34621.4 36408.9 38628.6 41840.4 
6 28004.4 30337.8 32266.6 34493.5 37721.1 
7 25325.3 27810.4 29570.8 31707.3 35193.2 
8 23727.9 26125.7 28033.7 30139.2 33718.4 
9 22891.7 25254.3 27101.9 29330.4 32687.5 

10 21956.6 24517.6 26451.5 28482.2 31984.5 

Fractiles for Recruitment: 

Year 5% 25% 50% 75% 95% 
l 123661.2 160265.5 190992.1 235580.8 311973.8 
2 127842.3 166720.3 195377.6 229776.8 294917.3 
3 121078.2 162925.8 196574.2 231842.6 300736.2 
4 124901.9 163362.3 195972.6 233951.6 303632.3 
5 125087.5 162079.6 195788.0 235796.5 310656.0 
6 128758.7 164510.3 193550.3 232633.1 297612.0 
7 126645.2 163366.6 195367.7 234759.4 305644.8 
8 124915. o 162158.6 196741.1 236918.7 307825.0 
9 124364.1 161263.4 194141.2 226375.8 294653.4 

lO 120388.7 158339.7 189374.8 226937.8 296986.7 

Fractiles for Catches: 

Year 5% 25% 50% 75% 95% 
l 30254.1 30280.2 30302.~ 30333.3 30397.9 
2 21743.3 22139 .l 22479.2 22935.8 23875.9 
3 15508.4 16101.6 16619.7 17221.7 18226.3 
4 12130.4 12778.8 13315.7 13920.9 14939.2 
5 9964.1 10654.3 11160.1 11769.9 12706.2 
6 8320.0 9073.6 9570.3 10201.2 11148 .l 
7 7357.5 8039.4 8590.0 9184.5 10217.7 
8 6783.9 7429.5 7958.1 8533.6 9541.8 
9 6393.1 7062.5 7594.1 8210.5 9220.8 

lO 6146.3 6858.2 7391.1 7996.9 9001.5 
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Figure 4.1.1 The assessment covers the Divisions VIIg and VIIj and that part of VITa below 52° 30. 
The TAC is set by the EU for Divisions VIIg-k and that section of V Ila below 52° 30. 
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Figure 4.2.1a: Distribution of herring catches 
Quarter l - 1998. 
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Figure 4.2.1c : Distribution of herring catchcs 
Quarter 3- 1998. 
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Figure 4.2.1b : Distribution of herring catches 
Quarter 2 - 1998. 
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Figure 4.2.1d: Distribution of herring catchcs 
Quarter 4 - 1998. 
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Figure 4.2.2. Herring catches in Celtic Sea and Division Vllj: 1958-1998 
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Figure 4.4.2a Herring in Celtic Sea and Division VIIj. SSQ surface for the baseline assessment. 
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Bottom, marginal totals of residuals by year and age. 
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Figure 4.4.4. Herring in Celtic Sea and Div.Vllj Results of baseline assessment. Diagnostics of the fit of the acouslic 
survey index at age 2 against the estimated spawning biomass. Top teft, spawning biomass from the fitted populations 
(line), and predictions of spawning biomass in each year made from the index observations and estimated catchability 
(niangles =1- standard deviation), plotted by year. Top right, scatter plot and fitted relationship of spawning biomass 
from the fitted populations and larvae survey indcx observations. Bollom, residuals, as ln(observed index)- ln(expected 
index) plotted against expccted values and against time. 
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abundance in each year made from the index observations and estimated catchability (triangles ;:;/- standard deviation), 
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Figure 4.4.6. Herring in Celtic Sea and Div.V!Ij Results ofbaseline 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 =1- standard deviation), plotted by year. Top right, scatter plot and fitted relationship of spawning biomass 
from the fitted populations and larvae survey index observations, Bottom, residuals, as ln(observed index)- ln(expected 
index) plotted against expected values and against time. 
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Figure 4.4.7. Herring in Celtic Sea and Div.VIlj Results of baseline assessment. Diagnostics of the fit of the acoustic 
survey index at age 5 against the estimated spawning biomass. Top teft, spawning biomass from the fittcd populations 
(line), and predictions of spawning biomass in each year made from the index observations and estimatcd catchability 
(trianglcs =/- standard deviation), plotted by year. Top right, scatter plot and fitted relationship of spawning biomass 
from the fitted populations and larvae survey index observations. Bottom, residuals, as ln(observed index) - ln(expected 
index) plotted against expected values and against t_ime. 
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5 WEST OF SCOTLAND HERRING 

5.1 Division Vla(North) 

5.1.1 ACFM Advice Applicable to 1998 and 1999 

ACFM reported in 1998 that the state of the stock was uncertain because indicators of stock status provide conflicting 
signals and because the catch data are unreliable. The availablc indicators suggested that the increased catches estimated 
for 1997 had resulted in an increase in fishing mortality which was unlikely to be sustainablc. In consequence, ACFM 
recommended that catches in 1999 should not exceed the average catch of the 1991-1996 period, which was about 
28,000 l. 

The agreed TAC for 1999 is 68,000 t compared with a TAC in 1998 of 80,370 l. 

There are no explicit management objectives for this stock, and because of uncertainties about the historical catch data, 
the size of the biomass and about estimates of recruitment and fishing mortality, no biological reference points have 
bcen proposed for this stock. 

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 shallower, coastal areas, principally fishing in the Minches and around lhe Island of Barra in the South. Younger 
hcrring are found in these areas. The Scottish and Norwegian Purse Seine fleets target herring mostly in the Northern 
North Sea, bul also operate in the Northern part of Vla(N). An international freezer-trawler fishery has historically 
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. 

As a result of perceived problems of misreporting, a new fishery regulation was introduced by Scotland in 1997 with 
the intention of improving reporting accuracy. Under this regulation, Scottish vessels fishing for herring wcre required 
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 requiring West Coast licenses were 
required to collect them from West Coast ports, and vice versa for the North Sea. 

5.1.3 Landings Estimates and Allocation of Catches to Area 

Serious problems with misreporting of catches from this stock have occurred in the past, with man y examples of vessels 
operating and landing herring catches distant from Vla(N) bul reporting catches from that area. Fishery-independent 
information confirmed that large catchcs were being reported from areas with low abundanccs of ftsh, and informal 
information from the fishery and from other sources confirmcd that most catches of fish recorded between 4 ow and 
5°W were most probably misreported North Sea catches. The problem was particularly acute during the peak months of 
the Shetland herring fishery (August to October). Such misreporting was believed to have been significant since 1984, 
but the extent to which a different licensing scheme introduccd in 1997 restricted the opportunitics for such 
misreporting is unknown. 

For 1997, the Working Group in 1998 considered that due to the unknown effectiveness of the new restrictions, 
uncertainty existed in the catches in the range 30,165 l to 64,995 t. Although new information suggests (contrary to 
previous opinion) that the extent of misreporting in 1997 may not have been greatly different from that in previous 
years, this uncertainty in the 1997 catches persists. 

For 1998, the preliminary reports of official catches corresponding to the Vla(N) herring stock unit total 77,501 l 
compared with lhe TAC of 80,3701. The Working Group's estimates of unallocated catches are 44,1481. Of this, 
32,446 t are specifically attributed to catches of herring caught in Division IV a by various nations bul reported in the 
area between 4 o and 5°W in VIa(N). The totals include 28 t of spring-spawning herring reported by the Netherlands, 
and 15 t of herring reported caught by Scotland in Division Vb. A further 90 t of herring has been reported as discarded. 

The Working Group's best estimate of removals from the stock in 1998 is 33,353 t. Details of estimated catches from 
1970 to 1998 are given in Table 5.1.1. 
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5.1.4 Age-Composition of Commercial Catches 

Age composition data for the commercial catches for 1998 were avai1ab1e from Scotland (quarters 3 and 4), Germany 
(quarter 3), Netherlands (quarters l and 3), and Norway. Rcportcd age-structured data are given in Table 5.1.2. by 
country and by quaner. Unsampled catches were allocatcd a mean agc-structure (weighted by the samplcd catch) of all 
sampled fleets in the same quarter, or in adjacent quarters if no samplcs were available in the corrcsponding quart6r. 
Full details of catch sampling, the allocation of age-structures to unsamplcd catchcs, and the calculation of total 
international catch at age and mean weight at age in the catches are given in Table 5.1.3. This calculation was made 
using the 'sallocl' prograrnme (Patterson, 1998). 

A summary of sampling information is given in Table 5.1.3. The number of samples used to allocate an age-distribution 
for the Scottish catches declined from 18 in 1997 to 12 in 1998, and the number of sarnples available from the offshore 
freezer-trawl fishery increased from 8 to 43. 

New and historie catch in number information is given in Table 5.1.4. 

5.1.5 Larvae Surveys 

Larvae surveys for this stock have been discontinued since 1994. The historical time-series will however be used in 
assessment model fitting and has been reproduced for convenience (Table 5.1.5.). Documentation of this survey time
series is given in ICES (1994a). 

5.1.6 Acoustic Survey 

The survey in 1997 recorded an unexpectedly low estimate of abundance. Interpretation of survey results is not 
stmightforward because the survey was completed one month earlier than other surveys in the historical time-series. 
Therefore, the 1997 survcy has been excluded from the stock assessment calculation. 

Details of the 1998 survey are given in Section 2.4. Estimates of abundance by age and in aggregate biomass for 1998 
and for previous years are given in Table 5.1.6. 

5.1.7 Mean Weights at Age 

Weights at age in the catches and from acoustic surveys are given in Table 5.1.7. Due to the different timing of the 
acoustic survey in 1997 the new cstimates of weight at age in the stock in that year are not consistent with prcvious 
estimates (Table 5.1.7). In order to maintain historically-consistent estimates of spawning biomass, these valucs were 
not used for a.ssessment purposes and instead mean values over the period 1992 to 1996 were used for 1997. 

The basis for calculation·of weights at age in the catches is given in Tables 5.1.2 and 5.1.3. Catch weights are lower in 
1998 than in previous years, because samples were available from the fishery in the first quarter whereas in previous 
years sampling has been conccntrated in the third quarter. 

5.1.8 Maturity Ogive 

The earlier timing of the acoustic survey in 1997 also occasioned lower values of maturity to be recorded (Tab le 5. L8). 
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. For 1998, values consistentwith the historie time-series are 
available and are tabulated. 

5.1.9 Data Exploration and Preliminary Modelling 

Considerable data exploration was carried out by Simmonds et. al. (1998b). This report indicated that: 
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There is an inconsistency between the age-structure information in the acoustic surveys and in the 
commercial catches. 

The abundance of older fish in the acoustic surveys appears to have declined, and the reason for this is not 
obvious. 



Exploitation by two fleets with different selection pattcms and in different geographical areas yet with 
limited sampling on both may render problematic the interpretation of age-structure information from the 
commercial catches and the use of a constant selection pattern in· the model. 

Various approaches were used to attempt to reconcile these featurcs of the data (use of XSA, use of age-aggregated 
survey information) with little apparent success. It is clear that, in addition to quantifiable uncertainty, a great deal of 
model uncertainty is associated to estimates of stock sizc and fishing mortality. This is of course in addition to the 
already large uncertainty introduced by the uncertainty about the actual levet of commercial catches taken from the 
area. 

Despite these prob1ematic features, the Working Group has fai1cd to identify an assessment mode1 betler suited to the 
assessment of this stock than that used previous1y. In consequcnce, the assessment procedure uscd at the 1998 Working 
Group meeting was repeatcd. 

5.1.10 Stock Assessment 

5.1.10.1 Assessment Model 

The structural model used for the assessment is virtually unchanged from that used in the previous year. Uncertainty 
was assessed us ing a Bayesian calculation including the uncertainty in the amount of catches taken in the area between 
4°-5°W. The 1997 acoustic survey was excluded from the data sct (see Section 5.1.6). As noted above, the unccrtainty 
calculation does not include uncertainty introduced by the violation of structural assumptions (which are thought rna y 
exist; see Section 5.1.8.) and by the contamination of age-structurc information with data from samp1es of North Sea 
origm. 

Defining: 

a, y 
c 
C' 
SSB 
LAI 
ACOUST 
N 
SSB 
QLAI 

QACU 

K 
A 

age and year subscripts 
Catch in number at age and year 
Catch in number at age and year predicted by a separable fishing model 
Spawning stock size in the structural model 
Larvalabundanceindex 
Acoustic Survey estimates of abundance at age 
Population abundance in the structural model 
Spawning stock biomass in the structural model 
Coefficient of proportionality for larvae surve y estimates of stock abundance 
Coefficient of proport~onality for acoustic survey estimates of stock abundance 
Power coefficient for the LAI estimate of stock abundance 
Variance of the observations (assumed equal for all observations). 

The least-squares component of the likehhood function used in the assessment is: 

L "'(ln(C.,) -

L,(ln(Q,"SSB~) 

L "·' (l n ( Q "', ·" N : .• ) 

ln(C ·"·')!'l .:t + 

ln(LAI,))'I.:t + 

ln (A C O US T ,_,))'l .:t 

A Bayes Markov-Chain Monte Carlo calculation was initiatcd based on the model described above, with the same data, 
parameterisation and likelihood function except that two additional parameters were included: 

1. a scaling of the catch in numbers in 1997 with uniform prior probability in the range (1, 0.464) where 
0.464 = (64995 - 30165)164995. The catch estimates of 64995 and 30165 represent the uppcr and lower bounds 
of plausible catches in 1997. The working group has no grounds for assigning higher probabilities to any of the 
figures in this range, and for that reason a uniform prior was specified. 

2. The variance, A, of the log residuals for all observations, with prior probability proportional to the reciprocal of 
the variance (i.e., P(A) « 1/A). Including this as a parameter is simi1ar in principle to cstimating a sum of squares 
in a minimisation. 
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For all other parameters, a uniform, unrestrictive prior distribution of the log-transformed parameters was assumed, i.e., 
uniform distribution of log (F), log (N) etc. This corresponds to the convcntional parameterisation, but the extent to 
which this specification of prior distributions may be informative with respect to stock biomass or fishing mortality has 
not yet been investigated. 

Expectcd values and percentiles of yield, historie stock size, fishing mortality and recruitments so calculated are given 
in Table 5.1.9 and Figure 5.1.1. 

The ICA v l .4 software was used with a modification to includc the se extra parameters and prior assumptions. As 
previously, the chain was run with burn-in period of 1000 iterations and samples were taken at intervals of 400 
iterations. No formal evaluation of the 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 .1.2. 
Although same corrclations appear to persist (indicating that it may have been preferable to run the chain for langer, 
with a langer thinning intcrval), there is no evidence of failure to con verge. The chain was run for 401 000 iterations, 
hence the tabulated percentiles are bascd on 1000 samples of parameter values. 

With the addition of new survey data in 1998 the assessment of the stock is rather more precise than was cstimated 
previously. New estimates of the 90% confidence interval for fishing mortality in 1998 are from 0.18 to 0.65, compared 
with a 90% interval from 0.13 to 1.83 that was estimatcd for 1997 by the Working Group in 1998. Similarly, new 
estimates of spawning biomass in 1998 are from 50,000 to 215,000 with 90% confidence, compared with the range 
from 19,000 to 309,000 t estimated previously for 1997. 

Inferences from the posterior estimates of catches in 1997 are revised from 50,000 t to 40,000 t, and this tends to 
confirm opinions drawn on the basis of improved knowlcdge of fishery operations. However, the precision of this 
estimate is low (36,000 to 64,000 t with 90% confidence). 

In order to assess the precision with which trends in stock si7..e can be inferred, prohability distributions for fishing 
mortality and stock size in 1997- 1998 relative to tishing mortahty and stock size in the previous five years are shown 
at the bottom of Table 5.1.9. Despite the imprecision in the assessment, it appears likely that stock size has declined 
recently (P> 0.75) and fishing mortality has increascd (P> 0.75). 

5.1.10.2 Assessment Diagnostics 

Because of the stochastic nature of the Bayesian assessment it is not straightforward to evaluate residual trends, and 
therefore a maximum-likelihood fit is provided for this purpose (Tablc 5.1.10 and Figures 5.1.3-5.1.15). Here, 1andings 
and catch numbcrs for 1997 have been calculated from the value takcn from the mean of the postcrior distribution 
calculated in the foregoing, and equal to 40,324 t. A log of !CA run choices is given in Table 5.1.11. The maximum
likelihood parameter estimates so calculated do not necessarily correspond to the means of the Bayes posteriors in cases 
where the data are only weakly informative, as appears to be the case here. 

The rcsidual trcnds sa calculated are in the same direction, but slightly weaker than those noted in Scction 5.1.9. Quite 
strong negative residuals appear at older ages of the acoustic survey in 1998 and at most ages in 1996. Residuals at age 
4 and younger in 1998 are positive. This indicates that there are fewer obscrvations of older fish in the acoustic survey 
than would be expected from the calculated catches at age under the assumption that sclection is stable. The reasons for 
this discrepancy are unknown. 

5.1.11 Short term projections 

5.1.11.1 Deterministic short-term projections 

Due to uncertainty in the assessment it has not been considered appropriate to provide deterministic short-term 
projections. 

5.1.11.2 Stochastic short-term projections 

Percentiles of the posterior probability distributions for yield, fishing mortality and stock size have been tabulated 
subject to a number of constraints and assumptions. These assumptions and constraints are described below. The 
method used to calculate these distributions is to: 
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l. Draw one set of parameters from the posterior distribution in the assessment and recalculate all the historie 
population estimates. 

2. Beginning with the complete historie set of parameter estimates, calculate the catch forecast and stock biomass 
in the conventional way, subject to F and catch constraints, etc. 

3. Repeat the calculation for all the 1000 draws calcu1ated in the MCMC process. 

4. Sort and tabulate the percentiles of the values of catch, fishing mortality and spawning stock biomass so 
obtained. 

The assumptions and constraints used for the short-term projections were as follows (See also Table 5.1.14): 

Fishing mortality in 1999 was assumed equal to the estimated fishing morta1ity in 1998; 

Starting population numbers on l January 1999 were taken from postcrior distribution of the population 
model parameters, except for fish aged l and 2, for which an abundance was calculated using a geometric 
mean recruitment at age l over the period 1986 to 1996, and using the estimated fishing mortality at age l in 
1998; 

Historie mean weights at age in the stock from 1994 to 1998 were used for stock weights; 

Historie mean weights at age in the catch from 1994 to 1998 were used for catch weights; 

An arithmetic mean historie maturity from 1994 to 1998 was used in the projections. 

The exploitation pattern used for the projections was taken from the posterior distribution of population 
model parameter estimates. 

In the absence of a usable stock-recruit relationship, short-term forecasts are made on the basis that 
recruitmenls in 1998 and 1999 are equa1 to the geometric mean of the recruitments from 1976-1996. 

Input data for the projections are given in Table 5.1.12. 11CP1 software was used to calculate the projections from 
parameter values drawn from the Bayes posterior distribution. All projections are made for an F status quo assumption 
in 1998 and for a range of catch options in 1999. Expectations and the 25th, 50th and 75th percenti1es of the 
corresponding estimates of spawning stock size and fishing morta1ity are tabu1ated in Tab le 5.1.13. 

5.1,12 Medium· Term Projections 

The same method was used as for the short-term projections. Medium-term projections were initiated from draws from 
the Bayesian posterior parameter distributions and are provided for the case of constant fishing mortality at the 1998 
level. Projection options chosen are as detailed in Section 5.1.10.2. Recruitments for 1999 and later wcrc modclled on 
the assumption that if the spawning biomass should fall below the lowest observed leve!, then a dcclinc in recruitment 
would occur that wou1d be linear from the geometric mean of the 1976-1996 year-classes at the lowest observed stock 
size, to zero recruitment at zero spawning biomass. Interannual variability in recruitment around this structural model 
was represented by a nonparametric bootstrap method on log-transformed residuals. The resultant projection is given in 
Figure 5.1.16. 

5.1.13 Comments on the Assessment 

The asscssment provided here may serve to characterise a significant part of the uncertainty in stock size estimates, 
being that due to stochastic noise in the surveys, in the catches at age, and in the landings in 1997. However, other 
uncertainties that may be important have not been quantified, among which: 

Violation of the structural model assumption, as apparent in residual trcnds; 

Uncertainty in catches in years other !han 1997, which may also be significant; 
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Uncertainties in natural mortality, maturity and growth. 

Contamination of the age-structure of the catches with samples incorrectly allocated from Division IV a. 

5.1.14 Management Considerations 

The assessment is improved compared with that calculated previously due to the addition of a new survey in 1998, and 
improved sampling of the catches, but it is still imprecise. Uncertainty in the state of the stock ariscs because the catch 
data are very unreliable for 1997, the survey in 1997 is unusablc due to altered timing, and there is. concem about 
contamination of biological information with data from the adjaccnt !Va area. Additional uncertainty is introdueed by 
apparent violations of the structural model. Quantified uncertainty indicates the 90% conlidence intervals for tishing 
mortality in 1998 are at !east as wide as the range O.l! to 0.65 and for spawning stock biomass, in the range 50,000 to 
95,000 t. These ranges span values corresponding to both light cxploitation and tishing at unsustainably high tishing 
mortalities. 

Subjcct lo the ahove caveats, it is estimated that catches exceeding 42,000 t in 2000 have a rather high probability 
(> 50%) of resulting in a fishing mortality greater than the value of F = 0.25 that is currently considered to he 
precautionary for the North Sea stock (Table 5.1.13). 

Despite the unccrtainty in the present state of the stock, it appears likely that tishing mortality has incrcased in the last 
two years comparcd with the prcceding five years, and similarly that spawning stock biomass has dcclined over the 
same period. 

5.2 Clyde Herring 

5.2.1 Advice and management applicable to 1998 and 1999 

Management of herring in the Clyde is complicated by the presence of two virtually indistinguishable stocks; a resident 
spring-spawning population and the immigrant autumn-.spawning component. In recent years management strategies 
have been directed towards rebuilding the high! y depleted spring-spawning component to hisloricallevels. 

The measures which remain in force in order Lo protect the indigenous spring-spawning stock are: 

• A complete ban on herring fishing from l January lo 30 April; 
• A complete ban on all forms of activc fishing from l February to l April, on the Ballantrae Bank_§pawning grounds, 

to protect the dcmersal spawn and pre vent disturbance of the spawning shoals; 
• A ban on herring fishing between 00:00 Saturday morning and 24:00 Sunday night; 
• The TACs in 1998 and 1999 were maintained at the same leve! as in reccnt years (1,000 tonncs). 

5.2.2 The fishery in 1998 

Annuallandings from 1955 to 1998 are presented in Table 5.2.1. Landings in 1998 were 992 t which were the highest 
since 1990. Landings by the local f!eet were 779 t whilst a total of 213 t were taken hy Northem lreland vessc1s landing 
into Northern Ireland. This is the third consecutivc year, since 1985 that landings from non-local vcssels have been 
reported. Most of the 1andings were in the third and fourth quarters of the year. The proportions of spring and autumn 
spawners in these landings could not be estimated. 

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

5.2.3 Weight at age and stock composition 

The catch in numbcrs at age for the period 1970 to 1998 is given in Table 5.2.3. The catches of age 2 fish have 
increased over the last six years. The strong 1993 year dass, reported in previous reports, is not apparent in the 1998 
catches. Catches of the 1995 and 1996 year classes appear high, with the highest catches of age 3 fish since 1989 being 
recorded. 

Weights at age are given in Table 5.2.4. Mean weights in the stock have not been availab1e from research vessel surveys 
since 1991, therefore the weights in the stock used are the weights at age in the catches. 
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Once again no attempt has been made to apportion catches between spring and autumn-spawning stocks for 1998. The 
majority of landings were in the last two quarters suggesting that the fishery was based on the autumn spawners. The 
smalllandings in the first half of the year (0.2 t) are mainly laken as by-catch in the dcmcrsal trawl tishery. 

An index of effort (E), based solely on the Scottish trawler fiect assuming similar catchability between gears, has been 
calculated for comparison with previous years as follows; 

E=E,.LIL" 

Where E, = days absent by Scottish pair trawlers. 

L = total landings in tonnes. 

L"= landings by pair lrawlers in lonnes. 

This shows a large increase in the last two years (Table 5.2.5). 

5.2.4 Surveys 

No demersal egg survcys on the Ballantrae Bank and Brown Head spawning sites, no acoustic surveys in the Clyde and 
no spring trawl surveys werc carried out in 1998. Historical estimates from these surveys are tabulated in (ICES 1995 
Assess: 13). 

5.2.5 Stock Assessment 

The structure of the stock in the Clyde remains uncertain. Thcrc is considerable uncenainty in the CPU estimates when 
the effort is so low and area misreporting may be occurring. No survey data are available from recent years therefore no 
analytical assessment could be attempted. 

5.2.6 Stock and catch projections 

In the abscnce of an analytical assessment no stock projections can be providcd. 

5.2. 7 Management considerations 

The management of this fishcry is made difficult by the presence of a mixture of a severely depleted spring-spawning 
component and autumn spawners from Division VIa south. The management objectives for these two components are 
necessarily distinct. The absence of fishery independent data from surveys further compounds the problem. 

Historically the spring spawning stock supported a fishery with catchcs up to 15,000 tonnes per year in the 1960's. 
Landings generally bcgan to decline through the 1970's and 1980's with a rapid decline in cfforl during the late 1980's 
up to the present time. A TAC was first set in 1984 (3,000 t) increasing to a maximum of 3,500 tonnes in 1987 
subsequently decreasing to 1,000 tonnes by 1993. Estimated catches, including discards, exceeded the TAC for the first 
four years. This was fo11owed by a decline in catches to 1990. In 1991 there was a dramatic drop in both landings and 
effort and since then landings have fluctuated at below l ,000 tonncs. 

In the absence of surveys and no stock scparation of the catches, nothing is currently known about the state of the spring 
spawning stock. All the management measures, currently in force, need to remain. Catches should be rcduccd to as low 
a leve! as possible and an attempl should be made to apportion those catches to spring and autumn spawning 
components. 
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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 official statistics and cannot be used 
for management purposes. 

Country 1970 1971 1972 1973 1974 1975 
Denmark o 554 150 932 o 374 
Faroes 15100 8100 8094 10003 5371 3895 
France 1293 2055 680 2441 411 1244 
Germany 11768 6444 3376 9914 8887 6182 
Ice1and 5595 5416 2066 2532 9566 2633 
Nether1ands 464 8340 22673 27892 17461 12024 
Norway 27250 76721 17400 32557 26218 509 
UK 103530 99537 107638 120800 107520 85520 
Other 930 2679 3199 2726 1620 
U nallocated 
Discards 
Total 165930 207167 164756 210270 178160 114001 
Area-Misreported 
WGEstimate 165930 207167 164756 210270 178160 114001 

Source (WG) 1982 1982 1982 1982 1982 1982 

Country 1976 1977 1978 1979 1980 1981 
Den mark 249 626 128 o o 1580 
Faroes 4017 3564 o o o o 
France 1481 1548 1435 3 2 1243 
Germany 4363 o 26 o 256 3029 
Ice1and 3273 o o o o o 
Netherlands 16573 8705 5874 o o 5602 
Norway 5183 1098 4462 57 o 3850 
UK 53371 25539 10231 o 48 31483 
Other 5132 261 
Unallocated 4633 
Discards 
Total 93642 41341 22156 60 306 51420 
Area-Misreported 
WGEstimate 93642 41341 22156 60 306 51420 
Source (WG) 1982 1982 1982 1982 1982 1983 

Country 1982 1983 1984 1985 1986 1987 

Denmark o o 96 o o o 
Faroes 74 834 954 104 400 o 
France 2069 1313 o 20 18 136 
Germany 8453 6283 5564 5937 2188 1711 
Ireland o o o o 6000 6800 
Netherlands 11317 20200 7729 5500 5160 5212 
Norway 13018 7336 6669 4690 4799 4300 
UK 38471 31616 37554 28065 25294 26810 
Other 
Unallocated 18958 -4059 16588 -502 37840 18038 
Discards o o o o o o 
Total 92360 63523 75154 43814 81699 63007 
Area-Misreported -19142 -4672 -10935 -18647 
WG Estimate 92360 63523 56012 39142 70764 44360 
Source (WG) 1984 1985 1986 1987 1988 1989 
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Table 5.1.1. cont. .. 

Country 1988 1989 1990 1991 1992 1993 

Denmark o o o o o o 
Faroes o o 326 482 o o 
France 44 1342 1287 1168 119 818 
Germany 1860 4290 7096 6450 5640 4693 
Ire land 6740 8000 10000 8000 7985 8236 
Netherlands 6131 5860 7693 7979 8000 6132 
Norway 456 o 1607 3318 2389 7447 
UK 26894 29874 38253 32628 32730 32602 
Other 
UnaUocated 5229 2123 2397 -10597 -5485 -3753 
Discards o 1550 1300 1180 200 
Total 47354 53039 69959 50608 51578 56175 
Area-Misreported -11763 -19013 -25266 -22079 -22593 -24397 

WGEstimate 35591 34026 44693 28529 28985 31778 

Source (WG) 1990 1991 1992 1993 1994 1995 

Country 1994 1995 1996 1997 1998 

Denmark o o o o o 
Faroes o o o o o 
France 274 3672 2297 3093 1903 
Germany 5087 3733 7836 8873 8253 
Ireland 7938 3548 9721 1875 11199 
Netherlands 6093 7808 9396 9873 8483 
Norway 8183 4840 6223 4962 5317 
UK 30676 42661 46639 44273 42302 
Other 
Unallocated -4287 -4541 ·17753 -8015 -11748 
Discards 700 62 90 
Total 54664 61721 64359 64995 65799 
Area-Misreported -30234 -32146 -38254 -5039 -32446 

WGEstimate 24430 29575 26105 59957 33353 

Source (WG) 1996 1997 1997 1998 New Data 

Other: Official catches by countries other than !hose namcd. Unallocated: Catches for which the Working Group 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 rcallocated to IV a. 
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Table 5.1.2. Herring in Vla(N). National sampling, rcported catehes and surnmary of biological data 

a. Catch in Number at age 

Country Quar Area Samplcd Offieial No. of No. No. tish Catch in Number at Age (Thousands) 
ter fish 

& Stock Catch Catch samples aged measured o l 2 3 4 s 6 7 8 9 
(l) (l) 

England & Wales l Vla(N) o 247 o o o o o o o o o o o o o 
England & Wales 2 Vla(N) o 77 o o o o o o o () o o o o o 
England & Wales 3 Vla(N) o 1142 o o o o o o o o o o o o o 
England & Wales 4 Vla(N) o 685 o o o o o o o o o o o o o 
France l Vla(N) o 0.()24 o o o o o () o o o o o o o 
France 3 Vla(N) o 1903.498 o o o o o o o o o o o o o 
Gennany l Vla(N) o 342 o o o o o o o o o o o o o 
Germany 2 Vla(N) o 1536 o o o o o o o o o o o o o 
Germany 3 Vla(N) 4428 4428 30 88 1155 o o 330 1160 9030 5667 3092 2018 389 377 
Germany 4 Vla(N) o 1947 o o o o o o o o o o o o o 
Ire land 3 Vla(N) o 11199 o o o o o o o o o o o o o 
N. lreland 3 Vla(N) o 733 o o o o o o o o o o o o o 
N. Jreland 4 Vla(N) o 95 o o () o o o o o o o o o o 
Netherlands l Vla(N)- 26 27.97194 4 564 100 o o o o o 9 27 36 27 o 

ss 
Netherlands Vla(N) 306 329.2082 4 100 564 o o o 395 601 239 464 159 260 326 
Netherlands 3 Vla(N) 7579 8153.82 5 552 125 o o 3675 8574 7962 8268 5512 3062 612 612 
Norway 2 Vla(N) 4777 4777 2 125 125 o o 11232 7712 9221 2682 1676 671 o o 
Norway 3 Vla(N) o 540 o o o o o o o o o o o o o 
Scotland l Vla(N) o 443 o o o o o o o o o o o o o 
Scotland 2 Vla(N) o 24 o o o o o o o o o o o o o 
Scotland 3 Vla(N) 7743 35454 3 283 790 o 3862 37773 7155 1762 532 127 236 o 137 
Scotland 4 Vla(N) 2943 3402 9 778 2082 o 1791 8991 4921 2401 1478 546 4<55 169 248 
Scotland l Vb o 15 o o o o o o o o o o o o o 
Total 77500.5 

b. Mean Weights at Age 

Country Qlr Area Sampled Official No. of No. No. f"lSh Mean Weight at Age in the Catches (Kg) 
fish 

& Stock Catch Catch samples aged measured o l 2 3 4 5 6 7 8 9 
(l) (l) 

England & Wales l Vla(N) o 247 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
England & Wales 2 Vla(N) o . 77 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
England & Wales 3 Vla(N) o 1142 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
England & Wales 4 Vla(N) o 685 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
France l Vla(N) o o o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
France 3 Vla(N) o 1903 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Germany l Vla(N) o 342 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Germany 2 Vla(N) o 1536 () () () 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gennany 3 Vla(N) 4428 4428 30 88 1155 0.00 0.00 0.12 0.17 0.18 0.20 0.24 0.24 0.23 0.26 
Gennany 4 Vla(N) o 1947 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ire land 3 Vla(N) o 11199 o o o 0.00 OJX> 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
N. lreland 3 Vla(N) o 733 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
N. lreland 4 Vla(N) o 95 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Netherlands l Vla(N)- 26 28 4 564 100 0.00 0.00 0.00 0.00 0.00 0.20 0.27 0.27 0.28 0.00 

ss 
Netherlands l Vla(N) 306 329 4 100 564 0.00 0.00 0.00 0.11 0.12 0.13 0.13 0.13 0.14 0.14 
Netherlands 3 Vla(N) 7579 8154 5 552 125 0.00 0.00 0.14 0.17 0.20 0.21 0.23 0.24 0.29 0.24 
Norway 2 Vla(N) 4777 4777 2 125 125 0.00 0.00 0.12 0.15 0.15 0.17 0.20 0.21 0.00 0.00 
Norway 3 Vla(N) o 540 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Scotland l Vla(N) o 443 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Scotland 2 Vla(N) o 24 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Scotland 3 Vla(N) 7743 35454 3 283 790 0.00 O.tl 0.15 0.17 0.20 0.22 0.26 0.24 0.00 0.26 
Scotland 4 Vla(N) 2943 3402 9 778 2082 0.00 0.08 0.12 0.15 0.17 0.18 0.20 0.20 0.20 0.22 
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-: c. Mean Lengths at Age 

Country Qtr Area Sam p led Official No. of No. No. fish Mean Weight at Age in the Catches (Kg) 
fish 

o o & Stock Catch Catch samples agcd measured o l 2 3 4 5 6 7 8 9 
o o o (t) (l) o o o 
England & Wales l Vla(N) o 247 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
England & Wales 2 Vla(N) o 77 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
England & Wales 3 Vla(N) o 1142 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
England & Wales 4 Vla(N) o 685 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
France I Vla(N) o o o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
France 3 Vla(N) o 1903 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Germany l Vla(N) o 342 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gennany 2 Vla(N) o 15l6 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gennany 3 Vla(N) 4428 4428 30 88 1155 0.00 0.00 252.60 280.14 288.53 294.77 312.l2 313.26 312.54 322.76 
Gennany 4 Vla(N) o 1947 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ire land 3 Vla(N) o 11199 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
N. Ireland 3 Vla(N) o 733 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
N. Ireland 4 Vla(N) o 95 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Netherlands l Vla(N)- 26 28 4 564 100 0.00 0.00 0.00 0.00 0.00 287.50 309.20 316.30 l1750 0.00 

ss 
Nether\ands l Vla(N) 306 329 4 100 564 0.00 ().(X) 0.00 254.00 266.00 276.00 282.00 283.00 284.00 286.00 
Netherlands 3 Vla(N) 7579 8154 5 552 125 0.00 0.00 248.30 269.60 281.00 288.20 295.60 301.00 322.50 305.00 
Norway 2 Vla(N) 4777 4777 2 125 125 0.00 0.00 116.60 150.50 148.80 169.40 201.30 213.00 0.00 0.00 
Norway l Vla(N) o 540 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Scotland l Vla(N) o 44l o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Scotland 2 Vla(N) o 24 o o o 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Scotland l Vla(N) 7743 35454 3 283 790 0.00 225.00 248.00 260.00 274.00 286.00 300.00 290.00 0.00 299.39 
Scotland 4 Vla(N) 2943 3402 9 778 2082 0.00 220.00 248.00 265.00 278.00 284.00 296.00 299.00 297.00 304.26 
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Table 5.1.3. Herring in Vla(N). Catch and sampling effort by nation participating in the fishery, allocation of age
structures to unsampled catches ('fill-in rules') and estimates of catch in number, mean weight at age and mean length 
at age. 'Vla(N)-SS' refers to spring-spawning herring reported caught in Vla(N), hul included in the stock unit for the 
purposes of this calculation. 'Pcriods lA' refer to quarters of the year. Output generated by the programme 
'SALLOCL' (see Patterson, WD 1998) 

Surnrnary of Sampling by Country 

AREA : VIa(N) 

Country 

England & Wales 
France 
Germany 
Ire land 
N. Ireland 
Netherlands 
Norway 
scotland 

Total VIa(N) 

Sampled 
Catch 

0.00 
0.00 

4429.00 
o .00 
0.00 

7885.00 
4777.00 

10686.00 
27776.00 

Sum of Offical Catches 
Unallocated Catch : 
Working Group Catch : 

AREA : VIa(N)-SS 

Country 

Netherlands 
Total VIa(N)-SS 

Sampled 
Catch 

26.00 
26.00 

Sum of Offical Catches 
Unallocated Catch 
Working Group Catcb : 

AREA : Vb 

Country 

Scotland 
Total Vb 

Sampled 
Catch 

0.00 
0.00 

Sum of Offical Catches 
Unallocated Catch : 
Working Group Catch : 

PERIOD : l 

Country 

England & Wales 
France 
Germany 
Netherlands 
Scotland 

Period Total 

Sampled 
Catch 

0.00 
0.00 
0.00 

332.00 
0.00 

332.00 

Sum of Offical Catches 
Unallocated Catch : 
Working Group Catch ; 

PERIOD : 2 

country 

England & Wales 
Germany 
Norway 

252 

Sarnpled 
Catch 

0.00 
0.00 

4777.00 

Official 
Catch 

2151.00 
1903.52 
9253.00 

11199.00 
828.00 

9483.03 
5317.00 

39323.00 
77457.55 

77457.55 
-44145.53 

33312.02 

Officia1 
catch 
27.97 
27.97 

27.97 
-l. 97 
26.00 

Official 
Cat.ch 
15.00 
15.00 

15.00 
0.00 

15.00 

Official 
Catch 

247.00 
0.02 

342.00 
357.18 
458.00 

1404_20 

1404.20 
-125.18 
1279. 02 

Official 
Catch 
77.00 

1536.00 
4777.00 

No. of 
samp1es 

o 
o 

30 
o 
o 
9 
2 

12 
53 

No. of 
samp1es 

4 
4 

No. of 
sarnp1es 

o 
o 

No. of 
samp1es 

o 
o 
o 
8 
o 
8 

No. of 
samples 

o 
o 
2 

No .. 

measured 
o 
o 

1155 
o 
o 

689 
125 

2872 
4841 

No. 
measured 

100 
100 

No. 
measured 

o 
o 

No. 
measured 

o 
o 
o 

664 
o 

664 

No. 
measured 

o 
o 

125 

No. 
aged 

o 
o 

88 
o 
o 

652 
125 

1061 
1926 

No. 
aged 

564 
564 

No. 
aged 
o 
o 

No. 
aged 
o 
o 
o 

664 
o 

664 

No. 
aged 
o 
o 

125 

o .00 
0.00 

99.73 
0.00 
0.00 

99.89 
100.00 

99.99 
99.92 

101.67 
101.67 

0.00 
o. 00 

0.00 
0.00 
0.00 

100.42 
0.00 

100.42 

0.00 
0.00 

100.00 

SOP 

• 

SOP 

• 

SOP 

' 

SOP 

• 

SOP 

• 



Table 5.1.3. Continued 

Scotland 0.00 
Per i od Total 4777.00 

Sum of Offical Catches 
Unallocated Catch ' Working Group Catch ' 

PER! OD ' 3 

Country Sampled 
Catch 

England & Wales 0.00 
France 0.00 
Germany 4428.00 
Ire land 0.00 
N. Ire land 0.00 
Netherlands 7579.00 
Norway 0.00 
Scotland 7743.00 

Per i od Total 19750.00 

Sum of Offica1 Catches 
Unallocated catch 
Working Group Catch ' 

PER! OD ' 4 

Country Sampled 
Catch 

England & Wales 0.00 
Germany 0.00 
N. Ireland 0.00 
Scotland 2943.00 

Per i od Total 2943.00 

Sum of Offical Catches 
Unallocated Catch ' Working Group Catch ' 

Total over all Areas and Periods 
--------------------------
Country Sampled 

catch 
England & Wales 0.00 
France 0.00 
Germany 4428.00 
Ire land 0.00 
N. Ire land 0.00 
Netherlands 7911.00 
Norway 4777.00 
scotland 10686.00 

Total for stock 27802 .00 

Sum of Offical Catches 
Unallocated Catch ' Working Group Catch ' 

DETAILS OF DATA FILLING-IN 

Filling-in for record : ( l) 
Mean Weighted by Sampled Catches 

>> ( 14) Netherlands 
>> ( 15) Netherlands 

Filling-in for record : 2) 
Mean Weighted by Sampled Catches 

>> ( 14) Netherlands 
>> ( 15) Netherlands 

24.00 
6414.00 

6414.00 
-4777.00 
1637.00 

Official 
Catch 

1142.00 
1903.50 
4428.00 

11199.00 
733 'o o 

8153.82 
540.00 

35454.00 
63553.32 

63553.32 
-39972.82 

23580.50 

Official 
catch 

685.00 
1947.00 

95.00 
3402.00 
6129.00 

6129.00 
727.50 

6856.50 

Official 
Catch 

2151.00 
1903.52 
8253.00 

11199.00 
828.00 

8511.00 
5317.00 

39338.00 
77500.52 

77500.52 
-44147.50 

33353.02 

England & Wales 
of: 

l VIa(N)-SS 
l Vla(N) 

England & Wales 
of: 

1 VIa(NJ -ss 
l VIa(N) 

o o o 0.00 
2 125 125 100.00 

No. of No. No. SOP 
samples measured aged % 

o o o 0.00 
o o o 0.00 

30 1155 88 99.73 
o o o 0.00 
o o o 0.00 
5 125 552 99.87 
o o D 0.00 
3 790 283 99.99 

38 2070 923 99.89 

No. of No. No. SOP 
samples measured aged % 

o o o 0.00 
D D o 0.00 
o D o 0.00 
9 2 082 778 100.01 
9 2082 778 100.01 

No. of No. No. SOP 
samples measured aged % 

o o o 0.00 
o o o 0.00 

30 1155 88 99.73 
o o o 0.00 
o o o 0.00 

13 789 1216 99.89 
2 125 125 100.00 

12 2 872 1061 99.99 
57 4941 2490 99.92 

l VIa (N) 

2 VIa(N) 
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Table 5.1.3. Continued 

>> 
» 
>> 

9) Germany 
16) Netherlands 
21) Scotland 

Filling-in for record : ( 3) 
Mean Weighted by Sampled Catches 

>> ( 9} Germany 
>> ( 16) Netherlands 
>> ( 21} Scotland 

Filling-in for record 
Using Only 

>> ( 22) Scotland 

4) 

Filling-in for record : ( 5) 
Mean Weighted by Sampled Catches 

>> ( 14) Netherlands 
>> ( 15) Netherlands 

Filling-in for record : ( 6) 
Mean Weighted by Sarnpled catches 

» l 14) Netherlands 
» l 15) Netherlands 
» l 9) Germany 
>> l 16) Netherlands 
>> l 211 Scotland 

Filling-in for record ' l 7) 
Mean Weighted by Sampled catches 

» l 14) Netherlands 
>> l 15) Netherlands 

Filling-in for record : 8) 
Mean Weighted by Sampled Catches 

» l 14) Netherlands 
» l 15) Netherlands 
>> l 9) Germany 
>> l 16) Netherlands 
>> l 21) Scotland 

Filling-in for record ' l 10) 
Using Only 

» l 22) Scotland 

Filling-in for record ' l 12) 
Mean Weighted by Sampled catches 

» l 9) Germany 
» l 16) Netherlands 
>> l 21) Scotland 

Filling-in for record l 13) 
Us ing On ly 

>> l 22) Scotland 

Filling-in for record ' l 18) 
Mean Weighted by Sampled catches 

>> l 9) Germany 
>> l 16) Netherlands 
» l 21) Scotland 

Filling-in for record ' l 19) 
Mean Weighted by Sampled Catches 

>> l 14) Netherlands 
>> l 15) Netherlands 

Filling-in for record ' l 20) 
Mean Weighted by Sampled catches 

>> l 14) Netherlands 
» l 15) Netherlands 
>> l 9) Germany 
>> l 16) Netherlands 
» l 21) Scotland 

3 VIa (N) 

3 VIa(N) 
3 VIa (N) 

England & Wales 
of: 

3 via(NJ 
3 VIa(N) 
3 VIa (N) 

England & \'Tales 

4 VIa (N) 

France 
of: 

1 vra(N) -ss 
1 VIa(N) 

France 
of: 

1 VIa (N) -88 
1 VIa(N) 
3 VIa(N) 
3 VIa{N) 
3 VIa(N) 

Germany 
of: 

1 VIa (N) -ss 
1 via(Nl 

Germany 
of: 

1 VIa(N)-SS 
l VIa(N) 
3 vra(N) 
3 VIa(N) 
3 VIa(N) 

Germany 

4 Vla(N) 

N. Ire land 
of: 

3 VIa(N) 
3 VIa(N) 
3 VIa(N) 

N. Ire land 

4 VIa(N) 

Norway 
of: 

3 VIa(N) 
3 VIa(N) 
3 VIa(N) 

Scotland 
of: 

1 via (NJ -ss 
l VIa(N) 

Scotland 
of: 

1 VIa(N)-SS 
l VIa(N) 
3 VIa(NJ 
3 VIa(N) 
3 via(N) 

Filling-in for re c ord : ( 23) Scotland 
Mean Weighted by Sampled Catches of: 
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3 VIa (N) 

4 VIa {N) 

l VIa(N) 

3 VIa(NJ 

l VIa(N) 

2 V!a(N) 

4 VIa(N) 

3 VIa (N) 

4 VIa (N) 

3 VIa(N) 

l VIa(N) 

2 VIa(N} 

l Vb 



Table 5.13. Continued 

» 14) Nether1ands 1 vra (N) -ss 
» 15) Netherlands 1 VIa(N) 

Catch Numbers at Age by Area 
----------------------------

For Periods l to 4 

Ag es VIa(N) VIa (N) -ss Vb Total 
o 0.00 0.00 0.00 0.00 
l 9092.30 0.00 0.00 9092.30 
2 74166.50 0.00 0.00 74166.50 
3 34552.86 0.00 17.85 34570.71 
4 31878.01 0.00 27.15 31905.17 
5 22851.45 9.00 11.20 22871.66 
6 14323.27 27.00 22.18 14372.46 
7 8596.33 36.00 8. 81 8641.14 
8 2785.37 27.00 12.97 2825.33 
9 3311.88 0.00 14.73 3326.61 

Mean Weight at Age by Area (Kg) 
-------------------------------

For Periods 1 to 4 

Ag es VIa(N) VIa(N}-SS Vb Total 
o 0.0000 0.0000 0.0000 0.0000 
1 0.0969 0.0000 0.0000 0.0969 
2 0.1380 0.0000 0.0000 0.1380 
3 0.1589 0.0000 0.1080 0.1588 
4 0.1824 0.0000 0.1180 0.1824 
5 0.1987 0.2040 0.1367 0.1986 
6 0.2182 0.2670 0.1435 0.2182 
7 0.2265 0.2730 0.1412 0.2266 
8 0.2113 0.2800 o. 14 73 0.2117 
9 0.1997 0.0000 0.1360 0.1994 

Mean Length at Age by Area (cm) 

-------------------------------

For Periods 1 to 4 

Ages VIa(N) VIa(N)-SS Vb Total 
o 0.0000 0.0000 0.0000 0.0000 
1 222.7054 0.0000 0.0000 222.7054 
2 248.2123 0.0000 0.0000 248.2123 
3 265.5509 0.0000 254.0000 265.5449 
4 280.9479 0.0000 266.0000 280.9352 
5 288.7585 287.5000 276.9006 288.7522 
6 298.6538 309.2000 284.1301 298.6512 
7 301.7146 316.3000 285.6078 301.7589 
8 303.0356 317.5000 286.6235 303.0985 
9 299.7152 0.0000 286.0000 299.6545 

Catch Numbers at Age by Area 
----------------------------

For Period 1 

Ag es VIa(N} VIa (N) -ss Vb Total 
o 0.00 o .00 o. 00 0.00 
l 0.00 o .00 o. 00 0.00 
2 0.00 0.00 o. 00 0.00 
3 1503.88 0.00 17.85 1521.73 
4 2288.19 o .00 27.15 2315.34 
5 935.21 9.00 11.20 955.42 
6 1842.38 27.00 22.18 1891.57 
7 706.42 36.00 8. 81 751.23 
8 1065.70 27.00 12.97 1105.66 
9 1241.18 o .00 14.73 1255.91 
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Table 5.1.3. Continued 

Mean Weight at Age by Area (Kg) 

For Period l 

Ag es VIa(N) VIa(N)-SS 
o 0.0000 0.0000 
l 0.0000 0.0000 
2 0.0000 0.0000 
3 0.1080 0.0000 
4 0.1180 0.0000 
5 0.1353 0.2040 
6 0.1409 0.2670 
7 o .13 87 0.2730 
8 0.1445 0.2800 
9 o .13 60 0.0000 

Mean Length at Age by Area (cm) 

For Period l 

Ages VIa(N) 
o 0.0000 
l 0.0000 
2 0.0000 
3 254.0000 
4 266.0000 
5 276.6705 
6 283.5937 
7 285.0209 
8 285.9834 
9 286.0000 

vra(N) -ss 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

287.5000 
309.2000 
316.3000 
317.5000 

0.0000 

Catch Numbers at Age by Area 

For Period 2 

Ag es 

o 
l 
2 
3 
4 
5 
6 
7 
8 
9 

VIa (N) 

0.00 
314.81 

3405.55 
1408.93 
1577.73 
1199.51 

751.75 
449.25 
105.00 
118.43 

VIa(N)-SS 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o. 00 

Mean Weight at Age by Area {Kg) 

For Period 2 

Ages VIa (N) 

o 0.0000 
1 0.1088 
2 0.1365 
3 0.1681 
4 0.1936 
5 0.2105 
6 0.2402 
7 0.2367 
8 0.2670 
9 0.2477 

VIa(N)-SS 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Mean Length at Age by Area {cm) 
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Vb 

Vb 

Vb 

Vb 

0.0000 
0.0000 
0.0000 
0.1080 
0.1180 
o .1367 
0.1435 
0.1412 
0.1473 
o .1360 

0.0000 
0.0000 
0.0000 

254.0000 
266.0000 
276.9006 
284.1301 
285.6078 
286.6235 
286.0000 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o .00 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Total 
0.0000 
0.0000 
0.0000 
0.1080 
0.1180 
0.1359 
0.1427 
0.1451 
0.1479 
0.1360 

Total 
0.0000 
0.0000 
0.0000 

254.0000 
266.0000 
276.7751 
283.9655 
286.5267 
286.7606 
286.0000 

Total 
0.00 

314.81 
3405.55 
1408.93 
1577.73 
1199.51 
751.75 
449.25 
105.00 
118.43 

Total 
0.0000 
0.1088 
o .13 65 
0.1681 
0.1936 
0.2105 
0.2402 
0.2367 
0.2670 
0.2477 



Table 5.1.3. Continued 

For Period 2 

Ag es VIa(N) VIa(N) -88 Vb Total 
o 0.0000 0.0000 0.0000 0.0000 
l 225.0000 0.0000 0.0000 225.0000 
2 249.1471 0.0000 0.0000 249.1471 
3 267.9818 0.0000 0.0000 267.9818 
4 279.7321 0.0000 0.0000 279.7321 
5 288.6140 0.0000 0.0000 288.6140 
6 300.7927 0.0000 0.0000 300.7927 
7 299.2081 0.0000 0.0000 299.2081 
8 317.9617 0.0000 0.0000 317.9617 
9 306.4676 0.0000 0.0000 306.4676 

Catch Numbers at Age by Area 
----------------------------

For Period 3 

Ag es VIa(N) VIa(N)-SS Vb Total 
o 0.00 0.00 0.00 0.00 
l 4604.88 0.00 0.00 4604.88 
2 49814.02 0.00 0.00 49814.02 
3 20175.27 0.00 0.00 20175.27 
4 22418.33 0.00 o. o o 22418.33 
5 17273.34 0.00 0.00 17273.34 
6 10457.09 0.00 0.00 10457.09 
7 6357.31 0.00 0.00 5357.31 
B 1220.94 0.00 0.00 1220.94 
9 1374,49 0.00 0.00 1374.49 

Mean Weight at Age by Area (Kg) 
-------------------------------

For Per i od 3 

Ag es VIa(N) vra {N) -88 Vb Total 
o 0.0000 0.0000 0.0000 0.0000 
l 0.1088 0.0000 0.0000 0.1088 
2 0.1437 0.0000 0.0000 0.1437 
3 0.1688 0.0000 0.0000 0.1688 
4 0.1921 0.0000 0.0000 0.1921 
5 0.2055 0.0000 0.0000 0.2055 
6 0.2328 0.0000 0.0000 0.2328 
7 0.2394 0.0000 0.0000 0.2394 
B 0.2690 0.0000 0.0000 0.2690 
9 0.2466 0.0000 0.0000 c .2466 

Mean Length at Age by Area (cm) 
-------------------------------

For Per i od 3 

Ages VIa(N) VIa(N)-SS Vb Total 
o 0.0000 0.0000 0.0000 0.0000 
l 225.0000 0.0000 0.0000 225.0000 
2 248.2377 0.0000 0.0000 248.2377 
3 266.5552 0.0000 0.0000 266.5552 
4 283.2946 0.0000 0.0000 283.2946 
5 290.3716 0.0000 0.0000 290.3716 
6 301.4 762 0.0000 0.0000 301.4762 
7 304.2093 0.0000 0.0000 304.2093 
8 318.5822 0.0000 0.0000 318.5822 
9 309.6087 0.0000 0.0000 309.6087 

Catch Numbers at Age by Area 
----------------------------
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Table 5.1.3. Continued 

For Period 4 

Ag es VIa(N) Vla(N)-SS Vb Total 
o 0.00 o. 00 0.00 0.00 
l 4172.61 0.00 0.00 4172.61 
2 20946.92 0.00 0.00 20946.92 
3 11464.78 0.00 0.00 11464.78 
4 5593.77 0.00 0.00 5593.77 
5 3443.39 0.00 0.00 3443.39 
6 1272.05 0.00 0.00 1272.05 
7 1083.34 0.00 0.00 1083.34 
B 393.73 0.00 0.00 393.73 
9 577.78 0.00 0.00 577.78 

Mean Weight at Age by Area (Kg) 
-------------------------------

For Period 4 

Ages VIa(N) vra (N) -ss Vb Total 
o 0.0000 0.0000 0.0000 0.0000 
l 0.0829 0.0000 0.0000 0.0829 
2 0.1246 0.0000 0.0000 0.1246 
3 0.1468 0.0000 0.0000 0.1468 
4 0.1668 0.0000 0.0000 0.1668 
5 0.1774 0.0000 0.0000 0.1774 
6 0.1976 0.0000 0.0000 0.1976 
7 0.2037 0.0000 0.0000 0.2037 
8 0.1981 0.0000 0.0000 0.1981 
9 0.2153 0.0000 0.0000 0.2153 

Mean Length at Age by Area {cm) 

-------------------------------

For Period 4 

Ag es VIa(N) VIa{N)-SS Vb Total 
o 0.0000 0.0000 0.0000 0.0000 
l 220.0000 0.0000 0.0000 220.0000 
2 248.0000 0.0000 0.0000 248.0000 
3 265.0000 0.0000 0.0000 265.0000 
4 278.0000 0.0000 0.0000 278.0000 
5 284.0000 0.0000 0.0000 284.0000 
6 296.0000 0.0000 0.0000 296.0000 
7 299.0000 0.0000 0.0000 299.0000 
8 297.0000 0.0000 0.0000 297.0000 
9 304.2581 0.0000 0.0000 304.2581 
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Table 5.1.4. Estimated catches at age of herring in Area Vla(N). Catches in number in 1997 are calculated including 
catches in the area 4 to 5 degrees W. 

Age 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
l 69053 34836 22525 247 2692 36740 13304 81923 2207 40794 33768 
2 319604 47739 46284 142 279 77961 250010 77810 188778 68845 154963 
3 101548 95834 20587 77 95 105600 72179 92743 49828 148399 86072 
4 35502 22117 40692 19 51 61341 93544 29262 35001 17214 118860 
5 25195 10083 6879 13 13 21473 58452 42535 14948 15211 18836 
6 76289 12211 3833 8 9 12623 23580 27318 11366 6631 18000 
7 10918 20992 2100 4 8 11583 11516 14709 9300 6907 2578 
8 3914 2758 6278 l l 1309 13814 8437 4427 3323 1427 
9 12014 1486 1544 o o 1326 4027 8484 1959 2189 1971 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
l 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 40779 25229 24922 18710 40193 30398 30899 59502 
4 32025 28421 18923 74279 28212 23733 10978 6007 21272 9219 53871 
5 50119 19761 18109 26520 37517 21817 13269 7433 5376 7508 39341 
6 8429 28555 7589 13305 13533 33869 14801 8101 4205 2501 29780 
7 7307 3252 15012 9878 7581 6351 19186 10515 8805 4700 17581 
8 3508 2222 1622 21456 6892 4317 4711 12158 7971 8458 8871 
9 5983 2360 3505 5522 4456 5511 3740 10206 9787 31108 16819 

1998 
l 9092 
2 74167 
3 34571 
4 31905 
5 22872 
6 14372 
7 8641 
8 2825 
9 3327 
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Table 5.1.5. HERRING in Division VIa (North). Larvae abundance indices (Numbers in billions). larvae mortality 
rates (Z/K), fecundity estimate (l o' eggs/g). LPE Biomass estimatc in thousands of tonnes. 

Year LAI 10% Trim Z'K LPE 
LAI 

Larvae Fecundity SSB 

1973 2442 46.49 0.74 318 (1.39) 229 
1974 l 186 17.44 0.42 238 (1.39) 171 
1975 878 22 0.46 157 1.46 108 
1976 189 11.04 60 1.23 49 
1977 787 25 223 1.49 150 
1978 332 32.8 132 1.37 109 
1979 l 071 26.94 118 1.49 79 
1980 1436 26.33 0.39 287 2.04 141 
1981 2 154 35.61 0.34 448 2.12 211 
1982 l 890 32.58 0.39 267 1.95 137 
1983 668 24.55 112 1.88 60 
1984 2 133 45.99 0.57 253 1.75 145 
1985 2 710 50.Q3 0.37 418 (1.86) 225 
1986 3037 45.36 0.24 907 (1.86) 488 
1987 4 119 45.47 0.53 423 (1.86) 227 
1988 5947 75.13 0.47 781 (1.86) 420 
1989 4 320 82.68 0.40 752 (1.86) 404 
1990 6 525 86.2 0.64 426 (1.86) 229 
1991 4430 63.06 0.60 632 ( 1.86) 340 
1992 12 252 41.79 0.66 463 ( 1.86) 248 
1993 2 941 65.01 0.56 538 (1.86) 289 
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Table 5.1.6 HERRING in Division VIa (North). Estimates of abundance from Scottish acoustic surveys. Thousands 
of fish at age, and spawning biomass (SSB, tonnes). 

Age 1987 1991 1992 1993 1994 1995 1996 1997" 1998 
l 249 100 338 312 74 310 2 760 494 150 441 240 41 220 792 320 l 221 700 
2 578 400 294 484 503 430 750 270 542 080 1103 400 576 460 641 860 794 630 
3 551 100 327 902 210980 681 170 607 720 473 220 802 530 286 170 666 780 
4 353 100 367 830 258 090 653 050 285 610 450 270 329 110 167 040 471070 
5 752 600 488 288 414 750 544 000 306 760 152 970 95 360 66100 179 050 
6 Ill 600 176 348 240 IlO 865 150 268 130 187 100 60 600 49 520 79 270 
7 48 100 98 741 105 670 284 110 406 840 169 080 77 380 16 280 28 050 
8 15 900 89 830 56710 151 730 173 740 236 540 78 190 28 990 13 850 
9+ 6 500 58 043 63 440 156 180 131 880 201500 114810 24440 36770 
SSB: 273 000 452 000 351 460 R66 190 533 740 452 120 370300 140 910 375 890 

'"- Biomass of 2+ ringcrs in November.# The 1997 survey is not on the same basis as the other years, it was conducted 
in June( all other surveys were carried out in July). It is not used for assessment purposcs. 

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 1997 1998 

l 90 69 113 73 80 82 79 84 91 89 83 105 81 89 97 
2 140 103 145 143 112 142 129 118 122 128 142 142 134 136 138 
3 175 134 173 183 157 145 173 160 172 158 167 180 178 177 159 
4 205 161 196 211 177 191 182 203 194 197 190 191 210 205 182 
5 231 182 215 220 203 190 209 211 216 206 195 198 230 222 199 
6 253 199 230 238 194 213 224 229 224 228 201 213 233 223 218 
7 270 213 242 241 240 216 228 236 236 223 244 207 262 219 227 
8 284 223 251 253 213 204 237 261 251 262 134 227 247 238 212 
9+ 295 231 258 256 228 243 247 271 258 263 266 277 291 263 199 

Weight in the stock from Acoustic surveys 

Historical !992 1993 1994 1995 19% 1997 1998 
(Age, Rings) 

l 90 68 75 52 45 45 57 65 
2 164 !52 162 150 144 140 150 138 
3 ::ms 186 1% 192 191 180 189 177 
4 233 206 206 220 202 209 209 193 
5 246 232 226 221 225 219 225 214 
6 252 252 234 233 n6 222 233 226 
7 25H 271 254 241 247 229 248 234 
8 269 296 260 270 260 242 266 225 
9+ 292 305 276 2% 293 263 287 249 
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Table 5.1.8 HERRING in Division VIa (North). Maturity ogivc uscd in estimates of spawning stock biomass 
taken from acoustic surveys. Values measured in 1997 were measured in June whilst other valucs are measured 
in July. 

Year \Age ('W ring) 2 3 >3 

Mean 92-96 0.57 0.96 1.00 
1992 0.47 1.00 1.00 
1993 0.93 0.96 1.00 
1994 0.48 0.92 1.00 
1995 0.19 0.98 1.00 
1996 0.76 0.94 1.00 
1997 0.41 0.88 1.00 
1998 0.85 0.97 1.00 



Year 
Percentile 

5 
25 

Median 
75 
95 

Mean 

Year 
Percentile 

5 
25 

Median 
75 
95 

Mean 

Year 
Percentile 

5 
25 

Median 
75 
95 

Mean 

Year 
Percentile 

5 
25 

Median 
75 
95 

Mean 

Table 5.1.9 Herring in Vla(N). Evaluation of uncertainty in stock assessment using Bayes MCMC and assuming uniform 
prior uncertainty about the proportion of catches reported in the area between 4 and 5 degraes 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) 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

92 129 118 102 87 87 83 77 105 70 
111 141 167 164 144 129 123 115 104 144 95 
143 183 221 228 201 180 170 158 138 185 124 
217 274 346 363 314 280 250 233 192 257 169 
467 572 719 745 619 546 396 368 302 412 241 
194 250 311 322 280 251 197 184 157 214 137 

Mean Fishing Mortallty over ages 3 to 6 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

0.10 0.09 0.08 0.09 0.07 0.08 0.10 0.06 0.06 0.07 0.12 
0.21 0.16 0.14 0.17 0.11 0.14 0.15 0.10 0.09 0.11 0.21 
0.31 0.24 0.20 0.24 0.17 0.19 0.21 0.14 0.13 0.16 0.30 
0.39 0.30 0.25 0.32 0.23 0.26 0.29 0.20 0.18 0.22 0.42 
0.47 0.37 0.31 0.42 0.32 0.36 0.51 0.31 0.28 0.36 0.64 
0.30 0.23 0.20 0.25 0.18 0.20 0.25 0.16 0.14 0.18 0.33 

Recruitment at age 1 (Millions) 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

1800 854 618 419 342 457 400 712 469 367 252 
2008 1109 782 529 452 658 548 1038 696 563 464 
2352 1442 942 624 553 856 680 1342 936 801 702 
3100 1936 1175 763 693 1092 870 1741 1271 1123 1039 
5807 3592 2098 1031 1086 1694 1237 2511 1896 1925 1925 
3335 1733 1105 670 627 947 733 1442 1026 920 829 

Yield (Thousand t) 

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

44 36 34 45 29 29 32 24 30 26 36 
44 36 34 45 29 29 32 24 30 26 36 
44 36 34 45 29 29 32 24 30 26 39 
44 36 34 45 29 29 32 24 30 26 43 
44 36 34 45 29 29 32 24 30 26 52 
44 36 34 45 29 29 32 24 30 26 40 

Mean Fin 1997-1998 relative to Mean SSB in 1997-1998 relative to 
Mean Fin 1992-1996 Mean SSB in 1992-1996 

Percenlile Percentile 
5 0.92 5 0.33 

25 1.28 25 0.53 
Median 1.63 Median 0.68 

75 2.11 75 0.83 
95 2.93 95 1.12 

Mean 1.76 Mean 0.70 

1998 

50 
76 

104 
145 
215 
115 

1998 

0.11 
0.18 
0.27 
0.39 
0.65 
0.31 

1998 

1564 
3331 
5596 
8659 

13744 
6315 

1998 

33 
33 
33 
33 
33 
33 
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Table 5.1.10. Herring in Vla(N). Input data and estimated parameters from weighted least-squares ICA calculation, 
based on a catch of 40,324t in 1997, being the mean of the posterior distribution from the Bayes calculation. Thesc 
comparative estimatcs are provided for evaluation of diagnostics. 

Output Generated by ICA Version 1.4 

AGE 

' 3 
4 

' 8 
9 

AGE 

' 8 

' 

AGE 

JI.GE 

' 2 

' 5 

l!errinq in 1/Ia (N) 

Catch in N'Umber 

1976 

69 05 
3H 60 
101 55 

35 50 
25 20 
76 29 
10 92 

3.91 
12 01 

X 10 ~ 6 

1977 

34.84 
47.74 
95.83 
22 .12 
lO. 08 
12 .21 
20.99 

l. 49 

Catch in Number 

1991 1992 

197R 

22. 52 
46. 28 
20.59 
40. 69 

6.88 

·" .lO 

l. 54 

1993 

26 40 
23 .01 
25 ,2) 
28 21 
)7. 52 
13.53 

5.25 17.72 

.se 

.89 
4. 46 

X 10 ~ 6 

24.47 95 29 
24 92 18 71 
23.73 10 98 
2.1 132 l) .27 
33.87 14 80 

6.35 19 19 
4.32 4 71 
5 51 . 74 

Predicted Catch in Number 

1993 1994 

1569. 2176. 
96002. 64810. 
21766. 28739. 
15024. 6331. 
19584. 6059. 
11689. 8157. 
232';4. 11328. 

5267. 10027. 

X 10 ~ 3 

1995 

975. 
60202. 
31762. 
13475. 

4033. 
3963. 
d180. 
7740. 

1979 

01 
.01 
.00 
.00 
00 

1994 

1.73 
36.55 
40 .19 

6. 01 
.43 

8,10 
lO. 52 
12 .16 
18.21 

1996 

19130 1982 

69 36 H 13.30 
28 -77.96 250.01 
10 105 60 72.18 

.05 61 34 93.54 

.01 21 47 5B.45 
o 01 12.62 23.58 
o 01 11 58 11.52 
o 00 l 31 13.81 
o 00 l ]3 4.03 

1995 

·" 82. 18 
30.40 
21.27 

. 38 

·" . 80 

. " 

.79 

1.997 

1996 

. 95 
37.85 
30.90 

9. 22 
7.51 

. 50 

. 70 
8. 46 

31.11 

1998 

1997 

1. 37 
63 87 
40 02 
36 23 
26 46 
20 03 
11 32 

5. 97 
11.31 

1383. 204s. n19. 
29733. 38337. 53328. 
32922. 34587 36955. 
16581. 37405 .. 14427. 

952.9. 25715. 2.1936. 
2925. 15251. 15728. 
-1405. 7049. 14180. 
6207. 7273. 4397. 

Weights at age in ~he ca.tch .. s IKg) 

197~ 1972; 1979 1980 1981 

1983 

81.92 
77. 31 
92.74 
29.26 
42. 53 
27.32 
14.71 

·" . 48 

1998 

9 09 
H.17 
J4. 57 
31 91 
22.87 
14 37 

8 " 
2. 33 

. 33 

1984 

2.21 
188.78 

49.83 
35 00 
14..95 
11.37 

9. 30 
.<3 

l. 96 

1934 

1985 

40.79 
68. 84 

148.40 
17 .21 
15.21 

.63 

.91 

.32 
2.19 

1985 

1986 

33.77 
154 96 

86 07 
118 86 

18.84 
18.00 
2. 58 

4J 
1.97 

1986 

1987 

19 .46 
65 95 
45 46 
32.02 
50 12 

'" 3.51 
5. 98 

1987 

.09000 O.C·9COO 09000 .09000 0.09000 0.09000 .0~000 .J~·~DO D.J~OOO .0690C 0.11300 0.07300 

.12:oo o 12100 12100 .12100 .1210o 0.12100 .14000 .11ooo 0.14000 .101co o Hsoa o.H3oo 

.15800 lS€00 0.1580Q .1~800 15800 lSROO .175JO .17500 0.17500 .1HCO 0.17300 0.18300 
0.17500 0.~7500 0.17;JJ .17500 17500 17500 .2J50J .2.05JO 0.20500 O.lElCO C.1960C 0.21100 
0.13600 .:.8600 0.18600 .18600 18600 18600 0.23100 .23100 o 23LOO .18200 C.21~CC 22000 

.20600 .20600 0.20600 0.20600 2.0600 0.2.0600 o 25300 .25300 0.25300 .19900 0.23000 23800 

.21soo 2looo .21Roo .nsoo 21soo o 2isoo o.27aoo .27aco o.27ooo 2uoo .2-a2.oo .24100 

.22400 22400 .22400 .2.2400 .2.2400 .22400 0.284CO .284CC 0.28400 22300 .25100 .25300 

.22400 0.22400 ~.22400 0.22400 22400 O 22400 29~CO 0.29SCO 0.29500 0.23::.oo 0.25800 25600 
----- -+------- ---------- ----------------------------------------------------------- ---

AGE 

2 

Weights at age in the ~at~hes (~g) 

1991 1992 1993 J.994 1995 1996 1997 1998 

08400 . 09100 08900 o 08300 .10600 .08100 08900 o 09690 
o .11800 .11900 
0.16000 .18300 
o 20300 .19600 

12800 o 14200 .14200 .13400 13600 13800 

21100 
22900 
23600 

.26100 
27100 

15800 O 16700 .18100 .17800 17700 .lSRRO 
19700 o 19000 .19100 .21000 .20500 .12400 

. 22700 20600 

.21900 22800 

. 24400 o. 2.2300 

.25600 o 26200 

.25600 o 26300 

19500 .19800 
20100 .21400 

.24400 0.20800 

.23400 o 22700 

.26600 o 27700 

. 23000 

.23300 
26200 
24700 
29100 

.22200 

.22300 

. 21900 

.23800 

. 26300 

.19R60 

.21820 

.22660 

.21170 

.19940 
-~-- --+------------- ------------------------------------------

264 

1988 

" 119 38 
41 73 
28 42 
19 76 
28.55 

3. 25 
.22 
. 36 

1988 

1989 

22 
36 76 

109-50 
18 92 
18 11 

7.59 
15 01 

" . 50 

1989 

1990 

14 29 
40.87 
40.78 
74.28 
26.52 
13.30 

9.88 
21 46 

5.52 

19~0 

.08000 .08200 .073DD 

.11200 14200 .12900 

.15700 .14500 0.17300 

.177CO .19100 0,1R200 

.20300 0.~9000 J.20900 

.19400 0.21300 0.22400 

.24000 o 21600 .22800 
21300 20400 .23700 
22800 0.24300 0.24700 



Table 5.1.10 (Contd.) 

Weights at age in the stock (Kg) 

------+---
AGE 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
------+-------

l 
l 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 0.09000 

2 
l 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 0.16400 

3 
l 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 0.20800 

4 l 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 0.23300 
5 

l 
0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 0.24600 

6 
l 

0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 0.25200 
7 

l 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 0.25800 
8 

l 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 0.26900 
9 l 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 0.29200 

------+-------------------------------------------- -------------------------------------

Weights at age in the stock (Kg) 
-------------

------+ 
AGE 

l 1991 1992 1993 1994 1995 1996 1997 1998 
------+------------------------------------------

l l 0.09000 0.09000 0.07500 0.05200 0.04200 0.04500 0.05700 0.06553 
2 

l 
0.16400 0.16400 0.16200 0.15000 0.14400 0.14000 0.15000 0.13783 

3 l 0.20800 0.20800 0.19600 0.19200 0.19100 0.18000 0.18900 0.17625 
4 

l 
0.23300 0.23300 0.20600 0.22000 0.20200 0.20900 0.20900 0.19394 

5 
l 

0.24600 0.24600 0.22600 0.22100 0.22500 0.21900 0.22500 0.21420 
6 

l 
0.25200 0.25200 0.23400 0.23300 0.22700 0.22200 0.23300 0.22618 

7 
l 

0.25800 0.25800 0.25400 0.24100 0.24700 0.22900 0.24800 0.23449 
8 l 

0.26900 0.26900 0.26000 0.27000 0.26000 0.24200 0.26600 0.22504 
9 

l 
0.29200 0.29200 0.27600 0.29600 0.29300 0.26300 0.28700 0.24907 

------+-------------------------------------------------------

1-..> 

~ 



~ 
Natural Mortality (per year) 

AGE 1976 1977 1978 1979 
------+---

l 
2 
3 
4 
5 
6 
7 
8 
9 

1.0000 1.0000 1.0000 1.0000 
0.3000 0.3000 0.3000 0.3000 
0.2000 0.2000 0.2000 0.2000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 

------+------------

Natura! Mortality (per year) 

------+-----------
AGE 

l 
2 
3 
4 
5 
6 
7 
8 
9 

1991 1992 1993 1994 

1.0000 1.0000 1.0000 1.0000 
0.3000 0.3000 0.3000 0.3000 
0.2000 0.2000 0.2000 0.2000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 0.1000 

Proportion of fish spawning 

AGE 

l 
2 

3 
4 
5 
6 
7 
8 
9 

1976 

0.0000 
0.5700 
0.9600 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 
l. 0000 

1977 

0.0000 
0.5700 
o. 9600 
l. 0000 
l. 0000 
1.0000 
l. 0000 
1.0000 
1.0000 

1978 

0.0000 
0.5700 
0.9600 
l. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1979 

0.0000 
0.5700 
0.9600 
1.0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 

1980 1981 1982 

1.0000 1.0000 1.0000 
0.3000 0.3000 0.3000 
0.2000 0.2000 0.2000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 

1995 1996 1997 

1.0000 1.0000 1.0000 
0.3000 0.3000 0.3000 
0.2000 0.2000 0.2000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 

19!:!0 

0.0000 
0.5700 
0.9600 
1.0000 
l. o 00 o 
l. o 00 o 
1.0000 
l. o 00 o 
1.0000 

1981 1982 

0.0000 0.0000 
0.5700 0.5700 
0.9600 0.9600 
1.0000 1.0000 
1.0000 1.0000 
l. 0000 l. 0000 
1.0000 1.0000 
1.0000 1.0000 
l. 0000 l. 0000 

1983 1984 1985 

1.0000 1.0000 1.0000 
0.3000 0.3000 0.3000 
0.2000 0.2000 0.2000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 
0.1000 0.1000 0.1000 

1998 

1.0000 
0.3000 
0.2000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 

1983 

0.0000 
0.5700 
o. 9600 
l. 0000 
1.0000 
1.0000 
l. 0000 
l. 0000 
l. 0000 

1984 

0.0000 
0.5700 
0.9600 
l. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1985 

0.0000 
0.5700 
0.9600 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 

1986 

1.0000 
O. 3 DO O 
O_ 2 DO O 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 

1986 

0.0000 
0.5700 
0.9600 
1.0000 
l. 0000 
1.0000 
l. 0000 
1.0000 
1.0000 

1987 

1.0000 
0.3000 
0.2000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 

1987 

0.0000 
0.5700 
0.9600 
1.0000 
l. 00 00 
1.0000 
1.0000 
1.0000 
l. 0000 

1988 

1.0000 
0.3000 
0.2000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 

1988 

0.0000 
0.5700 
0.9600 
1.0000 
1.0000 
l. o 00 o 
1.0000 
1.0000 
l. 0000 

1989 

l. 0000 
o. 3 00 o 
0.2000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 

1999 

0.0000 
0.5700 
0.9600 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 

1990 

l. 0000 
0.3000 
0.2000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 

1990 

0.0000 
0.5700 
0.9600 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 



N 
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Table 5.1.10. (Contd.) 

Proportion of fish spawning 

------+------------------------------------· -----------------
AGE l 1991 1992 1993 1994 1995 1996 1997 
------+---------------------------------------------------

l l 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
2 l 0.5700 0.4700 0.9300 0.4800 0.1900 0.7600 0.5700 
3 l 0.9600 l. 0000 0.9600 o. 9200 0.9800 0.9400 0.9600 
4 l l. 0000 l. 0000 l. 0000 l. 0000 l. 0000 1.0000 l. 0000 
5 l l. 0000 l. 0000 1.0000 l. o o 00 1.0000 1.0000 l. 0000 
6 l l. 0000 1.0000 1.0000 l. 00 00 1.0000 1.0000 1.0000 
7 l l. 0000 1.0000 l. 0000 1.0000 1.0000 1.0000 1.0000 
8 l l. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
9 l 1.0000 1.0000 1.0000 l. 0000 1.0000 1.0000 1.0000 

------+----------------------

INDICES OF SPAWNING BIOMASS 

LPE 

------+----------------
1976 1977 1978 1979 1980 1981 1982 

l 189.0 787.0 332.0 1071.0 1436.0 2154.0 1890.0 

LPE 

------+------------------------
1991 1992 1993 

------+-
1 l 4430.0 ******* 2941.0 

1998 

0.0000 
0.8500 
0.9700 
1.0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 
l. 0000 

1983 1984 1985 1986 1987 1988 1989 1990 

668.0 2133.0 2710.0 3037.0 4119.0 5947.0 4320.0 6525.0 



N 
~ 
oo AGE-STRUCTURED INDICES 

West Scotland Surruner Acouslic Sur:vey 

------+-------------------------------------------------------------------------------------
AGE 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
------+--------------------------------------------- ---------------------

l l 249.1 ******* ******* ******* 338.3 74.3 2.8 494.2 460.6 41.2 ******* 
2 l 578.4 ******* ******* ***~*** 294.5 503.4 750.3 542.1 1085.1 576.5 ******* 
3 l 551.1 ******* ******'!< **A•*** 327.9 211. o 681.2 607.7 472.7 802.5 ******* 
4 l 353.1 ******* ******* **l< -1< * -1< -1< 367.8 258.1 653.0 285.6 450.2 329.1 ******* 
5 l 752.6 ******* ******* ******* 488.3 414.8 544.0 306.8 153.0 95.4 ******* 
6 l 111.6 ******* ******* ******* 176.3 240.1 865.2 268.1 187.1 60.6 ******* 
7 l 48.1 ******* ******* ******* 98.7 105.7 284.1 406.8 169.2 77.4 ******* 
8 l 15.9 ******* ******* ******* 89.8 56.7 151.7 173.7 236.6 78.2 ******* 
9 l 6.5 ******* ******* ******* 58.0 63.4 156.2 131.9 201.5 114.8 ******* 

------+---
X lO A 3 

Fishing Mortality (per year) 
----------------------------

------+-------------------------------------------------------------------------
AGE l 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 

1998 

1221.7 
794.6 
666.8 
471.1 
179.1 

79.3 
28.1 
13.8 
36.8 

1987 1988 1989 
------+-------------------------------------------------------------------------------------------------------------

l l 0.1945 o. 0918 0.0395 o. 0003 0.0047 0.0352 0.0271 0.0424 0.0029 0.0520 0.0559 o. 0131 0.0022 0.0100 
2 l 0.7622 0.3528 0.2932 0.0005 0.0007 0.3175 0.6508 o. 3811 0.2205 0.1962 0.5108 0.2524 o .1746 0.0975 
3 l 1.2046 0.5887 0.2689 0.0007 0.0004 0.4277 0.5876 0.5808 0.4825 0.2873 0.4276 0.2925 0.2668 0.2551 
4 l 1.0668 o. 9135 0.5078 0.0003 0.0006 0.3955 o. 7991 0.4769 0.4274 0.2885 0.3720 0.2641 o. 2 84 7 0.1764 
5 l 0.8878 o. 9137 o. 7216 0.0002 0.0003 0.3052 o. 7125 0.9523 0.4233 0.2963 0.5170 0.2360 o. 2308 0.2639 
6 l l. 0767 l. 4378 0.9865 0.0014 0.0002 0.3139 0.5661 0.7689 0.6372 0.2993 0.5977 0.4081 o .183 6 o .1169 
7 l 1.1291 0.8900 0.9486 0.0020 0.0015 0.2941 0.4642 0.7427 0.5730 0.9092 0.1626 0.4578 0.2423 0.1246 
8 l o. 9729 0.8804 0.6449 0.0008 0.0005 0.3193 0.5969 0.6494 0.4578 0.3653 0.4153 0.3082 0.2176 0.1640 
9 l o. 9729 0.8804 0.6449 0.0008 0.0005 0.3193 o. 5 96 9 0.6494 0.4578 0.3653 0.4153 0.3082 0.2176 0.1640 

1990 

0.0391 
0.1398 
0.1580 
0.2610 
o. 3 545 
o. 2 813 
0.1963 
0.2349 
0.2349 

------+------------------------------------------------------------------------------------------------------------------------



$ 

Table 5.1.10 (Contd.) 

Fishing Mortality (per year) 
------+----------------------------~------------- ---------------------
AGE 1991 1992 1993 1994 
------+---------------------

l 
2 
3 
4 
5 
6 
7 
8 
9 

0.0915 
o .1365 
o .1271 
0.1484 
0.1822 
0.2745 
0.2290 
o .1831 
0.1831 

0.0079 0.0050 0.0030 
0.1950 0.3364 0.2000 
0.2277 0.2831 0.1683 
0.1606 0.1981 0.1178 
0.1470 0.1730 0.1029 
0.2224 0.1531 0.0910 
0.1791 0.2095 0.1245 
0.1768 0.1981 0.1178 
0.1768 0.1981 0.1178 

1995 

0.0027 
0.1792 
0.1508 
0.1056 
o. 0922 
0.0815 
0.1116 
0.1056 
0.1056 

1996 

0.0026 
o .1770 
0.1490 
0.1043 
0.0910 
0.0806 
o .1102 
0.1043 
0.1043 

1997 

0.0061 
0.4054 
o. 3411 
0.2387 
0.2085 
0.1845 
0.2524 
0.2387 
0.2387 

------+----------------------------------------------------
Population Abundance (l January) 

------+-----------------------------------------------
AGE 1976 
------+-------

l 
2 
3 
4 
5 
6 
7 
8 
9 

608.3 
680.7 
156.9 

56.4 
44.7 

120.5 
16.8 

6.6 
20.1 

1977 

623.6 
184.2 
235.3 

38.5 
17.6 
16.6 
37.2 
4.9 
2.6 

------+-----------------
X 10 A 6 

1978 1979 

917.8 1221.1 
209.3 324.6 

95.9 115.6 
106.9 60.0 

14.0 58.2 
6.4 6.1 
3. 6 2 .l 

13.8 1.3 
3. 4 8. 2 

Population Abundance {1 January) 

1980 

898.9 
449.1 
240.3 

94.6 
S4.J 
52.7 
5.6 
1.9 
8.5 

1981 

1676.2 
329.1 
332.4 
196.7 

85.6 
49.1 
47.7 
5.0 
5.1 

1982 

786.3 
595.3 
177.5 
1'17- 5 
119.8 

57.1 
32.5 
32.1 
9.4 

1998 

0.0056 
0.3746 
0.3152 
0.2206 
0.1927 
o .1705 
0.2333 
0.2206 
0.2206 

1983 

3114. l 
281.6 
230.0 

80.8 
72.2 
53.2 
29.3 
18.5 
18.6 

1984 

1213.5 
1098.1 

142.5 
105.4 

45.4 
25.2 
22.3 
12.6 
5.6 

------+-------------------------------------··--------------------------·--------
AGE l 1991 1992 1993 1994 
------+-------------

l 
2 
3 
4 
5 
6 
7 
8 
9 

473.8 1056.8 
208.1 159.1 
232.8 134.5 
214.7 167.9 
236.3 167.4 

59.1 178.2 
38.9 40.6 
43.2 28.0 
27.9 35.7 

1124.9 
385.7 

97.0 
87.7 

129.4 
130. B 
129.1 

30.7 
21.8 

1152.7 
411.7 
204.1 

59.8 
65.1 
98.5 

101.6 
94.7 
96.4 

1995 

576.6 
422.8 
249.7 
141.2 

48. 
53.1 
81.3 
81.1 

102.6 

1996 

827.8 
211.6 
261. 8 
175.8 
115. o 

39.7 
44.3 
65.8 

329.9 
------+-----------------------------·--------------------

X 10 ' 6 

1997 1998 

535.3 2610.1 
303.7 195.7 
131.3 150.0 
184.7 76.4 
143.4 131.6 

95.0 105.3 
33.1 71.5 
35.9 23.3 
55.9 17.6 

1999 

1050.0 
954.8 

99.7 
89.6 
55.5 
98.2 
80.3 
51.2 
29.7 

1985 

1267.8 
445.1 
652.5 
72.0 
62.2 
26.9 
12.1 
11.4 
7.5 

1986 1987 

977.7 2365.5 
442.8 340.1 
271.0 196.8 
400.8 144.7 

48.8 250.0 
41.8 26.3 
18.0 20.8 
4.4 13.9 
6.1 23.6 

1988 

1244.8 
858.9 
195.8 
120.3 
100.5 
178.6 

15.8 
11.9 
12.7 

1989 

992.2 
457.0 
534.4 
122.8 

81.9 
72.2 

134.5 
11.3 
24.3 

1990 

588.2 
361.4 
307.1 
339.0 

93.1 
56.9 
58.1 

107.5 
27.7 



!::] Table 5.1.10 (Contd.) 
o 

Weighting factors for the catches in number 

------+------------------------------------------------
AGE l 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------

1 l 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
2 l 1.0000 1.0000 1.0000 1.0000 1.0000 I.O!KJO 
3 l l. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 
4 l 1.0000 1.0000 1.0000 l. 0000 1.0000 1.0000 
5 l 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
6 l 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
7 l 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
8 l 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

------+------------------------------------------------

Predicted SSB Index Values 

LPE 

------+--
1976 1977 1978 1979 1980 1981 1982 

l 711.5 357.8 314.4 738.7 2052.7 2320.7 1623.9 

LPE 

------+------------------------
1 1991 1992 1993 

------+------------------------
1 l 4147.2 ******* 3092.8 

------+---------------------~--

Predicted Age-Structured Index Values 

Nest Scotland Summer Acoustic Survey Predicted 

1983 1984 1985 1986 1987 1988 1989 1990 

895.0 2072.5 3293.4 2852.6 2625.6 3971.6 5499.2 5512.4 



"' __, 

Table 5.1.10 (Contd.) 

------+-----------------------------------------------------------------------
AGE l 1987 1966 1969 1990 1991 1992 
------+------------------------------------------

1 l 317.16 ~****** ******* ******* 61.56 141. 99 
355.36 
368.69 
520 .19 
402.35 
427.56 

2 l 742.68 ******* ******* ******* 475.96 
3 l 525.68 ******* ******* ******* 664.41 
4 
5 
6 

l 430.21 ******* ******* ******* 668.48 

7 
6 
9 

l 
l 
l 
l 
l 

579.67 
58.69 
36.32 
23.06 
31.24 

******* ******* 
******* ******* 
******* ****"'** 
******* ******* 
******* ******* 

------+------------------
X 10 A 3 

Fitted Selection Pattern 

******* 
******* 
•****** 
"**k*** 

***""**" 

559.78 
138.90 

74.27 
75.67 
36.82 

"19. 2 5 
49.06 
49.70 

------+---------------------------------------------
AGE l 1976 1977 1976 1979 1980 1961 
------+--------------------------------·----- --------

1 l 0.1823 0.1005 0.0777 0.9618 8.3779 0.0890 
2 1 0.7145 0.3862 0.5774 1.s222 1.269o o.B027 
3 l 1.1293 0.6445 0.5295 2.2085 0.7679 1.0814 
4 l 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
5 l 0.8322 1.0002 1.4210 0.7051 0.4442 0.7718 
6 l 1.0094 1.5740 1.9427 4.1123 0.3169 0.7937 
7 l 1.0584 0.9742 1.8680 5.8819 2.6729 0.7435 
8 l 0.9120 0.9638 1.2699 2.5226 0.9556 0.8073 
9 l 0.9120 0.9636 1.2699 2.5226 0.9556 0.8073 

------+ 
Fitted Selection Pattern 
------+-------------------------
AGE 
------+-

l 
2 
l 
4 
5 
6 
7 
8 
9 

1991 

0.6168 
o. 9195 
0.8560 
1.0000 
1.2279 
l. 8497 
l. 542 8 
l. 2334 
1.2334 

1992 

0.0491 
l. 2145 
l. 4180 
1.0000 
0.9156 
1.3846 
1.1152 
1.1006 
1.1006 

1993 

0.0254 
1.6980 
l. 4287 
1.0000 
0.8732 
0.7726 
l. 0572 
l. 0000 
1.0000 

1994 

0.0254 
1.6980 
1.4287 
l. 0000 
o. 8732 
o. 772 6 
1.0572 
1.0000 
1.0000 

1995 1996 

0.0254 0.0254 
1.6980 1.6980 
1.4287 1.4287 
1.0000 1.0000 
0.8732 0.8732 
0.7726 0.7726 
l. 05"12 l. 0572 
1.0000 1.0000 
l. 0000 l. 0000 

1993 

151. JO 
814.42 
259.95 
267.69 
307.60 
322.69 
248.67 
53.49 
30.14 

1962 

0.0339 
0.8144 
0.7353 
l. 0000 
0.8917 
0.7085 
0.5609 
0.7470 
0.7470 

1997 

0.0254 
1.6980 
1.4267 
l. 0000 
0.8732 
0.7726 
l. 0572 
1.0000 
l. 0000 

1994 

155.18 
918.06 
573.02 
166.54 
159.17 
249.00 
202.41 
170.18 
137.45 

1995 

77.63 
950.62 
705.95 
447.41 
118.15 
134.90 
162.95 
146.47 
146. 96 

1983 1984 

0.0886 0.0067 
0.7991 0.5159 
1.2179 1.1288 
l. 0000 l. 0000 
1.9968 0.9904 
l. 6124 l. 4906 
1.5575 1.3406 
l. 3617 l. 0709 
l. 3617 1. 0709 

1998 

o. 02 54 
l. 6980 
l. 42 87 
l. 0000 
o. 673 2 
0.7726 
l. 0572 
1.0000 
l. 0000 

------+----------------------------------------------------------------

1996 

111. 45 
476.06 
740.71 
557.31 
262.57 
100.81 

88.83 
118.90 
472.85 

1985 

0.1803 
0.6800 
0.9959 
l. 0000 
1.0270 
1.0373 
3.1514 
l. 2662 
l. 2662 

1997 

******* 
******* 
******* 
******* 
******* 
******* 
******* 
**tr**** 
******1r 

1966 

0.1503 
l. 3731 
1.1493 
1.0000 
1.3896 
1.6065 
0.4371 
l .1162 
1.1162 

1996 

351.00 
406. 96 
397.08 
231.22 
310.56 
258.00 
136.40 

40.17 
24.11 

1987 

0.0496 
0.9557 
1.1079 
l. 00 00 
0.6939 
1.5455 
l. 73 l 8 
1.1671 
1.1671 

1968 

0.0076 
0.6132 
0.9371 
1.0000 
0.8109 
0.6448 
o. 8511 
0.7642 
0.7642 

1989 1990 

0.0564 
0.5526 
1.4456 
l. 0000 
1.4957 
0.6625 
0.7061 
o. 9292 
0.9292 

0.1497 
0.5354 
0.6052 
1.0000 
1.3579 
1.0777 
o. 7521 
0.9000 
0.9000 
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N ..., Table 5.1.10 (Contd.) N 

STOCK SUMM.ARY 

3 Year 3 Recruits ' Total 1 Spawning 3 Landings 3 Yield 3 Mean F 3 SoP 3 

Age l l Biomass l Biomass J ' !SSB ' Ag es 
thousands l tennes 3 tonnes 1 tonues 3 ratio 3 3- 6 ' (%) ' 

1976 608330 265510 74576 ':l3642 l. 2557 1.0590 100 
1977 623590 164455 53084 41341 0.7788 0.9634 109 
1978 917780 172462 49790 22176 0.4454 0.6212 99 
1979 1221110 220316 75971 60 0.0008 0.0007 99 
1980 898910 257654 125936 306 0.0024 0.0004 99 
1981 1676160 368357 133816 51420 0.3843 0.3606 103 
1982 786330 310278 112155 92361 0.8235 0.6663 96 
1983 3114060 442218 83533 63523 0.7604 o. 6 94 7 97 
1984 1213520 371780 126535 56012 0.4427 0.4926 105 
1985 1267830 370035 159108 39142 0.2460 0.2929 99 
1986 977730 340532 148193 70764 0.4775 0.4786 95 
1987 2365500 427469 142238 44360 o. 3119 0.3002 l 02 
1988 1244830 402380 174544 35591 0.2039 0.2415 97 

. 1989 992210 387165 205022 34026 0.1660 0.2031 98 
1990 588210 344294 205265 44693 0.2177 0.2637 JOl 
1991 473810 278045 178318 28529 0.1600 0.1831 93 
1992 1056840 302810 157340 28992 0.1843 0.1894 99 
1993 1124860 290564 154238 31778 0.2060 0.2018 100 
1994 1152740 289962 161308 24430 0.1514 0.1200 100 
1995 576600 255450 152400 29575 0.1941 0.1075 99 
1996 827790 297580 211802 26105 0.1233 0.1062 95 

1997 535250 227674 134933 40324 0.2988 0.2432 99 

1998 2610090 317682 108928 33353 0.3062 0.2248 106 

-------
No of years for separable analysis 6 
Age range in the analysis ' l 9 
Year range in the analysis ' 1976 1998 
Number of indices of SSB : l 
Number of age-structured indices l 

Parameters to estimate 36 
Number of observations 137 

Conventional single selection vector model to be fitted. 

------------------------------
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Table 5.1.10 (Contd.) 

PARAMETER ESTIMATES 

3 Parm. 3 3 Maximum 1 

1 No. 3 3 Likelh. 3 CV 3 Lower 3 Uppe:r.-
3 Estimate 3 (%) 3 95% CL 3 95% CL 

Separable model : F by year 
l 1993 0.1981 23 
2 1994 0.1178 24 
3 1995 0.1055 24 
4 1996 0.1043 25 
5 1997 0.2387 29 
6 1998 0.2206 36 

Separable Model: Selection 
7 l 0.0254 27 
8 2 1.6980 23 
9 3 1.4287 22 

0.1251 
0.0732 
0.0649 
0.0628 
0.1339 
0.1077 

(Sl by age 
0.0148 
1.0701 
0.9239 

0.3139 
0.1895 
0.1717 
0.1730 
0.4257 
0.4520 

0.0435 
2.6942 
2.2092 

4 
5 
6 
7 
8 

1.0000 
0.8732 
o. 7726 
1.0572 
1.0000 

Fixed : Reference Age 
lO 
11 
12 

20 
19 
19 

0.5899 1.2925 
0.5240 
o. 714 9 

1.1392 
1.5635 

Fixed Last true age 

Separable 
13 

model: Populations 
l 2610093 60 

in year 1998 
794550 8574140 

14 
15 
16 
17 
lB 
19 
20 

2 195716 42 
3 150013 42 
4 76427 38 
5 131628 34 
6 105301 31 
7 71476 28 
B 23293 30 

85076 
65412 
35727 
67272 
56251 
40611 
12810 

Separable model: 
21 1993 

Populations at age 
30740 40 13866 

22 1994 94717 30 51665 
23 1995 81125 27 46924 
24 1996 65821 26 39156 
25 1997 35910 26 21193 

SSB Index catchabilities 
LPE 

450244 
344034 
163489 
257549 
197120 
125798 

42356 

68148 
1"73643 
1402S4 
110644 

60845 

-s.e. 

0.1567 
o. 0924 
0.0823 
0.0805 
o. 1777 
0.1530 

0.0193 
1.3416 
1.1438 

o. 7148 
0.6338 
0.8659 

1422715 
127945 

98223 
51850 
93458 
76472 
53567 
17169 

20479 
69523 
61355 
50498 
27439 

(Q) and exponents {K) at age 

l Mean of 3 

+s.e. l Param. 1 

3 Oistrib. 3 

0.2505 0.2037 
0.1501 0.1213 
0.1353 0.1089 
0.1350 0.1078 
0.3207 0.2494 
0.3181 0.2359 

0.0334 
2.1489 
1.7845 

l. 0666 
0.9419 
1.2908 

4788440 
299385 
229110 
112651 
185387 
144997 

95372 
31602 

46144 
129041 
107266 

85792 
46996 

o. 02 64 
1.7457 
1.4645 

0.8908 
0.7879 
1.0785 

3137732 
214220 
164086 

82400 
139577 
110829 

74512 
24403 

33384 
99356 
84353 
68173 
37233 

Power model 
26 l Q 
27 l K 

fitted. Slopes 
7.554 19 
.99BBE-07 19 

6.343 13.87 7.683 11.45 9.569 
.8492E-06 .1857E-05 .1029E-05 .1533E-05 .1388E-05 
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N Table 5.1.10 (Contd.) ...., ... 
Age-structured index catchabilities 

West Scotland Sununer Ac:oustic Survey 

Linear model fitted. Slopes at age : 
28 l Q . 2011 128 .5859E-Ol 9.007 . 2011 2.624 l. 658 
29 2 Q 2.723 42 l. 809 9.610 2.723 6.385 4.566 
30 3 Q 3.253 42 2.160 l l . 5o 3.253 7.636 5.459 
31 4 Q 3.439 42 2.288 12.08 3.439 8.037 5.753 
32 5 Q 2.652 42 1.769 9. 252 2.652 6.169 4.422 
33 6 Q 2.730 42 1.821 9.512 2.730 6. 345 4.549 
34 7 Q 2.180 42 1.455 7.595 2.180 5.067 3.633 
35 8 Q 1. 960 42 l. 302 6.918 l. 960 4. 596 3.287 
36 9 Q l. 555 42 1.033 5.491 l. 555 3.647 2.608 

RESIDUALS ABOUT THE MODEL FIT 

Separable Model Residuals 

------+----
Age 1993 1994 1995 1996 199'/ 1998 
------+---------------------------

l l 1.602 -0.231 -1.299 0.344 -0.404 -0.014 
2 l -0.007 -0.573 o. 311 0.240 -0.324 0.330 
3 l -0.151 0.335 -0.044 -0.063 0.146 -0.067 
4 l -0.314 -0.053 0.457 -0.587 -0.032 o. 794 
5 l -0.389 0.204 o. 287 -0.238 0.029 0.039 
6 l -0.178 -o. 007 0.059 -0.157 0.272 -0.090 
7 l -0.192 -0.074 0.074 0.065 0.517 -0.495 
8 l -0.112 0.193 0.029 0.309 -0.198 -0.442 

---------------------

SPAWNING BIOMASS INDEX RESIDUALS 

LPE 

------+-----------------------
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

------+-----------------------------------
1 l -1.326 0.788 0.055 0.371 -0.357 -0.075 0.152 -0.293 0.029 -0.195 0.063 0.450 0.404 -0.241 0.169 

------+-----------------
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Table 5.1.10 (Contd.) 

LPE 

------+------------------------
1991 1992 1993 

------+------------------------
l 0.066 ******* -0.050 

------+--

AGE-STRUCTURED INDEX RESIDUALS 

West Scotland Summer Acoustic Survey 

------+---------------------------------------------
Age 1987 1988 1989 1990 1991 1992 
------+-----------------

l l -0.242 ******* ******* ******* 1.704 -0.648 
2 l -0.250 ******* ******* *****"'* -0.4HO 0.348 
3 l 0.047 ******* *****""* *****""* o. 706 -D.5oB 
4 l -0.198 ******* ******* ******* -0.597 -0.701 
5 l 0.261 ******* ******* ~****** -0.137 0.030 
6 l 0.643 ******* ******* ******" 0.239 -0.577 
7 l 0.281 ******* ******* ******* 0.285 0.288 
8 l -0.373 ******* ******* ******* 0.172 0.145 
9 l -l. 570 ******* ******* **"'**** 0.402 0.244 

------+-------------------------

PARAMETERS OF THE DISTRIBUTION OF ln(CATCI!ES AT AGE) 

Separable model fitted from 1993 
Variance 

Skewness test stat. 
Kurtosis test statistic 
Partial chi-square 
Significance in fit 
Degrees of freedom 

to 1998 
0.3549 
1.7314 
6.3909 
0.9746 
0.0000 

23 

PARAMETERS OF DISTRIBUTIONS OF 'rHE SSB INDJCES 

1993 1994 1995 1996 1997 1998 

-4.004 1.158 l. 781 -0.995 ******* l. 24 7 
-0.082 -0.527 o .132 0.191 ******* 0.669 

0.963 0.059 -0.401 0.080 ******* 0.518 
0.892 0.415 0.006 -0.527 ******* 0.712 
0.570 0.656 0.259 -1.086 ******* -0.551 
0.986 0.074 0.327 -0.509 ******* -1.180 
o .133 0.698 0.038 -0.138 ******* -l. 582 
l. 043 0.021 0.479 -0.419 ******* -1.065 
l. 645 -0.041 0.316 -1.416 ******* 0.422 

---------------------



!::l Table 5.1.10 (Contd.) 
a-

DISTRIBUTION STATISTICS FOR LPE 

Power Gatchability relationship assumed 
Last age is a plus-group 

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

o. 2176 
-2.0195 
2.2994 
0.4894 
0.0000 

17 
15 

1.0000 

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES 

DISTRIBUTION STATISTICS FOR West Scotland Suuuner Acoustic Survey 

Linear catchability relationship assumed 

Age l 2 3 4 5 
Variance 0.0420 0.0191 0.0346 0.0419 0.0380 

Skewness test stat. -1.2321 O.llJ4U o .449 9 0.3276 -0.8366 
Kurtosis test statisti O.ll96 -0.6072 -0.4636 -0.8260 -0.2929 
Partial chi-square 0.0250 0.0101 0.0188 0.0230 o. 0213 
Significance in fit 0.0000 0.0000 0.0000 0.0000 0.0000 
Number of observations 8 8 8 8 8 
Degrees of freedom 7 7 7 7 7 
Weight in the analysis o. 0111 o .1111 o .1111 o .1111 o .llll 

6 7 8 9 
0.0562 0.0519 0.0447 0.1218 

-0.3403 -1.9594 -0.0557 -0.3172 
-0.5344 1.0826 -0.2345 -0.3612 
0.0321 0.0308 0.0288 0.0779 
0.0000 0.0000 0.0000 0.0000 

B 8 8 8 
7 7 7 7 

o .1111 o .1111 o .1111 o .ll11 
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Table 5.1.10 (Contd.) 

ANALYSIS OF VARIANCE 

Unweighted Statistics 

Variance 

Total for model 
Catches at age 

SSB Indices 
LPE 

Aged Indices 
West Scotland Summer Acoustic Survey 

Weighted Statistics 

Variance 

Total for model 
Catches at age 

SSB Indices 
LPE 

Aged Indices 
West Scotland Summer Acoustic Survey 

SSQ Data 
63.6115 

8. 1636 

3.2635 

52.1844 

SSQ Data 
11.7478 

8.1636 

3.2635 

0.120"/ 

Parameters d. f. Variance 
137 36 101 0.6298 

48 25 23 0.3549 

17 2 15 o. 2176 

72 9 63 0.8283 

Parameters d. f. Variance 
137 36 101 0.1163 

48 25 23 0.3549 

17 2 15 0.2176 

72 9 63 0.0051 



Table 5.1.11. Herring in Vla(N). ICA run log for the maximum-likelihood ICA calculation 

Integrated Catch at Age Analysis 

version 1.4 w 
K.R.Patterson 

Fisheries Research Services 
Marine Lahoratory 

Aberdeen 
8 March 1998 

Enter the name of the index file -->a 
c: \herl:Wg99\h6a\data\canumest. csv 
c: \her:t:wg99\h6a\data\weca .dat 

Stock weiqhts in 1999 used for the year 1998 
c: \herrwq99\h6a\data\west .dat 
Natural mortality in 1999 used for the year 1998 

c: \herrwq99 \h6<> \data \nat.mor. d"'t 
Maturity ogive in 1999 used for the year 1998 

c: \herrwg99\h6a\data\matprop .dat 
Name of age-structured index file (Enter if nonel -->b 
Name of the SSB index file (E:nter if nonel -->c 
No of years for separable constraint ?--> 6 
Reference age for separable constraint ?--> 4 
Constant selection pattern model (Y/NI ?-->y 
S to be fixed on last age ?--> 1.000000000000000 
First age for calculation of reference F ?--> 3 
Last age for calculation of reference F ?--> 6 
Use default weighting ('f/N) 7 ->y 
Is the last age of West Scotland Summer Acoustic Survey a plus-group ('f/NI-->y 

You must choose a catchability model for each index. 
Model for LPE is to be A./L/P ?-->p 
Model for West Scotland Summer Acoustic Survey to be A/L/P 7-->1 
Fit a stock:-recruit relationship (Y/N) ?-->n 
Enter lowest feasible F--> S.OOOOOOOOOOOOOOOJE-02 
Enter highest feasible F--> 1.000000000000000 

Mapping the F-dimension of the SSQ surface 
F SSQ 

------+-------------------
. 05 10 . 0831860140 
lO 9.2134277907 

" 8.8757738253 
20 8.7966237153 

. 25 ' .3449922212 

. 30 8. 9587535191 

. 35 .1077624500 

·" .2775873998 
.45 .4623798827 
50 .6622984341 

o 55 8852059882 
o 60 10 1594390.'l04 
o " 10 . 3527456466 
o 70 10 . 519752.'l720 

. " lO . 6943933108 
30 lO. 8490390064 
85 10 . 9569776236 

o " 11 . 0600509241 
o 95 11. 1585365217 
l. 00 " .2527089695 

Lowest SSQ i> for F o. 200 

No of years for separable ana1ysis 
Aqe range in ~-Ile analysis 1 
Year range in the analysi.s 1976 1998 
Number cf indices of SSB 
Number of age-structurE'.d indices 
Parameters to est~rna~e 35 
Nurnber of observa~_:.nns 137 
Conventiona1 s~ng~e selection vector rnodel to be ~itt~d. 

Survey weigh':.ing co b• Mcmual lreccrrmended) O< Iterative 
Enter weighc ,,, LPE--> l . 00000 DO O O O 00000 
Enter we~ghc fo:::- ;~est 5~,-,t land Summer Acoustic Surve y 
Enter weight '"' ;~.,St sc:.tland summer Acoustic Survey 
Enter weight '" 'Nest S<ec.t.Cand Summ«r Acoustic Survey 
Enter weight for 'Neo;t Sc:.tland summer Acoustic Survey 
Enter weight foc ·Nest S:::.t:.and summer Acoustic Su:rv .. y 
Enter weight bo West Scot:and Summer Acoustic Survey 
Enter weigllt ,,, 'Nest SCO':.!.and summer Acoustic Survey 
Ente.:- weight foo West Scotland Summer Acoustic Survey 
Enter weight ,,, West Scot1and o~r Acoust~c Survey 

Enter estimates ,, <he extent co which errors 
in the a~e-structured indices are correlated 
across ages. This can be in the range O (independence) 
to l (correlated errors). 

., ., ., 
"' "' "' "' "' "' 

(MiT} ?-->M .,. 1--> 
age 2--> 
age J--> 
<>;re ' ··.'> 

agE' 5--> .,. 6--> 

ag" .,. 8--> .,. 9--:· 

.l.JOOODOQOOOOIJC·C· 

. O.JODOOO QO O COOOC 

. 000000000 o o ooc o 
1 , O.J.JOOOOOO O O O C C G 
l. ooooooooooooccc 
l. OOOOOOOOODOOGCO 

000000000 o o o c c o 
0000000000 o o o c o 

'0000000000 o o c co 

Enter va1ue for West Scotland summer Acoustic Survey--> 1.000000000000000 
Do you want to shrink the final fishing morta1ity (Y/NI ?-->N 

Seek:ing solution. Please wait. 
SSB index weights 

1.000 
Aged index weights 
West Scotland Summer Acoustic Survey 

Age 1 2 3 4 5 
Wts 0.011 0.111 0.111 0.111 O 111 0.111 0.111 0.111 0.111 

F in 1998 at age 4 is 0,220641 in itE'ration l 
Detai1ed, Normal or Summary output (D/N/SI-->D 
Output page width in characters (e.g. 80 .. 132) ? -> 132 
Estirnate historical assessment uncertainty ?-->n 

Succesful exit fram ICA 
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Table 5.1.12. Herring in VIa(N). Example input file for stochastic projections, in this case for the 
option ofF1999 = Fl998, and for a catch constraint in 2000 = 68 OOOt 

Projection input file HERR VIa(N) 
Number of fleets Number of Years 

l 3 
Catch Ratio for each fleet at age in 1997 : Including discarded fish 
Age All Fishery 

l l. 

' l. 
3 l. 
4 l. 
5 l. 
6 l. 
7 l. 
8 l. 
9 l. 

Retention Ogive for 
l l. 
2 l. 
3 l. 
4 l. 
5 l. 
6 l. 
7 l. 
8 1. 
9 l. 

each 
l. 
l. 
l. 
l. 
l. 
l. 
l. 
l. 

fleet by Age 
l. 
l. 
l. 
l. 
l. 
l. 
l. 
l. 

1. L 

in All years 
1. l. 
1. l. 
1. l. 
l. l. 
l. 1. 
l. l. 
l. l. 
l. l. 
l. l. 

Exploitation 
1999 -1.0 
2000 68000 
2001 68000 

Constraint by Year 
-1.0 -1.0 

(-ve values: F-constraints; 
-1.0 -1.0 

-l. O -l. o -1.0 -1.0 
-l. O -l. O -1.0 -1.0 

Mean weight at age in the catches of each fleet 
l 0.09118 
2 0.1384 
3 0.17236 
4 0.184 
5 0.20872 
6 0.21784 
7 0.23192 
8 0.23154 
9 0.25928 

Mean weights at age in the discards by each fleet 
1 0.09118 
2 0.1384 
3 0.17236 
4 0.184 
5 0.20872 
6 0.21784 
7 0.23192 
8 0.23154 
9 0.25928 

First year for management simulations 
2CJ1J 
Target F-Multipiers by fleet and by year 
2810 -l.J -1.0 -1.0 -1.0 -1.0 

+ve values, Catch constraints) 
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Table 5.1.13 Herring in Vla(N). Stochastic projeetions for F99=F98 and varlous 
catch constraints in 2000. Catch and Spawning Stock Biomass in thousands of tonnes. 

1999 

Vi eld 
~ IEB~a~so~··~----~E~~ 
l F99=F98 l 50 

2000 

280 

Percentiles 

25%1 50%1 
361 45! 

75% 

57 

SSB 
jExpected 

l 131 

SSB 
Expected 

138 
150 
146 
141 
124 

Percentiles 

25%1 500Æ.j 
sol 11al 

Percentiles 
25% 50% 

82 122 
90 132 
86 128 
81 123 
63 105 

75% 

166 

75% 

182 
196 
192 
187 
170 



Table 5.1.14. Herring in Vla(N). Example ICP log file as used for the stochastic projections 

Medium-Term Projections 

ICP 

K.R. Patterson 
SOAEFD Marine Laboratory 

Aberdeen 

Written Decernber 1997 for ICA v1.4 w 
Revision March 1999 

Enter Random-Number seed--> 120 
Enter the no. of years between spawning and recruitment at age--> l 
Change any of the populations (Y/N) 7-->n 
Enter the name of the projection file -->l.dat 

Population parameters for the projections are set by taking a mean over a 
number of the last years of the data set. 

Use mean natural rnortality from 1998 back to--> 1994 
Use rnean rnaturity ogive from 1998 back to--> 1994 
Use rnean weight at age in the stock from 1998 back to--> 1994 
Enter the reference spawning stock size (e.g. MBAL, Bpa)--> 

8.0000000000000000E+05 
Enter the maximum allowable F-multiplier--> 10.000000000000000 

Choose type of stock recruit relation : 
S- Shepherd R = a.SSB/(l+SSB/b)"c 
B Beverton-Holt R a.SSB/(l+SSB/b) 
R- Ricker R a.SSB.exp(-b.SSB) 
O - Ockham R GM over observed SSB range 

then linear to origin 
N - None R = Historie Geometric Mean R 

Enter your choice (S/B/R/0/N) ?-->n 
Enter first year of data for stock-recruit rnodel--> 1986 
Enter last year of data for stock-recruit model--> 1996 
Autocorrelated or Independent errors (I/A)-->i 
Use ICA or SRR (I/S) rnodel value for recruitrnent in 1998-->s 
Use ICA or SRR (I/S) rnodel value for recruitrnent lTI 1999-->s 
Use default percentiles (Y/N) ?-->y 
Use ICA-derived resamples ?-->y 
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Table 5.2.1 Catches ofHERRING from the Firth of Clyde. Spring and autumn-spawners combined. Catch in tonnes 
by country, !955-1998. 

Year 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 
All Catches 
Total 4,050 4,848 5,915 4,926 10,530 15,680 10,848 3,989 7,073 14,509 15,096 

Year 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 
All Catches 
Total 9,807 7,929 9,433 10,594 7,763 4,088 4,226 4,715 4,061 3,664 4,139 

Year 1977 1978 1979 1980 1981 1982 1983 1984 1985 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 2,3083 1,3443 6793 4394 

Agreed 3,000 3,000 3,100 3,500 
TAC 
Total 4,847 3,862 1,951 2,081 2,135 4,021 4,361 5,770 4,800 4,650 3,612 

Year 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
Scotland 1,568 2,135 2,184 713 929 852 608 392 598 371 779 
OtherUK 283 119 213 
Unallocated' !lO 208 75 18 
Discards 2454 2 -2 

A![eed TAC 3,200 3,200 2,600 2,900 2,300 1,000 1,000 1,000 1,000 1.000 1,000 
Total 1.923 2,343 2,259 731 929 852 608 392 881 490 992 

LCalculated from cstimate.\ of weight per box: and in some years estirnated 3Bæ.cd on sampling. 
by-catch in the sprat fishery 

~stimated assuming the same discarding 2Reported to be at a low level, assumcd to be zero. 
rate as in 1986. 

Table 5.2.2 Sampling levels ofC1yde HERRING 1988-!998. 

Year Reported catch No. of No. of fish No. offish Discards 
(tonnes) samples measured aged 

1988 1,568 41 5,955 2,574 Based on local reports 
1989 2,135 45 8,368 4,152 
1990 2,184 37 5,926 3,803 
1991 713 29 4,312 2,992 No information 
1992 929 23 4,604 1,579 No information 
1993 852 16 3,408 798 No information 
1994 608 16 3,903 1,388 No information 
1995 392 16 2,727 1,073 No information 
1996 881 9 1,9!5 679 No information 
1997 490 3 650 383 No information 
1998 992 3 462 196 
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Table 5.2.3 Clyde HERRING catch in numbers at age. Spring- and autumn-spawners combined. 
Thousands of fish. 

Age (Ri_rlg_sJ_ __________________ --···- -- ----- -- --- --- -

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 

l 5008 2207 1351 9139 5308 12694 6194 1041 14123 507 
2 7551 6503 8983 5258 8841 1876 10480 7524 1796 4859 
3 10338 1976 3181 4548 2817 2483 913 6976 2259 807 
4 8745 4355 1684 1811 2559 1024 1049 1062 2724 930 
5 2306 3432 3007 918 1140 1072 526 1112 634 888 
6 741 1090 1114 1525 494 451 638 574 606 341 
7 760 501 656 659 700 175 261 409 330 289 
8 753 352 282 307 253 356 138 251 298 156 
9 227 225 177 132 87 130 178 146 174 119 
10+ 117 181 132 114 59 67 100 192 236 154 

Age (Rings) 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

l 333 312 220 314 4156 1639 678 508 o 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 
6 204 433 663 555 587 2654 1847 1983 1319 252 
7 125 486 145 415 489 917 644 1427 510 146 
8 48 407 222 189 375 681 287 680 234 29 
9 56 74 63 85 74 457 251 308 66 16 
10+ 68 18 53 38 80 240 79 175 16 5 

Age(Rings) 

1990 1991 1992 1993 1994 1995 1996 1997 1998 

l 716 42 145 3 399 118 494 275 323 
2 1004 615 411 418 964 1425 1962 2005 2731 
3 839 472 493 261 964 186 1189 429 1779 
4 7533 703 385 268 358 189 273 346 667 
5 576 1908 1947 1305 534 149 544 18 344 
6 359 169 333 327 319 130 183 52 77 
7 329 92 91 78 76 66 208 o 55 
8 119 113 69 111 57 35 127 5 35 
9 49 22 32 38 16 15 52 61 55 
lO+ 16 9 lO o 17 l 9 * 

* change to 9+ in 1997. 
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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 caLch 

(rings) 1970-81 1982-85 1986 1987 1988 1989 1990 1991 IIJ92 1993 1994 1995 1996 1997 1998 
l 102 90 112 103 
2 225 149 166 149 156 149 170 143 141 141 92 151 146 142 148 
3 270 187 199 194 194 174 186 163 187 174 157 174 184 174 174 
4 290 228 224 203 207 203 202 188 188 198 184 201 203 192 189 
5 310 253 253 217 211 221 216 192 216 213 212 226 233 231 204 
6 328 272 265 225 222 227 237 198 227 216 249 241 255 228 218 
7 340 307 297 236 230 235 234 210 206 229 248 249 257 189 229 
8 345 291 298 247 225 237 234 222 218 261 240 252 255 286 240 
9 350 300 298 255 244 219 257 200 201 233 249 242 284 218 246 
10+- 350 300 321 258 230 254 272 203 221 254 294 270 239 • 

* change to 9+ in 1997 

Table 5.2.5. Catch per unit effort on Clyde Herring 1974 to 1998, catch, Scottish Pair Effort. 
Pair days absense, raised pair effort (by additional non-pair catch) and estimated CPUE 

Year Catch Pair Effort Raised Pair Effort CPUE 
1974 4061 3376 3376 1.20 
1975 3664 3209 3209 1.14 
1976 4139 30!6 3016 1.37 
1977 4847 4186 4186 1.16 
1978 3862 4379 4379 0.88 
1979 1951 2933 2933 0.67 
1980 2081 1982 1982 1.05 
1981 2135 1529 1529 1.40 
1982 4021 1755 1755 2.29 
1983 4361 1644 1644 2.65 
1984 5770 1401 1401 4.12 
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 5.27 
1991 731 169 254 2.88 
1992 929 137 165 5.63 
1993 852 194 224 3.80 
1994 608 104 Ill 5.48 
1995 392 79 89 4.40 
1996 881 82 127 6.94 
1997 490 12 36 13.60 
1998 992 lO 13.04 76.07 
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Figure 5.1.14 Herring in Vla(N). lllustration of residuals from deterministic calculation_ Diagnostics of the fit of the 
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-------------

6 HERRING IN DIVISIONS VIA (SOUTH) AND VIffi,C 

6.1 The fishery 

6.1.1 Advice and management applicable to 1998 and 1999 

The TAC for this area for 1998 was 28,000 t. This was a precautionary TAC and was the same as that set each year 
since 1992. The total catch estimatcd by the Working Group to have been taken from the stock during 1998 wa' 
approximately 38,900 t. This catch was approximately 11,700 t higher than that recorded for 1996 and the highest catch 
recorded since 1990. There has been considerable misreporting of catches in this area. The total official catch is 
believed to have bccn much been much lower for a number of years than the actual catch taken from the stock. 

In 1998 ACFM considered that it was problematic to judge the state of this stock because of the lack of fishery 
independent data. It was however considered to be harvcsted outside safe biological limits as dcfined by the proposed 
reference points. It was recommended that F in 1999 should be reduced by 30% to 0.41 in order to rebuild the SSB. 
This reduction in F corresponded to a catch of 19,000 t in 1999. The TAC set by the EU for 1999 was 21,000 t 
compared with 28,000 t for 1998. 

6.1.2 Catch data 

The main landings in 1998 from this fishery were again raken by Ireland who took over 95% of the total allocatcd 
catches. (Tab le 6.1.1) 

The total amount of unallocated catches in 1998 was Il ,000 t. This was the highcst amount of unallocated catches from 
the area for a numbcr of ycars and was mainly comprised of catches taken in Division VIaS but recorded as having been 
taken in Division VIaN. 

The total international catches, from Sub-arcas VI and VII per statistical rectanglc, based on log book data, but not 
corrected. for "misreporting" are shown in Figurcs 4.2.1 a-d. 

The catches and landings laken by each country fishing in this area from 1987-1998 are shown in Table 6.1.1 and the 
total catches from 1970 are shown in Figure 6.1.1. There were no cstimates of discards reported from 1997 and there are 
no indications that discarding is a major problem in this fishery even though substantial catchcs in recent years have 
been taken in a "roe" fishery. The catches for 1998 are preliminary. It has not heen found necessary to make any 
revisions to the 1997 data. 

6.1.3 The fishery in 1998 

In 1998 increased catches were taken by the Irish !leet during Quarter l. These catches were mainly takcn from the 
spawning grounds off the north coast of Ireland in the northern part of Division VIaS and consisted of spawriing fish. 
These winter/spring spawning fish have become increasingly abundant in this area in recent years and the Herring 
Working Group have commented on this on a number of occasions. As in recent years autumn spawning fish appeared 
to be scarce throughout the year particularly in the old traditional fishing grounds in Division Vllb. However large 
amounts of herring appeared during late October and November in the southern part of Division V laS and considerable 
catchcs were made during this period. Over 50% of the rota! Irish catch taken during 1998 came from the first quarter. 
The increased Irish catches were the rcsult of management decisions which allowcd the fishery to remain open during 
the first and second quarters. The fishery wa.s cvcntually closed in earl y Decem ber whcn the overall quota was reached. 

Although there was a significant increase in the total catch taken from this fishery in 1998 the Irish fishery was, as in 
recent years, severely affected by poor markets. The number of Irish vcssels that participated in the 1998 fishery was 
about the same as in recent years. 

6.1.4 Catch in numbers at age 

The catchcs at age for this fishcry since 1970 are shown in Table 6.1.2. In rcccnt years the catches in numbers at age 
have been deri ved mainly from Irish sampling data. The catches during 1998 wcrc mainly dominated by 3 w.ring fish 
i.e., the 1994 year class which constituted over 32% of the total number. This year class also dominated the catches 
taken during 1997 when it recruited to the stock during the fourth quarter. Herring belonging to the 1995 year class 
constituted over 29% and again appeared to recruit during the fourth quarter. 
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6.1.5 Quality of the catch and biological data 

The management of the Irish fishery in recent years is believed to have tightened considerably. Area misreporting of 
catches is still a problem bctween Divisions VlaN and VlaS and some doubts have also been expressed about same of 
the quantities and the species composition. 

The numbers of samples and the biological data, together with the length distribution of the catches taken per quartcr by 
the Irish fleet, are shown in Tables 6.1.3 and 6.1.4 respectively. Sampling of catches throughout 1998 was maintained at 
a satisfactory rate. 

6.2 Mean Weights at Age 

The mean weights (g) at age in the catches in 1998 are based mainly on Irish samples, together with two Dutch samples. 
The mcan weights from 1970-1998 are shown in Table 6.2.1. The mean weights in 1998 are slightly lower than those 
of 1997 and may be as a res ult of the increased proportion of the total catch which was laken in the first quartcr. 

The mean weights at age for spawning stock for this area have always been calculated for l October and have in recent 
years been based on Irish sarnples of prespawning fish taken during the fourth Quarter. In 1998 the Working Group 
suggested that, as the spawning period for the stocks in the area extends from Octobcr to following March, it would be 
more appropriate to use mean weights calculated over the equivalent period. It was also suggested that thcse mean 
weights should be presentcd for a number of recent seasons. The appropriate data is now available for the 1996--1998 
seasons and has been used in the VPA. The full data set is shown in Table 6.2.2. 

6.3 Ground fish Surveys 

Ground fish surveys have bcen carried out during November along the west coast of lreland from 1993 to 1998. More 
than 60 stations have been sarnpled each year with a bottom lrawl 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 providc recruitment indices 
for herring. However. the data has not yet been proper! y evaluated. 

6.4 Stock surveys 

No acou.stic surveys have been carried out on this stock in 1998 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 pointcd out in the previous report 
herring fisheries are extremely important to the local communities along the Irish coast and there is an extremdy high 
catching capacity of the fleet in the area. 

6.5 State of the Stock 

Analytical asscssments have not been carried out on this stock for a numbcr of years because of the ahsencc of survey 
data. Recent Working Groups have therefore only carricd out VPA analyses to study the devclopment of the stock and 
no stock projections have been made. The rcsults of those analyses have indicated that the stock has decreased in recent 
years from a high leve! in 1988. This high leve! was as the result of recruitment of the exceptionally strong 1985 year 
class which domina!ed the catches in this area for a lang period. In 1998 the Working Group carried out an analysis of 
the relationship between es ti mates of rccruitment and terminal F in order to de fine a range of consistent F' s to be used 
in the assessment. The analysis indicated that either recruitment had been exceptional in 1997 or there had been a 
considerable increase in fishing mortality. Indications from the fishery and the catch in numbers at age suggested that 
the latter was the more li kei y conclusion. Because of the two components present in the stock and the apparent increase 
in the proportionate abundance of the winter/spring component the Working Group suggcsted that an evaluation of the 
age compositions of the autumn and winter/spring spawning components should be carried out separately in order to 
detcrmine if both components are declining at the same rate. It was thercfore decided that separable VP As should be 
carried out on the age compositions of both components over the period 1970-1998 using a range of terminal Fs. A 
num ber of assumptions had to be made on splitting the ca te hes and on the biological data. 
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Winter/ Spring Spawners 

It was assumed that all the Irish catches, that had been laken in the first quarter would have belonged to the 
winter/spring component. The Irish fishery in this quarter has in recent years been based on spawning fish and an 
examination of the maturity data indicated that only small amounts of spent tish were present and these would have 
been from the autumn spawning component. A new set of mean weights at age in the stock was calculated for the 
winter/spring spawners based on data from recent years. As the fishery takes place on the spawning component these 
weights were also used for the catches and in the absence of other data, were used to cover the entire time period back 
to 1970. The proportions ofF and M before spawning were assumed to be O.l. and the maturity ogive was assumed to 
be the same as that of the autumn spawning component. 

The catch data showed that there has been a very dramatic increase in catches from this component. Catches during the 
early years (1970 to 1980) were comparatively small and usually between 2,000 t-3,000 t. However after 1980 they 
increased and constituted a significant portion of the total catch in recent years. Catches in 1998 at nearly 18,000 t 
constituted nearly 46% of the total catch compared wilh 6,300 t in l 997. 

Autumn Spawners 

It was assumed that all catches taken throughout the 2 nd, 3rd, and 4 th quarters belonged to the autumn spawning 
component. The mean weights in catches and other biological parameters in the stock were assumed tO be the same as 
those used in prcvious assessments of the combined components. Adjustments were made to the proportions ofF be fore 
spawning to allow for th~ removal of the winter/spring-spawning component. 

This component dominated the catches taken in earlier years but has declined in importance in recent years. From 1980 
to 1990 the autumn spawning component constituted about 90% of the total catch. However this figure has dccreased to 
78% over the period 1991 to 1997 and dropped further in 1998 to 54%. 

Results of assessment 

The catches in numbcr of the autumn and winter/spring spawning components, for the period 1970- 1998 are shown in 
Tables 6.5. l and 6.5.2. 

The Working Group carried out separable VP As on both componcnts with a range of terminal F values. The period of 
the separable constraint was fixed for 6 years and the selection on the oldest age groups was set equal to that on the 
reference age 4. The main features that emerge from the different analyses (SSB, Recruitment & F) are shown in Figs 
6.5.1 - 6.5.3. The results show the development of the different components and the overall stock using different input F 
values in l 998 over a range from 0.3 to I.l 

The total stock has declined dramatically sinCc the high peak attained i~ 1988 due to the recruitmcnt of the very strong 
1985 year cla'iS (Figure 6.5.1). This decline is very evident in the dramatic Jccrcase in the numbcrs of older fish present 
in the catchcs in recent years. The decline has continued until 1996 under all assumptions of terminal F values assumed 
for 1998. Therc are some indications of an increase in stock since 1996 if F values in 1998 were lower than 0.5. On ly 
two strong year classes have rccruitcd to the stock since 1970 (Figure 6.5.2) -those of 1979 and 19R5. Thcrc are some 
indications that 1995 year dass may have been strong. This year dass showed up as reasonably abundant in the 1997 
catches of l w.ring tlsh and was also abundant in the 1998 catches. The F values (Figure 6.5.3) have been steadily 
increasing since 1989. The values decreased slightly in 1997 but the overall time trend would indicate that a severe 
decline has taken place in stock size. 

The trends in these parameters for the autumn spawning component are very similar to those of the total stock 
particularly in the earlier ycars. This is to be expected as in this period the autumn spawners dominated the overall 
stock. The Fs (Figure 6.5.3) in recent years have increased to very high values. 

The size of the winter/spring spawning component (Figure 6.5. l) has becn very low up to 1988/89. It then apparent! y 
doubled and remained at about the same le vel up to l 994. Since then it appcars to have increased but the apparent 
increase depcnds on the assumed F value in 1998. The size of the SSB cannot be determined but if the F in l 998 was 
around 0.6 then the SSB would have been around 50,000 t. This would mean that it constitutes a large proportion of the 
total stock at present. The F values for the winter/spring spawncrs (Figure 6.5.3) have fluctuated. erratically over the 
time period with no overall trend although there does appear to have been an increase from l 989 to 1996. The two fold 
increase in catch in 1998, compared with that of 1997, must have produccd a corrcsponding large increase in F -
otherwise there would have been large changes in the age distribution of the catches (this is not evident in the data 
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Tables 6.5.1 and 6.5.2). Recruitment over the time period shows the influx of the very strong 1985 year class and also to 
a lesser extent the 1981 year class. This is als.o similæ; to the recrui~ert .vattern in the autumn spawning component 

Conclusions 

The overall conclusions of these analyses suggest that there rna y not in fact be two separate stock components given the 
similarity in recruitment and age distributions. The increase in the winter/spring spawners may be due to a gradual 
change in spawning time rather than the emergence of a new spawning component. However it must be stressed that 
this analysis is based on preliminary data. 

The conclusions arrived at by the 1998 Working Group, which examined the relationship between recruitment and 
terminal F were that either 

• there must have been a dramatic increase in recruitment to this stock in 1997 or 

• there must have been a large increase in fishing mortality. 

Allhough there appears to have been some increase in numbers of young fish in the 1997 and 1998 catches lhere does 
not appear to have bcen any indication of a very strong year class such as the 1985 one. The Working Group lherefore 
concluded that there has been a serious decHne in the stock size and an increase in fishing mortality. The results of the 
present analysis are consistent with those obtained in 1998. Thcre are, however, same further indications that the 1995 
year class may be strenger than those of recent years as it also appears to be abundant in the 1998 catches. An increase 
in catches of young fish from the stock in 1997 and 1998 could have been the result of a change in fishing pattern in 
which young fish were targeted but this is unlikely in the present era of depressed rnarkets. It thercfore appears like ly 
that the stock in this area has, as has been suggested by recent Working Groups, decreascd substantially and that 
rnortality has increased. It is difficult to decide what is the present size of the stock but it appcars to have declined from 
a high value of around 300,000 t in 1989 to somewhere between l 00,000 t -150,000 t in 1995. 

There is no objective method of selecting an appropriate terminal F for 1998 without catch independent supporting data. 
However lhe Working Group felt !hat Fin 1998 could not have been lower than the assumed value of0.6 in 1998. This 
value was however based on similar types of analyses. In an effort to show the development of the stock at a 
continuation of this fishing mortality a projection was done on the populations that are calculated from the SVPA with 
terminal F ~ 0.6. The results of this analysis are shown in Tables 6.5.3 -6.5.4. 

The SSB estimaled in 1998 was 80,300 t compared with a peak value of 305,000 t in 1988. There have been no year 
clasps of comparative strengths to that of 1985 and the F valucs have increased continually. The estimate of stock size is 
higher than that estimated in 1998 which implies eithcr that the recruitment in 1998 has increased the stock 
considerably or that Fin 1998 must he higher than he assumcd value of0.6. 

6.6 Stock Forecasts and Catch Predictions 

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

The SSB in 1998 was aboul 80,300 t. Population numbcrs at l January 1999 werc laken from the output of the SVPA. 
The recruitment was taken as the geometric mean over the period 1986 to 1996. The value (787 million l w.ring fishes) 
is considerably higher than the value used in 1998 of 583 million which was incorrectly estimated. Mean wcights in the 
stock and the catches were taken as the average of the last five years. The num her of 2 w. ring fish in the population at l 
January 1999, which was generated by the catches of l w. ring fish in 1998, was replaced by the geometric mcan. 

Jf an Fin 1999 is equal to that of the assumed 1998 value of 0.6 !hen the SSB in 1999 will be 75,400 t and the catches will 
be around 35,600 t. A continuation of this fishing leve! in 2000 and 2002 will produce catches of about 32,600 l and the 
SSB will decline to 72,000 in 2000 and 70 500 t in 2001. 

Jf the catches in 1999 are restricted to the agreed TAC of 21,000 t then the SSB will increase to 87,300 l. A similar TAC 
in 1999 willlead to a further increase of the SSB to over 96,000 t in 2000 and 102,000 t in 2001. 

It must be stressed that these predictions are based on a very uncertain assessment and the F values may, in fact, be 
considerably higher !han those assumed. 
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If catches in 1999 are as high as those of 1998 then the SSB will declinc unless the catches in 2000 are reduced to 
below 24,000 t. 

The input data, used in the predictions and the results are shown in Tables 6.6.1 to 6.6.4. The stock and recruitment plot 
is shown Figure 6.6.1. 

6. 7 Management Considerations 

Precautionary approach 

The results of thesc non-analytical assessments iitdicate that the spawning stock has dcclined considerably in recent 
years and is now at a comparatively low level. This is consistcnt with observations from fishermen who in recent years 
have expressed alarm at the scarcity of herring in this area. There has been no substantial recruitment to the stock in 
recent years and the very strong 1985 year class has now reached the end of it's natura! lifespan. The scarcity of herring 
may be due to a combination of the decline in stock accentuated by a more northcrly 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 old 
traditional fisheries in this area, which were extremely important in the carly part of the ccntury·, were all based on 
winter/spring spawning herring. 

Precautionary reference points. The precautionary reference points in relation to this stock are discussed in Section 
1.7. It is clear that rccruitment does not show any clear dependencc on the SSB and that apart from the very high 1985 
year class has becn quite stable. The suggested Floss value is about 0.33 and the Fpa rna y be about 0.22. The present 
analysis, uncertain though it is, indicates that the stock is well below the Bpa (110,000 t) and that the fishing mortality 
is well above the F,,. = 0.22. 

6.8 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 rer:J.uce the catchcs a.'i soon as possible to below 
20,000 t. More spccitic advice will not be possiblc until more information becomes available on stock sizes. 
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Table 6.1.1 Estimated Herring catches in tonnes in Divisions VIa (South) and Vllb,c, 1987-1998. These figures do 
not in all cases correspond to the official statistics and cannot be used for management purposes. 

Coun!!}: 1987 1988 1989 1990 1991 1992 

France + 
Germany, Fed.Rep. 250 
Ire land 15,000 15,000 18,200 25,000 22,500 26,000 
Nctherlands 1,550 300 2,900 2,533 600 900 
UK (N.Ireland) 5 80 
UK (England+ Wales) 51 
UKScotland + + 
Unallocated 31,994 13,800 7,100 13,826 ll,200 4,600 

Totallandings 48,600 29,100 28,200 41,439 34,300 31,750 
Discards 1,000 2,530 3,400 100 
Total catch 48,600 29,100 29,200 43,969 37,700 31,850 

Coun!!}: 1993 1994 1995 1996 1997 1998 
France 
Gennany, Fed.Rep. 11 
Ire! and 27,600 24,400 25,450 23,800 24,400 25,200 
Netherlands 2,500 2,500 1,207 1,800 3,400 2,500 
UK (N.lrcland) 
UK (England+ Wales) 50 24 
UK (Scotland) 200 
Unallocated 6,250 6,250 1,100 6,900 -700 11,200 
Totallandings 36,550 33,200 27,792 32,500 27,100 38,900 
Discards 250 700 50 
Total catch 36,800 33,900 27,792 32,500 27,150 38,900 

1Provisional according to text. 
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Table 6.1.2 

The SAS System 12:59 Tuesday, March 23, 1999 
HER-IRLW: Herring West of Ireland & Porcupine B=k IFishing Area VIa South) 

CANUMOl: Catch i o Numbers (Total Internation~l Catch) (Total) I'I'housands l 

Year Age o Age i Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age " Age 9 

1970 o 135 35114. 26007 11241 3895 40181 2982 1667 1!111 
1971 o ""' 6177 7038 ].0856 SB26 393R 40553 2286 2160 
1972 o 1001 28786 20534 6191 11145 10057 4243 47182 4305 
1973 " 6423 40390 47389 16863 7432 12383 9191 1969 50980 
1974 o 3374 29406 41116 44579 17657 8882 10901 10272 30549 
1975 "' 7360 41308 25117 29192 23718 10703 5909 9378 32029 
1976 "" 16613 29011 37512 26544 25317 15000 5208 3596 15703 
1977 o 4485 44512 13396 17176 12209 :1924 5534 1360 4150 
1978 82 10170 40320 27079 13308 10685 5356 .:1.270 3638 3324 
1979 ' 59l9 50071 19161 19969 9349 8422 5443 4423 4090 
1980 o 2856 40058 64946 25140 22126 7748 6946 4344 5334 
1981 o 1620 22265 41794 ]1460 12812 12746 3461 2735 5220 
1982 o "" 18l36 17004 28220 18280 8121 4089 ]249 2875 

1983 o 1517 43688 49534 25316 31782 18320 6695 3329 4251 

1984 2794 81481 28660 17354 7l90 12836 5974 2008 4020 
1985 9606 15143 67355 12755 11.241 7638 9185 7587 2168 

1986 "" 27110 24818 663 83 14644 7988 5696 5422 2l27 
1987 12149 44160 80213 41504 99222 15226 12639 6082 10187 
1988 o 29135 46300 41008 23381 45692 6946 2482 1964 

1989 2241 6919 7R842 26149 21481 15008 24917 4213 3036 
1990 "" 24977 19500 ::.51978 24362 20164 16314 8184 1130 
1991 m 3H37 27810 12420 100444 :7921 141165 113U 7660 

1992 2592 15519 42532 26839 12565 73307 8535 8203 6286 

1993 l9i 20562 22666 41967 23379 13547 67265 7671 601_3 

1994 11709 56156 31225 16877 21772 13644 8597 31729 10093 

1995 "' 34471 35414 18617 19133 16081 5749 8585 14215 
1996 " 4775 24424 69307 3112?. 9842 153H 8158 12463 6472 

1997 o 7458 56329 25946 3~742 14583 5917 8351 3418 4264 

1998 o 7437 72777 30612 38326 30165 9138 5282 3434 2942 
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Table 6.1.3 Divisions VIa (South) and Vllb. Sampling intensity of catches in 1998. 

Country Q Catch1 No. of No. of age No. offish Aged per Estimate of 
samples readings measured 1000 t. discards 

Ire land l 17765 17 747 3010 42 No 
2 101 o o o No 
3 2813 3 !50 860 53 No 
4 15378 14 447 3338 28 No 

N etherlands 3 2476 l 50 20 No 

1including Division VIa (North). 

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

in 1998. 

Length 01 02 03 04 
18.0 
18.5 
19.0 
19.5 24 
20.0 33 21 170 
20.5 33 21 436 
21.0 67 105 824 
21.5 67 210 1139 
22.0 433 461 1526 
22.5 233 252 1696 
23.0 800 420 2350 
23.5 1000 378 3126 
24.0 2899 944 7778 
24.5 4265 1259 9643 
25.0 7998 2790 14174 
25.5 8398 2202 1158 
26.0 11564 3272 14538 
26.5 9464 2035 9837 
27.0 10864 1489 9643 
27.5 9264 818 4991 
28.0 11630 461 4289 
28.5 10064 315 2690 
29.0 7931 252 2835 
29.5 4732 168 1405 
30.0 3899 147 993 
30.5 1700 21 557 
31.0 1600 170 
31.5 766 24 
32.0 833 24 
32.5 300 
33.0 200 
33.5 167 
34.0 33 
34.5 
35.0 
Total 111237 o 18039 96041 
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Table 6.2.1 

Year 

1970 
1971 
1972 
19"13 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

Table 6.2.2 

302 

Year 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
197 8 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1995 
1997 
1998 

Age O 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 

-1.000 
-l. 000 
-l. 000 
-1.000 
-l. 000 
-1.000 
-1.000 
-1.000 
-l. 000 
-1.000 
-l. 000 
-l. 000 
-l. 000 

o. 005 

WECAOl: Mean Weight in Catch (Total International Catch) {Total) (Kilograms) 

Age 1 

0.110 
0.110 
0.110 
0.110 
o .110 
0.110 
0.110 
0.110 
o .110 
o. 110 
o .110 
o. 110 
o .110 
0.090 
o .106 
0.077 
0.095 
0.085 

-1.000 
O. OBO 
o. 094 
o. 089 
o. 095 
o. 112 
O.Ofll 
0.080 
0.085 
o. 093 
0.095 

Age 2 

o .12.9 
0.129 
0.129 
0.129 
0.129 
o .129 
o .129 
o. 12 9 
o. 129 
0.129 
0.129 
0.129 
o. 129 
o .129 
0.141 
o .122 
0,138 
0.102 
0.098 
0.130 
o .138 
o' 134 
0.141 
o .138 
o. 141 
o .140 
o .135 
o. 135 
o .136 

Age 3 

0.165 
0.165 
0.165 
o' 165 
o' 165 
o .165 
o' 165 
o .165 
0.165 
0.165 
0.165 
0.165 
0.165 
o. 165 
o. 181 
0.161 
0.164 
0.150 
o .133 
0.141 
o. 148 
o. 145 
o. 14 7 
o' 153 
o .164 
0.161 
0.172 
o .155 
0.145 

Ag-e 4 

0.191 
o. 191 
o. 191 
0.191 
0.191 
o. 191 
o. 191 
o. 191 
0.191 
0.191 
o .191 
o. 191 
D .191 
o .191 
o. 210 
0.184 
o .194 
0.169 
o. l 53 
0.164 
0.160 
o. 157 
o' 157 
0.170 
o. l 77 
o. l 7 3 
o .182 
o. 131 
0.173 

Age 5 

0.209 
o. 209 
o. 209 
0.209 
o. 209 
0.209 
0.209 
0.209 
0.209 
o. 209 
0.209 
o. 209 
o. 209 
o. 209 
o. 226 
o. 196 
0.212 
o .177 
o .166 
0.174 
0.176 
0.167 
0.165 
o. 181 
o. 189 
0.182 
o. 19 9 
O. 2 Dl 
o. 191 

Age 6 

0.222 
0.222 
0.222 
0.222 
0.222 
0.222 
o. 222 
o .222 
o. 222 
o. 222 
o. 222 
o. 222 
o. 222 
0.222 
0.237 
o. 206 
o. 225 
o. :..93 
o .171 
o .183 
0.189 
o .185 
0.171 
o. 184 
o. 187 
0.198 
0.209 
0.217 
o. 19 6 

Age 7 

o. 231 
0.231 
0.231 
0.231 
0.231 
0.231 
o. 231 
0.231 
o .231 
o. 231 
0.231 
o. 231 
o. 231 
o. 231 
0.243 
0.212 
o. 239 
0.205 
o' 183 
0.192 
0.194 
0.199 
o. 180 
0.196 
0.191 
o. 194 
o' 220 
o' 217 
0.202 

Age 8 

o' 237 
0.237 
0.237 
0.237 
0.237 
0.237 
0.237 
0.231 
0.237 
0.237 
0.237 
o. 237 
0.237 
o. 237 
o. 247 
o. 225 
o' 208 
o. 215 
o .191 
0.193 
o. 208 
o' 207 
o .194 
o. 229 
o. 204 
o. 206 
0.233 

.231 

.222 

The SAS System 13:36 Tuesday, March 23, 1999 
HER-IRLW: Herring West of Ire1and & Porcupine Bank (Fishing Area VIa Southl 

WEST01: Mean Weight in Stock (Total International Catch) (T'otal) (Kilograms} 

Age O 

0.010 
0.010 
0.010 
0.010 
o. 010 
o' 010 
o' OlD 
o. 010 
o. 01 o 
o. 010 
o. 010 
0.010 
o. :no 
o. Jl:J 
o. -:no 

-1.000 
-1.000 
-l. o:E· 
-1.00C 
-l.OOG 
-l. 000 
-1.000 
-1.000 
-1.000 
-l. 000 
-1.000 

0.005 

Age l 

o. 120 
o' 120 
o .120 
o .120 
o. 120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 

.120 

.120 

.120 
o. 120 
o. 100 
c .098 
0.097 
0.097 
C.l38 
c. ::.u 
o. 102 
o .102 
0.118 
o' 098 
0.090 
0.086 
0.094 
0.095 

Age 2 

0.169 
0.169 
0.169 
0.169 
o. 169 
o. 169 
o. 169 
o. 169 
o. 169 
o' 169 
o' 16 9 
0.169 
0.169 
o. 169 
o' 169 
0.150 
0.169 
0.164 
o. 164 
o. 157 
0.152 
o. 149 
0.144 
o .166 
o .156 
0.144 
0.137 
o .135 
0.136 

Age 3 

0.210 
0.210 
0.210 
o. 210 
o' 210 
o' 210 
0.210 
o. 210 
o' 210 
o' 210 
o. 210 
o. 210 
0.210 
o. 210 
o. 2lQ 
0.196 

.209 
0.206 
o' 2 06 
0.168 
0.::.70 
o. l 7 4 
0.167 
o .196 
o. 192 
o. 181 
O. lB 6 
o. 169 
0.145 

Age 4 

0.236 
o.:n6 
0.236 
0.236 
o' 2J 6 
0.236 
o. 23 6 
o' 23 6 
o' 23 6 
0.236 
o' 23 6 
o. 2::l6 
0.236 
o. 2 3 6 
0.236 
0.227 
0.238 
o. 233 
0.233 
o. 192 
o. 190 
O. lJO 
o. 1M2 
o' 205 
o' 209 
o. 203 
o' 206 
0.194 
0.173 

Age 5 

o' 260 
o. 260 
o' 260 
o' 260 
0.260 
o. 260 
0.260 
o. 260 
0.260 
o. 260 
0.260 
0.260 
0.260 
0.260 
0.260 
0.238 
o '25 6 
o. 2 52 
o. 2 52 
o. 2 o o 
o .200 
o. 195 
0.194 
0.214 
0.216 
o. 217 
o' 219 
o. 210 
o. 191 

Age 6 

0.273 
0.27) 
0,273 
0.273 
0.273 
0.273 
0.273 
0.273 
0.273 
0.27.3 
0.273 
0.273 
0.273 
0,273 

c' 251 
'::. 276 

.271 

.271 

.'2.:.1 

.2:.7 
0.206 
0 . .197 
o. 22 o 
0.223 
o. 22 6 
o. 2 3 4 
0.224 
o .196 

Age 7 

O. 2 B3 
o. 2 83 
o. 2 83 
o. 283 
o. 2 83 
o' 2 83 
o. 2 83 
o. 2 fl3 
0.283 
0.283 
o. 2 83 
o. 2 83 
o' 2 63 
o. 2 83 
O. L 83 
0.252 
0.2fl0 
O, 2 BO 
0.280 
0.227 
0.225 
0.226 
o. 214 
0.223 
o' 2 2 6 
0.227 
0.233 
0.231 
o. 202 

Age 

0.290 
0.290 
0.290 
o. 290 
o. 290 
o. 2 9 o 
o. 2 90 
o. 290 
o' 290 
0.290 
o. 2 90 
0.290 
o. 2 90 
o. 290 
o. 2 90 
o. 2 69 
0.287 
o. 296 
o. 2 96 
0.238 
o. 233 
0.236 
o. 218 
o. 2 42 
o. 2 3 o 
0.239 
0.249 
0.230 
0.222 

Age 9 

0.241 
o. 241 
0.241 
0.241 
o. 241 
0.241 
0.241 
0.241 
0.241 
o. 241 
o. 241 
o. 241 
o' 241 
o' 241 
o. 248 
o' 230 
0.288 
0.220 
o' 201 
0.203 
o. 216 
0.230 
0.219 
0.236 
0.220 
0.217 
0.237 
o. 239 
o. 217 

Age 9 

0.296 
o. 296 
0.296 
o. 296 
o. 296 
0.296 
o. 296 
o' 296 
o. 296 
o. 2 96 
0.2'16 
0.296 
o' :::95 
o. 296 
o' 295 
0.284 
o' 312 
o. 317 
o' 317 
o. 245 
0.2'35 
o. 2 48 
o. 2 42 
o' 258 
o. 2 4 7 
o. 2 46 
o. 253 
0.239 
0.217 



Table 6.5.2 

The SAS System 15:48 Tuesday. March 23, 1999 
HER-IRWS: Herring spring spawners west of lreland and Porcupne Bank (Via South) 

CANUM01 : Catch in Num bers C Total International Catch Thousands) 

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

o 1243 1285 1243 1682 857 2121 878 1139 
o 1318 3695 2697 998 1232 727 690 961 
67 614 814 2921 2961 1774 2107 1094 987 
52 2004 2408 1321 2564 1640 612 2004 416 
o 290 490 256 273 437 256 11 o 327 
o 202 592 437 693 515 400 487 342 

144 2939 2609 2572 3133 2004 387 570 1953 
436 1532 3083 2892 2444 1523 767 269 700 
1046 1965 2362 3684 2192 1750 1023 941 1186 

10 625 940 1115 450 178 138 101 163 
o 113 923 454 690 118 246 93 74 
o 7640 4955 3555 618 667 68 201 816 
o 96 186 870 1174 241 282 215 144 
62 2380 14035 7989 6826 4621 3159 1439 1172 

105 7412 6194 2385 566 2393 1743 421 428 
o 198 787 1368 886 1528 844 516 308 
o 454 5328 9033 3022 1225 635 1407 223 

4909 8743 11135 6271 14788 2000 1537 454 780 
o 5177 4013 7412 5156 9386 1761 526 418 

1152 156 12749 1532 1829 1400 1307 208 413 
544 405 t042 12632 1865 1861 1878 757 216 
1140 2608 5615 3514 33241 4911 3990 3142 618 
533 370 5346 3773 3425 15679 2617 1617 887 
o 3609 8151 16294 6651 4685 18767 1623 1518 
o 2245 5712 4852 6103 3535 3398 6745 1489 
o 257 6975 5047 6698 4170 1350 2279 1976 
o 509 29643 13749 3261 9521 1643 716 750 
o 258 8208 15934 5583 1913 4749 608 467 
o 1622 48054 25764 20991 5916 4403 2758 1730 
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Table 6.5.3 

Run title ' Herr ing VIa south (run; SEPKGF05/S05) 

At 19-Mar-99 17:53: 58 

Traditional vp a Terminal populations from weighted Separable populations 

Tab le Fishing rnortality (Fl at age 
YEAR, 1970, 1971, 1972' 1973, 1974' 1975, 1976, 1977' 1978' 

AGE 
o, .0000, .0000, . 0000, . 0000, .0000, .0002, . 0008, .0000, .0000, 
l' .0005, .0017, .0022, . 0192 l . 0091, . 02 88 • . 0389 l . 0122' .0153, 
2' .3817, .0490, .1172, . 1894, . 1940 . .2495, . 2588 l .2364, .2470, 
3' .2410, .1287, . 2411, .3048, . 3189 l .2685, . 402 o l .1936, .2347, 
4, .1763, .1424, .1516 l .3023, . 4949' . 3 723' . 4761 l .3074, .2839, 
5' .1659 l .1532, .1906, .2445, . 5314, .4726, . 5651, . 3714' .2843, 
6' .1454, .2251, .2336, .2979, '4545, . 6241' .5482, .3998, .2463, 
7' .1878, .1917' . 3572' .3087, . 4115, .5495, .6273, . 3 541' . 2 6651 
a, .2334, .19241 .3167 l .2489, . 5900, . 6599' . 677 5' .2911' . 3 691 l 

•gp, . 2 3 34 l .1924, . 3167 f .2489, . 5900, .6599, .6775, . 2911' . 3 691 l 

o FBAR 3~ 6' . 1822' .1623, .2042, . 2874, . 4499' .4344, .4978, .3180, . 2 623 l 

Tab le 8 Fishing morta1ity (Fl at age 
YEAR, 1979' 1980, 1981, 1982 l 1983, 1984, 1985 l 1986, 19871 

AGE 
o' . 0000, .0000, .0000, .0000, .0000, . 0000, .0000, .0000, .0000, 
l' . 0095, .0085, .0037, .0017, .0010, . 004 7' . 01241 .0016, .0058, 
2' .1627, .1374 l .14161 . 0870 l . 2137 l .1161, .0515, . 0724, . 1652' 
3' .18851 . 3 487 f . 2203 l .1620' . 3 827 l . 2249 l .14051 .1182' . 3349 l 

4, . 2579' . 38081 .2691, .2157, .3632, . 21861 .1403, '1900 l .2797, 
5, . 2941 l .44591 .3027, . 2211' .3555, .1481 l . 18641 . 2119' .4231, 
6' . 33 73' .3754, .44271 .2846, . 3199 l .2117 l .2075 l . 1755 l . 3161 l 

7' . 3 758 l .4547, . 25511 .2204, .35631 .1463' .2064, .2107, .40771 
a, . 42 95 l . 5140' . 2888 l .3584, .25Cfl, . 1533 l . 2496 l .1620, .3238, 

•gp, .4295, .51401 . 28881 .3584, .25081 .1533, . 2496, .16201 . 3238. 
o FBAR 3~ 6, .2695, .3877, .30871 .22081 . 3 553' .2008; . 1687 l .1739' . 3 3 85' 
l 

Run title Her ring VIa South (run: SEPKGF05/S05) 

At 19-Mar-99 :7:53 :58 

Traditional vp a Terminal populations from weighted Separable populations 

Tab le Fishing mortality (Fl at age 
YEAR, 1989' 1990, 19911 1992, 1993' 1994, 1995, 19961 1997, 1998, 

AGE 
o, . 0000' .0000, .0000, . 0000' .0000, . 0800' .0000, • COOG, . 8000. .0000, 
l, . 0049 l .0017, .0020, . 0093' .00041 . 0201' . 0009' .C074, .0111, .0189, 
2' . 0421, . 1145 l .1410, .0979, . 1595 l .3Jl8, . 1252' .1517. .1914' .2431, 
l' .l049 l . 1592' .1910, . 2749 . .2144, . 41101 .3375, .4254, .2740, . 4895' 
4' . 23 65' .2848, .1471, . 2599' .4516, . 2325, . 4364' . 5292. . 4246. . 7781, 
5' . :988' . 3209, .2753 . .1950. .3540, .3967, .3968, .3854, .4485. .6061, 
6' . :.966, . 2589, . 3674 . . 2952 l .2%2, . 3 2G2 1 . 5060 . .5625, . 3 792' . 4973' 
7, . 2499' . 3 022, . 2754 . .2665, .4275, . 27681 . 193 5 . .4610, .6068, .5971, 
B' . .:.532, . _089' . 3152 . . 2150' . 3GB, . 32611 . 4331, .7:1.:1.9, • 3:1.5~' .4775, 

"'"9P1 . ::.682' . ::.089, . 3152 . . 21501 . 3 510, . 3 261' .4331, . 7119. . 316R, . 4 775 . 
o FBAR ]~ 6, .1842, . 2585, . 2452 . ,2587, ,3290, . 340:., . 4192 . . 4 7 56' .313.16, .5928, 
l 

Run t.itle P.<'rring VIa South (:nm: SEPKGF05/S05) 

At 19-Mar 99 17: 53: S!l 

Traditional vp a Terminal popula t ions from weight<'d Separable popu:aticns 
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1988, 

.0000, 

.0000, 

. 0282' 

.2774, 

.27101 

. 22441 

.3124, 

.20771 

.1160' 
. 1160 l 
. 2713' 

FBAR 95-98 

. 0000, 

. 01251 

.1987' 

.3963, 

. 5773' 

.4800, 

. 4797' 

.5550, 

.5821, 



Table 6.5.3 continued 

Tab le lO Stod;: number at age (start of year) NUmbers""l0""*-4 
YEAR, 1970, 1971, 1972, 1973' 1974, 1975, 1976' 197"1' 1978' 

AGE 
o, 222399, 199662, 144660, 160452, 111282' 186893, 158664, 288420, 268426, 
l, 40611' 81816, 73451, 53218, 59024, 40938, 68743, 58322, 106104, 
2, 12690, 14932, 30047, 26963, 19204, 21518, 14633, 24325, 21194, 
3, 13344, 6418' 10533, 19798, 16528, 11718, 12420, 8369, 14226, 
4' 8598' 8585, 4620, 6776' 11950, 9837, 7335, 6803' 5645' 
5' 2673, 6522, 6737' 3593, 4532, 6592' 6134, 4123' 4.527, 
6' 31171' 2049, 5063' 5038, 2546' 2410, 3718 l 3154, 2573' 
7' 1827' 24389, 1480, 3627' 3384, 1462' 1168, 1944, 1914, 
8' 840, 1370, 18218, 937' 2410, 2029, 764, 565, 1235, 

+gp, 963, 1295' 1662. 24262, 7168, 6929, 33 3 5, l ?23' 1128, 
o TOTAL, 335115, 347038, 296473, 304665, 238029, 290326, 276914, 397746, 426973, 

Tab le lO Stock number at age (start of year) Numbers*10**-4 
YEAR, 1979, 1980, 1981, 1982, 1983' 1984, 1985, 1986, 1987, 1988' 

AGE 
o, 144969, 186517, 193526, 634399' 258667, 335702, 247360, 1199940' 143366, 197690, 

l' 98744, 53331, 68616, 71194, 233382, 95158, 123498, 90999, 331069, 52741, 

2' 38442, 35982, 19453, 25148, 26147, 85768, 34844, 44874, 33423, 121087' 

3' 122 65' 24203, 23233, 12509, 17078, 15644, 56572, 24516, 30923, 20989, 

4' 9211, 8316, 13982, 15260, fl709' 953 6' 10229, 40247, 17835, 18112' 
5' 3846' 6440, 5142' 9667' 11129' 5481, 6934, 8044, 30115, 12200, 

6' 3082, 2593, 3731' 343 8' 7012, 7057, 4276, 5207, 5889' 17348, 

7' 1820, 1990, 1612' 2168' 23 40' 4603, 5167' 3144, 3953' 3884, 

8' 1326, 1131, 1143, 1130, 1574, 1483' 3 602' 3 804, 2305, 23 79' 
+gp, 1227 l 1389' 2182, 1000, 2010' 2968' 1029, 1492, 3 860' 1883' 

o TOTAL, 314932' 321891, 332620' 775913, 568049, 563405, 493512' 1122266, 602737, 448814, 
l 

Run ti tle Herring VIa South (run; SEPKGF05!S05) 

At 19-Mar-99 17:53:58 

Traditiona1 vpa Terminal popu1ations from weigt,ted Separat-le popu1ations 

1'abl" " sto:k nurrDer " '" l start ,, year) l<u.'T>i:lecs•l ' Y~AH., 1959' :99,1, :Hl. 1'!92, l~~'' :9H, :;>Y~. :B6, 1197' "'~'. 19~9' ~ ; l' ;j : • ,, % ~CT 70-

" 
AG' 

oJ, 223605 142326. 1D9G5, 133054, 252996, CBSO--' 27~'0"!. ~B9S47, 17~U14, L "' m 26' 2HS72, 

'· 7272&, B226·J, 52159' 44111. 67342, 93072, 51 "lE, 102014, 1066~6. <;~912, c' " 22, 27&36, 

'' 19402' 26624' JC211, ! ~~23' 16~77. 2476.J. 33559' t8864, 37251, J3792, 2?.712, 737' 31~89, 

'' en~7, 1J7B1. 1?588, 194lA, 12913, loJ154. L!565, 21914' 11889, 22'1~9' 7.2535. 012' 2:J291, 

'· :~:J22' 6428~. 9526' CB~€, 12090, 3532. o'll2, ?925' ::..1725' HJO, :HJ5, 6ilC, 13125, 
;, :H98, 9J:J:' .1_]755' 7440' 8217 • 5964, ~118. ]22'!' 4224' ~939' 1075' 096' q961, 

'· 8820' 9209. 6106. 30062, ~540. 521~. 423 •• J723, 1934' Hn, 3425' 7.25, 7068, 

'' 118~6 6556. 6474' 3B26, 20248, 3727. 3420. 2312' 1919' 122 8' 134J' 3B7, 4325, 

"· 2A5S 5328' 4335. 4H8. 2652' 1 ~ ~4 a, 255"i. 25~6' :31 g' 947' 612' :96. 3?.~~. 
.",, 2058' 1150. 297S, J4·:i8' 2t79' :i801' 4234, ~328' 1646' 'l l l, 9S7' 

'!'C·'!li.I., 4.}40~9. )63865, 293273, 32E9:l5, 400l53' 3Q76E7, 40H'-;, 453706, 34959~. l1425G, ~612.1' 

Rnn title Herr ing VIa South {run: SEPKGF05/S05) 

At 19-Mar-99 17:53: 5R 

Traditiona1 vp a Terminal populaticns :"r:Jm weighted Separable pop'Jlati:Jns 

Tab le " Spawning stock number at age (spawning time) Numbers•1:J**-3 
YEAR, 1970, 1971, 1972, 1973' 197<::, '..975' 1976, 1977' 1978. 

AGE 
O, o, o, o, O, o, o, O, o' o, 
l, O, o, o, o, O, o, o, o' o, 
2, 80372' llf!1R5, 227204' 194248, 137925, 14R900, 100633, 169811' 146314. 
3, 99298, 51497' 7837R, 141167, 116744, 85610, R2980, 54286, 106315, 
4' 71447, 72979' 39037, 51752, 80217' 71686, 4'1860, 51779. 43652, 

5' 22368' 55045, 55449, 28522, 29685, 44914, 39284, 30063, 3499C, 

5' 264461, 16478, 40492' 38537, 17556, 14837, 24082, 22567, 20404, 
7' 15067' 200594, 10897, 27583, 24020, 9462' 7177' 14344, 14969' 
8' 6716, 11264, 137807' 7417, 15181' 12194, 453 6' 4344' 9017' 

+gp, 7700, 10643' 12574, 192048' 45148, 41646, 19807, 13256' 8239, 
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Table 6.5.3 continued. 

Table 11 Spawning stock nurober at age (spawning time) Nurnbers*l0**-3 
YEAR, 1979' 1980, 1981, 1982, 1983, 1984, 1985' 1986' 1987, 1988, 

AGE 
o, o, o' o, O, o' o, O, o, o, o, 
1. o, O, o' o, o' O, o, o, o, O, 
2' 281951, 268406, 144711, 194047, 185340' 648996, 275320, 349659' 244724, 971831, 
3' 94540, 167577' 175303, 98147, 115583' 117687, 450331, 198094, 216085, 152435, 

'' 72469' 60262, 109192' 123509, 63859, 77032' 87080, 331397' 138290, 141255, 
5, 29533, 44671, 39261, 77960, 82018, 46413 l 57235, 65272' 212112 l 98171, 
6' 22994, 18858, 25935, 26568, 52926, 57269' 34803, 43296, 44561, 13 53 90' 
7, 13232' 13726, 12707, 17493, 17237, 39068, 42082, 25534, 28134, 31607 l 

B, 93 03' 7495, 8809, 8313, 12442, 12513' 28497, 31911, 17349, 20588, 
>gp, 8602, 9203, 16813, 7356, 15887, 25051, 8143 l 12518, 29059, 16292, 

l 
RW> title ' Herr ing VIa South (run: SEPKGF05/S05) 

At 19-Mar-99 1?:53:58 

Traditiona1 vp a Terminal populations from weighted Separable populations 

Table 11 Spawning stock number at age (spawning time) Nurnbers*10**-3 
YEAR, 1989' 1990, 1991' 1992' 1993, 1994, 199 5' 1996 1 199?, 19 98', 

AGE 
O, o, o, o, o. o. o, o. O, o. o. 
1. o, O, o. G, a, o. o, o, o. O, 
2. 154280, 201667' 224828, 147246, 118163, 165455, 252235, 138451, 268012' 269586' 
3. ?10943' 10?608, 135341' 1414.10, 9?323, 6?429' 9463~' 144.130' 86536, 143572' 

'· 103932, 496?91, 80?26, 92843' 81544, 68281, 384'76, 51989, 82503, 41091, 
5, 102301' ?0154, 340263, 61059, 60624, 4992?' 43862, 23284, 29250' 43232, 
6, ?2306, 72882' 44638' 230690, 4248:i.' 39384, 28238, 23884, 14390, 16357' 
7, 93469, 50076, 50344' 29928, 142202' 28958, 28164, 15!l? 6, 11953' 7701, 

B' 23858, ?2399' 33203, 36016, 19472, 89807, 1?891, 14838, 9978, 642 9' 
•gp, 17193, 9996, 22486, 27599, 15263, 28568, 29624, 7705' 12448, 5508, 

l 

Rnn tit le ; Herring VIa South (run: SEPKGF05/S05) 

At 19-Mar-99 17:53 :58 

Traditional vp a Terminal populations f~om weighted Separable populations 

Tab le 13 Spawning stock biomass at age {spawning time) Tonnes 
YEAR, 1970, 1971, 1972, 1973' 1974, 1975, 1976, 1977' 1978, 

AGE 
o, o, a. o, O, o. O, O, o, o, 
l, o, o. o, o. o. o. o, o, O, 
2. 13583' 199?3, 38398, 32828, 23309, 25164, 17007 l 28698, 24828, 
3. 20853' 10814, 16459' 29645, 24516, 17978, 17426, 13500, 22326, 

'· 16862, 17223' 9213, 12214' 18931, 16918, 11767' 12220, 10302, 
5' 5816' 14312, 14417, 7416, 7718' 11678' 10214, 7816, 9097, 
6' 72198, 4499' 11054' 10534, 4 793' 4051, 65 74' 6161' 5570, 
7' 42 64' 56768, JO!l4, 7806' 67 98' 2678' 2031, 4059' 423 6' 
B, 1948, 3267, 39964, 2151, 44D2, 3536, 1315' 1260' 2 615' 

•gp, 227 g' 3150, 3722' 56846, 13 3 64' 12327, 5863' 392 4' 2 43 9' 
o TOTSPBIO, 137802, 130006' 136310, 159439' :03831, 94330, 72197' 77638, 81414, 

Table 13 Spa·Nning stock biomass at age (spal>r.ling time} Tonnes 
YEAR, 197 9' 1980' 1981' 19 82' :.9 83' 1984, 1985' 1986, 1.987, 1988, 

AGE 
o, o, o' o, o' o. O, o. o' o. o. 
1. O, o, o, o' o. o. o. o' J' o. 
'· 47650, 45361, 24456, 32794, 31322' 109680, 41238, 59092' 40135, 159380, 
3, 19853, 35131, 36814, 20611, 24272, 24714, 88265, 4:402, 44514, 31402, 

'· 17103, :2.4222, 25769, 29148, 1:iC71, 18179, 197E7, 78873, 32222, 3 2 912' 
5, 7679, 11614, 10208, 20270, 21325, 12067, ::.3622, 16710, 53452, 24739, 
6, 6277, 5148, 7080, 7253, 14449, 15634, 8735, 1::.950' 12076, 36691, 
7. 3 745, 3884' 3596' 4951, 4878, 11056' 10605' 7150' 7!178, 8850, 

B' 2 698' 21 ?4' 2555' 2 411' 3608, 362 9' 7666' 9158' 5135, 6094, 
•gp, 2546' 2724' 4977' 2177' 4703, 7415, 2313, 3906, 9212' 5164, 

o TOTSPBIO, 107550, 120318, 115454' 119614' 119628, 202376, 192270, 228240' 204623, 305233, 
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Table 6.5.3 continued 

R= title Herring VIa South {run: SEPKGF05/S05) 

At 19-Mar-99 17:53:58 

Traditional vp a Terminal populations from weighted Separable popula ti ans 

Tab le 13 Spawning stock bioroass at age { spawning time) Tonnes 
YEAR, 1989' 1990, 1991, 1992' 1993' 1994, 1995, 1996, 1997, 1998, 

AGE 

o' O, o, O, o' o, o' O, O, o, o, 
l, o' O, o, o, O, o' o' o' o, O, 

2' 24222' 30653, 33499, 21203' 19615, 25811, 36322, 18968, 36182, 36664, 

J' 119438, 18293, 23549, 23615, 19173, 12946, 17128, 26808, 14625, 20818, 
4, 18916, 89422' 15338, 16897' 17127' 14271, 7 Bl l' 10710' 16006, 7109, 
5, 20460, 14031, 66351' 11845, 12973' 10784, 9518, 5099' 6142, 8257, 
6, 15690, 15815, 9196, 45446, 9346' 8783, 6382' 5589, 3223, 3206, 
7' 21217, 11267, 11378, 6405. 31711' 6544, 6:1.93, 3 699' 27 61' 1556, 

8' 5678, 16869, 783 6' 7851' 4712, 20656, 4276, 3 695' 229 5' 1427, 
>gp, 4212, 2 549' 5576' 6679, 3 93 8' 7056, 7287' 1949, 2975, 1195, 

o l'OTSPBIO, 229834, 198900, 172724' 139943, 118595' 106851' 95117, 76517' 84209, 80232' 
l 
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Table 6.5.4 

Run title Hetcring VIa South (run: SEPKGFOS/505) 

" 19-Mar-99 17:53:SR 

Table 16 Summary (without SOl? correction) 

Traditional .". Terminal populations from weighted Separable populdtions 

RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, BAR 3- 6. 
Age O 

1970 2223992 243234 137801 20306 .1474 .1822 
1971 1996618 276497 110006 l5044 .1157 .162.3 
1972 1446602 279692 136310 23474 .l722 . 2042 
1973 1604523 290935 15943 9 36719 .2303 , 2R74 
1974 1112818 2.33840 1038H 36589 .3524 . 4499 
:1975 1868931 206253 94330 38764 .4.109 . 4344 
1976 1586642 207970 72l97 32767 . 4539 . 4978 
1977 2884197 2.05136 77638 20567 .2649 . 3180 
1978 2684265 264314 8Hl.4 19715 . 2422 . 2623 
1979 1449690 276492 107550 22608 .2102 .2695 
1980 1865174 250755 120318 30124 . 2504 . 3877 
1981 1935264 254243 115454 24922 .2159 . 3087 
19!!2 6343990 3005.:1.8 119614 19209 .1606 .2208 
1983 2586665 471748 119628 32988 . 2758 .3553 
1984 3357016 407709 202376 27450 .1356 . 2008 
1985 2473604 362736 192270 23343 .1214 .16B7 
1986 8999396 371334 228239 287R5 .1261 .1739 
1987 1433656 603134 204623 48600 . 2375 . 3 3 85 
19R8 1976898 4Jnst 305233 29100 .0953 . 271.3 
1989 2236053 383827 229834 29210 .1271 . 1R42 
1990 1423264 348374 198900 43969 . 2211 .2585 
19!n 11!19050 277368 172724 .37700 .2183 . 2452 
1992 1830539 226574 139943 31856 . 2276 . 2567 
1993 2529959 242951 118535 36763 .3100 . 3230 
1994 1395068 239141 1(16851 33908 . 3173 .. "3401 
1995 2773035 177421 95117 27792 . 2922 . 4132 
1996 2838469 201544 76517 32534 . 4252 . 4756 
1997 1710139 218072 8420::) 27225 . 3233 . J 616 
1998 o 182751 80232 38895 .4848 . 5928 

Arith. 
Mean 2J3BB11, 291134, 138317, 30032, .2471, . 3096' 
units, l Thousands) , (Tonnes), (Tonnes l, i Tonnes), 

Run tit1e Herring VIa South (run: SEPKGF05/SG5) 

At 19-M,.r-99 17:53:56 

Table 17 Surruna.r~· (with SOP correctian) 

Tradltiona~ vpa Terminal populations from weigbted S~arab1e populati~n~ 

RECRUITS. TOTALBIO, TOTSPBIO, LANDINGS, YIEi..D/SSB, SOPCOFAC', 'BAR 
,_ 

'' >qe o 
1970' 2223992. 218122. 123574, 20306, . 1643' .13968' . :;_822' 
19Jl, 1996618, 240751, 113199, 15044, .1329' . 8707' . :!.623' 
1972' 1446602, 251015, 122334, 23474, .1919' . 897~' .2042' 
1973, 1604523, 295632, 1620H, 3<;"7l9' . 2266' 0161' . 2874, 
1974, 1112818, 228268, 101357' 36589, 3610' . 9762. . 4499, 
1975' 1868931, 231745, 105988, 3 8764' . 3657' 1.1236, . 4344' 
1976' 1586642, 217729, 7~585, 32767' . 4335' L 0469' .4978' 
1977' 2884197' 221100, 83680, 20567' . 2458' L 0778 • .3180, 
197R' 2694265' 26RS10, 82726, :..9l15' . 2383' l . 016L . 2623' 
1979' 1449690' 294844, 114689, 22608' .1971' 1.0664, . 2695' 
1980' 1855174, 241615, 115933, 30124. -2598' . ~636' . 3877' 
19!'11' LU5254, 262172, 119055. 24922, .2093, . 0312' . 3087' 
1982, 6343990, 309594, 123210. 1nOY, . 15~9' l. 03J1 ' . 2208' 
1983' 2586"i65, 473727' 120129' 329 02' . 2H6, 1.0~42 . _ 35S3, 
1984, 3357016, 3 94996' 195D65, 2i450, .1400' . 9G8~' .::oos' 
1985' 2473604, 157152, 189311. 2114~. .1233' .9846, .1687' 
1986, 5999396, i71444, 228276, 287 B~, 1261' .JJJ2, .1739' 
1987' l4.~J656, 5722~7. 1)4142, 48GGC, . 2503' .9488, .3385, 
1988, 1976898, 43 7852' 305003, 291CC, . 0954, .9B2, . 27:.3' 
1989' 223 6053' 384201, 2300S8, 2921C. .1270, .JJ10, 1842' 
1990, ::.423264. 348589, 199023, 43963' . 2209' . JJ06' .2~E5, 

1991, 1::.~9050, 27657"7' 172231, 377CC, . 2199, .9371, . 2452' 
B92, 18305J9, 225460, 139255, 31!:156. .2288, . 9~51' .2~E7, 

l99J' 2S29959, :244399, 119302, 36763, . 30~1. l. oJD5D, . 3290' 
1994, ::.395068, 238662, 106637' 339C8, . J 190, _ngo, . 34C1, 
1995, 2"i'30J5, 186735, 100111' 27792, .?.776, . .J52.5' .4192, 
1996' 2898469' 20063 R, 76173, 32534, . 4271, . 9955' .4756, 
1997' 1710139, 218426' 84345, 2.7225, . 322S, . .J015' . 3816' 
1998' o' 132522' 80131, 38895, . 4654, . 998!:1' . 5928' 

Arith. 
Me= 2338811. 289476, 137363, 30332, . 2457 . 3096' 

Units, ( Thausands l . (Tonnes l, (Tonnes), (Tonnes), 
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Table 6.6.1 

The SAS System 09:15 Tuesday, March 23, 1999 
Herring West of Ireland & Porcupine Bank (Fishing Area VIa South) 

Single option prediction: Input data 

+--------------------------------------------------------------------------------------+ 
Year: 1999 

+--------------------------------------------------------------------------------------
: Stock : Natura! : Maturity:Prop.of F:Prop.of M: Weight : Exploit.: Weight 

Age : size :mortalityi ogive lbef.spaw. :bef.spaw.: in stock: pattern : in catch 
+------+---------+---------+---------+---------+---------+---------+---------+---------

1 787.300 1.0000 0.0000 0.6700 0.6700 0.097 0.0052 0.091 
2 227.100 0.3000 1.0000 0.6700 0.6700 0.146 0.2544 0.138 
3 225.300 0.2000 1.0000 0.6700 0.6700 o .178 0.4814 0.158 
4 114.400 0.1000 1.0000 0.6700 0.6700 o .19 8 0.6001 0.176 
5 30.800 0.1000 1.0000 0.6700 0.6700 0.211 0.6011 0.191 
6 34.300 0.1000 1.0000 0.6700 0.6700 o. 221 0.6253 0.199 
7 13.400 0.1000 1.0000 0.6700 0.6700 0.224 0.5580 0.203 
B 6.too: 0.1000 1.0000 0.6700 0.6700 0.235 0.6001 0.221 
9+ 9.9001 0.1000 l. 0000 0.6700 0.6700 o. 245 0.6001 0.228 

+------+---------~---------+---------+---------+---------+---------+---------+---------

' Unit ' Millions: ' :Kilograms: :Kilograms 
' ' ' +--------------------------------------------------------------------------------------+ 
+--------------------------------------------------------------------------------------+ 
' ' Year: 2000 
+--------------------------------------------------------------------------------------

11 Recruit-: Natural : Maturity1Prop.of F:Prop.of M: Weight : Exploit..: Weight 
Age : ment :mort.ality: ogive :bef.spaw. :bef.spaw.: in stock: pattern : :n catch 

~------+---------+---------+---------+---------+---------+---------~---------+---------

l 
2 
3 
4 
5 
6 
7 
8 
9+ 

787.300 

' 
' 

1.0000 
0.3000 
0.2000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1ooo: 

o.oooo: 
1.0000 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.6700 
0.6700 
0.6700 
0.6700 
0.6700 
0.6700 
0.6700 
0.6700 
0.6700 

0.6700 
0.6700 
0.6700 
0.6700 
0.6700 
0.6700 
0.6700 
0.6700 
0.6700 

0.097 
0.146 
0.178 
o .198 
o. 211 
o- 221 
0.224 
0.235 
0.245 

0.0052 
0.2544 
0.4814 
0.6001 
0.6011 
0.6253 
0.5580 
0.6001 
0.6001 

o- 091 
0.138 
C.158 
0.176 
0.191 
0.199 
0.203 
o- 221 
0.228 

+------+---------+---------+---------+---------+---------+---------+---------+---------; 
: Unit : Millions: : : : : Kilograms: : Kilograms: 
+--------------------------------------------------------------------------------------+ 
+--------------------------------------------------------------------------------------+ 
: Year: 2001 : 
+--------------------------------------------------------------------------------------: 

' ' 
: Recruit.-: Natural : Maturity:Prop.of F:Prop.of M: Weight : Exploit.: Weight : 

Age : ment :mortalit.y: ogive :bef.spaw. :bef.spaw.: in stock1 pattern : in catch 
+------+----------+---------+---------+---------+---------+---------+---------+---------

1 787.3oo: 1.0000 0.0000 0.6700 0.6700 0.097: 0.0052 0.091 
2 0.3000 1.0000 0.6700 0.6700 0.146: 0.2544 0.138 
3 0.2000 1.0000 0.6700 0.6700 0.178: 0.4814 0.158, 
4 0.1000 1.0000 0.6700 0.6700 0.198~ 0.6001 0.176; 
5 0.1000 1.0000 0.6700 c-.6700 0.211~ 0.601:. :).191 
6 0.1000 1.0000 0.6700 0.6700 0.221 0.6253 0.199 
7 0.1000 l.:JOOO 0.6700: 0.5700 0.224: 0.5580, 0.203 
8 0.10::10 1.0000 0.670C' 0.6700 0.235: 0.6001: 0.221 
9+ 0.1000 1.0000 0.6700 0.6700 0.245: 0.6001: 0.228 

+------~---------+---------+---------+---------+---------+---------+---------~---------

: Unit : Millions: : :Kilograms: :Ki:!.ograms 
+--------------------------------------------------------------------------------------+ 
Notes: Run name SPRCJK01 

Date and tine: 23MAR99:10:11 

Table 6.6.2 

The SAS System 09:15 Tuesday, March 23, 1999 
Herring West of Ireland & Porcupine Bank (Fishing Area VIa South) 

Single option prediction: Summary table 

+---------------------------------------+ 
l 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 i size ! biomass ! s~ze ! biornass 
+------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------
: 1999: 1.0065! 0.6000! 216995! 35896! 1448600! 193219! 661300: 116851! 429099! 75365 
: 2000 : l. 0065: o. 6000: 198740: 32806: 14224411: 186684: 635148: 110316: 416216: 71783 
:2001: 1.0065: 0.6000! 192424! 31518! 1413692: 184332! 626392! 107964! 410740! 70300 
+------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------
: Unit ! : ! Thousands! Tonnes ! Thousands ,' Tonnes !Thousands! Tonnes ,' Thousands ,' Tonnes 
+----------------------------------------------------------------------------------------------------------+ 
Notes: Run name SPRCJK01 

Date and time 23MAR99: lO: 11 
Computation of ref. F: Simple mean, age 4 - 7 
Prediction basis F factors 
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Table 6.6.3 

The SAS System 11:31 Tuesday, March 23, 1999 
Herring West of Ireland & Porcupine Bank (Fishing Area VIa South) 

Prediction with management opLion table 

+-----------------------------------------------------------------------------------------------------------------------+ 
: Year: 1999 i Year: 2000 : Year: 2001 
+-------------------------------------------------+-------------------------------------------------+-------------------: 
: F :Reference: Stock : Sp.stock: Cat.ch in: F :Reference: Stock : Sp.stocki Catch in: Stock : Sp.stock: 
: Factor : F i biomass : biomass : weight i Factor i F : biomass i biomass : weight : biomass : biomass : 

+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------: 
1.0065 o.6ooo 193219 75365 35896 o.4ooo o.23B5l 1B66s4 sss5a: 14932 204059[ 99340: 

0.4500 0.2683; 845B7l 16606 202205: 96395l 
0.5000 0.2981 83338: 18241 200395 93564l 
0.5500 o 3279 82109l 19837 198629 90841l 
0.6000 0.3577 80900l 21396 196905 88224l 
0.6500 0.3875 79711l 22919 195223 85706l 
0.7000 0.4173 78542: 24407 193580 83284: 
0.7500 0.4471 773'12l 25860 191977 80953[ 
0.8000 0.4769 76261l 27279 190412 78711l 
0.8500 0.5067 75149l 28666 183884 76552l 
0.9000 0.5365 74054: 30022 187393 74474l 

.9500 0.5563 n:ns: 31346 185936 72473l 

.0000 0.5961 71919: 32640 184514 70545[ 
+---------+---------+---------+---------+---------+--------- ... ---------+-------------------+---------+---------+---------: 

l Tonnes l Tonnes : Tonnes l l Tonnes Tonnes l Tonnes : Tonnes l Tonnes l 
+--- -------------------------------------------------------------- ---- ·- ---- ------ --------------------------------- -+ 
Notes, Run name MANCJK01 

Date and t:ime 23MAR99:11:32 
Cornput:ation of ref. P: Simple rnean, aqe 4 - 7 
Basis for 1999 F factors 

Table 6.6.4 

The SAS System 11:31 Tuasday, March 23, 1999 
Herring West: of Ireland & Parcupine Bank (Fishing Area VIa Sout:hl 

Predicticn with management op~ion table 

+------------------------------------- --------------------------------------------
Year: 1999 Year: 2000 

' 
Year: 2001 

-----------------------------------------------+-------------------------------------------------+-----------------
F lReference: St:ock Sp.stockl Catch inl F lReferencel Stock l Sp.s-::.ockl Catch 1.nl Stock : sp.st.ock: 

Factor l F i bi:~rnass : biomass : '-"eight. : Fact:or l F j biomas~ l biomass l weight l biamass j bi.omass 
-i----------+---------+----------l----------+---------+---------+----------i----------+---------+---------+----------1----------: 

0.5285 Q.3151' 193219 A7303 l 21000 . 4000 .2385 203124. 98868 17A02 216374 109134; 
. 4500 .2683 97349 19790 214170 105721: 
.5000 .2981 95855 21131 212022 102444: 
. 55~0 .3279 94387 23 625 209927 99298; 
. 6000 .3577 92944 25473 207883 96277: 
.65CO . 3875 9152 6 27277 205890 93375: 
.70CO . 4173 90131 29038 203946 90587: 

o . 7500 . 44 71 88760 3 0757 202050 87908: 

'- 8000 4769 87412 3243 5 200200 85334: 
o .8500 o. 5067 86087 34073 198396 82859: 
o . 9000 . 5365 84784 3 5673 196636 R0480: 
o . 9500 o- 5663 83504 37234 194918 78193: 

.0000. o .5961 82244 38759 193243 75993: 
·---------·---------+---------+---------·---------·-------------------+---------+---------+---------+- -------+---------: 
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l J Tc.;nnes Tonnes j Ton:Qes : Tonnes ! 'I'onnes : Tonnes : Tonnes : Tonnf's 

Not.es: Run na."TTe 
Date and ti.rne 

~1ANCJK01 

23MAR99,11:32 
Ccmputacion of ref. F: Sill'.ple mean, age 4 - 7 
Basis far 1999 TAC ca:1scra1.nts 
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Figure 6.1.1 Herring Vla(S) + Vllb: Catchcs. 
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Figure 6.5.1 The spawning stock biomass at spawning time for autumn spawners, spring spawners and spring spawners 
and autumn spawncrs as one stock for selected values of terminal Fin the separable analysis. Note the different scale of 
the spring spawner biornass-
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Figure 6.5.2 Recruitment at age O for autumn spawners, spring spawners and autumn spawners and spring spawners as 
one stock for selected values of terminal F in the separable analysis. Note the different scale of the spring spawners. 
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Figure 6.5.3 Fbar (aritmetric mean ·of F-values) age 3-6 for autumn spawners, spring spawners and autumn spawners 
and spring spawners as one stock for selected values of terminal Fin the separable analysis. 
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Figure. 6.6.1 Stock and recruitment for herring in VlaS and Vllbc 

315 



7 IRISH SEA HERRING (DIVISJON VHA, NORTH) 

7.1 The Fishery 

7.1.1 Advice and management applicable to 1998 and 1999 

In 1997 the Working Group did not undertake an ana1ytical assessment of this stock due to continued uncertainty about 
the fishing mortality and leve! of SSB. ACFM undertook an analysis using RCSEP1 (Cook et al. 1991) and concluded 
!hat the stock seems able to sustain the current fishing mortality. Consequently ACFM forecast a status quo fishing 
mortality which would gi ve a catch of around 6,500 t in 1998. A TAC of 9,000 t was again adopted for 1998 and 
partitioned as 2,340 t to the Republic of Ireland and 6,660 t to the UK. 

In 1998 the UK fishery opened in the third week in lune. Closcd arcas for hcrring fishing in the Irish Sea along the east 
coast of Ireland and within 12 nautical miles of the west coast of Britain werc maintained throughout the year. The 
traditional September, gillnct fishery on the Mourne hcrring, which has a derogation to fish within the Irish closed box, 
did not take place in 1998. The area to the east of the Isle of Man (cncompassing the Douglas Bank spawning ground) 
was closed from 21 September to 31 December. 

In 1998 the Working Group undertook an analytical assessrnent of the stock. However, due to the uncertainty of the 
assessment the shrinkagc option in !CA was applicd. The model estimate of the 1997 F was shrunk to the mean the 
years 1987 to 1997. Consequcntly ACFM recommended that Fin 1999 should be redueed to Fpa = 0.36 to ensure !hat 
the SSB is maintained within the prccautionary region. This corresponds to a catch of 4,900 t. A TAC of 6,600 t was 
adopted for 1999 and partitioned as 1,720 t to the Republic of lrcland and 4,880 t to the UK. 

7 .1.2 The fishery in 1998 

The catches reported from each country, for the period 1985 to 1998 are given in Table 7.1.1 and from 1972 to 1998 in 
Figure 7.1.1. Reported landings for the Irish Sea amounted to 4,905 t of which 1,187 t were misreported from adjacent 
areas. The total catch of 3,718 t laken within Division Vlla(N) was below the TAC of 9,000 tas was the case in 
previous years. This conforms to the pattern set in 1993 whcn the Rcpublic of lreland ceased taking their quota from 
Division VIIa(N). However, in 1998 the UK fleet did not take its full quota, and there were no landings into the Isle of 
Man. The reduced catch was due to both the Manx kipper industry obtaining herrings from North Sea suppliers rather 
than the local Irish Sea suppliers and tleet changes within the Northern Ireland herring fishery itself. The number of 
vessels that specifically target herring present in the Irish Sea has fallen to its lowest leve! in 30 years. Unlike previous 
years, the majority of the catch was taken in the last quarter. In 1998, 32% of the total catch was taken in the 3rd quarter 
and the remainder in the 4th quarter. The proportion of the catch caught by non-Northern lreland boats (20%) was the 
!argest for many years. There were no 1andings during the lst and 2nd quarters or from the Mourne gillnet fishery. 

7.1.3 Quality of catch and biological data 

There are still no estimates of discarding or slippage of herring in the Irish Sea fisheries. Working Group landing 
statistics are assumcd to he accurate. Biological sampling in lhis fishcry rcmains fairly high with approximatcly onc 
sample per 160 t landed (Tablc 7.1.2). Howcvcr, therc wcre very fcw samples taken in the 4th quarter when 64% of the 
catch was landed. 

7.1.4 Catch in numbers 

Catches in numbers at age are given in Table 7.1.3 for the years 1972 to 1998. The predominant year class in 1998 was 
the 2-ringers (1995 year class). The 1992 year class, which was numerically the most abundant year class in the 1995 
catches was still abundant in the 1998 catches. The 1990 year class was also still abundant. The catch in numbers at 
length is given in Table 7.1.4 for 1988 to 1998. The distribution oflengths in 1998 was similar to !hat in the preceding 
years with very few fish over 30 cm compared with 1988 and 1989, during which the strong 1979 and 1980 year classes 
were abundant in the catchcs (see Table 7.1.3). 

7.2 Mean length, weight, maturity and natura) mortality at age 

Mean lengths at age were calculated for the 3rd and 4th quarters using the Northern Ireland and Isle of Man data and 
are given for the years 1985 to 1998 in Table 7.2.1. In general, mean lengths at age have remained fairly stable since 
1988. 
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Mean weights at age in the catch are given in Table 7 .2.2. Mean weights at age in 1998 were, in general, comparable to 
the mean weights in 1997. Mean weights at age in the third-quarter catches have been used as estimates of stock 
weights at spawning time. 

The maturity ogive used since 1994 (ICES 1994a) was used again since there was no evidence to suggest a change: 0.08 
for 1-ringers, 0.85 for 2-ringers and 1.00 for 3+-ringers. 

As in previous years, natural mortality per year was assumed to be 1.0 on 1-ringers, 0.3 on 2-ringers, 0.2 on 3-ringers 
and O.l on all older age classes. 

7.3 Research surveys 

7 .3.1 Acoustic surveys 

The information on the time series of acoustic surveys in the Irish Sea is given in Table 7.3.1. Rcvisions have been 
made to the biomass estimates from the September 1995 survey. 

An acoustic survey was undertaken over the central northern Irish Sea (Division VIIa(N)), centrcd on the spawning area 
for Manx herring between 8th and 14th September 1998 by the Department of Agriculture for Northern lreland 
(DANl) as part of a time series that commenced in 1994. An intensive survey of the Douglas Bank spawning ground 
was carried out in darkness using transects spaced at ane nautical mile intervals. Due to problems with the transducer 
over part of the survey additional transects were undertaken during the ground fish survey between the 5 th and 8 th 
October 1998. The survey is described in detail by Armstrong et al. (WD 1999a). The survey was carried out using a 
Simrad EK500 echosounder with a towed 38 and 120kHz split-beam transducer. Targets were identified where possible 
by midwater trawling, and appropriate ALKs constructed from catch samples. The majority of adult herring (> 22 cm) 
were found to the east of the Isle of Man close to the traditional spawning area for this stock (Figure 7.3.1). The 
estimated SSB of herring in Vlla(N) was 7,760 t (Tab le 7.3.1). The age structure of herring from the acoustic surve y is 
given in Tablc 7.3.2. The revised 1995 herring age structure is also given in this table. The estimated biomass of sprat 
was the second highest in the series, after 1995. 

There are a number of observations on the acoustic surveys which are pertincnt to the interpretation of thcse data. The 
strong 1985 year class was probably responsible for the large num ber of fish in the 8+ group in 1994. The number in the 
p1us group has declined since 1994. The precision of the estimates of abundance for individual year classes is likely to 
be poor given the high CVs for the age-aggregated biomass estimates. The large estimate of 1-ringers in 1995 is not 
reflected in a corresponding ages in 1996 and 1997. This rna y reflect survey imprecision or the variable abundancc of 
CcltiC Sea juveniles in the Irish Sea. Given the broad 95% confidence intervals of the SSB estimates it is not possible to 
identify any significant increasing or decreasing trends in abundance of l-ring and older herring over the period 1994-
98. However, the SSB in 1998 was estimated with higher precision than in previous years, and the decline to a series 
low was observed off both the west and east coasts of the Isle of Man. 

The fishing industry c\aims that there has bcen a change in the pattern of movcment of Irish Sea adult hcrring in recent 
years, and substantial spawning aggrcgations were located off the Solway Firth in 1997 and 1998. This may reflect a 
diversion of spawning effort away from Douglas Bank. Acoustic survey c ff ort was low to the north of the Isle of Man in 
1998 and no herring spawning aggregations were recorded. Howcvcr the larval survey in November 1998 found newly 
hatched larvae (see below) which supports the nation of a possible shift in spawning patterns. 

7.3.2 Larvae surveys 

Larvae surveys were undertaken by Northem Ire land (Douglas Bank, northern Irish Sea) and the Isle of Man (Douglas 
Bank, north-eastern Irish Sea). Poor weather conditions between September and November 1998 reduced the survey 
coverage considerably for the Douglas Bank (Dickey-Collas WD 1999, Nash et al. WD 1999a). The Isle of Man survey 
on 21st September 1998 bad an extremely low abundance indicating that very Iittle hatching had occurred at that time. 
From the DAN! survey on the 20 th October to the Isle of Man survey on the 6 th November 1998 there was a steady 
increase in the abundance of larvae on Douglas Bank (Fig 7.3.2). The estimate of larvae production from the Douglas 
Bank November survey was low compared to 1997 (Table 7.3.3). However, this value should be treated with a certain 
degree of caution as the survey bad poor coverage and it was later than in previous years. Hence it is likely to result in a 
considerable bias in the production estimate due to larval dispersal from the spawning grounds. There was good 
coverage of the north-eastern Irish Sea in November and December (Figure 7 .3.3; Dickey-Collas WD 1999, Nash et al. 
WD 1999b ). There was the predictable deeline in abundance from the beginning of November to the beginning of 
December (Fig. 7.3.2). The DAN! survey gave a lower estimate of larvae production than the previous year, as did the 
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Isle of Man survey (Table 7.3.3; Figure 7.3.4). The distribution of spawning dates, back-calculated from the length at 
capture, suggested that the majority of the larvae were spawned throughout October. 

Once again, there wcre very few Mourne larvac caught in the Northern Irish survey (Dickey-Collas WD 1999). 

In the DANI November survey there were substantlal concentrations ofsmalllarvac in the vicinity 'of the Solway Firth 
(north of the traditiona1 Manx spawning grounds) (Dickey-Collas WD 1999). In previous ycars conccntrations of small 
herring larvae have been noted to the north of the Isle of Man which suggests that there may be a shift to other 
spawning grounds in the area. Similarly, in recent years concentrations of stage 6 fish_have been noted on the Douglas 
Bank spawning grounds in November and the timing of hatch, based on the larvae production estimates from the north
eastern surveys, suggests a later spawning. This information indicates that the behaviour and ecology of herring in the 
Irish Sea are likely to be more variable than often assumed (Bowers, 1980). 

7.3.3 Groundtish surveys of Area Vlla(N). 

Groundfish surveys, carried out by Northern Ireland since 1991 in the Irish Sea, were used by the 1996 to 1998 Herring 
Assessment Working Groups to obtain indices for O and l-ringer herring in the Irish Sea (ICES 1998a) (Table 7.4.1). 
These data indicate a strong 1992 year class (I-ringer in 1994) but the large 1990 year class l-ringer in 1992), found in 
the catch at age data, was not apparent (Table 7.4.1). The O-ringer (September), l-ring (March, June and September) 
indices were averaged as a l ""ring recruitment index for the whole Irish Sea and for the eastern and western Irish Sea, 
with the values weighted by the inverse of the survey sample CVs (Figure. 7.3.2). The rationale for this was to reduce 
the noise generated by individual indices. The eastern and western indices were designed to highlight and possibly 
reduce potential problems associated with juvenile Celtic Sea fish in the Irish Sea (Armstrong et al. WD 1999b ). 

It should be noted that the indices were reworked for the 1999 Working Group. The main differences bctween 1998 and 
1999 are in the perception of a higher index for the 1998 year class compared with the data presented in 1998 (ICES 
1998a). This index shows the strong 1992 year class and suggests relative! y strong 1995 and 1996 year classes (Figure 
7.3.5). 

The reliability of trawl indices of herring abundance in the Irish Sea will be affcctcd by mixing of Irish Sea and Celtic 
Sea juveniles, which co-occur, particularly in the western region. There are similarities in the· recruitment patterns in 
both the Irish and Celtic Sea populations (Armstrong et al. 1999b WD) with correlations between the !CA estimated 
rccruitment for the two stocks. By removing the 1990 year dass from comparisons, there is an impiovcmcnt in the 
correlation between the l-ringer index and the ICA.estimates. However, there is a very poor correlati'on between the 
eastern Irish Sea l-ringer index and the western Irish Sea index (Armstrong et al. 1999b WD). It is suggested that the 
eastern Irish Sea indcx may in fact be a hetter indicator of variation in recruitment to the Manx spawning stock as it is 
probably less influcnced by the presence of Celtic Sea hcrring (Armstrong et al. 1999b WD). 

There is a little evidence, although unquantifcd, that some of the herring in the Irish Sea are now spawning on Douglas 
Bank in late winter (Isle of Man ground fish survcys). The size of this spawning population will be investigated in 2000 
with larva! surveys from February to May and an analysis of the size distribution of eastern Irish Sea fish aged O. 

7.4 Data exploration and preliminary modelling 

In 1998 the Working Group explored the possibility of undertaking an analytical asscssment, invcstigatcd the various 
tuning indices available, concluded that there was uncertainty in the assessment and opted for the shrink.age option in 
ICA (lCES 1998a). The shrinkage option had been used previously in 1996, where the Douglas Bank larvae series, 
aeoustic surveys and the June and September Ground Fish Survey l-ringer indices were used. The model estimate ofF 
for 1997 was shrunk to the mean of 1987 to 1997. Since there was no objective way of choosing between CVs at 0.0 
and O.l, the run with a minimum CV of 0.0 was chosen for making short-term predictions. This assessment gave a mean 
F(2-6) for 1997 as 0.403 and an SSB of 8,200 t The tuning indices used were the Northern Irish NE Irish Sea larvae 
production estimates, minus 1996 (NINEL) and the mean groundfish l-ringer index (GFS-mean). 

The Division Vlla(N) acoustic survey estimates werc not considered as absolute because of discrepancies between 
acoustic estimatcs and tuned SSB estimates seen in other stocks. Fits within ICA were found in 1998 with all indices 
with DBL giving a very low mean F(2-6) = < < 0.01 and ACAGE, NINEL and AC_ Vlla(N) gi ving mean Fs of> l 
(ICES 1998a). 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 perceived mean F in 1997 although the confidcnce limits were was greatly reduced. Precision was 
generally poor. In an attempt to explore the performanee of these tuning indices the NINEL index was combined with 

318 



GFS-mean. The analysis with this combination of indiccs gave similar results in perceived F(97) to that obtained using 
the NINEL index on its own. 

This year new data were added to the Douglas Bank larvae series (DBL), Northern Irish larvae series (NINEL) and the 
Northern Irish acoustic surve y with adjusted 1995 values (AC-Vlla(N), and ACAGE) for SSB tun ing files. The l-ringer 
recruitment index (GFS-mean) for the whole Irish was reworked and data for 1999 added, as was the eastern Irish Sea 
1-ringer index (GFS-east; Figure 7 .4.1). This year, the survey indices were used to initiate an analytical assessment 
using an integrated catch-at-age analysis (!CA) including a separable constraint (Deriso et al. 1985). The following 
short survey series were available for inclusion in an assessment using the ICA package: 

l. Larva! production estimates from Douglas Bank survcys to provide an SSB index: 1989 · 1998 (OBL) 
2. Larva) production estimates from the Northern lreland surveys in the north-east Irish Sea: 1993- 1998 (NINEL) 
3. Age-aggregated acoustic estimates for the SSB of herring in Division Vlla(N) in September 1994 · 1998 

(AC_ Vlla(N)) 
4. Age-disaggregated acoustic estimates for the SSB of herring in Division Vlla(N) in September 1994 · 1998 

(ACAGE) 
5. Mean catch of juvenile herring (inverse weightcd mean of catches of O and l ring hcrring in September and March 

from all strata in the whole Irish Sea area) as a !·ringer index (1992 · 1999) (GFS-mean) 
6. Mean catch of j uvenile herring (inverse weighted mean of catches of O and l ring herring in September and March 

from all strata in the castcrn Irish Sea only) as a l-ringer index (l 992 · 1999) (GFS-east) 
7. Age-aggregated acoustic estimates ofManx herring spawning aggregations in 1989, 1990 and 1994 (AC_DB) 

NB: the index AC_DB was not used in 1999. 

The different indices are given in Tables 7.4.1 and 7.3.2. The relative concordance between the various groundfish J. 
ringer indices is given in Figure 7.4.1. Overall, all three SSB indices ( (AC_ Vlla(N), DBL and NINEL suggest a dcclinc 
in the North Irish Sea SSB (Figure 7.4.1). There is a concordance between the Douglas Bank and Northcrn Irish north· 
eastern larvae surveys (Figure 7.4.2). 

The !CA model was fitted using each series (1-6). The following input values were used: 

• Separable constraint over last 6 years (weighting == 1.0 for each year) 
• Reference age == 4 
• Constant selection pattern modcl 
• Selectivity on oldest age = 1.0 
• First age for calculation of rncan F == 2 
• Last age for calculation of mean F == 6 
• Weighting on l -ringers =O.l; all other age classes = 1.0 
• Weighting for all years = 1.0 
• All indices treated as linear 
• No SIR relationship fitted 
• Lowest and highest feasible F = 0.05 and 2.0 
• All survey weights fitted by hand i.e .. 1.0 
• Correlatcd errors assumed i.e., == 1.0 
• No shrinkage applied 

Once again the Division VIIa(N) acoustic survey estimates were not considered as absolute because of discrepancies 
between acoustic estimates and tuned SSB estimates seen in other stocks. Solutions were found with all indices with 
GFS-mean giving a very Jow reference F=<<O.O!, DBL giving a Jow reference F=0.17, the GFS-east also gave a 
relatively Jow reference F = 0.36 and ACAGE, NINEL and AC_ Vlla(N) gi ving reference Fs of between 0.67 and 0.81 
(Figure 7.4.2). In 1998 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 perceived reference F in 1998. In general, the 95% confidence intervals of F were much 
reduced compared to the previous year. 

In view of the conflicting signals from the available tuning data and the variability in pcrceptions of rnean F<2--6> it was 
decided to continue with an !CA run using only the GFS-east l-ringer indices and to use the shrinkage option. GFS-east 
was used instead of GFS-mean as the eastern index is more indicative of the 1-ringers in the Irish Sea and it had a lower 
minimum in the sum of squares than the GFS-rnean. The decision to not use the NINEL series was due to it ha ving a 
very different the SSQ minimum to GFS-east (twice as large and very shallow) and its fit to !CA bcing poor compared 
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to the assessment in 1998. Using the single index, GFS-east, gave a perception of the stock in 1997 very similar to the 
perccption in the assessment in 1998 (!CES 1998a). The shrinkagc option was used in the 1996 and 1998 assessments 
when faced with a similar degree of uncertainty in the perception of the SSB in Division Vlla(N). This option is 
consistent with the undcrlying principals used by the 1998 Working Group and the method used here is consistent with 
the principles applicd to all other herring stocks as ses sed by this Working Group. 

7.5 Stock assessment 

The structural model used for the baseline assessment, bas.ed on the results given in Section 7.4, is given as: 

La. y (111( Ca. y) - in( C' a. y)/+ 

Lt.y(ln(QcFs-..,,N,.,)- in(GFS-east,,,)/ 

where: 

a, y 
c 
c· 
GFS-east 
N 
Q 

age and year subscripts 
Catch in number at age and year 
Catch in number at age and year predicted by a separable fishing model 
Ground Fish Survey estimates of 1-ringers (eastern Irish Sea only) 
Population abundance in the structural modcl 
Cocfficicnts of proportionality for survcy indices 

The results of the baseline model fit are shown in Figures 7.5.1-7.5.4 and the run log is given in Table 7.5.1. The SSQ 
surface for the index shows a minimum at an intcrrnediary leve l of fishing mortality. The estimate for. Fo-6) for 1998 
was 0.42 (Table 7.5.2) with a corresponding SSB cstimate of approximately 6,904 t. This asscssment shows estimated 
fishing mortality to be similar to the shrunk Fs from the 1998 assessment. SSB was marginally highcr than the 
assessment last year with the exception of the estimate for 1997. 

In 1998 the model estimatc of the 1997 F was shrunk to the mean of 1987 to 1997. ACFM requested that if the 
shrinkage option was used again then the time span for shrinkage should be explored. This year shrinkage over 3, 5, 10 
and 15 years was undertaken using minima shrinkage CVs of 0.5 and 0.0. There was little effect on estimates of F(2-6J or 
SSB using combinations of CV and numbers ofyears for shrinkagc (Table 7.5.3). 

Since there was no objective way of choosing betwecn the various CVs and time periods for shrinkagc and the 
differences wcrc very small, the option used in 1998, of lO years and a CV of O, was chosen for making short-tcrm 
predictions. This asscssmcnt gave a mean F(Z-6) for 1998 as 0.347 and an SSB of 7,610 t. This estimate gives a slightly 
higher F2-6 and lower SSB for 1997 than was given by the 1998 Working Group. The population estimates, fishing 
mortalities and stock summary tablc for the shrunk assessment are given in Table 7.5.4. The standard fish stock 
summary plots are shown in Figure 7.5.5 and the stock recruitment plot with F1ow (0.16), Fmod (0.35) and F,,,, (0.59) 
shown in Figure 7.5.6. 

7.6 Stock and Catch Projection 

Short-term predictions were carricd out using the shrunk ICA estimates of population numbers and fishing mortalities 
(Section 7.5). These projections are for illustrative purposes only as the Working Group is very unsure of the actual 
status ofthis stock. The numbcrs of 1-ringers in 1999 was taken from the !CA output as this reflected the perception of 
recruitment for this year from the l-ringer tuning index (GFS-east) and the ages in the aeoustic surveys (Table 7 .4.1, see 
also Table 7.4.1). The numbcrs of 1-ringers in 1999 and 2000 wcre assumed to be a geometric mean of the recruitment 
over the period 1983-1998 (Table 7.6.1). Mean weights in the catch and in the stock were laken as a mean for the years 
1996-1998. The shrunk ICA estimates ofF at age in 1998 were used for the cxploitation pattern. Predictions of stock 
and yield were made assuming; TAC eonstraint of either the complete TAC (6,600 t) being taken up or UK landings 
reaching quota (4,900 t) in 1999, and F""""•"" in 1998. The full TAC option is necessary as there is a possibility that it 
could be taken. Predictions for 2000 and 2001 were made for a range ofF-multipliers. 

An F,,.,~ qaa in 1999 would result in a catch of 4,022 t (Table 7.6.2). The UK catch of 4,880 l in 1999 suggests an F of 
0.44 whieh is an increase from F(l998). There would be no change in SSB. The full TAC constraint (6,600 t) would 
result in an F(I999) = 0.65 with a concomltant increase in F and small declinc in SSB. An F,ro,.., qaa for the years 1999 to 
2000 gives a relatively stable low SSB for all scenarios (Tab le 7.6.3). Details of stock structure in 1999-2001, assuming 
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a catch of 4,880 t in 1999, are given in Table 7.6.4. Status quo catch in 2000 is between 3,500 and 4,200 t depending on 
the catch in 1999. 

7.7 Medium-term predictions of stock size 

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. The current state of herring 
recruitment to VIIaN is unclear, considering the imprecision in the assessments and the variable mixing of Celtic Sea 
and western Irish Sea juveniles. Also the historical assessments of recruitment have incorporated both Manx and 
Moume components and the contribution of the Moume component is now thought to be negligible. 

7.8 Management considerations 

7.8.1 Precision of the assessment 

The current time-series of survey data are very short and, as seen here, prone to prov iding variable perceptions of stock 
development. The ana1ysis prescnted here is consistent with the ICA method used by this Working Group. The current 
SSB is lower than perceived by the Working Group in 1998. Therc have probably been changes in this stock since the 
early 1990s with the severe reduction in the Mournc component of Vlla(N). The consequence of !his is thallhc SSB in 
Vlla(N) may be lower than when both components are present. This change in stock dynamics and the variability in the 
tuning data mean that this assessment should be treated with caution. There is also the suggestion of a unquantified 
spring spawning component to this stock (see Section 7.3.3). There is little doubt, however, that the autumn spawning 
SSB has declined over recent years and the ecology and behaviour of the stock is in a state of flux. It is like! y that an 
analytical assessment will be possible in the future with langer time-series from this area. 

Although there is considerable between year variation in SSB indices, the series suggest a declinc in SSB over the last 
few years. The l-ringer recruit indices do not suggest any recent strong year classes. Thcrcfore, maintaining catch 
levels, in the short-term, of approximately 3,500-4,500 t should not be detrimental to the stock. Because of the 
uncertainty associated with the perceived size of the stock, it would be prudcnt to keep catches below 4,500 tennes in 
the short term. 

7.8.2 Spawning and Juvenile Fisbing Area C1osures 

The arrangement of closed boxes in Division Vlla(N) prior to 1999 are discussed in detail in ICES (ICES 1996a)_ The 
closed areas consist of: all year juvenile closurcs along the east coast of Ire land, and the west coast of Scotland! England 
and Wales; spawning closures along the east coast of the Isle of Man, and along the east coast of Ire land. 

There will be a change in the closure area and time for the Douglas Bank spawning ground from 21st September- 31st 
Dccembcr to 21st September-15th November for 1999. In vicw of the uncertainties in the size of the stock in Division 
VIIa(N) the Working Group recommends that any alterations to the present closures are considered carefully, in 
the context of this report, to ensure protection for all components of this stock. 
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Table 7.1.1. Irish Sea HERRING (Division Vlla(N)). Catch in tonnes by country, 1985-1998. These figures do not in 
all cases correspond to the official statistics and cannot be used for management purposes. 

Country 1985 1986 1987 1988 1989 1990 1991 

lreland 1,000 1,640 1,200 2,579 1,430 1,699 80 

UK 4,077 4,376 3,290 7,593 3,532 4,613 4,318 

Unallocated 4,110 1,424 1,333 

Total 9,187 7,440 5,823 10,172 4,962 6,312 4,398 

Country 1992 1993 1994 1995 1996 1997 1998 

Ire land 406 o o o 100 o o 
UK 4,864 4,408 4,828 5,076 5,180 6,651 4,905 

Unallocated 22 -l' 187 

Total 5,270 4,408 4,828 5,076 5,302 6,651 3,718 

Table 7.1.2 Irish Sea HERRING. Sampling intensity of commerciallandings for Division Vlla (N) in 1998. 

Quarter Country Landings No. No. tish No. fish Estimation of 
(t) sam[!les measured aged discards 

Ire! and o 
UK (N. lreland) o 

l UK (Isle of Man) o 
UK (Scotland) o 
UK (England & Wales) o 
Ire land o 
UK (N. Ireland) o 

2 UK (Isle of Man) o 
UK (Scotland) o 
UK (England & Wales) o 
Ire land o 
UK (N. Ire! and) 1153 27 2530 1350 No 

3 UK (Isle of Man) o 
UK (Scotland) 23 o o o No 
UK (England & Wales) o 
Ire land o 2 150 50 No 
UK (N. lrcland) 2978 2 449 100 No 

4 UK (Isle of Man) o 
UK (Scotland) 493 o o o No 
UK (England & Wales) 257 o o o No 
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Table 7.1.3 Herring in the North Irish Sea (Manx plus Mourne Vlla(N)). Catch in numbers (thousands) by year. 

Year Age l Age 2 Age 3 Age4 Age5 Age6 Age? Age 8+ 
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 6750 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 5598 2820 445 484 255 59 
1984 1168 8424 7237 3841 2221 380 229 479 
1985 2429 10050 17336 13287 7206 2651 667 724 
1986 4491 15266 7462 8550 4528 3198 1464 877 
1987 2225 12981 6146 2998 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 9697 3598 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 
1998 2326 9004 2937 3373 5059 781 1553 342 
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Table 7.1.4 HERRING in Division Vlla (North). Catch at length for 1988-1998. Numbers offish in thousands 

Length 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

14 

15 l 95 
10 169 

16 13 6 343 21 21 17 
16 6 2 275 55 51 94 

17 29 50 l 779 84 139 127 281 20 
44 24 7 4 1,106 59 148 200 525 23 

18 46 44 224 31 1,263 69 300 173 1,022 93 
85 43 165 56 1,662 89 280 415 1,066 156 

19 247 116 656 168 1,767 39 226 310 554 1,720 240 
306 214 318 174 1,189 75 241 305 652 1,263 210 

20 385 226 791 454 1,268 75 253 326 749 1,366 324 
265 244 472 341 705 57 270 404 867 1,029 225 

21 482 320 735 469 705 130 400 468 886 1,510 396 
530 401 447 296 597 263 308 782 1,258 l ,192 416 

22 763 453 935 438 664 610 700 1,509 1,530 2,607 1,026 
1,205 497 581 782 927 1,224 785 2,541 2,190 2,482 833 

23 2,101 612 2,400 1,790 1,653 2,016 1,035 4,198 2,362 3,508 1,890 
3,573 814 1,908 1,974 1,156 2,368 1,473 4,547 2,917 3,902 1,547 

24 5,046 1,183 3,474 2,842 1,575 2,895 2,126 4,416 3,649 4,714 2,801 
5,447 1,656 2,818 2,311 2,412 2,616 2.564 3,391 4,077 4,138 2,099 

25 5,276 2,206 4,803 2,734 2,792 2,207 3,315 3,100 4,015 5,031 1,990 
4,634 2,720 3,688 2,596 3,268 2,198 3,382 2,358 3,668 3,971 2,120 

26 4,082 3,555 4,845 3,278 3,865 2,216 3,480 2,334 2,480 3,871 2,361 
4,570 3,293 3,015 2,862 3,908 2,176 2,617 1,807 2,177 2.455 2,002 

27 4,689 2,847 3,014 2,412 3,389 2,299 2,391 1,622 1,949 1,711 2,268 
4,124 2,018 1,134 1,449 2,203 2,047 1,777 990 1,267 l, 131 1,324 

28 3.406 1,947 993 922 1.440 1,538 1,294 834 906 638 936 
2,916 1,586 582 423 569 944 900 123 564 440 129 

29 2,659 1,268 302 293 278 473 417 248 210 280 84 
1,740 997 144 129 96 160 165 56 79 59 70 

30 1,335 801 146 82 70 83 9 40 32 8 64 
685 557 57 36 36 15 27 5 o 5 2 

31 563 238 54 12 2 4 l 2 
144 128 31 3 

32 RO 57 29 
7 7 

33 2 5 
l 6 

34 o 
5 
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Table 7.2.1 HERRING in Division Vlla (North). Mean length at age. 

Year Lengths at age (cm) 

Age (rings) 

2 3 4 5 6 7 8 

1985 22.1 24.3 26.1 27.6 28.3 28.6 29.5 30.1 
1986 19.7 24.3 25.8 26.9 28.0 28.8 28.8 29.8 
1987 20.0 24.1 26.3 27.3 28.0 29.2 29.4 30.1 
1988 20.2 23.5 25.7 26.3 27.2 27.7 28.7 29.6 
1989 20.9 23.8 25.8 26.8 27.8 28.2 28.0 29.5 
1990 20.1 24.2 25.6 26.2 27.7 28.3 28.3 29.0 
1991 20.5 23.8 25.4 26.1 26.8 27.3 27.7 28.7 
1992 19.0 23.7 25.3 26.2 26.7 27.2 27.9 29.4 
1993 21.6 24.1 25.9 26.7 27.2 27.6 28.0 28.7 
1994 20.1 23.9 25.5 26.5 27.0 27.4 27.9 28.4 
1995 20.4 23.6 25.2 26.3 26.8 27.0 27.6 28.3 
1996 19.8 23.5 25.3 26.0 26.6 27.6 27.6 28.2 
1997 19.6 23.6 25.1 26.0 26.5 27.1 27.7 28.2 
1998 20.8 23.8 25.2 26.1 27.0 26.8 27.2 28.7 

Table7.2.2 HERRING in Division Vlla (North). Mean weights at age. 

Year Weights at age (g) 

l 2 3 4 5 6 7 8 
1985 87 125 157 186 202 209 222 258 
1986 68 143 167 188 215 229 239 254 
1987 58 130 160 175 194 210 218 229 
1988 70 124 160 170 180 198 212 232 
1989 81 128 155 174 184 195 205 218 
1990 77 135 163 175 188 196 207 217 
1991 70 121 !53 167 180 189 195 214 
1992 61 111 136 151 159 171 179 191 
1993 88 126 157 171 183 191 198 214 
1994 73 126 !54 174 181 190 203 214 
1995 72 120 147 168 180 185 197 212 
1996 67 116 148 162 177 199 200 214 
1997 64 118 146 165 176 188 204 216 
1998 80 123 148 163 181 177 188 222 
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Table 7.3.1 Herring: Summary of acoustic survey information for Division Vlla(N) for the period 1989-1998. 
Small clupeoids include sprat and O-ring herring unless otherwise stated. CV s are approximate. 
Biomass in t. All surveys carried out at 38kHz except December 1996, which was at 120kHz. 

Year Area Dates hcrring CV herring CV small CV 
biomass biomass clupcoids 

(l+ years) (SSB) biomass 

1989 Douglas Bank 25-26 Sept 18000 - - -

1990 Douglas Bank 26-27 Sept . 26,600 - - -

1991 Western Irish Sea 26 July- 8 Aug 12,760 0.23 66,000' 0.20 
1992 Western Irish Sea 20-31 July 17,490 0.19 . 43,200 0.25 

+ lOM ea">t coast 
1994 Area Vlla(N) 28 Aug- 8 Sep 31,400 0.36 26,190 - 68,600 0.10 

Douglas Bank 22-26 Sept 28200 - - -

1995 Area Vlla(N) 11-22 Sept 38,400 0.29 19,900 - 348,600 0.13 
Douglas Bank 10-11 Oct - 9,840 - - -
Douglas Bank 23-24 Oct 1,750 0.51 - -

1996 Area Vlla(N) 2-12 Sept 24,500 0.24 23,390 0.25 49,120 0.13 
Eastern Irish Sea 9-12 Dec 12,WO 0.49 ll,HHO 0.49 6,810 0.13 
(closed box) . 

• 

1997 Area Vlla(N)- 8-12 Sept 20.100 0.28 11,300 0.28 46,600 0.20 
reduced . 

1998 Area Vlla(N) 8-14 Sept 21,200 0.15 7,760 0.18 228,000 0.11 

sprat on! y 

Table 7.3.2 Age structure of herring in Division Vlla(N) from the Northern Ireland Acoustic surveys in September. 

A~e (rin~s) 1994 1995 1996 1997 1998 
l 66.H 319.1 11.3 134.1 110.4 
2 6H.3 82.3 42.4 50.0 27.3 
3 73.5 11.9 67.5 14.8 8.1 
4 11.9 29.2 9.0 Il. O 9.3 
5 9.3 4.6 26.5 7.8 6.5 
6 7.6 3.5 4.2 4.6 1.8 
7 3.9 4.9 5.9 0.6 2.3 
8+ 10.1 6.9 5.8 1.9 0.8 

Table 7.3.3 Irish Sea HERRlNG larva] production (1011
) indiccs for the Manx componcnt of Division Vlla(N). 

Brackets denote one standard error. 

Year 

1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

l No assessment 
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Douglas Bank 

Isle of Man 
3.39 
1.92 
1.56 

15.64 
4.81 
7.30 
1.58 

5.59 
2.27 

Northern Ireland 

8.46 (1.6) 
l 

North East Irish Sea 

Isle of Man Northern Ireland 

128.86 
1.10 38.3 (18.4) 

12.50 71.2 (8.4) 
l 15.1 (9.3) 

0.30 4.7 (1.4) 
35.90 29.1 (3.2) 

3.5 5.8 (5.9) 



Table 7.4.1 Tuning indices used for the Irish Sea (VIla(N)) herring assessment. Values and approximate CVs are given. 
na = not available. GFS-mean = Weighted mean of groutidfish survey, O and l group abundance for the 
whole Irish Sea; GFS-mean E = Weighted mean of groundfish survey, O and l group abundancc for the 
castern Irish Sea; SSBA = Spawning stock biomass by acoustic techniques (AC_DB = Douglas Bank 
acoustic surveys covering only the spawning stock, AC_ Vlla(N) = Irish Sea acoustic surveys covering 2+ 
ringers; , AC_ Vlla(N) 1 + = Irish Sea acoustic surveys covering l+ ringers); DBL = larvae production on 
Douglas Bank. (October); NINEL=larvae production in the north-eastern Irish Sea (November). 

Year GFS- GFS-mean DBL' NINEL' AC_DB AC_ VIIa(N)4 AC_VIIa(N)l+' 
mean 1 E' 

1989 3.39 (0.49) 18000 (na) . 

1990 1.92 (0.24) 26000 (na) -

1991 1.56 (0.22) - . 12760 
1992 25 !56 15.64 (0.55) - . 17490 
1993 82 100 4.81 (0.18) 38.3 (0.48) - - . 

1994 182 198 7.30 (0.58) 71.2 (0.12) 28200 (na) 26190 (na) 31400 
1995 77 30 1.58 (0.42) 15.1 (0.62) . 19900 (na) 38400 
1996 31 65 - 4.7* (0.30) - 23390 (0.25) 24500 
1997 131 102 5.59(-) 29.1 (0.11) - 11300 (0.28) 20100 
1998 134 109 2.27 5.8 . 7760 21200 
1999 171 8 - . - . -

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

2. Numbers oflarvae at 6mm X 10'11 

3. Biomass of spawning aggregaLion, tonnes. 
4. Biomass of SSB, tonnes. 
5. Biomass of l+ 
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Table 7.5.1 Herring in Division VIIa(N). 

Integrated Catch at Age Analysis 

Vers ion l. 4 w 

K.R.Patterson 
Fisheries Research Services 

Marine Laboratory 
Aberdeen 

15 April 1998 

/users/fish/ifad/ifapwork/hawg/her_nirs/CANUM.I24 
/users/fish/ifad/ifapwork/hawg/her_nirs/WECA.I24 
Stock weights in 1999 used for the year 1998 

/users/fish/ifad/ifapwork/hawg/her_nirs/WEST.I24 
Natura! mortality in 1999 used for the year 1998 

/users/fish/ifad/ifapwork/hawg/her_nirs/NATMOR.I24 
Maturity ogive in 1999 used for the year 1998 

/users/fish/ifad/ifapwork/hawg/her_nirs/MATPROP.I24 
No indices of spawning bioroass to be used. 

No of years for separable constraint? --> 5' '6 
Reference age for separable constraint ? --> 4 
Constant selection pattern model (Y/N) ? --> y 
S to be fixed on last age ? --> l 
First age for calculation of reference F ? 
Last age for calculation of reference F ? 
Use default weighting (Y/N) ? --> n 

Enter relative weights at age 
Weight for age l --> .l 
Weight for age 2 --> 1 
Weight for age 3 --> l 
Weight for age 4 --> l 
Weight for age 5 --> l 
Weight for age 6 --> l 
Weight for age 7 --> l 
Weight for age 8 --> l 

Fnter relative weights by year 
Weight for year 1993 --> l 
Weight for year 1994 --> l 
Weight for year 1995 --> l 
Weight for year 1996 --> l 
Weight for year ~997 --> l 
Weight for year 1998 --> l 

--> 2 
- -> 6 

Enter new weights for specified years and ages if needed 

Enter year, age, new weight or -1,-1,-1 to end. --> -1 -l -1 
Is the last age of FLT07: ~ean eas~ern age l (Catch: ?~ausa a plus-group (Y--> n 

You must choose a catchability r:Jodel for each i:-1dex. 

Models: A Absolute: Index Abundance e 
L Linear: Index Q. Abundance e 
p Power: Tndex Q. Abunda:-1ce" K .e 

where Q anci K are parameters to be estimated, and 
e is a lognornally-distributed error. 

Model for FLT07: Mean eastern age l (Catch: Thousa ::_s to :Oe A/L/P ? --> l 
Fit a stock-recruit relationship (Y/N) ? --> n 
Enter lowest feasible F --> 0.05 
Enter highest feasible F --> 2 

Mapping the F-dimension of the SSQ surface 

F SSQ 
+--------+-------------------

.os 4.2274416579 

.15 2.7347227950 

.26 2.5838820756 

.36 2.7015834200 

.46 2.9094688844 

.56 3.1526544496 

.67 3.4085368884 

.77 3.6665613798 

.87 3.9215540054 

.97 4.1709846248 
1.08 4. 4136940739 
1.18 4.6492555204 
1.28 4.8776372301 
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Table 7.5.1 (cont.) 

1.38 
1.49 
1.59 
1.69 
1.79 

1.90 

5.0990181021 
5.3136843216 
5.5219706524 
5.7242271464 
5.9207997622 

6.1120209165 
2.00 6.2982039144 

Lowest SSQ is for F = .241 

No of years for separable analysis 
Age range in the analysis : l 
Year range in the analysis : 1972 
Number of indices of SSB : O 
Number of age-structured indices l 

Parameters to estimate 24 
Number of observations 49 

6 
8 

. 1998 

Conventional single selection vector model to be fitted. 

Survey weighting to be Manual (recommended) or Iterative (MII) ? --> m 
Enter weight for FLT07: Mean eastern age l (Catch: Thousa at age l -->l 

Enter estimates of the extent to which errors 
in the age-structured indices are correlated 
across ages. This can be in the range O (independence) 
to l (correlated errors) 

Enter value for FLT07: Mean eastern age l (Catch: Thousa --> 1 
Do you want to shrink the final fishing mortality (YIN) ? --> y 
Enter the no. of years to shrink to --> 10 
Enter the minimum e.v. of the rnean --> O 

Seeking solution. Please wait. 

Aged index weights 
FLT07: Mean eastern age l (Catch: Thousa 
Age 
Wts 
SSQ --- > 

SSQ --- > 

l 
1.000 

3.03570146404855 
3.0370162009138 

Computing covariance matrix. Please wait 
F in 1998 at age 4 is .358770 in iteration l 
Detailed, Normal or Summary output (DINIS) --> n 
Output page width in characters (e.g. 80 .. 132) ? --> 132 

Shrinking F to mean 

Shrunk VPA WYi~ten to file ICA_SHR.I24 

Estimate historical assessmen~ uncerta:nty ? --> n 
Succesful exit from ICA 
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Table 7.5.2. Herring in V~~a(N): Results of baselina assasamant 
Output Generated by ICA Version 1.4 
Catch in Number x 10 A 6 

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

--~---~---

1972 

40.64 
46.66 
26.95 
13.18 
13-75 

6.76 
2.66 
l. 67 

1987 

2.23 
12.98 

6.15 
3. OD 

4.18 
2. 78 
2.33 
l. 67 

1973 

42.15 
32.74 
38.24 
11.49 

6.92 
5.07 
2. 59 
2. 60 

1988 

2. 61 
21.25 
13.34 

7.16 
4.61 
5.08 
3. 23 
4.21 

1974 

43.25 
109.55 
39.75 
24.51 
10.65 

4.99 
5.15 
l. 63 

1989 

1.16 
6.39 

12.04 
4.71 
L 88 
1.25 
l. 56 
l. 96 

1975 

33.33 
48.24 
39.41 
10.84 
7. 87 

4.21 
2.09 
l. 64 

19 90 

2. 31 
12.84 

5. 7J 
9.70 
J.GO 
l. 66 
l. 04 
l. 62 

Weights at age in the catches (Kg) 

AGE 

l 
2 
3 
4 
5 
6 
7 
B 

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

1972 

.07400 

.15500 

.19500 

. 21900 

.23200 

.25100 

.25800 

.27800 

1987 

. 05800 

.13000 

.16000 

.17500 

.19400 

.21000 

.21800 

.22900 

1973 

,07400 
.15500 
.19500 
.21900 
.23200 
.25100 
.25800 
_.27800 

1988 

.07000 

.12400 

.16000 

.17000 

.18000 

.19800 

. 21200 

.23200 

1974 

.074.00 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

.27800 

1989 

.08100 

.12800 

.15500 

.17400 

.18400 

.19500 

.20500 

.21800 

19"/5 

.07400 

.15500 

. 19500 

.21900 

.23200 

.25100 

.25800 

.27ilCO 

1990 

.09600 

.14000 

.16600 

.17500 

.18700 

.19500 

.20700 

.21800 

1976 

34.74 
S6.1G 
L0.7tl 
1 ']. 22 
... ~!:l 
2 . 81 
2. 42 
l. 27 

1991 

2.00 
9.75 
6.74 
2.83 
'J.07 
1.49 

. 'lL 

. HJ 

"1976 

.07400 

.15500 

.BSOO 

.2:".900 

.232CO 
. :?.')1 co 
. 2':: !:lO O 
. :?.'1 KULl 

1991 

. 073 00 

.12300 

.15500 

.17100 

.18100 

.19000 

.19800 

.21700 

Herring N.Irish Sea (run: ICARDN24/I24) 

1977 

]0.7.8 

39.04 
22.69 

6. l':J 
4. ':l:2 

l. 46 
.Yl 

l . \2 

19 92 

12. 15 
6.89 
6.74 
6.G9 
J.Lfi 

5. 12 
"... U4 

. 3 9 

19'17 

1978 

15.54 
36.9') 
13.41 
6.)8 
"1.74 
L 34 

.67 
.35 

1993 

.65 
14.64 
3.01 
3.02 
2.90 
l. 61 
2 .18 

.85 

19"/l:l 

1979 

11.77 
3 8. 27 
23.49 

4.25 
2. 20 
1.05 

.40 

. 2 9 

1994 

l. 97 
7.00 

12.16 
1.83 
2.57 
2.10 
1.28 
l. 99 

1979 
----------------

.074DG 

.155()0 

.19'JOO 

.21900 

. 2J2 JO 

. :L'J l :JO 

.2':ltiUU 

. L"lflCO 

1992 

.06200 

.l14UU 

.14000 

. f5soo 

.16')00 

.17400 

.18100 

.19700 

.07400 

.15500 

. 19500 

.21900 

.7.3200 

.25100 

. :2:.800 

.2780-0 

1993 

.08900 

. 12700 

.15700 

.17100 

.18200 

.19100 

.19800 

.21200 

.07400 

.15500 

.19500 

.21900 

.23200 

.25:!.00 

.25800 

. 27800 

1994 

.07000 

.12300 

.15300 

.17000 

.18000 

.18900 

.20200 

. 21200 

1980 

:..84 
2 5. 76 
19.51 

8.52 
l. 98 

.91 

. 3 6 

.23 

1995 

3.20 
2L 33 
3.39 
5.27 
l. 20 
1.15 

93 
1.45 

1980 

.07400 

.15500 

. 19500 

. 21900 

.23200 

.25100 

.25800 

.271:100 

1995 

.07500 

. 12100 

.14600 

.16400 

.17600 

.18100 

.19300 

.20700 

1981 

5.05 
J :, . 7 9 
J.20 
2.79 
2.30 

.33 

.29 

.24 

1996 

5.34 
17.53 
9.76 
1.16 
3.60 

.78 

.96 
l. 3 6 

1981 

.07400 

.15500 

. J 9500 

.21900 

.23200 

.25100 

.25800 

.27800 

1996 

.06700 

.11600 

.14800 

.16200 

.l 7700 

.19900 

.20000 

.21400 

1982 

5.10 
16.03 

5.67 
2.15 

.33 
1.11 

.14 
.38 

1997 

9.55 
21.39 
7. 56 
7. 34 
1. 64 
2.28 

.84 
l. 43 

1982 

.07400 

.15500 

.19500 
21900 

.23200 

.2')100 

.25800 

.2'/800 

1997 

.06400 

. 11800 

.14600 

.16500 

.17600 

.18800 

.20400 

.21600 

1983 

l. 31 
12.16 

5.50 
2.82 

.45 

.48 

.26 

.06 

1998 

2.33 
9.00 
2.94 
3. 37 
5.06 

.78 
l. 55 

.34 

1983 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

. 27800 

1998 

.08000 

.12300 

.14800 

.16300 

.18100 

.17700 

.18800 

.22200 

1984 

1.17 
8.42 
7.24 
3.84 
2.22 

.38 

.23 

.48 

19 84 

.07600 

.14200 

.18700 

.21300 

.22100 

.24300 

.24000 

.27300 

1985 

2.43 
10.05 
17.34 
13.29 

7.21 
2. 65 

.67 

.72 

1985 

.08700 

.12500 

.15700 

.18600 

.20200 

.20900 

.22200 

. 25800 

1986 

4.49 
15.27 

7.46 
8.55 
4.53 
3.20 
l. 46 

.88 

1986 

.06800 

.14300 

. 16700 

.18800 

. 21500 

.22800 

.23900 

.25400 

l 

l 
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Table 7.5.2. (cont.) 

welghts at age in the stock (Kg) 

AGE 1972 1973 
------+------------------

l 
2 
3 
4 
5 
6 
7 
8 

------+-

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

.27800 

1987 

.05800 

.13000 

.16000 

.17500 

.19400 

.21000 

.21800 

.22900 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

.27800 

1988 

.07000 

.12400 

.16000 

.17000 

.18000 

.19800 

.21200 

.23200 

1974 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

.27800 

1989 

.08100 

.12800 

.15500 

.17400 

.18400 

.19500 

.20500 

.21800 

Natural Mortality {per ~ar) 

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

1972 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1987 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1973 

l. 0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1988 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1974 

1.0000 
. 3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1989 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1975 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

.27800 

1990 

.07700 

.13500 

.16300 

.17500 

.18800 

.19600 

.20700 

. 21700 

19"/~ 

1.0000 
.3000 
.2000 
.1000 
.1000 
.l 000 
.1000 
.1000 

1990 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
. 1000 

1976 

.07400 

.15500 

. 19SOO 

.21900 

.23200 

.25100 

.2~800 

.27800 

1 9 91 

.07000 

.12100 

.15300 

.16700 

.18000 

.18900 

.19500 

. 21400 

l ':l"/6 

1.0000 
.3000 
.2:JOO 
.1000 
. 1000 
. l ouc 
. 1000 
.1000 

1991 

.0000 

. l UUD 

.2000 

. 1000 

. l 000 

. 1000 

.1000 

. 1 00 o 

1977 

.07400 

.1S500 

. 19500 

.21900 

. ~F-\200 

. 2:.100 

.2?800 

. 27800 

1 9 92 

.06100 

.11100 

.13600 

.15100 

. 15900 

.17100 

.17900 

. 19100 

lY "!"l 

1.0000 
. 3000 
.2000 
.1000 
. 1000 
. l UUO 

. 1 o co 

. 1000 

1992 

.OOUO 

. lOUU 
-~UOU 

• lUUO 
.1000 
.l CDO 
.1000 
.10~0 

1978 

.07400 

.15500 

.19500 

.21900 

.232(10 

.25100 

.25800 

. 2"/800 

1979 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

.27800 

1993 1994 

.08800 .07300 

.12600 .12600 

.15700 .15400 

.17100 .17400 

.18300 .18100 

.19100 .19000 

.19800 .20300 

.21400 .21400 

1978 

1.0000 
.3000 
.2000 
.1000 
. 1000 
.1000 
.1000 
.1000 

1993 

.0000 

.3000 

.2000 

.1000 

.1000 

.1000 

.1000 

.1000 

1979 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1994 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1980 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

.27800 

199 5 

. 07200 

.12000 

.14700 

.16800 

.18000 

.18500 

.19700 

.21200 

1980 

l. 0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1995 

1981 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

.27800 

1996 

.06700 

. 11500 

.14800 

.16200 

. 17700 

.19500 

.19900 

.21200 

1981 

1.0000 
. 3000 
. 2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1996 

l. 0000 l. 0000 
.3000 .3000 
.2000 .2000 
.1000 .1000 
.1000 . 1000 
.1000 . 1000 
.1000 .1000 
.1000 .1000 

1982 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 

.27800 

1997 

.06300 

.11900 

.14800 

.16700 

.17800 

.18900 

.20600 

.21400 

1982 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1997 

1.0000 
. 3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1983 

.07400 

.15500 

.19500 

.21900 

.23200 

.25100 

.25800 
,27800 

1998 

.07300 

.12100 

.15000 

.16600 

.17900 

.19000 

.20000 

.23000 

1983 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1998 

1.0000 
.3000 
. 2 000 
.1000 
.1000 
.1000 
.1000 
.1000 

1984 

.07600 

.14200 

.18700 

. 21300 

.22100 

.24300 

.24000 

.27300 

1984 

1.0000 
.3000 
.2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1985 

.08700 

.12500 

.15700 

.18600 

.20200 

.20900 

.22200 

.25800 

1985 

1.0000 
.3000 
. 2000 
.1000 
.1000 
.1000 
.1000 
.1000 

1986 

.06800 

.14300 

.16700 

.18800 

.21500 

.22900 

.23900 

.25400 

1986 

1.0000 
.3000 
.2000 
,1000 
.1000 
.1000 
.1000 
.1000 



~ Table 7.5.2. (cont.) 
N 

Proportion of fiah apawning 

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

AGE 
------+--

1 
2 
3 
4 
5 
6 
7 
8 

1972 

.0800 

.8500 
1.0000 
1.0000 
l. 0000 
l. 0000 
1.0000 
1.0000 

1987 

.0800 

.8500 
1.0000 
1.0000 
1. 0000 
1.0000 
1.0000 
1. 0000 

1973 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1. 0000 

1988 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

AGE-STRUCTURED INDICES 

1974 

.0800 

.8500 
1.0000 
1.0000 
1. 0000 
1.0000 
1.0000 
l. 0000 

1989 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1975 

.0800 

.8~00 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1990 

.0800 

.8500 
1.0000 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 

1976 

.0800 

.E~OU 

.0000 
1.0000 
1,0000 
1.0000 
1.0000 
1.0000 

1991 

.0800 

.8500 
l. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1977 

.0800 

. tl :.o o 
1.0000 
1.000(1 
1.0000 
1.0000 
1.0000 
1.0000 

1992 

.0800 

.8500 
1.0000 
1.0000 
L 0000 
1. 0000 
1.0000 
1 - OUI)U 

1978 

.0800 

.8500 
1.0000 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 

1993 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

FLT07: Mean eastern age 1 (Catch; Thousands) 

AGE 1992 1993 1994 

1 156.00 100.00 198.00 

Fishing Mortality (per year) 

AGE 

1 
2 
3 
4 

5 
6 
7 
8 

1972 

.1659 

.3608 

.5161 

.5209 

.5818 

.5743 

.4585 

.4585 

1973 

.1042 

.3433 

.6119 

.4106 

.5053 

.3888 

.3990 

.3990 

1974 

. 2136 

.8237 
1.0074 

.9954 
-7313 
.7401 
.7591 
.7591 

19';l~ 

30.00 

1975 

.1519 

.7503 

.9043 

.8119 

.9305 

. 6372 

.7083 

.7083 

1996 1997 1993 

5~.00 102.00 109.00 

1976 

.2291 

. 789<1 

. 9'/04 

.O'Jl7 
-8 82 9 
. 9316 
.8329 
.8329 

1977 

.1570 

.8SJ8 
-9660 
.:.ns8 

l. 0·195 
.6938 
.8012 
.8012 

1978 

.1029 

.5320 

.9153 

.8898 

.6435 

.9383 

.7088 

.7088 

1979 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1994 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1979 

1980 

.0800 

.8500 
1.0000 
l.OOOG 
1.0000 
1.0000 
1.0000 
1.0000 

1995 

1981 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
l. 0000 
1.0000 
1.0000 

1996 

. 0800 . 0800 
-8500 . 8500 

1.0000 1.0000 
1.0000 1.0000 
1.0000 1.0000 
1.0000 1.0000 
1.0000 1.0000 
1.0000 1.0000 

1980 1981 

.1412 .0594 

.7462 1.0531 

.8534 1.2934 

.8136 .8500 

. 7240 l. 0370 

.0357 

. 3964 

.3628 

.5926 

. 5121 

.4111 

.4061 

.4061 

. 9188 . 6656 

.7218 .8465 

. 7218 . 8465 

1982 

.0800 

.8500 
l. 0000 
1.0000 
l. 0000 
1.0000 
1.0000 
1.0000 

1997 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
1.0000 
l. 0000 
l. 0000 

1982 

. 0350 

.2594 

.2562 

.4195 

.1122 

.4415 

.2727 

.2727 

1983 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
l. 0000 
1.0000 
1.0000 

1998 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1983 

.0088 

.1849 

.1434 

.1856 

.1273 

. 2136 

.1523 

.1523 

1984 

.0800 

.8500 
1.0000 
1.0000 
l. 0000 
l. 0000 
1.0000 
1.0000 

1984 

. 0140 

.1205 

.1694 

.1315 

.1954 

.1371 

.1330 

.1330 

1985 

.0800 

.8500 
l. 0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1985 

.0258 

.2735 

.4122 

.5004 

.3438 

.3346 

.3348 

.3348 

1986 

.0800 

.8500 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1986 

.0419 

.3928 

.3578 

.3479 

.2810 

.2250 

.2779 

.2779 



"' "' "' 

Table 7.5.:l. (cont.) 

Fishing Mortality (per year) 
------+------------------------~------------------- -- ---------------------- ------------------ ------
AGE l 1987 1988 1989 19YU 19 9 '] 1992 1993 1994 1995 1996 1997 1998 

-----------------------------------------------------
1 l .0126 .0357 . 0119 . 0312 .0461 .U'.l91 -0311 .0400 .0342 .0355 .0568 .0442 
2 l .2808 .2727 .1945 .3044 .3075 . 38Tl .3728 .4805 .4099 .4264 .6813 .5304 
3 l .2883 .5584 .2602 .2848 .:::-161 .3!:!66 .2975 .3835 .3271 . 3404 -5438 .4234 
4 l .2254 .6027 .3695 .3269 . 2109 .4577 .2521 .3250 .2772 .2884 .4608 .3588 
5 l .2549 .5596 .2747 .4735 .2530 .JSJ"/ .2946 .3797 .3239 .3370 .5383 . 4191 
6 l .2485 .4935 .2565 .3697 .3258 . 38"!3 .2444 . 3151 .2688 .2796 .4467 .3478 
7 l .2268 .4497 .2442 .3122 . 2411 -3 500 .2521 .3250 .2772 .2884 .4608 .3588 
8 l .2268 .4497 .2442 .3122 . 2411 .3~00 . 2 521 .3250 .2772 .2884 .4608 .3588 

----------------------·----

Population Abundance (1 January) x 10 A 6 
-----------------------

AGE l 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
--------------------------

l 414.94 668.05 349.57 369.57 2 63-43 325.40 249.20 139.73 159.53 227.30 233.64 234.82 133.10 150.27 172.72 
2 176.72 129.31 221.44 103.86 116.130 Tl. 07 l 02 - 31 82.71 44.63 55.30 80.69 82.99 85.63 48.29 53.87 
3 73.13 91. 2 6 67.96 71.99 36.33 39.30 24.31 44.52 29.05 11.54 27.56 46.12 51.10 56.23 27.21 
4 33.97 35.73 40.52 20.32 :.:!3.86 1:1.27 12.00 7.97 15.53 6.53 6.57 17.47 32.71 35.32 30.49 
5 32.60 18.26 21.45 13-55 B. 15 'l. 2 5 3.83 4.46 3.20 6.01 3.26 3.91 13.13 25.95 19.38 
6 16.18 16.48 9.9) 9.14 4.8-1 3. o:, 2.30 l. 82 l. 96 1.03 3.26 2.64 3.11 9.77 16.65 
7 7.57 8. 25 10.11 4.30 4. 4'1 l . 72 1. 3 8 .81 .66 .91 .61 1. 89 1. 93 2.46 6.33 
8 4.75 8.28 3-20 3.1H L. 14 )_ -12 .'12 .59 .42 .75 1. 67 .44 4.04 2.67 3.79 

----------- ------------------------------------------------ -----------
------+--------------------------------------------------------------------------------------------------------
AGE l 1987 1988 1989 1990 J 991 1992 1993 19% 1995 1996 1997 1998 1999 

----T---------------------------------- --------------

l 281.77 117.21 154.54 118.72 69.90 202.08 72.79 224.21 102.24 96.82 103.36 136.70 129.59 
2 60.94 102.36 41.61 56.18 42.33 24.56 67.33 25.96 7'j,24 36.35 34.37 35.93 48.12 
3 26.95 34.09 57.74 2:,_37 30- lO 23.06 12.35 34.36 11.89 38.97 17.58 12.88 15.66 
4 15.58 16.54 15.97 36.-1<1 1S.61 1 Y. u·, 12.83 7.51 19.17 7.02 22.70 8. 3 6 6.91 
5 19.48 11.25 8.19 9.9~ 2 J . lB l l . ·1 ::> 10.92 9. 02 4.91 13 .1:, 4. 76 12.96 5-2 8 
6 13.24 13.66 5.82 5.63 5.63 16."11 7. 27 7.36 5.58 3-21 8.49 2.51 7.71 
7 12.03 9.34 7.54 4.07 3.52 3.68 10.26 5.15 4.86 3. 86 2.20 4.92 l. 61 
8 8. 64 12.18 9.47 6.31 3.99 l. 39 3 . 9 9 7.52 6.29 5.7! 4.06 1.19 3-86 

-----------------------------------------------------------------------



---------·-------- --------- -------------

Table 7.5.2. (cont.) 

STOClt SUMMAR.Y 

Year Recruits Total Spawningf Landings Y i eld Mean F SoP 
Age l Biomass Biomass l /SSB Ages 

thousands tonn es tonn es l tonn es ratio 2- 6 (%) 

1972 414930 94694 34882 27350 .7841 .5108 112 
1973 668040 107902 33605 22600 -6725 .4520 100 
1974 349560 93293 25096 38640 1.5397 .8596 99 
1975 369570 69470 17294 24500 1.4166 . 8072 102 
1976 263420 54816 13069 21250 1.6259 .9332 99 
1977 325390 49636 9667 15410 1.5940 .9124 95 
1978 249190 43688 11152 11080 . 9935 .7838 92 
1979 139730 35452 9901 12338 1.2461 . 8112 92 
1980 159520 293 08 5878 10613 1.8055 .9798 97 
1981 227290 31165 8128 4377 .5385 .4550 90 
1982 233630 38807 13539 4855 .3586 .2978 98 
1983 234820 45239 19601 3 933 .2007 .1710 98 
1984 133100 44021 24752 4056 .1643 .1508 96 
1985 150270 43024 18631 9187 .4931 .3729 102 
1986 172720 40178 18499 7440 .4022 .3209 97 
1987 281770 42461 18043 5823 .3227 .2596 103 
1988 117200 38698 17116 10172 .5943 .4974 105 
1989 154530 35821 16060 4949 .3081 .2711 100 
1990 118710 32432 14834 6312 .4255 .3519 101 
1991 69900 24205 13017 4398 . 3379 .2747 100 
1992 202070 26668 9130 5270 .5772 .3946 101 
1993 72780 25293 11840 4409 . 3724 .2923 101 
1994 224210 31921 10058 4828 .4800 . 3 7 68 102 
1995 102240 26045 11201 5076 . 4531 .3214 99 
1996 96810 22502 10099 5301 .5249 .3344 100 
1997 103360 20768 7723 6651 . 8611 .5342 100 
1998 136700 21699 6904 3718 .5385 .4159 100 

IFAP run code: I24 
-----------------------------------------------------------------
No of years for separable analysis 6 
Age range in the analysis ' l 8 
Year range in the analysis ' 1972 1998 
Number of indices of SSB ' o 
Number of age-structured indices l 

Parameters to estirnate 24 
Number of observations 49 

Conventional single seiection vect.or model to be fitted. 

PARAMETER ESTIMATES 

IParm.l l Maximum l l :--tear. of l 

l No. l l Like U .. l CV l Lower Upper -s.e. +s.e. Param. l 
l l E:stimatel l' l l 95' CL 95% CL o::_strib.l 

Separable mo del ' F by year 

l 1993 .2521 29 .1413 .4499 .1877 .3388 . 2 634 
2 1994 .3250 31 .1759 .6005 .2376 .4446 .3413 
3 1995 .2772 35 .1380 .5569 .1942 .3957 .2953 
4 1996 .2884 41 .1278 .6508 .1904 .4369 .3144 
5 1997 .4608 53 .1610 l. 3191 .2694 .7880 .5321 
6 1998 .3588 74 .0829 1.5519 .1699 .7574 .4743 

Separable Model: Se1ection IS) by age 

7 l .1232 50 .0458 .3316 ,0744 .2042 .1400 
8 2 1.4785 24 . 9230 2.3682 1.1626 1.8802 l. 5218 
9 3 1.1801 21 .7685 1.8121 .9481 l. 4687 1.2087 

4 l. 0000 Fixed ' Reference Age 
lO 5 1.1682 18 .8130 l. 6787 .9709 l. 4056 1.1884 
11 6 .9695 18 .6807 1.3807 .8094 1.1612 .9854 

7 l. 0000 Fixed ' Last true age 
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Table 7.5.2. {coa.t.) 

Separable model: Populations in year 1998 

12 l 136701 43 58826 317668 88906 210189 149955 
13 2 35924 44 14912 86542 22938 56260 39726 
14 3 12883 60 3933 42197 7033 23600 15473 
15 4 8355 63 2390 29199 4412 15819 10243 
16 5 12954 63 3704 45300 6839 24536 15885 
17 6 2513 68 651 9705 1261 5007 3187 
18 7 4914 67 1299 18584 2493 9687 6187 

Separable model: Popu1ations at age 
19 1993 102 61 43 4373 24073 6641 15854 11279 
20 1994 5153 37 2448 10845 3525 7532 553 8 
21 1995 4857 39 2259 10440 3287 7177 5241 
22 1996 3859 43 1642 9068 2496 5968 4244 
23 1997 2196 49 835 5773 1341 3596 2480 

Age-structured index catchabilities 
FLT07: Mean eastern age l {Catch: Thousands) 

Linear model fitted. Slepes at age : 

24 l Q .1166E-02 25 .9117E-03 .2493E-02 .1166E-02 .1949E-02 .1558E-02 
Table 7.5.2. (coa.t.) 

RBS:IDUALS ABOUT THE MODEL FIT 

Separable Model Residuals 
------+------------------------------------------------
Age 1993 1994 1995 1996 1997 1998 
------+------------------------------------------------

l -. 781 -l. 041 . 3 87 .912 .969 -.478 
2 -.222 -.212 -.086 .464 .360 -.363 
3 .039 .198 .114 -.049 .115 -. 324 
4 .101 -.085 .174 -.369 -.087 . 33 9 
5 .089 -.058 -.077 .004 -.144 .178 
6 .066 .103 -.084 .043 -.248 .102 
7 .000 -.066 -.192 .041 .081 .093 

------T------------------------------------------------

ACJB-STI\UCTUR.l!:D INDEX RES:IDOALS 

FLT07: Mean eastern age 1 (Catch: Thousandsl 
------+--------------------------------------------------------
Age 1992 1993 1994 1995 199 6 1997 1998 
------+--------------------------------------------------------

1 .0379 .5864 .1482 -.9560 -.1278 .2661 .0478 
------+---------------------------------------------------------

PARAMETERS OF THE DISTRIBUTION OF ln(CATCHES AT AGE) 

Separable rnodel fitted from 1993 

Variance 
Skewness test stat. 
Kurtosis test statistic 
Partial chi-square 
Significance in fit 
Degrees of freedorn 

to 1998 

.0877 

.2547 
-.5689 

.1991 

.0000 
19 
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Table 7.5.3. (cont.) 

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES 

DISTRIBUTION STATISTICS FOR FLT07: Mean eastern age l (Catch: Thousa 

Linear catchability relationship assumed 

Age 
Variance 

Skewness test stat. 
Kurtosis test statisti 
Partial chi-square 
Significance in fit 
Number of observations 
Degrees of freedom 
Weight in the analysis 

ANALYSIS OF VARIANCE 

Unwai~hted Statistics 

Variance 

Total for model 
Catches at age 

Aged Indices 

l 
.2285 

-1.1609 
.3102 
.3204 
.0006 

7 
6 

l. 0000 

SSQ 
6.4970 
5.1263 

FLT07: Mean eastern age l (Catch: Thou 1.3708 

Weigbted Statistica 

variance 
SSQ 

Total for model 3. 03 72 
Catches at age 1.6665 

Aged Indices 

FLT07: Mean east.ern age l (Catch: Thou 1.3708 
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Data 

Data 

49 
42 

7 

49 
42 

7 

Parameters d.f. 
24 25 
23 19 

l 6 

Parameters d.f. 
24 25 
23 19 

l 6 

variance 
.2599 
.2698 

.2285 

Variance 
.1215 
.0877 

.2285 



Ta ble 7 .5.3. lnvestigation of the effect of F shrinkage on the ICA assessment of herring in Vlla(N), 
using the GFS-east tuning index. Unshrunk assessment: mean F c2_6) = 0.4159, SSB = 6,904 t. 

Minimum CV of the mean 
Shrinkage 0.5 0.0 
over years F c2-6l SSB F c2-6l SSB 

3 0.4189 6,945 0.4202 6,934 
5 0.3979 7,115 0.3901 7,181 
10 0.3672 7,412 0.3471 7,610 
IS 0.3529 7,573 0.3281 7,837 
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00 

Tabl• 7.5.,. H•rring in VXIa(N); Conventional VPA with Fiahing Mortality Shrinkage 
Fs shrunk over 10 years 
Minimum ev of the mean taken as .00000 
Shrinkage Diagnostics 
F from model fit Historie Mean F Shrunk estimate 
Estimate 

.044 

.530 

. 423 

.359 

.419 

. 348 

.359 

Variance 
. 592 
.472 

Estimate 
.038 

Variance 
.029 
.012 
.005 
.006 
.006 
.004 
.004 
,004 

Wt for F from Model 
-04 6 

* **** 

. 531 

.558 

.561 
,589 
.558 
.411 

. 3 89 

.344 

.324 

.355 

.319 

.305 

.305 
Fishing Mortality {per year) 

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

1972 

.1660 

.3614 

.5239 

.5311 
-6220 
. 6456 
.6275 
.6275 

1987 

.0126 

.2870 

.2953 

.2256 

.2450 

.2386 

.2046 

. 2046 

1973 

.1043 

.3435 

. 6135 

.4206 
-5219 
.4340 
.4855 
.4855 

1988 

.0355 

.2727 

.5773 

.6262 

.5601 

.4659 

. 4247 

.4247 

1974 

.2135 

. 8242 
1.0086 
l. 0013 

.7637 

.7873 

.9353 

.9353 

1989 

.0117 

.1934 

.2602 

.3897 

.2914 

.2568 

.2250 

.2250 

1975 1976 

.1517 .2290 

.7493 .7880 

.9057 .9674 

.8163 1.0965 

. 9450 . 8892 

. 6952 . 9G89 

.8080 l. Ull4 

.8080 1.0114 

1990 

.03]7. 

.2988 
- 2 82 '/ 
.3269 
.5142 
.4015 
. 3127 
. 31 '2 'l 

1991 

.0465 

.3075 

.2693 

.2090 

.2S30 

. 3fi92 

.2'700 

. :.:!'/00 

Population Abundanca (1 January) x 10 A 6 

AGE 

l 
2 
3 
4 
5 
6 
7 
8 

1972 1973 

414.75 667.78 
176.48 129.25 

72.28 91.09 
33.47 35.05 
31.04 17.81 
14.85 15.08 

5.97 7.05 
3.75 7.07 

1974 

349.83 
221.34 

67.91 
40.38 
20.82 

9.56 
8.84 
2.80 

19'/5 

369.95 
103.96 
71.92 
20.28 
13.42 

8.78 
3.94 
3.09 

19"/E 

263.55 
116. 94 

3 G. 41 
n .so 

8. 11 
·1. 72 
3.96 
2.08 

.024 

.010 

.Qll 

. o·! O 

.DOG 

.007 

.o:o 

1977 

.1563 

. 8531 

.98t8 

.9706 
1. 0627 

. 7045 

.8808 

.8808 

1992 

.0962 

.3921 

.3866 

.4417 

.3494 

.3873 

.4190 

.L.:.1':l0 

1'9'17 

3 :~ 6 . 76 
?'!. 11 
39.40 
ll . 3 3 
7.19 
3.02 
l. 62 
2.00 

1978 

.1027 

.5287 

.9134 

.8803 

.6318 

.9704 

. 7312 

.7312 

1993 

.0160 

.2775 

.3162 

.2832 

.3101 

.2590 

. 2336 

. 23 3 6 

1978 

249.74 
102.81 

24.34 
12.08 

3.88 
2.25 
l. 35 

.70 

.038 
-392 
.345 
.324 
.356 
. 319 
.304 
.304 

1979 

.1401 

.7436 

.8426 

.8096 

.7072 

.8828 

.7799 

.7799 

1994 

.0151 

.4233 

.4186 

.3056 

. 3 675 

.3440 

.2898 

.2898 

1979 

140.80 
82.91 
44.89 

7.99 
4.53 
1.87 

.77 

.56 

1980 

.0596 
1.0377 
1.2808 

.8254 
1.0242 

. 6355 

.7715 

.7715 

19 95 

.0405 

.3933 

.4000 

.3053 

.3003 

. 2497 

. 2 923 

.2923 

1980 

158.81 
45.02 
29.20 
15.82 

3. 22 
2. 02 

.70 

.45 

] 981 

.0346 

.3987 

.3525 

.5787 

.4842 

. 4011 
,3760 
.3760 

1996 

.0715 

.5890 

.3354 

.2190 

. 3,144 

.2902 

.3418 

.3418 

1981 

234.39 
55.04 
11. 82 

6.64 
6.27 
l. os 

. 97 

.80 

1982 

.0346 

.2502 

.2583 

.4021 

.1085 

.4041 

.2635 

.2635 

1997 

.1423 

.8727 

.5931 

.4297 

.4812 

.2992 

.5663 

.:.663 

1982 

236.30 
83.3 o 
27.3'1 

6.80 
3. 3 7 
3.50 

.63 
1.72 

1983 

.0087 

.1826 

. 1373 

.1875 

.1205 

.2054 

.1355 

.1355 

1998 

. 03 84 

.3922 

.3446 

.3241 

.3559 

.3187 

.3043 

.3043 

1983 

238.29 
83.97 
48.05 
17.31 

4.12 
2.73 
2.11 

.49 

1984 

.0140 

.1186 

.1668 

.1251 

.1978 

. 1287 

.1270 

.1270 

1984 

133.06 
86.90 
51. 83 
34.29 
12.98 

3.30 
2.02 
4.22 

1985 

.0262 

.2736 

.4039 

.4898 

.3227 

.3400 

.3094 

.3094 

1985 

148.23 
48.27 
57.18 
35.91 
27.38 

9.64 
2.63 
2.85 

1986 

.0426 

.3995 

.3579 

.3378 

.2724 

.2070 

. 2840 

.2840 

1986 

169.62 
53. 12 
27.20 
31.26 
19.91 
17.94 

6.21 
3.72 



Table 7.5.4. (cont.) 

Population Abundance (l January) x 10 A 6 
----------------------

AGE l 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
----+--------------------------------------------------------------------------------------------------------
l l 281.77 117,79 157.01 118.71 69.29 207.78 64.18 207.49 127.17 121.54 112.59 13 6. 70 129.59 
2 l 59.80 102.36 41.82 57.09 42.33 L4. 33 69.43 23.24 75.19 44.93 41.62 35.93 48.40 
3 l 26.39 33.25 57.74 25.53 31. T1 23.06 12.18 38.97 11.27 37.59 18.47 12.88 17.98 
4 l 15.57 16.08 15.28 3 6. 44 l':!. 'l6 19.6~ 12.82 7.27 20.99 6.19 22.00 8.36 7.47 
5 l 20.18 11.24 7.78 9.36 23.78 11.57 11.41 8.74 4' 84 14.00 4.50 12.96 5.47 
6 l 13.72 14.29 5.81 5.26 "J.O"J 16."11 7.38 7.57 5.48 3.25 9.25 2.51 8.21 
7 l 13.20 9.78 8.11 4.07 3 . 19 J. J7 10.26 5.15 4.86 3.86 2.20 6.20 l. 65 
8 l 9.47 12.75 10.18 6.30 .1 . 61 1. 2 o 4.27 8.30 6.01 4.94 3.46 1. 37 5.05 

----------------------------------------

STOCK SUMMARY 

l Year 

l 
Recruits l Total l Spawnin~ l Ldmhng~ l Yield [ Mean ~ l SoP 

l Age l l Biomass l Biornd:'l~ [ l /SSB l Ag es 
thousands tennes l tennes l tonne~ l ratio l 2- 6 l l' l 

1972 414750 92981 33310 27350 . 8211 .5368 112 
1973 667770 106586 32400 2 26{)0 .6975 .4667 100 
1974 349830 92570 24400 3H640 ].5836 .8770 99 
1975 369940 69146 16961 24500 1.4445 .8223 102 
1976 263540 54607 1285S 21.250 1. 6S30 .9420 99 
1977 326750 49694 9G2 8 1S410 1.600~ . 9146 95 
1978 249740 43818 1..1218 11080 . 'J8 77 .7849 92 
1979 140790 35648 10002 1L3 Hl 1.2J35 .7972 92 
1980 158800 29448 6042 10613 1.'/565 .9607 97 
1981 234380 31825 8281 4.Jn .'J285 .4430 90 
1982 236290 39524 13932 48S5 .3485 .2846 98 
1983 238290 46130 2013-/ 3933 .1953 . 1666 98 
1984 133060 44754 25381 406 6 .1602 .1474 96 
1985 148220 43450 1917"1 918"/ .4791 .3660 102 
1986 169620 40367 18C!90 '14<1 o . "l938 .3149 97 
1987 281770 42905 J 8·"19 9 ':li:! :.U .Jl48 .2583 103 
1988 117790 38876 l"!L~J l O 1 'IL .'JH9~ .5004 105 
1989 157000 36125 161 '-l? 4 (_),19 .3063 .2783 100 
1990 118700 32387 14'/60 fdl2 . 4276 .3648 101 
1991 69280 24033 12889 13';18 .34.12 .2816 100 
1992 207770 26965 9102 ':.L "lO .5789 . 3914 101 
1993 64180 24944 12166 4-1r.: 9 .3~65 . 2892 101 
1994 207480 31182 1040"/ <:'.H:?.Il . ·16 'l 'J .3718 102 
1995 127170 27477 11 0"11 'JU'/b .tl':l/35 .3297 99 
1996 121530 24799 1 u on '::.lO! . 'J2 60 .3496 100 
1997 112580 22196 7849 6G':ll .84"/~ .5352 100 
1998 13 6700 21997 7610 3 ., l Cl .481::!6 . 3 4 71 100 

IFAP run code: I24 

"' "' 'C> 
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Table 7.6.1. Herring in Division Vlla(N) 

13:53 Sunday, March 21, 1999 
Herring in the North Irish Sea (Manx plus Mourne VIIa North) 

Prediction with management option table: Input data 

Year: 1999 

Stock l Natura! l MaturityjProp.of FjProp.of Mj Weight l Exploi t. l Weight l 
Age size mortali ty l og i ve l bef. spaw. l bef. spaw. l in stockj pattern l in catch 

l 129.5901 l. 0000 l O.OBOOJ 0.9000J 0.75001 0.068J 0.03691 o. 070 l 
2 48.400 0.3000 0.8500J 0.90001 0.75001 o .1181 0.4427 o .1191 
3 17.9801 0.2000J l. 0000 l 0.9000J 0.75001 0.1491 0.35331 0.1471 
4 7.470 0.10001 l. 0000 l 0.90001 0.75001 o .1651 0.29941 0.163 
5 5.4701 D.lOOOJ l. 0000 l 0.90001 0.7500 o. 1781 0.34981 0.1781 
6 8. 210 l 0.10001 l. 0000 l 0.90001 0.75001 0.1911 0.29031 0.1881 
7 l. 650 l 0.1000 1.00001 0.90001 0.75001 0.2021 0.29941 0.1971 
8+ 5.0501 0.1000J l. 0000 l 0.9000J 0.75001 0.2191 0.2994 0.2171 

Unit Millionsl jKilograrnsj jKilogramsj 

Year: 2000 

Recruit-1 Natural l MaturityjProp.of FjProp.of Mj Weig:.,_t l Exploi t. l Weight l 
Age ment jmortalityj og i ve bef.spaw.jbef.spaw.j in stock l pattern l in catch 

l 140.0001 l. 0000 l O.OBOOJ 0.90001 0.75001 o. 0681 0.03691 0.070 
2 l 0.30001 0.85001 0.90001 0.75001 o .1181 0.44271 o .1191 
3 l 0.2000J l. 0000 l 0.90001 0.75001 0.1491 0.35331 0.1471 
4 l 0.1000J 1. 0000 l 0.90001 0.75001 0.165 0.29941 0.163J 
5 l 0.1000J l. 0000 l 0.90001 0.75001 0.1781 0.34981 0.1781 
6 l D.1000J l.OOOOJ 0.90001 0.75001 0.1911 0.29031 0.188J 
7 l 0.10001 l. 0000 l 0.90001 0.7500J o. 2021 0.29941 o. 1971 
8+ 0.1000 l.OOOOJ 0.90001 0.75001 0.2191 0.2994 0.2171 

Millionsl l l l l l 
IKilograrnsl Unit l l !Ki1ograrnsj 

Year; 2001 

Recruit-1 Natur al l MaturityiProp.of ?jProp.of Ml Weight l Exploi t. l weight l 
Age ment lmortalityl ogive lbef.spa•N.Ibef.spaw. in stockl pattern l in catchl 

l 140.0001 1.0000 8.0800 0.90DOJ 0.7500 o. 068J 0.03691 0.0701 
2 l 0.30001 0,85001 0.90001 0.75001 O. "Bi 0.44271 o.:19l 
3 l 0.2000J l.OOOOJ 0.9000J 0.7500 0.1491 0.35331 o.:47l 
4 l O.lOOOJ l.OOOOJ 0.9COUJ 0.75001 0.1651 0.29941 o. Hi3l 
5 l 0.1000J :.ocooJ 0.9000J 0.75001 o .1781 0.34981 o .1781 
6 l 0.10001 l.ODOOJ 0.9COOJ 0.75001 0.1911 0.29031 o .1381 
1 l O.lOOOJ l.OOOOJ 0.9COOJ 0.7500J 0.2021 0.29941 0.1371 
8+ l O.lOOOJ 1.00001 0.90001 0.75001 o. 2:9J 0.29941 0.2171 

Unit :-Iil2.ionsl IKilogr3.msl IKilogramsj 

Notes: Ru~ Lame MANRDN04 
Date and time: 21MAR99:15:21 
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Table 7.6.2.a. Herring in Division Vlla(N) 

13:53 Sunday, March 21, 1999 
Herring in the North Irish Sea (Manx pl~s Mourne Vlla North) 

PrelLctiuJl with management option table 

Year: 1999 l 
F Reference Stock l Sp.stockl Calch Hl 

Factor F biomass bioma~s l weight 

1.0000 0.3471 2241~1 82751 102~1 
-l 

l -l -l :l :l -l 

l -l :l :l l :l l 
-l -l 

l :l -l l 
-l l 

-l l 

:l :l 
l l :l l l l 

l :l -l :l -l 

l :l -l l 
-l -l 

l :l -l l 
-l -l 

i Tonnes l Tonnes ! 'l'onnt>s l - -
L 
Notes: Run name MANR!JN04 

21MAR99:15:2l Date and time 
Computation of ref. F: Simp1e mean, age ~ - 6 
Basis for 1999 F factors 

Year: 2000 

F l Refe:r:·ence l Stock 
Factor F biomass 

0.00001 
0.1000 

0.20001 
0.3000 

0.40001 
0.5000 

0.60001 
0.7000 

0.80001 
0.9000 
l. 0000 l 
1.10001 
1.2000 
l. 3000 l 
l. 4000 l 
l. 5000 l 
1.6000 
l. 7000 l 
1.8000 
l. 9000 l 
2.0000 

- ! 

0.0000 
0.0347 
0.0694 
0.1041 
0.1388 
0.1736 
0.20831 
0.2430 
0.27771 
0.3124 
0.34711 
0.38181 
0.4165 
0.45121 
0.4859 
0.52071 
0.5554 

0.59011 
0.6248 
0.6595 
0.69421 

- l 

23744 

:l 
:l 
:l 
:l 
l 
l 

:l 
:l 
:l 

Tonnes l 

Sp.stock 
biomass 

11976 
11603 

112421 
10693 
105561 
10229 

99131 
9608 
93121 
90261 
87491 
84821 
8222 

79721 
7729 

74951 
7267 
70481 
6835 
66291 
64 30 i 

l Tonnes l 

Year: 2001 

Catch in/ Stock 
weight biomass 

~ 487 

9571 
1411 
1849 
2273 
2683 
3078 

34611 
3830 
41881 
45331 
4867 

51901 
5503 

58051 
6098 
63811 
6654 
69191 
7176! 

Tonnes l-

28941 
28435 
2794 7 
27476 

270231 
26585 
26163 
25756 
25363 
24984 
24 618 
24265 
23924 

235951 
23278 
229711 
22675 
22389 
22113 
21846 
21588 

Tonnes 

Sp.stock 
biomass 

16524 
15579 
14691 
13857 
13073 
12336 
11643 
10992 
10379 

9803 

92621 
8752 
8272 

5618 
5322 

Tonnes 



't Table 7.6.2.b. Herring in Division Vlla(N) 

"' 
Herring in the North Irish Sea (Manx plus MouYne VITa North) 

PLedicL iu11 with management apt ion table 

Year: 1999 l Year: 2000 

13:53 Sunday, March 21, 1999 

l Year: 2001 
: 

l F l Reference Stock l Sp.stockl Catch inl F 'Reference' Stock l Sp.stockj Catch in Stock l Sp.stock 
Factor F biomass biowa!:l.s w~iqht Factor F biomass bJ..omass J weight biornass biomass 

l 

l 
l 

l 
l 
l 
l 

l 

1.2666! 0.4396 

: l l 
l 
l 

l 

l l 

l 
l 

224161 

:l 
:l 
l 

-l 
:l 
.l 
. l 
. l 
. l 
. l 
. l 

:l 
:l 

7614! 

:l 
l 

-l 
-l 
·l 
·l 
-l 
-l 
.l 
. l 
. l 
. l 
. l 
. l 
-l 
l 

l 
l 

48801 

l 
-l 
l 
l 

-l 
l 

:l 
l 

.l 

. l 

. l 

. l 

. l 

. l 

:l 
·l 
·l 
l 

l Tonnes l Tonnes l 'lonnes l 
' ' 

Not es: Run name MANRDNIJ2 
Date and time 21MAH99:1'i:L7. 
Computation of ref. F: Simple rneon, age 2 6 
Basis for 1999 TAC constraiuls 

o.ooo~! 
0.10001 
O.?ODDI 
0.3000 
0.4000 
0.5000 
0.6000 
0.7000 
0.8000 
0.9000 
1.0000 
1.1000 l 
l. 2000 l 
l. 3000 l 
L 4000 l 
l- 5000 

l. 6000 l 
1.7000 

1.80001 
l. 9000 
2.00001 

l 

o.ooo~j 
0.03471 
0.0694 

0.10411 
0.1388 
0.17361 
0.2083 
0.24301 
0.2777 
0.31241 
0.34711 
0.38181 
0.41651 
0.45121 
0.48591 
0.52071 
0.55541 
0.59011 
0.62481 
0.6595 
0.6942 

l 

228691 
-l 

Tonnet> 

:l 
l 

·l 
:l 
-l 
l 

:l 
l 
l 

l 

112031 
108531 
105141 
l 

79251 
76821 
7447 

'1220 l 
7000 

67881 
6582 

63831 
6190 
6004 

Tonnes l 
' 

o 
4601 
9051 

42861 
46021 
4907 

52021 
5488 

Tonnes l 

28122 
27643 
27181 

236971 
233751 
230641 
227641 
22474 

221941 
21924 

216631 
21411 
211681 

Tonnes l 
' 

15767 
14867 
14022 

83661 
79101 
7480 

70761 
6695 
6336 
5999 
5681 
5382 
5100 

Tonnes 

l 

~-



Table 7.6.2.c. Herring in Division Vlla(N) 
13:53 Sunday, March 21, 1999 

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

Prediction with management option table 

Year: 1999 Year: 2000 Year: 2001 

F Reference Stock Sp.:stock Catch in F !Reference Stock sp.stock Catch in Stock Sp. stock 
Factor F biomass biOIDdSS weight_ Factor ! F biomass biornass weight biomass biomass 

l 1.8855 0.6544 224161 6287 6blJO o.ooooj 0.00001 2113~ l 96691 o 264931 14264 
0.1000 0.0347 9364 408 26068 13454 

l l ·l 0.20001 0.06941 l 90691 802 2 5658 12692 

·l 0.30001 0.1041 8784 1182 25262 11977 

l :l 0.40001 0.13881 l 85091 15491 24881 11305 
0.5000 0.1736 8242 1904 24514 10673 

l 0.6000 0.2083 7985 22471 24160 10079 
0.7000 0.2430 7736 2578 23819 9521 

l 0.8000 0.2777 7496 28981 23469 8996 
0.9000 0.3124 7263 3207 23172 8502 

l l -l 1.000() 0.34711 :l 70381 35051 22865 8038 
.l l.lDOOI 0.3818 6821 3794 22569 7601 

l l l 1.20001 0.41651 l 66101 40731 222841 7190 

l -l 1.30001 0.4512! l 64071 43431 220091 6803 
l l 1.4000 0.4859 6210 4604 21743 64 38 

l l -l 1.5000 0.52071 :l 60201 48571 214871 6096 
.l l. 6000 l 0.5554 5836 5101 212391 5773 

:l -l l. 7000 l 0.5901 :l 56591 5337! 21000 5469 

-l 1.8DDOI 0.6248 5487 5566 20769 5182 

l -l l. 9000 l 0.6595 :l 5320 5787! 20547 4912 

. i 

-' 
2.oooo1 0.6942 5159 6001 20331 4658 

- - Tonnes l Tonnes j Tonnes ! - ! - Tonnes l Tonnes Tonnes l Tonnes Tonnes 

' ' l ---

Notes: Run name MANRDN03 

Date and time 21MAR99:15:21 
Computation of ref. F: Simple mean, ctye 2 - 6 
Basis for 1999 TAC constraints 

w 
t; 



"" t Table 7.6.3a. B•rring in Diviaion VIIa(N) 

13:53 Sunday, March 21, 1999 
Herring in the North Irish Sea (Manx plus Mourne VIIa North) 

Single option prediction: Sununary table 

l January Spawning time 
•• o ••• o. o ••••••• o •• o •• o ••••• o o ••• o •• o •••• o • o •••• o •••• o •••• o •••••• o o •• o o •• •••• o •• o o • •• o • o •••••••• o ••• o • •••••• 

• Year • F •Reference• Calch iu• Cdtch iu• Stock • Stock • Sp.stock• Sp_stock• Sp.stock• Sp.stock• 
size • biomass • size • biornass • size • biomass • Factor • F • nurnbers • weight 

......... o •• o o • o. o •• o o •• o •• o •• o •• o. o o • •••• o •• o • o • o •• o • o •• o o •• o o. o • o •••• o o •• o o ••••••••• o ••••• o • ••••••••••• o • o • 

1999 
• 2000 • 
• 2001 • 

l. 0000. 
l. 0000. 
l. 0000. 

0.3471· 
0.3471· 
0.3471• 

29990· 
31103· 
32894• 

·1022. 
4188· 
4444· 

223820• 
237865· 
243976. 

22416• 
23744• 
24618· 

9733 7. 
102174o 
107730° 

13452 o 

14172o 
14981o 

57663· 
60812 o 

64242. 

8275o 
8749o 
9262. 

o o. o o o • o o • o o •• o o o o •• o o o o o o. o. o •••••••••• o o •• o o o o • o. o o • o o o o. o. o ••• o •• o o o o o o o o o. o •• o o • •• o • ••••••••• o. o •• o o. o o • 

o Unit o •Thousands• Tunnes •'rhousandso Tonnes •Thousands• Tonnes •Thousands• Tonnes o 

•• o. o • •• o o o •• o o • o •• o o o o o o • o o ••••••••••• o •• o •• •• o •••••••• o •• o o o o • •• o o o o o o. o o • •••••••••••• o o o • o •• o. o o •• o o ••• o. 

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

SPRRDN03 
21MAH.99:15:57 

F: Simple mean, age 2 - 6 
F factors 

Table 7.6.3b. Herring in Division VIIa(N) 

13:53 Sunday, March 21, 1999 
Herring in the North Irish Sea (Maux plus Mourne VITa North} 

Single oplion !Jied_iction: tiummary table 
••• o • o o • o ••••••• •-• o •• o. o • o o • o •• o o o o o o o o • o 

l January Spawning time 
o •• o o • •••••• o ••• o o •• o • o o o • o o •• o ••• o •••••••••••• o • ••••• o. o •• o o o •• o ••••• o ••••••• o •• o o o ••• o •• o •• o • o • •••• o. o. o. o 

o Year • F •Reference• Catch in• catch in· 
Factor o F • numbers • weight 

Stock • Stock • Sp.stock• Sp.stock• Sp.stock• Sp.stock• 
size • biomass o size • biomass • size • biomass • 

•• o o •••••• o •• o ••••• o o • •• o o o o •• o o • o ••••••••••••••••••••••••• o o ••• o o o o. o. o o. o ••• o o •• •••••• o •••••• o •••••••••• o. 

1999 
o 2000 • 
• 2001 • 

1.2666· 
l. 0000. 
1.0000• 

0.4396· 
0.3471· 
0.3471o 

36426• 
29668• 
32060• 

4880• 
3960• 
4296• 

223820° 
232469· 
240700• 

22416• 
22869• 
2403lo 

97337· 
96844. 

104454° 

13452. 
13305· 
14394• 

53 095 o 

57323· 
61957· 

7614. 
8176· 
8852• 

••••• o ••••• o •• o • ••••• o o • o • •••••••• o • ••••••••••••••••••••••••••••• o. o •••••••••••• o •••• o •••• o • o • •••••••••••• o. 

o Unit • •Thousands• Tonneo; •'I'hou!'lnnds• Tonnes •Thousands• Tonnes •'rhousands• Tonnes • 
••••••••••• o •• o ••••• o o ••••• o • ••• o • ••••••••••••••••••••••••••••••• o •••• o • o. o o o ••••••••••••••••••••••••• o • •••• 

Notes: Run name 
Date and time 
Coroputa-tion of ref. 
Prediction basis 

SP.kRDNOl 
21MAH99:15:58 

F: Simple mean, age 2 
F factors 

6 



..., 
t; 

Table 7.6,Jc. Herring in Divi•ion VIIa(N) 

13:53 Sunday, March 21, 1999 
Herring in the North Irish Sea (Manx plus Mourne VIla North) 

Single option prediction: Surnrnary table 

......................................... 
1 January Spawning time ............................................................................................................ 

• Year • F •Reference• Catch in• Cdlch in• Slock Stock • Sp.stock• Sp.stock• Sp.stock• Sp.stock• 
• biomass • size • biomass • size • biomass • Factor • F • numbers • \>.'eiyht • size ............................................................................................................ 

1999 
• 2000 • 
• 2001 • 

l. 8855. 
l. 0000. 
l. 0000. 

0.6545• 
0.3471• 
0.3471· 

49386· 
26808• 
30403• 

6600• 
3:.05· 
4002· 

"223820• 
221"140• 
234195• 

22416· 
21130• 
22865• 

97337• 
86270· 
97950· 

13452. 
11584• 
13228. 

43962· 
50405• 
57424• 

6287• 
7038· 
8038· ............................................................................................................ 

• Unit • •Thousands• Tonnes •'I'housands• Tonnes •Thousands• Tonnes •Thousands• Tonnes • ............................................................................................................ 
Notes: Run name 

Date and time 
SPRRDN02 
21MAR99:15:58 

Computation of ref. F: Simple mectn, age 2 - 6 
Prediction basis F faclors 



Table 7.6.4. Herring in Division Vlla(N) 

13:53 Sunday, March 21, 1999 

346 

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

Single option prediction: Detailed tables 

Year: 1999 F-factor: 1.2666 Reference F: 0.4396 

l Absolutel Catch inj Catch inl 
Agej F numbers l weight 

l ; l 
1

1 

~ l 
l 6 l 

1

1 7 l 
8+1 

! Total 

0.04671 
0.56071 
0.44751 
0.37921 
0.44311 
0.36771 
0.37921 
0.37921 

37551 
181981 

59231 
22511 
18701 
2411 

4971 
1521 

364261 

2 631 
21661 

8711 
367 
3331 
4531 

981 
330! 

488~ 

Stock 
size 

1295901 
484001 
179801 

74701 
54701 
8210 l 
16501 
50501 

2238201 

Stock 
biomass 

88121 
5711 
26791 
12331 

9741 
15681 

333 
1106 

22416 

l January Spawning time 

Sp.stock Sp.stockj Sp.stockJ Sp.stockJ 
size biomass biomass l 

103671 
411401 
179801 

74701 
54701 
8210 l 
1650 l 
5050 

97337 

7051 
48551 
26791 
12331 

974 
15681 

3331 
1106 i 

134521 

46951 
19833 
103451 

49261 
34061 
54711 
10881 
33301 

530951 

3191 
23401 
15411 

8131 
6061 

10451 
2201 
7291 

76141 

l unit jThousandsJ Tonnes jThousandsJ Tonnes jThousanctsJ Tonnes jThousandsJ Tonnes l 

Year: 2000 F-factor: l. 0000 Reference F' 0.3471 l January Spawning time 

Absolutel catch inl Catch inl Stock Stock Sp.stock Sp. stock l Sp. stod: l Sp.stockl 
Age F l numbers l weight l size biomass size l biomass l size l biomass 

l l 0.03691 3216 2251 1400001 9520 11200 l 7621 51181 348 
2 0.44271 142151 16921 454971 5369 386721 45631 207321 24461 
3 l 0.35331 55531 3161 204661 304 9 204661 30491 128171 1910 l 
4 l 0.2994 23231 3791 94101 1553 94101 15531 66681 11001 
5 l 0.34981 13031 2321 46261 823 46261 8231 31331 5581 
6 l 0.29031 7641 1441 31781 607 31781 6071 22701 4341 
7 l 0.29941 12691 2501 51431 1039 51431 10391 3 6441 7361 
8+1 0.2994 10241 2221 4149 909 41491 9091 2940 6441 

Total 296681 3960 l 2324691 22869 968441 133051 573231 8:761 

Unit IThousar.dsl Tonnes IThousanctsl Ton:1es ':'housandsl Tonnes !Thousands! Tonnes 

Year: 2001 F-factor: l 0000 Reference F: 0.3471 l Jar.uary Spawning time 

' Catch inl ' Stock l ::p: stock 1· sp.stock! Sp. stock! ! Absolutel Catch in! Stod: sp.stock 
Age! F numbers l weight 1 size l bio:nass SlZe biorr.ass size ! biomass l 

' l l 0.03691 32l6! 2251 1400001 952CI 11200 l 7 62 51181 3481 
2 0.44271 155091 13461 496371 58571 421921 4 979 226191 26691 
3 l 0.35331 5874 l 8641 216491 32261 216491 3226 135581 20201 
4 0.29941 29051 4 741 117 691 19421 11769 1942 83401 13761 
5 l 0.34981 17781 3161 63111 11231 63111 1123 42741 7 611 
6 l 0.29031 7091 133 2950 5631 29501 563 21081 4031 
7 0.29941 5311 1051 21511 4341 21511 434 15241 3081 
B+l 0.2994 1538 3341 62321 13651 6232 1365 44161 967 

Total 42961 240700 240311 1044541 14394 619571 88521 

Unit Tonnes IThousands! Tonnes !Thousandsl Tonnes IThousandsl Tonnes l 

Notes: Run name SPRRDN01 
Date and time 21MAR99:15:51 
Computation of ref. p, Simple mean, age 2 - 6 
Prediction basis F factors 
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Figure 7.1.1. Landings ofherring (tonnes) from the Irish Sea VIIa(N) 1972-1998 
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+ 10 fish nm-2 

• 100 fish nm-2 

• 1000 fish nm-2 

5.5 5.0 4.5 4.0 3.5 3.0 2.5 

Figure 7.3.1 Distribution of herring (aged 3+) in September 1998 in the Irish Sea (VIIaN) as determined by acoustic 
survey. The size of the elipses is proportional to the square root offish density (N m.mi·-:!) 
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Figure 7.3.2 Abundance of herring larvae on the Douglas Bank, 1998 
Errors bars denote l standard error. 
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Figu•e 7.5.1. Herring in Vlla(N). SSQ surface for the baseline assessment. Agex l = I-ringer index in the Irish Sea (GFS
east). 
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Figure 7 .5.5. Herring in Division Vlla(N) 
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Figure 7 .5.6. Herring in Division Vlla(N). 
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8 SPRA T IN THE NORTH SEA 

8.1 The Fishery 

8.1.1 ACFM advice applicable for 1998 and 1999 

There has been no ACFM advice on sprat TAC in recent years. The TAC set by management was 200,000 t for 1996 
[Sub-area IV(EU zone) + Division Ila (EU zone)] and 150,000 t for 1997. The agreed TAC for 1998 was 150,000 t. 

Again at its meeting in May 1998 ACFM did not give any ad vice on a sprat TAC for the North Sea. The management 
agreement between the EU and Norway seta TAC of 175,000 t for 1999. 

8.1.2 Totallandings in 1998 

Landing statistics for sprat for the North Sea by area and country are presented in Table 8.1.1 for 1985-1998. 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 thcir uncertain stock identity. Table 8.1.3 shows the 
landings for 1994-1998 by year, quarter, and area in the North Sea. 

The Danish sprat fishery in the North Sea was closed from mid February to the beginning of April 1998 due to the high 
by-catches of herring in the sprat fishery. There was, however, an exception in that vessels were allowed to land 50 t of 
sprat per week. The fishery reopened in August with only low by-catches of herring. The fishery ceased in late 
November as the Danish sprat quota was taken. 

Purse seiners prosecute the Norwegian sprat fishery. Most of the Nmwegian landings were taken in the second half of 
the year. 

The monthly and annua! distributions of catches by rectangle for Sub-area IV are shown in Figures 8.1.1-8.1.13. Again 
in 1998, the Norwegian catches reportedly from rectangles 41F3, 42F3, 41F4 and 42F4 are probahly misreported from 
other rectangles in Division IVb. 

Landing statistics for Denmark, Norway and UK (England and Wales) show that 163,000 t sprat were landed from the 
North Sea in 1998, which was an increase in landings from 1997 of about 57%. The 1998 landings were lower than an y 
year from 1993 to 1995. 

There was a considerable increase in landings from about 10,000 t in 1986 to a peak of 320,600 t in 1995. The Danish 
landings increascd from 99,000 t in 1997 to 131,000 t in 1998. The Norwegian landings of 31,000 t in 1998 were lO 
times higher than the landings in 1997 (3,000 t), but close to the mean for the period 1991-1996. The 1997 Norwegian 
landings werc the lowest recorded landings since 1990. 

8.2 Catch Composition 

8.2.1 Catches in number 

The estimated quarterly catch-at-age in numbers by country for the years 1994 to 1998 is presented in Table 8.2.1. The 
data for 1994 to 1997 were revised. Denmark, Norway and UK (England and Wales) provided age composition data of 
commerciallandings in 1998. In 1998 l·group fish dominated (64%) the landings in both the Danish and the Norwegian 
fleets. 

8.2.2 Mean Weight at age 

The mean weights (g) at age in catches taken in 1994- 1998 are presented, by quarter, in Table 8.2.2. Weights were 
estimated from commercial catch data provided by Working Group members. Catch at age data from commercial 
landings were available for the two quarters when the majority of the catch is taken (quarters 3 and 4). The landings 
from !hese quarters constitute 95% of the total landings from the North Sea. Landings from the 2 "d quarter are 
negligible. 
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8.2.3 Quality of catcb 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 
samples available in 1997 were low compared to 1996, but increased in 1998. The sampling intensity for biological 
samples is too low. The recommended leve! of ane sample per 1,000 t landed was not reached. In 1998, Denmark 
collected 48 samples from commercial landings and these were analysed for length and age. This gives 0.4 sarnple per 
l ,000 t landed. These samples were used to estimate age composition and weight at age of sprat. From the Norwegian 
landings, 16 samples were taken which gives 0.5 sample per 1,000 t. These samples were also analysed for lengths and 
age composition. 

The Danish monitoring scheme for species composition in the Danish small meshed fisheries in 1998 was working well 
and a total of 931 samples were collected from landings taken in the North Sea. The tota1landings from the Danish 
small mesh fishery in 1998 was 870,000 t (all species). The recommended sampling 1eve1s were achieved. 

No sprat were reported as by-catch in the landings from the Norwegian small meshed fishery targeted at sandeel and 
Norway poul 

8.3 Recruitment 

The IBTS(February) sprat indices (no per hour) are used as an index of abundance. The historical data were revised by 
the Working Groupin 1995 (ICES 1995a). The IBTS:indices for 1984-1999 are presented in Table 8.3.1 for age groups 
1-4, 5+ and total, along with the number ofrectangles samplcd and the number of hauls considered. The fishing method 
(gear) was standardised in 1983 and the data in the series are comparable. 

Table 8.3.1 indicates an increase in the 1-group index from 1996, which is well above the 1-group index for the series. 
The indices of 2, 3 and 4-groups are below the average. The total 1999-abundance index (4,688) is the third highest in 
the series. 

The IBTS data by rectangle are given in Figure 8.3.1 for age groups l, 2 and 3+. Age 1-group were found to be 
concentrated in the south-eastern areas ofDivision !Vb and in !Ve. The mean lengths (mm) ofage-group l by rectangle, 
are presented in Figure 8.3.2. 

8.4 Acoustic Survey 

The acoustic surveys for the North Sea Herring in June-July have estimated sprat abundance since 1996. In June-July 
1998, sprat were mainly detected west of l 0 W (RIV Tridens) (WD Simmonds et al, 1999). The acoustic estimates of 
sprat biomass in 1996-1998 were in the range of 40,000 t (1998) to 210,000 t (1996). The difference is probably due to 
inapropriate covcrage of the distribution area in the southeastern areas (ICES l999b). These data demonstrate the need 
for hetter covcragc of the south-southeastern are as of the North Sea. 

8.5 State of the Stock 

8.5.1 Catcb-Survey Data Analysis 

The IDTS surveys do not full y rcflcct strong and wcak cohorts for sprat, which has also been demonstrated hy previous 
Working Groups (see ICES l998a). The 1-:2 group ratio varics betwccn 0.34 (1987 year class) and 7.57 (1988 year 
class) and does not adequately reflect the age structure of the stock. This may be due to difficulties in age reading 
and/or a possible prolonged spawning and recruitment season. However, the IBTS-survcy may still be a usefu1 indicator 
of the stock biomass and can be uscd as a timing index in production models. 

The Biomass dynamic model was fitted using the CEDA program, see ICES l993a and Holden, Kirkwood and 
Bravington (1995). The data used were; the total catch for 1972-1998 and the IBTS(February) abundance indices for 
1984 to 1998c The initial state of the stock in 1972 was assumed to be 0.8 of the carrying capacity K. The 1989 IBTS 
index for sprat was again considered as an outlier. A new-run was done excluding the 1989 data. The run was consistent 
with the analyses undertaken in the two last years (ICES l998a). This analysis shows a slight upward trend in biomass. 
The run seems to·be somewhat sensitive to the prOportion of K (initial proportion) assigned to 1972. Thcre is, however, 
no objective way to determine the size of the initial proportion. A range of proportion values (0,25 to 0.8) were run 
gi ving a MSY in the range of 300 -450, 000 t. There were similar trends over the range of proportions. The model fits 
reasonable well, as shown in Figure 8.5.1. 
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The difficulties in tracking streng and weak year,classes may be parti y due to difficulties in age determination. This 
year the Working Group bad the IBTS- length'con\position data per square for 1981-1998 and the annua! age-length 
keys for each of the IBTS-areas available. In order to "smooth out" difficulties in age determination, o ne age-length kcy 
for the North Sea, was calculated by combining the 1995-1999 data. Also, all sprat smaller than 8.5 cm and agcd as 2-
group were moved to 1-group. The length-composition by squarc data were combined into area IVb and assigned to age 
classes based on the new age-length key. This revision gives a 1-:2 group ratio of between 0.95 and 39 (Table 8.5.1). 
Variation in growth between areas and years was not considered. The 9.0-11.0 cm length groups appear to be a 
transition between the 1-3 age-groups with potential error in age determinations. The IBTS-Iength and length at age 
data series were made available briefly befare the meeting and there was no time to exploit the data an y further. 

8.6 Projections of Catch and Stock 

The regression of the total catches and total the IBTS indices for 1984-1998, excluding the 1989-index, predicted a 
yicld for 1999 of240,000 tonnes (r2 = 0.79), see Fig. 8.6.1. 

The total IBTS-indices were used in a SHOT-estimate (see ICES 1992d). The estimated landings for 1999 were 
approximatcly 260 000 tonnes (Table 8.6.1). Runs using the "old" 1-group indices (Table 8.3.1) and the "revised" 1-
group indices (Tab le 8.5.1) as inputs, predict landings of 360,000 t and 270,000 t, respcctively. 

Projections, run in the CEDA package, with annua! catches of 100,000 t, 200,000 t and 250,00 t as input values, are 
shown in Figure 8.5.1. These catch levels were chosen based on the actual catch leve! and the projections from the 
regression and the SHOT -estimate. 

The biomass dynamic model has some attractions over the SHOT method for stock and catch projectiuns. First, the 
biomass dynamic model is based on a production function (the Schaefer function, in this case) with parameters (r, K) 
which are interpretable in terms of population dynamics. The SHOT procedure, although also based on the concept of 
production, is more ad-hoc, and the estimated parameters are not as easily interprctcd. Second, the biomass dynamic 
model projections gi ve useful indications of how the stock rna y evolve under different future catches, and the estimated 
stock dynamics. Nonetheless, the sprat catches are dominated by young tish, and the population is strongly driven by 
recruitment. Most of the production of the stock is therefore likely to be due to recruitment and the growth of recruits 
rather than the growth of post-rccruits. Care should therefore be takcn not to over-interpret the biomass dynamic model. 

8. 7 Management Considerations 

The recruitment between years does not appcar to be driven directly by fishing effort. The sprat stock has in the years 
prior to 1993, in some period been caught with a relative high by-catch percentage of herring. In 1993, 1994 and 1995 
the spral fishcry could be conducted with rather low herring by-catch perccntages. In some periods in 1997 and 1998 
was stopped with the aim of protccting the juveniJe herr ing and because of to high by-catch percentages of herring. 

The natural variability in stock abundancc is high. With the current management regime, whcrc by-catch ceilings of 
herring as well as by-catch percentagc limits, the sprat fishery can in periods be controlled by thcsc factors. But, as in 
1998, the main controlling factor can be the TAC limits. 

The sprat stock shows signs of improvement as both catch and biomass appears to increase and there is indication of a 
good 1998-year class recruiting to the 1999 fishery. 

Attempts to assess this stock have demonstrated the need for a hetter survey coverage of the south-, southeastern areas 
of the North Sea and for the addition of directed spral sampling for age data. There is also a need for betler knowledge 
of spawning seasons and recruitment from possible autumn spawncrs. 
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Table 8.1.1 Sprat catches in the North Sea ('000 t) 1985-1998. Catch in fjords of western Norway cxcluded (Data 
provided by Working Group members except where indicated). These figures do not in all cases 
correspond to the offical statistics and cannot be used for management purposes. 

Country 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 19981 

Denmark 
Netherlands 

Norway 

UK (Scotland) 

Total 

Den mark 
Norway 
Sweden 

Total 

Denmark 

Norway 

UK (England & Wales) 

UK (Scotland) 

Total 

Den mark 
Germany 

Norway 

Sweden 

Total 

Belgium 

Den mark 
France 
Netherlands 

Norway 

0.9 

6.7 
0.6 

6.1 + 

13.7 0.6 

+ 0.2 

+ 0.2 

1.8 0.4 

1.8 0.4 

36.6 10.3 
0.6 

37.2 

+ 
+ 

10.9 

+ 
O.l 

+ 

UK (England and Wales) 3.4 4.1 
Total 3.4 4.2 

Belgium 
Denmark 

France 

Gennany 

Netherlands 

Norway 

Sweden 

UK (England and Wales) 

UK (Scotland) 

Total 

1 Preliminary. 
lofficiaJ statistics. 
3Includes Division fV a-c. 

+ + 
39.3 11.7 

0.6 
6.7 

3.4 
6.1 

56.1 

+ 
0.6 

4.1 

+ 

16.4 

Division IV a West 
0.2 O.l + 0.6 

O.l 

+ + O.l + 
0.2 O.l + + O.l 0.26 0.6 O.l + + 

Division IV a East (North Sea) stock 
+ 

+ 

3.4 

O.l 

3.5 

+ + 

2.5 

+ 
2.5 

+ 
+ 

+ 

+ 

+ + + 2.5 0.54 2.5 + + 

Division IVb West 
1.4 2.0 10.0 9.4 13.0 19.0 26.0 
3.5 O.l 1.2 18.4 16.8 12.6 21.0 

0.5 + 
0.5 

4.9 2.1 11.2 13.8 38.78 30.8 31.6 47.0 

0.3 + + 

0.3 + + 

1.8 82.2 21.1 
1.9 2.3 + 

+ 

3.7 84.5 21.1 

Division IVb East 
28.0 80.7 59.2 59.2 67.0 136.2 251.7 283.2 74.7 10.9 98.3 

28.0 

+ 
+ 

0.7 
0.7 

+ 

0.6 0.6 

81.3 59.2 59.8 

Division IV c 

O.l 0.5 1.5 

0.4 

0.6 0.9 0.2 

1.1 1.8 1.7 

25.1 24.1 19.1 14.7 50.9 
0.2 0.5 

92.1 76.06 160.3 270.8 298.1 126.1 

1.7 

1.8 

3.5 8.61 

3.5 
+ 

0.4 
2.0 

5.9 

11.4 3.9 

+ + 

4.6 0.4 
2.9 0.2 2.6 

7.5 12.0 6.5 

Total North Sea 

0.8 15.3 
1.7 

11.7 115.3 

5.7 11.8 

O.l 16.0 
1.4 0.2 

7.2 28.0 

31.7 82.3 61.9 69.2 ?R.l 153.3 284.4 320.6 80.7 98.8 lJ 1.1 

0.5 

0.7 
0.2 

33.1 

+ 

0.4 0.4 
4.1 O.l 

0.6 0.9 

87.4 63.3 

+ + 

1.8 29.6 28.5 43.8 36.3 36.2 54.8 3.2 31.3 
O.l 0.2 0.5 

0.2 1.8 2.6 2.9 0.2 2.6 1.4 
+ 0.5 O.l + 0.2 

71.2 109.5 124.2 200.3 323.7 357.2 136.6 103.4 162.6 

+Catch recorded, but amount not precisely known. 
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Table 8.1.2 Sprat catches ("000 l) in the fjords of western Norway, 1984--1998. 

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
4.4 7.1 2.2 8.3 5.3 2.4 2.7 3.2 3.8 1.9 5.3 3.7 3.3 3.1 2.5 

1Preliminary. 

Table 8.1.3 Sprat catches (tonnes) in the North Sea by quarter* Catches in fjords of Western Norway excluded. 

Year Quarter Area Total 

IVaW IVaE IVbW !VbE !Ve 
1994 l o 42 2616 17227 16091 35976 

2 o o 242 10857 2 11101 
3 o o 10479 184747 3572 198798 
4 97 o 18224 57959 1325 77605 

Total 97 42 31561 270790 20990 323480 
1995 l o o 17752 16900 7324 41976 

2 o o 1138 5752 l 6891 
3 o 86 25305 183500 6 208897 
4 o 5 2826 92054 4693 99578 

Total o 91 47021 298206 12024 357342 
1996 l o 459 2471 81020 6103 90053 

2 o o 615 2102 18 2735 
3 o o 242 6259 o 6501 
4 o 353 411 36273 386 37423 

Total o 812 3739 125654 6507 136712 
1997 l o o 1025 147 7089 8261 

2 o o 189 1054 o 1243 
3 o 3 27487 569 o 28059 
4 o 81 55814 9878 o 65773 

Total o 84 84515 11648 7089 103336 
1998 o 105 1917 3726 1616 7364 

2 4 o 529 209 4 746 
3 o o 4926 55155 215 60296 
4 o o 13762 54449 25984 94195 

Total 4 105 21134 113359 27819 162601 

*1994 data from Denmark and Norway. 
1995-1996 data from Denmark, Sweden, Norway and the UK 
1997 and 1998 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) by quarter and by age 
1994-1998 

Year Quarter A e 
o l 2 3 4 5+ Total 

1994 l 614.7 2,588.5 715.6 49.4 3,968.2 
2 2,968.0 14.9 2,982.9 
3 27,920.6 310.5 28,231.1 
4 902.5 4,686.9 1,333.9 151.3 3.2 5.5 7,083.3 

Total 902.5 36,190.2 4,247.9 866.9 52.7 5.5 42,265.6 
1995 l 5.9 2,990.5 991.4 54.0 4,041.7 

2 2.3 595.1 182.5 779.9 
3 531.3 12,097.4 7,990.0 262.6 3.3 20,884.7 
4 4,541.1 3,309.7 377.8 8,228.6 

Total 531.3 16,646.7 14,885.3 1,814.3 57.3 33,934.8 
1996 l 524.7 4,615.4 2,621.9 316.4 11.3 8,089.7 

2 1.9 241.5 32.7 15.5 0.3 291.9 
3 400.5 100.7 22.9 0.3 524.5 
4 1,190.7 1,069 o 339.6 5.6 2,604.8 

Total 2,117.9 6,026.6 3,017.0 337.8 11.5 11,510.8 
1997 l 74.4 314.0 229.2 55.3 2.5 675.4 

2 11.3 47.8 34.9 8.4 0.4 102.9 
3 1,991.9 1,991.9 
4 127.6 3,597.2 996.2 117.8 58.1 0.0 4,896.9 

Total 127.6 5,674.8 l ,358.1 381.9 121.8 2.8 7,667.1 
1998 l 683.2 537.2 18.3 O.l 1,238.8 

2 70.9 55.3 1.8 127.9 
3 74.2 3,356.6 693.3 4,124.2 
4 772.4 4,822.4 2,295.1 483.5 39.5 8,412.8 

Total 846.6 8,933.1 3,580.9 503.6 39.6 13,904 

Table 8.2_2 North Sea Sprat. Mean weight (g) by quarter and by age for 1994 -
1998. 

Year Quarter A e SOP 
o l 2 3 4 5+ Tonnes 

1994 l 1.8 9.6 12.8 17.4 35,976 
2 3.7 8.0 11,101 
3 7.0 10.8 198,798 
4 8.4 l 0.4 13.7 18.5 24.7 23.0 77,604 

Total 8.4 7.1 11.0 13.8 17.9 23.0 323,479 
1995 l 3.0 9.4 12.9 19.4 41,976 

2 3.0 8.4 10.3 6,891 
3 2.4 7.6 13.9 16.4 20.7 208,897 
4 10.5 13.9 16.2 99,578 

Total 2.4 8.4 12.8 13.8 19.5 357,342 
1996 l 3.9 9.3 14.9 15.3 16.1 88,807 

2 6.9 8.4 11.6 20.0 15.2 2,735 
3 11.6 14.2 18.2 21.5 6,501 
4 12.1 15.9 17.2 20.5 37,359 

Total 10.0 10.5 15.1 15.6 16.0 135,401 
1997 l 8.0 10.0 15.0 17.0 19.0 8,161 

2 8.0 10.0 15.0 17.0 19.0 1,243 
3 14.2 28,285 
4 3.7 11.9 16.4 19.1 19.6 63,083 

Total 3.7 12.7 14.7 16.3 18.2 19.0 100,772 
1998 l 5.6 6.0 8.7 15.0 7,232 

2 5.6 6.0 8.3 743 
3 3.7 14.7 15.3 60,149 
4 4.1 10.6 13.8 16.3 14.6 94,173 

Total 4.0 11.7 12.8 16.0 14.7 162,297 
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Table 8.2.3 North Sea Sprat. Sampling commercial Iimdings for biological 
samples in 1996-1998. 

Country Quarter Landings No No No 
OOOt samples fish meas. fish aged 

1996 
Denmark l 34.2 13 2,635 743 

2 2.7 Il 109 
3 6.5 5 115 
4 37.3 3 314 337* 

Total 80.7 32 3,173 743 
Norway l 55.8 36 3,459 2,774 

2 o 
3 o 
4 o 

Total 55.8 36 3,459 2,774 
Total North Sea 137 68 6,632 3,517 

1997 
Den mark 6.8 4 408 o 

2 1.2 4 13 o 
3 28.1 4 278 77 
4 62.7 16 1,774 184 

Total 98.8 28 2,473 261 
Norway l O.l o o o 

2 
3 
4 3.1 8 800 785 

Total 3.2 8 800 785 
Total North Sea 102 36 3,273 1,046 

1998 
Denmark l 7.2 6 247 o 

2 0.7 Il 94 30 
3 60.3 16 1,936 109 
4 62.9 15 2,105 442 

Total 131.1 48 4,382 581 
Norway l 0.2 

2 
3 
4 31.3 16 1.704 1.096 

Total 31.5 16 1,704 1,096 
England/Wales 

2 
3 
4 0.2 2 657 216 

Total 0.2 2 657 216 
Total North Sea 162.8 66 6743 1893 
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Table 8.3.1 North Sea Sprat. Abundance indices by age group from IBTS(February), 1984-1999, 
in the standard sprat area (Div. !Vb). 

Year No rect. No hauls Age 

2 3 4 5+ Total 

1984 80 251 383.63 393.57 47.43 6.66 0.41 831.70 
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 3.61 0.21 861.58 
1988 78 208 152.29 1410.52 109.66 8.78 0.00 1681.25 

1989 79 236 4293.66 445.72 318.65 4.10 13.44 5075.57 
1990 78 192 115.16 567.46 149.83 30.79 0.59 863.83 
1991 78 179 834.45 104.89 27.84 2.63 1.17 970.98 

1992 79 185 1562.20 344.08 38.25 5.51 0.45 1950.49 

1993 79 181 1732.54 602.01 84.12 4.35 0.06 2423.08 

1994 78 173 4084.89 1397.77 129.96 2.79 0.67 5616.08 
1995 79 166 1059.30 2643.93 134.01 3.23 1.12 3841.59 

1996 78 146 346.37 483.45 141.96 23.64 0.56 995.98 
1997 79 159 887.43 389.35 33.80 3.42 0.15 1314.15 
1998 79 197 1650.35 1744.60 286.34 12.14 2.32 3695.75 
1999 78 177 4045.34 538.13 56.00 3.85 44.75 4688.07 

Table 8.5.1. Tentative revision of the IBTS-indices 

Year class l 2 1-gr/2-gr l 
1983 609 183 3.33 
1984 812 110 7.38 
1985 1986 50 39.72 
1986 803 829 0.97 
1987 748 779 0.96 
1988 4167 500 8.33 
1989 250 151 1.66 
1990 804 296 2.72 
1991 1570 556 2.82 
1992 1633 732 2.23 
1993 4765 611 7.80 
1994 3182 325 9.79 
1995 626 122 5.13 
1996 1179 1262 0.93 
1997 2141 
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Table 8.6.1. North Sea Sprat. SHOT forecast oflandings in 1999 iising total 
landings and total ffiTS-indices as input data. 

North Sea sprat SHOT forecast spreadsheet version 6 
Total index Mars 1999 

running recruitment weights 
older 0.00 G-M= 0.00 
central 1.00 exp(d) 1.00 
younger 0.00 ex exp(d/2) 1.00 

Year Land Recrt Wid Y/B Hang Act1 Est"d Est"d Act1 Est"d Esl"d 
-mgs Index lndex Ratio -over Prodn Prodn SQC. Expl Expl Land 

Bi om Biom -ings 
1984 77 832 0.77 0.23 100 
1985 50 1024 1024 0.77 0.23 42 65 
1986 16 204 204 0.77 0.23 6 8 18 21 
1987 33 862 862 0.77 0.23 38 34 29 43 
1988 87 1681 1681 0.77 0.23 103 69 61 113 79 61 
1989 63 5076 5076 0.77 0.23 56 254 216 82 280 216 
1990 71 864 864 0.77 0.23 73 24 33 92 43 33 
1991 110 971 971 0.77 0.23 122 32 41 143 53 41 
1992 124 1950 1950 0.77 0.23 128 80 87 161 ll3 87 
1993 200 2423 2423 0.77 0.23 223 109 ll2 260 146 112 
1994 324 5616 5616 0.77 0.23 361 295 273 421 355 273 
1995 357 3842 3842 0.77 0.23 367 214 239 464 311 239 
1996 137 996 996 0.77 0.23 71 62 130 178 168 130 
1997 103 1314 1314 0.77 0.23 93 82 95 134 123 95 
1998 163 3696 3696 0.77 0.23 181 232 202 212 263 202 
1999 4688 4688 0.77 0.23 286 258 o 335 258 
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9 SPRA T IN DIVISJONS VIID,E 

9.1 The fishery 

9.1.1 ACFM advice app1icab1e for 1999 

The TAC for this fishcry was set to 12 000 t for 1997 and 1998, and to 6 300 t for 1999. No ACFM advice has been 
provided in re cent years. 

9.1.2 Catches in 1998 

Table 9.1.1 shows the nominallandings in 1985-1998. The landings in 1998, as reported by UK(England&Wales), 
increased from 1997. The landings of 2 024 t were at the average leve! for the period. The landings include commercial 
data from English and Welsh vessels landing outside the UK and UK vcssels landing into England and Wales. Monthly 
catches for the Lyme Bay sprat fishery show that the catches are mainly laken in third quarter (Table 9.1.2). Monthly 
and annua! distributions of catches by rectangle are shown in Figurcs 8.1.1-8.1.13. 

9.2 Catch Composition 

Catch compositions and the mean weights for 1991-1998 are given in Tahle 9 .2.1 and Tab le 9.2.2. 

Commercial sample data for sprat were available for l quarter (Table 9.2.3). The catch composition and mean wcights 
per age groups in the samplcs are used for total estimate. In the last years 2-and 3-groups sprat have dominated the 
landings. 
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Table 9.1.1. Nominal catch of sprat (t) in Divisions Vlld,e, 1985-1998 

Country 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997* 1998* 

Denmark . 15 250 2,529 2,092 608 . . . . - - - -
France 14 - 23 2 JO . - 35 2 l + -
Germany - - . - - . - - - - - . - -

Netherlands - - - - - - . - - - - . - -

UK (Eng!.& Wales) 3,771 1,163 2,441 2,944 1,319 1,508 2,567 1,790 1,798 3,177 1,515 1,789 1,621 2,024 

Total 3,785 1,178 2,714 5,475 3,421 2,116 2,567 1,825 l ,800 3,178 1,515 1,789 1,621 2,024 

* Prehmmary 

Table 9.1.2 Lyme Bay sprat fishery. Monthly catches (t). (UK vessels only). 

Season May Jun Jul Aug Sep O et Nov Dec Jan Feb Mar A pr Total 

1991/92 o o o 205 450 952 60 358 258 109 51 o 2443 
1992/93 o o o 302 472 189 294 248 284 158 78 o 2025 
1993/94 o 8 o !56 82 302 529 208 417 134 53 o 1889 
1994/95 o o o 299 834 545 608 232 l 12 68 o o 2698 
1995/96 o o o 154 409 301 307 151 15 80 28 4 1449 
1996/97 o o o 309 452 586 47 243 239 74 30 o 1980 
1997/98 2 o 14 259 625 105 255 19 50 184 45 o 1558 
1998/99 o o o 337 728 206 56 318 1645 

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

Season Oil l/2 213 3/4 415 516 

1991192 1.7 56.03 44.69 16.24 0.57 0.03 
1992/93 1 0.22 28.23 48.61 12.94 1.56 o 
l 993/942 o 0.83 44.81 15.7 1.95 0.58 

1994/95 No data 

o 2 3 4 5 6 

19953 0.33 5.20 2.3 l 0.23 O.Q3 

1996 0.72 12.60 71.35 22.00 1.24 0.20 
1997 8.81 42.88 31.87 5.43 0.10 
1998 4.08 81.16 37.52 5.05 0.39 

August to December only (samples in August and Decembcr only, so these are best estimates 
2 August to December only (sarnples in August, September and November only, so thcse are best estimates 
3 0nly September (ane sample) 
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Table9.2.2 Lyme Bay area SPRAT. 1991-1998 mean weight (g) al age. 

Ae 

Sea.'\on Quarter O/l 1/2 2/3 3/4 4/5 

1991/91 3 4.7 16.6 . 22.6 25.4 29.2 
4 6.6 17.1 23 26.3 30.9 
l 5.7 13.3 17.5 20.2 24.1 

1992/93 3 4.2 12.1 22.8 24.6 32.4 
4 15.8 20.0 23.8 24.8 
l 13.2 17.1 21.2 

1993/94 3 19.1 22.2 20.8 

4' 14.2 18.9 24.5 28.1 

Ae 

Season Quarter o l 2 3 4 5 

1995 32 12.0 17.0 19.0 21.0 

1996 l 8.0 11.0 13.0 13.0 
4 8.0 15.0 19.0 23.0 28.0 

1997 l 10.0 15.0 19.0 22.0 28.0 
3 13.0 17.0 19.0 24.0 
4 17.0 20.0 220 23.0 

1998 Il. O 13.0 18.0 21.0 28.0 

l 
Based on November samples on ly. 

2 
Based on September sample only. 

Table 9.2.3 Division Vlld,e Sprat. Sampling commerciallandings 
for biological samples in 1998. 

Country Quarter Landings No. No. No. 

('000 t) samples meas. aged 

1998 
England/Wales 

0.3 2 326 141 
2 0.0 o o o 
3 I.l o o () 

4 0.6 o o o 
Total 2.0 2 326 141 
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5/6 Overall 
mean 

34.6 20.7 
21.0 
14.4 

21.8 
21.0 
14.2 

19.8 
25.5 20.6 

6 Overall 
mean 

29.0 
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10 SPRAT IN DIVISION IIIA 

10.1 The Fishery 

10.1.1 ACFM advice applicable for 1998 and 1999 

There has been no ACFM advice on sprat TAC in recent years. Sprat has been landed under the TAC for the mixed
clupeoid fishery, including all catches of all species laken in this fishery. The mixed-clupeoid quota was negotiated 
between Norway and EU in 1997. 

The sprat TAC for 1998 was 40,000 t, with a restriction on by- catches of herring not exceeding 12,000 t. For 1999 the 
sprat TAC is set at 50,000 t and again a by-catch ceiling for TAC for herring set to 19,000 t. 

10.1.2 Landings 

The proportion of sprat in the mixed-clupeoid fishery increased substantially betwecn 1993 and 1994. In 1994 and 1995 
there was, for the first time in several years, a directed sprat fishery for industrial purposes in Skagerrak and the 
northern part of Kattegat. These high sprat catches have not occurred since. 

The total annuallandings for Division Illa by area and country in 1974 to 1998 are given in Table !O.l. l. The total 
landings in 1998 were 18.400 t, similar to 1996 and 1997. There has been a reduction in totallandings from a peak of 
96,000 t in 1994. The Norwegian and Swedish landings include the coastal and fjord fisherics. These landings 
continued to be low. 

Landings by countries and by quarter are shown in Table 10.1.2. For 1998 about 63% of the totallandings wcrc taken in 
the fourth quarter. In Denmark in 1998 there was a total ban on the sprat fishery from May to September. 

10.1.3 Fleet 

Fleets from Denmark, Norway and Sweden prosecute the sprat fishery in Division IIIa. 

The Danish sprat fishery consistes of trawlers using a 16 mm mesh size. 

In Sweden the sprat fishery consists of three categories: 

l. By-catches in a directed herring trawl fishery with minimum mesh size of 32 mm and by purse seiners. 
2. Directed sprat fishery for human consumption carricd out by purse seiners. 
3. A directed sprat trawl fishery with mainly 16, 18 or 22 mm mesh size, for human consumption and for reduction 

purposes. 

The Norwegian sprat fishery in Division Hia is an inshorc pursc seine fishery for human consumption. 

10.2 Catch composition 

10.2.1 Catches in nurnber and weight at age 

The numbers and the mean weight by age for 1995 tol998 are prescntcd in Tables 10.2.1 and Table 10.2.2, respectively. 
The data for 1995 to 1997 wcre revised. Landings which were not attributable to specific samples were raised using 
Danish data from industrial landings and for the years where Swedish samples were available by a combination of 
Swedish and Danish samples. 

10.2.2 Quality of catch and biological data 

Denmark improved its monitoring system for management and scientific purposes in 1996. The high sampling leve! in 
1996 continued in 1997 and 1998. In the reduction fishery 311 samples for species composition were collected from a 
total landing of 54,000 t of all species. 

Denmark and Sweden provided biological samples. These wcre used, for estimation of numbcrs of sprat at age and the 
mean weight at age (Table 10.2.1 and Table 10.2.2). The quantity of sampling has improved and was considered 
adequate. As in previous years, no samples of sprat were taken from the fisheries for human consumption. Details on 
the sampling for biological data are shown in Table 10.2.3. 
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l 0.3 Recruitment 

The IBTS(February) sprat indices for 1984-1999, are presented in Table 10.3.1. The IBTS data are provided by 
rectangle in Figure 8.3.1 for age groups 1,2 and 3+, and the mean 1ength (mm) of l-gr sprat in Figure 8.3.2. The indices 
are ca1culated as mean cpue (no./hr) weighted by area where water depths are between 10 and 150m ((ICES 1995a). 

The 1999 IBTS index of the 1-group is one of the highest rccorded for the period, whi1e the index of the 2-4 age groups 
appears to be in the 1ower part of the range. The age/lcngth key from the Illa-area in the 1999 IBTS-survey indicate a 
reasonable separation into age-groups. The total sprat indcx has increased fi"om a low leve l in 1997. to a value near the 
mean for the period. 

The indices from the 1998 survey confirm that the age structure of sprat from the survey is variable. The difficulties in 
following strong and weak cohorts from year to year have been demonstratcd in previous years (1CES 1998a). 

10.4 Acoustic Survey 

Acoustic estimatcs of sprat were included in the ICES Co-ordinated Herring Acoustic surveys in 1996. In1996 the total 
estimates was 7.9 x 108 fish or 14,267 tonnes. About 95% of the biomass was recorded in Kattegat. From the 1997 and 
1998-acoustic surveys only single individuals of sprat were caught (ICES 1998d, 1999b) 

10.5 State of the Stock 

No assessments of the sprat stock in Division Hia have been presented since 1985 and this year is no exception. The 
Biomass dynamic model was fitted using the CEDA package, see sec. 8.5.1 The data used were the total catch for 
1969-1998 and the IBTS(February) abundance indices for 1984 to 1998. The absence of abundance indiccs for the 
earlier years, were given -l as an input value proportions. As illustratcd in Figurc 10.5.1, the data are not usable in the 
model. 

A depletion made! with an index of recruitmenl modcl (CEDA-package) was run. The IBTS 1-group indices (1984-
1999) were used as an index of recruitment and the total IBTS indices .and the total catches as the additional indices. 
The outcome clcarly dcmonstrated that the model did not work. 

The Working Group concluded that the available data do not allow any assessment which could be helpful for 
management. 

10.6 Projection of Catch and Stock 

The relationship bctween the IBTS(February) index and the catch in the same year (r2 = 0.04) is shown in Figure 10.6.1. 
The 1994 and 1995 ohservations are abnormally high. 

The cstimated landings for 1999 using the total IBTS-indices in a SHOT-estimate (Shepherd, 1991) were approximately 
20,000 tonncs (Tahle 10.6.1). Other runs, using the 1-group indices and the combined l-and 2-group indices, gave 
yields "" 1999 in the range of 30-60,000 tonnes. 

10.7 Management Considerations 

The recruitmcnt 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 
implemented. The human consumption fishery is only a minor part of the total catch. 

The natura! variability in the stock is high. The current management regime with The natura! variability in stock 
abundance is high. With the current management regime, where by-catch ceilings of herring as well as by-catch 
percentage lintits, the sprat fishery can in periods be controUed by these factors. But, as in 1998, the main controlling 
factor can be the TAC lintits. Protection ofjuvenile hcrring, will probably control the sprat fishery. 

Attempts to assess this stock have demonstrated the need for imroved sprat sampling for age data. There is also a need 
for hetter knowledge of spawning seasons and recruitment from possible autumn spawners in the North Sea. 

380 



Table 10.1.1 Landings of SPRAT in Division Illa, 1974-1998. Catch (in tonnes 10..3). (Data provided by Working Group 
members). These figures do not in all cases cotj,eS~ond ·to the official statistics and cannot be used for 
management pwposes. 

Skagerrak Kattegat Div. Illa 
Year tora! 

Denmark Sweden Norwa~ Total Denmark Sweden Tora! 

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

Skagerrak Kattegat Div.llla Division 
Year Ill a 

Total 

Denmark Sweden Norwa~ Denmark Sweden Sweden 
1982 10.5 1.9 21.4 5.9 39.7 
1983 3.4 1.9 9.1 13.0 26.4 
1984 13.2 1.8 10.9 10.2 36.1 
1985 1.3 2.5 4.6 11.3 19.7 
1986 0.4 1.1 0.9 8.4 10.8 
1987 1.4 0.4 1.4 11.2 14.4 
1988 1.7 0.3 1.3 5.4 8.7 
1989 0.9 I.l 3.0 4.8 9.8 
1990 1.3 1.3 I.l 6.0 9.7 
1991 4.2 1.0 2.2 6.6 14.0 
1992 1.1 0.6 2.2 6.6 10.5 
1993 0.6 4.7 1.3 0.8 1.7 9.1 
1994 47.7 32.2 1.8 11.7 2.6 96.0 
1995 29.1 9.7 0.5 11.7 4.6 55.6 
1996 7.0 3.5 1.0 3.4 3.1 18.0 
19971 7.0 3.1 0.4 4.6 0.7 15.8 
19981 3.9 5.2 1.0 7,3 1.0 18.4 

1Preliminary. 
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Table 10.1.2. Div. Illa Sprat. Landings of spral ('ooo t) by quarter by the tbree countries. 
(Data provided by the Working Group mcmbers) 

Quarter Denmark Norway Sweden Total 

1994 l 0.3 0.0 0.5 0.8 
2 6.0 0.0 0.3 6.3 
3 37.0 O.l 23.0 60.1 
4 16.1 1.7 11.0 28.8 

Total 59.4 1.8 34.8 96.0 

1995 
4.8 O.l 4.8 9.7 

2 10.4 0.0 0.9 11.3 
3 19.3 0.0 2.3 21.6 
4 6.3 0.4 6.3 13.0 

Total 40.8 0.5 14.3 55.6 

1996 
l 5.6 + 4.2 9.8 
2 3.4 0.2 3.6 
3 + 0.4 + 0.4 
4 1.4 0.6 2.2 4.2 

Total 10.4 l. O 6.6 18.0 
1997 

l 0.7 0.3 l. O 
2 0.4 1.2 1.6 
3 2.3 O.l 2.4 
4 8.2 0.4 2.2 10.8 

Total 11.6 0.4 3.8 15.8 

1998 
l 4.0 O.l O.l 4.2 
2 0.9 + 0.9 
3 I.l 0.3 0.4 1.8 
4 5.4 0.7 5.7 11.7 

Total 11.4 1.1 6.1 18.6 
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Table 10.2.1 Division HIA Sprat. Landed numbers (millioos) of sprat by age groups in 1995-1997. 

Quarter Age 

o l 2 3 4 5+ Total 

1995 312.04 784.37 53.50 27.29 9.01 1186.20 
2 1248.72 993.29 61.06 15.24 4.77 2323.08 
3 1724.02 133.56 14.17 1871.74 
4 902.76 139.95 29.95 10.58 1083.25 

Total 4187.54 2051.17 158.68 53.12 13.77 6464.27 

1996 l 288.42 546.53 62.11 15.65 5.07 917.78 
2 0.89 414.10 42.76 0.71 0.06 458.51 
3 0.34 1.81 0.30 0.02 2.47 
4 31.19 165.65 27.34 2.03 226.21 

Total 320.84 1128.08 132.51 18.41 5.13 1604.97 

1997 3.43 18.31 20.60 4.59 46.94 
2 1.00 2.76 19.56 1.51 0.25 25.07 
3 4.35 209.25 9.51 1.92 6.24 231.26 
4 32.39 644.28 58.31 7.16 28.02 770.16 

Total 36.74 854.53 74.01 46.95 56.37 4.84 1036.69 

1998 14.91 103.38 94.00 76.99 6.34 295.61 
2 3.24 21.49 20.59 16.63 1.33 63.28 
3 53.62 26.03 41.84 5.65 0.74 127.88 
4 192.13 253.98 226.55 53.14 29.80 755.61 

Total 245.75 298.16 393.25 173.38 124.17 7.67 996.63 

Table 10.2.2. Division Illa Sprat. Quarterly mean weight (g) at age in the landings in 1995-1998. 

Quarter Age SOP 

o 2 3 4 5+ Tons 

1995 2.3 8.9 18.8 22.9 26.1 9,519 
2 2.9 7.3 12.4 23.7 27.0 12,054 
3 10.5 18.4 15.5 20,765 
4 11.5 15.6 15.5 18.2 13,262 

Total 7.8 9.2 15.3 22.2 26.4 55,600 

1996 9.2 10.6 14.2 17.4 17.7 9,724 
2 8.6 12.5 15.1 17.4 17.0 5,847 
3 4.2 10.9 15.5 21.0 26 
4 4.2 10.9 15.5 21.0 2,403 

Total 8.7 10.6 14.8 19.6 17.7 18,000 

1997 17.3 18.6 21.8 26.0 968 
2 8.3 17.6 20.0 22.1 31.0 489 
3 4.1 13.6 17.2 21.1 19.5 3,184 
4 4.7 14.7 17.5 21.1 19.5 11,327 

Total 4.6 14.4 17.5 19.6 20.4 26.3 15,969 

1998 l 6.6 14.0 18.0 19.0 21.2 4,827 
2 6.6 13.9 17.8 18.7 21.0 1,027 
3 4.6 17.7 20.7 22.1 24.8 1,718 
4 4.8 17.5 20.4 22.5 27.5 12,001 

Total 4.8 16.9 18.3 20.2 19.2 21.1 19,573 
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Table 10.2.3 Division IIIa Sprat. Sampling commercial landings 
for biological samplcs in 1997-1998. 

Country Quarter Landings No. No. No. 
('000 l) samples meao.;_ aged 

1997 
Denmark 
Skagerrak 0.2 4 309 o 

2 0.3 4 68 o 
3 1.6 6 591 56 

4 4.9 16 1609 160 

Total 7.0 30 2,577 216 

Kattegat 0.5 2 41 40 

2 + 100 46 
3 0.7 l 63 68 
4 3.3 2 256 126 

Total 4.5 6 460 280 

Den mark 11.5 36 3651 496 
Norway 0.4 o o o 
Sweden 3.8 o o o 

Total 15.7 36 3651 496 

1998 
Denmark 
Skagerrak l 0.8 6 642 o 

2 0.7 l 3 o 
3 0.6 9 819 o 
4 1.8 23 2522 273 

Total 3.9 39 3,986 273 
Kattegat l 3.2 4 426 

2 0.2 2 437 140 
3 0.5 2 171 82 
4 3.5 6 374 97 

Total 7.4 14 1.408 319 

Sweden 
Skagerrak l O.l 

2 0.0 
3 0.2 3 16 16 
4 4.8 3 47 46 

Total 5.1 7 63 62 

Kattegat 0.0 6 39 39 
2 0.0 
3 O.l 
4 09 

Total 1.0 6 39 39 

Dcnmark 11.3 53 5394 592 
Norway 1.1 o o o 
Sweden 6.1 13 102 101 

Total 18.5 66 5496 693 
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Table 10.3.1. Division Illa Sprat. Revised indices of sprat per age group from IBTS(February) 1984-

Year 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

1999. (Mean number per hour per rectangle weighted by area. Only hauls taken in depths of W-
150 mare inc1uded). 

NoRect No hauls AgeGroup 

l 2 3 4 5+ Total 
15 38 5779.73 854.30 207.60 80.09 61.47 6983.19 
14 38 2397.24 2395.15 368.76 128.50 49.11 5338.76 
15 38 664.99 1918.53 1786.59 116.20 31.91 4518.22 
16 38 2244.33 2501.38 2224.94 1655.66 78.69 8705.00 
13 38 939.91 5461.23 1519.15 2130.02 459.41 10509.72 
14 38 437.60 994.37 1077.13 603.41 147.86 3260.37 
15 38 502.83 237.76 69.90 65.65 49.04 925.18 
14 38 636.17 456.74 493.57 86.03 215.58 1888.09 
16 38 6016.26 605.99 272.13 215.45 79.26 7189.09 
16 38 1789.73 4623.70 996.75 218.97 260.08 7889.23 
16 38 1546.88 614.35 961.44 299.48 67.58 3489.73 
17 38 2282.92 1828.84 37.24 47.86 4.53 4201.39 
15 38 176.15 5800.45 794.23 135.95 228.51 7135.29 
16 41 200.80 409.84 1307.35 147.36 144.17 2209.52 
15 39 75.09 1742.73 680.95 1793.92 579.34 4872.03 
16 42 4273.15 363.18 269.01 47.77 345.85 5298.96 
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Table 10.6.1. Div.llla Sprat. SHOT forecast of landings in 1999 using total 
landings and the 1-(old)group IBTS-indices as inpnt data. 

Div.IIIa sprat SHOT forecast spreadsheet vcrsion 6 
Total index Mars 1999 

running recruitment weights 
older 0.00 G-M= 0.00 
central 1.00 exp(d) 1.00 
younger 0.00 ex cxp(d/2) 1.00 

Year Land Recrt W'd Y lB Hang Act1 Est'd Est'd Act1 Est'd Est'd 
-mgs Index Index Ratio -over Prudn Prodn SQC. Ex pl Ex pl Land 

Biom Bi om -mgs 
1984 36 6634 0.77 0.23 47 
1985 20 4792 4792 0.77 0.23 15 26 
1986 Il 2584 2584 0.77 0.23 8 16 17 14 
1987 14 4746 4746 0.77 0.23 15 23 20 18 
1988 9 6401 6401 0.77 0.23 8 20 19 12 24 19 
1989 LO 1432 1432 0.77 0.23 10 4 5 13 6 5 
1990 LO 741 741 0.77 0.23 10 2 4 13 5 4 
1991 14 1093 1093 0.77 0.23 15 3 5 18 6 5 
1992 11 6622 6622 0.77 0.23 10 25 22 14 29 22 
1993 9 6413 6413 0.77 0.23 8 21 18 12 24 18 
1994 96 2161 2161 0.77 0.23 122 6 7 125 9 7 
1995 56 4112 4112 0.77 0.23 44 25 41 73 53 41 
1996 18 5977 5977 0.77 0.23 7 39 43 23 55 43 
1997 16 6ll 6ll 0.77 0.23 15 4 7 21 9 7 
1998 18 1818 1818 0.77 0.23 19 11 12 23 16 12 
1999 4636 4636 0.77 0.23 29 26 o 34 26 
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