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2 INTRODUCTION

Compared to last year, the terms of reference is somewhat changed, as stated by The ICES Statutory Meeting in
1996:

•

•

2.1

"2:14:3

Terms of reference

The Arctic Fisheries Working Group [AFWG] (Chairman: Mr. K. Sunnana, Norway) will meet at
ICES Headquarters from 20-28 August 1997 to:

a) assess the status of and provide catch options for 1998 for the stocks of cod, haddock, saithe,
and Greenland halibut in Sub-areas land 11, taking into account interactions with other species;

b) assess the status and provide catch options for redfish in Sub-areas land 11; alternative methods
to conventional catch-at-age analysis should also be attempted, such as the use of stock­
production models;

c) propose adefinition of safe biological limits using target reference points based, where
appropriate, on biomass, fishing mortality, maturity, growth, age structure, exploitation pattern,
geographical distribution and other relevant parameters; based on the above parameters,
propose limit reference pints to be avoided with high probability;

d) prepare medium-term forecasts of yield and SSB, taking into account uncertainties in data and
assessments and assuming a stock recruitment relationship, to indicate the probability of
attaining target reference points and avoiding limit reference points;

e) provide information on quantities of discards by gear type and area for the stocks of fish and
fisheries considered by this group [OSPAR 1997/5.3] and report to WGECO.

The above terms of reference are set up to provide ACFM with the information required to respond
to the requests for advice from the NEAFC, the EC and OSPAR."

No major changes in the structure of the report is necessary to address the Terms of Reference set up for the WG
this year. However, the WG have treated the terms of reference points c) and e) in separate subsections in the
introduction (Sections 2.3 and 2.4).

2.2 General comments to the work

At the October-November 1996 meeting, ACFM provided some comments on the work of the Arctic Fisheries
WG in 1996. Once again, we appreciate the positive comments on the quality of our work.
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This year the WO have put a lot of effort into developing risk models for both cod and haddock in addition to
saithc as an answer to eomments from ACFM. Thc rcsult of this work is dcseribed later in thc section on
Northeast Arctic Cod.

Thc WO this year has faced eonsiderable problems with the methods available, especially concerning the
evaluation of the strength of recruiting year classes. The WO, however, did not manage to apply any ad hoc
programs to investigate the eonsistency of the surveys as proposed by ACFM. The WO feels that such work
should be done by the relevant institutes providing the survey data to the WO. Before the meeting of the WO
considerable concern was expressed for the observed increase in mortality of Northeast Arctic cod seen in some
of the surveys, however, no useful analysis of this was available to the WO.

The \Va last year presented an assessment that ehanged the perception of the stock size of Northeast Aretic eod
considerably upwards compared to earlier years. Despite warnings given by scientists and others on the
significance of this perception of the cod stock, this eventually resulted in an considerable increase in the
allocated quota. Members of the WO thus expected, apriori, that this change in perception would be reversed
this year.

Last year cannibalism \vas fully implemented in the assessment of Northeast Arctic cod, accounting for the bulk
of the discussion on eod at that meeting. The WO regrets that this work may have overshadowed the problem of
assessing the size of the potentially strong year classes from 1989 and follO\ving. Some considerations on the use
of power curve relationship versus linear re1ationship to describe the relation between survey indices and VPA
abundance figures were done last year and probably resulted in an overestimation of the above mentioned year
classes. This problem was not soh'ed during the eurrent meeting, but was the foeus of long discussions. The WO,
at the end of the current meeting, has a clear opinion that the available tools for assessing the stock of Northeast
Arctic cod and haddock are not appropriate for the work.

Several suggestions for improving the assessments were also proposed by the Comprehensive Fisheries
Evaluation WO at their 1997 meeting, among which specially the problems of time trends in the surveys may
have partieular inOuenee on the problems that faeed the WO this year. However, the WO had no possibility to do
any such analysis.

2.3 Biolo~icallimitsand rcfcrcnce points

The WO has had a thorough discussion on the available information to eonstruct referenee points for the stocks
included in this WO. It was feit that at the present time, no other useful points were available than Fmed and
MBAL SSB. The use of Fm•• , F10w and Fhigh were also discussed and the WO feit that the points could very well
be used in projections, but the advice should be focused around Fmed and MBAL SSB.

The WO was provided with an excellent evaluation of ways to evaluate the quality of the SSB with respect to
recruitment and also to evaluate the SSB independently of the VPA-generated stock. This work is described
under the cod section in the report.

The WO fee1s that developing these considerations may give the necessary foundation for managing stocks in _
relation to observed changes in the spawning stock, and hence, recruitment potential of the stock.

2.4 Information on discards by ~car t.ype and arca

The WO addressed the request for data on discards and concluded that very little data are available. Some of the
members of the WO provided some data. It was also given information on ongoing work in this field in several
countries. Several of the members of the WO are involved in projects dealing with discards and bycatch and the
chairman will take on the responsibility to collect information from the various projects, as he is also conducting
a project in this field.

At thc present time, the wa is not able to provide any estimates of diseards in Sub-areas land 11 to thc \Va on
Ecological Impact of Fisheries. The WO believes that there is some amount of discard in these areas based on
observations, but do not have any information as to whether the discarding is increasing or decreasing. From the
historical survey data provided für tuning it may, howcver, bc eoncluded that unaccounted mortality probably
have been large in periods.
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•

2.5 Norwcgian coastal cod

This year a first attempt to conduct a tuned VPA estimate of Norwegian coastal cod has been conducted. This
involves a complete different calculation of catches than the previous one used for this stock, and one result is
that some catches of Norwegian coastal cod is contained in both the catch statistic for Northeast Arctic cod and
the new one for coastal cod. Before approving this new assessment of Norwegian coastal cod, special
considerations should be put into compiling the catches of Northeast Arctic cod and Norwegian coastal cod. The
view of the WG is that this should also be seen in connection with the announced revision of the time series of
both Northeast Arctic cod and haddock to avoid several revisions of the catch data.

2.6 Quality and covcrage of sampling

The members of the WG provided information on the number of sampIes taken in 1996 to compile the catch and
the surveys and this is summarised in the following table. The information is the sum of sampies from Germany,
Norway, Russia (catch numbers also include survey numbers), Spain and UK.

Spccics Catch Survcvs Prcdation
No. age/length No. length No. No. No. of sampIes
readings measurements ageßengthreadings lengthmeasurements

Cod 35840 659108 8221 173283 8641
lIaddock 15678 225428 3779 63842
Saithe 5824 15954 II 37 9984
Rcdlish 1620 8997 2688 44566
Grccnland 1675 7886 7729 62598
halibut

3

3.1

3.1.1

NORTII·EAST ARCTIC COD (SUß-AREAS lAND 11)

Status of the fishcrics

llistorical dewlopmcnt of the fishcrics (Table 3.1)

•

From a level of about 900,000 t in the mid-1970s, landings declined steadily to around 300,000 t in 1983-1985
(Table 3.1). Landings increasedto above 500,000 t in 1987 before dropping to 212,000 t in 1990, the lowest
level recorded in the post-war period. The catches increased rapidly from 1991 onwards, and have been stable
around 750,000 t since 1994. This level is 'the highest since 1977, and is also above the long-term mean for the
period 1946-1996.

The fishery is conducted both with an international trawler fleet and with coastal vessels using traditional fishing
gears. Quotas were introduced in 1978 for the trawler fleets and in 1989 for the coastal fleets. In addition to
quotas, the fishery is regulated by a minimum catch size, a minimum mesh size in trawls and Danish seines, a
maximum by-catch of undersized fish, c10sure of areas having high densities of juveniles and by seasonal and
area rcstrictions.

3.1.2 Landings prior to 1997 (Tablcs 3.1·3.3 and Fl, Figure 3.1A)

Final rcportcd landings for 1995 amount to 739,999 t (Table 3.1), exc1uding 39,285 t of Norwcgian coastal cod
(Table FI). The provisional figurcs for 1996 are 731,852 t exc1uding 32,422 t of Norwegian coastal cod. This is
c10se to the cstimate of740,OOO t used by the Working Group last year. The agrccd TAC on North-East Arctie
cod was excccdcd by 31,852 t and the total quota, inc1uding 40,000 t of Norwcgian coastal cod, was excccdcd by
24,274 1. Catchcs in excess of the agrced TAC in 1996 are mainly catches by countries without a quota (Iceland
and other non-quota countries). The catch by other non-quota eountries was estimated to be 6,152 t in 1996
assuming the same ratio between the catches of Ieeland and other non-quota countries in 1996 as in 1995. When
added to the Icelandie eatch this gives a total catch by countries with no quota of29,157 t, all ofwhich was taken
in the international waters (part of Sub-area I) in the Barents Sea. Landings reported to Norwegian authorities
were used to dctcrrnine the catchcs by some ICES countries which had not rcported data on landings to ICES.
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The estimates of unreported landings in excess of the quota set in 1990-1994 made by the Working Group last
year (Table 3.1) were not changed. The catch by area, split into trav,,'l and other gears, is given in Table 3.2 and
the nominal catch by country is given in Table 3.3. From 1995 to 1996, catches increased in ICES Sub-area I, but
decreased in the other areas.

3.1.3 Expected landings in 1997

The mixed Norwegian-Russian fisheries commission agreed on a TAC for North-East Arctic cod and Norwegian
coastal cod combined for 1997 of 890,000 t. Of this, 40,000 t is assumed to be Norwegian coastal cod.
According to the agreement between Norway and Russia, the total TAC should be divided equally between the
two countries. For 1997, 104,000 t was allocated to third countries and 6,000 t transferred from Russia to
Norway, giving a Norwegian TAC of 399,000 t (coastal cod included) and a Russian TAC of 383,000 t. Of the
Norwegian TAC, 267,330 t (67%) was allocated to the fishery with conventional gears and 131,670 t (33%) to
the trawl fishery.

Based on information about the fishery in 1997, the catches in the international area in the Barents Sea by
countries with no quota are expected to be about 10,000 t. The Working Group has no information on the size of
expected unreported landings in 1997, but believes this problem may continue. The Working Group assurnes that
there will be no reported landings in excess of the TAC for countries with a quota. Information from Norwegian
authorities indicate that about 20,000 t of the Norwegian quota allocated to fishery with conventional gears will
not be taken. The totallandings of North-East Arctic cod and Norwegian coastal cod combined in 1996 will thus
be 880,000 t. Of this, 40,000 t are expected to be Norwegian coastal cod, giving a catch of North-East Arctic cod
of 840,000 t.

The Working Group believes that the catch control and reporting of catches is sufficient to make these
predictions based on the assumption of a catch constraint for the current year (1997). The Working Group bases
this on information from the Norwegian and Russian authorities. A comprehensive monitoring program by the
Norwegian coast guard, including counting of vcssels at sea and checkpoints for catch control and rcporting, is
now fully operational.

3.2 Status of research

3.2.1 I'ishing effort and CPUE (Table Al)

crDE scrics of the Norwcgian, Russian and Spanish trawl fisheries are given in Table AI. The data reflect the
total trawl effort, both for Norway and Russia. The Norwegian series has been revised and is given as a total for
all areas in the tuning data series (Table 3.11), but the indices by area in Table AI has not been updated.

3.2.2 Surycy rcsuJts (Tables A2-A5, AI0·A11, A14·A15)

The results from the Norwegian survey on demersal fish in the ßarents Sca in winter 1997 are dcscribed by Mehl
(WO, 1997). Tables A2 and A3 shows the time series of abundance estimates (acoustic and bottom trawl,
respectively) from these surveys. A substantial part of the stock distribution area (i.e. the Russian EEZ) was not
surveyed in winter 1997. The indices for 1997 are, therefore, adjusted by dividing the indices for the Norwegian
zone by the corresponding indices for 1996 and multiplying by the total for 1996. The reason for using the 1996
indices for adjustment is that of the years with a complete coverage (1993-1996), 1996 was the year which had
oceanographic conditions most similar to 1997. The text table below shows the proportions found in the same
area in 1993-1996.

Year Age I Age2 Age 3 Age4 Age5 Age6 Age 7 Age 8 Total
1993 0.90 0.32 0.54 0.85 0.92 0.91 0.86 0.92 0.66
1994 0.38 0.36 0.40 0.54 0.68 0.77 0.67 0.71 0.43
1995 0.50 0.36 0.58 0.89 0.89 0.95 0.92 0.83 0.53
1996 0.30 0.28 0.48 0.75 0.71 0.79 0.83 0.72 0.33

It should be noted that the survey in 1993 and later years covered a larger area than in previous years. In 1991
and 1992, the number of young cod (particularly I-and 2-year old fish) was probably underestimated, as cod of
these ages were distributed at the edge of the old survey area. The changes in the survey methodology through
time are described by lakobsen et al. (1997).

--

•
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Abundance estimates at age from the Norwegian acoustic survey in the Lofoten area (the main spawning area for
this stock) in March/April are given in Table A4. This time series has now been extended back to 1985, and the
indices for 1990-1996 have been recalculated, as described by Korsbrekke (1997).

Abundance estimates at age from the Norwegian bottom trawl survey in the Svalbard area in the autumn are
given in Table A5. In 1995, the Svalbard survey was included in a new August survey which covers the entire
cod stock. Bottom trawl indices from this survey from 1995 and 1996 are given in Table A17, together with
indices from 1990-1993, when many bottom trawl stations were taken in the Barents Sea area during the O-group
survey in August/September. No data from this survey were used for this assessment. The Russian EEZ was not
covered by this survey in 1997.

The trawl/acoustic estimates from the October·December 1996 Russian survey are given in Table AIO and the
bottom trawl abundance estimate in Table All. ICES Division Hb was not covered during the 1996 survey, and
only part of Division Ha was eovered, while the eoverage in Sub-area I was as in previous years. The reason for
this was that only one vessel partieipated in the survey. Before 1988, trawl catchability eoefficients for fish of
different size groups were used in the ealculations of abundance of fish in the near-bottom layer, while acoustic
abundance estimates were used in the pelagic layer. In 1988-1994, the length distributions from trawl eatches
were used directly to convert acoustic abundance to number of fish. From 1995 onwards, the abundance of eod,
haddock and redfish has been assessed taking into account separate echo intensities for three size groups (smalI,
mean and large). Values using both the old and new method are given in Table AlO. Methods and history of the
Russian trawl and trawl-acoustic surveys of demersal fish are deseribed by Shevelev er al. (1996) and Lepesevieh
and Shevelev (1997).

• The abundance of O-group cod, as estimated in the International O-group survey (lCES C.M. 1997/G:31) are
provided in Tables AI4 and A15.

The Norwegian bottom trawl and acoustic surveys in the winter of 1997 both indicated that the abundance of 1­
group cod (the 1996 year class) was about the same as last year and that these two year c1asses are the strongest
in the time series (1981-1997). The Russian surveys in late autumn 1996 and the International O-group survey
confirmed that this year class is stronger than average.

The Norwegian acoustic and bottom trawl surveys in the Barents Sea, which were given the highest weight in last
year's tuning, both indicate that the mortality on ages 1-6 was higher in 1994-1996 than in the previous years,
while the other surveys show more variable results. The 1992-1994 year classes come out somewhat differently
in the two surveys, but the general picture is that they are approximately average. The 1990 year class is strong
according to all the surveys (strongest or second strongest in all surveys except the Russian trawl/acoustic
survey). The 1989 and 1991 year class is also above average according to all the surveys. The Lofoten survey
shows a very low abundance of the 1988 and older year classes.

3.2.3 Age rcading

The joint Norwegian-Russian work on cod otolith reading has continued, with regular exchanges of otoliths amI
age readers.

3.2.4 Wcight at age (Tablcs A6-A9, Al2-Al3)

Length at age and weight at age from the Norwegian survey of the Barents Sea in winter are given in Tables A6
and A7, respectively. Since the lowest values usually are found in the eastern part of the area, the figures for
1997 have been adjusted in the same way as the abundance indices, using the ratio '1996-total valuell 996­
Norwegian zone value' as adjusting factor in each age group. The length at age and weight at age from the
Lofoten survey are given in Tables A8 and A9, respectively. These numbers have been somewhat changed for
those given in last year's report, and data for 1985-1989 have been included, as described in Korsbrekke (1997),
while length at age and weight at age from the Russian survey in October-December are given in Tables A12 and
A13, respectively. No adjustment for incomplete coverage has been carried out for the Russian survey.

The data on size at age from the autumn 1996 Russian survey and the winter 1997 Norwegian survey were in
good agreement with each other. The size at age in 1997 differs little from the 1996 values, and is still at a low
level forages }·7.
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3.2.5 Maturity at age (Table 3.5)

Maturity at age ogives from Russian and Norwegian surveys were compared for a limited time period (1990-97).
The Norwegian maturity at age ogives were constructed by combining the Barents Sea survey and the Lofoten
survey according to the method described in Marshall er ai. (submitted ms.). It was noted this year that the
Norwegian maturity-at-age ogives tend to give a higher percent mature at age compared to the Russian ogives
(Yaragina and MarshalI, WO 1997). This difference is consistent with the higher growth rates that are observed
for cod sampled in Norwegian surveys relative to the Russian surveys. To give a representative view of the
maturity composition of the stock as a whole, the arithmetic average of the Russian and Norwegian ogives (Table
3.5) were used for 1990-97. This approach is consistent with the averaging procedure used to estimate the weight
at age in the stock (described in Section 3.3.2). Russian ogives were used for 1984-89 and Norwegian ogives for
1982-83 (Table 3.5). Prior to 1982, knife-cdge maturation at age 8 \vas assumed.

3.3 Data uset! in the assessment

3.3.1 Catch at age (Table 3.8)

For 1995, revised age compositions in the Norwegian fishery together with final total landings for alI eountries
were used to adjust the number at age in the 1995 landings. For 1996, age compositions for alI areas were
available from Norway (all gears) and Russia (trawl only). The Russian catches by conventional gears were age
distributed using the age distributions from the Norwegian catehes for the eorresponding gear and area. Age
eompositions from Divisions lIa and IIb were available from Germany. The UK (England & Wales) and Spain
provided age compositions for Division IIb, while Iceland provided age compositions from the fishery in Sub­
area I. Age compositions of the total landings were calculated separately in Sub-area I and Division lIa and IIb
by using the age compositions that were available and raising the landings from other countries by Ieelandic trawl
(Sub-area I), by UK trawl (Division Ha) and by Spanish trawl (Division IIb).

A SOP check gave a deviation of < 0.5 % for 1995 and 1996. The number at age was adjusted to make the SOP
fit exactly to the nominal eatch for these years.

The age composition of the cod catehes in 1996 was made up of several year classes, mainly 1989-1991. These
year classes (age groups 5-7) together eontributed 83 % of the eateh in numbers.

3.3.2 Wcight at age (Tables 3.4 and 3.9-3.10)

For 1995 and 1996, the mean weight at age in the eateh (Table 3.9) was ealculated as a weighted average of the
weight at age in the cateh for Norway, Russia (trawl only), Germany, Spain , the UK and Iceland. The weight at
age in the cateh for these countries is given in Table 3.4. The weight at age in the eateh in 1996 was higher than
what was assumed by the Working Group last year for ages 3-7 and lower for age groups 8 and older.

Stock weights at age a (Wa ) at the start ofyear y (Table 3.10) were calculated as folIows:

N W +N Wlll: =OS(W + ( nbar,a nbar,a lot,Cl lot ,a »
a rus,a-I N b +Nl'f'n ar,a 0) ,a

where

lVra.,.u./: Weight at age a-I in the Russian survey in year y-I (Table A13)
Nnhur.a : Abundanee at age a in the Norwegian ßarents Sea aeoustic survey in year y (Table A2)
lVnhur.u: Weight at age a in the Norwegian Barents Sea acoustic survey in year y (Table A7)
Nltif,u : Abundance at age a in the Lofoten survey in year y (Table A4)
lV/of.a : Weight at age a in the Lofoten survey in year y (Table A9)

For age groups 12 and older, the time series weights were used. As data for the Lofoten survey now are available
also for the period 1985-1989, the weight at age in the stock for those years was updated using the formula
above.

The stock weights at age in 1997 are in good agreement with the prognosis made by the Working Group last
year, but with slightly lower values for ages 8 and younger.

•
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3.3.3 Natural mortality

A natural mortality ofO.2 was used. In addition, cannibalism was taken into account as described in section 3.4.3.
The proportion of Fand 1\1 before spawning was set to zero.

3.3.4 l\laturity at age (Tables 3.5 and 3.11)

As mentioned in Section 3.2.5 Norwegian maturity-at-age ogives for 1990-97 indicated higher maturity ogives
compared with the Russian ogives (Table 3.5). The differences are consistent with growth differences between
the two regions. Consequently, arithmetic averages ofthe Norwegian and Russian values were used.

3.3.5 Tuning data (Table 3.12)

The fo11owing surveys and commercial CPVE data were used in the tuning:

Name Place Season Age Years
Russian bottom trawl Total area Autumn 1-8 1981-1996
Russian acoustic Total area . Autumn 1-6 1985-1995
Norwegian bottom tra\vl Svalbard Autumn 1-8 1983-1996
Norwegian trawl fleet Total area All year 9-14 1985-1996
Russian trawl fleet Total area All year 9-14 1985-1996
Norwegian bottom trawl Barcnts Sea Winter 1-8 1980-1996

• Norwegian acoustic Barcnts Sea + Lofoten Winter I-lI 1984-1996

Surveys that were conducted during winter were a110cated to the end of the previous year. This was done so that
data from the 1997 surveys could be induded in the assessment. Some of the survey indices have been multiplied
by a factor 10 or 100. This was done to keep the dynamics ef the surveys even for very low indices, because 1.0
is added to the indices before the logarithm is taken.

3.3.6 Rccruitmcnt indices (Table 3.6)

There were four indices of recruitment available for the 1996 year dass: the Russian bottom trawl index in Sub­
area I, the Norwegian Barents Sea trawl and acoustic survey indices as we11 as an index of recruitment from the
International O-group survey.

3.3.7 Prcdation and cannibalism

The consumption by cod of various prey species was calculated in the same way as last year. These data were
used to assess the impact of predation by cod on the cod and haddock stocks, and to study the relationship
betwcen food consumption and individual growth of cod. The method used for calculation of the consumption is
described by Bogstad and !\lehl (1997).

The cod stomach content data were taken from the joint PINRO-Il\tR stomach content data base (Mehl and
Yaragina 1992). About 6,000 cod stomachs from the Barents Sea are analysed annua11y. The stomachs are
sampled throughout the year, although sampling is less frequent in the second quarter of the year.

The Barents Sea was divided into three areas (\vest, east and north) and the consumption by cod was calculated
from the average stomach content of each prey group by area, half-year and cod age group. For 1996, not a11 the
data co11ected were available for analysis. Thus, calculations for that year should be considered preliminary.

The number of cod at age was taken from the VPA, and thus an iterative procedure has to be applied (Section
3.4.3). It was assumed that the mature part of the cod stock is found outside the Barents Sea for three months
during the first half of the year. There were very few sampies of the stomach contents of cod in the spawning
areas. Thus, consumption by cod in the spawning period was omitted from the calculations. It is believed that the
cod genera11y eats very little during spa\vning time, although some predation by cod on herring has been
observed dose to the spawning areas. The geographical distribution of the cod stock by season is based on
Norwegian survey data.
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3.3.8 Prcdiction data

The input data to the short-term prediction with management option table (1997-1999) are given in Table 3.22.
The stock number at age in 1997 was taken from the final VPA (Table 3.18) for ages 4 and older. The number at
age 3 was taken from the XSA (Table 3.14). The fishing pattern was set to the average of the last 3 years from
the final VPA, scaled to the 1996 level, and additional the natural mortality duc to cannibalism was set to the
1994-1996 average. The weight at age in the catch in 1997 for ages 3-11 was calculated assuming the same ratio
between weight at age in the catch and in the stock as the average ratio for 1994-1996. For age 12 and older the
weight in the stock and in the catch in 1997 was set equal to the values used for the period 1946-1981. The
average maturity ogive, stock weights and catch weights for the years 1995-1997 was used for 1998 onwards.

The rccruitment at age 3 in 1998 (655 million) was calculated by applying the predicted natural mortality at age 2
in 1997 to the XSA estimate of age 2 fish at the beginning of 1997. The rccruitment at age 3 in 1999, i.e. the
abundance of the 1996 year class at age 3 was estimated using RCT3 (Section 3.5.2).

ßoth changes in growth and cannibalism in North-East Arctic cod have bccn associatcd with fluctuations in the
abundance of capclin, i.c. that cod growth is positively correlated with capclin abundance and that cod may
switch to preying on cod whcn the abundance of capclin is low (ßogstad and Mehl, 1997). Figure 3.3 shows the
development in natural mortality duc to cannibalism for cod (prey) age group 1-3, and the abundance of capelin
in the period 1984-1996. In Fig 304, the individual growth (cmlyear) as calculated from the Norwegian winter
survey (Table A6) is shown. The predicted abundance of capelin in 1997 and 1998 given by ßogstad er al. (WD
1997), based on data presented to the Northern Pelagic and ßlue Whiting Fisheries Working Group (ICES C.M.
1997/Assess: 14) is also shown. ßased on these figures, some decrease in cod cannibalism and some increase in
cod growth could be expected in the near future. As for cannibalism, using the 1994-1996 average mortalities is •
not inconsistent with this, as this indieates a decrease in cannibalism from the very high 1996 level. The growth
of age 3 and older fish seem to be close to average level, but age land 2 fish seem to be growing very poarly.
These young age groups do not depend so much on capelin as food.

It should be possible to improve the predictions of cod cannibalism and cod growth by taking stock sizes of other
major prey species into account using multispecies models.

3.4 l\lcthods uscd in thc asscssmcnt

3.4.1 VPA and tuning

Tuning of the VPA was carried out using Extended Survivors Analysis (XSA). It was decided first to carry out
the analysis without taking cannibalism into account, using M=0.2 for ages land 2, and then to investigate the
effects of cannibalism.

First, last years assessment (excluding cannibalism) was repeated using updated data. In that assessment, 1995
was the last year and the default settings for the XSA were used with the following exceptions: (I) The SE of the
mean to which the estimates are shrunk, was set to 1.0; (2) catehability was set to be stock size dependent for
ages younger than 5, and age-dependent for ages 13 and older. This gave a reference F (age 5-10, unweighted) in
1995 (F9S) of 0.58, whieh is the same as obtained in last year's assessment with cannibalism (according to last
year's report the difference between the reference F in the last year with and without cannibalism was <0.01).
Including 1996 data in the assessment, increased F9S to 0.70 and gave F96 =0.59, compared to the value of 0041
predicted in last year's assessment. It was decided to remove the Russian acoustic survey for age groups 7 and 8
from the tuning, as the abundance indices at these ages are negatively correlated to the VPA estimates. In view of
the work carricd out on combining the acoustie abundance estimates from the Lofoten survey with the Norwegian
ßarents Sea survey, it was decided to combine these two surveys in the tuning. This change in tuning indices used
decreased F slightly to F9S =0.66 and F96 =0.54, nearly all the change was duc to the combination of the two
Norwegian surveys.

Aglen and Nakken (1997) investigated the relationship between VPA number (converged part (pre 1992) only)
amI survey indices für age 1-5 für the Norwegian Darents Sea trawl and acüustic surveys. They füund that when
applying a relationship of the form VPA number = a* suryey estimate + b, b was significantly different from zero
in (SE b < b), except for age I in the acoustic survey. As Aglen and Nakken did not shift their indices, their
analysis is valid für ages 1-4 in the tuning. Dased ün this work, it was decided to investigate the effect of
changing the age below whieh catchability is dependent on stock size (hereafter called q-age). It was decided to
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compare the results obtained using q-age = 4, 6 and 8, by looking at both the tuning diagnostics, the retrospeclive
analysis and how the trend in mortalilies obtained from the XSA in the last years compare to the trend in
mortality as calculated from the surveys. Fig 3.5 A-C shows the retrospective analysis for q-age = 4, 6 and 8 ,
while Figure 3.6 A-C shows the trend in mortalities in recent years for ages 5-7 for these three values, compared
to the trend in Z as calculated directly from the surveys.

In order to investigate the effect of the uncertainty in last year's survey indices duc to incomplete area coverage,
the XSA was run with q-age =6 using indices for the Norwegian bottom trawl survey in the Barents Sea and for
the Russian bottom trawl survey corresponding to 'minimum' and 'maximum' adjustment for incomplete area
coverage, respeclively. For the Norwegian survey, the 1995 area distribution corresponds to the minimum value
when adjusted, while the 1994 distribution corresponds to the maximum value, as seen from the text table in
section 3.2.2. For the Russian bottom trawl survey, 1990 is used as to the minimum value, while 1992 is used as
the maximum value. The whole age range is considered when selecting these years. The indices used for the last
tuning year are given in the text table below.

Survey Age I Age2 Age 3 Age4 Age5 Age6 Age7 Age 8
NorBTmin 807.0 201.5 57.4 62.6 46.7 26.8 5.6 0.8
Nor BT 1996 1037.6 243.5 68.1 78.5 56.1 29.7 6.4 l.l
NorBTmax 807.0 292.2 94.6 82.0 57.6 36.8 6.5 0.9
Rus BTmin 8.9 6.6 5.1 8.6 12.0 8.6 3.7 0.8
Rus BT 1995 13.6 13.5 7.7 11.8 13.4 11.2 4.2 0.8
Rus BTmax 28.7 13.2 7.1 8.8 12.7 12.0 4.1 l.l

The results of the various runs described above is given in the table below. The 1997 fishing mortality is
calculated applying the 1997 stock parameters (except for cannibalism, Le, keeping M=0.2 for all age groups)
used in the final prediclion, for allthe runs.

Number of fish (millions) and fishing mortality for various runs.

Run description q-age <4 q-age < 6 q-age< 8 q-age< 6, min area q-age < 6, max area
N97 age 3 606 577 558 514 585
N97 age 4 271 267 265 245 273
N97 age 5 269 254 250 242 253
N97 age 6 269 231 219 224 233
N97 age 7 228 180 142 173 188
N97 age 8 74 58 42 56 59
N97 age 9 13 12 II II 12
F5-IO, 1996 0.54 0.58 0.62 0.59 0.57
F5-IO, 1997 0.51 O.M 0.81

The table above indicates that the uncertainty in the size of the 1989-1991 year classes associated with the choice
of q-age is quite large, and makes the assessment very uncertain. For the younger year classes, the uncertainty
due to the incomplete area coverage is larger than the uncertainty duc to the choice of q-age. It should be kept in
mind that the effect of incomplete area coverage is underestimated, as the Norwegian acoustic survey is also
affected, and that the assessment of the recruiting year classes will be strongly affected by this.

The tuning diagnostics and the retrospective plots give Iittle indications as to which value of q-age to choose. The
Working Group feit, however, that the runs for q-age = 8 and q-age = 4 gave stock sizes that are close to the
lower and upper end of the range within which the group feels the stock size is Iikely to be. In view of this, q­
age=6 was chosen as an intermediate option between the two 'extremes'.

3.4.2 Recruitment (Table 3.7)

The only year class which needs to be estimated by the RCT3 program is the 1996 year class. Only the age 1
survey indices and the index from the international O-group survey were included in the estimation, together with
the VPA estimate at age 3. The results are given in Table 3.7.
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3.4.3 IncIuding cannibalism in the VPA (Tables 3.13-3.16, Figure 3.2 A-G)

Cannibalism in North-East Aretie eod has bccn dcseribcd by Bogstad er al. (\ 994). It may havc a signifieant
influenec on thc reeruitment to thc fishery, and should thus bc taken into aeeount in thc assessment. Inc1usion of
eannibalism into thc VPA for North-East Aretie eod has bcen diseussed by Korzhev and Tretyak (\ 992). Tretyak
(\ 984) diseusses thc agc-dependeney of natural mortality in general. A multispeeies VPA for the Barents Sea for
thc period 1980-1996, inc1uding eod as predator and eod, herring, eapelin, shrimp, polar eod and haddoek as
prey, was presented by Tretyak er al. (1997). This MSVPA was run on a quarterly basis, with stomaeh data
obtained from thc joint PINRO-IMR stornach eontent data base. Possible diserepaneies between the VPA with
eannibalism presented herc and thc Barents Sea MSVPA may bc duc to different aggregation of data, usc of
diffcrcnt agc -Iength keys and weight at agc data, and differenees in thc stornach cvaeuation ratc model used.
Work on unifying Russian and Nonvegian methods on eonsumption ealculations is in progress. Thc VPA for this
assessment was run on ages 1-15+, so that predation on O-group was not eonsidered here, although this was taken
into aeeount in thc MSVPA.

Consumption of eod by eod \vas ealculated by agc group and treated as an additional eateh in thc XSA, whieh
was run iteratively until eonvergenec. Thc procedurc converges quickly, as vcrified by thc Comprehensivc
risherics Evaluation Working Group (leES C.M. 1997/Asscss:15).

Thc tuning diagnosties from VPA with eannibalism, arc given in Tablc 3.13 and thc total fishing mortalities (truc
fishing mortality plus mortality from eannibalism) and population numbers in Tablcs 3.14 and 3.15. The fit to thc
survcys for agcs land 2 was bettcr (higher R2

) for thc VPA whieh incorporated eannibalism eompared to the
VPA without eannibalism.

Thc ehangc in thc rcferenee F in 1996 was small « 0.0 I). Thc abundanee of agc groups 4-6 at the beginning of
1997 dcercased, howcver, whcn eannibalism is inc1uded in thc analysis, whilc the abundanec of agc groups 3, 7
and 8 incrcascd when eannibalism was inc1uded, as scen in thc tcxt table below.

•
N97 (million)

Agc 3
Agc 4
Agc 5
Agc 6
Agc 7
Agc 8
Agc9
r5-10,1996
r5-10,1997

No cannibalism
577
267
254
231
180
58
12

0.58
0.64

Cannibalism
615
225
199
192
190
66
13

0.58
0.67

Thc total number of eod agcs 0-6 (million) eonsumed is given in thc tcxt table below:

Year AgcO Age I Agc2 Age 3 Agc4 Agc5 Age 6
eons. eons. eons. eons. cons. cons. cons.

1984 0 440 23 + 0 0 0
1985 1475 381 70 + 0 0 0
1986 53 418 392 99 0 0 0
1987 654 175 275 14 0 0 0
1988 29 423 23 2 0 0 0
1989 964 141 + 0 0 0 0
1990 0 64 30 0 0 0 0
1991 132 153 220 2 0 0 0
1992 4125 1044 155 4 0 0 0
1993 4265 21261 553 57 I + 0
1994 9477 8068 716 133 52 8 +
1995 9739 17674 883 293 99 3 +
1996 38 22587 1775 182 69 22

The eannibalism is very variablc within this time period, on all prey agc groups. Thus, eannibalism will be
diffieult to prediet. Estimates of thc numbers eonsumed of age I in 1993-1996 were an order of magnitude higher
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than what the size of a cod year c1ass at age land 2 was earlier believed to be. This result is not unreasonable
when compared to the estimates of O-group abundance made by Nakken et al. (1995). Mortalities induced by
cannibalism on age I in 1993-1996 are high (1.0-2.5). The mortalities induced by cannibalism in 1996 are higher
than predicted in last year's assessment.

ßecauseof the better fit to the survey data for the younger age groups, it was decided to adopt the VPA with
cannibalism as the final VPA.

In order to build a matrix of natural mortality v.hich inc1udcs predation, the fishing mortality estimated in the
final XSA analyses was split into the mortality caused by the fishing fleet (true F) and the mortality caused by
cod cannibalism (M2 in MSVPA terminology) by using the number caught by fishing and by cannibalism. The
new natural mortality data matrix was prepared by adding 0.2 (MI) to the predation mortality (t\t2). This new M
matrix (Table 3.16) was used together with the new true Fs to run the final VPA on ages 3-15+.

Cannibalism on cod age 3 and older may of course also have occurred before 1984, and thus there will be an
inconsistency in the recruitment time series.

Figure 3.2 A-G shows plots ofthe indices versus stock numbers from the VPA.

3.5 Results of thc assessment

3.5.1 Fishin~ mortalities and VPA (Tables 3.17-3.21, Fi~ures 3.1A and 3.m)

The average age 5-10 fishing mortalities for the years 1981-1989 were in the range 0.7 to 1.0. The lowest value
occurred during 1989 and the highest in 1987. In 1990, fishing mortality dropped to 0.28 as a result of
management measures brought into effect to control the amount of fishing effort. Age 5-10 F then increased,
reaching 0.76 in 1994 but dropping again to 0.58 in 1996. fS-lo in 1991-1996 was higher than calculated in last
year's assessment. The assumed fishing mortality in 1997 is also much higher than predicted last year (0.67 vs.
0.38), and the spawning stock biomass in 1997 is estimated to be 839,000 tonnes, compared to 1,277,000 tonnes
in last year's assessment. The reason for this is that the 1989-1991 year c1asses are considerably weaker than
estimated in last year's assessment.

The fishing mortalilies and stock numbers are given in Tablcs 3.17-3.18, while the stock biomass at age and the
spawning stock biomass at age are given in Tables 3.19-3.20. A summary of landings, fishing mortality, stock
biomass, spawning stock biomass and recruitment since 1946 is given in Table 3.21 and Figures 3.IA and 3.m.

Due 10 the large SOP discrcpancics, the SOP corrcctcd valucs are givcn. Rcconstruction of the time scrics on
wcight at age in the catch and in the stock and the maturation ogive for the period 1946-1981 is conlinuing. This
will address the problem of SOP discrepancies, but has turned out to be a more complicated task than expected.

3.5.2 Recruitment (Tablc 3.7)

The results of the RCT3 analysis are given in Tablc 3.7. The 1996 year c1ass estimate at age 3 is 1079 million
individuals.

3.5.3 Biolo~ical referencc points (Tablc 3.24, Fi~urc 3.1C)

The yield per recruit analysis using the fishing pattern and stock parameters for 1997 from the management
option table gave estimates of Fo.t =0.13 and Fmax =0.26 (Table 3.24) which are very dose to the values obtained
last year. lakobsen (1992) calculated the values of F1ow , Fmed and Fhigh to be 0.32, 0.46 and 0.78, respectively. The
present exploitation level is F96 = 0.57 (status qua) which is above the Fmed level of 0.46. F1ow , Fmed and Fhigh will
not be recalculated until the time series on weight at age have been updated.

3.5.4 Catch options (Table 3.23)

The management oplion table (Table 3.23) shows that the expectcd catches in 1997 will give an increase in FS-1O

from 0.57 in 1996 to 0.67 in 1997. This is accoruance with the increase in calches from 1997 to 1998. Fishing at
Fm... F10w amI Fmed in 1998 gives calches of 316,000, 381,000 and 514,000 I, respeclively, comparcd 10 Ihe
expected calch in 1997 of 840,000 t.
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In Figurc 3.1 D thc catch Icvel in 1998 and spawning stock biomass Icvel in 1999 arc plotted against thc fishing
mortality in 1998.

3.5.5 Consumption by cod (Table A16)

Thc consumption by cod of various prcy speeies is shown in Tablc A 16. Thc consumption is calculated using thc
samc method as in Bogstad and Mehl (1997), using stomach content data from thc joint PINRO-IMR stomach
content data basc, a model for thc gastric cvacuation rate of cod and data on sea temperaturc and thc abundancc
and geographical distribution of cod. Thc consumption is calculated für threc main areas in thc Barents Sea and
for thc first and second half of thc year, for agc groups 1-11 + separately. On thc averagc 6000 stomachs havc
been sampled annually sincc 1984. Thc consumption estimates in Tablc A 16 do not includc consumption by
maturc cod in thc period when it is outsidc thc Barents Sea (assumed to bc 3 months during thc first half of thc
year). During this period it may consumc significant amounts of adult herring (Bogstad and Mehl, 1997).

Thc consumption of capelin decreased from approximately 3 million tonnes in 1991-1993 to about 500 thousand
tonnes in 1996. This decrease corresponds weil to thc observed development of thc capelin stock. Amphipods
and krill combined accounts for about 35% of thc diet in 1995-1996, with krill as thc most important of those two
in 1996. After a drop in 1993-1994, thc consumption of redfish increased in 1995, but decreased again in 1996.
Thc consumption of cod by cod (cannibalism) has increased strongly sincc 1992, and cod now makes up more
than 10 % of the die!. Thc consumption of haddock by cod has varied around 100 thousand tonnes sincc 1992.
Thc consumption of herring and polar cod uecreaseu strongly from 1994 to 1996, and thosc two species
combined madc up only 3 % of the diet in 1996. Thc consumption of shrimp has been around 400 thousand
tonnes sincc 1992, except for a higher value in 1994. The eonsumption of areenland halibut is very low in all
years. Very few of the stornach sampies werc from pelagic trawl hauls. Thus, consumption of prey whieh are
distributed in the upper layers of thc sea, e.g., herring, may be underestimated.

It should bc noted that scientists at PINRO get different consumption estimates using thc same uata (Dolgov, WD
1997). The reason for this is under investigation. Also, thc mean ambient winter temperatures of ages 1-3 in
1991-1995 werc I-3°C lower than thosc useu in thc consumption estimates, a differencc which would reuuee thc
consumption estimates by 10-30 % (Ottersen er al., 1997). When estimates of ambient temperaturc become
available for more years and other seasons, they should bc used in consumption estimatcs. It is worth noting that
today thc same temperature is used for all agcs in a given area and season.

3.6 l\Ianagement objectins

3.6.1 Target reference points and safe hiological limits (:\1BAL) (Fig 3.8-3.10)

The terms of reference for thc 1997 meeting of the wa ineluueu arequest for morc detailed definitions of safc
biological limits. This request coincidcd with improved knowledge of the magnitude of interannual variation in
feeundity of North-East Aretic cod (Kjesbu er al. submitted ms.), recent research suggesting that there is
eonsiderablc interannual variation in total egg production by the North-East Arctic cou stock (Marshall er al.
submitted ms.) and ongoing efforts to better utilizc the Norwegian survey database in stock assessment (Aglen,
WD 1997).

A preliminary attempt to dcvelop biological reference points for North-East Arctic eod using the Norwegian
survcy database was presented at this years wa meeting (l\tarshall, WD 1997). Data from Norwegian acoustic
surveys in the Barents Sea and Lofoten \lierc combined to estimate total abundance and demographie composition
of thc aggregate stock independently of the VPA estimates of abundance. Refinements to the mcthod of
combining acoustic and trawl information from the Barents Sea and Lofoten surveys (c.g., Aglen, WD 1997) arc
cxpeeted in the near futurc.

Thc effective spawner biomass (ESB) of mature females was estimated as a proxy for total egg production and
was estimateu by:

ESB = LI nl.fem.mat X wl.fem.pre

whcre nUem.ma. is the total numhcr of mature fcmalcs of Icngth land wUem.pre is the wcight of mature prc-spawning
femalcs of length I predicted using the year-specific weightJlcngth relationships for pre-spawning femalcs in the
Barents Sea winter survey. Estimates of ESB uiffer from the estimates of total egg production only in that weight-

E:\ACFM\AFWG98\REP-98.DOC 02/0919713:08 12



at-Iength replaces fecundity-at-Iength. The relative fecundity of the stock (X'lock, eggs/gram spawner biomass) was
estimated as:

X'tock = EIESß

where E is the total egg production by the stock given in Marshall et al. (submitted ms.).

Estimates of ESB were both lower and higher than VPA estimates of spawning stock biomass (multiplied by 0.50
to approximate the biomass of females). The largest discrepancies between ESB and the VPA spawning stock
biomass estimate were for 1991, 1996 and 1997 (Figure 3.8). The spawner/recruit relationship was examined
using ESB as a measure of the reproductive potential and the acoustic estimate of the abundance of age I cod
(Table A2) as the recruitment index (Figure 3.9). This relationship: (I) approaches the origin; (2) exhibits two
order of magnitude variation in ESß which is closer to the three orders of magnitude variation observed in the
recruitment index; and (3) is positive and approximately linear with the exception of the observation for 1993
which is the highest ESB in the time series.

Values of X'tock show a three-fold level of variation (Figure 3.10). Values of X'tock were at a minimum in 1988
then increased to a peak in 1992 when the size composition of the spawning females was dominated by large
(>80 cm) females belonging to the strong 1983 year class. Large cod are more fecund per unit body weight than
small cod (Kjesbu et al. submitted ms.). Thus, higher quality spawners can potentially compensate to a Iimited
degree for lower quantity by being more fecund per unit biomass.

Further research is planned to improve the sensitivity of survey-based biological reference points to changes in
stock dynamics. Such reference points have the advantages of being: (I) independent of the catch data; (2) free of
assumptions about natural and fishing mortality; and (3) estimated by two surveys per year which permits
uncertainty to be quantified. Future assessments will hopefully be able to use both survey-based reference points
and traditional reference points. An empirical approach may help to reduce the problems which result when the
VPA results are unstable ouTing periods ofrapidly changing stock abundance.

3.6.2 Limit reference points

lakobsen (1993) discusses past, present and future management of North-East Arctic cod. He suggested that to
reduce the likelihood of poor year classes, the spa\vning stock biomass should be kept weil above a level of
500,000 t (MBAL). This can also be seen from the stocklrecruitment plot given in Figure 3.7.

The Comprehensive Fishery Evaluation Working Oroup (lCES CM I 996/Assess:20) suggested a Fcomtie
=min{Fmed,F~ISy,Fmax}' FMSY was not estimated by the present WO. Since FMSY is commonly less than Fm..' the
latter should be considered an upper bound on fishing mortality (ICES CM I 996/Assess:20). Fm•• for cod is
presently 0.26, which means that there is a potential for increased yields by lowering the fishing mortality from
FSlatus qua (0.57) to Fmax (0.26). The catch corresponding to Fmax in 1998 is about 316,000 t, which is weil below the
present catch. Keeping the fishing mortality below Fmed will keep the stock within safe biologicallimits.

3.7 Medium-term forecasts and management scenarios

3.7.1 Input data (Table 3.22)

The input data were the same used as for the short term predictions, using the same data for the years after 1999
as for 1998 and 1999 (Table 3.22). The recruitment at age 3 of the 1997 and later year classes was set equal to
the long-term average of 613 million, adjusted upwards to account for increased mortality at ages 3-5 duc to
cannibalism, Le. 1184 million individuals.

3.7.2 Methods

Single option predictions were run using IFAP and following standard procedures. A RISK analysis model has
been developed for cod including a recruitment model taking into account a relation between the numbers at age
1 and the female spawning stock and cannibalism. The data for the RISK analysis were only available on the final
day of the WO meeting and it turned out to be to many inconsistencies between the traditional medium term
projections and the RISK analysis. The results of the RISK analysis are therefor not presented in this report.
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However, the WO feit that the principles used for the RISK analysis were appropriate and encouraged a
presentation of the results in aseparate \Vorking Dücument to the ACFM meeting. This would alIow für further
development and testing of the performance of the RISK analysis. It was especialIy pointed to the necd to include
the uncertainty of the assessment both in the way of precision of estimation and in the way of uncertainty of the
ability to reflect the levc1 of the different age groups in the stock. The WO chairman will take on the
responsibility to prcpare such a Working Documcnt and to include the unccrtaintics in the asscssmcnt.

3.7.3 Results (Tables 3.25-3.26 amI Figurc 3.11»

Despite the large unccrtainty in the assessment, deterministic medium-term projections were carried out, but in
view of the uncertainty assüciated with the initial stock size, the results should not be regarded as particularly
accurate.
In Table 3.25, the results of the medium-term prediction are given, für 0.4,0.6, 0.8 (=Fmed ),1.0 and 1.2*Fst"us
quo(=F97), and für fixed TAC values of 500,600 and 700 thousand tonnes for the period 1998-2001. Detailcd
output of the prediction für Fmed (=0.8* Fst.tus quo ) is given in Table 3.26. In the medium term, the stock will
increase to a level of about 2 milIion t in the end of the period when fishing at Fmed , and the catches wilI be
around 500,000 t whieh is below the present level. The spawning stock biomass will stabilise at about 750,000 t,
whieh is slightly above MßAL. Fishing at F97 will make the SSß falI below MßAL in year 2000. Maintaining a
catch üf 700,000 tonnes will cause F to raise above 1.0 and drop the SSß to 150,000 tonnes at the end of the
period.

3.8 Comments to thc assessment and thc forecasts

In view of the uneertainty of this assessment with respect to actual level of stock size, and the fact that the large
quota for 1997 is going to be taken, the Working Oroup expresses its concern that the stock may very welI falI
below safe biologicallimits if the lowest range indicated for the stock size should be true.

From an average level of about I million t in the 1980s, the total stock biomass inereased rapidly to 2.5 million
tonnes in 1993, then decreased to 2.0 milIion in 1996. Total biomass is currently slightly below the long-term
average value für this stock. The spawning stock in 1997 is 839 thousand tonnes, which is an increase from 1996.
Orowth rates appear to have stabilised at a low level for the youngest fish (age land 2) and at a medium level for
the older ages. Weight at age is at a low level. Cannibalism rates are high.

The assessment has been changed considerably since last year, and does not give as optimistic a view of the stock
as presented last year. The stock is inside safe biological limits, but a reduction in catch level and fishing
mortality is needed in order to keep it there. The uncertainty in the assessment and the predictions due to the
problems with the assessment methodology have been cxplicitly addressed in the report.

Considering the nature of the methodological problems with estimating the large year c1asses in the current
assessment, it is anticipated that the Working Oroup \vilI be faced with similar concerns in its 1998 meeting with
respect to this stock.

4 NORTII-EAST ARCTIC IIADDOCK (SUB-AREAS lAND 11)

4.1 Status of thc Fisheries

4.1.1 llistorical denIopment of thc fisheries

Haddock is mainly fished by trawl as a by-catch in the fishery for cod. Occasionally there is also a directed trawl
fishery for haddock. About 25% is taken by conventional gears, nearly all by Norway and mostlyon long line. Part
of the long line catches are from a directed fishery. The fishery is restricted by national quotas. In the Norwegian
fishery the quotas are set separately for trawl and other gears. The fishery is also regulated by a minimum landing
size, a minimum mesh size in trawls and Danish seine, a maximum by-catch of undersized fish, closure of areas with
high density ofjuveniles and other seasonal and areal restrictions.

Historicallandings of the fishery show a cyclical pattern (Figure 4.1 A, Table 4.1). The historical high catch level of
320,000 t in 1973 divides the time series into two periods. Formerly, highs were close to 200,000 taround 1956,
1961 and 1968, and lows were between 75,000 and 100,000 t in 1959, 1964 and 1971. The second period showed a
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steady decline from the peak in 1973 down to the historically low level of 17,300 t in 1984. Afterwards, landings
increased to 151,000 t before declining to 26,000 tin 1990. Landings have been increasing since then.

The trawl fishery has been more variable than the fishing by other gears (Table 4.2). In recent years Norway and
Russia have accounted for more than 90% of the landings (Table 4.3), but before the introduction of national
economical zones in 1977, UK (mainly England) landings made up 10-30% ofthe total.

The exploitation rate of haddock has been variable. The highest fishing mortalities for haddock have occurred at
intermediate stock levels and show little relationship with the exploitation rate of cod, in spite of haddock to 41

large extent being 41 by-catch in the cod fishery. The exception is the 1990's where more restricth'e quota
regulations have resulted in 41 similar pattern in the exploitation rate for both species. It is expected that good year
classes of haddock would attract more directed trawl fishing, but this is not reflected in the fishing mortalities.

The Norwegian coastal haddock catches are defined as those from Norwegian statistical areas 06 and 07, Le. in
the southernmost part of ICES Division Ha (Figure 9.4) (ICES 19711F:3, 19751F:6). No reason for this definition
has been given in Arctic Fisheries Working Group reports, but it is based mainly on the knowledge about the
main spawning grour.ds of North-East Arctic haddock. These are located north of this area and recruitment to
areas 06 and 07 from these grounds is unlikely because it would be against the current. The first landings table
for coastal haddock (1960-70) was given in ICES 19711F:3. In the period 1974 to 1996, the reported Norwegian
catches of coastal haddock were on average about 4,500 t per year (Table ß7).

The USSR data on coastal haddock in Table ß7 are taken from ICES 19751F:6. The average USSR reported
catch was approximately 20,000 t of coastal haddock for the period 1960-1974. USSR or Russian catches of
coastal haddock have not been reported in later years.

4.1.2 Landings prior to 1997 (Tables 4.1-4.3, Figure 4.1A)

Final reported landings in 1995 are 138,517 t (Table 4.1) which is very close to the figure used in last year's
assessment. The provisional landings for 1996 are 173,438 t which is slightly above the agreed TAC of 170,000 t.
Catches increased substantially in Sub-area land decreased in Division IIb.

The catch by area, broken down by trawl and other gears, is given in Table 4.2. The nominal catch by country is
given in Table 4.3.

4.1.3 Expected landings in 1997

ßased on previous experience and provisional reports, it is expected that the TAC of 210,000 twill be taken.

4.2 Status of Research

4.2.1 Fishing elTort and CPUE

After aperiod of very little trawl fishery for haddock, it has increased in recent years (Table 4.2). The CPUE
series of Norwegian trawl fisheries has been updated for tuning of the older ages in the VPA, and the full CPUE
series has also been revised this year. However, because of the large proportion taken as by-catch there is work in
progress to try to estimate the direct trawl effort on haddock and investigate how trawl CPUE for haddock is best
calculated. These data will be available next year.

4.2.2 Survey results (Tables Bl-B6)

Norway provided indices from the 1997 ßarents Sea bottom trawl and acoustic survey in January-March. The
results of this survey are given by Mehl (WD 97). As described in Section 3.2.2 the survey was restricted to the
Norwegian economic zone and the adjustments made to the abundance indices followed the same procedure as
for cod. The table on the following page shows the proportions of haddock found in the bottom trawl survey in
the Norwegian zone in 1993-1996.
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Age (years)
Year I 2 3 4 5 6 7 8 Total
1993 0.65 0.34 0.26 0.38 0.70 1.00 0.80 0.68 0.44
1994 1.00 0.76 0.32 0.26 0.53 0.78 1.00 0.63 0.62
1995 0.87 0.75 0.72 0.39 0.56 0.67 1.00 0.90 0.76
1996 0.73 0.63 0.79 0.72 0.59 0.76 0.59 1.00 0.69

Applying the same procedure for adjusting the indices in 1994-1996 as for 1997 would have given an eITor of no
more than 10% on average in each of these years. However, for single age groups the eITor would have exceeded
20% in ten of the 24 cases and 50% in two cases.

Tables ß land ß3 show the time series of abundance estimates (acoustic and bottom trawl, respectively) from
this survey. High indices caused by the good period of recruitment around 1990 can be traced from year to year
in both series and the 1990 year class appears as the strongest for age groups 3-7. Although recruitment has been
lower in more recent years, the indices are still weil above the historicallow levels.

Russia provided indices from 1996 trawl and acoustic survey (October-December) in the ßarents Sea (Tables ß2
and ß4). A description of the Russian surveys of demersal fish in the ßarents Sea up to 1996 is given in
Lepesevich and Shevelev (1997). Also the Russian survey covered a smaller area than normal, but judging' from
the distribution in earlier years the coverage of the haddock was better than in the Norwegian survey. The bottom
trawl indices from Sub-area I and Division Ha \vere therefore not adjusted. However, the possible effect of this
cannot be quantified without a more detailcd analysis of the historical survey data. ßecause there was no
coverage in Division Hb, the total indices were adjusted based on the average distribution by area in 1983-1995.
The proportion of haddock found in Division Hb in the survey is normally less than 10% of the total. Therefore,
this adjustment probably caused little eITor in the indices. However, the distribution maps show that there
evidently were some haddock outside the survey area in Division Ha and the total indices are therefore probably
underestimates. There has recently been a substantial change in the routines fur ca1culating acoustic indices and
the abundance indices from the acoustic survey in 1996 were therefore excluded from the VPA tuning (sec
Section 3.2.2). The Russian survey support the main trends in the Norwegian survey.

Estimates of the abundance of O-group haddock from the International O-group survey (ICES 1996/0:31) are
presented in Tables AI4 and A15. The indices show good recruitment for haddock from 1990 to 1994, but
average in 1995 and 1996.

4.2.3 Wcight at age (Table B6)

Length and weight at age from the surveys are given in Tables ß5 and ß6, respectively. The weights at age are
mostly fairly close to those found in the previous year and confirm that the growth still is relatively slow. For the
year classes 1992 and 1993 there is some inconsistency between the Norwegian and the Russian results, but with
opposite signs.

4.2.4 Suryc)'s for coastal haddock

The distribution of haddock on the Nurwegian coast from the Russian burder in Varangerfjord to 62°N (Stadt)
has been investigated during the Norwegian coastal surveys in the period 1992-1996 (lCES I994/Assess: 2,
I995/Assess:3, I996/Assess:4, 1997/Assess:4) The main purpose is to give estimates of the biomass, find
migration patterns and to determine if there is a coastal haddock stock. There have also been joint Russian­
Norwegian investigations on the Kola coast concerning the distribution of haddock (lsaev er al. 1996, Oavrilov er
al. 1997).

A tagging experiment on coastal haddock has been performed on cruises in November-December 1993, 1994 and
1995 in Norwegian statistical areas 00, 05 and 06 (Figure 9.1). A total of about 13,500 specimens were tagged.
Prcliminary results indicatc local recaptures which are made throughout the year.

The length and weight at age fur the haddock sampled along the coast of Norway are given in Tables ß8 and ß9,
respectively. For haddock caught during the coastal survey the agc of 50 % maturity has varied between 4 and 6
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years with an estimated average of about 5 years (Table 0 10). In eomparison, the age of 50 % maturity for
North-East Arctie haddock in recent years has been more than 6 years.

In 1996 the total biomass of haddock along the coast was calculated to be 244,000 t (331 million fish) and most
of this is considercd to be North-East Arctie haddoek. This is a slight increase from 1995. Thc eorrcsponding
spawning biomass was 120,000 t (83 million fish) (Tablcs Oll to 014). This represent a doubling of the
spav,ming biomass. However, south of 67° N in areas 06 and 07 the biomass (67,000 t) was nearly the same as in
1995. This is the area where the landings are assumed to be coastal haddoek and the proportion of the total
inereases with decreasing age which eould indieate local recruitment in the area.

4.3 Data Used in the Assessment

4.3.1 Cateh at age (Table 4.7)

A revised age composition for the Nonvcgian landings, with final total landings from aJl countries, were used to
revise the numbcr at age in the 1995 landings.

Age eompositions of the landings for 1996 were available from Norway and Russia in Sub-area I, from Norway,
Russia and UK (England and Wales) in Division Ha, and from Norway and Germany in Division Hb. The eatehes
of the other countries were distributcd among ages using the eombined Norwcgian/Russian age eomposition in
Sub-area I, the UK (England and Wales) age eomposition in Division Ha and the German age eomposition in
Division Hb.

The SOP check gave a deviation ofO.3 % and 0.2 % from the nominal eatch for 1995 and for 1996, respectively.
The numbers at age were adjusted to make the SOP fit to the nominal eateh for these years.

4.3.2 Weight at age (Tables 4.8-4.9)

The mean weights at age in the eateh (Table 4.8) were ealculated as weighted averages of the weights in the eatch
of Norway, Russia, Gerrnany and UK (England & Wales).

The weight at age in the eatch in 1996 increased for ages 3-4 and deereased for ages 6-8, but in general eontinues
to be at relatively low levels. The weight at age in the eateh in 1996 is higher than the weights used for prediction
in last year's report for the dominant age groups 3-6, especiaJly for age 3 (55%) and age 5 (24%). For older age
groups the values are c10ser to those predicted.

Stock weights (Table 4.9) used from 1985 to 1997 for ages 3-7 are averages of values derived from Russian
surveys in autumn (mostly October-December) and Norwegian surveys in January-March the foJlowing year
(Table 06). These averages are assumed to give representative values for the beginning of the year. For the older
age groups, the time series' fixed weights have been used, except for the year c1asses of 1982 and later where the
survey weights have been derived in the same way as for ages 3-7 also for ages 8-11. However, for some of the
values only Russian data were available. The stock weights in 1997 were lower than those predicted for the
younger age groups (10-22% for ages 4-7) and higher for the older age groups.

4.3.3 Natural mortality (Table 4.14)

A natural mortality of 0.2 was used. In addition, estimates of the mortality eaused by predation on haddock by
eod (based on the eod assessmcnt in this report) wcre taken into aeeount. The proportion of Fand M before
spawning was set to zero.

4.3.4 Maturity at age (Table 4.4)

A maturity ogive was available from Russia for 1997. This ogive indicates that there was a shift towards
maturation at oldcr age in 1997 and the proportion of mature 5-8 ycar old fish are the lowcst in the time scrics
1981-1996.

4.3.5 Data for tuning (Table 4.10)

The foJlowing surveys and CPVE scries are included in the data for tuning:
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Name Place Season A~e Year
Russian bottom trawl Total arca Autumn 1-7 1983-1996
Russian acoustic Total area Autumn 1-7 1983-1995
Norwegian bottom trawl Harents Sea Winter 1-7 1980-1996
Norwegian acoustic Barents Sea Winter 1-7 1980-1996
Norwegian trawl fleet Total area All year 8-13 1985-1996.

Some of the survey indices have been multiplied by a factor of 10 or 100.

4.3.6 Recruitment indices (Table 4.5).

Four time series of recruitment indices were updated with data from 1996. These are from the Russian bottom
trawl survey in autumn (age 0), the International O-group survey (age 0), and the Norwegian bottom trawl and
acoustic survey in winter (age I for both indices).

4.3.7 Prediction data (Table 4.21)

The data used für 1997-1999 in the short-term prediction were also used für these years in the medium-term
prediction (1997-2001), and the 1999 data were extended forward to 2000 and 2001. .

The stock number at age is taken from the final VPA (Table 4.16) and the recruitment of the 1996 year class
from the RCT3 analysis (Table 4.6). The recruitment at age 3 of the 1997 and later year classes is set as the long­
term geometric mean.

The fishing pattern is the average of the last 5 years from the final VPA, scaled to the 1996 F.~.7 level. The
reasoning for taking such a long time span \vas to remove some of the noise in the data, especially on the oldest
age groups.

The Russian maturity ogive for 1997 (Table 4.4) was used für all the years in the prediction to allow for the
decreasing maturity rates currently observed in the population.

The wcight at age in the catch in 1997 and the weight at age in the stock in 1998 were both set as the recent
thrce-year-avcrage. However, duc to lack of survey data on the oldest fish, the values of \veight at age in the
stock für ages 12 and older were set equal to the fixed historical values.

The natural mortality on ages 3-6 was set cqual to the mean 1994-1996 cstimate from the VPA with predation.

4.4 Methods Used in the Assessment

4.4.1 VPA and tunin~

Thc Extcndcd Survivors Analysis (XSA) was uscd to tune the VPA to the available index series (Table 4.10).
The XSA was initially run on the updated 1995 data, including reviscd cstimates of predation, in the same way as
last ycar, i.e., shrinkage to 2 years and 5 agcs, using an SE of 1.0 for the mean. Catchability was set to be
dependent on stock size for ages younger than 4, and to be independent of age for ages older than 11. The main
results were close to those obtained last year. The revised trawl effort data gave somewhat higher fishing
mortalities on the oldest age groups, but the year classes most affected by this are of little importance in the
present stock.

As für cod, and described in more detail in Section 3.4.1., the choice of ages where catchability is assumed to be
dependent on stock size makes a large difference to the results. The F."o'os qo" catch in 1998 predicted from trial
runs \vith catchability dependent on stock size for ages <4 and <8, respectively, was 190,000 t and 104,000 t, i.e.
a difference of 86,000 t. The corresponding (1999) spawning stock biomass estimates were 378,000 t and
134,000 t (below the suggested l\1ßAL). Hence, as basis for management advice and decisions, the two runs
represent totally different scenarios.

As for cod, the scnsitivity of the XSA sccms to be linkcd to the currcnt stock devclopmcnt with strong year
classes in the stock giving historical high abundance indices in the surveys. The stock abundance estimates from
these indices are vcry dcpcndcnt on the assumption about the relation betwccn catchability and stock size, and the
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Working Group has not been ahle to draw any eondusions from the historieal information. In partieular this
problem eoncerns the 1990 year dass which is one of three outstanding year dasses in the time series, the othcrs
bcing 1950 and 1969. The abundance indices from this year dass have from age 3 onwards been the highest
recorded and have been as much as 8 times higher than for any of the year dasses from the converged part of the
VPA. Even if the relationship between catchability and stock size were positively identified, the estimate of the
strength of this year dass would be very uncertain.

The Working Group was unable to find strong arguments in favour of either of the settings in the trial runs and
agreed that they represent extremes, at least as far as the use of XSA was concerned, and probably also in
reflecting the stock situation. The Working Group therefore chose, as for cod, to use stock size dependent
catchability for <6 years as a eompromise and try to account for the uncertainty in the RISK analysis.

As in last year's assessment, the estimated consumption of haddock by cod was incorporated into the XSA
analysis. A new catch number at age matrix was constructed by adding the numbers of haddock eaten by cod for
the years "",here such data were available (1984-1996) (Table A16). The consumption of haddock by cod for the
period 1984-1996 is given below:

Consumption by cod at age (million individuals)
Age

Year 0 1 2 3 4 5 6
1984 1,908 1,012 16 + 0 0 0
1985 1,678 1.198 5 0 0 0 0
1986 91 557 242 105 0 0 0
1987 0 756 0 0 0 0 0
1988 0 16 1 9 0 + 0
1989 22 238 0 0 0 0 0
1990 51 144 39 4 . 0 0 0
1991 0 454 14 0 0 0 0
1992 163 2,153 150 1 0 0 0
1993 907 1,579 170 38 4 3 0
1994 1,552 1,674 - 84 26 8 1 +
1995 201 3,312 190 14 35 35 +
1996 0 1,607 215 70 9 4 6

In this analysis, the tuning data series was reduced to 1984-1996 to be consistent with the predation data period.

The retrospective analysis showed that levels of fishing mortality tend to be progressively lower in consecutive
year's assessment (Figure 4.2).

In order to create a matrix of natural mortality which indudes predation, the fishing mortality estimatcd in the
final XSA was split into the mortality caused by the fishing fleet (F) and the mortality caused by predation by cod
(M2) by using the proportion of fleet catch and predation catch, respectively, to the total catch. The new natural
mortality data set was then prepared by adding 0.2 to the predation mortality. This new M matrix (Table 4.14)
was used together with the new Fs to run the final VPA with ages 3 to 14+.

4.4.2 Recruitment (Table 4.13)

The XSA estimate of the strength of the 1994 year dass at age 3 was accepted. The strength of the 1995 year
dass at age 3 was calculated from the XSA estimate at age 2 in the terminal year, applying the average natural
mortality (0.2 plus predation mortality) of the 3 last years. The only year dass estimated by the RCT3 program
was thus the 1996 year dass at age 3. The age 0 and 1 survey indices for this year dass were used in the
estimation, together with estimates of year dass strength at age 3 from the final XSA.

4.5 Results of the Assessment

4.5.1 Fishin~ mortality and VPA (Tables 4.11-4.19 and Figures 4.1A and 4.1H)
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The tuning diagnostics of the final XSA (predation included) are given in Table 4.11 and the fishing mortalities
and population numbers of this analysis in Tables 4.12 and 4.13, respectively.

Figure 4.3 shows the plots of survey/CPUE abundance indices against VPA numbers for all the tuned ages used
in the assessment.

Natural mortalities, fishing mortalities and stock numbers of the final VPA are given in Tables 4.14, 4.15 and
4.16, respectively, \vhile the stock biomass at age and the spawning biomass at age are given in Tables 4.17 and
4.18. A summary of landings, fishing mortality, stock biomass, spawning stock biomass and recruitment since
1950 is given in Table 4.19 and Figures 4.1 A and 4.IB.

The highest level of fishing mortality (F4-7) from 1980 onwards occurred in 1981 (0.62). F4_7 decreased to nearly
half of the level in 1984 (0.33) and increased again to 0.53 in 1987. After the historicallow (0.18) caused by the
severe quota restrictions in 1990, F4-7 increased to 0049 in 1993 before it declined to the current level of 0.33.
This is below Fmed (0.35). However, the levels may be influenced by noise in the values for some of the poorer
year c1asses.

The VPA numbers at age matrix shows a level of the 1990 year class in 1997 of 155 million. This is lower than
the predicted value of 203 million in last year' s assessment, but is still the highest level at age 7 in the time series.

The spawning stock biomass has been rapidly increasing since 1994 to 187 000 t in 1996, a level exceeded only
in five earlier years in the time series, even if it is weil below the value of 242000 t estimated last year. The total
stock biomass shows a slow decline in the same period to 548 000 t in 1996.

4.5.2 Recruitment (Tables 4.5-4.6, 4.13, 4.21)

The estimates ofthe 1993-1995 year c1asses at age 3, derived from the XSA (Table 4.13), are 130, 110 and 56
million, respectively. The RCT3 estimate of the 1996 year class is 128 million at age 3 (Table 4.6). The long
term geometrie mean is 96 million individuals.

4.5.3 Biolo~ical reference points (Table 4.20, Fi~ure 4.1 C)

The yield per recruit analysis using the fishing pattern and stock parameters for 1996 and 1997 from the
management option table gave estimates of FO.1=O.l5 and Fm..=0.59. The former is lower than the value of 0.19
found in last year's assessment. lakobsen (1992) gives the values of F1ow=0.02, Fmed=0.35 and Fhigh= 1.11. The
present exploitation level is F96 =0.33 (status quo).

4.5.4 Catch options for 1997 (Table 4.24)

The expected eatch of 210,000 t in 1997 gives F=OAO. A status qua F in 1998 of F =0.33, which is slightly
below Fmed , corresponds to a catch of 114,000 t, but will not prevent a considerable reduction of the spawning
stock. However, considering the dominance of the 1990 year class in the stock, some reduction sooner or later is
inevitable.

4.6 l\IBAL lenl and advised exploitation rates

4.6.1 l\linimum biolo~icalacceptable lenl (l\IBAL) (Fi~ure 4.4)

From the spawning stocklrecruitment plot (Figure 4.4) it is seen that at SSß levels below 140,000 t the
probability of very 10w recruitment increases. Apart from the two points of recruitment abüve 1 billion and the
three points above average at an SSß of 70,000 t, the recruitment seems to be fairly proportional to the SSß up to
140,000 t. Setting the Minimum ßiological Acccptable Level of the spawning stock to this value would incrcase
the probability of good recruitmcnt. However, hecause of the wide natural fluctuation in rccruitment für the
stock, there might evcn under responsible management he periods where SSß levels under 140,000 t are
impossible to avoid and it is questionablc if MßAL is a meaningful concept for this stock, especially if it uscd as
basis for declaring the stock inside or outside safe biologicallimits.
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4.6.2 Ad"ised exploitation rates

For this stock Fm<<! is lower than Fma•. F~ISY has not been calculated. It is thereforc advised that thc level of
exploitation bc kept weil below Fm<<!' This \vill level out somc of thc fluctuation in thc catch and will increasc thc
probability that thc spawning stock biomass remains abovc thc indicated MBAL of 140,000 t and that thc stock
continucs to bc within safe biologicallimits.

4.7 Medium-term forecasts and management scenarios

4.7.1 Input data (Table 4.21)

Thc input data werc thc same as used für thc short term predictions. Thc recruitment at agc 3 of thc 1997 and
later year classes was set equal to the long-term geometric average of 96 million.

4.7.2 Methods

Single option predictions were run using IFAP and following standard procedures.

4.7.3 Results (Tables 4.23-4.24 and Figure 4.10) .

In Figure 4.ID the catch level in 1998 and spawning stock biomass level in 1999 are plotted against the fishing
mortality, F, in 1998.

In Table 4.23, the results of the medium-term prediction are given, for the biological reference points for 004,0.6,
0.8 and I.O*F"".u,qoo' Detailed output of the prediction for F,ta'U,qOO is also given (Table 4.24). In the medium term,
the spawning stock will decrease to a level of approximately 80,000 t when fishing at F""'u'qoo and the catches will
decrease to 50,000 1. On!y a very low fishing mortality (0.06) will prevent the spawning stock from declining,
but this means that the catch level would be less than 15,000 t.

4.8 Comments to the assessment and forecasts

As already discussed the assessment is presently extremely vulnerable to assumptions about catchability in the
surveys and the has found no solution to this problem. In spite of the large uncertainty about the stock level, the
Working Group conclude that the stock presently is weil inside safe biologicallimits and it is clcar that thc 1990
ycar class is among thc threc outstanding year classes since 1950. However, thc stock will declinc as thc
influence of the 1990 year class is reduced, and the stock situation can quickly change. Reduced growth and
delayed maturation are factors which could contribute to a negative trend.

The current problems in the assessment is likely to be gradually reduced as less abundant year classes recruit to
thc stock, and accumulation of knowledge and any improvement of methods, both in surveys and assessments,
will contribute to less uncertain assessments in the future. However, this development can be severely delayed
and even completely haIted if survey coverage continues to be limitcd.

5 NORTII-EAST ARCTIC SAITIIE (SUß-AREAS lAND 11)

5.1 Status ofthe Fishery

5.1.1 lIistorical development of the fisheries (Tables 5.1-5.2)

Since the early 1960s the fishery has been dominated by purse seine and trawl fisheries, usually accounting for
about 75% of the landings (Table 5.2). A traditional gill net fishery for spawning saithe accounts for about 15%.
The remaining catches are by-catches or from mixed fisheries. Catches declined sharply after 1976 (Table 5.1).
This was partly caused by thc introduction of national economical zones in 1977. The stock was accepted as
exclusively Norwegian and quota restrictions werc put on fishing by other countries while thc Norwcgian fishery
for some years remained unrestricted. However, in recent years the purse seine and trawl fisheries have been
regulated by quotas where account has been taken of expected landings from other gears. Quotas can be
transferred between purse seine and trawl fisheries if the quota allocated to one of the gears will not be taken.
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The target set for the total landings has generally been consistent with the scientific recommendations. Norway
presently accounts for about 95% of the landings.

The purse seine fishery is based on schools of immature saithe in coastal areas and fjords. The trawlers operate
on the coastal banks and catch both immature and mature fish. Over the years purse seiners and trav".lers have
taken roughly equal shares of the catches. In the recent years, trawlers have taken a bigger share while purse
seine landings have declined. Thus, the purse seine landings were only about 20% of the total in 1992-1995,
whereas, trawllandings accounted for more than half of the total. The decline in purse seine landings appears to
have been caused predominantly by changing market conditions. However, purse seine landings in 1996 more
than doubled and made up 27% of the total, while trawl landings had a corresponding decline and made up less
than half (42%) ofthe total.

5.1.2 Landings prior to 1996 (TabIe 5.1, Figure 5.1A)

Landings of saithe were highest from 1970-1976 with an average of 238,000 t and a maximum of 265,000 t in
1970. This was followed by a sharp decline to a level of about 160,000 t in the years 1978-1984. Another decline
followed and from 1985 to 1992 the landings ranged from 67,000-127,000 t (Table 5.1). An increasing trend is
seen after 1990 and in 1995 the revised landings were 169,444 1. Provisional reports of landings in 1996 indicate
a slight increase to a total of 171,595 t compared to 163,000 t expected by last years Working Group, which was
the target set by Norwegian authorities.

5.1.3 Expected landings in 1997

Norwegian authorities set quotas for other countries and for Norwegian purse seine and trawl fisheries. The goal
for 1997 was to limit Norwegian Iandings to 118,500 1. In addition, about 6,500 t can be expected from other
countries, giving a target of 125,000 t for the total fishery. Enforcement of the regulations have gradually
improved so that the directed trawl and purse seine fisheries can be stopped when the quota has been taken.
Deviations from the target have been relatively small in recent years (+4,400 t in 1995 and +8,500 t in 1996).
There is a basis for assuming overfishing of about 15,000 t in the Norwegian saithe fishery in 1997 and therefore
the total catch in 1997 is expected to be approximately 140,000 1.

5.2 Status of Research

5.2.1 Fishing Effort and Catch-per-unit-effort (Tables CI-C3)

Table Cl shows the number of vessels of different size categories whieh have taken part in the purse seine fishery
since 1977, with corresponding catches and catch per vessel. On the basis of these data, indices of fishing effort
were calculated. The unit of effort is the number of vessels of 20-24.9 m length. This category has in most recent
years accounted for approximately half of the purse seine landings, decreasing to about 35% in the two last years,
and constitutes most of the specialized saithe purse seiners. The effort of this length category is raised by the
catches to represent the total purse seine effor1. A decreasing trend in the purse seine effort was observed from
1991 to 1993 with a reduction of about 29% during this period. The 1993 figure was the lowest on record. From
1994 to 1996 fishing effort increased by 35 % (Table C3).

Table C2 gives catch, effort and catch per unit effort for Norwegian trawlers since 1976. This summarizes hauls
where the effort has almost certainly been directed towards saithe, i.e., days with more than 50% saithe and only
on trips with more than 50% saithe in the catch. The effort estimated for the directed fishery was raised by the
catches to give total effort of Norwegian trawlers (Table C3). The index more than doubled from 1991 to
maximum recorded level in 1995, and then decreased by 30% in 1996.

Catches from purse seine and trawl fisheries have historically been of the same magnitude. The fleets can
therefore be assumed to have represented roughly equal shares of the effort and together they account for a
relatively stable proportion of the totallandings. Using 1977-1990 as a reference period and multiplying the trawl
indices by 2.75 raises them to the same level as the purse seine indices. The indices were then added to give a
combined effort index which should reflect the main trends in total effort (Table C3). From 1992 to 1995 the
total effort increased with more than 50%, while it decreased by about 20% in 1996.
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A group of Norwegian scientists and administrators have recently examined the management of saithe and, in
particular, the minimum landing size regulations. Based on the results of this work some additional predictions
have been done (Section 5.7).

5.2.2 Survey results (Tables C4)

Since 1985 a Norwegian acoustic survey specially designed for saithe has been conducted annually in October­
November. The survey covers the near coastal banks from the Varangerfjord close to the Russian border and
southwards to 62° N. The whole area has been covered since 1992, and the major parts since 1988. The aim of
conducting an acoustic survey targeting Northeast Arctic saithe has been to support the stock assessment with
fishery independent data of the abundance of the youngest saithe. The survey mainly covers the grounds were the
trawl fishery takes place, normally dominated by 3-5 year old fish (Table C4). Also 2 year old saithe, mainly
inhabiting the fjords and more coastal areas, may recruit to these banks and abundance indices for ages 2-5 from
1988 and onwards are used for tuning.

5.3 Data used in the Assessment

5.3.1 Catclt numbers at Age (Table 5.6)

The age composition of Norwegian landings in 1995 was revised, resulting in minor changes compared to last
year's assessment. Age composition data for 1996 was available from Norway and Germany, accounting for 98%
of the landings. A Russian length composition was also available, but it represented only a minor part of the
Russian landings. Therefore Russia, as weil as other countries were assumed to have the same age composition as
Norwegian trawlers.

The Norwegian sampling in the southern part of Division Ha was poor both in 1994, 1995 and 1996. This may
give underestimates of the catch at age 2.

5.3.2 Weight at Age (Tables 5.7)

Constant weight-at-age values were used for the period 1960-1979. For subsequent years, annual estimates of
weight-at-age in the catches were used. Weight at age in the stock was assumed to be the same as weight at age in
the catch.

5.3.3 Natural mortality

A fixcd natural mortality of 0.2 was uscd both in the asscssmcnt and the forecast.

5.3.4 l\Iaturity at age (Table 5.14)

Traditionally, knifc-cdge maturity at age 6 has bcen uscd for this stock. In 1995, the data on spawning zoncs
recordcd in otoliths in Norway wcre invcstigated. Thcre was no evidence of change in maturation rates over the
period in the assessment and it was dccided to use the same ogive for all years. This ogive, given in Table 5.14
and below, is based on the distribution of age at first spawning among 8 year and older fish. It represents an
approximation of the data from 1973 to 1994, with most weight given to recent observations.

Age 4 5 6 7 8

% mature 55 85 98 100

5.3.5 Tuning data (Table 5.3)

The tuning is based on three data series: indices from the Norwegian acoustic survey on saithe and data from the
purse seine and trawl fisheries (fishing effort and catch at age). There are some limitations in the data, e.g., low
catches of age 2 saithe amI relatively crude effort indices. However, the tuning data seem to perform
satisfactorily.
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5.3.6 Recruitment indices

Reliable reeruitment indices are crucial for the predictions. Attempts at establishing year class strength at age 0 or
I have so far failed. Acoustic survey data show promise for improving the estimate of year class strength at age 2,
although there are conllicting results between the catch and survey data in recent years, especially in 1995.

5.3.7 Prcdiction data (Tables 5.13-14)

The input data to the prediction are given in Table 5.14. The stock number at age in 1997 was taken from the
XSA fur age 5 and older. The recruitment at age 2 in 1995 and 1996 (1993 and 1994 year classes) was estimated
using RCT3 (Section 5.5.2). The corresponding numbers at age 3 and 4 in 1997 was calculated applying a natural
murtality of 0.2 and fbars fur 1994-1996, scaled to the 1996 level, as fishing mortalities. The long-term
geometric mean recruitment of 210 million was used for the 1995 and subsequent year classes. The natural
mortality and the maturity ogive are the same as used in the assessment. For the exploitation pattern the average
of 1994-1996 has been used, scaled to the 1996 level. For weight-at-age in the catch and stock, the average
weight at age for the last three years in the VPA has been used (Table 5.13).

5.4 Methods used in the Assessment

5.4.1 VPA and tuning (Table 5.5, Figure 5.2A-C)

Extended Survivors Analysis (XSA) was used for the assessment with the same settings as last year. Catchability
was assumed to be independent of stock size for all ages. Catchability at age 2 was assumed to be dependent on
stock size in the 1994-assessment, and the reason for the change in 1995 was the inclusion of purse seine CPVE •
at that age, which performed badly assuming dependence on catchability. A new trial run this year with
catchability at age 2 dependent on stock size and no purse seine CPVE at this age in the tuning series, also gave
quite different results and was rejected. The tuning diagnostics are given in Table 5.5. Figures 5.2A-C shows
plots of the tuning indices versus stock numbers from the VPA. Trial runs showed that the changes made to the
input data gave almost the same results as were obtained last year.

5.4.2 Recruitment (Table 5.4)

Estimates of the recruiting year classes up to the 1992 year class from the XSA were accepted. The high standard
error in the tuning diagnostics for age 2 and 3 seems to be caused by the very 10w and probably underestimated
catch figures at age 2 in 1995 and 1996 and to some degree at age 3 in 1996. The retrospective analysis showed
that accepting estimates of stock number at age 3 in the last VPA year usually will be better than using the long­
term average, whereas, the estimates at age 2 are unreliable (Figures 5.3B-C). The 1993 and 1994 year classes
were poorly represented both in the Norwegian acoustic survey and in the purse seine fishery at age 2 in 1995
and 1996, and the 1993 year class was also weakly represented at age 3 in the purse seine fishery in 1996 (Table
5.3). The acoustic indices of the 1993 and 1994 year classes at age 2 were almost the same as the index of the
1992 year class at the same age, while the index of the 1992 year class at age 3 was above the long-term average.
It was therefore decided to do a RCT3-run (Table 5.4) to get some guidance whether to use the long-term
geometric mean recruitment ur a recruitment from the RCT3 for the 1993 and 1994 year classes.

5.5 Results of the Asscssment

5.5.1 Fishing mortalitics and VPA (Tables 5.8-5.12, Figurcs 5.IA-n, 5.3A-C)

The XSA-estimates of the 1993-1995 year classes are not considered to be valid and theses estimates are
therefore put in brackets (Tables 5.9-10). In Table 5.12 the long-term average recruitment amI recalculated total
biomass are presented.

The fishing murtality (F3.6) in 1996 was 0.43 which is somewhat lower than the value of 0.49 expected last year
(Figure 5.3A).

Also this year there was a change in the exploitation pattern \vith reduced mortality on the youngest ages. This
was caused by more older fish both in the purse seine fishery and trmvl fishery compared to previous years. The
1989 and 1990 year classes are still abundant, and the 1991 and 1992 year classes are weIl represented in the
catches, though they seem to be weaker than the two previous year classes.
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The spawning stock biomass estimates have on average increased by 13% because of the new maturity ogive.
The SOP corrected stock biomass tables are included (Tables 5.10-5.12). There are considerable SOP
discrepancies in the early part of the time series which are caused by the fixed weights in the data base prior to
1980. SOP correction should therefore give beuer estimates of biomass, but it is not advisable to recalculate the
weights on this basis because they could be interpreted as observed values. Work is in progress to try to
reconstruct the weight at age time series.

5.5.2 Recruitment (Table 5.4)

The XSA estimate of the 1992 year class at age 2 is 174 million individuals. The RCT3 estimates of the 1993 and
1994 year classes are 197 and 176 million individuals, respectively. It was dccidcd to use these estimates and the
long-term geometrie mean of 210 million individuals for the 1996 amI subsequent year classes.

5.5.3 ßiological reference points (Figures 5.4 and 5.IC, Table 5.15)

Yield and SSß per recruit were based on the parameters in Table 5.14 and are presented in Table 5.15. FO.1 was
estimated to be 0.10 which is slightly higher than the value ofO.09 obtained last year. Fmax was estimated as 0.18
(Figure 5.1 C) v"hich is also close to the result from last year (0.16). The plot of SSß versus recruitment is shown
in Figure 5.4. The new maturity ogive introdueed in 1994 did not change the main pauern in the plot. F1ow, Fmed
and Fhigh were estimated as 0.21, 0.36 and 0.62, respectively, which are also slightly above the estimates from last
year and almost the same as what was obtained two years ago. These minor changes may be caused by the
changes in exploitation paUern and growth.

5.5.4 Catch options for 1998 (Table 5.16)

The management option table (Table 5.16) shows that the expected catch of 140,000 t in 1997 will decrease
fishing mortality from F96 (status qua) of 0.43 to 0041. The status qua catch in 1998 is 135,500 t compared to a
catch at Fmed of 117,0001. SSß will decrease to 205,000 t in 1998 and will continue to decrease in 1999 if fishing
mortalities are higher than Fmed in 1998. A status qua catch in 1998 would reduce the SSß to 190,000 t in 1999,
while a Fmed catch gives a small increase in the SSß to about 207,000 1. The Fm"" catch for 1998 is 64,000 t, and
the corresponding SSß in 1999 would be 260,0001.

5.6 Management objectives (Figures 5.4 and 5.1C)

5.6.1 Target reference points and safe biologicallimits

In the 1994 WO report (ICES 1995/Assess:3) a MßAL of 150,000 t was proposed, based on the frequent
occurrence of poor year classes below this level of SSß. The new maturity ogive introduced in 1995 gave
somewhat higher historieal SSß estimates and 150,000 t was considered to represent a less restrictive MßAL and
170,000 t was found to correspond beUer with the arguments used in 1994 (lCES. 1996/Assess:4). The updated
stock and recruitment plot (Figure 504) shows that 65% of the year classes less than the long-term geometric
mean of 210 million have been produced by spawning stocks below 200,000 t, while almost 70% of the year
dasses above the long-term geometrie mean are produced by spawning stocks weil above 200,000 1. A MßAL of
200,000 t therefore seems to be a more safe biologieallimit for the saithe SSB.

5.6.2 Limit reference points

The Comprehensive Fishery Evaluation Working Oroup (lCES 1996/Assess:20) suggested a Fcomfie = min{Fmed ,
FMSY, Fm",,}' FMSY for saithe was not estimated by the present WO. Since FMSY is commonly less than Fmax, the
laUer should be considered an upper bound on fishing mortality in absence of data on F~ISY (Anon. ap. eit.). Fm""
for saithe is presently 0.18, which means that there is a large potential for increased yields by lowering the fishing
mortality from FstUlus quo (0.43) to Fm"" (0.18) (Figure 5.1 C). The corresponding eatch in 1998 is 64,000 t, which
would be a drastie reduction from the present TAC. The Fmed catch of 117,000 t is dose to the TAC set for 1997,
and with this level of fishing mortality the predictions show stable or slightly increasing catches and spawning
stock biomasses.
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5.7 ;\Iedium-term forecasts and management scenarios (Tables 5.17-5.19, Figs. 5.10, 5.5A-E, 5.6A-E,
5.7A-B,5.8A-B)

5.7.1 Input data

The input data were the same as used far the shart term predietions (Tablc 5.14), exeept for the scenarios on
ehanges in minimum landing size. Here the exploitation pattern and weight-at-age in the eateh have been adjusted
for 1998 and onwards (Table 5.19). The adjustments are based on a minimum landing size of 40 em in the purse
seine fishery and 45 em in the other fisheries. This is close to what has been proposed for new minimum landing
sizes. For age groups not inOueneed by these ehanges (7+), the exploitation pattern is the same as used for 1997.
New eateh weights were estimated far age groups 2-4.

5.7.2 J\lethods

Single option predietions were run up to year 2001 using IFAP and following standard proeedures.

The risk analyses performed last year were repeated. A spreadsheet reproducing the single option predietion was
run under the program @R1SK, using 100 iterations and fixed seed far the random number generator. Two
probability distribution funetions were used to add uneertainty and sampIe sets of possible values during the
simulations. For the initial stock size a lognormal distribution was applied, LOGNORM(mean, standard
deviation), with the initial stock numbers by age from the RCT3 and XSA as mean amI standard deviation
calculated by multiplying the mean by the external standard error from the XSA diagnosties. A truneated
lognormal distribution, TLOGNORM(mean, standard deviation, minimum, maximum), was used for the
recruitment at age 2. The mean, standard deviation, minimum and maximum were found from the XSA for the
years 1962-1994, and the eorresponding values were 214, 100,78 and 459 million, respeetively.

5.7.3 Results

Single option predietions for Fo.1> Fm... Fmed, F.\tatus qua and Fhigh up to 2001 are given in Table 5.17 and Figures
5.5A-E and 5.6A-E show the eorresponding SSB and eateh distributions with quantiles from the @R1SK
simulations. The status quo eateh in 2001 is 135,000 t, but this level of F would bring the SSB below the most
eonservative MBAL already in 1999 and down to 183,000 t in 2000. At Fmed (details in Tablc 5.18) the eateh in
2001 will also be 135,000 t, but the SSB will inerease slowly and reaeh 225,000 t in 2001. The "COMFIE­
reeommended" Fm•• =0.18 would increase the SSB to 392,000 t in 200 I. With this fishing mortality the eateh
would be redueed to 64,000 t in 1998, inereasing to about 113,000 tin 2001 (Table 5.17).

Predietions for the effeets of ehanges of minimum landing size in 1998 are presented in Table 5.19 and Figure
5.7A-B and 5.8A-B show the eorresponding SSB and eatch distributions \vith quantiles from the @R1SK
simulations. A "status quo" fishery with ehanged minimum landing sizes would give a referenee F of about 0.33,
and the corresponding eateh in 200 I is 144,000 t, about 10, 000 t more than the status qua eateh with the present
minimum landing size. The SSB would inerease to about 234,000 t, whieh is 50, 000 t more than at F"utus qua with
unehanged minimum landing sizes. Ir the referenee F is inereased to todays Fmed level (0.36) after the
introduetion of new minimum landing sizes the eateh in 2001 would still be about the same (145, 000 t), while
the SSß would be somewhat less (216,000 t), aetually 10,000 t less than at Fmed with todays minimum landing
sizes. This is beeause some of the short-term gain from eonserving the youngest fish is lost by fishing harder on
the mature part of the stock from the start.

In the @R1SK simulations the probability of getting below the "old" and the more eonservative MBAL for the
SSß (170,000 t and 200,000 t, respeetively) was analyzed using the "set target value" option. The text table
below presents the probability of getting a SSB at or below the MBAL level.

Fishing
mortality
Fo.1 = 0.10
Pm•• = 0.18

Fnew size =0.33
Fmed = 0.36
F.\lalUS fllle> = 0.43
Fhich =0.62
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o 0
o 0

5 28
3 32
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With F.""u.fquo thc chances of getting below both MBAL levels arc high. Fmed seems to bc a morc appropriatc level
of fishing mortality, but Fmax is best with respect to thc SSB.

5.8 Comments on the assessment and the forecast

During thc 1990s thc stock has recovered somewhat after a long period of low stock sizc and thc cxploitation
patterns arc better than in thc past. Thc stock is, however, not considered to bc completely within safc biological
limits. Thc fishing mortality incrcased to a level weil abovc Fmed in 1995 and was at thc samc Icvel in 1996.
Though thc fishing mortality is cxpected to decreasc a littlc in 1997 a further reduction below Fmed is advisablc to
prcvent thc SSB from being reduced to prcvious low Icvels below MBAL. Reduction in thc fishing mortality
might also improvc thc stability in thc fishery and increasc thc long-term yield.

Thc present assessment seems to bc quitc similar to thc prcvious assessment. Prediction of growth has been a
small problem in somc periods, especially for abundant year classes. Last years prediction of thc 1996 weights at
agc was, however, very closc to thc actual weights used in thc assessment this year. Uncertainty about
recruitment Icvels will continuc bc thc largest problem in thc forecast. Prediction of catches bcyond thc TAC year
will, to a largc cxtent, bc dependent on assumptions of averagc recruitment. In view of this, management advicc
for longer periods than onc year must bc considered unreliablc. Howcver, if thc fishing mortality is further
reduced this dependencc will bc less and multi-ycar TAC advicc should bc considered.

6 SEB,lSTES MENTELLl (DEEP·SEA REDFISH) IN SUß·AREAS lAND 11

6.1 Status of thc Fisheries

6.1.1 IIistorical dcnlopment ofthc fishery

1l1C only directed fisheries for Sebastes me1ltella (deep-sea redfish) arc trawl fisheries. By-catches arc taken in thc
cod and especially thc shrimp trawl fisheries. lt does not yet cxist any criteria for legal by-catches of juvenilc redfish
in thc shrimp fishery, but it has been reduced after thc invention of thc sorting grid. Traditionally the fishery for
S.melltella was conducted by Russia amI other East European countries on grounds from south of Dear Island
towards Spitsbergen. Thc highest landings of S. me1ltella werc 269,000 t in 1976, followed by a rapid declinc to
80,000 t in 1980-1981 then a second peak of 115,000 t in 1982. The fishery in the Darents Sea decreased in the mid·
1980s to thc historie low level of 10,500 t in 1987. At this timc Norwegian trawlers showed at this timc interest in
fishing S.me1ltella and started fishing further south, along the continental slopc at approximately 500 m depth. Thesc
grounds had never been harvested before and were primarily inhabited by mature redfish. After an increasc to 49,000
tin 1991 duc to this new fishery, landings havc been at a level of 10,000-15,000 t until 1996 when they dropped to
8,000 t. Sincc 1991 the fishery has been dominated by Norway and Russia.

6.1.2 Landings prior to 1997 (Tables 6.1·6.4, Dl·D2, and Figurc 6.1A)

Nominal catches of S. melltella by country for Sub-areas land 11 combined arc presented in Table 6.1, and for both
redfish species in Tablc 01. Thc nominal catches by country for Sub-area I and Divisions IIa and IIb are shov.n in
Tablcs 6.2-6.4. Thc landings used by the Working Group are those officially reported to ICES except where such
reporting are not availablc at ICES but reportings havc been madc to Norwegian authorities during thc fishery. In
such cases thc reportings to Norwegian authorities have been used as prcliminary figures, which accounts for Canada
in 1993, France in 1994-1996 and the Faroe Islands in 1996. For Norway somc area adjustments of the official
statistics werc made prior to the Working Group.

Thc total landings decreased from 48,727 t in 1991 to 15,590 t in 1992 amI havc continued to decline. Thc
provisional landings figurc in 1996 is 8,086 t whieh is thc lowest on record and 2,086 t less than in 1995. The
landings in 1996 are 1,000 t morc than thc 7,000 t cxpected by last year's Working Group.

Rcliablc estimates of species breakdown by area werc availablc to thc Working Group back to 1989. Thc national
landings of redfish for Russia and Norway in all areas and Germany in Division IIb arc split into spccics by thc
respectivc national laboratorics. For other countries (and arcas) thc Working Group has split thc landings into
Sebastes melltella and Sebastes marill11S based on reports from different fleets to thc Norwegian fisherics authorities.
Thc historicallandings (up to 1990) [rom FRG and GOR havc been addel! and are given under Germany.
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Most of the reduction in landings of S. mentella during the last four years has occurred in Sub-area I and Division
IIb, but a dedine is also seen in Division Ha. Landings from Division Ha area in 1996 represent 90% of the total.
The large decrease in the Russian landings in 1996 was expected by last years Working Group duc to reports of a
poor fishery. The increase in the Norwegian landings may bc explained by an increased interest in fishing along the
continental slope south and west of Bear Island due to a shorter period of less restrictive by-catch regulations of
Greenland halibut.

The redfish population in Sub-area IV (North Sea) is believed to belong to the North-East Arctic stock. Since this
area is outside the traditional areas handled by this Working Group, the catches are not induded in the assessment.
The landings from Sub-area IV have been 1,000-2,000 t per year (Table 02). In 1992, however, the landings
increased to 2,783 t due to an increase in the French fishery, but decreased again to 1,873 t in 1993. Far 1994-1996
there is no information from the French fishery and total landings figures are therefore not available. Historically
these landings have been S. mari/llls, but since the mid-1980s trawlers have also caught S.mentella in Sub-area IV
along the northern slope ofthe North Sea.

6.1.3 Expected landings in 1997

The only directed Russian fishery for S. melltella at present is within the Norwegian EEZ where Russia received a
quota of2,000 t for 1997. In addition to this, and based on reports from the eight first months in 1997, a by-catch of
approx. 1,000 t in other fisheries and areas should give an expected total Russian catch in 1997 of about 3,000 t.
Strong regulations were enforced in the fishery in 1997. It is now forbidden to fish redfish (both S.1Ilarill/ls and
S.mentella) in the Norwegian EEZ north and west of straight lines through the positions

l. N 7000' E 0521'
2. N 7000' E 1730'
3. N 7330' E 1800'
4. N 7330' E 3556'

and in the Svalbard area (Division Hb). When fishing for other species in these areas, it will be allowed to have
maximum 25% by-catch (in weight) ofredfish in each trawl haul.

Taking this into account and based on the landings of S.1Ilentella by-catches halfway through the year, the total
Norwegian landings in 1997 are expected to be around 1,000 t. On this basis, and assuming unchanged catch level
for other countries, the landings ofS. melltella for 1997 are expected to be 5,000 t.

6.2 Status oe Research

6.2.1 Fishing efTort and catch-per-unit-efTort (Table D3)

For 1995, catch-per-hour-trawling data for the S. 1Ilentella fishery were available from the Russian rST vessels
fishing in ICES Division Ha in 1995, accounting for 62% of the total international trawl catch (Table 04). The
CrVE has been Ouctuating about the 1995-level since 1985 with no dear trend. It is questionable whether this
CrVE-series manages to reOect the true stock situation due to changes in the c1imatic conditions from year to year
and a narrower time frame for fishing in recent years. The fishing period is at present limited to the end of April ­
beginning of May during the "spawning" time. Due to a very low Russian effort in this fishery in 1996 and by other
vessel-types, no CrVE value is available for this year. However, the Working Group evaluated some information
from the limited Russian fishery to support the conclusion that the CrVE in 1996 most probably had been about the
same level as the year before.

Estimates of total effort are based on Russian rST units raised to total international catch. Since 1993 the effort has
remained at a low level and was the lowest on record in 1996.

6.2.2 Suney results (Tables A14, 04-08, Figures 6.2A-0)

The results from the following research vessel survey series were evaluated by the Working Group:

I) The international O-group survey in the Svalbanl and Barents Sea areas in August-September (Table AI4).
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2) Russian bottom trawl survey in the Svalbanl and ßarents Sea areas in October-December from 1978-96 in
fishing depths of 100-900m (Table D4, Figure 6.2A).

3) Norwegian Svalbard (Division IIb) bottom trawl survey (August-September) from 1986-96 in fishing depths
of <lOO-500m. Data disaggregated on age only for the years 1992-96 (Table D5, Figure 6.2ß).

4) Norwegian ßarents Sea bottom trawl survey (February) from 1986-96 in fishing depths of <100-500m. Data
disaggregated on age only for the years 1992-96 (Tables D6 and D7, Figures 6.2C,D).

5) Russian acoustic survey in April-May from 1992-97 (except 1994 and 1996) on spawning grounds in thc
western ßarents Sea (Table D8).

The international O-group fish survey carried out in the ßarents Sea in August-September since 1965 does not
distinguish between the species ofredfish (Table AI4). The survey design has improved and the indices earlier than
1979 should, therefore, not be directly compared with subsequent years. A considerable reduction in the abundance
of O-group redfish was observed in the 1991 survey: abundance decreased to only 20% of the 1979-1990 average.
With the exception of an abundance index of twice the 1991-level in 1994, the indices have remained low. Arecord
10w level of less than 10% of the 1991-1995 average was observed for the 1996-year class.

The Norwegian Svalbard groundfish survey in August-September (Table D5, Figure 6.2ß), with age disaggregated
data from 1992 onwards, was used in the tuning fOT the first time this year. The survey was in 1995 included in a new
survey covering both Svalbard and the ßarents Sea and total autumn indices including both areas are therefore
expected to be used in future meetings. The Svalbard survey shows some relative good year classes (1988-1990)
foJlowed by weak ones (1991-1993).

Since 1981, a stratified random bottom trawl survey, targeted for cod and haddock, has been carried out by Norway
in February in the ßarents Sea. The results for S.melltella are available on length from 1986-1996 and are agc
disaggregated from 1992 onwards (Tables D6 and D7, Figs. 6.2C,D). Also in this survey the 1988-1990 year classes
(possibly also thc 1987 year class) are stronger than thc adjacent ones. In this survey thc 1991-1992 year classes arc
poor, while thc 1993-1994 year classes seem to be at an intermediate level.

In the Russian bottom trawl survey the most recent estimates are among thc lowest observed. (Table D4, Figure
6.2A). The area outsidc Spitsbergen was not properly covered in 1993, and this may account for the generaJly 10w
values this year. Neither in 1996 this area was covered. The Russian and Norwegian surveys show a very similar
picturc ofthc relative strength ofthe year classes.

Russian acoustic surveys estimating thc commerciaJly sized and mature part of the S.mentella stock have been
conducted in April-May on thc Malangen , Kopytov, and ßear Island ßanks since 1986. In 1992 thc area covered
was extended, and data on age arc avaiIable for the Working Group for 1992, 1993, 1995 and 1997. Table D8 shows
a 43% decrease in the estimated spa\\ning stock biomass. This may bc explained by the strong 1982-year class
migrating west-southwest and out of thc surveyed area and the fact that thc next year classes expected to contributc
significantly to the spa\\ning stock (i.e., the 1987-1990 year classes) arc just about to maturc.

6.2.3 Age readings

As a result of thc process on harrnonizing the international age readings on redfish, aJl catches of redfish in 1992­
1996 havc been distributed on agc according to otolith readings.

6.3 Data used in tbe Assessment

6.3.1 Catcb at age (Table 6.5)

Since 1992, thc catch in numbers at age of 5.melltella from Russia is based on otolith readings. The Norwegian
catch-at-age is based on otoliths back to 1990. ßefore 1990, when thc Norwegian catches of S. melltella were
smaJler, Russian scale-based age-length keys were used to convert the Norwegian length distribution to age.

Catch at age for 1989-1993 was rcvised according to new catch data. Catch-in-numbers-at-age were corrected to
make the sum-of-products (SOP) equal to thc nominallandings. Catch at age for 1995 were reviscd according to new
catch data and an updated catch at agc distribution from Norway. Data on age for 1996 for S. melltella wcrc only
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available from Norway and were based on poorer sampling than in recent years. For Division Ha, Russian and
German Icngth distributions were available, and were converted to age using a composite Norwegian age-Iength key
from the fishing area. The landings from other countries in each area were distributed on age according to the
available age distribution.

6.3.2 Weight at age (Tables 6.6 and 6.15)

Catch weight-at-age data for 1996 were available from Norway, and were used in the assessment (Table 6.6). In the
catch projections, weight at age in the catch has been set equal to the average weight at age from the catches in 1994­
1996 (Table 6.15). In previous assessments weight at age in the stock has been set equal to the weight at age in the
catch. However, it was noticed that the catch weight-at-age data for 1995 anti 1996 deviated from recent previous
years and also more than could be expected to happen from one year to another for this redfish stock. The Working
Group explained this by the reduced Russian fishery and thus only individual weight data from the Norwegian
fishery from other grounds and to some extent also from different times of the year. The Working Group therefore
decided to use the 1992-1994 average weight-at-age as weight-at-age in the stock for the years 1995, 1996 and the
prediction. It should be further investigated whether it would be better to use a constant weight-at-age series (e.g.,
based on survey information) instead of catch weight-at-age which may vary duc to changes and selections in the
fisheries and not duc to growth changes in the stock.

6.3.3 Natural mortality (Table 6.15)

A constant natural mortality ofO.1 was used.

6.3.4 l\Iaturity at age (Tables 6.7, 6.15 and 1>9) •
Age-based maturity ogives for S.mentella (sexes combined) are available for 1987-1993 and 1995 and 1997 from
Russian research vessel observations in spring (Table D9). For 1996 and the catch projections the average for 1995
and 1997 was used.

6.3.5 Tuning data (Table 6.8)

Trawl effort and corresponding catch-at-age data were available for Russian PST-trawlers for the years 1982-1995.
A similar CPVE as in 1995 was assumed for the Russian trawl fishery in 1996. For 1994 and 1996 the converted
Russian catch-at-Iength data were used. The data were used as tuning input for ages 9-18.

Two new tuning series have been included in this years assessment. The Norwegian Svalbard groundfish survey in
August-September (ages 2-12) and the Norwegian Barents Sea groundfish survey in February (ages 2-14), both with
age disaggregated data from 1992 onwards, were used in the tuning for the first time this year.

Catch rates from the Russian bottom trawl survey in October-December are available on age back to 1978, and the
whole time series was used for ages 1-10.

The time series of the Russian acoustic survey estimating the commercially sized and mature part of the S.mentella
stock was considered too short to be included in the assessment this year, but this fishery independent series of adult
fish is expected to be included in the future.

6.4 Methods used in the Assessment

6.4.1 VPA and tuning (Tablcs 6.9, Figurcs 6.3A-I»

The Extended Survivors Analysis (XSA) was used with the same settings as last year (Table 6.9). The XSA analysis
used survivor estimates shrunk towards the mean F of the final 2 years and 5 ages. The standard error of the mean to
which the estimates were shrunk was set to 2.0. The catchability was fixed to be constant and equal above age 17.
Duc to short time series of the two new tuning series no retrospective analysis was conducted. Figures 6.3A-D shows
plots of the tuning indices versus stock numbers from the VPA.

The XSA included all ages from age I in order to estimate the recruitment at age 6 for recent years. However, since
the current assessment aims at estimating the stock of fish age 6 years and older, it was necessary to run a standard
VPA to relate all recruitment plots to age 6 amI not to age l. Probably duc to slightly different cstimation
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procedures, this caused some minor differences in the resulting stock numbers and SSB when eomparing the outputs
from the XSA and the sununary statisties from the final standard VPA.

6.5 Results of the Assessment

6.5.1 Fishing mortalities and VPA (Tables 6.10-6.14, Figures 6.1A,B)

Fishing mortalities, stock numbers, and stock biomasses from the tuning VPA are given in Tables 6.10-6.14 and
Figure 6.1 A and B. The fishing mortality (F IO.16) in 1996 is 0.041 and is a further reduction from the low level in the
previous four years. The spa\-\TIing stock biomass has the last 12 years been rather stable but low at a level of 60,(){)(}­
80,0001.

The average fishing mortalities for the years 1994-1996, sealed to the 1996 level so that this level eorresponds to an
F-factor of 1, were used as the input exploitation pattern in the eatch projections.

6.5.2 Recruitment

The assessment shows that the year elasses 1982 and 1983 are stronger than those just before and after and the 1988­
1989 year elasses (possibly also the 1987 year elass) appear to be at a similar level as the 1982-1983 ones. This
eonfirms what is indicated by the length and age data from Norwegian and Russian surveys and from Russian
qualitative observations of young redfish in eod stomachs. The inelusion of the two new tuning survey series caused
some reduction of the strength of the 1982-year elass eompared to last years assessmen1.

In the eateh projection, the VPA results have been used for the year elasses up to 1991. The more recent year elasses
are projeeted forward to age 6 aceounting for natural mortality only (Table 6.15).

6.5.3 Biological reference points (Table 6.15, Figures 6.JC and 6.4)

Yield and SSB per reeruit were based on the parameters in Table 6.15. The ealculations gave FO.I=O.082 while
Fmax=0.36, in spite of being similar to last year, was unrealistically high and elearly eannot be rcliably estimated.
(Figure 6.1C). From a stock and recruitment plot (Figure 6.4) the reference points F1ow=0.02, Frned=0.07, and
Fhigh=0.20 were ealculated. F96=0.041 is about halfthe value ofFo.1 and Fmed •

6.5.4 Cateh options for 1998 (Tables 6.16-6.17)

If eatehes in 1997 are as expeeted, the fishing mortality will be eonsiderably redueed (Table 6.16). Some inerease in
SSB from 1997 to 1998 is predieted, and will eontinue in 1998 for moderate levels of fishing mortality. Status qua
fishing mortality (=F96) in 1998 will yield a eateh of about 8,000 t which is approximately the same as in 1996 and
will lead to a slight inerease in SSB. Table 6.17 shows predictions up to 2000 with no fishing and the options F10w

and Fmed• The cateh in 1998 and SSB in 1999 for various levels of F in 1998 are sho\-\TI in Figure 6.1 D.

6.6 l\IBAL and Ad"ised Exploitation Rates

6.6.1 l\1inimum Biologieal Aeecptable Leycl (I\IßAL) (Figures 6.18 and 6.4)

The plots showing stock and reeruitment (Figures 6.1b and 6.4) indicate a fairly elose linear relationship between
recruitment and SSB. Some deviations from this elose relationship secm to have occurred in the 1960s and 1970s,
but this may be due to an impreeise maturity ogive as weil as inadequate sampling. The plus-group eontributes a
great deal to the SSB, and the eontribution is variable from year to year, up to 30-40% in some years. This variation
is probably to a large extent the result of inadequate sampling. If the plus-group is not ineluded in the stock and
reeruitment plot the relationship between reeruitment and SSB will be even eloser. In partieular, the point to the
extreme right in the plot (1967) will fall more into line \'11th the rest of the points.

Considering that the SSB-reeruitment relationship appears to be linear \-\1thin the range of SSBs observed, it is not
possible to define a level of SSB where recruitment is largc1y independent on the SSB. It is also impossible to define
a level where there is danger of reeruitment failure beeause the recruitment to some extent \-\ilI suffer at all levels of
SSB.
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The only basis for recommending a r-.mAL seems to be to use the plot without assuming any particular rclationship.
In that case, the statement made in last years report, that a SSB of about 300,000 t seems to be required to
consistently produce average or good recruitment, still appears to be a sensible basis for recommending MBAL.

Using a MBAL of 300,000 t the stock is presently outside safe biological limits and at a level which is only about
one third of the lowest level which has produced an average year class. To rebuild the stock to the MBAL, and
assuming that there is a linear relationship between SSB and recruitment, it is very importan, that management
measures are taken to ensure that SSB increases significantly each year.

Since the abundance indices of new year c1asses in recent O-group and youngfish surveys are lower than ever
previously observed it is crucial that the rebuilding of the SSB starts while there is still something to rebuild upon
(e.g., the 1982-1983 year classes now within the SSB and the 1988-1990 year classes which are recruiting to the
fishable biomass). Il is therefore important thatthese year classes are protected so that they can contribute as much as
possible to the stock rebuilding.

6.6.2 Advised exploitation rates

Fm",,=0.36 is too high to be considered as realistic. The values of Fo.1=0.082 and Fmed=0.07 are for all practical
purposes the same and abouttwice the current (1996) level of fishing mortality. Fishing mortalities should in general
not excccd Fmed but rebuilding requires thatthe catches should he kept as close as possible to zero.

6.7 Comments to thc assessment and thc forecast

The fact that the catch-at-age data are now based on the same age reading method improves the assessmenl. Strong •
year classes can be followed through the catch-at-age matrix, allhough there probably is some "Ieakage" of strang
year classes to adjacent ones. The VPA resulls are consistent with last years assessmenl. The inclusion of the two
new survey tuning series improved the assessment and should thus encourage continued effort to use research
surveys to obtain age disaggregated abundance indices.

7 SEBI1STES ,\MRINUS (GOLDEN REDFISII) IN SUß-AREAS lAND 11

7.1 Status of thc Fishcries

7.1.1 Historical denlopment ofthc fishery

The fishery for Sebastes marilllls (golden redfish) is mainly conducted by Norway, accounting for 80-90% of the
total catch. Germany also has a long tradition of a trawl fishery for this species. The fish are caught mainly by trawl
and gillnet, and to a lesser extent by longline and handline. Some of the catches, and most of the catches taken by
other countries, are taken in mixed fisheries together with saithe and cod. Important fishing grounds are the r-.h~re

area (Svin~y), Hallen Bank, the banks outside Lofoten and Vcsteralen, amI Sleppen outside Finnmark. Traditionally,
this has been the most popular and best paid redfish species.

7.1.2 Landings prior to 1997 (Tables 7.1-7.4, DI and D2)

Nominal catches of S. marillllS by country for Sub-areas land 11 combined are presented in Table 7.1 and the total
for both redfish species in Tables DI and D2. Landings of S. marilllls showed a decrease in 1991-1992 from a level
of 23,000-30,000 t in 1984-1990 to about 16,000 t in 1992-1995. Thc provisional total landings figure for S.
marilllls in 1996 is 16,517 l. This is 2,483 t Icss than cxpccted by last year's Working Group, but an increasc of
about 1,500 t from 1995.

Regarding splitting ofthe redfish landings on species and area, see chapter 6.

7.1.3 Expected landings in 1997

On the basis of reports of landings from the first half of 1997, Norwegian landings of redfish have been at the same
level as in the first half of 1996. Species breakdown is yet not available, but it is assumed that the area closure in
1997 (sec chapter 6.1.3) will influencc S.mel/tella lamlings amito a lesscr cxtent S.maril/us. The Russian catchcs ure
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expected to increase to 1,500 t. On this basis landings of 18,000 t are expected in 1997 which is approximately 1,500
t more than in 1996.

7.2 Status of Research

7.2.1 Fishing effort and catch-per-unit-effort (Tablcs DIO-l>l1, Figure 7.1)

Data for S. marillils were available for Norwegian freshfish trawlers (lSSCFV-code 07, 250-499.9 GRT) sinee 1981
(Table DIO-DII) from ""hieh the total international effort was estimated. This series \\hieh is based on GLM
analysis on monthly data from five Norwegian statistieal areas along the Norwegian coast was revised prior to this
year's Working Group. Although typical S. memella grounds have been sorted out, difficulties rc1ated to the splitting
of the redfish species in the catches may bc thc reason for still somc Iluctuations in the series. A lower effort is
observed sinee 1991, but no significant year effect was observed in the standardized CPUEs (Tables DIO-DII,
Figure 7.1). The provisional figure for 1996 of 1.42 tlhour is c10se to the long-term average of 1.38 tlhour. The
CPUEs have been standardized and scaled to a certain area (3) and month (2) (Table DIO).

7.2.2 Sur\"Cy rcsults (Tables DI2-DI4, Figurcs 7.2-7.4)

The results from the following research vessel survey series were evaluated by the Working Group:

I) Norwegian Barents Sea bottom trawl survey (February) from 1986-96 in fishing depths of <100-500m. Data
on length for the years 1986-1997 are shown in Table DI2 and Figure 7.2. Data disaggregated on age for the
years 1992-96 are shown in Table DI3 and Figure 7.3. This survey covers important nursery areas for the
stock.

2) Norwegian Svalbard (Division Hb) bottom trmvl survey (August-September) from 1986-96 in fishing depths
of <100-500m. Data disaggregated on age only for the years 1992-96 (Table DI4 and Figure 7.4). This
survey covers the northernmost part of the species' distribution.

These surveys were also described in chapter 6. Aeoustic abundance estimation have also been done in the same
areas, usually as combined acoustic - bottom trawl surveys. The acoustic estimates were not available to this
meeting.

Both surveys show that the abundance indices over the commercial size range (> 30 cm) appear to be relatively
stable at least during the 1990·s. An apparent lack of pre-recruit size-groups may be a first sign of poorer
recruitment to the future fishery. This should be carefully monitored in thc future since a.o. the about ten times
more abundant S.melltella may obscure significant changes in S.marillils indices especially of smaller fish less
than 12-15 cm where the species identification is sometimes difficult.

7.2.2 Age rcadings

For S.marilllls it is still difficult to follow any strong year c1asses through the survey time series and from the catch­
at-age data. This may be related to lack of sampIes. However, one should expect to be able to follow certain cohorts
through a youngfish survey series. It may then be more difficult to do that in the catch-at-age array where the bulk of
the catch is composed of 12-18 year old fish. The consequences of improper survey coverage and the possible
improvement by adding surveys in different areas together should be investigated to improve understanding of thc
causes behind the lack of cohorts to follow through the time series. The effort to h::umonize the age readings between
readers should continue.

7.3 Data Used in the Assessment

7.3.1 Catch at Age (Table 7.5)

Catch at agc for 1989-1993 was revised according to ncw catch data. Catch-in-numbers-at-agc werc corrected to
make the sum-of-products (SOP) equal to the nominallandings. Catch at age for 1995 were revised according to new
catch data and an updated cateh at age distribution from Norway. Agc composition data for 1996 were only provided
by Norway, accounting for 87% of thc total landings. In Sub-area I, Russian catch-at-length were converted to agc
by using the Norwegian age-Iength key from thc area. In Division Ha, German catch-at-Iength was converted to age
by using a Norwegian age-Iength key for the northern part of this division. In Division Ilb, German and Russian
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catch-at-Iength were converted to age by using the Norwegian age-Iength key for the division. Otherwise other
countries were assumed to have the same relative age distribution and mean weight as Norway.

The total catch-at-age data back to 1991 are based on Nonvegian otolith readings. In 1989-1990 it is a combination
ofthe German scale readings on the German catches, and Norwegian otolith readings for the rest. In 1984-1989 only
German scale readings are available, while in the years prior to 1984 also Russian scale readings exist.

7.3.2 Weight at Age (Table 7.6)

Weight-at-age data for ages 7-24+ were available from the Norwegian landings in 1996.

7.3.3 l\laturity at age

A maturity ogive was not available for S. lIlarilllts, and a knifc-cdgc maturity at age 15 was assumed.

7.3.4 CPUE-data for tuning (Table 7.7)

Two preliminary series or S.marill11S catch rates from the Norwegian bottom trawl surveys at Svalbard (August­
September) and the Barents Sea (February) are available on age back to 1992. For both surveys the whole time series
"vas used for ages 2-15 (Tables 013-014).

On the basis or catch-pcr-unit-effort from Norwegian freshfish trawlers since 1981 (Table Oll), total Norwegian
trawl effort was calculated, amI corresponding catch-at-age data were used for ages 9-23.

7.4 Comments on the Stock Assessment

Attempts were made to evaluate the status or the S.marill11S stock using an Extended Survivors Analysis (XSA) for
the period 1989-1996. However, the Working Group concluded that there wcre too many inconsistencics in the input
values to put any reliance in thc results.

Onc of the terms of rcferencc to this Working Group was to look into alternative methods to convcntional catch-at­
agc analyses, such as the use of stock-production models. This was discussed during the meeting but the Working
Group did not manage to conduct such alternative analyses at this stage. HO\vever, the Working Group was informed
about modelling at present going on at thc l\larinc Research Institute at Iceland on thc East Greenland-Iceland­
Faeroc S.marill11S stock and will try to use this approach on the Northcast Arctic stock in the future (Sigurdsson and
Steransson, Working paper to the North Western WG 1997). .

7.5 State of the stock and management considerations

Available data from both the surveys and commercial CPVE suggest that the abundance indices over the
commercial size range ( >30 cm) appear to be relativcly stable at least during the 1990's. This stability is also
associated with a rather constant annual catch or about 16,000 tons during the same period. Nevcrtheless,
conccrns were expressed with the apparent lack or pre-recruit size groups in the recent surveys suggesting that •
future recruitment to the fishery may be poor. Ir this is truly the case then declines in thc stock can bc anticipatcd
over the next few years.

8 GREENLAND HALIBUT IN SUß-AREAS lAND 11

8.1 Status of the fisheries

8.1.1 Historical denlopment of the fisheries

Berore the mid 1960s the fishery for Greenland halibut was mainly a coastal long line fishery off the coasts of
eastern Finnmark ami Vestcralcn in Norway. The annual catch level of this fishery has bcen about 3,000 t and
this level has been maintained in recent years, although now also gillnets are used in thc fishery. Following the
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introduction of international trawlers in the fishery in the mid 1960s, the landings increased to a level of about
80,000 t in the early 1970s. The landings decreased steadily to a level of about 20,000 t during the early 1980s.
This level was maintained until 1991, when the catch increased sharply to 30,000 1.

From 1992 this fishery has been regulated by allowing only the long line and gillnet fisheries by vessels smaller
than 27.5m to be directed for Greenland halibu1. This fishery is also regulated by seasonal closure. Trawl catches
were limited to bycatch only. From 1992 up to autumn 1994 bycatch in each haul should not exceed 10% in
weigh1. In autumn 1994 this was changed to 5% bycatch of Greenland halibut onboard at any time. In autumn
1996 it was again changed to 5% bycatch in each haul.

The regulations enforced in 1992 reduced the total landings of Greenland halibut by trawlers from 20,000 to
about 6,000 1. Since then annual trawler landings have varied between 5,000 and 8,000 1. without any clear trend
attributable to the changes in allowed bycatch. Landings of Greenland halibut from the directed longline fishery
have increased gradually in the later years. This is connected to increascd difficultics of rcgulating the fishery
which only lasts fur a few weeks.

8.1.2 Landin~s prior to 1997 (Tables 8.1·8.5, E7, Fi~urc 8.1A)

Nominal catches by country for Sub-areas land 11 combined are presented in Table 8.1, and Tables 8.2-8.4 give
the catches for Sub-area I and Divisions lIa and IIb separately. For most countries the catches listed in the tables
are similar to those officially reported to ICES. For Norway the values in the tables vary slightly from the official
statistics, and Russian catches for 1990-1991 represent those presented to the Working Group by Russian
scientists. Landings separated by gear type are presented in Table 8.5.

The revised total catch for 1995 is 11,043 t which is virtually unchanged from that used in the previous
assessmen1. The preliminary estimate of total catch for 1996 is 14,073 t. This is somewhat higher than the
projected catch of 13,000 t estimated by the Working Group.during its 1996 meeting. The increase was caused
by Norwegian trawl and longline catches in Division lIa (Table 8.3). Trawl catches from this division increased
by 2,141 t while longline increased by 1,3601. In Sub-area I and Division IIb total catch of Greenland halibut
decreased from 1995 to 1996.

In recent years, some fishing for Greenland halibut has taken place in the northern part of Division IVa. In the
period 1973-1990, the annual catch in Division IVa was usually weIl below 100 t, occasionally reaching 200 1.
Since then, catches have increased sharply from 267 t in 1991 to 2,280 t in 1995 (Table E7). The increase up to
1991 was mainly duc to a gillnet fishery, but in the recent years most of it has been taken by trawl. This fishery is
in another management area and is not restricted by any TAC regulations. Although there is a continuous
distribution of this species from the southern part of Division lIa along the continental slope towards the Shetland
area, little is known about the stock structure and the catch taken from this area has therefore not been added to
the catch from Sub-areas land 11.

Also around Jan Mayen, small catches of Greenland halibut have been taken in some years. In 1992,56 t were
taken, while nothing was reported taken in this area in 1993. 140 t and 270 t were reported in 1994 and 1995,
respectively. In 1996 only 19 t were reported from this area. Jan Mayen is within Sub-area lIa, but little is known
about the rclationship with the stock assessed by the Arctic Fisheries Working Group. Catches from this area
have therefore not been included in the catches given for Sub-area 11.

8.1.3 Expected landin~s in 1997

Fishery for Greenland halibut is regulated by TAC of 2,500 t that should be taken by gillnetters and longliners
within a restricted time period and by restricting allowed bycatch in the trawl fishery to 5% of each trawl catch.
When the gillnet and longline fishery was closed for 1997 the quotas were overfished resulting in a catch of
nearly 4,000 1. The bycatch in the trawl fishery has decreased and it is expected that a total of about 8,000 twill
be caught by Norway. An additional 1,500 t is expected to be caught by Russian vessels, and 500 t by other
countries.

The catches from Division IVa are expected to be maintained at the same level as last year.
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8.2 Status of rcsearch

8,2.1 Fishing cffort and catch-pcr-unit-effort (Table 8.6 and ES, Figure 8.2E)

The restrictive regulations imposed on the trawl fishery after 1991 disrupted the traditional time series of commercial
epVE data. However, an attempt to continue the series was made through a research programme using two trawlers
in a limited commercial fishery (Tables 8.6 and E5, Figure 8.2E). This comprises fishing during two weeks in May­
June and Getober, representing an effort somewhat Icss than 20% of the 1991 level. Since 1994 the fishery has been
restricted to l\tay-June. This fishery was conducted, as much as possible, in the same way as the commercial fishery
in the previous years.

The epVE from this experimental fishery was found , however, to be considerably higher than in the traditional
fishery and has exhibited an increasing trend from 1992-1996. In 1997 this trend stopped and a clear reduction in
catch was observed especially for age 5-7. Still epVE was higher in 1997 than in the years before 1996. Although it
is difficult to fully reconcile this increasing trend in terms of other stock indicators, all of which suggest a declining
stock, there are some possible reasons that could partly explain this increase as pointed out in the 1996 report. They
are as folIows: I) less competition in the traditional fishing areas for Greenland halibut as a result of a substantial
reduction in directed fishing effort since 1991; 2) increased availability of the fishable stock (mainly ages 6-10) also
duc to much reduced effort in recent years ; and 3) since the experimental fishery occurs mainly in deeper water
(6oo-8oom) the catch rates may be more reflective of higher density if a shift in distribution to deeper water has
taken pIace. The lack of modal progression in the age distributions throughout this series of increasing catch rates
also indicate that a year effect rather than a year class effect is operating.

In its previous assessment the Working Group concluded it could not treat the epVE from this fishery as an •
extension ofthe commercial time series, but the new data series might be helpful in stabilizing the VPA in the older
ages. Its overall effect on the assessment would still be relatively small as it is the size of the pre-recruit year-classes
that is ofutmost concern. The Working Group adopted a similar approach this year.

8.2.2 Surycy rcsults (Tables A14, EI.ES, Figurcs 8.2A-G)

The results from the following research vessel survey series were evaluated by the Working Group:

I) Norwegian Svalbard bottom trawl surveys (autumn) from 1984-96 in fishing depths of <100-500m. (Table EI,
Figure 8.2ß)

2) Russian bottom trawl surveys in the ßarents Sea from 1990-95 in fishing depths of 100-9OOm. This series had
been revised substantially prior to its use in the 1996 assessment. The parameters of the 1996 survey, however,
were considered too incompatible with previous years for direct comparison and covered only half the survey
area. Therefore, the 1996 data were not introduced in the current assessment (Table E3, Figure 8.2C)

3) Norwegian Svalbard shrimp trawl surveys from 1988-96 in fishing depths of2oo-600m. (Table E4, Figure 8.20)

4) Norwegian ßarents Sea bottom trawl survey (winter) from 1989-97 in fishing depths of <100-5OOm. (In order to
utilise the 1997 values in VPA calibration, this series was adjusted back by I year and lage group to reflect
sampling as if it occurred in the autumn of the previous year) (Table E2, Figure 8.2F).

5) Norwegian Greenland halibut surveys in autumn along the continental slope from 68N to 80:-.l' latitude in depths
of 500-1500 1\1 north of7030'N and 500-1000 M south ofthis latitude. (Table ES, Figure 8.2G)

6) Norwegian pelagic O-Group surveys from 1970-96. (Table A14, Figure 8.2A)

The Norwegian Svalbard bottom trawl survey caught Greenland halibut mainly in the range of ages 1-8, although in
most years age I was poorly represented. The age distribution in the earlier period was highly variable, however, for
the period 1984-91 the overall abundance for all age groups in most years was relatively high compared to 1992-96.
Starting in 1990, the cohorts at ages 2 and 3 began to decline considerably compared to earlier years. Ages 4-6,
nevertheless, remained rather stable until about 1991 after which they also declined annually to very low levels by
1995. Estimated abundance of ages 7-8 varied over the period and it is suggested that the limits of the survey depths
may be near the main distribution area of these cohorts which would contribute to this effcct. The age composition
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amI relative abundance in the 1996 survey was similar to the low levels of recent years with the exccption of age I.
This abundance of this age group (representing the 1995 ycar-c1ass) was the highcst in the time series.

The Russian Barents Sea bottom trawl survey series from 1990-95 had been revised considerably prior to its use in
the 1996 assessment but details of the methodology were not made available to the Working Group. The revised
survey caught fish mainly in the range of 4-9 years old. The overall abundance declined from about 1991-95 largely
as a result of declines in the presence of Greenland halibut in the age range of 4-5. There was a considerable
difference in the age distributions and relative abundance between the old series and the revised series especially at
ages 7 and 8 which are relatively much more abundant in the revised estimates (Figure 8.4). Because of the
significance of these changes the group had recommended that a detailed explanation of the revisions be made
available at this year's meeting for review. However, no descriptions ofthe methods were provided.

The Norwegian Svalbard shrimp survey caught fish mainly in the age range of 1-8, and it appeared to be most
effective in measuring the abundance of Greenland halibut younger than age 6. Cohorts at ages 1 and 2 began to
decline significantly after 1989. AII subsequent year-c\asses and these cohorts at older ages were estimated to be in
extremely low abundance with the 1995 survey estimates among the lowest in the time series. The age composition
and relative abundance in the 1996 survey were similar to that of 1995 with the exception of age 1. This abundance
of this age group (representing the 1995 year-c1ass) was higher than any year-c\ass at age 1 during the 1990's but
considerably lower than age I estimates in the 1988 and 1989 surveys.

The Norwegian bottom trawl surveys during winter in the Barents Sea caught Greenland halibut up to 12 years and
older, but was not particularly effective in catching fish older than 7 years. This is likely to be caused by the limited
depth distribution of the survey area. Nevertheless, the survey appeared very effective at catching Greenland halibut
up to age 6. The abundance of fish age 5 and older was highly variable over the time series. Ages 1-4, on the other
hand, began to dec\ine in about 1991 and by 1994 had reached very low levels. In the 1997 survey, the abundance of
these cohorts were collectively the lowest observed in the time series.

The Norwegian Greenland halibut surveys along the deep continental slope south and west of Spitsbergen were
begun in 1994 and this is the first time detailed data from these surveys have been presented to the group. Although
Greenland halibut were caught older than 15 years few fish were represented in the catch over age 12 or less that age
5. The scarcity of younger fish is probably a reflection of the minimum depth of 500 m. Most of the abundance
indices were dominated by ages 5-8. Recognising the shortness of the time series there was neverthelcss no apparent
trends in the data set.

The strengths of the Greenland halibut year-c\ass of 1970-96 from the Norwegian pelagic O-Group surveys in the
Barents Sea are shown in Table A14 and Figure EI. The results are highly variable over the time period, however,
most ofthe 1970's and 1980's year-c1asses are represented in reasonably high numbers. In recent years, on the other
hand, the 1988-1992 inclusive and the 1996 year-c1asses are all weil below the long term average. The 1993-95 year­
c1asses are c10ser to the average.

8.2.3 Age readings

Considcrable concern has been raised both in previous meetings of the Working Group regarding the age
interpretations of Greenland halibut. It was further noted that the age reading problem with Greenland halibut was
not restricted to the North East Arctic stock but is an issue of concern Atlantic-wide. In November of 1996 an
ICESINAFO workshop on Greenland halibut ageing was held at Reykjavik, Iceland to address ongoing problems
with age interpretation of the specics throughout the North Atlantic. A complete report on the proceedings and
recommendations is available through both ICES and NAFO (ICES CM I997/G: I). The main result ofthe workshop
was the standardisation of procedures for interpretation of ages which has now been implemented in the many
national research institutes working on Greenland halibut in the North Atlantic; in addition, otolith sampies are being
circulated on an ongoing basis throughout the respective laboratories in order to maintain consistency. With respect
to the current assessment of Greenland halibut in the NE Arctic, however, the problem of unusually low numbers of
cohorts at age 9 in data sets [rom the 1990's continues into 1996 data and remains unexplained. It is recommended,
therefore, that prior to the 1998 assessment a stratified analysis of length frequency data be conducted to determine
whether the problem is in fact one of age interpretation or if the size compositions associated with age 9 are also
missing [rom the data sets.
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8.3 Data used in thc assessment

8.3.1 Catch at age (Table 8.7, Figures 8.3 A and ß)

The catch-at-age data for 1995 were updated using revised catch figures and revised Norwegian age composition.
Catch-at-age data for 1996 were available from both the Norwegian and Russian fisheries. Russian age data were
only available from Sub-area II and the Norwegian age distribution was used to caleulate Russian catch-at-age in
Sub-area I. No age or length data were available from the Russian longline catches, thus Norwegian age
compositions were used. This year length distributions were available from the German catches and these were
combined with Norwegian age-Iength keys. The combined Norwegian ami Russian catch-at-age was used to
allocate catches from other countries on age groups. Total international catch-at-age is given in Table 8.7 and for
the recent years also in Figure 8.3. Greenland halibut are usually caught in the range of 3-16 years old, but the
catch is mainly dominated by ages 5-10. In some years (especially 1989-91), 4 year-olds were also caught in
significant numbers. Generally, fish older than age 10have comprised a very low proportion of the catches,
although they are proportionately higher in the most recent years up to 1996. In 1996 catches were dominated by
a narrow range of age groups with about 80% of the catch at ages 5-8 and 40% of the catch was age 7. The
Working Group observed that there is an apparent ageing discrepancy in the data particularly related to age 9
similar to that seen in the survey data.

8.3.2 Weight at age (Table 8.8)

A constant set of weight-at-age data was used for all years in the period 1970-1978. For subsequent years annual
estimates were used. The mean weight at age in the catch in 1996 (Table 8.8) was caleulated as a weighted
average of the weight in the catch from Norway and Russia. The weight at age in the stock is set equal to the
weight at age in the catch for all years.

The weights at ages 1 and 2 are set to 0 to indicate that the ages are only used for tuning and are not inc1uded in
the stock biomass.

8.3.3 Natural mortality

Natural mortality of Greenland halibut \vas set to 0.15 for all ages and years. This is the same assumption as used
in previous years.

8.3.4 l\Iaturity at age (Tables 8.9)

An average maturity ogive derived from Russian data from 1983-1987 was used for 1970-1987. For 1988 and
1989 a three-year running average was used. As 00 appropriate data were available for 1991 and 1992, the
average ofthe 1989 and 1990 ogives was adopted for 1990-1992. Russian maturity ogives, sampled in November
1993-January 1994 and December 1994-January 1995 were averaged and used to represent both 1993 and 1994.
This ogive was also used for 1995 and 1996 as no new maturity data were available for these years.

8.3.S Tuning data (TabIe 8.10)

The following abundance indices were used for tuning the VPA:
Fleet 9: Norwegian Svalbard bottom trawl surveys (autumn) from 1984-96 for ages 1-8.
Fleet 11 :Norwegian Svalbard shrimp trawl surveys from 1988-96 for ages 1-8.
Fleet 12: Experimental commercial fishery CPVE from 1992-95 for ages 5-14.
Fleet 13:Norwegian bottom trawl surveys in the Barents Sea (conducted in winter and adjusted to the autumn the
year before) from 1989-97 for ages 1-12.
Fleet 14:Norwegian Greenland halibut surveys using a commercial vessel along the continental slope for ages 4­
14.

8.3.6 Recruitment indices (TabIes A12, EI-ES, Fig 8.2A-G

In addition to the indices mentioned in section 8.3.4, the O-group indices from the International O-group survey
(Table A12) were available für recruitment estimation. All the indices seem to indicate low recruitment in the last
few years. All year c1asses after 1989-1994 show consistently very low abundance at all ages. The 1995 year
dass may be an exception with catch rates both as 0- and I-group weil above the average for the past eight years
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(Tablcs A12 and E2). In the Norwegian bottom trawl survey at Svalbard catch rate of I group was higher in 1996
than in any previous year. The 1995 year class was also very abundant in the Norwegian Barents Sea bottom
trawl survey as I-group in 1996 but not as II-group in 1997. In the Svalbard shrimp survey the estimate of this
year c1ass at age I was considerably higher than in recent years but still weH below the estimates of 1988 or
previous year c1asses. However, further observations at older ages are needed before any confidence in the
strength of the 1995 year c1ass can be established.

The recruitment indices, except for the O-group survey, are inc1uded in the CPUE data used for tuning.

8.3.7 Prediction data

Input data used in the short-term prediction for 1997-1999 are shown in Table 8.17. Population numbers in 1997
are taken from the VPA. Since there are large uncertainties regarding the strength of the 1995 and 1996 year
c1asses recruitment of 3-year olds in 1998 and 1999 was calculated as the mean of the VPA estimate at age 3 for
the last three years.

8.4 l\Iethods used in the assessment

The exploitation pattern used in the short term prediction is the average of 1994-1996 scaled to give an F-factor
of 1.0 corresponding to the 1996 fishing level. The maturity ogive is the average of the 1994-1996 ogives.
Weight at age in both the catch and the stock has been set equal to the weight at age in the catch averaged for the
years 1994-1996.

• 8.4.1 VPA and tuning (Tables 8.11-8.12)

The Extended Survivors analysis (XSA) was used to tune the VPA to the indices identified above. The analysis
used survivor estimates shrunk towards the mean of the final 2 years and 5 ages and the standard error of the
mean to which the estimates were shrunk was set at 2.0. These values are similar to those used in the previous
assessment and the Working Group considered them still to be most appropriate for this stock.

The catchability was assumed to be independent on stock size for aH ages. This was also used in last years
assessment and reflects the confidence the Working Group now has to the very c1ear recruitment failure that is
seen in the surveys. This way of increasing the influence of the survey results on the assessment is also in line
with recommendations from ACFl\t.

The catchability was set independent on age for ages above age 10. The diagnosties of the tuning are given in
Table 8.11 and the population numbers from the XSA extended to age I are given in Table 8.12.

As indicated earlier there were some changes in the input data for tuning compared to last years assessment.
Several runs were made in order to evaluate the effect of the various changes: 1) Last years assessment was run
with updated catch data (but not inc1uding 1996); 2) the same run was made without the Russian groundfish
survey tuning fleet; 3) then the 1996 data were added, and 4) the new Norwegian Greenland halibut survey was
inc1uded in the tuning. Of the XSA runs carried out only adding the 1996 data had any significant influence on
the results.

8.5 Results of the Assessment

8.5.1 Fishing mortalities and VPA (Tables 8.13-8.16, Fig 8.1, 8.5

The fishing mortality (F) matrix indicates that Greenland halibut were fuHy recruited to the fishery historicaHy at
about age 6 while in recent years it appears fuH recruitment is more in the range of age 10. This is likely duc to a
substantial proportional reduction in trawler effort since 1991. Trawlers catch more young fish compared to
gillnetters and longliners. Nevertheless, Fon ages 6-10 still represents the average fishing mortality on the major
age groups represented in the fishery.

The fishing mortality (F6-1O declined from approximatc1y 0.35 in the late 70's to 0.14 in 1981. From that time it
increased sharply and peakcd in 1991 at 0.68. Following the drop in the catches and effort in 1992, the F6-1O
dropped to 0.25 and has stayed below 0.35 until 1996 when it increased to 0.44.
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The fishing mortality levels of the 1989-1995 year classes estimated in the current assessment are consistently
somewhat lower than those presented by the working group in 1995. This corresponds to an increase of estimated
stock number at age for these year classes of approximately 100%. For older year classes estimated fishing
mortality increased in later years relative to last years assessment. A summary of the historical series of landings,
fishing mortalities, stock biomasses and recruitment from 1970-1996 is given in Table 8.16.

Until 1976 the spawning stock was weil above 100,000 t, then it was relatively stable at around 75,000 t for
several years. In 1992 it dropped from 50-60,000 t to 30,000 t and has stayed at that level since. The lack of
recruitment observed in the recent years indicates that the spawning stock biomass is currently below the level
required to ensure historic recruitment levels. This may be seen in the stock and recruitment plot in Figure 8.6.
Although fishing effort is reduced, it is assumed that the recent very weak year classes will reduce the spawning
stock for coming years.

The total hiomass of the stock has heen relatively stahle (around 100,000 t) in the period 1976-1991, hut the
recent low recruitment has led to a decrease to about 42,000 t in 1996.

8.5.2 Recruitment (Table A12)

ßy setting catchability independent on stock size for all ages, the assessment reOects the recruitment failure seen
in the surveys. Historically, annual recruitment of Greenland halihut at age 3 was quite stable at 25-35 million
individuals but has been low in recent years. The figures for the 1989 - 1994 year classes were estimated to be
17.3,8.2,5.2,2.2,0.5 and 2.4 million three-year-olds, respectively. The 1995 year class was estimated to 83.6
million at age 2. Allowing for natural mortality this gives approximately 70 million at age 3. However, the
working group has little confidence in the precision of the estimate at this early stage. Further measurements on
the size of this year class will be available in the 1998 assessment for more detailed evaluation of its strength.
Another uncertainty regarding the VPA estimates of recruitment is their instability when adding a new year of
data. In this years assessment the weak year classes were estimated to be about two times more abundant than the
previous estimates but still they are weak compared to year classes before 1989.

8.5.3 Biological reference points

Yield and spawning stock biomass-per-recruit have been calculated using the data which are input to the predic­
tion, and the results have been presented in Figure 8.1. The values of Fo.l and Fm.< are 0.05 and 0.10,
respectively. Using the stock-recruitment relationship shown in Figure 8.S the values of F10w Fm<<! and Fhi~h were
calculated as 0.01, 0.14 and 0.23, respectively.

8.5.4 Catch options for 1997 (Table 8.18)

The expected catch in 1997 is approximately 10,000 t compared with 14,000 t in 1996. Therefore a F-factor less
than I is used in the management option table in order to get estimated catch in 1997 to equal expected catch.
Expected catches in 1997 will cause the spawning stock biomass to decrease during this year from 23,000 to
16,000 t, and the total stock biomass will decrease from 30,000 to 22,000 1.

If the same fishing mortality is applied in 1998, it is expected a further reduction of total and spawning biomass
to 15,000 and 10,000 t respectively.lfthere is no fishing on this stock in 1998, both total and spawning biomass
will increase slightly.

8.6 ;\IBAL lenl and advised exploitation rates

8.6.1 Minimum biological acceptable lenl (I\IBAL) (Figure 8.5)

Considering the spawning stock- recruitment relationship (Figure 8.5) it is clear that a spawning stock below
65,000 t results in recruitment [ailure. Although there are uncertainties associated with the recruitment cstimates
of this stock, a Minimum ßiological Acceptable Level for this spawning stock should be set to 65,000 t as a
conservative measure.
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8.6.2 Adl'ised exploitation rates

For managing the stock in consideration of this assessment, only the F10w value is advisable for rebuilding of the
stock. The F10w value has proven to be a good reference measure far rebuilding other stocks, e.g.. North East
Arctic Cod. The stock is clearly below safe biological limits and the spawning stock will be further reduced as
the series of poor year classes mature. The Working Group advises that no fishing on Greenland halibut should
take place in 1998.

8.7 l\ledium-term forecasts and mana~ementscenarios

Thc Working Group fecls that it is at present not possible with reasonable precision, to predict future
development of the Greenland halibut stock beyond the short term.

8.8 Comments to the assessment and the forecasts

This assessment relies mainly on observations from the surveys for the younger, recruiting ages, i.e. the upper
right corner of the VPA tables. Figures 8.4.A-E show the relationship, as a result of tuning procedures, between
the survey indices and thc rcsulting VPA. Also included is thc CPVE series for thc oldcr ages, and they are
mainly included to allow for usc of thc full agc rangc. It is clear from thesc plots that thc surveys generatc thc
trend in the younger ages. However, some support is also given from thc CPVE index and they givc thc necessary
stability in the tuning iterations, thus providing estimates of input F values for the VPA.

The tuning diagnostics (Tablc 8.11) show that the residuals were generally very high, and in several cases the
slope was estimated as negative. This means that thc precision of the estimated stock numbers and fishing
mortalities are poor. However, this years assessment shows just the same general picture as have been seen in the
most recent years: Thc spawning stock is very low and recruitment has been low far several years. Thc main
differencc from last years assessment is that thc weak year-classes appear somewhat stronger than previously
estimated but still very low in the historie sense. A possible explanation to this increased estimate of recruitment
is that somc of thc recruits arc outsidc thc area sampled in their first years of life. Therc arc indications that somc
5-7 year-old fish come into the survey and fishing areas from other regions. On thc other hand, it eould simply be
a year effeet in the 1996 (or 1995) survey data.

The maturity ogives that havc been used are a combined maturity of both sexes. However, for Greenland halibut
therc is a considerablc differenee in maturation between the sexes. Whilc 50% of males arc maturc at an agc of
about 6 years, females arc about 10 years old at 50% maturity. In the futurc more work should bc directed
towards giving maturity data far each sex separately. Maturity data on Greenland halibut vary throughout thc
distribution area and it is therefore important to consider geographical coveragc and samplc size.

When the sex-specifie maturity data is established this may very weIl alter the level of MBAL set earlier in this
report but would not change the conclusions about the overall state of thc stock at present.

Although some changes havc been madc in thc 1997 assessment and there are concerns related to certain
parameter estimates iIIustrated in thc XSA diagnosties, the main conclusions are consistent with recent
assessments. No retrospectivc analyses have been performed duc to the short timc series of thc tuning data used
in the assessment. The WG is eonfident nevertheless that the assessment is reasonably and eonsistent and eould
form thc basis of management adviee .

9 NORWEGIAN COASTAL COD IN SVß-AREAS lAND 11

9.1 Status of the fisheries

9.1.1 Historical development ofthe fisheries (Table F.l)

The existenee of a distinct eoastal eod stock in the northern part of Norway, which ean be separated from the
North-East Arctie eod stock by differenec in the otolith strueture, was given by Rollefsen (1933). The main
background for the introduction ofthe Norwegian Coastal eod and the Murman eod to the ICES Arctie Fisheries
Working Group in thc 1960's and 1970's was improved knowledgc of thc cxistcncc of such stocks in Norway
and Russia.
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The Norwegian eateh statisties separates the eateh of eod into North-East Aretie and Norwegian Coastal eod.
This has been based on where and when the eatehes are eaught, and not based on biologieal sampling of the
eateh. The definition of the catches is given as eatches in ICES Division Ha, Norwegian statistieal areas 05 and
00 (quarter 3 & 4),06 and 07 (all year) (Figure 9.4) (ICES 19701F:2; ICES 19751F:6; ICES 1994/Assess:2; ICES
1996/Assess:4; ICES 1997/Assess:4). The Norwegian eoastal surveys from 1992-1996 have also found Coastal
eod further north and east (Norwegian statistical areas 03 and 04). None of the eatches in these areas have been
alloeated to the Norwegian Coastal eod. For the period 1960-70, landings of Norwegian Coastal eod are available
(lCES (19711F:3). Landings for the period 1971-79 were unavailable. The average landings for the 28 years of
statistics is 36,000 1. (Table F.l).

The fishery is conducted both with trawlers and with smaller coastal vessels using traditional fishing gears like
gillnet, longline, jig and purse seine. In addition to quotas, the fishery is regulated by the same minimum eateh
size, minimum mesh size on the fishing gears (as for the North-East Aretie eod), maximum by-cateh of
undersized fish, closure of arcas having high densities of juveniles and by scasonal and area restrietions.

9.1.2 Landin~s prior to 1997 (Table 1".1)

The offieiallandings of Norwegian Coastal eod in 1995 is 39,285 t and the provisional figurc for 1996 is 32,422
t (Table F.l). The quotas for both these years werc 40,000 t (exclusivc Nonvegian quota).

9.1.3 Expected landin~s in 1997

The added quota of Norwegian Coastal eod in 1997 is 40,000 1. The cxpeeted landings is not available (see
Section 9.2.5). •

9.2 Status of research

9.2.1 Fishin~ effort and catch per unil effort

There is no availablc data on the fishing effort and CrVE in the fishery of Norwegian Coastal eod. However it is
assumed that the fishing effort is somewhat higher in 1997 eompared with 1996 duc to higher alloeated quotas,
assumed eonstant eatehability this eould leavc higher fishing mortality.

9.2.2 Survey results

A Norwegian standard trawl-aeoustie survey was eondueted along thc eoast from Varanger to Stadt in
September-Oetober 1996 using RV Michael Sars. Thc survey eovered the same areas as the eoastal survey in
1995.

Thc results from thc trawl-aeoustie coastal survey in 1996 estimated a total biomass of about 106,000 t (17
million fish) for thc coastal area from Varanger to Stadt at 62° N (Tables F.5 and F.6). Thc spawning biomass
aeeounted for 56,000 t (20 million fish) of this total (Tables F.7 and F.8). Thus, spawners make up about 52 % of
thc total biomass. Eighty percent of thc total eoastal biomass was distributed from the Russian border to 67° N
and 20 % south of 67° N (areas 06 and 07, Tablc F.6). Thc bulk of thc biomass was eomprised of agc c1asses 3-7
(Tablc F.6).

The data indieated a higher proportion of Norwegian Coastal eod in thc fjords and to the South eompared with
thc northern and outer areas. In the Norwegian statistical areas 06 and 07 (south of 67° N) nearly all otoliths
colleeted werc of thc Norwegian Coastal eod type, whieh is similar to thc results of the 1993, 1994 and 1995
surveys (lCES 1994/Assess:2; 1996/Assess:4; ICES I 997/Assess:4).

Thc numbers ofNorwegian Coastal eod per agc-c1ass from all the eoastal survcys is given in Tablc F.9.

Thc Norwegian 1997 eoastal survcy (September-Oetober) will be eondueted in a similar way as thc 1995 and
1996 surveys to build up a time series for Norwegian Coastal eod over its distribution area.

Age readings of the Norwegian Coastal eod both from the surveys and from the eatehes, are done the same way
as for the North-East Aretie eod. Co-operation between the Fiskeriforskning in Troms~l, Institute of Marine
Research in Bergen and PINRO in Murmansk regarding thc otolith reading is ongoing.
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A total of2396 eod otoliths were sampled during the 1996 survey. These were separated into Norwegian Coastal
eod type (1919) and North-East Aretie eod type (477) (lCES 1994/Assess:2). As in previous years, Norwegian
Coastal eod were found throughout the survey area. The 1996 survey data shows the same pattern as the 1995
survey. The proportion of the Norwegian Coastal eod increases going from North to south along the Norwegian
coast. The Norwegian Coastal cod type otoliths dominate south of 67° N (Norwegian statistical areas 06 and 07).
Although the proportion is lower, there is significant biomass of Norwegian Coastal eod North of 67° N. It must
be emphasised that the Norwegian Coastal cod surveys are eonducted in August-October each year, and therefore
there may be North-East Arctie eod in this southern area at other times of the year, especially during the
spawning season in the winter time.

Scientists from Norway and Russia are co-operating in the research on the Norwegian Coastal eod and the
Murman eod, and two joint surveys have been made to the Northern eoast of the Kola Peninsula from the coast
out to 50 n.miles in 1994 amI 1995 (Gavrilov er al. 1997).

9.2.3 Weight at age (TabIe F.3)

The 1996 data from the trawl-acoustie survey for the Norwegian Coastal eod shows a general tendeney for eod
age 1-8 to be both Ionger and heavier when eaught further south along the eoast (Tables F.2 and F.3). The same
tendeney was found for the survey in 1995 (lCES 1997/Assess:4). The weight at age in 1996 is slightly higher
eompared with 1995.

9.2.4 l\Iaturity at age

• The maturity at age is estimated from the data colleeted at the Norwegian eoastal survey. This is not an optimal
way to do it beeause the survey is eondueted in the early autumn when the stage at the maturity seale is hard to
define. Further improvement of maturity ogives is reeommended. The age at 50 % maturity (1\150) for the
Norwegian Coastal eod was estimated to be about 5 years old ~m average for the surveyed area (Table FA). There
are some variations between the different areas, but the trend is that the eod are a little younger when mature in
the southern areas, whieh is in aceordance with a faster gro\\ith in those areas. The 1996 data show that the
average 1\150 is slightly higher eompared to that found in the 1995 survey (lCES 1997/Assess:4). The average 1\150

for the North-East Aretie cod in 1996 is dose to 7 ycars old (ICES 1997/Assess:4).

9.2.5 Catch statistics

A detailed breakdown of the eatehes of Norwegian Coastal eod for the period 1984 to 1996 have been done to
form the basis of a VPA. This was earried out by analysing Norwegian landings of eod by vessel size, area
eaught, landed as given by the Norwegian Directorate for Fisheries, and eod samplings done by the Institute of
Marine Research, Bergen to separate Norwegian Coastal eod and North-East Aretie eod by otolith type.

•
The separation off the Norwegian eatches into North-East Arctie and Norwegian Coastal eod is based on:

• No catches outside the 12 n.mile zone have been alloeated to the Norwegian Coastal eod eatchcs.
• The eatches inside 12 n.mile zone is separated into quarter, fishing gear and Norwegian statistieal areas.
• From the otolith structure, eatches inside the 12 n.mile zone have been alloeated into Norwegian Coastal eod

and North-East Aretie cod. The Institute of Marine Research in Bergen has been taking sampIes of
eommercial eatches along the eoast for a long period.

The method of separating the catehes will be described in detail in a working doeument at the AFWG meeting in
1998.

The expeeted landings of Norwegian Coastal eod in 1997 using the new method based on separation from the
otolith structure, is ealculated as following; assuming the fishing effort of the eonventional coastal fleet is
proportional to this fleets quota of North-East Aretie eod and Norwegian Coastal eod. This quota inercased from
224,000 t in 1996 to 267,000 t in 1997 (19%). When assuming a eonstant eatchability the fishing mortality also
inereased with 19%. This assumption gave an expected landing of Norwegian Coastal eod in 19970f 68,881
tonnes which is about 6,000 tonnes highcr that in 1996.
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9.3 Data used in the assessment

9.3.1 Catch at age (Table 9.1)

The eatehes of Norwegian Coastal eod from is ealculated in the period 1984-1996, and eonsists of eod from age
0-10, where age 10 is a plus group. The eatehes eonsists mostly of individuals 3-7 year. In 1995 and 1996 the
eatehes of young Norwegian Coastal eod (1-3 years) has inereased (Table 9.\).

9.3.2 Wcight at age (Tables 9.2, 9.3,1".3)

The weight at age in the eateh was ealculated as arithmetie mean at eaeh age-group. The weight at age in the
eateh from 1984-1988 is an arithmetie mean of weight at age from 1989-1996.

The weight at age in the stock in 1995 and 1996 is based on data from the Norwegian Coastal survey, and the
weight at age from 1984-1994 is an average of 1995 and 1996.

9.3.3 Natural mortality

A eonstant natural mortality of 0.2 was used in both the assessment and the forecast. The proportion of Fand M
before spawning was set to zero.

9.3.4 Maturity at age (Table 1".4)

The maturity at age for 1995 and 1996 is data from the Norwegian eoastal surveys. Sinee there are no survey data •
from the earliest years, data from the sampIes of the eommereial eatehes are used from 1984-1994. This is likely
to eause a too high proportion of mature eod for the youngest individuals beeause only the largest individuals in
an age group is eaught due to the seleetivity of the fishing gears. Further improvement is reeommended.

9.3.5 Tuning data (Table 1".10)

In 1995 and 1996 the coastal surveys eovered the whole area. In 1992-1994 only parts of the areas was eovered.
To obtain the minimum of three points for regression, the indexes from the surveys in 1995 and 1996 were
divided into 3 different fleets whieh eorrespond to the three surveys from 1992-1994. The surveys whieh are
included in the data for the tuning, are given in the table below:

Name Areal

Norwegian eoastal survey 03,04
Norwegian eoastal survey 00,05
Norwegian eoastal survey 06,07

INorwegian statistical areas (Figure 9.4)

Season Age

Autumn All
Autumn All
Autumn All

Year

1992, 1995, 1996
1993, 1995, 1996
1994, 1995, 1996

The survey indexes used are ealculated from the eoastal aeoustic surveys.

9.3.6 Recruitment indices

The eoastal surveys are not designed to give good estimates of 0 and 1 group Coastal eod, beeause these age
groups often settle in very shallow waters. Therefore, reeruitment (age <3) indices from the eoastal survey are not
very rcliable. The data on 0 and 1 group of eod is not eomplete and these age groups are therefore not tuned in
the XSA. The reeruitment (age 3) is therefore taken from the results of the XSA.

9.3.7 Prediction data (Table 9.10-9.11)

The predietion is based on eod older than 2 years. The input data to the short-term predietion with management
option tahle are given in Table 9.11. The stock numher at age in 1997 was taken from the final VPA (Table 9.10)
for ages 3 and older. The reeruitment at age 3 in 1998 (40 million) is a geometrie average from the VPA (1984­
1997). The fishing pattern was the average of the last 3 years from the final VPA, sealed to the 1996 level. The
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average maturity ogive for the years 1994-1996 was used for the 1997 onwards. The weight at age in the catch
and in the stock for the prediction period was set as an average of the period 1994-1996. The natural mortality
was set to 0.2. Both the natural mortality and the fishing mortality from the start of the year and until spawning
season was set to zero.

9.4 Methods used in the assessment

9.4.1 VPA and tuning (Table 9.6)

Tuning of the VPA was carried out using Extended Survivors Analysis (XSA). The default settings for the XSA
were used with the following exceptions: (1) the catchability was set to be independent on stock for all ages, and
independent of age for ages 7 years and older; (2) the survivor estimates were shrunk to the mean F of the final 2
years or the 4 oldest ages, and (3) only three points were used for regression due to lack of more tuning data. This
gave a reference F (age 4-7, unweighted) in 1996 (F96) of0.48 (Table 9.6).

9.4.2 Recruitment (Table 9.10)

The recruitment at age 3 was used and calculated as the geometrie average from the XSA (1984-1997).

9.5 Results of the assessment

9.5.1 Fishing mortalities and VPA (Tables 9.6-9.9, Figure 9.1 A)

• The average age 4-7 fishing mortalities in 1996 was 0.48, The highest fishing mortalities for these age groups
was estimated from 1984-1988 (0.59-0.84, Table 9.6). In 1990 and 1991 the lowest F-values was estimated (0.27
and 0.23). The fishing mortalities are given in table 9.6, while the stock number at age, stock biomass at age and
the spawning stock biomass at age are given in Tables 9.7-9.9. A summary of the landings is given in Table 9.1.

9.5.2 Recruitment (Table 9.10)

The year c1asses from 1981-1983 was stronger than the long term average (42). The 1989 and the 1993 year dass
was also stronger than the long term average, while the year c1asses 1984 and 1985 was weaker.

9.5.3 Biological reference points (Table 9.14, Figure 9.3)

The yield per recruit analysis using the fishing pattern and stock parameters for 1998 from the management
option table gave estimates of Fo.1 = 0.15 and Fm•x = 0.29 (Table 9.14). F1ow , Fmed and Fhigh was estimated to 0.27,
0.39 and 0.69 (Figure 9.3), which is lower than what is estimated for North-East Arctic cod. The present
exploitation level is F96 = 0.48 (status quo) which is abmte the Fmed level of 0.39.

9.5.4 Catch options for 1997 (Table 9.12)

The management option table (Table 9.12) shows that the expected catches in 1997 will give a increase in F4.1
from 0.48 in 1996 to 0.57 in 1997 (Table 9.12). Fishing at Fmax, F10w and Fmed in 1998 gives catches of 40,000,
38,000 and 51,000 t, respectively (Table 9.12), compared to the expected catch in 1997 of 68,000 t. All these
fishing levels will result in an increase in the spawning stock biomass above the level in 1998, but it will still be
slightly above the long time average (124,000 t).

9.5.5 Limit reference points

The Comprehensive Fishery Evaluation \Vorking Group (lCES CM 1996/Assess:20) suggested a Fcomfie
=min{Fmed,FMSy,Fmax}' FMSY was not estimated by the present \VG. Since FMSY is commonly less than Fmax, the
latter should be considered an upper bound on fishing mortality. Fm•x for Norwegian Coastal cod is presently
0.29, which means that there is a potential for increased yields by lowering the fishing mortality from FSI.lus quo
(0.58) to Fm•x (0.29). The catch corresponding to Fm•x in 1998 is about 40,000 t, which is somewhat below the
present catch.

9.6 l\ledium-term forecasts and management scenarios
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9.6.1 Input data (Table 9.10-9.11)

The input data were the same used as for the short term predictions (Table 9.11). The recruitment at age 3 ofthe
1997 and later year classes were set equal to the long-term geometric average of 40 million individuals (Table
9.10, Figure 9.1).

9.6.2 Methods

Single option predictions were run using IFAP , and the prediction was run with F-factors corresponding to F10w

(0.27), Fmed (0.39) and Fhigh (0.69). The same natural mortality, maturity ogive, weight in stock and catch and
exploitation pattern as in the short term predition was used (Table 9.11).

9.6.3 ResuIts (Table 9.13)

In Table 9.13 the results of the medium-term prediction are given, for F10w (close to Fmax) Fmed , and Fhigh• In the
medium term, the stock will stabilise at a level of about 250,000 t when fished at Fmed , and the catches will be
between 50,000 t and 63,000 t, which is slightly under the present level. The spawning stock biomass will
stabilize at about 150,000 tonnes, which is a high level.

9.7 Comments to the assessment

This assessment on Norwegian Coastal cod must be seen as an preliminary assessment, because the tuning data
includes only three points. Next year the tuning data will hopefully become better and the input data will be
better described in a working document presented to the working group.

Nevertheless, the assessment seems to reOect the Norwegian Coastal cod stock in a faidy good way compared
with the results from the coastal surveys.

10 RECOMMENDATIONS

10.1 New chairman from 1998

The present chairman of the working group has his final year as chairman in 1997. ACFM at their May 1997
meeting did not propose any new chairman. Therefore the WG repeats the proposal from last year that W. Ray
Bowering, Canada, be elected new chairman from 1998.

10.2 Resolving methodological problems

Conccrns wcre raised in both the cod and haddock asscssmcnt sections of the rcport regarding the serious
implications to the assessments associated with the limitations of the mcthodology in estimating large year­
c1asses. It is recommended , therefore, that ACFM endeavour to address in a timely manner a means to resolve
this problem. It has been made clear that the Working Group will be faced with similar problems in the 1998
meeting if current circumstances persist.

10.3 Resolving the serious gap in surYey coverage

In addition to methodological problems, the assessments of several stocks, especially cod and haddock were
confounded by the lack of survey coverage in the Russian zone of the Barents Sea in the winter of 1997. This
area comprises a substantial portion of the stock distribution area for these species particularly the recruiting age
groups. This problem will further exacerbate the precision of the respective assessments in 1998 as areal
coverage of several more surveys in 1997 has already been compromised. It is strongly recommended, therefore,
that ICES make representation to the appropriate authorities regarding this serious gap in survey coverage in an
attempt to resolve the problem as soon as possible.

•
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Table 3.1 North-East Arctic COD. Total catch (t) by fishing areas and unreported catch.
(Data provided by Working Group members.)

Sub-area I Division lIa Division IIb Unreportedcat Total catch
Year ches

1961 409,694 153,019 220,508 783,221
1962 548,621 139,848 220,797 909,266
1963 547,469 117,100 111,768 776,337
1964 206,883 104,698 126,114 437,695
1965 241,489 100,011 103,430 444,983
1966 292,253 134,805 56,653 483,711
1967 322,798 128,747 121,060 572,605
1968 642,452 162,472 269,254 1,074,084
1969 679,373 255,599 262,254 1,197,226
1970 603,855 243,835 85,556 933,246
1971 312,505 319,623 56,920 689,048
1972 197,015 335,257 32,982 565,254
1973 492,716 211,762 88,207 792,685
1974 723,489 124,214 254,730 1,102,433
1975 561,701 120,276 147,400 829,377
1976 526,685 237,245 103,533 867,463
1977 538,231 257,073 109,997 905,301
1978 418,265 263,157 17,293 698,715
1979 195,166 235,449 9,923 440,538
1980 168,671 199,313 12,450 380,434
1981 137,033 245,167 16,837 399,037
1982 96,576 236,125 31,029 363,730
1983 64,803 200,279 24,910 289,992
1984 54,317 197,573 25,761 277,651
1985 112,605 173,559 21,756 307,920
1986 157,631 202,688 69,794 430,113
1987 146,106 245,387 131,578 523,071
1988 166,649 209,930 58,360 434,939
1989 164,512 149,360 18,609 332,481
1990 62,272 99,465 25,263 25,000 212,000
1991 70,970 156,966 41,222 50,000 319,158
1992 124,219 172,792 86,483 130,000 513,494
1993 195,771 269,383 66,457 50,000 581,611
1994 353,425 306,417 86,244 25,000 771,086
1995 251,448 317,585 170,966 739,999
1996 1 273,512 308,712 149,628 731,852

1 Provisional figures.
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Table 3.2 North-East Arctic eoo. Total nominal catch ('000 t) by trawl and other gear tor each area,
data provided by Working Group members.

•

Year
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996 1

Sub-area I
Trawl Others Trawl

238.0 84.8
588.1 54.4
633.5 45.9
524.5 79.4
253.1 59.4
158.1 38.9
459.0 33.7
677.0 46.5
526.3 35.4
466.5 60.2
471.5 66.7
360.4 57.9
161.5 33.7
133.3 35.4
91.5 45.1
44.8 51.8
36.6 28.2
24.5 29.8
72.4 40.2

109.5 48.1
126.3 19.8
149.1 17.6
144.4 19.5
51.4 10.9
58.9 12.1

103.7 20.5
165.1 30.7
312.1 41.3
218.1 33.3
240.9 32.6

Division lIa
Others

38.7
44.2

119.7
90.5
74.5
49.9
39.4
41.0
33.7

112.3
100.9
117.0
114.9

83.7
77.2
65.1
56.6
46.9
60.7

116.3
167.9
122.0

68.9
47.4
73.0
80.0

155.5
165.8
174.3
149.7

90.0
118.3
135.9
153.3
245.1
285.4
172.4
83.2
86.6

124.9
156.2
146.2
120.5
115.6
167.9
171.0
143.7
150.7
112.8
86.4
77.5
88.0
81.2
52.1
84.0
92.8

113.9
140.6
143.3
159.0

Division IIb
Trawl Others

121.1
269.2
262.3

85.6
56.9
33.0
88.2

254.7
147.4
103.5
110.0

17.3
8.1

12.5
17.2
21.0
24.9
25.6
21.5
69.8

129.9 1.7
58.2 0.2
19.1 0.1
24.5 0.8
40.0 1.2
85.6 0.9
66.3 0.2
84.3 1.9

160.3 10.7
143.3 6.3

1 Provisional.
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Table 3.3 North-East Arctic COD. Nominal catch (t) by countries (Sub-area I and Divisions lIa and IIb combined).
(Data provided by Working Group members.)

Faroe Franee German Fed.Rep.G Norway Poland United Russia2 Others Total all
Islands Dem.Rep. ermany Kingdom eountries

Year

1961 3,934 13,755 3,921 8,129 268,377 158,113 325,780 1.212 783,221
1962 3.109 20,482 1.532 6,503 225,615 175,020 476.760 245 909,266
1963 18.318 129 4,223 205,056 108 129,779 417,964 775,577
1964 8,634 297 3,202 149,878 94,549 180,550 585 437.695
1965 526 91 3.670 197,085 89,962 152,780 816 444,930
1966 2,967 228 4,284 203,792 103,012 169,300 121 483,704
1967 664 45 3,632 218,910 87,008 262,340 6 572,605
1968 225 1,073 255,611 140,387 676,758 1,074,084
1969 29,374 5,907 5.543 305,241 7,856 231.066 612,215 133 1,197,226
1970 26,265 44,245 12,413 9,451 377.606 5,153 181.481 276,632 933,246
1971 5,877 34,772 4,998 9,726 407,044 1,512 80,102 144.802 215 689,048
1972 1,393 8,915 1,300 3,405 394,181 892 58.382 96.653 166 565,287
1973 1,916 17,028 4,684 16,751 285,184 843 78.808 387.196 276 792,686
1974 5,717 46.028 4,860 78.507 287,276 9,898 90.894 540,801 38,453 1,102,434
1975 11,309 28,734 9,981 30,037 277.099 7.435 101,843 343.580 19.368 829.377
1976 11,511 20,941 8,946 24,369 344,502 6,986 89.061 343,057 18,090 867,463
1977 9,167 15,414 3,463 12,763 388.982 1,084 86,781 369,876 17,771 905.301
1978 9,092 9.394 3.029 5,434 363,088 566 35,449 267.138 5,525 698.715
1979 6,320 3,046 547 2.513 294.821 15 17,991 105,846 9,439 440,538
1980 9,981 1.705 233 1,921 232,242 3 10,366 115,194 8,789 380,434 •Spain
1981 12,825 3.106 298 2,228 277,818 14.500 5,262 83,000 399,037
1982 11,998 761 302 1,717 287,525 14,515 6,601 40,311 363,730
1983 11,106 126 473 1,243 234.000 14,229 5,840 22,975 289,992
1984 10,674 11 686 1,010 230.743 8,608 3.663 22,256 277.651
1985 13,418 23 1,019 4,395 211.065 7,846 3,335 62,489 4,330 307.920
1986 18,667 591 1,543 10,092 232,096 5,497 7,581 150,541 3,505 430,113
1987 15.036 1 986 7,035 268,004 16,223 10,957 202,314 2.515 523,071
1988 15,329 2,551 605 2,803 223,412 10.905 8,107 169,365 1,862 434,939
1989 15,625 3.231 326 3.291 158,684 7,802 7.056 134,593 1,273 332,481
1990 9,584 592 169 1,437 88,737 7,950 3,412 74,609 510 187,000
1991 8,981 975 Greenland 2,613 126,226 3,677 3,981 119,427 3.278 269,158
1992 11.663 262 3,337 3.911 168,460 6,217 6,120 182,315 leeland 1.209 383,494
1993 17,435 3.572 5.389 5.887 221,051 8.800 11,336 244,860 9,374 3.907 531,611
1994 22,826 1,962 6.882 8,283 318.395 14,929 15,579 291,925 36,737 28.568 746,086
1995 22,262 4,912 7,462 7,428 319.987 15,505 16,329 296.158 34.214 15.742 739,999
1996 ' 17,749 5,373 6.529 8,326 318,770 15,871 16.061 305,317 23,005 14,851 731,852

, Provisional figures.
2 USSR priorto 1991.
3 Includes Baltie eountries.
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Table 3.4 North-East Arctic eGo. Weights at age (kg) in landings from various countries.

Norway
Age

Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1984 1.16 1.47 1.97 2.53 3.13 3.82 4.81 5.95 7.19 7.86 8.46 7.99 9.78 10.64
1985 0.76 1.47 1.90 2.49 3.32 4.21 5.01 5.94 7.10 8.20 8.92 9.73 9.85 9.26
1986 (1.20) 1.24 1.94 2.53 3.36 4.54 5.60 5.94 6.73 8.20 8.76 9.94 7.80 8.23
1987 0.56 0.92 1.45 2.24 3.04 4.17 5.33 6.62 6.99 8.33 8.58 9.58 8.27 10.67
1988 0.54 0.55 0.82 1.36 2.38 3.75 5.84 7.05 8.55 11.28 11.63 14.10
1989 0.36 0.86 1.06 1.34 1.96 3.22 5.07 8.09 9.45 11.60 10.54 - 18.61 17.11
1990 1.19 1.62 1.73 1.95 2.54 3.42 5.07 8.18 10.48 14.16 17.85 . 14.34
1991 1.05 1.47 1.86 2.34 3.00 3.66 4.60 6.02 8.97 11.75 17.32
1992 0.39 1.25 1.85 2.54 3.29 4.35 5.29 6.20 8.27 12.21 11.72 - 14.66 20.58
1993 0.53 0.87 1.73 2.44 3.39 4.30 5.47 6.29 7.10 7.78 10.00 16.14 18.99 17.41
1994 0.63 0.86 1.40 2.23 3.34 4.27 5.56 6.88 7.43 8.01 9.61 11.39 7.79 19.89
1995 0.49 0.81 1.29 1.87 2.80 4.12 5.11 5.91 7.90 8.69 9.23 11.52 17.46 21.11
1996 0.85 1.01 1.21 1.54 2.58 4.00 5.74 6.22 7.90 8.86 9.78 10.85 10.65 22.71

Russia (trawl only)
Age

Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1984 0.22 0.76 1.30 2.04 2.90 4.12 5.56 8.76 13.55 14.95 14.85 19.52 19.31 22.37
1985 0.29 0.77 1.23 1.75 2.64 3.93 5.35 6.72 9.87 9.00 13.72 15.10 15.20 19.25
1986 0.22 0.63 1.15 1.75 2.44 4.09 6.19 8.15 10.31 11.73 17.29 - 27.30• 1987 0.24 0.41 0.92 1.51 2.14 2.95 5.62 7.13 11.17 10.90 12.29
1988 0.11 0.48 0.82 1.33 2.07 3.04 4.93 7.08 9.68 - 17.50 22.10
1989 0.22 0.46 0.87 1.25 1.84 2.71 4.34 6.59 9.14 12.47 14.32 13.60
1990 0.34 0.77 1.33 1.86 2.27 3.31 4.36 7.20 9.34 8.53 12.87
1991 0.26 0.55 0.93 1.59 2.45 3.37 4.78 6.74 11.61 17.63 9.45 19.20 15.40 19.40
1992 0.26 0.92 1.40 2.14 3.24 4.62 5.81 7.49 10.16 17.45 19.00 - 23.00
1993 0.20 0.65 1.30 2.03 2.76 4.36 5.97 6.94 8.15 11.12 15.24 17.28 - 22.30
1994 0.17 0.35 1.09 1.85 2.82 3.67 5.95 7.82 8.58 11.12 17.90 23.35
1995 0.16 0.29 0.75 1.69 2.53 3.99 5.71 7.92 9.33 10.50 12.14 18.80
1996 0.19 0.45 0.93 1.50 2.47 3.63 6.03 8.91 10.16 11.77 17.54 20.12

Germany (Division IIa and IIb)
Age

Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1994 0.68 1.04 2.24 3.49 4.51 5.79 6.93 8.16 8.46 8.74 9.48 15.26
1995 0.44 0.84 1.50 2.72 3.81 4.46 4.81 7.37 7.69 8.25 9.47
1996 0.84 1.15 1.64 2.53 3.58 4.13 3.90 4.68 6.98 6.43 11.32

Spain (Division IIb)
Age

Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1994 0.43 1.08 1.38 2.32 2.47 2.68 3.46 5.20 7.04 6.79 7.20 8.04 10.46 15.35
1995 0.42 0.51 0.98 1.99 3.41 4.95 5.52 8.62 9.21 11.42 9.78 8.08
1996 0.66 1.12 1.57 2.43 3.17 3.59 4.44 5.48 6.79 8.10 8.67

leeland (Sub-area I)
Age

Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1994 0.42 0.85 1.44 2.77 3.54 4.08 5.84 6.37 7.02 7.48 7.37
1995 1.17 0.91 1.60 2.28 3.61 4.73 6.27 6.26
1996 0.36 0.99 1.55 2.83 3.79 4.81 5.34 7.25 7.68 9.08 8.98 10.52

UK (England & Wales)
Age

Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1995 1 1.47 2.11 3.47 5.57 6.43 7.17 8.12 8.05 10.17 10.08
1996 2 1.55 1.81 2.42 3.61 6.30 6.47 7.83 7.91 8.93 9.38 10.91

1 Division IIa and IIb
2 Division lIa
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Table 3.5 North-East Arctic eOD. Basis for maturity ogives (percent) used in the assessment.
Norwegian and Russian data.

Percentage mature
Age

Year 3 4 5 6 7 8 9 10
Norway

1982 5 10 34 65 82 92 100
1983 5 8 10 30 73 88 97 100

Russia

1984 5 18 31 56 90 99 100
1985 1 10 33 59 85 92 100
1986 2 9 19 56 76 89 100
1987 1 9 23 27 61 81 80
1988 1 3 25 53 79 100 100
1989 2 15 39 59 83 100
1990 2 6 20 47 62 81 95
1991 3 1 23 66 82 96 100
1992 1 8 31 73 92 95 100
1993 3 7 21 56 89 95 99
1994 1 8 30 55 84 95 98 •1995 4 23 61 75 94 97
1996 1 22 56 82 95 100
1997 1 10 48 73 90 100

Norway

1990 1 4 22 68 93 91 100
1991 5 12 34 65 84 99 100
1992 1 16 55 77 94 100 100
1993 3 12 40 63 94 98 99
1994 1 14 36 64 79 98 100
1995 1 9 43 63 73 96 98
1996 2 30 70 84 100 100
1997 2 17 64 92 100 89
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Table 3.6 NORTHEAST ARCTIC COD: recruits as 3 ycar-olds (inc. data for ages 0,1), 5,40,2 (No. of survcys,
No. ofycars, VPA Co1urnn No.)

1957 790 -11 -11 -11 -11 -11
1958 919 -11 -11 -11 -11 -11
1959 730 -11 -11 -11 -11 -11
1960 473 -11 -11 -11 -11 -11
1961 339 -11 -11 -11 -11 -11
1962 778 -11 -11 -11 -11 -11
1963 1583 -11 -11 -11 -11 -11
1964 1293 -11 -11 -11 -11 -11
1965 170 -11 -11 -11 -11 -11
1966 112 -11 -11 2 -11 -11
1967 197 -11 -11 4 -11 -11
1968 405 -11 -11 2 -11 -11
1969 1016 -11 -11 25 -11 -11
1970 1818 23 64 251 -11 -11
1971 526 7 9 77 -11 -11
1972 622 5 4 52 -11 -11
1973 614 16 5 148 -11 -11
1974 348 1 1 29 -11 -11
1975 640 60 1 90 -11 -11
1976 199 1 1 13 -11 -11
1977 140 1 1 49 -11 -11
1978 158 1 2 22 -11 -11
1979 158 1 1 40 -11 -11
1980 169 1 1 13 4.6 8
1981 382 1 1 10 0.8 4
1982 496 1 8 59 341.9 -11
1983 1016 4 9 169 2864.4 1807
1984 267 1 1 155 51.5 108
1985 198 3 10 246 741.8 1302
1986 160 1 2 137 33.4 3
1987 212 1 1 17 5.0 2
1988 429 1 1 33 9.4 9
1989 795 1 1 38 161.0 350
1990 1060 6 1 123 470.8 187
1991 865 3 6 230 131.6 348
1992 747 10 60 294 534.1 1686
1993 474 2 5 209 861.8 1083
1994 -11 16 3 227 4892.4 2644
1995 -11 25 36 240 5788.8 2404
1996 -11 10 -11 287 5036.7 1453

R-I-I Russian Bottorn trawl survey, area I, age 1
R-2B-I Russian IIb, age 1
INTOGP International O-group survcy
N-BSTI Norwegian Barents Sea, Bottorn trawl survcy, age 1
N-BSA 1 Norwegian Barents Sea Acoustic survey age 1
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Table 3.7

Analysis by RCT3 ver3.1 of data from file:

NORTHEAST ARCTIC COD : recruits as 3 year-olds (inc. data for ages 0,1)""

Data for 5 surveys over 40 years: 1957 - 1996

Regression type = C
Tapered time weighting applied
power = 3 over 20 years
Survey weighting not applied

Final estimates shrunk towards mean
Minimum S.E. for any survey taken as .20
Minimum of 3 points used for regression

Forecast/Hindcast variance correction used.

Yearclass = 1994

I-----------Regression----------I I-----------Prediction---------I

Surveyl Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error pts Va1ue Va1ue Error Weights

R-1-1 2.00 3.80 1.02 .343 24 2.83 9.46 1. 497 .115
R-2B-l 2.21 2.78 2.35 .089 24 1.39 5.84 2.682 .036
INTOGP .02 2.84 2.45 .083 28 227.00 8.50 2.905 .031
N-BSTl .60 3.28 1.12 .287 14 8.50 8.37 1. 459 .122
N-BSA1 .48 3.84 1. 00 .351 13 7.88 7.59 1.237 .169

VPA Mean = 6.06 .701 .527

Yearclass = 1995

I-----------Regression----------I I-----------Prediction---------I

Surveyl Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights

R-1-1 1. 97 3.83 1. 01 .343 24 3.26 10.25 1. 698 .094
R-2B-l 2.30 2.62 2.53 .077 24 3.61 10.92 3.379 .024
INTOGP .03 2.55 2.66 .070 28 240.00 8.92 3.224 .026
N-BST1 .61 3.20 1.14 .282 14 8.66 8.52 1.522 .117
N-BSA1 .48 3.83 1. 00 .349 13 7.79 7.54 1. 251 .174

VPA Mean = 6.10 .694 .565

Yearclass = 1996

I-----------Regression----------I I-----------Prediction---------I

Surveyl Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error pts Va1ue Va1ue Error Weights

R-l-l 1. 93 3.86 1. 02 .337 24 2.40 8.50 1.411 .134
R-2B-l
INTOGP .03 2.23 2.87 .060 28 287.00 10.33 3.726 .019
N-BSTl .63 3.11 1.15 .278 14 8.52 8.48 1.568 .108
N-BSA1 .48 3.82 1. 00 .347 13 7.28 7.30 1.248 .171

VPA Mean = 6.13 .685 .568

Year Weighted Log Int Ext Var VPA Log
Class Average WAP Std Std Ratio VPA

Prediction Error Error

1994 1163 7.06 .51 .56 1.21
1995 1356 7.21 .52 .66 1. 62
1996 1079 6.98 .52 .55 1.12

•
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Table 3.8 Run title Arctic Cod (run: SVPBJA08/V08)

Table Catch numbers at age Numbers*10**-3
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, 34467, 3709, 2307, 7164, 7754, 35536, 294262, 91855, 45282, 85337,
4, 160048, 174585, 24545, 10792, 13739, 45431, 131493, 437377, 59798, 114341,
5, 69235, 267961, 238511, 25813, 11831, 26832, 61000, 203772, 226646, 79993,
6, 22061, 107051, 181239, 137829, 9527, 12089, 20569, 47006, 118567, 118236,
7, 26295, 26701, 79363, 96420, 59290, 7918, 7248, 12630, 29522, 47872,
8, 25139, 16399, 26989, 31920, 52003, 34885, 8328, 4370, 9353, 13962,
9, 11323, 11597, 13463, 8933, 12093, 22315, 19130, 2523, 2617, 4051,

10, 2329, 3657, 5092, 3249, 2434, 4572, 4499, 5607, 1555, 936,
11, 687, 657, 1913, 1232, 762, 1215, 677, 2127, 1928, 558,
12, 316, 122, 414, 260, 418, 353, 195, 322, 575, 442,
13, 225, 124, 121, 106, 149, 315, 81, 151, 231, 139,
14, 40, 70, 23, 39, 42, 121, 59, 83, 15, 26,

+gp, 14, 46, 46, 35, 25, 40, 55, 62, 37, 53,
TOTAlNUM, 352179, 612679, 574026, 323792, 170067, 191622, 547596, 807885, 496126, 465946,
TONSLAND, 572605, 1074084, 1197226, 933246, 689048, 565254, 792685, 1102433, 829377, 867463,
SOPCOF X, 88, 96, 87, 97, 112, 108, 114, 103, 90, 102,

•
Table Catch numbers at age Numbers*10**-3
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, 39594, 78822, 8600, 3911, 3407, 8948, 3108, 7027, 19282, 16942,
4, 168609, 45400, 77484, 17086, 9466, 20933, 19594, 14165, 38322, 55859,
5, 136335, 88495, 43677, 81986, 20803, 19345, 20473, 18839, 27216, 75486,
6, 52925, 56823, 31943, 40061, 63433, 28084, 17656, 20350, 20342, 27772,
7, 61821, 25407, 16815, 17664, 21788, 42496, 17004, 15415, 13588, 13337,
8, 23338, 31821, 8274, 7442, 9933, 8395, 18329, 8359, 4385, 4587,
9, 5659, 9408, 10974, 3508, 4267, 2878, 2545, 6054, 1904, 1082,

10, 1521, 1227, 1785, 3196, 1311, 708, 646, 764, 1062, 559,
11, 610, 913, 427, 678, 882, 271, 229, 221, 163, 455,
12, 271, 446, 103, 79, 109, 260, 74, 153, 59, 124,
13, 122, 748, 59, 24, 37, 27, 58, 56, 51, 29,
14, 92, 48, 38, 26, 3, 5, 20, 12, 45, 32,

+gp, 54, 51, 45, 8, 1, 5, 5, 12, 38, 1,
TOTALNUM, 490951, 339609, 200224, 175669, 135440, 132355, 99741, 91427, 126457, 196265,

TONSLAND, 905301, 698715, 440538, 380434, 399038, 363730, 289992, 277651, 307920, 430113,
SOPCOF %, 99, 100, 107, 97, 110, 108, 98, 95, 99, 94,

Table Catch numbers at age Numbers*10**-3
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
6306,3, 5570, 3988, 3874, 1541, 4927, 23082, 10706, 5848, 2770,

4, 100391, 21234, 19833, 5171, 8489, 37919, 46750, 63180, 36969, 26803,
5, 97318, 144215, 28126, 10615, 15565, 25781, 63886, 108060, 119167, 80506,
6, 62371, 59397, 83802, 15467, 18995, 21304, 32692, 58302, 98373, 103926,
7, 12901, 21302, 23501, 31161, 20909, 18390, 14562, 23735, 30632, 56189,
8, 3942, 3415, 4943, 6665, 27404, 13199, 9418, 9019, 7182, 10811,
9, 1021, 1200, 917, 830, 4193, 18518, 6359, 6154, 2813, 1965,

10, 435, 320, 321, 163, 410, 2282, 12920, 4040, 1788, 962,
11, 140, 67, 46, 41, 32, 185, 1931, 7822, 1326, 494,
12, 233, 60, 8, 14, 8, 73, 394, 967, 2118, 201,
13, 17, 51, 1, 9, 1 ' 3, 59, 102, 217, 829,,
14, 21, 7, 9, 5, 1, 8, 23, 15, 41, 84,

+gp, 8, 15, 7, 2, 5, 4, 2, 4, 1, 2,
TOTAlNUM, 284368, 255271, 165388, 71684, 100939, 160748, 199702, 287248, 303397, 289078,
TONSLAND, 523071, 434939, 332481, 212000, 319158, 513494, 581611, 771086, 739999, 731852,
SOPCOF X, 97, 96, 103, 100, 97, 100, 100, 100, 100, 100,
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Table 3.9 Run title : Arctic Cod (run: SVPBJA08/V08)

Table 2 Catch weights at age (kg)
YEAR. 1967. 1968. 1969. 1970. 1971. 1972. 1973. 1974. 1975. 1976.

AGE
3. •6500. •6500• •6500. •6500 • •6500• •6500• •6500 • •6500• .6500• .6500•
4. 1.0000. 1.0000. 1.0000. 1.0000. 1.0000. 1.0000. 1.0000. 1.0000. 1.0000. 1.0000.
5. 1.5500. 1.5500. 1.5500. 1.5500. 1.5500. 1.5500. 1.5500. 1.5500. 1.5500. 1.5500.
6. 2.3500. 2.3500. 2.3500. 2.3500. 2.3500. 2.3500. 2.3500. 2.3500. 2.3500. 2.3500,
7. 3.4500. 3.4500. 3.4500. 3.4500. 3.4500. 3.4500. 3.4500. 3.4500. 3.4500. 3.4500.
8. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000.
9. 6.1700. 6.1700. 6.1700. 6.1700, 6.1700. 6.1700, 6.1700. 6.1700. 6.1700. 6.1700.

10. 7.7000. 7.7000. 7.7000. 7.7000. 7.7000. 7.7000, 7.7000. 7.7000. 7.7000. 7.7000.
11. 9.2500. 9.2500. 9.2500. 9.2500. 9.2500. 9.2500, 9.2500. 9.2500. 9.2500. 9.2500.
12. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500.
13. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000.
14. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000.

+gP. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000.
SOPCOFAC. •8787. •9561 • •8743. •9734. 1.1182• 1.0788. 1.1430• 1.0271. .9007• 1.0236.

Table 2 Catch weights at age (kg) •YEAR. 19n. 1978. 1979. 1980. 1981. 1982, 1983. 1984. 1985. 1986.

AGE
3, •6500. •6500• •6500. •6500• •6500• .6500. •9000 • 1.3500• 1.2500. .9700•
4, 1.0000. 1.0000. 1.0000. 1.0000. 1.0000. 1.0000. 1.4600. 1.8400. 1.5600. 1.6100.
5. 1.5500. 1.5500. 1.5500. 1.5500. 1.5500. 1.5500. 2.1900. 2.4300. 2.1400. 2.2100.
6. 2.3500. 2.3500. 2.3500. 2.3500. 2.3500. 2.3500. 2.7800. 3.1100. 3.1900. 2.9900.
7. 3.4500. 3.4500. 3.4500. 3.4500. 3.4500. 3.4500. 3.4500. 3.8400. 4.1800. 4.3100.
8. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000. 4.7000. 5.0600. 5.7300.
9. 6.1700. 6.1700. 6.1700. 6.1700. 6.1700. 6.1700. 6.1700. 6.1700. 6.1700. 6.8200.

10, 7.7000. 7.7000. 7.7000. 7.7000. 7.7000. 7.7000. 7.7000. 7.7000. 7.7000. 7.7000.
11. 9.2500. 9.2500. 9.2500. 9.2500. 9.2500. 9.2500. 9.2500. 9.2500. 9.2500. 9.2500.
12. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500. 10.8500.
13. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000. 12.5000.
14. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000. 13.9000.

+gP. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000. 15.0000.
SOPCOFAC. •9928. 1.0037• 1.0713. •9731. 1.1050• 1.0767. .9837. .9538. .9936. .9390.

Table 2 Catch weights at age (kg)
YEAR. 1987. 1988. 1989. 1990. 1991. 1992. 1993. 1994. 1995. 1996.

AGE
3. •6500. •5200• .5200. 1.1000• •9800, 1.0100• •7400. •6400. .5300• .8100•
4. 1.1000. •8200. .9000. 1.5300• 1.4900. 1.5500. 1.4800. 1.2000. •9800. 1.0500•
5. 1.9200, 1.3400, 1.2700. 1.8900, 1.9800. 2.3000. 2.1500, 2.0700. 1.7500. 1.5200.
6. 2.5600. 2.2700. 1.9100, 2.3600. 2.6300. 3.2600. 2.9000. 3.0400, 2.6600. 2.5200,
7. 3.4400, 3.4800. 3.0100, 3.3800, 3.4500. 4.5100. 4.2200. 3.8300, 4.0700, 3.8300.
8. 5.4100, 5.3800. 4.8900, 4.7500, 4.6700, 5.6000, 5.6400, 5.5600, 5.3900, 5.7100.
9. 6.6900. 7.0600. 7.6800. 7.8900. 6.3000. 6.5800. 6.5100, 7.0400. 6.4200, 6.5800,

10. 7.7000. 8.9000. 9.3600. 10.1400. 9.6200. 8.8600. 7.3000. 7.7500. 8.3200. 8.1300.
11, 9.2500, 9.2500, 10.5700, 13.2400. 11.7500. 12.2100. 8.3000, 8.2000. 9.1600. 9.4000.
12. 10.8500. 10.8500, 10.8500, 16.9400. 17.3200, 11.7200, 10.3600, 9.4100, 9.6300, 9.6400,
13. 12.5000. 12.5000. 12.5000, 12.5000. 19.2000. 12.5000. 14.7100. 10.8000. 11.2700. 10.6000,
14. 13.9000. 13.9000. 13.9000. 13.9000. 15.4000. 14.6600. 12.8000. 9.5600. 17.2700. 10.6700.

+gP. 15.0000, 15.0000. 15.0000. 15.0000. 19.4000, 20.5800. 11.7500, 19.8900. 21.1100. 22.7100.
SOPCOFAC, .9670, .9588. 1.0344, •9984, .9690• 1.0008, 1.0013, 1.0005, 1.0001. 1.0005.
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Table 3.10 Run title : Arctic Cod (run: SVPBJA08/V08)

lable 3 Stock weights at age (kg)
YEAR, 1967, 1968, 1969, 1970, 1971, 19n, 1973, 1974, 1975, 1976,

AGE
3, .6500, .6500, .6500, .6500, .6500, .6500, .6500, .6500, .6500, .6500,
4, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
5, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500,
6, 2.3500, 2.3500, 2.3500, 2.3500, 2.3500, 2.3500, 2.3500, 2.3500, 2.3500, 2.3500,
7, 3.4500, 3.4500, 3.4500, 3.4500, 3.4500, 3.4500, 3.4500, 3.4500, 3.4500, 3.4500,
8, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000,
9, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700,

10, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000,
11, 9.2500, 9.2500, 9.2500, 9.2500, 9.2500, 9.2500, 9.2500, 9.2500, 9.2500, 9.2500,
12, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500,
13, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000,
14, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000,

+gp, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000,

• lable 3 Stock weights at age (kg)
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, .6500, .6500, .6500, .6500, .6500, .6500, .3600, .5300, .4600, .3180,
4, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0100, 1.2000, .9080, .9260,
5, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.5500, 1.6300, 1.9000, 1.7050, 1.5790,
6, 2.3500, 2.3500, 2.3500, 2.3500, 2.3500, 2.3500, 2.5300, 2.9100, 2.9240, 2.5290,
7, 3.4500, 3.4500, 3.4500, 3.4500, 3.4500, 3.4500, 3.4500, 3.9700, 4.1070, 3.8950,
8, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000, 4.7000, 5.8990, 5.7670,
9, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700, 6.1700, 7.7300, 6.4500,

10, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000, 7.7000, 10.1270, 6.8330,
", 9.2500, 9.2500, 9.2500, 9.2500, 9.2500, 9.2500, 9.2500, 9.2500, 14.2800, 11.0040,
12, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500,
13, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000,
14, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000,

+gp, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000,

Table 3 Stock weights at age (kg)
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
3, .2110, .1930, .3020, .3930, .4750, .4500, .3520, .2360, .2020, .1930,
4, .4980, .3630, .5130, .7160, 1.1390, .9320, 1.1810, .7570, .4960, .4850,
5, 1.2520, .7340, .8600, 1.1940, 1.7300, 1.7610, 1.8290, 1.4080, 1.1430, .9700,
6, 2.0540, 1.7200, 1.4850, 1.6840, 2.4510, 2.7420, 2.8150, 2.4530, 2.1030, 2.0420,
7, 3.4010, 2.8310, 2.7060, 2.4740, 3.2410, 3.8820, 4.0650, 3.8440, 3.4390, 3.5100,
8, 3.7150, 4.8850, 4.6330, 3.5740, 4.5850, 5.0510, 5.4540, 5.5530, 5.1330, 5.5960,
9, 6.5230, 7.8120, 7.0630, 4.7850, 6.9020, 6.7590, 6.8110, 6.7710, 7.2220, 7.7070,

10, 9.3000, 12.1170, 9.9800, 7.9110, 10.2340, 9.3530, 8.5530, 7.6910, 8.8100, 9.6890,

", 13.1500, 13.1070, 9.2500, 8.9560, 11.1150, 11.7120, 10.6820, 8.0370, 9.4810, 10.6540,
12, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500, 10.8500,
13, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000, 12.5000,
14, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000, 13.9000,

+gp, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000, 15.0000,
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Table 3.11 Run title : Arctic Cod (run: SVPBJA08/V08)

lable 5 Proportion mature at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
5, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
6, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
7, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
8, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
9, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

10, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
13, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

lable 5 Proportion mature at age
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, •AGE

3, .0000, .0000, .0000, .0000, .0000, .0000, .0100, .0000, .0000, .0000,
4, .0000, .0000, .0000, .0000, .0000, .0500, .0800, .0500, .0100, .0200,
5, .0000, .0000, .0000, .0000, .0000, .1000, .1000, .1800, .1000, .0900,
6, .0000, .0000, .0000, .0000, .0000, .3400, .3000, .3100, .3300, .1900,
7, .0000, .0000, .0000, .0000, .0000, .6500, .7300, .5600, .5900, .5600,
8, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, .8200, .8800, .9000, .8500, .7600,
9, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, .9200, .9700, .9900, .9200, .8900,

10, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
13, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

lable 5 Proportion mature at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
3, .0000, .0000, .0000, .0000, .0000, .0100, .0000, .0000, .0000, .0000,
4, .0100, .0100, .0000, .0100, .0400, .0100, .0300, .0100, .0000, .0000,
5, .0900, .0300, .0200, .0500, .0600, .1200, .0900, .1100, .0700, .0200,
6, .2300, .2500, .1500, .2100, .2900, .4300, .3000, .3300, .3300, .2600,
7, .2700, .5300, .3900, .5800, .6500, .7500, .6100, .6000, .6200, .6300,
8, .6100, .7900, .5900, .7700, .8300, .9300, .9200, .8200, .7400, .8300,
9, .8100, 1.0000, .8300, .8600, .9700, .9700, .9700, .9700, .9500, .9700,

10, .8000, 1.0000, 1.0000, .9800, 1.0000, 1.0000, .9900, .9900, .9700, 1.0000,
i' 11, 1.0000, 1.0000, 1.0000, 1.0000, .9500, 1.0000, 1.0000, .9900, .9900, 1.0000,

12, 1.0000, 1.0000, 1.0000, 1.0000, .8000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
13, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
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Table 3.12

COD-ARCT: Cod in the North-East Arctic (Areas I and 11)

FLT43: Russian Trawl/Acoustic survey (ages 1-8)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8

1982 1 6 181 141 51 13 26 7 2
1983 1 89 43 56 73 47 20 8 11
1984 1 92 142 162 86 50 31 11 4
1985 1 49 430 303 405 188 49 19 6
1986 1 22 91 565 161 106 30 8 3
1987 1 2 40 59 426 54 31 6 1
1988 1 2 25 77 78 190 25 6 1
1989 1 1 6 34 88 111 155 114 26
1990 1 31 78 38 44 66 60 113 18
1991 1 59 98 110 62 68 77 56 46
1992 1 78 395 485 182 69 53 52 40
1993 1 28 131 647 597 334 91 34 33
1994 1 33 120 300 475 500 180 61 14
1995 1 64 46 124 267 287 126 27 8
1996 1 136 135 77 118 134 112 42 8

09:55 Thursday, August 28, 1997
COO-ARCT: Cod in the North-East Arctic (Areas and 11)

FLT45: Norwegian Svalbard Bottom Trawl Survey (ages 1-8)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8

1983 1 145.0 26.8 10.7 9.5 2.4 1.9 1.0 1.3
1984 1 499.0 113.0 7.3 4.3 4.7 1.8 0.4 0.4

• 1985 1 239.0 452.0 99.1 28.4 13.6 5.4 1.0 0.4
1986 1 40.9 181.0 297.0 42.8 15.3 2.6 1.0 0.3
1987 1 41.5 108.0 141.0 125.0 17.1 5.4 0.5 0.1
1988 1 3.1 16.6 33.2 31.8 37.1 9.5 0.6 0.6
1989 1 3.6 2.7 15.4 12.8 11.9 19.2 3.2 0.4
1990 1 70.1 9.4 8.6 14.6 23.4 16.5 20.0 2.0
1991 1 116.0 101.0 25.3 8.5 13.9 16.0 13.5 19.0
1992 1 91.8 130.0 105.0 56.0 16.2 7.3 5.7 3.3
1993 1 136.8 131.6 149.9 65.8 30.0 3.4 3.9 2.3
1994 1 68.6 166.5 102.4 56.4 54.1 25.9 5.9 2.3
1995 1 350.8 62.8 115.9 101.5 93.7 47.2 16.0 3.9
1996 1 427.6 178.6 65.1 45.5 46.1 44.2 24.6 3.2

09:55 Thursday, August 28, 1997
COO-ARCT: Cod in the North-East Arctic (Areas and 11)

FLT52: Norwegian trawl, catch and effort, age 9 - 14 (Catch: Thousands)

Fishing Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 9 age 10 age 11 age 12 age 13 age 14

1985 0.45 269 84 13 18 25 9
1986 0.58 93 100 44 21 3 0
1987 0.95 277 121 25 70 7 13
1988 1.01 167 73 13 14 33 0
1989 0.76 156 73 20 0 0 4
1990 0.51 34 16 0 0 0 0
1991 0.66 149 5 1 0 0 0
1992 0.42 1506 185 34 17 0 2
1993 0.41 814 2060 466 58 5 1
1994 0.84 744 453 932 138 10 0
1995 0.71 422 55 27 204 0 0
1996 0.68 283 241 32 0 119 0

09:55 Thursday, August 28, 1997
COO-ARCT: Cod in the North-East Arctic (Areas and 11)

FLT53: Russian trawl, catch and effort, ages 9 - 14 (Catch: Thousands)

Fishing Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 9 age 10 age 11 age 12 age 13 age 14

1985 0.70 178 99 2 1 0 1
1986 1.52 184 0 29 0 0 0
1987 2.40 174 43 0 0 0 0
1988 2.77 271 78 0 0 0 0
1989 2.12 266 91 15 2 1 0
1990 1.11 346 61 13 3 0 0
1991 1.56 953 56 2 1 2 0
1992 4.35 3871 482 0 0 0 0
1993 2.68 1818 2042 245 33 2 1
1994 2.95 1209 926 454 0 0 0
1995 3.83 518 452 326 386 0 0
1996 3.71 308 123 100 0 0 0
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Table 3.12 (Continued)

COD-ARCT: Cod in the North-East Arctic (Areas land 11)

FLT54: Norwegian Barents Sea Trawl survey shifted swept area correction (Catch: Millions)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8

1980 343.0 164.0 233.0 400.0 384.0 48.0 10.0 3.0
1981 29.0 283.0 277.0 236.0 155.0 160.0 14.0 2.0
1982 190.0 223.0 371.0 333.0 135.0 46.0 30.0 6.0
1983 3932.0 1159.0 262.0 189.0 106.0 32.0 5.0 2.0
1984 7276.0 1444.0 995.0 157.0 64.0 25.0 2.0 1.0
1985 4615.0 6571.0 1371.0 750.0 233.0 55.0 6.0 2.0
1986 4574.0 2334.0 3655.0 461.0 113.0 14.0 4.0 1.0
1987 729.0 1852.0 953.0 1895.0 191.0 36.0 6.0 1.0
1988 136.0 365.0 649.0 352.0 779.0 87.0 8.0 2.0
1989 508.0 233.0 301.0 336.0 197.0 239.0 13.0 4.0
1990 2247.0 323.0 191.0 175.0 161.0 93.0 97.0 5.0
1991 5289.0 1496.0 495.0 184.0 118.0 75.0 40.0 27.0
1992 3310.0 3118.0 1526.0 690.0 142.0 69.0 42.0 22.0
1993 4968.0 2763.0 2976.0 1459.0 469.0 88.0 23.0 12.0
1994 5038.0 2882.0 2312.0 2492.0 704.0 180.0 22.0 7.0
1995 7155.0 1776.0 1160.0 1369.0 1075.0 245.0 29.0 4.0
1996 10376.0 2435.0 681.0 785.0 561.0 297.0 64.0 11.0

COO-ARCT: Cod in the North-East Arctic (Areas land 11)
09:55 Thursday, August 28, 1997411t

FLT59: Russian acoustic survey (ages 1-8)

Fishing Catch, Catch, Catch, Catch, Catch, Catch,
Vear effort age 1 age 2 age 3 age 4 age 5 age 6

. 1985 1050.0 8950.0 4220.0 2550.0 830.0 440.0
1986 530.0 1410.0 9800.0 4440.0 1830.0 560.0
1987 150.0 1700.0 1700.0 7380.0 990.0 670.0
1988 5.0 430.0 1610.0 1060.0 2450.0 340.0
1989 10.0 40.0 170.0 440.0 560.0 990.0
1990 220.0 570.0 290.0 350.0 520.0 460.0
1991 440.0 750.0 890.0 510.0 530.0 610.0
1992 610.0 3330.0 3170.0 1100.0 450.0 370.0
1993 100.0 450.0 2150.0 2430.0 1360.0 430.0
1994 580.0 1100.0 2080.0 2820.0 2770.0 1200.0
1995 590.0 470.0 860.0 1600.0 2030.0 1000.0

09:55 Thursday, August 28, 199~
COD-ARCT: Cod in the North-East Arctic (Areas land 11)

FLT61: Norwegian Barents Sea and Lofoten acoustic survey (Catch: Millions)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Vear effort age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11

1984 7680.0 1790.0 1270.0 217.0 140.8 135.7 15.8 9.7 8.3 2.7 0.0
1985 5900.0 5950.0 1240.0 577.8 96.7 72.7 27.8 3.8 0.0 3.6 0.7
1986 720.0 960.0 2560.0 540.2 183.5 12.6 20.4 2.8 0.0 0.3 0.3
1987 290.0 640.0 420.0 755.7 119.8 36.5 3.0 2.6 0.5 0.0 0.0
1988 90.0 200.0 430.0 270.3 674.1 168.1 29.7 5.9 1.0 0.0 0.6
1989 450.0 160.0 240.0 270.9 234.4 620.8 70.4 14.1 2.2 0.0 0.0
1990 2340.0 550.0 310.0 271.8 291.1 325.7 383.7 35.0 1.4 1.5 0.0
1991 5790.0 1820.0 480.0 193.8 168.1 230.2 209.3 604.1 34.6 12.4 1.8
1992 4320.0 3000.0 1630.0 842.1 262.7 225.6 223.5 231.2 393.4 36.8 6.2
1993 6860.0 3580.0 3430.0 1768.1 663.6 178.6 79.0 78.9 37.0 142.4 24.2
1994 2800.0 1810.0 1610.0 2185.7 980.6 280.2 49.6 31.6 33.6 14.2 68.2
1995 3350.0 960.0 700.0 875.0 872.1 396.1 61.0 7.8 4.9 6.5 10.4
1996 4080.0 1700.0 530.0 513.8 415.2 464.6 186.5 24.7 5.4 0.0 7.2
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Table 3.13

Lowestoft VPA Version 3.1

27-Aug-97 10:17:44

Extended Survivors Analysis

Arctic Cod (run: XSABJA23/X23)

CPUE data from file lusers/fish/ifad/ifapwork/afwg/cod_arct/FLEET.X23

Catch data for 30 years. 1967 to 1996. Ages 1 to 15.

Fleet, First, Last, First, Last, Alpha, Beta
, year, year, age , age

FLT43: Russian Trawl, 1982, 1996, 1, 8, .900, 1.000
FLT45: Norwegian Sva, 1983, 1996, 1, 8, .750, .850
FLT52: Norwegian tra, 1985, 1996, 9, 14, .000, 1.000
FLT53: Russian trawl, 1985, 1996, 9, 14, .000, 1.000
FLT54: Norwegian Bar, 1980, 1996, 1, 8, .990, 1.000
FLT59: Russian acous, 1985, 1996, 1, 6, .900, 1.000
FLT61: Norwegian Bar, 1984, 1996, 1, 11, .990, 1.000

Time series weights :

Tapered time weighting applied
Power = 3 over 20 years

Catchability analysis:

Catchability dependent on stock size for ages < 6

Regression type = C
Minimum of 5 points used for regression
Survivor estimates shrunk to the population mean for ages < 6

Catchability independent of age for ages >= 13

Terminal population estimation :

Survivor estimates shrunk towards the mean F
of the final 5 years or the 5 oldest ages.

S.E. of the mean to which the estimates are shrunk = 1.000

Minimum standard error for population
estimates derived from each fleet = .300

Prior weighting not applied

Tuning had not converged after 30 iterations

Total absolute residual between iterationse 29 and 30 = .00066

Final year F values
Age , 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
Iteration 29, 2.3780, 1.2850, .5630, .3617, .3927, .4061, .5712, .5742, .8290, .7121
Iteration 30, 2.3780, 1.2850, .5630, .3617, .3927, .4061, .5711, .5742, .8289, .7121

Age , 11, 12, 13, 14
Iteration 29, .4708, .4957, .8290, .7579
Iteration 30, .4707, .4956, .8289, .7577
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Table 3.13 (Continued)

Regression weights
.751, .820, .877, .921, .954, .976, .990, .997, 1.000, 1.000

Fishing mortalities
Age, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996

1, .532, .897, .203, .046, .090, .451, 2.505, 1.734, 1.931, 2.378
2, .806, .121, .002, .060, .222, .124, .461, .621, .977, 1.285
3, .083, .031, .027, .008, .018, .038, .073, .197, .568, .563
4, .164, .122, .148, .045, .055, .127, .088, .171, .302, .362
5, .506, .374, .235, .110, .185, .236, .331, .315, .276, .393
6, .965, .675, .389, .196, .294, .414, .531, .574, .485, .406
7, 1.105, 1.132, .627, .243, .443, .517, .560, .973, .717, .571
8, 1.038, 1.057, .906, .360, .350, .562, .551, .839, 1.020, .574
9, .952, 1.134, .956, .360, .404, .425, .587, .883, .891, .829

10, 1.476, .939, 1.168, .427, .303, .402, .601, .967, .793, .712
11, .805, 1.009, .319, .424, .137, .217, .717, .939, 1.173, .471
12, 1.192, 1.041, .293, .151, .135, .525, .993, 1.025, .827, .496
13, .801, .949, .038, .631, .014, .068, 1.142, .771, .831, .829
14, .977, .961, .417, .270, .127, .151, 1.084, 1.086, 1.022, .758

XSA population numbers (Thousands)

AGE 8,.YEAR 1, 2, 3, 4, 5, 6, 7,

1987 4.68E+05, 5.49E+05, 2.71E+05, 7.35E+05, 2.71E+05, 1.11E+05, 2.13E+04, 6.74E+03, 1.84E+03, 6.23E+02,
1988 7.89E+05, 2.25E+05, 2.01E+05, 2.05E+05, 5.11E+05, 1.34E+05, 3.47E+04, 5.79E+03, 1.96E+03, 5.81E+02,
1989 8.45E+05, 2.64E+05, 1.63E+05, 1.59E+05, 1.48E+05, 2.88E+05, 5.58E+04, 9. 17E+03, 1.65E+03, 5.15E+02,
1990 1.57E+06, 5.65E+05, 2.15E+05, 1.30E+05, 1.12E+05, 9.59E+04, 1.60E+05, 2.44E+04, 3.04E+03, 5.18E+02,
1991 1.97E+06, 1.22E+06, 4.36E+05, 1.75E+05, 1.02E+05, 8.25E+04, 6.45E+04, 1.02E+05, 1.39E+04, 1.73E+03,
1992 3.18E+06, 1.48E+06, 8.02E+05, 3.50E+05, 1.36E+05, 6.94E+04, 5.03E+04, 3.39E+04, 5.91E+04, 7.62E+03,
1993 2.56E+07, 1.66E+06, 1.07E+06, 6.32E+05, 2.53E+05, 8.76E+04, 3.75E+04, 2.46E+04, 1.58E+04, 3.16E+04,
1994 1.08E+07, 1.71E+06, 8.56E+05, 8.13E+05, 4.74E+05, 1.49E+05, 4.22E+04, 1. 76E+04, 1.16E+04, 7.21E+03,
1995 2.28E+07, 1.57E+06, 7.53E+05, 5.75E+05, 5.61E+05, 2.83E+05, 6.85E+04, 1.31E+04, 6.21E+03, 3.92E+03,
1996 2.75E+07, 2.71E+06, 4.83E+05, 3.49E+05, 3.48E+05, 3.49E+05, 1.43E+05, 2.74E+04, 3.85E+03, 2.09E+03,

Estimated population abundanee at 1st Jan 1997

.OOE+OO, 2.09E+06, 6.15E+05, 2.25E+05, 1.99E+05, 1.92E+05, 1.90E+05, 6.60E+04, 1.26E+04, 1.38E+03,

Taper weighted geometrie mean of the VPA populations:

2.97E+06, 8.54E+05, 4.32E+05, 3.05E+05, 2.08E+05, 1.17E+05, 5.03E+04, 1.74E+04, 5.87E+03, 2.16E+03,

Standard error of the weighted Log(VPA populations)

1.5385, .8350, .6979, .6789, .6817, .6517, .6271, .8029, 1.0675, 1.2603,

AGE
YEAR 11, 12, 13, 14,

1987 2.80E+02, 3.70E+02, 3.41E+01, 3.72E+01,
1988 1. 17E+02, 1.03E+02, 9.20E+01, 1.25E+01,
1989 1.86E+02, 3.48E+01, 2.96E+01, 2.92E+01,
1990 1.31E+02, 1.11E+02, 2.12E+01, 2.34E+01,
1991 2.77E+02, 7.02E+01, 7.80E+01, 9.25E+00,
1992 1.05E+03, 1.98E+02, 5.02E+01, 6.29E+01,
1993 4.17E+03, 6.92E+02, 9.58E+01, 3.84E+01,
1994 1.42E+04, 1.67E+03, 2.10E+02, 2.50E+01,
1995 , 2.24E+03, 4.54E+03, 4.90E+02, 7.94E+01,
1996 1.45E+03, 5.68E+02, 1.63E+03, 1.75E+02,

Estimated population abundanee at 1st Jan 1997

8.39E+02, 7.44E+02, 2.84E+02, 5.81E+02,

Taper weighted geometrie mean of the VPA populations:

7.69E+02, 2.97E+02, 1.07E+02, 3.63E+01,

Standard error of the weighted Log(VPA populations)

1.4357, 1.3479, 1.2158, .8925,
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Log catchability residuals.

Fleet FLT43: Russian Trawl

Age 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 , 99.99, 99.99, -.21, 1.78, 1.02, 1.02, .64
2 , 99.99, 99.99, 1.78, -.23, .50, .70, .57
3 , 99.99, 99.99, .97, .20, .16, .37, .16
4 , 99.99, 99.99, .02, .34, .31, .74, - .21
5 , 99.99, 99.99, -1.43, -.11, - .02, 1.24, -.03
6 , 99.99, 99.99, -.43, -.39, .12, .62, .19
7 , 99.99, 99.99, -1.89, -.87, .03, .57, - .21
8 , 99.99, 99.99, -1.23, -.29, -.24, .69, .05
9 , No data for this fleet at this age

10 No data for this fleet at this age
11 No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age
14 , No data for this fleet at this age

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 -.50, -.73, -1.94, .22, .57, .62, - .68, -.30, -.33, .48
2 .20, .16, -1.28, .14, -.32, .57, -.19, - .17, -.60, - .01
3 - .18, .28, - •11, -.32, -.25, .23, .18, - .07, -.33, - .23
4 -.07, - .17, .19, -.23, -.25, -.03, .30, -.08, - .09, -.20
5 -.91, -.37, .17, - .22, -.01, -.23, .87, .65, -.14, - .33
6 -.27, -.95, -.16, - .19, .30, .21, .63, .83, -.26, -.66•.(
7 -.35, - .81, 1.18, - .25, .15, .39, .30, 1.16, -.38, - .81
8 , -1.10, -.93, 1.72, -.14, - .65, .52, .64, .39, .30, -.86
9 , No data for this fleet at this age

10 , No data for this fleet at this age
11 No data for this fleet at this age
12 , No data for this fleet at this age
13 No data for this fleet at this age
14 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.E(Log q),

6,
-6.8076,

.5231,

7,
-6.5863,

.7396,

8
-6.5390,

.8129,

Regression statistics

Ages with q dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log q

1, .85, .817, 11.38, .74, 15, .92, -10.73,
2, .83, .703, 9.56, .64, 15, .63, -8.71,
3, .72, 2.032, 9.18, .85, 15, .30, -7.73,
4, .80, 1.610, 8.34, .87, 15, .28, -7.24,
5, 1.04, -.140, 6.76, .58, 15, .61, -6.96,

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

6, 1.52, -1.481, 4.30, .46, 15, .75, -6.81,
7, 1.39, -.773, 4.94, .29, 15, 1.05, -6.59,
8, 1.12, - .332, 6.16, .45, 15, .95, -6.54,
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Fleet FLT45: Norwegian Sva

Age 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 , 99.99, 99.99, 99.99, 1.35, 1.66, 1.52, .21
2 , 99.99, 99.99, 99.99, -.08, .51, .62, 1.00
3 , 99.99, 99.99, 99.99, -.25, -1.35, .29, .41
4 , 99.99, 99.99, 99.99, .04, -.71, -.09, .00
5 , 99.99, 99.99, 99.99, -1.07, -.45, .36, - .25
6 , 99.99, 99.99, 99.99, - .92, -.92, .22, -.48
7 , 99.99, 99.99, 99.99, -.99, -1.36, -.44, - .36
8 , 99.99, 99.99, 99.99, -.54, -.68, -.15, -.39
9 No data for this fleet at this age

10 No data for this fleet at this age
11 No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age
14 , No data for this fleet at this age

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 1.11, -1.50, -1.93, .03, .29, -.14, -.38, -.70, .17, .49
2 1.00, .43, -.88, -.86, -.12, -.20, -.15, .04, - .29, -.06
3 , 1.18, .41, .06, -.65, - .57, - .15, - .16, ·.14, .29, .32
4 .18, .40, -.02, .21, -.48, .29, - .20, - .52, .35, .28
5 -.34, -.38, -.25, .53, .23, .11, .10, -.02, .27, .20
6 -.27, - .12, -.41, .38, .58, .06, -.84, .70, .58, .24
7 -.92, -1.20, -.41, •07, .74, .19, .13, .76, 1.07, .65 •8 , -1.52, .44, -.55, - .35, .45, -.02, - .07, .50, 1.47, .17
9 No data for this fleet at this age

10 No data for this fleet at this age
11 , No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age
14 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.E(Log q),

6,
-8.7318,

.5516,

7,
-8.6984,

.7693,

8
-8.6066,

.7177,

Regression statistics

Ages with q dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log q

1, .91, .427, 10.26, .69, 14, 1.05, -9.77,
2, .60, 1.625, 10.90, .64, 14, .61, -9.04,
3, .72, 1.042, 9.96, .60, 14, .58, -8.77,
4, .76, 1.427, 9.82, .78, 14, .37, -8.90,
5, .88, .667, 9.16, .78, 14, .38, -8.75,

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

6, .77, 1.150, 9.40, .73, 14, .42, -8.73,
7, .59, 2.170, 9.57, .75, 14, .39, -8.70,
8, .82, .795, 8.81, .68, 14, .60, -8.61,
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Fleet FLT52: Norwegian tra

Age 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 No data for this fleet at this age
2 No data for this fleet at this age
3 , No data for this fleet at this age
4 No data for this fleet at this age
5 No data for this fleet at this age
6 No data for this fleet at this age
7 No data for this fleet at this age
8 No data for this fleet at this age
9 , 99.99, 99.99, 99.99, 99.99, 99.99, 1.00, .17

10 , 99.99, 99.99, 99.99, 99.99, 99.99, .07, 1.02
11 , 99.99, 99.99, 99.99, 99.99, 99.99, .20, .36
12 , 99.99, 99.99, 99.99, 99.99, 99.99, .35, .51
13 , 99.99, 99.99, 99.99, 99.99, 99.99, .99, -.86
14 , 99.99, 99.99, 99.99, 99.99, 99.99, .11, 99.99

Age , 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 , No data for this fleet at this age
2 No data for this fleet at this age
3 No data for this fleet at this age
4 No data for this fleet at this age
5 No data for this fleet at this age
6 , No data for this fleet at this age
7 No data for this fleet at this age• 8 No data for this fleet at this age
9 .83, .27, .59, -1.40, -1.69, - .36, .44, .07, .30, .39

10 , 1.32, .61, 1. 11, -.33, -3.01, - .38, .72, .12, -1.29, .83
11 .55, .79, .75, 99.99, -2.59, .09, 1.58, .42, -1.02, -.66
12 .39, -.05, 99.99, 99.99, 99.99, .15, .34, - .38, -.90, 99.99
13 .43, .99, 99.99, 99.99, 99.99, 99.99, .04, ".92, 99.99, -.25
14 1.03, 99.99, .08, 99.99, 99.99, -.91, -.68, 99.99, 99.99, 99.99

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.E(Log q),

9,
-2.1487,

.8302,

10,
-2.1807,
1.2604,

11,
-2.4533,
1.1733,

12,
-1.3906,

.5005,

13,
-1.5038,

.7777,

14
-1.5038,

.8089,

Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

9, 1.33, -1.069, -.03, .54, 12, 1.10, -2.15,
10, 1.13, - .365, 1.45, .47, 12, 1.50, -2.18,
11, .89, .426, 2.92, .68, 11, 1.10, -2.45,
12, 1.39, -2.651, - .50, .91, 8, .49, -1.39,
13, 1.23, -.632, .70, .67, 7, 1.02, -1.50,
14, 1.51, -.332, .53, .16, 5, 1.41, -1.66,
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Fleet FLT53: Russian trawl

1985, 1986

.76, .50

.55, 99.99
-1.03, .06
- .64, 99.99

99.99, 99.99
.06, 99.99

1980, 1981, 1982, 1983, 1984,
No data for this fleet at this age
No data for this fleet at this age
No data for this fleet at this age
No data for this fleet at this age
No data for this fleet at this age
No data for this fleet at this age
No data for this fleet at this age
No data for this fleet at this age

, 99.99, 99.99, 99.99, 99.99, 99.99,
, 99.99, 99.99, 99.99, 99.99, 99.99,
, 99.99, 99.99, 99.99, 99.99, 99.99,
, 99.99, 99.99, 99.99, 99.99, 99.99,
, 99.99, 99.99, 99.99, 99.99, 99.99,
, 99.99, 99.99, 99.99, 99.99, 99.99,

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

10
11
12
13
14

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 , No data for this fleet at this age
2 No data for thi s fleet at this age
3 No data for this fleet at this age
4 , No data for this fleet at this age
5 No data for this fleet at this age
6 , No data for this fleet at this age
7 , No data for this fleet at this age
8 No data for this fleet at this age
9 .05, .37, .71, .76, -.07, -1.13, -.02, -.08, -.56, -.60

10 .12, .43, 1.06, .99, -.70, -1.00, -.41, .33, -.11, -.78
11 , 99.99, 99.99, .51, 1.42, -1.68, 99.99, .14, - .47, .87, - .14
12 , 99.99, 99.99, .36, .19, -.80, 99.99, .24, 99.99, .40, 99.99
13 , 99.99, 99.99, .07, 99.99, .10, 99.99, -.16,99.99, 99.99, 99.99
14 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, .04, 99.99, 99.99, 99.99

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.E(log q),

9,
-2.7660,

.6091,

10,
-2.9406,

.7190,

11,
-3.5348,

.9566,

12,
-3.7347,

.5301,

13,
-4.0986,

.1459,

14
-4.0986,

.0804,

Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

9, 1.62, -2.986, -.88, .73, 12, .73, -2.77,
10, 1.43, -1.956, .87, .73, 11, .89, -2.94,
11, 1.07, -.276, 3.29, .71, 9, 1.10, -3.53,
12, .90, .820, 3.92, .95, 6, .49, -3.73,
13, 1.15, -.639, 4.09, .95, 3, .21, -4.10,
14, .00, .000, .00, .00, 0, .00, .00,
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Fleet FLT54: Norwegian Bar

Age 1980, 1981. 1982. 1983, 1984. 1985. 1986
1 •15, -1.97. -1.22. .99. .72. .88• 1.17
2 -.34, •06. -.18, .20, .09. .47• .84
3 -.02, •00. .26, - .12, .12. .14• .27
4 •36. .28. .49. .11 • - .19• .16. -.42
5 -.05. •08, •32. .10• -.29. .66• -.64
6 -.31. •18, - .17. - .23• - .40. .43. -.86
7 - .45. .01. •00. -.91 • -1.23. -.14. -.46
8 -.53. -.59, .56. -1.30, -.93, .28. -.35
9 • No data for this fleet at this age

10 • No data for this fleet at this age
11 • No data for this fleet at this age
12 No data for this fleet at this age
13 • No data for this fleet at this age
14 No data for this fleet at this age

Age 1987. 1988. 1989. 1990. 1991. 1992. 1993. 1994. 1995. 1996
1 •54. -1.07. -.62 • -.13. .38. -.19. -.24, .00. - .30. .19
2 .98, •19. -.38. -.87. -.40. -.13 • -.09. .03. .02. -.07
3 •49. •45. .04• - .61. -.55. -.25 • .02. .14. .01. .03
4 -.01. . 00. .24. - .12. -.37. -.04 • -.11. .09. .09. .23
5 • -.39. .03. .01. .02. -.08. -.17. .28, -.02. .13. .16
6 - .41. .00. -.04. -.07. -.04. •17. .30• .53. .10. .01
7 •10, - .08. -.57• .01. .23. •60. .33. .58• .12. .03
8 • -.41. .46. •54. -.76• -.52. •59. .30. .38• .30. .13
9 , No data for this fleet at this age

10 • No data for this fleet at this age
11 • No data for this fleet at this age
12 • No data for this fleet at this age
13 No data for this fleet at this age
14 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age •
Mean Log q.
S.E(Log q>.

6.
-6.4715.

•3386.

7.
-6.9736.

.4650•

8
-7.1758.

.5561.

Regression statistics

Ages with q dependent on year class strength

Age. Slope • t-value • Intercept. RSquare. No Pts. Reg s.e. Mean Log q

1. •83. 1.216. 7.52. •84. 17. .71 • -6.01 •
2. •73. 1.519. 7.98. •76• 17. •49• -5.86•
3. •79. 1.403. 7.34. .82. 17. •34• -5.87•
4. .73. 2.633. 7.70. .91. 17. •23. -5.90•
5. •83. 1.292. 7.16. .86. 17. •30• -6.14 •

Ages with q independent of year class strength and constant w.r.t. time.

Age. Slope • t-value • Intercept. RSquare. No Pts, Reg s.e• Mean Q

6. •90. •724. 7.01. .83. 17, .31. -6.47•
7. •86. •683 • 7.49• .72. 17, •41. -6.97•
8. 1.21. -.804. 6.64. •60. 17• .68. -7.18.
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Table 3.13 (Continued)

Fleet FLT59: Russian acous

Age 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 , 99.99, 99.99, 99.99, 99.99, 99.99, 2.06, 1.68
2 , 99.99, 99.99, 99.99, 99.99, 99.99, 1.50, 1.06
3 , 99.99, 99.99, 99.99, 99.99, 99.99, .84, .89
4 , 99.99, 99.99, 99.99, 99.99, 99.99, .56, .77
5 , 99.99, 99.99, 99.99, 99.99, 99.99, .62, .70
6 , 99.99, 99.99, 99.99, 99.99, 99.99, .57, .87
7 No data for this fleet at this age
8 No data for this fleet at this age
9 , No data for this fleet at this age

10 No data for this fleet at this age
11 No data for this fleet at this age
12 No data for this fleet at this age
13, No data for this fleet at this age
14 , No data for this fleet at this age

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 , 1.27, -2.40, -2.43, - .02, .51, .72, -1.22, .70, .16, 99.99
2 1.54, .62, -1.75, -.10, -.49, .57, -1.05, -.15, -.51, 99.99
3 .73, .95, -.71, -.56, -.33, .13, -.45, -.16, -.47, 99.99
4 .53, .29, -.12, - .17, - .17, -.22, -.23, -.31, - .30, 99.99
5 -.08, .05, -.28, - .19, .00, -.40, .14, .19, - .32, 99.99
6 .55, - .58, -.55, -.40, .12, -.09, - .06, .48, -.44, 99.99
7 No data for this fleet at this age
8 No data for this fleet at this age
9 No data for this fleet at this age

10 No data for this fleet at this age
11 No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age
14 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.ECLog q),

6
-4.5602,

.4915,

Regression statistics

Ages with q dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log q

1, 1.03, -.083, 8.45, .49, 11, 1.55, -8.64,
2, .89, .220, 7.27, .35, 11, 1.08, -6.49,
3, .83, .534, 6.86, .56, 11, .67, -5.57,
4, .77, 1.134, 6.92, .76, 11, .40, -5.17,
5, .97, .156, 5.08, .80, 11, .36, -4.87,

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

6, 1.98, -1.941, -2.36, .34, 11, .84, -4.56,
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Table 3.13 (Continued)

Fleet FlT61: Norwegian Bar

Age 1980, 1981, 1982, 1983, 1984,
1 , 99.99, 99.99, 99.99, 99.99, 1.05,
2 , 99.99, 99.99, 99.99, 99.99, .42,
3 , 99.99, 99.99, 99.99, 99.99, .45,
4 , 99.99, 99.99, 99.99, 99.99, .04,
5 , 99.99, 99.99, 99.99, 99.99, .10,
6 , 99.99, 99.99, 99.99, 99.99, .58,
7 , 99.99, 99.99, 99.99, 99.99, -.41,
8 , 99.99, 99.99, 99.99, 99.99, -.22,
9 , 99.99, 99.99, 99.99, 99.99, .04,

10 , 99.99, 99.99, 99.99, 99.99, .14,
11 , 99.99, 99.99, 99.99, 99.99, 99.99,
12 No data for this fleet at this age
13 No data for this fleet at this age
14 No data for this fleet at this age

1985, 1986
1.36, -.17

.53, .36

.19, .12

.07, -.20
-.40, -.42

.00, -1.68

.15, -.08
- .64, - .89

99.99, 99.99
- .44, -1.70
-.86, -2.43

Age , 1987,
1, -.08,
2 .39,
3, - .02,
4 -.55,
5 , -1.04,
6, -1.11,
7 , -1.84,
8 , -1.02,
9 , -1.38,

10 , 99.99,
11 , 99.99,
12 , No data
13 , No data
14 , No data

•

1988, 1989, 1990, 1991,
-1.30, -.57, .12, .72,

.01, -.38, -.25, -.09,

.26, .00, -.09, -.44,
-.17, .10, .22, -.35,
-.04, -.02, .35, -.04,
-.05, .20, .47, .37,
-.01, -.12, .14, .64,
- .03, .23, - .38, 1.02,
-.57, .22, -1.44, .29,

99.99, 99.99, -.08, .70,
.62, 99.99, 99.99, -.01,

for this fleet at this age
for this fleet at this age
for this fleet at this age

1992,
.30,
.00,

-.07,
.25,
.18,
.64,

1.02,
1.38,
1.29,

.41,
-.03,

1993,
.40,
.23,
.26,
.24,
.60,
.29,
.32,
.61,
.41,
.54,
.45,

1994,
-.19,
-.16,
-.02,

.24,

.35,

.25,

.15,

.32,

.92,

.07,

.48,

1995,
- .61,
-.26,
- .25,
-.07,

.03,
-.13,
- .38,
-.60,
-.38,
- .27,

.68,

1996
-.23
-.21
-.03

.03
- .13
-.26
-.15
-.63

.14
99.99

.05

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean log q,
S.E(log q),

6,
-5.7564,

.6301,

7,
-5.7270,

.6613,

8,
-5.6076,

.7635,

9,
-5.6842,

.8628,

10,
-5.1423,

.6834,

11
-4.6882,

.8963,

Regression statistics

Ages with q dependent on year class strength

Age, Slope , t-value , intercept, RSquare, No Pts, Reg s.e, Mean log q

1, .87, .834, 7.39, .83, 13, .71, -6.28,
2, .69, 2.533, 8.48, .88, 13, .30, -6.07,
3, .79, 1.815, 7.49, .89, 13, .24, -6.02,
4, .84, 1.254, 7.09, .87, 13, .27, -6.01,
5, 1.02, -.097, 5.88, .73, 13, .43, -6.00,

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , intercept, RSquare, No Pts, Reg s.e, Mean Q

6, 1.04, -.126, 5.51, .50, 13, .69, -5.76,
7, .78, .873, 6.86, .63, 13, .52, -5.73,
8, .63, 2.526, 7.14, .84, 13, .39, -5.61,
9, .64, 3.163, 6.81, .91, 11, .39, -5.68,

10, .81, 1.200, 5.71, .88, 9, .54, -5.14,
11, .89, .523, 4.96, .78, 9, .84, -4.69,
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Table 3.13 (Continued)

Terminal year survivor and F summaries

Age Catehability dependent on age and year elass strength

Year class =1995

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , Yeights, F

FLT43: Russian Trawl, 3380342., 1.046, .000, .00, 1, .029, 1.952
FLT45: Norwegian Sva, 3404399., 1.196, .000, .00, 1, .022, 1.946
FLT52: Norwegian tra, 1., .000, .000, .00, 0, .000, .000
FLT53: Russ i an trawl, 1. , .000, .000, .00, 0, .000, .000
FLT54: Norwegian Bar, 2535241. , .801, .000, .00, 1, .050, 2.204
FLT59: Russian aeous, 1., .000, .000, .00, 0, .000, .000
FLT61: Norwegian Bar, 1654419. , .780, .000, .00, 1, .053, 2.592

P shrinkage mean 853870. , .84, ", .498, 3.216

F shrinkage mean 7063638., 1.00"" .347, 1.359

Yeighted predietion

Survivors,
at end of year,

2089059.,

Int,
s.e,
.55,

Ext,
s.e,
.44,

N,
,

6,

Var, F
Ratio,

.799, 2.378

•Age 2 Catehability dependent on age and year elass strength

Year class =1994

Fleet, Est imated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , Yeights, F

FLT43: Russian Trawl, 593753. , .650, .079, .12, 2, .078, 1.310
FLT45: Norwegian Sva, 584819., .635, .048, .08, 2, .083, 1.321
FLT52: Norwegian tra, 1., .000, .000, .00, 0, .000, .000
FLT53: Russian trawl, 1. , .000, .000, .00, 0, .000, .000
FLT54: Norwegian Bar, 562291., .503, .055, .11, 2, .129, 1.350
FLT59: Russian aeous, 723451. , 1.734, .000, .00, 1, .002, 1.170
FLT61: Norwegian Bar, 493502., .323, .065, .20, 2, .325, 1.448

p shrinkage mean 432098., .70" " .258, 1.552

F shrinkage mean 2575817., 1.00", , .126, .485

Yeighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

614510. , .26, .18, 11, .693, 1.285 •Age 3 Catehability dependent on age and year elass strength

Year class =1993

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , Yeights, F

FLT43: Russian Trawl, 173361. , .294, .070, .24, 3, .243, .684
FLT45: Norwegian Sva, 261107., .476, .202, .43, 3, .081, .502
FLT52: Norwegian tra, 1., .000, .000, .00, 0, .000, .000
FLT53: Russian trawl, 1. , .000, .000, .00, 0, .000, .000
FLT54: Norwegian Bar, 231732., .308, .004, .01, 3, .211, .550
FLT59: Russian aeous, 146671. , 1.060, .313, .29, 2, .007, .770
FLT61: Norwegian Bar, 205287. , .237, .070, .30, 3, .333, .603

p shrinkage mean 305089., .68", , .085, .443

F shrinkage mean 864117., 1.00"" .039, .180

Yeighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

224979. , .15, .09, 16, .609, .563
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Table 3.13 (Continued)

Age 4 Catchability dependent on age and year class strength

Year class =1992

Fleet. Estimated. Int. Ext. Var. N. Scaled. Estimated

• Survivors. s.e• s.e. Rati o. .Yeights. F
FLT43: Russian Trawl. 156987•• •218. •037• •17• 4• .252. .440
FLT45: Norwegian Sva. 258471 •• •313. •042 • •14• 4• .128. .290
FLT52: Norwegian tra. 1•• •000. •000 • .00• O. .000. .000
FLT53: Russian trawl. 1.. •000. .000. •00 • O• .000. .000
FLT54: Norwegian Bar. 233193 •• •225. •059• •26. 4• .240• .316
FLT59: Russian acous. 130557•• •613. .097. •16• 3• .020. .510
FLT61: Norwegian Bar. 183100•• •194. .076• •39. 4• .295. .388

P shrinkage mean 207551 •• .68•••• .045. .349

F shrinkage mean 539137.• 1.00•••• .021. .149

Weighted prediction

Survivors. Int. Ext. N. Var. F
at end of year. s.e. s.e. • Ratio.

199255 •• .11. •06. 21 • .516. .362

Age 5 Catchability dependent on age and year class strength

Year class =1991

Fleet. Estimated. Int. Ext. Var. N. Scaled. Estimated• . Survivors. s.e• s.e. Ratio. • Weights. F
FLT43: Russian Trawl. 172105 •• •201. •063 • •31 • 5• .196. .430
FLT45: Norwegian Sva. 230913 •• •249. •089• •36• 5• .146. .337
FLT52: Norwegian tra. 1.. •000. •000• •00• O• .000. .000
FLT53: Russian trawl. 1•• •000. .000• •00. O• .000. .000
FLT54: Norwegian Bar. 215482 •• •180. •036• .20• 5. .273. .357
FLT59: Russian acous. 143505 •• •347. •127• .37• 4. .064. .498
FLT61: Norwegian Bar. 189124•• •171. •061 • .36• 5. .265. .398

P shrinkage mean 116850 •• .65 .... .039. .583

F shrinkage mean 298599•• 1.00.... .017. .270

Weighted prediction

Survivors. Int. Ext. N. Var. F
at end of year. s.e. s.e. • Ratio.

192454•• .09. •04. 26• .456. .393

Age 6 Catchability constant w.r.t. time and dependent on age

Year class =1990

Fleet. Estimated. Int. Ext. Var. N. Scaled. Estimated
Survivors. s.e. s.e. Ratio. • Weights. F•FLT43: Russian Trawl. 178577•• •194. •152• .79• 6• .188. .428

FLT45: Norwegian Sva. 180032 .• . 225. •153• .68• 6• .147. .425
FLT52: Norwegian tra. 1.. . 000. •000 • •00 • O• .000. .000
FLT53: Russian trawl. 1.. . 000. •000• •00 • O• .000. .000
FLT54: Norwegian Bar. 201740 •• •161. •039• •24 • 6• .295. .387
FLT59: Russian acous. 143083 •• •261. •102• •39• 5• .103. .510
FLT61 : Norwegian Bar. 218221 •• .162. •089. •54 • 6• .251. .362

F shrinkage mean 161727•• 1.00.... .015. .463

Weighted prediction

Survivors. Int. Ext. N. Var. F
at end of year. s.e. s.e. • Ratio.

190232•• •09. •05 • 30• .579. .406
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Table 3.13 (Continued)

Age 7 Catehabilityeonstant w.r.t. time and dependent on age

Year class =1989

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated, Survivors, s.e, s.e, Ratio, , I./eights, FFLT43: Russian Trawl, 68873. , .195, .168, .86, 7, .179, .553FLT45: Norwegian Sva, 74317., .223, .141, .63, 7, .144, .521FLT52: Norwegian tra, 1., .000, .000, .00, 0, .000, .000FLT53: Russian trawl, 1., .000, .000, .00, 0, .000, .000FLT54: Norwegian Bar, 62427. , .157, .056, .36, 7, .305, .596FLT59: Russian aeous, 58233., .239, .119, .50, 6, .111, .628FLT61 : Norwegian Bar, 68950., .164, .075, .45, 7, .237, .552

F shrinkage mean 55772. , 1.00" " .024, .648

I./eighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

66007., .09, .05, 35, .548, .571

Age 8 Catehabilityeonstant w.r.t. time and dependent on age •Year class =1988

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , I./eights, F

FLT43: Russian Trawl, 11075. , .223, .216, .97, 8, .178, .633
FLT45: Norwegian Sva, 15856., .263, .195, .74, 8, .155, .481
FLT52: Norwegian tra, 1., .000, .000, .00, 0, .000, .000
FLT53: Russian trawl, 1., .000, .000, .00, 0, .000, .000
FLT54: Norwegian Bar, 13660. , .182, .132, .73, 8, .311, .540
FLT59: Russian aeous, 13554. , .234, .164, .70, 6, .090, .543
FLT61: Norwegian Bar, 10783. , .194, .152, .79, 8, .223, .646

F shrinkage mean 10238., 1.00", , .042, .671

I./eighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

12613. , .10, .07, 39, .718, .574

Age 9 Catehabilityeonstant w.r.t. time and dependent on age

Year class =1987

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , I./eights, F

FLT43: Russian Trawl, 1461., .241, .205, .85, 8, .117, .796
FLT45: Norwegian Sva, 1858. , .285, .348, 1.22, 8, .103, .671
FLT52: Norwegian tra, 2042., .869, .000, .00, 1, .067, .626
FLT53: Russian trawl, 755., .637, .000, .00, 1, .124, 1.210
FLT54: Norwegian Bar, 1446. , .193, .148, .77, 8, .207, .802
FLT59: Russian aeous, 1018. , .248, .143, .58, 6, .055, 1.010
FLT61: Norwegian Bar, 1229. , .301, .108, .36, 9, .212, .895

F shrinkage mean 1967., 1.00", , .116, .644

Weighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

1377., .17, .08, 42, .463, .829
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Table 3.13 (Continued)

Age 10 Catehabilityeonstant w.r.t. time and dependent on age

Year class = 1986

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT43: Russian Trawl, 858., .211, .091, .43, 8, .109, .700
FLT45: Norwegian Sva, 1085. , .237, .067, .28, 8, .096, .589
FLT52: Norwegian tra, 1484., .799, .265, .33, 2, .071, .462
FLT53: Russ ian trawl, 416., .533, .104, .19, 2, .175, 1.129
FLT54: Norwegian Bar, 952., .166, .074, .45, 8, .191, .649
FLT59: Russian aeous, 766., .252, .113, .45, 6, .057, .759
FLT61: Norwegian Bar, 894., .220, .095, .43, 9, .174, .680

F shrinkage mean 1017., 1.00" " .129, .618

lJeighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

839., .18, .06, 44, .346, .712

Age 11 Catehabilityeonstant w.r.t. time and dependent on age

Year class = 1985

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT43: Russian Trawl, 978., .205, .075, .37, 8, .088, .376
FLT45: Norwegian Sva, 982., .236, .113, .48, 8, .074, .375
FLT52: Norwegian tra, 390., .n8, .317, .41, 3, .087, .764
FLT53: Russian trawl, 663., .535, .015, .03, 3, .166, .516
FLT54: Norwegian Bar, 952., .165, .096, .58, 8, .149, .385
FLT59: Russian aeous, n8., .254, .170, .67, 6, .048, .454
FLT61 : Norwegi an Bar, 863., .351, .113, .32, 11, .269, .417

F shrinkage mean 496., 1.00"" .119, .642

lJeighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

744., .19, .06, 48, .310, .471

Age 12 Catehabilityeonstant w.r.t. time and dependent on age

Year class =1984

e Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT43: Russian Trawl, 281. , .211, .102, .48, 8, .074, .500
FLT45: Norwegian Sva, 373., .240, .163, .68, 8, .063, .397
FLT52: Norwegian tra, 181., .n5, .466, .60, 3, .065, .697
FLT53: Russian trawl, 464., .536, .259, .48, 3, .121, .331
FLT54: Norwegian Bar, 340., .167, .101, .61, 8, .130, .428
FLT59: Russian aeous, 266., .256, .179, .70, 6, .044, .521
FLT61: Norwegian Bar, 405. , .338, .127, .37, 11, .205, .371

F shrinkage mean 1n., 1.00"" .298, .708

lJeighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

284., .32, .08, 48, .249, .496
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Table 3.13 (Continued)

Age 13 Catchability constant w.r.t. time and dependent on age

Year class =1983

Fleet,
,

FLT43: Russian Trawl,
FLT45: Norwegian Sva,
FLT52: Norwegian tra,
FLT53: Russian trawl,
FLT54: Norwegian Bar,
FLT59: Russian acous,
FLT61: Norwegian Bar,

F shrinkage mean

Weighted prediction

Estimated,
Survivors,

508.,
604.,
343.,
653.,
554. ,
586.,
843.,

976.,

Int, Ext, Var, N, Scaled, Estimated
s.e, s.e, Ratio, , Weights, F

.232, .118, .51, 8, .041, .907

.260, .150, .58, 8, .036, .807

.457, .199, .43, 5, .321, 1.158

.443, .285, .64, 4, .180, .765

.182, .093, .51, 8, .074, .856

.286, .251, .88, 5, .022, .824

.269, .152, .57, 11, .095, .636

1.00", , .232, .570

Survivors,
at end of year,

581.,

Int,
s.e,
.29,

Ext,
s.e,
.08,

N,
,

50,

Var,
Ratio,

.285,

F

.829

•
Age 14 Catchability constant w.r.t. time and age (fixed at the value for age) 13

Year class = 1982

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F

FLT43: Russian Trawl, 67., .294, .259, .88, 8, .031, .758
FLT45: Norwegian Sva, 54. , .325, .099, .31, 8, .029, .877
FLT52: Norwegi an tra, 49., .456, .362, .79, 4, .169, .937
FLT53: Russian trawl, 47., .470, .356, .76, 3, .061, .957
FLT54: Norwegian Bar, 45., .223, .127, .57, 8, .059, .993
FLT59: Russian acous, 65., .293, .309, 1.06, 4, .014, .778
FLT61: Norwegian Bar, 80., .329, .123, .38, 10, .092, .669

F shrinkage mean 79., 1.00" " .544, .673

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

67., .55, .07, 46, .125, .758
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Table3.14

Run title : Arctic Cod (run: XSABJA23/X23)

At 27-Aug-97 10:18:10

Terminal Fs derived using XSA (Yith F shrinkage)

Table 8 Fishing mortality (F) at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0001, .0000, .0008,
2, .0008, .0000, .0013, .0013, .0019, .0023, .0140, .0302, .0017, .0049,
3, .0296, .0242, .0228, .0406, .0212, .0390, .1949, .2125, .0829, .1647,
4, .1515, .2057, .2209, .1416, .1022, .1661, .1981, .4952, .2086, .3098,
5, .1797, .4073, .4798, .3821, .2277, .2965, .3516, .5356, .5202, .4763,
6, .2007, .4649, .5367, .5703, .2355, .3844, .3903, .5050, .7002, .5706,
7, .4261, .3984, .7676, .6192, .5174, .3140, .4205, .4432, .7012, .6935,
8, .6729, .5186, .9268, .8375, .8320, .6674, .6424, .4861, .7020, .8843,
9, .8392, .7784, 1.1442, .9598, .9326, 1.1402, 1.0097, .4055, .6122, .7731,

10, .8304, .7309, .9990, .9964, .7684, 1.2436, .7421, .9799, .4724, .4603,
11, .9118, .5904, 1.1652, .7073, .6722, 1.2207, .5912, 1.0088, 1.2006, .3074,
12, .9341, .3900, .9659, .4561, .5555, .7818, .6319, .6318, .8564, 1.0504,
13, .8836, 1.3487, .8623, .7110, .5185, 1.1510, .4038, 1.7923, 1.4780, .5108,
14, .8893, .7754, 1.0392, .7738, .6959, 1.1206, .6821, .9745, .9341, .6259,

+gp, .8893, .7754, 1.0392, .7738, .6959, 1.1206, .6821, .9745, .9341, .6259,
FBAR 5-10, .5248, .5497, .8090, .7276, .5856, .6743, .5928, .5592, .6180, .6430,
FBAR 5- 8, .3698, .4473, .6777, .6023, .4531, .4156, .4512, .4925, .6559, .6562,

•
Table 8 Fishing mortality (F) at age
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
1, .0000, .0000, .0000, .0001, .0000, .0000, .0000, .2617, .3718, .5231,
2, .0157, .0036, .0014, .0023, .0012, .0005, .0002, .0421, .0616, .8355,
3, .1330, .1449, .0484, .0309, .0238, .0640, .0203, .0209, .0439, .1332,
4, .5658, .2223, .2072, .1282, .0973, _1994, _1945, .1213, .1467, .1711,
5, .7526, .6689, .3460, .3533, .2273, .2945, .3060, .2906, .3605, .4783,
6, .6794, .8474, .5443, .6219, .5115, .5463, .4808, .5703, .5883, .7786,
7, .6759, .8447, .6578, .6706, .8507, .7906, .7711, 1.0742, .9862, 1.0258,
8, .9060, .9344, .7506, .6993, 1.0678, .9975, 1.0068, 1.1965, 1.1078, 1.1812,
9, 1.2159, 1.2944, 1.0530, .8654, 1.2340, 1.1256, 1.0044, 1.2064, 1.0279, .9444,

10, .7656, .9903, .9514, 1.0902, .9891, .6802, .8459, 1.0062, .6965, 1.0321,
11, .6260, 1.8533, 1.2703, 1.3370, 1.0958, .5558, .4860, .8113, .6018, .7482,
12, .2401, 1.5004, 1.3528, .8477, .8014, 1.2624, .2849, .7147, .5240, 1.4565,
13, .9852, 2.4658, .8275, 1.6943, 1.4831, .4647, 1.1724, .3634, .5532, .5336,
14, .7742, 1.6429, 1.1039, 1.1811, 1.1341, .8262, .7663, .8289, .5622, .8353,

+gp, .7742, 1.6429, 1.1039, 1.1811, 1.1341, .8262, .7663, .8289, .5622, .8353,
FBAR 5-10, .8326, .9300, .7172, .7168, .8134, .7391, .7358, .8907, .7945, .9067,

e FBAR 5- 8, .7535, .8239, .5747, .5862, .6643, .6572, .6412, .7829, .7607, .8660,

Run ti tle : Arctic Cod (run: XSABJA23/X23)

At 27-Aug-97 10:18:10

Terminal Fs derived using XSA (Yith F shrinkage)

Table 8 Fishing mortality (F) at age
1996, FBAR 94-96YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995,

AGE 1.9307, 2.3780, 2.0142,1, .5322, .8971, .2034, .0460, .0896, .4513, 2.5047, 1.7340,
2, .8060, .1210, .0018, .0599, .2224, .1240, .4612, .6208, .9770, 1.2850, .9609,

3, .0830, .0313, .0265, .0079, .0176, .0385, .0729, .1973, .5682, .5630, .4428,

4, .1638, .1218, .1480, .0449, .0551, .1274, .0881, .1706, .3024, .3617, .2782,

5, .5058, .3742, .2353, .1102, .1849, .2360, .3308, .3153, .2759, .3927, .3279,

6, .9648, .6749, .3888, .1963, .2938, .4144, .5314, .5745, .4848, .4061, .4885,

7, 1.1045, 1.1320, .6270, .2431, .4432, .5172, .5599, .9728, .7174, .5711, .7538,
8, 1.0383, 1.0567, .9055, .3596, .3505, .5622, .5510, .8389, 1.0200, .5742, .8110,

9, .9518, 1.1343, .9560, .3597, .4043, .4253, .5870, .8835, .8906, .8289, .8677,

10, 1.4765, .9386, 1.1682, .4271, .3028, .4022, .6009, .9667, .7926, .7121, .8238,
11, .8046, 1.0089, .3192, .4243, .1367, .2167, .7170, .9395, 1.1730, .4707, .8611,
12, 1.1916, 1.0410, .2932, .1506, .1346, .5245, .9931, 1.0249, .8271, .4956, .7825,
13, .8009, .9490, .0380, .6314, .0143, .0683, 1.1421, .7710, .8305, .8289, .8101,

14, .9772, .9606, .4173, .2699, .1272, .1514, 1.0838, 1.0859, 1.0216, .7577, .9551,
+gp, .9772, .9606, .4173, .2699, .1272, .1514, 1.0838, 1.0859, 1.0216, .7577,

FBAR 5-10, 1.0070, .8851, .7135, .2827, .3299, .4262, .5268, .7586, .6969, .5808,
FBAR 5- 8, .9034, .8095, .5392, .2273, .3181, .4324, .4933, .6754, .6245, .4860,
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Table 3.15

Run title : Arctic Cod (run: XSABJA23/X23)

At 27-Aug-97 10: 18: 10

Terminal Fs derived using XSA (With F shrinkage)

Table 10 Stock number at age (start of year) Numbers*10**-4
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
1, 16843, 29709, 61125, 153495, 274668, 80225, 96777, 92824, 52661, 97959,
2, 20932, 13789, 24323, 50045, 125671, 224876, 65682, 79234, 75987, 43115,
3, 130560, 17124, 11290, 19889, 40919, 102691, 183687, 53027, 62940, 62106,
4, 125802, 103775, 13684, 9035, 15636, 32800, 80861, 123765, 35104, 47433,
5, 46519, 88517, 69166, 8983, 6420, 11558, 22744, 54305, 61754, 23330,
6, 13407, 31822, 48225, 35047, 5019, 4186, 7035, 13102, 26023, 30052,
7, 8377, 8981, 16367, 23084, 16223, 3247, 2333, 3899, 6473, 10578,
8, 5673, 4479, 4937, 6219, 10175, 7918, 1942, 1255, 2049, 2629,
9, 2203, 2370, 2183, 1600, 2204, 3625, 3326, 836, 632, 832,

10, 456, 779, 891, 569, 502, 710, 949, 992, 456, 280,
11, 127, 163, 307, 269, 172, 190, 168, 370, 305, 233,
12, 58, 42, 74, 78, 108, 72, 46, 76, 110, 75,
13, 42, 19, 23, 23, 41, 51, 27, 20, 33, 38,
14, 8, 14, 4, 8, 9, 20, 13, 15, 3, 6,

+gp, 3, 9, 8, 7, 5, 6, 12, 11, 7, 12,
TOTAL, 371009, 301590, 252608, 308352, 497774, 472176, 465603, 423729, 324538, 318679,

•
Table 10 Stock number at age (start of year) Numbers*10**-4
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
1, 30129, 21235, 23932, 23826, 25496, 57765, 77971, 211293, 135440, 113121,
2, 80138, 24667, 17385, 19594, 19504, 20874, 47294, 63836, 133153, 76456,
3, 35127, 64590, 20123, 14213, 16006, 15950, 17082, 38713, 50110, 102500,
4, 43126, 25177, 45750, 15697, 11283, 12796, 12249, 13704, 31039, 39264,
5, 28489, 20052, 16505, 30446, 11306, 8381, 8583, 8256, 9938, 21945,
6, 11863, 10989, 8410, 9561, 17509, 7374, 5112, 5174, 5054, 5674,
7, 13906, 4923, 3855, 3995, 4203, 8595, 3496, 2587, 2395, 2298,
8, 4329, 5792, 1732, 1635, 1673, 1470, 3192, 1324, 724, 731,
9, 889, 1432, 1863, 669, 665, 471, 444, 955, 328, 196,

10, 314, 216, 321, 532, 231, 159, 125, 133, 234, 96,
11, 145, 120, 66, 102, 146, 70, 66, 44, 40, 95,
12, 140, 63, 15, 15, 22, 40, 33, 33, 16, 18,
13, 22, 90, 12, 3, 5, 8, 9, 20, 13, 8,
14, 19, 7, 6, 4, 0, 1, 4, 2, 12, 6,

+gp, 11, 7, 7, 1, 0, 1, 1, 2, 10, 0,
TOTAL, 248647, 179361, 139984, 120296, 108050, 133956, 175661, 346079, 368505, 362408,

Run title Arctic Cod (run: XSABJA23/X23)

At 27-Aug-97 10:18:10

Terminal Fs derived using XSA (With F shrinkage)

Table 10 Stock number at age (start of year) Numbers*10**-4
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, GMST

AGE 2751382, 0, 9011, 46830, 78930, 84536, 156546, 197306, 318035, 2558804, 1082879, 2284603,
2, 54894, 22520, 26350, 56474, 122407, 147699, 165809, 171166, 156553, 271310, 208906, 523

3, 27145, 20073, 16335, 21536, 43550, 80231, 106819, 85599, 75328, 48250, 61451, 386

4, 73453, 20454, 15929, 13024, 17493, 35034, 63210, 81304, 57534, 34941, 22498, 303

5, 27092, 51054, 14825, 11247, 10196, 13554, 25253, 47388, 56125, 34811, 19926, 205

6, 11137, 13375, 28750, 9592, 8247, 6939, 8764, 14852, 28306, 34873, 19245, 113

7, 2132, 3474, 5576, 15956, 6454, 5033, 3753, 4217, 6846, 14271, 19023, 55

8, 674, 579, 917, 2439, 10244, 3392, 2457, 1755, 1305, 2735, 6601, 23

9, 184, 196, 165, 304, 1394, 5908, 1583, 1159, 621, 385, 1261, 9

10, 62, 58, 51, 52, 173, 762, 3161, 721, 392, 209, 138, 3

11, 28, 12, 19, 13, 28, 105, 417, 1419, 224, 145, 84, 1

12, 37, 10, 3, 11, 7, 20, 69, 167, 454, 57, 74,

13, 3, 9, 3, 2, 8, 5, 10, 21, 49, 163, 28,
14, 4, 1, 3, 2, 1, 6, 4, 3, 8, 17, 58,

+gp, 1, 3, 2, 1, 5, 4, 0, 1, 0, 0, 7,

TOTAL, 243677, 210747, 193465, 287199, 417512, 616726, 2940109, 1492651, 2668349, 3193553, 359300,
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Table 3.16

labte 4 Natural Hortality (H) at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
4, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
5, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
13, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
14, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

+gp, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

lable 4 Natural Hortality (H) at age
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE• 3, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2007, .2004, .3137,
4, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
5, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
13, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
14, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

+gp, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

lable 4 Natural Hortality (H) at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,
AGE

3, .2594, .2090, .2000, .2000, .2050, .2060, .2615, .3890, .7626, .7438,4, .2000, .2000, .2000, .2000, .2000, .2000, .2027, .2772, .4401, .4605,5, .2000, .2000, .2000, .2000, .2000, .2000, .2024, .2214, .2074, .2836,

e 6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2042, .2001, .2053,7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,13, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,14, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,+gp, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
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Table 3.17

Table 8 Fishing mortality (F) at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, .0298, .0244, .0230, .0409, .0213, .0393, .1960, .2136, .0836, .1659,
4, .1525, .2069, .2218, .1422, .1028, .1672, .1995, .4961, .2099, .3119,
5, .1811, .4088, .4809, .3829, .2286, .2977, .3533, .5373, .5215, .4780,
6, .2024, .4671, .5384, .5713, .2368, .3853, .3919, .5072, .7015, .5724,
7, .4284, .4012, .7688, .6214, .5195, .3159, .4217, .4455, .7036, .6962,
8, .6742, .5221, .9271, .8390, .8338, .6701, .6437, .4875, .7042, .8867,
9, .8395, .7795, 1.1416, .9599, .9343, 1.1369, 1.0102, .4089, .6136, .7769,

10, .8296, .7333, .9966, .9938, .7720, 1.2387, .7436, .9818, .4778, .4636,
11, .9097, .5924, 1.1604, .7081, .6731, 1.2199, .5939, 1.0065, 1.1997, .3136,
12, .9372, .3923, .9634, .4587, .5585, .7819, .6391, .6365, .8546, 1.0522,
13, .8824, 1.3452, .8615, .7109, .5224, 1.1459, .4069, 1.7817, 1.4679, .5124,
14, .8890, .7750, 1.0390, .7740, .6960, 1.1210, .6820, .9750, .9340, .6260,

+gp, .8890, .7750, 1.0390, .7740, .6960, 1.1210, .6820, .9750, .9340, .6260,
FBAR 5-10, .5259, .5520, .8089, .7281, .5875, .6741, .5941, .5614, .6204, .6456,
FBAR 5- 8, .3715, .4498, .6788, .6037, .4547, .4173, .4526, .4944, .6577, .6583,

Table 8 Fishing mortality (F) at age

~.YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, .1339, .1458, .0488, .0312, .0240, .0646, .0205, .0205, .0438, .0196,
4, .5667, .2237, .2085, .1292, .0982, .2009, .1960, .1225, .1482, .1722,
5, .7532, .6694, .3480, .3552, .2292, .2968, .3082, .2929, .3632, .4815,
6, .6805, .8467, .5465, .6240, .5140, .5489, .4845, .5734, .5916, .7810,
7, .6783, .8442, .6595, .6735, .8520, .7927, .7741, 1.0744, .9869, 1.0261,
8, .9089, .9357, .7513, .7021, 1.0673, .9975, 1.0075, 1.1943, 1.1075, 1.1772,
9, 1.2138, 1.2915, 1.0535, .8648, 1.2276, 1.1222, 1.0043, 1.2019, 1.0270, .9477,

10, .7737, .9911, .9535, 1.0907, .9841, .6798, .8450, 1.0060, .6980, 1.0296,
11, .6314, 1.8481, 1.2627, 1.3301, 1.0969, .5550, .4874, .8101, .6069, .7506,
12, .2469, 1.4943, 1.3553, .8591, .8000, 1.2602, .2857, .7147, .5258, 1.4498,
13, .9914, 2.4485, .8306, 1.6875, 1.4753, .4665, 1.1688, .3643, .5551, .5365,
14, .7740, 1.6430, 1.1040, 1.1810, 1.1340, .8260, .7660, .8290, .5620, .8350,

+gp, .7740, 1.6430, 1.1040, 1.1810, 1.1340, .8260, .7660, .8290, .5620, .8350,
FBAR 5-10, .8347, .9298, .7187, .7184, .8124, .7397, .7373, .8905, .7957, .9072,
FBAR 5- 8, .7552, .8240, .5763, .5887, .6656, .6590, .6436, .7837, .7623, .8665,

Table 8 Fishing mortality (F) at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, FBAR 94-96

AGE e3, .0239, .0225, .0271, .0081, .0128, .0326, .0115, .0082, .0053, .0190, .0108,
4, .1645, .1233, .1494, .0458, .0560, .1291, .0859, .0938, .0816, .1010, .0921,
5, .5070, .3750, .2382, .1114, .1885, .2394, .3324, .2947, .2691, .3090, .2910,
6, .9659, .6752, .3898, .1994, .2967, .4238, .5392, .5784, .4852, .4010, .4882,
7, 1.1032, 1.1303, .6281, .2447, .4508, .5225, .5788, .9921, .6987, .5710, .7539,
8, 1.0389, 1.0545, .9071, .3626, .3527, .5767, .5604, .8917, .9866, .5740, .8174,
9, .9484, 1.1332, .9530, .3647, .4088, .4287, .6139, .9072, .7965, .8290, .8442,

10, 1.4678, .9304, 1.1636, .4291, .3090, .4090, .6066, 1.0589, .7458, .7120, .8389,
11, .8042, 1.0017, .3178, .4269, .1383, .2229, .7329, .9504, 1.3906, .4710, .9373,
12, 1.1865, 1.0330, .2933, .1502, .1364, .5284, 1.0249, 1.0719, .7475, .8290, .8828,
13, .8024, .9433, .0382, .6268, .0143, .0694, 1.1415, .8362, .7533, .7580, .7825,
14, .9770, .9610, .4170, .2700, .1270, .1510, 1.0840, 1.0860, 1.0220, .7580, .9553,

+gp, .9770, .9610, .4170, .2700, .1270, .1510, 1.0840, 1.0860, 1.0220, .7580,
FBAR 5-10, 1.0052, .8831, .7133, .2853, .3344, .4333, .5386, .7871, .6636, .5660,
FBAR 5- 8, .9038, .8087, .5408, .2295, .3222, .4406, .5027, .6892, .6099, .4638,
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Table 3.18

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, 1292664, 169748, 111969, 197051, 404980, 1015584, 1818301, 525062, 622069, 614225,
4, 1245045, 1027225, 135629, 89590, 154864, 324567, 799411, 1223749, 347203, 468459,
5, 459765, 875147, 683854, 88953, 63624, 114403, 224808, 536114, 610053, 230437,
6, 132409, 314070, 476086, 346146, 49658, 41444, 69546, 129276, 256487, 296491,
7, 82674, 88545, 161181, 227518, 160064, 32085, 23081, 38479, 63735, 104118,
8, 55931, 44102, 48535, 61173, 100065, 77949, 19153, 12395, 20179, 25821,
9, 21692, 23334, 21422, 15724, 21644, 35588, 32653, 8238, 6233, 8170,

10, 4496, 7671, 8762, 5600, 4930, 6962, 9348, 9735, 4481, 2763,
11, 1250, 1606, 3017, 2648, 1697, 1865, 1652, 3638, 2986, 2275,
12, 564, 412, 727, 774, 1068, 709, 451, 747, 1089, 737,
13, 417, 181, 228, 227, 401, 500, 266, 195, 323, 379,
14, 74, 141, 39, 79, 91, 194, 130, 145, 27, 61,

+gp, 26, 93, 77, 71, 54, 64, 121, 108, 66, 124,
TOTAL, 3297008, 2552275, 1651526, 1035553, 963140, 1651915, 2998921, 2487882, 1934931, 1754059,

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,e AGE

3, 347737, 639589, 199019, 140432, 158266, 157734, 168694, 382073, 495900, 1016142,
4, 426010, 249016, 452622, 155181, 111445, 126501, 121067, 135308, 306253, 388444,
5, 280788, 197897, 163018, 300824, 111650, 82706, 84724, 81479, 98011, 216207,
6, 116975, 108249, 82961, 94240, 172668, 72691, 50325, 50967, 49774, 55807,
7, 136945, 48495, 38005, 39327, 41340, 84553, 34374, 25381, 23518, 22555,
8, 42493, 56897, 17069, 16090, 16418, 14437, 31334, 12977, 7096, 7177,
9, 8710, 14020, 18275, 6592, 6528, 4623, 4359, 9367, 3218, 1920,

10, 3076, 2118, 3155, 5217, 2273, 1566, 1232, 1307, 2306, 943,
11, 1423, 1162, 644, 995, 1435, 696, 650, 433, 391, 939,
12, 1361, 620, 150, 149, 216, 392, 327, 327, 158, 175,
13, 211, 871, 114, 32, 52, 79, 91, 201, 131, 76,
14, 186, 64, 62, 41, 5, 10, 41, 23, 114, 62,

+gp, 109, 68, 73, 12, 2, 10, 10, 23, 97, 2,
TOTAL, 1366023, 1319065, 975164, 759132, 622297, 545998, 497228, 699867, 986968, 1710449,

- Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, GMST

AGE
3, 267474, 198254, 159902, 211680, 428707, 795195, 1059851, 865490, 747476, 474419, 0, 4854
4, 728118, 201484, 157278, 127419, 171917, 344807, 626382, 806611, 581789, 346817, 221249, 3770
5, 267717, 505694, 145819, 110897, 99654, 133092, 248124, 469345, 556624, 345315, 197808, 2596
6, 109367, 132012, 284561, 94080, 81224, 67574, 85771, 145342, 280114, 345625, 190920, 1493
7, 20924, 34082, 55020, 157766, 63101, 49426, 36215, 40953, 66455, 141167, 188492, 748
8, 6618, 5684, 9011, 24036, 101133, 32915, 23997, 16621, 12433, 27054, 65297, 347
9, 1811, 1917, 1621, 2978, 13695, 58190, 15139, 11218, 5579, 3795, 12477, 156

10, 609, 574, 505, 512, 1693, 7450, 31033, 6708, 3707, 2060, 1356, 63
11, 276, 115, 185, 129, 273, 1018, 4052, 13853, 1905, 1440, 827, 25
12, 363, 101, 35, 110, 69, 195, 667, 1594, 4385, 388, 736, 9
13, 34, 91, 29, 21, 78, 49, 94, 196, 447, 1700, 139, 3
14, 37, 12, 29, 23, 9, 63, 38, 25, 70, 172, 652, 1

+gp, 14, 26, 22, 9, 46, 31, 3, 7, 2, 4, 68,
TOTAL, 1403361, 1080047, 814019, 729661, 961598, 1490006, 2131365, 2377961, 2260984, 1689956, 880020,
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Table 3.19

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR. 1967. 1968. 1969. 1970. 1971. 1972. 1973. 1974. 1975. 1976.

AGE
3. 738326. 105490. 63635. 124673. 294342. 712127. 1350917. 350526. 364191. 408657.
4. 1094041. 982109. 118586. 87204. 173164. 350133. 913733. 1256864. 312724. 479502.
5. 626205. 1296900. 926783. 134206. 110270. 191291. 398284. 853463. 851682. 365596.
6. 273421. 705648. 978220. 791785, 130487. 105065. 186806. 312020. 542888. 713178.
7. 250631. 292065. 486201. 764038. 617475. 119411. 91016. 136346. 198050. 367675.
8. 230991. 198178. 199451. 279857. 525879. 395218. 102895. 59834. 85423. 124218.
9. 117605. 137648. 115564. 94433. 149321. 236875. 230278. 52204. 34636. 51595.

10. 30424. 56473. 58988, 41973. 42443. 57829. 82270. 76990. 31077. 21773.
1'. 10162. 14203. 24397. 23841. 17554. 18610. 17463. 34567. 24878. 21541.
12. 5382. 4275. 6898. 8173. 12956. 8296, 5591. 8321. 10640. 8181.
13. 4585. 2164. 2491. 2764. 5598. 6745. 3794. 2501. 3642. 4852.
14. 902. 1879. 469. 1067. 1420. 2916. 2069. 2066. 336. 868.

+gP. 341. 1333. 1013. 1033. 912. 1040. 2081. 1665. 895. 1910.
TOTALBIO. 3383015. 3798363. 2982694. 2355048. 2081821. 2205558. 3387196. 3147365. 2461062. 2569545.

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR. 1977. 1978. 1979. 1980. 1981. 1982. 1983. 1984. 1985. 1986.

AGE
3. 224410. 417289. 138592. 88830. 113672. 110391. 59737. 193153. 226649. 303421.
4. 422958. 249948. 484914. 151014. 123144. 136204. 120279. 154876. 276292. 337758.
5. 432103. 307887. 270705. 453756. 191224. 138028. 135843. 147665. 166036. 320565.
6. 272921. 255338. 208866. 215518. 448365. 183927. 125242. 141468. 144605. 132527.
7. 469075. 167934. 140470. 132034. 157593. 314082. 116653. 96112. 95970. 82491.
8. 198288. 268416. 85947. 73593. 85263. 73060. 144865. 58177. 41593. 38864.
9. 53354. 86826. 120798. 39583. 44507. 30713. 26456. 55127. 24717. 11626.

10. 23514. 16372. 26026. 39094. 19340. 12983. 9334. 9601. 23198. 6053.

". 13066. 10785. 6379. 8961. 14669. 6928. 5911. 3824. 5553. 9705.
12. 14664. 6747. 1742. 1574. 2584. 4584, 3490, 3381. 1701. 1779.
13. 2613. 10925. 1524. 385. 714. 1067. 1120. 2398. 1626. 897.
14. 2567. 893. 917. 549. 74. 145. 557. 307. 1580. 803.

+gP. 1626. 1023. 1172. 182. 26. 156. 150. 332. 1440. 27.
TOTALBIO. 2131160. 1800382. 1488053. 1205072. 1201176. 1012269. 749636. 866422. 1010961. 1246516.

Table 14 Stock biomass at age with SOP (start of year) TonnesYEAR. 1987. 1988. 1989. 1990. 1991. 1992. 1993. 1994. 1995. 1996.
AGE

3. 54576. 36687. 49953. 83054. 197321. 358108. 373556. 204350. 151000. 91606.4. 350648. 70127. 83460. 91083. 189741. 321602. 740724. 610886. 288587. 168285.5. 324131. 355895. 129721. 132194. 167056. 234553. 454412. 661142, 636265. 335112,6. 217234. 217710. 437118. 158171. 192906. 185427. 241760. 356688. 589119. 706096.7. 68815. 92514. 154010. 389674. 198168. 192016. 147406. 157497. 228555. 495727.8. 23776. 26623. 43185. 85766. 449317. 166380. 131051. 92339. 63825. 151468.9. 11421. 14361. 11845. 14228. 91590. 393606. 103244. 75992. 40294. 29265.10. 5479. 6671. 5218. 4042. 16790. 69735. 265771. 51615. 32663. 19965.". 3508. 1444. 1774. 1156. 2938. 11929. 43343. 111385, 18062. 15347.12. 3809. 1051. 388. 1197. 726. 2112. 7244. 17306. 47576. 4214.13. 406. 1087. 381. 263. 943. 617. 1175. 2450. 5586. 21259.14. 492. 164. 416. 322. 124. 874. 524. 341. 966. 2395.+gP. 202. 379. 349. 139. 671. 472. 49. 98. 25. 62.TOTALBIO, 1064497. 824713. 917817. 961288. 1508292. 1937431. 2510258. 2342091. 2102524. 2040800.
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Table 3.20

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
4, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
5, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
6, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
7, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
8, 230991, 198178, 199451, 279857, 525879, 395218, 102895, 59834, 85423, 124218,
9, 117605, 137648, 115564, 94433, 149321, 236875, 230278, 52204, 34636, 51595,

10, 30424, 56473, 58988, 41973, 42443, 57829, 82270, 76990, 31077, 21773,
11, 10162, 14203, 24397, 23841, 17554, 18610, 17463, 34567, 24878, 21541,
12, 5382, 4275, 6898, 8173, 12956, 8296, 5591, 8321, 10640, 8181,
13, 4585, 2164, 2491, 2764, 5598, 6745, 3794, 2501, 3642, 4852,
14, 902, 1879, 469, 1067, 1420, 2916, 2069, 2066, 336, 868,

+gp, 341, 1333, lOB, 1033, 912, 1040, 2081, 1665, 895, 1910,
TOTSPBIO, 400391, 416152, 409271, 453141, 756083, 727531, 446440, 238147, 191528, 234938,

e Table 15 Spawning stock biomass with SOP (spawning time) Tonnes
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, 0, 0, 0, 0, 0, 0, 597, 0, 0, 0,
4, 0, 0, 0, 0, 0, 6810, 9622, 7744, 2763, 6755,
5, 0, 0, 0, 0, 0, 13803, 13584, 26580, 16604, 28851,
6, 0, 0, 0, 0, 0, 62535, 37573, 43855, 47720, 25180,
7, 0, 0, 0, 0, 0, 204153, 85156, 53823, 56622, 46195,
8, 198288, 268416, 85947, 73593, 85263, 59909, 127481, 52359, 35354, 29537,
9, 53354, 86826, 120798, 39583, 44507, 28256, 25662, 54576, 22740, 10347,

10, 23514, 16372, 26026, 39094, 19340, 12983, 9334, 9601, 23198, 6053,
11, 13066, 10785, 6379, 8961, 14669, 6928, 5911, 3824, 5553, 9705,
12, 14664, 6747, 1742, 1574, 2584, 4584, 3490, 3381, 1701, 1779,
13, 2613, 10925, 1524, 385, 714, 1067, 1120, 2398, 1626, 897,
14, 2567, 893, 917, 549, 74, 145, 557, 307, 1580, 803,

+gp, 1626, 1023, 1172, 182, 26, 156, 150, 332, 1440, 27,
TOTSPBIO, 309692, 401986, 244506, 163921, 167177, 401330, 320238, 258780, 216901, 166129,

e
Table 15 Spawning stock biomass with SOP (spawning time) Tonnes
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
3, 0, 0, 0, 0, 0, 3581, 0, 0, 0, 0,
4, 3506, 701, 0, 911, 7590, 3216, 22222, 6109, 0, 0,
5, 29172, 10677, 2594, 6610, 10023, 28146, 40897, 72726, 44538, 6702,
6, 49964, 54427, 65568, 33216, 55943, 79734, 72528, 117707, 194409, 183585,
7, 18580, 49032, 60064, 226011, 128809, 144012, 89917, 94498, 141704, 312308,
8, 14503, 21032, 25479, 66040, 372933, 154733, 120567, 75718, 47230, 125718,
9, 9251, 14361, 9831, 12236, 88843, 381798, 100146, 73712, 38279, 28387,

10, 4383, 6671, 5218, 3961, 16790, 69735, 263113, 51099, 31683, 19965,
11, 3508, 1444, 1774, 1156, 2791, 11929, 43343, 110271, 17881, 15347,
12, 3809, 1051, 388, 1197, 581, 2112, 7244, 17306, 47576, 4214,
13, 406, 1087, 381, 263, 943, 617, 1175, 2450, 5586, 21259,
14, 492, 164, 416, 322, 124, 874, 524, 341, 966, 2395,

+gp, 202, 379, 349, 139, 671, 472, 49, 98, 25, 62,
TOTSPBIO, 137775, 161028, 172062, 352061, 686041, 880959, 761726, 622036, 569880, 719942,
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Table 3.21

Run title : Arctic Cod (run: SVPBJA08/V08)

At 27-Aug-97 13:36:01

Table 17 SLmnary (with SOP correction)

Traditional vpa using file input for terminal F

RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, SOPCOFAC, FBAR 5-10, FBAR 5- 8,
Age 3

1946, 729759, 4231927, 2585409, 706000, .2731, .6735, .1928, .1344,
1947, 419945, 3410905, 1805121, 882017, .4886, .5708, .3130, .2505,
1948, 440690, 3129347, 1355197, n4295, .5714, .6152, .3521, .2906,
1949, 466659, 3007242, 1153489, 800122, .6937, .6799, .3705, .3531,
1950, 705512, 3106404, 1197239, 731982, .6114, .n81, .3652, .2918,
1951, 1085887, 3613344, 1271431, 827180, .6506, .8813, .3983, .3424,
1952, 1190838, 3245128, 876072, 876795, 1.0008, .7499, .5386, .4731,
1953, 1592006, 3918483, 760081, 695546, .9151, .8396, .3605, .3051,
1954, 644331, 3858692, 643244, 826021, 1.2841, .n90, .4006, .3123,
1955, 272941, 3874768, 708237, 1147841, 1.6207, .8170, .5498, .4785,
1956, 440230, 3463563, 835948, 1343068, 1.6066, .8448, .6431, .6102,
1957, 805056, 2752695, n1019, 792557, 1.0279, .8346, .5059, .4686,
1958, 497100, 2629141, 894000, 769313, .8605, .8831, .5123, .4741,
1959, 684731, 2418065, 731957, 744607, 1.0173, .8562, .5602, .5104,
1960, 790432, 2410924, 527354, 622042, 1.1796, .8819, .4727, .4315,
1961, 918947, 2667130, 462188, 783221, 1.6946, .9069, .6226, .5559,
1962, 729959, 2651070, 430028, 909266, 2.1144, .9175, .7515, .6837,
1963, 473302, 1960799, 291642, n6337, 2.6620, .7829, .9697, .8952,
1964, 338955, 1605043, 1967n, 437695, 2.2243, .8184, .6693, .5319,
1965, n8090, 1959472, 190406, 444930, 2.3367, .8965, .5392, .4390,
1966, 15823n, 2844752, 317618, 483711, 1.5229, .9415, .5082, .4065,
1967, 1292665, 3383014, 400391, 572605, 1.4301, .8787, .5259, .3715,
1968, 169748, 3798364, 416152, 1074084, 2.5810, .9561, .5520, .4498,
1969, 111969, 2982695, 409271, 1197226, 2.9253, .8743, .8089, .6788,
1970, 197051, 2355047, 453141, 933246, 2.0595, .9734, .7281, .6037,
1971, 404980, 2081822, 756084, 689048, .9113, 1.1182, .5875, .4547,
1972, 1015585, 2205559, 727531, 565254, .n69, 1.0788, .6741, .4173,
1973, 1818302, 3387196, 446440, 792685, 1.n56, 1.1430, .5941, .4526,
1974, 525062, 3147366, 238147, 1102433, 4.6292, 1.0271, .5614, .4944,
1975, 622069, 2461063, 191528, 8293n, 4.3303, .9007, .6204, .65n,
1976, 614225, 2569545, 234938, 867463, 3.6923, 1.0236, .6456, .6583,
19n, 34m7, 2131159, 309692, 905301, 2.9232, .9928, .8347, .7552,
1978, 639589, 1800381, 401986, 698715, 1. 7382, 1.0037, .9298, .8240,
1979, 199019, 1488053, 244506, 440538, 1.8017, 1.0713, .7187, .5763,
1980, 140432, 1205072, 163921, 380434, 2.3208, .9731, .7184, .5887,
1981, 158266, 1201176, 1671n, 399038, 2.3869, 1.1050, .8124, .6656,
1982, 157734, 1012268, 401330, 363730, .9063, 1.0767, .7397, .6590,
1983, 168694, 749636, 320238, 289992, .9056, .9837, .7373, .6436,
1984, 382073, 866421, 258780, 2n651, 1.0729, .9538, .8905, .7837,
1985, 495900, 1010961, 216901, 307920, 1.4196, .9936, .7957, .7623,
1986, 1016142, 1246516, 166129, 430113, 2.5890, .9390, .9072, .8665,
1987, 267475, 1064496, 137n6, 523071, 3.7965, .9670, 1.0052, .9038,
1988, 198254, 824713, 161028, 434939, 2.7010, .9588, .8831, .8087,
1989, 159902, 917817, 172062, 332481, 1.9323, 1.0344, .7133, .5408,
1990, 211680, 961288, 352061, 212000, .6022, .9984, .2853, .2295,
1991, 428707, 1508291, 686041, 319158, .4652, .9690, .3344, .3222,
1992, 795195, 1937431, 880959, 513494, .5829, 1.0008, .4333, .4406,
1993, 1059852, 2510259, 761726, 581611, .7635, 1.0013, .5386, .5027,
1994, 865490, 2342090, 622036, n1086, 1.2396, 1.0005, .7871, .6892,
1995, 747476, 2102524, 569880, 739999, 1.2985, 1.0001, .6636, .6099,
1996, 474419, 2040801, 719942, 731852, 1.0165, 1.0005, .5660, .4638,

Arith.
Mean , 613205, 2353959, 588083, 679433, 1.6457 .6115, .5316,

Units, (Thousands), (Tonnes), (Tonnes), (Tonnes),
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Table 3.22

Cod in the North-East Arctic (Areas land 11)

Single option prediction: Input data

Year: 1997

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

3 614510.00 0.6318 0.0000 0.0000 0.0000 0.194 0.0091 0.620
4 221249.00 0.3859 0.0000 0.0000 0.0000 0.515 0.0775 0.980
5 197808.00 0.2375 0.0200 0.0000 0.0000 1.067 0.2450 1.620
6 190920.00 0.2032 0.1300 0.0000 0.0000 1.868 0.4110 2.330
7 188492.00 0.2000 0.5600 0.0000 0.0000 3.362 0.6347 3.670
8 65297.000 0.2000 0.8200 0.0000 0.0000 5.261 0.6882 5.390
9 12477.000 0.2000 0.9500 0.0000 0.0000 9.077 0.7107 8.420

10 1356.000 0.2000 0.9500 0.0000 0.0000 11.799 0.7063 10.980
11 827.000 0.2000 0.9500 0.0000 0.0000 11.358 0.7891 10.860
12 736.000 0.2000 1.0000 0.0000 0.0000 10.850 0.7432 10.850
13 139.000 0.2000 1.0000 0.0000 0.0000 12.500 0.6588 12.500
14 652.000 0.2000 1.0000 0.0000 0.0000 13.900 0.8043 13.900
15+ 68.000 0.2000 1.0000 0.0000 0.0000 15.000 0.8043 15.000

Unit Thousands - - - - Kilograms - Kilograms

Year: 1998

Recruit- Natural Maturity Prop.of F Prop.of M l.Ieight Exploit. l.Ieight
Age ment mortal ity ogive bef.spaw. bef.spaw. in stock pattern in catch

3 654695.00 0.6318 0.0000 0.0000 0.0000 0.196 0.0091 0.652
4 · 0.3859 0.0000 0.0000 0.0000 0.499 0.0775 1.004
5 · 0.2375 0.0400 0.0000 0.0000 1.060 0.2450 1.632
6 · 0.2032 0.2400 0.0000 0.0000 2.004 0.4110 2.503
7 · 0.2000 0.6000 0.0000 0.0000 3.437 0.6347 3.855
8 · 0.2000 0.8000 0.0000 0.0000 5.330 0.6882 5.496
9 · 0.2000 0.9600 0.0000 0.0000 8.002 0.7107 7.140

10 · 0.2000 0.9700 0.0000 0.0000 10.099 0.7063 9.143
11 · 0.2000 0.9800 0.0000 0.0000 10.498 0.7891 9.807
12 · 0.2000 1.0000 0.0000 0.0000 10.850 0.7432 10.850
13 · 0.2000 1.0000 0.0000 0.0000 12.500 0.6588 12.500
14 · 0.2000 1.0000 0.0000 0.0000 13.900 0.8043 13.900
15+ · 0.2000 1.0000 0.0000 0.0000 15.000 0.8043 15.000

Unit Thousands - . - - Kilograms - Kilograms

Year: 1999

Recruit- Natural Maturity Prop.of F Prop.of M l.Ieight Exploit. l.Ieight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

3 1079000.0 0.6318 0.0000 0.0000 0.0000 0.196 0.0091 0.652
4 · 0.3859 0.0000 0.0000 0.0000 0.499 0.0775 1.004
5 · 0.2375 0.0400 0.0000 0.0000 1.060 0.2450 1.632
6 · 0.2032 0.2400 0.0000 0.0000 2.004 0.4110 2.503
7 · 0.2000 0.6000 0.0000 0.0000 3.437 0.6347 3.855
8 · 0.2000 0.8000 0.0000 0.0000 5.330 0.6882 5.496
9 · 0.2000 0.9600 0.0000 0.0000 8.002 0.7107 7.140

10 · 0.2000 0.9700 0.0000 0.0000 10.099 0.7063 9.143
11 · 0.2000 0.9800 0.0000 0.0000 10.498 0.7891 9.807
12 · 0.2000 1.0000 0.0000 0.0000 10.850 0.7432 10.850
13 · 0.2000 1.0000 0.0000 0.0000 12.500 0.6588 12.500
14 · 0.2000 1.0000 0.0000 0.0000 13.900 0.8043 13.900
15+ · 0.2000 1.0000 0.0000 0.0000 15.000 0.8043 15.000

Unit Thousands - - - - Ki lograms - Ki lograms

(cont.)
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Table 3.23

The SAS System
Cod in the North-East Arctic (Areas land 11)

Prediction with management option table

09:55 Thursday, August 28, 1997

Year: 1997 Year: 1998 Year: 1999

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1. 1810 0.6684 1936548 838580 840000 0.0000 0.0000 1637067 811290 0 2306237 1292124
· · · · 0.0500 0.0283 · 811290 38897 2258063 1253059

· · · · · 0.1000 0.0566 · 811290 76695 2211318 1215230
· · · · · 0.1500 0.0849 · 811290 113430 2165958 1178596
· · · · 0.2000 0.1132 · 811290 149133 2121938 1143119

· · · 0.2500 0.1415 · 811290 183837 2079217 1108762
· · 0.3000 0.1698 · 811290 217572 2037753 1075488
· · · 0.3500 0.1981 · 811290 250369 1997508 1043262
· · · · 0.4000 0.2264 811290 282255 1958443 1012050
· · · · 0.4500 0.2547 811290 313258 1920521 981820

· · · 0.5000 0.2830 811290 343406 1883706 952539
· · · · 0.5500 0.3113 · 811290 372726 1847964 924178
· · · 0.6000 0.3396 811290 401241 1813261 896706

· · 0.6500 0.3679 811290 428977 1779564 870095
· · · 0.7000 0.3962 811290 455957 1746844 844317

· · · · · 0.7500 0.4245 811290 482204 1715068 819346
· · · · 0.8000 0.4528 · 811290 507741 1684207 795154

· · · · · 0.8500 0.4811 · 811290 532589 1654234 771718
· · · · 0.9000 0.5094 · 811290 556769 1625120 749013
· · · · · 0.9500 0.5377 · 811290 580301 1596839 727016

· · · · 1.0000 0.5660 · 811290 603205 1569366 705703
· · · 1.0500 0.5943 · 811290 625499 1542674 685053

· · · · 1.1000 0.6226 · 811290 647202 1516741 665044
· · · · · 1.1500 0.6509 · 811290 668332 1491542 645657
· · · 1.2000 0.6792 · 811290 688906 1467055 626870
· · · · 1.2500 0.7075 · 811290 708940 1443258 608665
· · · · 1.3000 0.7358 · 811290 728451 1420129 591024
· · 1.3500 0.7641 · 811290 747454 1397649 573928

· · · 1.4000 0.7924 · 811290 765964 1375798 557359
· · · · 1.4500 0.8207 811290 783997 1354555 541301

· · · · 1.5000 0.8490 · 811290 801566 1333903 525738
· · · · 1.5500 0.8773 · 811290 818684 1313823 510654

· · · · 1.6000 0.9056 · 811290 835366 1294298 496034
· · 1.6500 0.9339 · 811290 851625 1275311 481862

· · · · · 1.7000 0.9622 · 811290 867472 1256845 468125
· · · 1.7500 0.9905 · 811290 882920 1238885 454808

· · · · 1.8000 1.0188 · 811290 897980 1221416 441899
· · · · 1.8500 1.0471 · 811290 912665 1204422 429384
· · · · 1.9000 1.0754 · 811290 926984 1187889 417252

· · · · 1.9500 1.1037 · 811290 940949 1171804 405489
· · · · · 2.0000 1.1320 · 811290 954570 1156151 ·394084

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

Notes: Run name MANBJA01
Date and time 28AUG97:09:56
Computation of ref. F: Simple mean, age 5 - 10
Basis for 1997 TAC constraints
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Tablc 3.24

The SAS System
Cod in the North·East Arctic (Areas 1 and 11)

Yield per recruit: Summary table

09:55 Thursday, August 28, 1997

1 January Spawning time

F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

0.0000 0.0000 0.000 0.000 3.461 13351.922 1.223 11455.424 1.223 11455.424
0.0500 0.0283 0.045 321.237 3.239 10709.486 1.013 8860.418 1.013 8860.418
0.1000 0.0566 0.078 511.493 3.076 8881.543 0.862 7076.767 0.862 7076.767
0.1500 0.0849 0.104 627.608 2.950 7553.733 0.748 5790.408 0.748 5790.408
0.2000 0.1132 0.125 699.420 2.849 6553.085 0.658 4828.634 0.658 4828.634
0.2500 0.1415 0.142 743.698 2.767 5776.914 0.587 4088.994 0.587 4088.994
0.3000 0.1698 0.156 770.356 2.697 5160.640 0.528 3507.116 0.528 3507.116
0.3500 0.1981 0.169 785.490 2.638 4661.761 0.478 3040.681 0.478 3040.681
0.4000 0.2264 0.179 792.970 2.587 4251.252 0.437 2660.831 0.437 2660.831
0.4500 0.2547 0.189 795.312 2.542 3908.686 0.401 2347.285 0.401 2347.285
0.5000 0.2830 0.197 794.190 2.502 3619.309 0.370 2085.421 0.370 2085.421
0.5500 0.3113 0.205 790.736 2.466 3372.229 0.343 1864.466 0.343 1864.466
0.6000 0.3396 0.212 785.725 2.434 3159.252 0.319 1676.331 0.319 1676.331
0.6500 0.3679 0.218 779.696 2.405 2974.106 0.298 1514.842 0.298 1514.842
0.7000 0.3962 0.224 m.026 2.378 2811.924 0.279 1375.216 0.279 1375.216
0.7500 0.4245 0.230 765.981 2.353 2668.875 0.262 1253.702 0.262 1253.702
0.8000 0.4528 0.235 758.748 2.331 2541.908 0.247 1147.320 0.247 1147.320
0.8500 0.4811 0.239 751.461 2.310 2428.568 0.233 1053.679 0.233 1053.679
0.9000 0.5094 0.244 744.211 2.290 2326.859 0.221 970.843 0.221 970.843
0.9500 0.5377 0.248 737.066 2.272 2235.145 0.209 897.229 0.209 897.229
1.0000 0.5660 0.252 730.070 2.254 2152.074 0.199 831.532 0.199 831.532
1.0500 0.5943 0.255 723.254 2.238 2076.517 0.189 772.672 0.189 772.672
1.1000 0.6226 0.259 716.636 2.223 2007.530 0.181 719.742 0.181 719.742
1.1500 0.6509 0.262 710.228 2.209 1944.313 0.172 671.983 0.172 671.983
1.2000 0.6792 0.265 704.036 2.195 1886.190 0.165 628.751 0.165 628.751
1.2500 0.7075 0.268 698.061 2.182 1832.579 0.158 589.499 0.158 589.499
1.3000 0.7358 0.271 692.302 2.170 1782.986 0.151 553.760 0.151 553.760
1.3500 0.7641 0.274 686.756 2.158 1736.979 0.145 521.132 0.145 521.132
1.4000 0.7924 0.277 681.417 2.147 1694.188 0.139 491.269 0.139 491.269
1.4500 0.8207 0.279 676.279 2.136 1654.288 0.134 463.870 0.134 463.870
1.5000 0.8490 0.282 671.335 2.125 1616.997 0.129 438.675 0.129 438.675
1.5500 0.8773 0.284 666.578 2.115 1582.068 0.124 415.456 0.124 415.456
1.6000 0.9056 0.287 662.001 2.106 1549.280 0.120 394.014 0.120 394.014
1.6500 0.9339 0.289 657.596 2.097 1518.442 0.115 374.174 0.115 374.174
1.7000 0.9622 0.291 653.356 2.088 1489.383 0.111 355.781 0.111 355.781
1.7500 0.9905 0.293 649.273 2.079 1461.950 0.108 338.699 0.108 338.699
1.8000 1.0188 0.295 645.341 2.071 1436.008 0.104 322.806 0.104 322.806
1.8500 1.0471 0.297 641.552 2.063 1411.436 0.101 307.997 0.101 307.997
1.9000 1.0754 0.299 637.900 2.055 1388.126 0.098 294.174 0.098 294.174
1.9500 1.1037 0.301 634.379 2.048 1365.979 0.095 281.252 0.095 281.252
2.0000 1.1320 0.303 630.982 2.041 1344.909 0.092 269.155 0.092 269.155

- - Numbers Grams Numbers Grams Numbers Grams Numbers Grams

Notes: Run name
Date and time
Computation of ref.
F-0.1 factor
F-max factor
F·0.1 reference F
F-max reference F
Recruitment

: YLDBJA01
: 28AUG97:10:15

F: Simple mean, age 5 - 10
: 0.2299

0.4557
0.1301
0.2579
Single recruit
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Table 3.25

Cod in the North-East Arctic (Areas I and 11)

Single option prediction: Summary table

09:55 Thursday, August 28, 1997

1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 1.1810 0.6684 265590 840023 1494531 1936548 203397 838674 203397 838674
1998 0.4000 0.2264 79639 282248 1430187 1637038 1m21 811268 177721 811268
1999 0.4000 0.2264 87129 322236 1942179 1958416 190468 1012027 190468 10120272000 0.4000 0.2264 100291 361092 2332654 2276053 201944 1123581 201944 11235812001 0.4000 0.2264 122128 418656 2579071 2611436 228935 1222291 228935 1222291

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name SPRBJA01
Date and time 28AUG97:12:55
Computation of ref. F: Simple mean, age 5 - 10
Prediction basis F factors

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 1.1810 0.6684 265590 840023 1494531 1936548 203397 838674 203397 838674
1998 0.6000 0.3396 114338 401232 1430187 1637038 177721 811268 177721 811268
1999 0.6000 0.3396 117209 414890 1911703 1813237 171637 896686 171637 896686
2000 0.6000 0.3396 130890 433010 2281739 2003014 168947 896714 168947 896714
2001 0.6000 0.3396 157907 484303 2511306 2238561 184936 909390 184936 909390

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 1.1810 0.6684 265590 840023 1494531 1936548 203397 838674 203397 838674
1998 0.8000 0.4528 146108 50mO 1430187 1637038 1m21 811268 177721 811268
1999 0.8000 0.4528 140991 477217 1883940 1684186 154887 795137 154887 795137
2000 0.8000 0.4528 154012 468551 2238744 1785085 142434 719345 142434 719345
2001 0.8000 0.4528 185273 512766 2456760 1965036 152075 687525 152075 687525

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 1.1810 0.6684 265590 840023 1494531 1936548 203397 838674 203397 838674
1998 1.0000 0.5660 175258 603192 1430187 1637038 1m21 811268 1m21 811268
1999 1.0000 0.5660 159917 517236 1858599 1569347 139975 705687 139975 705687
2000 1.0000 0.5660 172101 482646 2202105 1610165 121022 580278 121022 580278
2001 1.0000 0.5660 207328 523197 2411933 1761140 127168 528619 127168 528619

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 1.1810 0.6684 265590 840023 1494531 1936548 203397 838674 203397 838674
1998 1.2000 0.6792 202062 688891 1430187 1637038 1m21 811268 177721 811268
1999 1.2000 0.6792 175100 540985 1835419 1467039 126687 626856 126687 626856
2000 1.2000 0.6792 186770 484608 2170596 1468905 .103638 470898 103638 470898
2001 1.2000 0.6792 225892 525510 2374356 1606475 107999 413530 107999 413530

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes
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Table 3.25 (Continued)

Cod in the North-East Arctic (Areas 1 and 11)

Single option prediction: Summary table

09:55 Thursday, August 28, 1997

1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 1.1810 0.6684 265582 840000 1494531 1936548 203397 838674 203397 838674
1998 1.2275 0.6948 205584 700000 1430194 1637067 177725 811290 177725 811290
1999 1.7926 1.0146 235737 699999 1832387 1453871 124977 616778 124977 616778
2000 2.8929 1.6374 326472 699999 2116677 1273357 79552 333734 79552 333734
2001 3.8096 2.1562 416083 700000 2215491 1161272 52947 150870 52947 150870

Unit - . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name SPRBJA01
Date and time 28AUG97:12:55
Computation of ref. F: Simple mean, age 5 - 10
Prediction basis TAC constraints

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 1.1810 0.6684 265582 840000 1494531 1936548 203397 838674 203397 838674
1998 0.9929 0.5620 174270 600000 1430194 1637067 177725 811290 177725 811290
1999 1.2182 0.6895 187761 600000 1859460 1573207 140476 708679 140476 708679
2000 1.5074 0.8532 . 229291 600000 2178880 1518332 109713 512926 109713 512926
2001 1.5835 0.8962 270279 599999 2344876 1528556 98163 370292 98163 370292

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

- ...

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp. stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 1.1810 0.6684 265582 840000 1494531 1936548 203397 838674 203397 838674
1998 0.7847 0.4441 143776 500000 1430194 1637067 177725 811290 177725 811290
1999 0.8408 0.4759 147720 500000 1885979 1693556 156103 802476 156103 802476
2000 0.8817 0.4990 166058 500000 2234550 1768694 140411 707390 140411 707390
2001 0.8145 0.4610 183993 500000 2443043 1910718 145339 647798 145339 647798

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes
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Tablc3.26

Cod ;n the North-East Arct;c (Areas 1 and 11)

Single option prediction: Detailed tables

09:55 Thursday, August 28, 19S

Year: 1997 F-factor: 1.1810 Reference F: 0.6684 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size b;omass s;ze biomass size biomass

3 0.0107 4872 3021 614510 119215 0 0 0 0
4 0.0915 16102 15780 221249 113943 0 0 0 0
5 0.2893 44491 72075 197808 211061 3956 4221 3956 4221
6 0.4854 66983 156070 190920 356639 24820 46363 24820 46363
7 0.7496 91224 334792 188492 633710 105556 354878 105556 354878
8 0.8128 33369 179859 65297 343528 53544 281693 53544 281693
9 0.8393 6512 54833 12477 113254 11853 107591 11853 107591

10 0.8341 705 7740 1356 15999 1288 15199 1288 15199
11 0.9319 461 5010 827 9393 786 8923 786 8923
12 0.8777 395 4290 736 7986 736 7986 736 7986
13 0.7780 69 862 139 1738 139 1738 139 1738
14 0.9499 368 5116 652 9063 652 9063 652 9063
15+ 0.9499 38 576 68 1020 68 1020 68 1020

Total 265590 840023 1494531 1936548 203397 838674 203397 838674

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 1998 F-factor: 0.8000 Reference F: 0.4528 1 January Spawning time

Absolute Catch in . Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

3 0.0073 3522 2296 654695 128320 0 0 0 0
4 0.0620 16152 16217 323202 161278 0 0 0 0
5 0.1960 21830 35627 137258 145493 5490 5820 5490 5820
6 0.3288 29782 74545 116799 234065 28032 56175 28032 56175
7 0.5078 34898 134531 95896 329594 57538 197757 57538 197757
8 0.5506 28240 155207 72928 388707 58343 310966 58343 310966
9 0.5686 9410 67186 23717 189781 22768 182190 22768 182190

10 0.5650 1743 15934 4413 44567 4281 43230 4281 43230
11 0.6313 207 2027 482 5061 472 4960 472 4960
12 0.5946 109 1187 267 2893 267 2893 267 2893
13 0.5270 94 1173 251 3131 251 3131 251 3131
14 0.6434 23 316 52 727 52 727 52 727
15+ 0.6434 99 1487 228 3420 228 3420 228 3420

Total 146108 50mo 1430187 1637038 177721 811268 177721 811268

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 1999 F-factor: 0.8000 Reference F: 0.4528 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

3 0.0073 5804 3784 1079000 211484 0 0 0 0
4 0.0620 17268 17337 345533 172421 0 0 0 0
5 0.1960 32845 53603 206516 218907 8261 8756 8261 8756
6 0.3288 22688 56787 88976 178307 21354 42794 21354 42794
7 0.5078 24968 96253 68611 235816 41167 141489 41167 141489
8 0.5506 18298 100563 47252 251855 37802 201484 37802 201484
9 0.5686 13660 97533 34430 275505 33052 264485 33052 264485

10 0.5650 4343 39706 10997 111059 10667 107727 10667 107727
11 0.6313 880 8633 2053 21557 2012 21126 2012 21126
12 0.5946 86 934 210 2278 210 2278 210 2278
13 0.5270 45 564 120 1506 120 1506 120 1506
14 0.6434 53 732 121 1683 121 1683 121 1683
15+ 0.6434 52 786 121 1809 121 1809 121 1809

Total 140991 477217 1883940 1684186 154887 795137 154887 795137

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

(cont.)
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Table 3.26 (Continued)

Cod in the North-East Arctic (Areas 1 and 11)

Single option prediction: Detailed tabLes
(cont.)

09:55 Thursday, August 28, 1997

Year: 2000 F-factor: 0.8000 Reference F: 0.4528 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

3 0.0073 6369 4153 1184000 232064 0 0 0 0
4 0.0620 28460 28573 569472 284167 0 0 0 0
5 0.1960 35115 57307 220785 234032 8831 9361 8831 9361
6 0.3288 34135 85441 133871 268278 32129 64387 32129 64387
7 0.5078 19021 73324 52267 179641 31360 107785 31360 107785
8 0.5506 13091 71950 33808 180196 27046 144157 27046 144157
9 0.5686 8851 63195 22308 178508 21416 171368 21416 171368

10 0.5650 6304 57641 15964 161223 15485 156387 15485 156387
11 0.6313 2194 21513 5117 53719 5015 52645 5015 52645
12 0.5946 367 3980 894 9703 894 9703 894 9703
13 0.5270 36 444 95 1186 95 1186 95 1186
14 0.6434 25 352 58 809 58 809 58 809
15+ 0.6434 45 678 104 1560 104 1560 104 1560

Total 154012 468551 2238744 1785085 142434 719345 142434 719345

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 2001 F-factor: 0.8000 Reference F: 0.4528 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock sp.stock sp.stock sp.stock
Age F numbers weight size biomass size biomass size biomass

3 0.0073 6369 4153 1184000 232064 0 0 0 0
4 0.0620 31229 31354 624889 311820 0 0 0 0
5 0.1960 57872 94447 363875 385707 14555 15428 14555 15428
6 0.3288 36494 91345 143121 286814 34349 68835 34349 68835
7 0.5078 28618 110323 78640 270285 47184 162171 47184 162171
8 0.5506 9973 54811 25754 137270 20603 109816 20603 109816
9 0.5686 6333 45214 15961 127718 15322 122609 15322 122609

10 0.5650 4085 37347 10344 104462 10033 101328 10033 101328
11 0.6313 3185 31230 7428 77984 7280 76424 7280 76424
12 0.5946 914 9919 2228 24179 2228 24179 2228 24179
13 0.5270 151 1891 404 5050 404 5050 404 5050
14 0.6434 20 277 46 637 46 637 46 637
15+ 0.6434 30 455 70 1047 70 1047 70 1047

Total 185273 512766 2456760 1965036 152075 687525 152075 687525

UnH - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name SPRBJAOl
Date and time 28AUG97:11:37
Computation of ref. F: SimpLe mean, age 5 - 10
Prediction basis F factors
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Table 4.1 North-East Arctic HADDOCK. Total nominal catch (t) by fishing areas.

(Data provided by Working Group members).

Year Sub-area I Division lIa Division Ilb Total
1960 125,675 27,925 1,854 155,454
1961 165,165 25,642 2,427 193,234
1962 160,972 25,189 1,727 187,888
1963 124,774 21,031 939 146,744
1964 79,056 18,735 1,109 98,900
1965 98,505 18,640 939 118,079
1966 124,115 34,892 1,614 160,621
1967 108,066 27,980 440 136,486
1968 140,970 40,031 725 181,726
1969 89,736 40,211 565 130,512
1970 59,493 26,611 497 86,601
1971 56,991 21,454 463 78,908
1972 221,183 41,979 2,155 265,317
1973 283,728 23,348 2,989 320,065
1974 159,037 47,033 5,068 221,138
1975 121,692 44,337 9,729 175,758
1976 94,065 37,566 5,649 137,280
1977 72,159 28,452 9,547 110,158
1978 63,965 30,478 979 95,422
1979 63,841 39,167 615 103,623
1980 54,205 33,616 68 87,889
1981 36,834 39,864 455 77,153
1982 17,948 29,005 2 46,955
1983 7,550 13,872 185 21,607
1984 4,000 13,247 71 17,318
1985 30,385 10,774 111 41,270
1986 69,865 26,006 714 96,585
1987 109,429 38,182 3,048 150,659
1988 43,990 47,086 668 91,744
1989 31,265 23,502 355 55,122
1990 15,138 10,375 304 25,817
1991 18,772 14,417 416 33,605
1992 30,746 22,177 964 53,887
1993 47,658 26,761 3,037 77,355
1994 70,773 43,707 6,885 121,365
1995 69,643 54,627 14,247 138,517
1996 110,217 57,974 5,247 173,438

1 Provisional figures.
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Table4.2 North-East Arctic HADDOCK.
Total nominal catch ('000 t) by trawl and other gear tor each area.

Sub-area I Division Ila Division Ilb
Year Trawl Others Trawl Others Trawl
1967 73.8 34.3 20.5 7.5 0.4
1968 98.1 42.9 31.4 8.6 0.7
1969 41.3 47.7 33.1 7.1 1.3
1970 36.7 22.8 20.2 6.4 0.5
1971 27.3 29.0 15.0 6.6 0.4
1972 193.4 27.8 34.4 7.6 2.2
1973 241.2 42.5 13.9 9.4 13.0
1974 133.1 25.9 39.9 7.1 15.1
1975 103.5 18.2 34.6 9.7 9.7
1976 77.7 16.4 28.1 9.5 5.6
1977 57.6 14.6 19.9 8.6 9.5
1978 53.9 10.1 15.7 14.8 1.0
1979 47.8 16.0 20.3 18.9 0.6
1980 30.5 23.7 14.8 18.9 0.1
1981 19.0 17.9 21.8 18.7 0.5
1982 9.0 8.9 18.5 10.5
1983 3.7 3.8 7.6 6.3 0.2
1984 1.6 2.4 6.4 6.9 0.1
1985 24.4 6.0 4.5 6.3 0.1
1986 51.7 18.1 12.8 13.2 0.7
1987 77.8 31.6 22.1 16.1 3.0
1988 27.5 16.5 33.6 13.5 0.7
1989 21.5 9.8 11.7 11.8 0.4
1990 5.9 9.2 4.8 5.6 0.3
1991 9.8 9.0 7.8 6.6 0.4
1992 21.2 9.5 9.3 12.9 1.0
1993 38.0 9.7 17.7 9.0 3.0
1994 57.8 13.0 29.6 14.2 6.9
1995 57.3 12.3 33.7 20.9 13.2
1996 95.5 14.7 35.5 22.5 4.9

1 Provisional
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Table 4.3 North-East Arctic HADDOCK. Nominal catch (t) by countries

Sub-area I and Divisions lIa and Ilb combined. (Data provided by Working Group members).

Faroe France German Fed. Rep. Norway Poland United Russia2 Others Total
Islands Dem.Rep. Germany Kingdom

Year
1960 172 5,597 46,263 45,469 57,025 125 155,651
1961 285 220 6,304 60,862 39,650 85,345 558 193,234
1962 83 409 2,895 54,567 37,486 91,910 58 187,438
1963 17 363 2,554 59,955 19,809 63,526 146,224
1964 208 1,482 38,695 14,653 43,870 250 99,158
1965 226 1,568 60,447 14,345 41,750 242 118,578
1966 1,072 11 2,098 82,090 27,723 48,710 74 161,778
1967 1,208 3 1,705 51,954 24,158 57,346 23 136,397
1968 1,867 64,076 40,129 75,654 181,726
1969 2 309 1,490 67,549 37,234 24,211 25 130,820
1970 541 656 2,119 37,716 20,423 26,802 87,257
1971 81 16 896 45,715 43 16,373 15,778 3 78,905
1972 137 829 1,433 46,700 1,433 17,166 196,224 2,231 266,153
1973 1,212 3,214 22 9,534 86,767 34 32,408 186,534 2,501 322,626
1974 925 3,601 454 23,409 66,164 3,045 37,663 78,548 7,348 221,157
1975 299 5,191 437 15,930 55,966 1,080 28,677 65,015 3,163 175,758
1976 536 4,459 348 16,660 49,492 986 16,940 42,485 5,358 137,265
1977 213 1,510 144 4,798 40,118 10,878 52,210 287 110,158
1978 466 1,411 369 1,521 39,955 1 5,766 45,895 38 95,422

'0 1979 343 1,198 10 1,948 66,849 2 6,454 26,365 454 103,623
~

1980 497 226 15 1,365 61,886 2,948 20,706 246 87,889
1981 381 414 22 2,398 58,856 Spain 1,682 13,400 77,153
1982 496 53 1,258 41,421 827 2,900 46,955
1983 428 1 729 19,371 139 259 680 21,607
1984 297 15 4 400 15,186 37 276 1,103 17,318
1985 424 21 20 395 17,490 77 153 22,690 41,270
1986 893 33 75 1,079 48,314 22 431 45,738 96,585
1987 464 26 83 3,106 69,333 99 563 76,980 150,654
1988 1,113 116 78 1,324 57,273 72 435 31,293 41 91,745
1989 1,218 125 26 171 31,825 1 590 20,903 54,859
1990 875 5 128 17,634 494 6,605 25,741
1991 1,117 60 Greenland 219 19,285 514 12,388 22 33,605
1992 1,093 151 1,719 387 30,203 38 596 19,699 1 53,887
1993 546 1,215 880 1,165 36,590 76 1,797 34,700 651 77,619
1994 2,761 678 770 2,412 64,688 22 4,673 44,484 877 121,365
1995 2,674 598 1,351 2,675 72,864 14 2,536 54,515 1,290 138,517
1996 3,836 568 1,510 942 89,479 678 2,228 73,935 262 173,438
Provisional figures.

2 USSR prior to 1991.
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Table 4.4 North-East Arctic HADDOCK. Maturity at age in percent fram Russian data.

Age
Year 3 4 5 6 7 8 9 10 11 12
1981 1 12 64 73 96 100 100
1982 9 55 73 93 96 100 93
1983 17 70 100 99 99 100
1984 7 14 35 47 74 82 89
1985 2 8 80 93 96 91 96
1986 + 22 53 86 86 100 83 100
1987 1 21 53 100 100 100
1988 3 33 51
1989 4 30 63 82 100
1990 2 30 54 77 87 80 100
1991 7 30 50 80 92 100 100
1992 2 13 50 62 77 80 94 100
1993 2 22 49 76 79 88 88 87 100 100
1994 2 13 41 90 88 100 100 97 100
1995 2 12 42 81 88 100 87 100 94
1996 10 36 78 86 90 93 90 100
1997 3 10 29 60 82 100 83 100 100
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Table 4.5 Input RCT3

NORTHEAST ARCTIC HADDOCK : recruits as 3 year-olds (inc. data for ages 0 & 1)
4 402 (No.ofs No.ofyea VPAColumnNo.)

1957 243 38 -11 -11 -11
1958 109 2 -11 -11 -11
1959 241 7 -11 -11 -11
1960 275 30 -11 -11 -11
1961 320 32 -11 -11 -11
1962 100 5 -11 -11 -11
1963 240 16 -11 -11 -11
1964 291 11 -11 -11 -11
1965 20 0.3 -11 -11 -11
1966 17 0.3 1 -11 -11
1967 164 3 8 -11 -11
1968 95 0.3 0.3 -11 -11
1969 1018 31 29 -11 -11
1970 270 10 64 -11 -11
1971 54 3 26 -11 -11
1972 49 2 16 -11 -11
1973 56 13 26 -11 -li
1974 114 15 51 -11 -11
1975 170 163 60 -11 -11
1976 134 6 38 -11 -11
1977 19 1 33 -11 -11
1978 6 0.3 12 -11 -11
1979 8 0.3 20 -11 -11
1980 5 0.3 15 3.1 7
1981 9 0.3 3 3.9 9
1982 256 23 38 2776.8 0.3
1983 459 40 62 5382 1685
1984 83 9.7 78 1421.2 1809
1985 42 3.9 27 649 680
1986 16 0.2 39 134.3 111
1987 24 0.4 10 44.6 20
1988 85 1.9 13 80.8 58
1989 223 3.3 14 555.4 493
1990 815 72 61 1526 1938
1991 317 16 117 1282.2 859
1992 94 20 87 717.5 1424
1993 130 5.5 64 587.5 848
1994 109 14 64 1271.8 1380
1995 -11 9.9 25 312.7 249
1996 -11 6 39 1252.6 779

R-T-1 Ru age 0+
INTOGP I (scaled x 100)
N-BSTl rage 1
N-BSAI rage 1
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Table 4.6 Output ReT3

Analysis by RCT3 ver3.l of data from file

g:/aefm/afwg/had_aret/hadnew97.ret

NORTHEAST ARCTIC HADDOCK : reeruits as 3 year-olds (ine. data for ages 0 & 1) •••

Data for 4 surveys over 40 years 1957 - 1996

Regression type = C
Tapered time weighting applied
power = 3 over 20 years
Survey weighting not applied

Final estimates shrunk towards mean
Minimum S.E. for any survey taken as .20
Minimum of 3 points used for regression

Foreeast/Hindeast varianee eorreetion used.

Yearelass = 1994

I-----------Regression----------I I-----------Prediction---------I

Survey/ Slope Inter- Std Rsquare No. Index Predieted Std WAP
Series eept Error pts Value Value Error Weights

R-T-l 1.18 2.23 .82 .767 37 2.71 5.43 .948 .414
INTOGP .08 .91 2.36 .285 28 64.00 5.79 2.717 .050
N-BSTl .87 -.58 .95 .692 14 7.15 5.62 1.115 .300
N-BSAl 1.17 -1. 87 2.30 .279 14 7.23 6.56 2.707 .051

VPA Mean = 4.48 1.421 .185

Yearelass = 1995

I-----------Regression----------I I-----------Predietion---------I

Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series eept Error Pts Value Value Error Weights

R-T-1 1.16 2.24 .81 .746 38 2.39 5.01 .923 .411
INTOGP .08 .86 2.31 .265 29 25.00 2.74 2.681 .049
N-BSTl .90 -.84 .97 .654 15 5.75 4.32 1.112 .283
N-BSA1 1.16 -2.05 2.17 .273 15 5.52 4.36 2.488 .057

VPA Mean = 4.57 1.320 .201

Yearelass = 1996

I-----------Regression----------I I-----------Predietion---------I

Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series eept Error pts Value Value Error Weights

R-T-1 1.14 2.29 .81 .730 38 1.95 4.51 .940 .408
INTOGP .07 .84 2.36 .243 29 39.00 3.75 2.739 .048
N-BST1 .94 -1.12 1.00 .629 15 7.13 5.60 1.177 .260
N-BSA1 1.17 -2.16 2.10 .277 15 6.66 5.61 2.451 .060

VPA Mean = 4.64 1.271 .223

Year Weighted Log Int Ext Var VPA Log
Class Average WAP Std Std Ratio VPA

Predietion Error Error

1994 218 5.39 .61 .25 .17 110 4.70
1995 97 4.58 .59 .26 .19
1996 128 4.85 .60 .27 .21
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Table 4.7

Run title : Arctic Haddock (run: SVPLOR05/V05)

At 27-Aug-97 21 :41 :20

Table Catch numbers at age Numbers*10**-3
YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956,

AGE
3, 3189, 65643, 6012, 64528, 6563, 1154, 16437,
4, 37949, 9178, 151996, BOB, 154696, 10689, 5922,
5, 35344, 18014, 13634, 70781, 5885, 176678, 14713,
6, 18849, 13551, 9850, 5431, 27590, 4993, 127879,
7, 28868, 6808, 4693, 2867, 3233, 28273, 3182,
8, 9199, 6850, 3237, 1080, 1302, 1445, 8003,
9, 1979, 3322, 2434, 424, 712, 271, 450,

10, 1093, 1182, 606, 315, 319, 100, 200,
11, 853, 734, 534, 393, 126, 50, 80,
12, 867, 178, 185, 202, 68, 30, 60,
13, 712, 81, 138, 121, 51, 15, 30,

+gp, 545, 355, 23, 289, 298, 5, 15,
TOTALNUM, 139447, 125896, 193342, 159444, 200843, 223703, 176971,
TONSLAND, 132125, 120077, 127660, 123920, 156788, 202286, 213924,
SOPCOF %, 45, 65, 51, 57, 60, 47, 55,

Table Catch numbers at age Numbers*10**-3
YEAR, 1957, 1958, 1959, 1960, 1961, 1962, 1963, 1964, 1965, 1966,

AGE
3, 2074, 1727, 20318, 40117, 15430, 39604, 28567, 22305, 5911, 26157,
4, 24704, 5914, 7826, 71280, 56858, 30947, 72995, 49162, 46161, 22469,
5, 7942, 31438, 7243, 13718, 63354, 49028, 19036, 30592, 40032, 62724,
6, 12535, 5820, 14040, 7138, 8706, 33923, 13627, 5800, 12578, 28840,
7, 46619, 12748, 3154, 6268, 3578, 3209, 9290, 3518, 1672, 5711,
8, 1087, 17565, 2237, 1587, 4407, 1344, 1243, 2709, 970, 578,
9, 1971, 822, 5918, 2352, 788, 1778, 561, 831, 893, 435,

10, 356, 1072, 285, 2015, 527, 243, 410, 104, 122, 188,
11, 17, 226, 316, 497, 1287, 247, 80, 206, 204, 186,
12, 0, 79, 71, 70, 67, 483, 84, 235, 123, 25,
13, 33, 89, 4, 30, 60, 20, 168, 121, 14, 8,

+gp, 126, 207, 109, 12, 20, 8, 44, 69, 457, 22,
TOTALNUM, 97464, 77707, 61521, 145084, 155082, 160834, 146105, 115652, 109137, 147343,
TONSLAND, 123583, 112672, 88211, 155454, 193234, 187888, 146744, 98900, 118079, 160621,
SOPCOF %, 57, 61, 80, 84, 80, 74, 74, 62, 69, 66,

98



Table 4.7 (Continued)

Run title : Arctic Haddock (run: SVPLOR05/V05)

At 27-Aug-97 21:41:20

Table Catch numbers at age Numbers*10**-3
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, 15917, 657, 1520, 23004, 1978, 230217, 70205, 9684, 10037, 13989,
4, 41373, 67632, 1963, 2408, 24359, 22245, 258m, 41702, 14088, 13449,
5, 13505, 41267, 44526, 1870, 1257, 42846, 24018, 88112, 33871, 6808,
6, 25736, 7748, 18956, 21996, 918, 3196, 6873, 5828, 49711, 20789,
7, 8878, 15599, 3611, 7948, 9279, 1606, 419, 4138, 2135, 40044,
8, 1617, 5292, 4925, 1974, 3056, 6737, 423, 382, 1236, 1247,
9, 218, 655, 1624, 1978, 826, 2630, 1681, 618, 92, 1350,

10, 175, 182, 315, 726, 1043, 897, 525, 2043, 131, 193,
11, 155, 101, 43, 166, 369, 989, 147, 935, 500, 280,
12, 75, 115, 43, 26, 130, 538, 339, 276, 147, 652,
13, 27, 18, 14, 52, 27, 53, 68, 457, 53, 332,

+gp, 14, 52, 9, 44, 8, 67, 27, 202, 234, 340,
TOTALNUM, 107690, 139318, 77549, 62192, 43250, 312021, 363498, 154377, 112235, 99473,
TONSLAND, 136486, 181726, 130502, 86601, 78908, 265317, 320065, 221138, 175758, 137218,
SOPCOF X, 79, 79, 80, 75, 101, 86, 83, 86, 81, 62,

Table Catch numbers at age Numbers*10**-3
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, 55967, 47311, 17540, 627, 486, 883, 704, 456, 29548, 25596,
4, 22043, 18812, 35290, 22878, 2561, 900, 1930, 841, 1153, 61470,
5, 7368, 4076, 10645, 21794, 22124, 3372, 884, 836, 546, 1013,
6, 2586, 1389, 1429, 2971, 10685, 12203, 1374, 307, 715, 376,
7, 7781, 1626, 812, 250, 1034, 2625, 3282, 765, 316, 346,
8, 11043, 2596, 546, 504, 162, 344, 906, 2250, 634, 144,
9, 311, 6215, 1466, 230, 162, 75, 52, 499, 1312, 295,

10, 388, 162, 2310, 842, 72, 80, 37, 70, 416, 484,
11, 96, 258, 181, 1299, 330, 91, 29, 25, 50, 112,
12, 101, 3, 87, 111, 564, 320, 21, 36, 5, 35,
13, 84, 74, 2, 35, 27, 204, 21, 44, 1, 3,

+gp, 98, 65, 53, 15, 42, 34, 91, 185, 57, 7,
TOTALNUM, 107866, 82587, 70361, 51556, 38249, 21131, 9331, 6314, 34753, 89881,
TONSLAND, 110158, 95422, 103623, 87889, 77153, 46955, 21607, 17661, 41270, 96585,
SOPCOF %, 77, 95, 112, 103, 98, 93, 91, 91, 97, 90,

Table Catch numbers at age Numbers*10**-3
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
3, 3928, 794, 1050, 518, 3968, 12342, 13398, 3201, 1346, 2220,
4, 88297, 9031, 3951, 1174, 1967, 12652, 25092, 45937, 13510, 5953,
5, 52611, 50868, 12305, 1871 , 1886, 2411, 13154, 34253, 74494, 34700,
6, 586, 19465, 23032, 4138, 2876, 1740, 2784, 8749, 21307, 74744,
7, 207, 382, 3423, 6754, 4442, 2070, 973, 1709, 3564, 11461,
8, 123, 65, 247, 851, 4422, 2619, 1297, 693, 386, 2395,
9, 74, 35, 11, 389, 398, 2737, 2131, 1200, 311, 370,

10, 119, 44, 36, 50, 21, 241, 2011, 1843, 470, 191,
11, 175, 142, 12, 3, 1, 12, 314, 1655, 347, 230,
12, 87, 135, 22, 3, 7, 4, 55, 281, 632, 173,
13, 4, 22, 17, 9, 2, 1, 9, 46, 40, 549,

+gp, 19, 11, 15, 15, 7, 1, 6, 2, 2, 8,
TOTALNUM, 146230, 80994, 44121, 15775, 19997, 36830, 61224, 99569, 116409, 132994,
TONSLAND, 150659, 91744, 55122, 25816, 33605, 53886, ross, 121365, 138509, 173438,
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Tablc 4.8

Run title : Arctic Haddock (run: SVPLOR05/V05)

At 27-Aug-97 21:41:20

lable 2 Catch weights at age (kg)
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, .6600, .6600, .6600, .6600, .6600, .6600, .6600, .6600, .6600, .6600,
4, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300,
5, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900,
6, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800,
7, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600,
8, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300,
9, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000,

10, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100,
11, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000,
12, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000,
13, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000,

+gp, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000,
SOPCOFAC, .7910, .7910, .8023, .7531, 1.0074, .8566, .8267, .8597, .8093, .6228,

e
labte 2 Catch weights at age (kg)
YEAR, 19n, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, .6600, .6600, .6600, .6600, .6600, .6600, 1.5200, 1.5700, .9200, .8600,
4, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.8600, 1.9900, 1.6600, 1.2500,
5, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 2.1000, 2.4200, 2.3900, 1.8800,
6, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.6800, 2.7100, 2.4100,
7, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.9300, 2.8900, 2.6600,
8, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3700, 3.2200, 3.0400,
9, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000,

10, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100,
11, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000,
12, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000,
13, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000,

+gp, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000,
SOPCOFAC, .7678, .94n, 1.1247, 1.0321, .9828, .9337, .9107, .9105, .9654, .9013,

lable 2 Catch weights at age (kg)
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
3, .6400, .5800, .8000, .8900, .noo, .8400, .5900, .5400, .6300, .7800,
4, .8600, .8400, .8900, 1.2200, 1.3100, 1.3600, 1.0600, .8800, .6600, .8200,
5, 1.3300, 1.0500, 1.1700, 1.4000, 1.6100, 1.7000, 1.5200, 1.3300, 1.0600, 1.0400,
6, 2.4500, 1.4300, 1.3700, 1.6000, 1.8600, 1.9600, 1.8400, 1.7400, 1.6800, 1.3500,
7, 2.9800, 1.9700, 1.7100, 1.nOO, 2.1100, 2.2900, 2.1800, 2.0600, 2.1100, 1.8100,
8, 2.9800, 2.5200, 2.0100, 2.1600, 2.3400, 2.3900, 2.3000, 2.2000, 2.3400, 2.1200,
9, 3.7000, 3.7000, 3.7000, 3.7000, 2.9300, 2.3200, 2.5200, 2.5000, 2.6700, 2.3600,

10, 4.4100, 4.4100, 4.4100, 4.4100, 2.3400, 2.8800, 2.6400, 2.5800, 2.9100, 3.0400,
11, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 3.1400, 3.1100, 2.8900, 3.0200, 2.4900,
12, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 2.9200, 3.8000, 2.8200, 3.0700, 3.3500,
13, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 2.2800, 2.8600, 3.2400, 2.nOO, 2.7600,

+gp, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 3.2900, 4.3100, .0000, 3.1500, 3.1500,
SOPCOFAC, .9825, .9923, .9617, .9630, .9581, 1.0132, 1.0093, .9992, 1.0019, .9992,
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Table4.9

Run title : Arctic Haddock (run: SVPLOR05/V05)

At 27-Aug-97 21:41:20

lable 3 Stock weights at age (kg)
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, .6600, .6600, .6600, .6600, .6600, .6600, .6600, .6600, .6600, .6600,
4, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300,
5, 1.7900, 1.7900, 1.7900, 1. 7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900,
6, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800,
7, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600,
8, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300,
9, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000,

10, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100,
11, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000,
12, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000,
13, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000,

+gp, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000,

lable 3 Stock weights at age (kg)
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, .6600, .6600, .6600, .6600, .6600, .6600, .6600, .6600, .4400, .2800,
4, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, 1.0300, .8200, .8200,
5, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7900, 1.7800, 1.5300,
6, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.3800, 2.4000, 2.2600,
7, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.8600, 2.6900, 2.2600,
8, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300, 3.3300,
9, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000, 3.7000,

10, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100,
11, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000,
12, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000,
13, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000,

+gp, 8.0000, .8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000,

•
lable 3 Stock weights at age (kg)
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
3, .2400, .2730, .2840, .2760, .3890, .3710, .3040, .2340, .2060, .2100,
4, .4800, .3900, .4440, .7170, .7540, .8150, .8190, .5450, .3560, .4510,
5, .9300, .6140, .7040, .9460, 1.4840, 1.5400, 1.4370, 1.0520, .7960, .6870,
6, 2.2200, 1.0980, 1.0190, 1.2670, 1.6220, 2.0720, 2.1150, 1.5360, 1.4400, 1.1260,
7, 2.8600, 1.5600, 1.4360, 1.5060, 1.6890, 2.3580, 2.3440, 1.9540, 1.9530, 1.8460,
8, 3.3300, 3.3300, 3.3300, 2.0040, 2.0470, 2.2450, 3.0450, 2.5090, 2.9130, 2.4300,
9, 3.7000, 3.7000, 3.7000, 3.7000, 2.6060, 2.7740, 3.3910, 2.3740, 2.9340, 2.8150,

10, 4.4100, 4.4100, 4.4100, 4.4100, 4.4100, 4.1980, 3.4000, 2.6210, 3.0330, 3.3230,
11, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 5.4000, 4.2000, 3.1600, 3.6230, 3.4790,
12, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000, 6.7000,
13, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000, 7.4000,

+gp, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000, 8.0000,
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Table 4.10

The SAS System 19:59 Thursday, August 28, 1997
HAD-ARCT: Haddock in the North-East Arctic (Areas I and 11)

FLT23: Russian bottom trawl, total area, Nov-Dec, age 1-7, calendar

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 1 age 2 age 3 age 4 age 5 age 6 age 7

1983 592 95 5 4 0 0 0
1984 586 584 15 2 1 0 0
1985 144 1343 900 4 1 1 0
1986 14 107 363 164 1 0 0
1987 9 17 83 225 57 0 0
1988 3 7 17 40 76 8 0
1989 18 24 4 14 41 81 11
1990 143 106 73 42 73 74 57
1991 429 176 62 9 3 6 18
1992 282 1286 346 50 4 6 9
1993 48 357 1985 356 48 8 4
1994 49 58 442 1014 116 15 1
1995 72 42 31 123 370 40 5
1996 23 57 28 49 362 334 29

The SAS System 19:59 Thursday, August 28, 1997
HAD-ARCT: Haddock in the North-East Arctic (Areas I and I I)

FLT24: Russian acoustic survey, total area, Oct-Dec, age 1-7, calendar -Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 1 age 2 age 3 age 4 age 5 age 6 age 7

1985 4340 14680 6360 30 10 1 0
1986 370 2080 9170 9100 20 1 1
1987 160 290 620 1970 610 1 0
1988 10 30 180 830 3010 460 0
1989 320 940 20 140 350 670 90
1990 1760 750 280 170 230 430 440
1991 3680 1430 650 110 40 70 210
1992 2450 7580 2180 350 30 40 70
1993 260 1990 10760 2280 310 50 20
1994 510 390 2520 5910 760 90 1
1995 1700 790 720 2300 4040 410 50

The SAS System 19:59 Thursday, Augus t 28, 1997
HAD-ARCT: Haddock in the North-East Arctic (Areas land 11)

FLT29: Norwegian trawl, catch and effort, ages 8 -13 (Catch: Thousands)

Fishing Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 8 age 9 age 10 age 11 age 12 age 13

1985 0.46 166 365 26 7 3 1
1986 0.60 57 142 236 27 23 2
1987 0.91 28 41 41 69 43 1
1988 1.07 16 1 8 79 54 8
1989 0.76 127 1 9 3 8 1
1990 0.57 149 3 0 0 1 1
1991 0.68 703 58 7 0 1 1
1992 0.46 394 599 96 2 2 0
1993 0.95 200 279 282 36 9 1
1994 1.03 209 214 497 224 64 16
1995 0.83 53 72 120 77 197 0
1996 0.69 160 19 4 12 3 15
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Table 4.10 (Continued)

The SAS System 19:59 Thursday, August 28, 1997
HAD-ARCT: Haddock in the North-East Arctic (Areas I and 11)

FLT30: Norway bot tom trawl survey, Jan-Mar, age 1-7, shifted, reviced94 (Catch: Thousands)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year eHort age 1 age 2 age 3 age 4 age 5 age 6 age 7

1980 1 73 23 78 18 53 5 2
1981 1 15 17 18 19 48 24 2
1982 1 66 27 27 13 13 28 13
1983 1 6834 149 16 7 2 3 3
1984 1 13622 3848 63 . 4 2 3 3
1985 1 3602 3398 1268 45 5 1 1
1986 1 952 1741 2723 506 1 20 0
1987 1 161 288 674 1107 157 2 0
1988 1 7 9 154 269 274 29 0
1989 1 514 41 34 52 94 121 17
1990 1 4209 724 126 31 24 30 56
1991 1 11912 2835 599 41 9 13 51
1992 1 5851 4678 1056 103 5 5 22
1993 1 2003 2960 4482 508 32 2 11
1994 1 1820 426 1534 3416 313 20 5
1995 1 2659 532 489 1494 2559 116 10
1996 1 691 789 254 191 498 706 35

The SAS System 19:59 Thursday, August 28, 1997
HAD-ARCT: Haddock in the North-East Arctic (Areas and II)

FL131: Norway acoustic surv, Barents sea, Jan-Mar, age 1-7, shift, rev94 (Catch: Number)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year eHort age 1 age 2 age 3 age 4 age 5 age 6 age 7

1980 140 50 210 600 180 10 3
1981 20 30 40 40 100 60 3
1982 50 20 30 10 10 40 20
1983 1730 60 20 10 3 3 3
1984 8390 2740 60 3 3 3 10
1985 3120 4880 1620 3 3 3 3
1986 260 710 1900 470 3 3 3
1987 50 80 200 380 60 3 3
1988 60 80 100 170 190 20 3
1989 440 40 30 40 70 110 10
1990 2650 490 70 20. 20 20 40
1991 6850 1100 190 20 3 3 10
1992 6900 5650 990 100 3 3 10
1993 2280 2400 5060 770 80 3 3
1994 2850 360 1130 3910 400 20 3
1995 2290 440 310 760 1500 80 10

e 1996 320 600 200 140 490 460 30
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Table 4.11

Lowestoft VPA Version 3.1

27-Aug-97 20:11:41

Extended Survivors Analysis

Arctic Haddock (run: XSALOR10/Xl0)

CPUE data from file /users/fish/ifad/ifapwork/afwg/had_arct/FLEET.Xl0

Catch data for 47 years. 1950 to 1996. Ages 1 to 14.

Fleet, First, Last, First, Last, Alpha, Beta
, year, year, age , age

FLT23: Russ ian botto, 1983, 1996, 1, 7, .900, 1.000
FLT24: Russian acous, 1985, 1996, 1, 7, .900, 1.000
FLT29: Norwegian tra, 1985, 1996, 8, 13, .000, 1.000
FLT30: Norway bot tom, 1980, 1996, 1, 7, .990, 1.000
FLT31: Norway acoust, 1980, 1996, 1, 7, .990, 1.000

Time series weights :

Tapered time weighting applied
Power = 3 over 20 years

Catchability analysis:

Catchability dependent on stock size for ages < 6

Regression type =C
Minimum of 5 points used for regression
Survivor estimates shrunk to the population mean for ages < 6

Catchability independent of age for ages >= 11

Terminal population estimation :

Survivor estimates shrunk towards the mean F
of the final 2 years or the 5 oldest ages.

S.E. of the mean to which the estimates are shrunk

Minimum standard error for population
estimates derived from each fleet = .300

Prior weighting not applied

Tuning converged after 29 iterations

1.000

Regression weights
.751, .820, .877, .921, .954, .976, .990, .997, 1.000, 1.000

Fishing mortalities
Age, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996

1, 3.542, .392, .898, .371, .301, 1.474, 2.059, 1.624, 2.205, 2.342
2, .003, .030, .007, .347, .058, .156, .395, .595, .833, 1.023
3, .053, .298, .074, .217, .053, .069, .071, .107, .202, .926
4, .469, .167, .184, .111, .146, .236, .205, .101, .257, .308
5, .924, .550, .359, .124, .263, .269, .541, .415, .304, .341
6, .247, 1.161, .517, .196, .284, .414, .571, .640, .490, .382
7, .562, .252, .637, .278, .333, .341, .431, .862, .589, .5238, .652, .341, .257, .315, .296, .335, .373, .633, .474, 1.075
9, .534, .385, .088, .828, .238, .301, .503, .716, .661, 1.235

10, .380, .720, .893, .712, .089, .221, .379, 1.170, .694, 1.214
11, .577, 1.119, .432, .159, .026, .067, .502, .622, .715, .913
12. .871. 1.329. .494. .180. .674, .136• .491. 1.245. .515. 1.011
13. .490, .561. .557, .385. .176, .184, .511, 1.043, .562, 1.256
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Table 4.11 (Continued)

XSA population numbers CThousands)

AGE
YEAR , 1, 2, 3, 4, 5, 6, 7, 8,

1987 , 8.60E+05, 5.25E+04, 8.37E+04, 2.61E+05, 9.64E+04, 2.96E+03, 5.32E+02, 2.84E+02, 1.98E+02, 4.16E+02,
1988 , 5.39E+04, 2.04E+04, 4.28E+04, 6.50E+04, 1.33E+05, 3. 13E+04, 1.89E+03, 2.49E+02, 1.21E+02, 9.48E+01,
1989 , 4.44E+05, 2.98E+04, 1.62E+04, 2.60E+04, 4.51E+04, 6.31E+04, 8.03E+03, 1.21E+03, 1.45E+02, 6.74E+01,
1990 , 5.14E+05, 1.48E+OS, 2.43E+04, 1.23E+04, 1.77E+04, 2.58E+04, 3.08E+04, 3.48E+03, 7.64E+02, 1.08E+02,
1991 1.93E+06, 2.91E+05, 8.56E+04, 1.60E+04, 9.01E+03, 1.28E+04, 1.73E+04, 1.91E+04, 2.08E+03, 2.73E+02,
1992 , 3.09E+06, 1.17E+06, 2.25E+05, 6.65E+04, 1.13E+04, 5.67E+03, 7.91E+03, 1.02E+04, 1.16E+04, 1.34E+03,
1993 , 2.00E+06, 5.79E+05, 8.21E+05, 1.72E+05, 4.30E+04, 7.07E+03, 3.07E+03, 4.60E+03, 5.96E+03, 7.04E+03,
1994 2.30E+06, 2.09E+05, 3.19E+05, 6.26E+05, 1. 15E+05 , 2.05E+04, 3.27E+03, 1.63E+03, 2.59E+03, 2.95E+03,
1995 , 4.11E+06, 3.72E+05, 9.44E+04, 2.35E+05, 4.64E+05, 6.20E+04, 8.85E+03, 1.13E+03, 7.11E+02, 1.04E+03,
1996 1.96E+06, 3.71E+05, 1.32E+05, 6.32E+04, 1.49E+05, 2.80E+05, 3.11E+04, 4.02E+03, 5.77E+02, 3.00E+02,

Estimated population abundanee at 1st Jan 1997

.OOE+OO, 1.55E+05, 1.09E+05, 4.29E+04, 3.80E+04, 8.66E+04, 1.57E+05, 1.51E+04, 1.12E+03, 1.37E+02,

Taper weighted geometrie mean of the VPA populations:

8.83E+05, 1.65E+05, 8.62E+04, 5.47E+04, 3.22E+04, 1.42E+04, 5.04E+03, 2.04E+03, 9.82E+02, 5.07E+02,

Standard error of the weighted Log(VPA populations) :

1.5786, 1.4882, 1.4626, 1.5521, 1.6320, 1.5829, 1.3041, 1.3128, 1.4144, 1.4354,

AGE

e YEAR , 11, 12, 13,

1987 4.41E+02, 1.65E+02, 1.14E+01,
1988 2.33E+02, 2.03E+02, 5.67E+01,
1989 3.78E+01, 6.24E+01, 4.40E+01,
1990 2.26E+01, 2.01E+01, 3.11E+01,
1991 4.36E+01, 1.58E+01, 1.37E+01,
1992 2.05E+02, 3.48E+01, 6.58E+00,
1993 8.80E+02, 1.57E+02, 2.49E+01,
1994 3.95E+03, 4.36E+02, 7.85E+01,
1995 7.50E+02, 1.73E+03, 1.03E+02,
1996 4.25E+02, 3.00E+02, 8.48E+02,

Estimated population abundanee at 1st Jan 1997

7.31E+01, 1.40E+02, 8.95E+01,

Taper weighted geometrie mean of the VPA populations:

2.38E+02, 1.12E+02, 3.93E+01,

Standard error of the weighted Log(VPA populations)

1.5124, 1.4489, 1.4443,
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Table 4.11 (Continued)

log catchability residuals.

Fleet FlT23: Russian botto

Age 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 , 99.99, 99.99, 99.99, 1.87, 1.19, .29, -.01
2 , 99.99, 99.99, 99.99, 2.46, .89, 1.13, .28
3 , 99.99, 99.99, 99.99, .59, .77, .96, -.20
4 , 99.99, 99.99, 99.99, .12, -.06, -.31, .09
5 , 99.99, 99.99, 99.99, 99.99, - .16, .30, - .70
6 , 99.99, 99.99, 99.99, 99.99, 99.99, -.26, 99.99
7 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
8 No data for this fleet at this age
9 No data for this fleet at this age

10 No data for this fleet at this age
11 No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 .37, -.57, -.62, .67, .28, .44, -.23, -.73, - .45, -.63
2 -.76, -.66, .14, .31, -.14, .51, .18, - .39, -1.07, -.59
3 .00, -.48, -.91, 1.26, -.27, .24, .42, .12, - .83, -.68
4 .06, -.42, -.47, 1.24, -.42, - .18, .67, .25, -.59, -.08
5 -.01, -.39, .06, 1.27, -.48, -.47, .37, .00, -.56, .58
6 , 99.99, -.60, .40, .90, - .83, .11, .32, -.05, -.31, .20
7 , 99.99, 99.99, .52, .48, -.05, .05, .27, -.77, -.41, .02
8 No data for this fleet at this age
9 , No data for this fleet at this age

10 No data for thi s fleet at this age
11 , No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean log q,
S.EClog q),

6,
-6.3758,

.5134,

7
-6.3141,

.4371,

Regression statistics

Ages with q dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean log q

1, .91, .480, 8.81, .75, 14, .70, -8.30,
2, .98, .110, 7.14, .74, 14, .82, -7.03,
3, .85, .956, 7.39, .81, 14, .72, -6.65,
4, .93, .643, 6.91, .89, 14, .55, -6.60,
5, .79, 1.770, 7.41, .89, 13, .60, -6.61,

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

6, .95, .374, 6.55, .89, 10, .52, -6.38,
7, .85, .947, 6.75, .87, 8, .37, -6.31,
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Table 4.11 (Continued)

Fleet FlT24: Russian acous

Age 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 , 99.99, 99.99, 99.99, 99.99, 99.99, .89, .74
2 , 99.99, 99.99, 99.99, 99.99, 99.99, 1.17, .92
3 , 99.99, 99.99, 99.99, 99.99, 99.99, .56, .40
4 , 99.99, 99.99, 99.99, 99.99, 99.99, -.36, 1.45
5 , 99.99, 99.99, 99.99, 99.99, 99.99, .34, -.10
6 , 99.99, 99.99, 99.99, 99.99, 99.99, -1.92, -1.60
7 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, -1.05
8 , No data for this fleet at this age
9 No data for this fleet at this age

10 , No data for this fleet at this age
11 , No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 , .71, -.75, .04, .77, -.06, -.01, - .81, -.76, -.05, 99.99
2 , -.08, -1.21, 1.58, .07, -.27, -.03, -.35, -.67, -.38, 99.99
3 , -.01, -.05, -.78, .78, .00, -.09, -.26, - .32, .08, 99.99
4 - .18, .23, -.36, .50, -.11, -.48, .15, -.42, -.12, 99.99
5 , .14, .81, .02, .44, -.19, -.64, .11, -.24, -.38, 99.99
6 , -2.86, 1.78, .85, .99, -.04, .34, .49, .08, .35, 99.99
7 , 99.99, 99.99, .94, .85, .73, .43, .21, -2.44, .21, 99.99
8 No data for this fleet at this age
9 No data for this fleet at this age

10 No data for this fleet at this age
11 No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age

Hean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Hean log q,
S.E(log q),

6,
-4.7114,
1.3087,

7
-4.6407,
1.1820,

Regression statistics

Ages with q dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Hean log q

1, .73, 1.423, 8.05, .79, 11, .68, -5.92,
2, .93, .331, 5.36, .72, 11, .86, -4.81,
3, .71, 2.360, 6.61, .90, 11, .46, -4.51,
4, .85, 1.119, 5.29, .88, 11, .56, -4.25,
5, .81, 2.044, 5.59, .94, 11, .44, -4.41,

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Hean Q

6, .57, 3.157, 6.71, .88, 11, .52, -4.71,
7, .59, 1.956, 6.35, .81, 8, .58, -4.64,
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Table 4.11 (Continued)

Fleet FLT29: Norwegian tra

Age 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 , No data for this fleet at this age
2 No data for this fleet at this age
3 No data for this fleet at this age
4 No data for this fleet at this age
5 No data for this fleet at this age
6 No data for this fleet at this age
7 , No data for this fleet at this age
8 , 99.99, 99.99, 99.99, 99.99, 99.99, .93, 1.04
9 , 99.99, 99.99, 99.99, 99.99, 99.99, 1.79, 1.67

10 , 99.99, 99.99, 99.99, 99.99, 99.99, -.24, 1.44
11 , 99.99, 99.99, 99.99, 99.99, 99.99, .47, .49
12 , 99.99, 99.99, 99.99, 99.99, 99.99, 1.34, 2.50
13 , 99.99, 99.99, 99.99, 99.99, 99.99, 1.79, 1.22

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 No data for thi s fleet at this age
2 No data for this fleet at this age
3 No data for this fleet at this age
4 No data for this fleet at this age
5 No data for this fleet at this age
6 , No data for this fleet at this age
7 , No data for this fleet at this age
8 .32, -.40, .39, - .19, -.53, -.07, -.66, .45, -.41, - .13
9 1.47, -1.98, -1.95, -1.90, -.38, .66, -.07, .51, .90, .20

10 .09, -.08, .79, 99.99, -1.10, .38, -.86, .83, .48, -1.29
11 .75, 1.59, .19, 99.99, 99.99, -1.57, -.67, - .37, .48, -.54
12 1.38, 1.42, .70, -.11, .18, .23, -.33, .84, .49, -1.54
13 .13, .48, -1.01, -.45, .10, 99.99, - .68, 1.08, 99.99, -.88

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.ECLog q),

8,
-2.1494,

.5322,

9,
-2.6067,
1.3323,

10,
-2.0337,

.8747,

11,
-2.1474,

.9083,

12,
-2.1474,
1.1344,

13
-2.1474,

.9293,

Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , lntercept, RSquare, No Pts, Reg s.e, Mean Q

8, 1.21, -1.416, 1.02, .85, 12, .61, -2.15,
9, .73, 1.290, 3.78, .73, 12, .94, -2.61,

10, .97, .152, 2.18, .74, 11, .90, -2.03,
11, 1.13, -.437, 1.64, .62, 10, 1.09, -2.15,
12, 1.06, - .257, 1.48, .65, 12, 1.14, -1.67,
13, 1.44, -1.436, 1.40, .62, 10, 1.25, -2.07,
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Table 4.11 (Continued)

Fleet FL T30: Norway bot tom

Age 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 , 1.24, .60, 1.01, 1.05, .77, .12, .82
2 .47, -.11, .77, 1.42, .57, -.09, .80
3 - .10, -.18, - .12, -.03, .46, - .07, .26
4 , -2.35, -.54, .45, - .22, -.23, .93, -.06
5 , -.07, -.41, .34, .32, .14, 1.25, -.90
6 , -.03, .41, .06, -.88, .38, -.58, 2.73
7 , .31, -.28, .26, -1.89, -.66, - .30, 99.99
8 , No data for this fleet at this age
9 No data for this fleet at this age

10 , No data for this fleet at this age
11 No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 .15, -1.70, -.28, .74, .13, .00, .07, -.46, -.33, - .49
2 .39, -1.30, -.54, .33, .48, -.45, .08, -.24, -.46, - .01
3 .40, - .05, -.66, .26, .27, - .16, -.13, - .13, .13, -.15
4 .28, .21, -.26, -.01, -.01, -.57, -.19, .04, .45, .06
5 .18, - .02, .17, - .05, .03, - .61, -.43, .14, .16, .15
6 -.84, .38, .47, -.35, -.40, -.41, -1.39, -.08, .42, .61
7 , 99.99, 99.99, .37, -.14, .39, .35, .69, .27, -.31, -.38
8 , No data for this fleet at this age
9 No data for this fleet at this age

10 , No data for this fleet at this age
11 No data for this fleet at this age
12 , No data for this fleet at this age
13 , No data for this fleet at this age

Hean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Hean Log q,
S.E(Log q),

6,
-6.0143,

.9209,

7
-5.6916,

.5706,

Regression statistics

Ages with q dependent on year class strength

Age, Slope , t-va lue , Intercept, RSquare, No Pts, Reg s.e, Hean Log q

1, .74, 1.859, 7.33, .83, 17, .72, -5.04,
2, .77, 1.778, 6.75, .86, 17, .64, -5.17,
3, .91, 1.393, 5.56, .96, 17, .30, -5.01,
4, .85, 1.722, 6.23, .93, 17, .45, -5.40,
5, .72, 3.269, 7.23, .93, 17, .47, -5.98,

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Hean Q

6, .95, .272, 6.18, .77, 17, .92, -6.01,
7, 1.09, -.442, 5.40, .76, 14, .65, -5.69,

109



Table 4.11 (Continued)

Fleet FLT31: Norway acoust

Age 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 1.44, .30, .41, .07, .73, .26, -.05
2 .97, .19, .37, .64, .56, .47, .35
3 1.08, .81, .23, .43, .68, .45, .24
4 .77, .47, .73, .56, .12, -.76, .03
5 .93, .23, .20, .63, .44, .90, -.10
6 .91, 1.57, .67, -.63, .63, .77, 1.08
7 .89, .30, .87, -1. 71, .72, .97, 1.31
8 No data for this fleet at this age
9 No data for this fleet at this age

10 , No data for this fleet at this age
11 No data for this fleet at this age
12 , No data for this fleet at this age
13, No data for this fleet at this age

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 , -.69, -.45, - .42, .52, -.06, .48, .47, .14, - .13, - .95
2 - .65, .32, - .67, .15, - .08, .00, .18, -.25, -.45, -.02
3 -.43, -.18, -.52, - .01, - .50, .08, .29, - .12, -.01, -.08
4 , -.46, .08, -.10, .07, - .17, -.30, .29, .16, .01, .07
5 -.40, -.15, .05, - .12, -.74, - .97, .33, .45, -.05, .29
6 , - .18, .26, .63, -.50, -1.61, -.67, -.73, .17, .30, .43
7 1.45, - .13, .01, -.30, -1.06, - .27, -.43, - .07, - .13, - .36
8 No data tor this fleet at this age
9 No data for this fleet at this age

10 No data for this fleet at this age
11 No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.ECLog q),

6,
-6.2669,

.7741,

7
-5.8684,

.7714,

Regression statistics

Ages with q dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log q

1, .85, 1.373, 6.45, .90, 17, .54, -5.21,
2, .85, 1.723, 6.31, .93, 17, .42, -5.32,
3, .92, .956, 5.77, .94, 17, .38, -5.32,
4, .76, 3.624, 6.96, .96, 17, .34, -5.74,
5, .74, 2.630, 7.21, .91, 17, .53, '6.10,

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

6, .97, .191, 6.36, .82, 17, .79, -6.27,
7, 1.78, -3.525, 3.78, .67, 17, .96, -5.87,
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Table 4.11 (Continued)

Terminal year survivor and F summaries

Age Catchability dependent on age and year class strength

Year class =1995

Fleet,
,

FLT23: Russian botto,
FLT24: Russian acous,
FLT29: Norwegian tra,
FLT30: Norway bottom,
FLT31: Norwayacoust,

P shrinkage mean

F shrinkage mean

Weighted prediction

Estimated,
Survivors,

81981.,
1.,
1.,

94969.,
59577. ,

164955. ,

243579. ,

Int, Ext, Var, N, Scaled, Estimated
s.e, s.e, Ratio, , Weights, F

.732, .000, .00, 1, .085, 2.930

.000, .000, .00, 0, .000, .000

.000, .000, .00, 0, .000, .000

.755, .000, .00, 1, .080, 2.792

.564, .000, .00, 1, .144, 3.235

1.49"" .215, 2.284

1.00", , .476, 1.941

Survivors,
at end of year,

154569. ,

Int,
s.e,
.59,

Ext,
s.e,
.46,

N,
,

5,

Var, F
Ratio,

.782, 2.342

Age 2 Catchability dependent on age and year class strength

Year class =1994

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F

FLT23: Russian botto, 61748. , .753, .045, .06, 2, .115, 1.424
FLT24: Russian acous, 103629. , .742, .000, .00, 1, .015, 1.057
FLT29: Norwegian tra, 1., .000, .000, .00, 0, .000, .000
FLT30: Norway bottom, 105560., .625, .087, .14, 2, .175, 1.045
FLT31: Norway acoust, 106261. , .419, .025, .06, 2, .395, 1.041

P shrinkage mean 86236. , 1.46"" .096, 1.181

shrinkage mean 184394. , 1.00" " .204, .721

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

109353., .33, .12, 9, .365, 1.023

Age 3 Catchability dependent on age and year class strength

Year class =1993

e Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F

FLT23: Russ ian botto, 19886. , .566, .116, .20, 3, .094, 1.457
FLT24: Russian acous, 26755. , .706, .162, .23, 2, .026, 1.238
FLT29: Norwegian tra, 1. , .000, .000, .00, 0, .000, .000
FLT30: Norway bottom, 35781. , .289, .065, .23, 3, .421, 1.040
FLT31: Norway acoust, 36181., .308, .119, .38, 3, .325, 1.033

P shrinkage mean 54699. , 1.55"" .039, .787

F shrinkage mean , 390949. , 1.00" " .094, .155

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

42934. , .20, .23, 13, 1.135, .926
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Table 4.11 (Continued)

Age 4 Catchability dependent on age and year class strength

Year class =1992

Fleet,
,

FLT23: Russian botto,
FLT24: Russian acous,
FLT29: Norwegian tra,
FLT30: Norway bottom,
FLT3l: Norwayacoust,

P shrinkage mean

F shrinkage mean

Yeighted prediction

Estimated,
Survivors,

27327. ,
36419.,

1. ,
41154.,
38051. ,

32163. ,

69610.,

Int,
s.e,

.410,

.422,

.000,

.246,

.232,

1.63""

1.00" "

Ext,
s.e,
.189,
.198,
.000,
.053,
.067,

Var,
Ratio,

.46,

.47,

.00,

.22,

.29,

N, Scaled,
, \Jeights,

4, .126,
3, .103,
0, .000,
4, .341,
4, .385,

.012,

.033,

Estimated
F

.407

.320

.000

.288

.308

.355

.180

Survivors,
at end of year,

37997.,

Int,
s.e,
.15,

Ext,
s.e,
.06,

N,
,

17,

Var,
Ratio,

.417,

F

.308

Age 5 Catchability dependent on age and year class strength

Year class =1991

Fleet,
,

FLT23: Russian botto,
FLT24: Russian acous,
FLT29: Norwegian tra,
FLT30: Norway bottom,
FLT31: Norway acoust,

P shrinkage mean

F shrinkage mean

Yeighted prediction

Estimated,
Survivors,

90976. ,
68313.,

1.,
93855.,
92131. ,

14189. ,

80820.,

Int,
s.e,

.350,

.342,

.000,

.227,

.218,

1.58" "

1.00" "

Ext,
s.e,
.249,
.063,
.000,
.114,
.079,

Var,
Ratio,

.71,

.18,

.00,

.50,

.36,

N, Scaled,
, \Jeights,

5, .145,
4, .131,
0, .000,
5, .333,
5, .347,

.013,

.032,

Estimated
F

.327

.416

.000

.319

.324

1.248

.362

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

86554., .13, .08, 21, .578, .341

Age 6 Catchability constant w.r.t. time and dependent on age

Year class =1990

Fleet,
,

FLT23: Russian botto,
FLT24: Russian acous,
FLT29: Norwegian tra,
FLT30: Norway bottom,
FLT3l: Norway acoust,

F shrinkage mean

Yeighted prediction

Estimated,
Survivors,

175365.,
115748.,

1. ,
157435.,
181191.,

94826. ,

Int,
s.e,

.295,

.281,

.000,

.225,

.212,

1.00,,, ,

Ext,
s.e,
.152,
.063,
.000,
.110,
.070,

Var,
Ratio,

.51,

.23,

.00,

.49,

.33,

N, Scaled,
, Yeights,

6, .192,
5, .177,
0, .000,
6, .285,
6, .315,

.032,

Estimated
F

.347

.488

.000

.380

.338

.569

Survivors,
at end of year,

156586.,

Int,
s.e,
.12,

Ext,
s.e,
.06,

N,
,

24,

Var,
Ratio,

.488,

F

.382

Age 7 Catchability constant w.r.t. time and dependent on age

Year class = 1989

Fleet,
,

FLT23: Russian botto,
FLT24: Russian acous,
FLT29: Norwegian tra,
FlT30: Norway bottom,
FLT31: Norwayacoust,

F shrinkage mean

Yeighted prediction

Estimated,
Survivors,

15617.,
14711. ,

1. ,
13992. ,
17232. ,

9599.,

Int,
s.e,

.268,

.266,

.000,

.225,

.213,

1.00""

Ext,
s.e,
.115,
.129,
.000,
.122,
.111,

Var,
Ratio,

.43,

.48,

.00,

.54,

.52,

N, Scaled,
, Yeights,

7, .266,
6, .136,
0, .000,
7, .281,
7, .271,

.046,

Estimated
F

.509

.534

.000

.555

.471

.733

Survivors,
at end of year,

15086.,

Int,
s.e,
.13,

Ext,
s.e,
.06,

N,
,

28,

Var,
Ratio,

.470,

F

.523 112
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Table 4.11 (Continued)

Age 8 Catehabilityeonstant w.r.t. time and dependent on age

Year class =1988

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT23: Russian botto, 896., .288, .105, .37, 7, .216, 1.230
FLT24: Russian aeous, 1125., .301, .089, .30, 7, .106, 1.074
FLT29: Norwegian tra, 984., .557, .000, .00, 1, .146, 1.164
FLT30: Norway bottom, 954., .248, .129, .52, 7, .210, 1.185
FLT31 : Norway aeoust, 991., .236, .115, .49, 7, .190, 1.159

F shrinkage mean 2902., 1.00"" .132, .558

lJeighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

1123. , .18, .09, 30, .472, 1.075

Age 9 Catehabilityeonstant w.r.t. time and dependent on age

Year class =1987

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT23: Russian botto, 97., .274, .232, .85, 7, .167, 1.489
FLT24: Russian aeous, 106. , .293, .429, 1.46, 7, .092, 1.423
FLT29: Norwegian tra, 103. , .527, .244, .46, 2, .169, 1.444
FLT30: Norway bottom, 124. , .234, .214, .92, 7, .175, 1.306
FLT31 : Norway aeoust, 97., .223, .140, .63, 7, .167, 1.495

F shrinkage mean , 334., 1.00" " .230, .695

lJeighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

137., .26, .14, 31, .523, 1.235

Age 10 Catehabilityeonstant w.r.t. time and dependent on age

Year class =1986

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT23: Russian botto, 87., .273, .215, .79, 7, .145, 1.091
FLT24: Russian aeous, 64., .311, .204, .65, 7, .080, 1.311
FLT29: Norwegian tra, 50., .536, .659, 1.23, 3, .189, 1.496
FLT30: Norway bot tom, 66., .236, .235, 1.00, 7, .157, 1.289
FL131: Norway aeoust, 57. , .226, .155, .69, 7, .155, 1.398

F shrinkage mean 110., 1.00"" .273, .942

lJeighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

73., .30, .12, 32, .386, 1.214

Age 11 Catehabilityeonstant w.r.t. time and dependent on age

Year class =1985

Fleet, Estimated, Int, Ext, Var, N, Sealed, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT23: Russian botto, 127., .269, .270, 1.01, 7, .132, .971
FLT24: Russian aeous, 160. , .297, .132, .44, 7, .084, .832
FLT29: Norwegian tra, 108. , .524, .284, .54, 4, .237, 1.074
FLT30: Norway bottom, 141., .229, .101, .44, 7, .148, .909
FLT31: Norway aeoust, 99., .224, .179, .80, 7, .146, 1.130

F shrinkage mean 216. , 1.00" " .253, .675

lJeighted predietion

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

140., .29, .09, 33, .316, .913
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Table 4.11 (Continued)

Age 12 Catchability constant w.r.t. time and age Cfixed at the value for age) 11

Year class = 1984

Fleet. Estimated. Int. Ext. Var. N. Scaled. Estimated. Survivors. s.e. s.e. Ratio. .Yeights. F
FLT23: Russian botto. 106•• . 279. •182• .65 • 7. .078. .908
FLT24: Russian acous. 110•• .307. . 131 • .43 • 7. .047. .886
FLT29: Norwegian tra. 59•• .602. .494. •82 • 5 • .270. 1.301
FLT30: Norway bot tom. 118•• . 240. . 086 • •36• 7• .084. .846
FLT31: Norway acoust. 69•• •241. •171 • •71 • 7• .077. 1.180

F shrinkage mean 109•• 1.00•••• .444. .890

Yeighted prediction

Survivors. Int. Ext. N. Var. F
at end of year. s.e .. s.e. . Ratio.

89 .• .47. .11. 34. .235. 1.011

Age 13 Catchability constant w.r.t. time and age Cfixed at the value for age) 11

Year class =1983

Fleet..
FLT23: Russian botto.
FLT24: Russian acous.
FLT29: Norwegian tra.
FLT30: Norway bottom.
FLT31: Norway acoust.

F shrinkage mean

Yeighted prediction

Estimated.
Survivors.

281 .•
370 ••
123 ••
208 ••
188.•

247••

Int. Ext. Var. N. Scaled. Estimated
s.e• s.e. Ratio. .Yeights. F

•318. .119. .37. 7• .086. 1.019
•396. •171. .43 • 6• .033. .851
.489. •238. .49. 6• .314. 1.615
.315. •091. .29. 7• .069. 1.219
•300. •166. .55 • 7• .062. 1.292

1.00•••• .438. 1.103

Survivors.
at end of year.

198.•

Int.
s.e.
•47.

Ext.
s.e.
.09•

N..
34.

Var. F
Ratio.

.190. 1.256
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Table 4.12

Run title : Arctic Haddock (run: XSAlOR10/Xl0)

At 27-Aug-97 20:12:57

Terminal Fs derived using XSA (With F shrinkage)

Table 8 Fishing mortality (F) at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
1, .0000, .0000, .0000, .0003, .0000, .0017, .0000, .0034, .0080, .0136,
2, .0024, .0017, .0058, .0026, .0031, .0307, .0942, .0662, .0673, .0571,
3, .0619, .0369, .1015, .1663, .0229, .2844, .3355, .2199, .2562, .3190,
4, .3032, .4022, .1474, .2316, .2666, .3824, .6008, .3415, .5747, .6498,
5, .4252, .5648, .5076, .2042, .1817, 1.0679, .9526, .4193, .5171, .6132,
6, .4945, .4642, .5550, .5092, .1460, .9646, .4685, .6385, .4446, .7085,
7, .5020, .6417, .4099, .4779, .4188, .4094, .3011, .5789, .5106, .8005,
8, .5559, .6438, .4261, .4129, .3393, .6184, .1776, .4964, .3370, .6450,
9, .3452, .4586, .4136, .3020, .3028, .5529, .3023, .4260, .2096, .7647,

10, .2901, .5453, .4182, .3280, .2575, .6332, .1984, .7421, .1479, .9097,
11, .5455, .2708, .2348, .4068, .2758, .4158, .1946, .6491, .3989, .5382,
12, .9341, 1.0711, .1764, .2175, .6543, .8336, .2431, .6788, .1929, 1.5173,
13, .5385, .6031, .3359, .3355, .3683, .6162, .2243, .6037, .2586, .8843,

+gp, .5385, .6031, .3359, .3355, .3683, .6162, .2243, .6037, .2586, ' .8843,
FBAR 4- 7, .4312, .5182, .4050, .3558, .2533, .7061, .5807, .4945, .5118, .6930,

•
Table 8 Fishing mortality (F) at age
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
1, .0010, .0018, .0000, .0000, .0002, .0002, .0000, .9536, 1.3674, 2.3608,
2, .0927, .0135, .0023, .0000, .0076, .0055, .0158, .0539, .0144, 1.2871,
3, .7673, .3628, .1546, .0371, .0991, .1297, .1787, .0676, .1345, .3751,
4, 1.2842, .6420, .5081, .3098, .2089, .2687, .4617, .3361, .1990, .4555,
5, .9476, .8913, .9734, .6922, .5602, .4677, .4617, .3717, .3809, .2696,
6, .4987, .4521, .9569, .8243, .9104, .7050, .3521, .2862, .6353, .4942,
7, .6374, .6862, .5245, .4196, .7857, .5900, .4100, .3382, .5389, .7437,
8, .5330, .4514, .5183, .7399, .5320, .6639, .4139, .5523, .5233, .5066,
9, .3229, .6615, .5001, .4299, .5624, .5061, .1912, .4230, .7445, .4955,

10, .5161, .2777, .5546, .6074, .2299, .6075, .5058, .4252, .7681, .6894,
11, 2.3164, .7954, .5742, .7116, .5109, .5091, .4621, .7838, .6204, .4780,
12, .3770, .4290, .6942, .8699, .7987, 1.5596, .2071, 2.2138, .3434, 1.3280,
13, .8215, .5272, .5731, '.6780, .5310, .7769, '.3583, .•8890, ' .3237, .•3571,

+gp, .8215, .5272, .5731, .6780, .5310, .7769, .3583, .8890, .3237, .3571,
FBAR 4- 7, .8420, .6679, .7407, .5614, .6163, .5078, .4214, .3330, .4385, .4907,

-
Table 8 Fishing mortality (F) at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, FBAR 94-96

AGE
1, 3.5424, .3916, .8984, .3709, .3006, 1.4741, 2.0587, 1.6239, 2.2050, 2.3423, 2.0571,
2, .0032, .0301, .0067, .3474, .0575, .1557, .3950, .5949, .8328, 1.0227, .8168,
3, .0532, .2975, .0744, .2174, .0526, .0685, .0713, .1067, .2019, .9264, .4117,
4, .4691, .1667, .1835, .1114, .1463, .2361, .2046, .1006, .2574, .3081, .2221,
5, .9242, .5499, .3593, .1239, .2630, .2689, .5414, .4150, .3038, .3414, .3534,
6, .2467, 1.1610, .5170, .1955, .2845, .4139, .5712, .6397, .4896, .3816, .5036,
7, .5617, .2521, .6369, .2777, .3328, .3415, .4311, .8618, .5892, .5232, .6581,
8, .6524, .3411, .2567, .3153, .2957, .3346, .3732, .6326, .4736, . 1.0750, .7271,
9, .5344, .3854, .0878, .8279, .2379, .3013, .5025, .7159, .6611, . 1.2353, .8708,

10, .3798, .7197, .8932, .7120, .0888, .2215, .3791, 1.1700, .6939, . 1.2136, 1.0258,
11, .5768, 1.1186, .4323, .1588, .0257, .0670, .5017, .6224, .7154, .9128, .7502,
12, .8711, 1.3288, .4942, .1805, .6745, .1360, .4909, 1.2452, .5153, 1.0115, .9240,
13, .4896, •5607, .5570, .3848, .1756, .1840, .5112, 1.0427, .5623, .1.2562, . .9537,

+gp, .4896, .5607, .5570, .3848, .1756, .1840, .5112, 1.0427, .5623, 1.2562,
FBAR 4- 7, .5504, .5324, .4242, .1771, .2566, .3151, .4371, .5043, .4100, .3886,
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Tablc4.13

Run title : Arctic Haddock (run: XSALOR10/X10)

At 27-Aug-97 20:12:57

Terminal Fs derived using XSA (With F shrinkage)

Table 10 Stock number at age (start of year) Numbers'*10**-3
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
1, 26006, 248988, 144604, 1538754, 418728, 88999, 78238, 90638, 183815, 285138,
2, 24567, 21292, 203854, 118392, 1259392, 342812, 72746, 64056, 73954, 149300,
3, 293297, 20066, 17402, 165944, 96682, 1027905, 272193, 54206, 49085, 56607,
4, 174808, 225729, 15834, 12873, 115049, m66, 633268, 159329, 35618, 31106,
5, 43089, 105684, 123615, 11188, 8360, 72153, 43214, 284328, 92714, 16414,
6, 72902, 23058, 49187, 60919, 7468, 5707, 20305, 13648, 153061, 45260,
7, 24860, 36400, 11868, 23119, 29973, 5283, 1781, 10405, 5901, 80336,
8, 4191, 12321, 15687, 6449, 11737, 16144, 2872, 1079, 4775, 2899,
9, 825, 1968, 5299, 8387, 3494, 6844, 7122, 1969, 538, 2791,

10, 768, 479, 1019, 2869, 5077, 2113, 3224, 4310, 1053, 357,
11, 407, 470, 227, 549, 1692, 3213, 918, 2164, 1680, 744,
12, 137, 193, 294, 147, 299, 1051, 1736, 619, 926, 923,
13, 72, 44, 54, 202, 97, 127, 374, 1114, 257, 625,

+gp, 37, 125, 35, 169, 28, 159, 148, 487, 1128, 630,
TOTAL, 665965, 696818, 588980, 1949962, 1958075, 1649876, 1138139, 688353, 604504, 673129,

•
Table 10 Stock number at age (start of year) Numbers'*10'*'*-3
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
1, 204818, 28509, 8494, 12058, 7134, 13985, 408482, 1819165, 1776256, 679473,
2, 230306, 167524, 23300, 6954, 9872, 5840, 11448, 334437, 573973, 370497,
3, 115453, 171859, 135318, 19033, 5693, 8021, 4755, 9227, 259443, 463198,
4, 33689, 43884, 97898, 94918, 15015, 4222, 5768, 3256, 7060, 185678,
5, 13298, 7636, 18908, 48220, 57011, 9976, 2642, 2976, 1905, 4737,
6, 7279, 4221, 2564, 5848, 19759, 26658, 5117, 1363, 1680, 1066,
7, 18245, 3619, 2199, 806, 2100, 6509, 10784, 2946, 838, 729,
8, 29540, 7897, 1492, 1065, 434, 784, 2954, 5860, 1720, 400,
9, 1246, 14193, 4117, 727, 416, 209, 330, 1599, 2762, 834,

10, 1064, 738, 5997, 2044, 387, 194, 103, 223, 858, 1074,
11, 118, 520, 458, 2820, 912, 252, 87, 51, 120, 326,
12, 355, 10, 192, 211, 1133, 448, 124, 45, 19, 53,
13, 166, 200, 5, 79, 72, 417, 77, 83, 4, 11,

+gp, 190, 174, 133, 33, 111, 69, 331, 342, 226, 26,
TOTAL, 655766, 450984, 301072, 194817, 120052, 77585, 453004, 2181572, 2626862, 1708101,

labte 10 Stock number at age (start of year) Numbers'*10'*'*-3
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, GMST

AGE
1, 860058, 53886, 443848, 514463, 1933634, 3088165, 2000453, 2304962, 4114336, 1964369, 0, 2205
2, 52487, 20381, 29821, 147986, 290687, 1172149, 578942, 209025, 372010, 371391, 154569, 1299
3, 83742, 42833, 16193, 24253, 85606, 224685, 821344, 319329, 94398, 132434, 109353, 973
4, 260605, 65008, 26044, 12307, 15977, 66498, 171776, 626152, 234995, 63156, 42934, 672
5, 96400, 133471, 45052, 17748, 9014, 11301, 42996, 114613, 463574, 148730, 37997, 368
6, 2962, 31321, 63051, 25752, 12838, 5674, 7071, 20486, 61966, 280115, 86554, 172
7, 532, 1895, 8031, 30781, 17339, 7908, 3071, 3270, 8847, 31092, 156586, 80
8, 284, 249, 1206, 3478, 19090, 10177, 4602, 1634, 1131, 4018, 15086, 37
9, 198, 121, 145, 764, 2077, 11629, 5963, 2594, 711, 577, 1123, 18

10, 416, 95, 67, 108, 273, 1341, 7044, 2953, 1038, 300, 137, 8
11, 441, 233, 38, 23, 44, 205, 880, 3948, 750, 425, 73, 4
12, 165, 203, 62, 20, 16, 35, 157, 436, 1735, 300, 140, 1
13, 11, 57, 44, 31, 14, 7, 25, 79, 103, 848, 89,

+gp, 54, 28, 38, 51, 48, 7, 16, 3, 5, 12, 201,
TOTAL, 1358355, 349780, 633640, 777765, 2386659, 4599777, 3644339, 3609484, 5355595, 2997769, 604841,
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Table 4.14

Run title : Arctic Haddock (run: SVPLOR05/V05)

At 27-Aug-97 21:41:21

Table 4 Natural Hortality (H) at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
4, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
5, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
13, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

+gp, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

• Table 4 Natural Hortality (H) at age
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2110, .2000, .5019,
4, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
5, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
13, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

+gp, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

•
Table 4 Natural Hortality (H) at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
3, .2000, .4738, .2000, .3911, .2000, .2057, .2527, .2950, .3845, 1.0980,
4, .2000, .2000, .2000, .2000, .2000, .2000, .2261, .2154, .3854, .3871,
5, .2000, .2024, .2000, .2000, .2000, .2000, .3035, .2114, .2978, .2370,
6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2007, .2090, .2269,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
13, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

+gp, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
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Table4.15

Run title : Arctic Haddock (run: SVPlOR05/V05)

At 27-Aug-97 21:41:21

Traditional vpa using fi le input for terminal F

labte 8 Fishing mortality CF) at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, .0623, .0370, .1024, .1677, .0231, .2856, .3364, .2211, .2579, .3227,
4, .3042, .4029, .1478, .2334, .2689, .3846, .6004, .3427, .5748, .6510,
5, .4253, .5645, .5080, .2047, .1836, 1.0625, .9490, .4204, .5180, .6128,
6, .4947, .4640, .5546, .5097, .1466, .9623, .4693, .6378, .4462, .7078,
7, .5022, .6399, .4101, .4782, .4202, .4093, .3036, .5791, .5110, .7988,
8, .5554, .6422, .4260, .4132, .3405, .6192, .1783, .5003, .3387, .6438,
9, .3455, .4589, .4137, .3025, .3037, .5533, .3047, .4261, .2131, .7638,

10, .2902, .5437, .4190, .3288, .2584, .6316, .1999, .7445, .1487, .9200,
11, .5473, .2710, .2351, .4080, .2769, .4164, .1954, .6499, .4039, .5378,
12, .9309, 1.0635, .1769, .2179, .6540, .8280, .2444, .6755, .1949, 1.5091,
13, .5385, .6031, .3359, .3355, .3683, .6162, .2243, .6037, .2586, .8843,

+gp, .5385, .6031, .3359, .3355, .3683, .6162, .2243, .6037, .2586, .8843,
FBAR 4- 7, .4316, .5178, .4051, .3565, .2548, .7047, .5806, .4950, .5125, .6926,

•
Table 8 Fishing mortality (F) at age
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, .7674, .3641, .1555, .0373, .0996, .1305, .1793, .0568, .1358, .0734,
4, 1.2793, .6439, .5096, .3111, .2097, .2694, .4623, .3367, .1998, .4584,
5, .9442, .8902, .9715, .6928, .5607, .4677, .4617, .3731, .3815, .2705,
6, .4993, .4534, .9524, .8233, .9071, .7040, .3529, .2872, .6357, .4943,
7, .6371, .6849, .5262, .4202, .7845, .5897, .4114, .3394, .5387, .7426,
8, .5339, .4528, .5183, .7405, .5321, .6636, .4150, .5537, .5240, .5066,
9, .3240, .6616, .5021, .4307, .5655, .5064, .1927, .4246, .7449, .4969,

10, .5176, .2792, .5560, .6100, .2313, .6129, .5063, .4277, .7670, .6908,
11, 2.2928, .7944, .5752, .7123, .5158, .5107, .4706, .7801, .6238, .4796,
12, .3m, .4298, .6940, .8668, .7985, 1.5449, .2092, 2.1888, .3435, 1.3183,
13, .8215, .5272, .5731, .6780, .5310, .7769, .3583, .8890, .3237, .3571,

+gp, .8215, .5272, .5731, .6780, .5310, .7769, .3583, .8890, .3237, .3571,
FBAR 4- 7, .8400, .6681, .7399, .5618, .6155, .5077, .4221, .3341, .4389, .4914,

Table 8 Fishing mortality (F) at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, FBAR 94-96

AGE
3, .0536, .0237, .0748, .0264, .0530, .0632, .0188, .0117, .0174, .0284, .0192,
4, .4693, .1675, .1842, .1121, .1474, .2376, .1793, .0856, .0722, .1210, .0929,
5, .9246, .5471, .3601, .1246, .2642, .2708, .4391, .4041, .2062, .3044, .3049,
6, .2479, 1.1547, .5166, .1967, .2856, .4153, .5735, .6406, .4808, .3547, .4920,
7, .5611, .2536, .6360, .2786, .3345, .3429, .4331, .8626, .5926, .5232, .6595,
8, .6519, .3421, .2587, .3166, .2969, .3370, .3752, .6349, .4782, 1.0750, .7294,
9, .5342, .3869, .0885, .8269, .2395, .3028, .5061, .7166, .6653, 1.2353, .8724,

10, .3823, .7158, .8884, .7099, .0898, .2234, .3812, 1.1667, .6956, 1.2136, 1.0253,
11, .5805, 1.1113, .4308, .1595, .0259, .0678, .5051, .6248, .7178, .9128, .7518,
12, .8682, 1.3200, .4935, .1805, .6707, .1367, .4944, 1.2376, .5200, 1.0115, .9231,
13, .4896, .5607, .5570, .3848, .1756, .1840, .5112, 1.0427, .5623, 1.2562, .9537,

+gp, .4896, .5607, .5570, .3848, .1756, .1840, .5112, 1.0427, .5623, 1.2562,
FBAR 4- 7, .5508, .5307, .4242, .1780, .2579, .3166, .4062, .4982, .3379, .3258,
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Table 4.16

Run title : Arctic Haddock (run: SVPLOR05/V05)

At 27-Aug-97 21:41:21

Traditional vpa using fi le input for terminal F

Table 10 Stock number at age (start of year) Numbers'*10'*'*-3
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, 290555, 19932, 17204, 163910, 95481, 1017727, 269620, 53662, 48502, 55669,
4, 173138, 223523, 15726, 12715, 113476, 76387, 626266, 157681, 35219, 30682,
5, 42706, 104568, 122318, 11107, 8243, 71000, 42574, 281290, 91641, 16229,
6, 72170, 22851, 48682, 60260, 7410, 5617, 20089, 13494, 151259, 44694,
7, 24606, 36029, 11763, 22890, 29634, 5239, 1757, 10287, 5838, 79265,
8, 4148, 12192, 15555, 6391, 11617, 15938, 2849, 1062, 4720, 2868, , "f

9, 819, 1949, 5252, 8318, 3462, 6767, 7025, 1951, 527, 2754,
10, 763, 474, 1008, 2843, 5032, 2092, 3186, 4241, 1043, 349,

r 11, 402, 467, 226, 543, 1675, 3182, 911, 2136, 1649, 736,
12, 135, 190, 292, 146, 296, 1040, 1718, 613, 913, 902,
13, 71, 43, 54, 200, 96, 126, 372, 1102, 256, 615,

+gp, 37, 125, 35, 169, 28, 159, 148, 487, 1128, 630,
TOTAL, 609550, 422347, 238115, 289493, 276451, 1205274, 976514, 528005, 342696, 235392,

•
Table 10 Stock number at age (start of year) Numbers'*10"-3
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, 113809, 170003, 134035, 18874, 5648, 7944, 4717, 9152, 256117, 458742,
4, 33008, 43256, 96706, 93935, 14887, 4186, 5708, 3228, 7002, 183060,
5, 13101, 7519, 18601, 47565, 56347, 9883, 2617, 2944, 1887, 4695,
6, 7199, 4172, 2527, 5764, 19479, 26332, 5069, 1351, 1659, 1055,
7, 18030, 3578, 2171, 798, 2072, 6438, 10663, 2916, 830, 720,
8, 29195, 7807, 1477, 1050, 429, 774, 2923, 5785, 1700, 396,
9, 1233, 14015, 4064, 720, 410, 207, 326, 1580, 2723, 824,

10, 1051, 730, 5921, 2014, 383, 191, 102, 220, 846, 1058,
11, 114, 513, 452, 2780, 896, 249, 85, 50, 118, 322,
12, 352, 9, 190, 208, 1117, 438, 122, 43, 19, 52,
13, 163, 198, 5, 78, 72, 411, 76, 81, 4, 11,

+gp, 190, 174, 133, 33, 111, 69, 331, 342, 226, 26,
TOTAL, 217447, 251973, 266282, 173821, 101851, 57122, 32741, 27693, 273132, 650960,

Table 10 Stock number at age (start of year) Numbers'*10'*'*-3
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, GMST

AGE
3, 83041, 42480, 16049, 23988, 84678, 222779, 815419, 317020, 93794, 130290, 0, 963
4, 258065, 64443, 25829, 12192, 15800, 65747, 170255, 621565, 233280, 62751, 42239, 665
5, 94769, 132142, 44626, 17589, 8924, 11164, 42445, 113515, 460013, 147624, 37753, 364
6, 2933, 30778, 62453, 25488, 12714, 5610, 6972, 20199, 61342, 277910, 85907,' 170
7, 527, 1874, 7942, 30504, 17142, 7824, 3032, 3217, 8709, 30773, 155353,' 79
8, 280, 246, 1191, 3442, 18902, 10044, 4546, 1610, 1112, 3942, 14931, 37
9, 196, 120, 143, 753, 2053, 11500, 5871, 2558, 698, 564, 1102, 18

10, 411, 94, 66, 107, 270, 1323, 6956, 2898, 1023, 294, 134, 8
11, 434, 229, 38, 22, 43, 202, 866, 3890, 739, 418, 72, 4
12, 163, 199, 62, 20, 16, 34, 154, 428, 1705, 295, 137, 1
13, 11, 56, 44, 31, 14, 7, 25, 77, 102, 830, 88;

+gp, 54, 28, 38, 51, 48, 7, 16, 3, 5, 12, 196,
TOTAL, 440884, 272689, 158481, 114187, 160603, 336241, 1056557, 1086979, 862521, 655703, 337912,
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Table 4.17

Run title : Arctic Haddock (run: SVPLOR05/V05)

At 27-Aug-97 21:41:21

Traditional vpa using fi le input for terminal F

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, 151686, 10406, 9110, 81471, 63484, 575357, 147115, 30447, 25908, 22882,
4, 141059, 182121, 12995, 9863, 117746, 67394, 533283, 139621, 29359, 19681,
5, 60467, 148065, 175659, 14972, 14865, 108862, 63002, 432854, 132760, 18092,
6, 135865, 43021, 92954, 108009, 17766, 11451, 39527, 27609, 291355, 66246,
7, 55665, 81512, 26991, 49301, 85381, 12835, 4154, 25292, 13514, 141184,
8, 10926, 32117, 41557, 16028, 38973, 45462, 7843, 3040, 12720, 5947,
9, 2396, 5704, 15591, 23178, 12903, 21445, 21490, 6207, 1578, 6346,

10, 2661, 1655, 3567, 9442, 22357, 7902, 11615, 16079, 3724, 958,
11, 1718, 1996, 977, 2208, 9115, 14718, 4066, 9914, 7208, 2476,
12, 713, 1009, 1569, 736, 1995, 5968, 9516, 3532, 4950, 3762,
13, 415, 254, 320, 1116, 716, 798, 2276, 7007, 1530, 2835,

+gp, 233, 794, 222, 1020, 229, 1090, 977, 3348, 7304, 3138,
TOTALBIO, 563803, 508656, 381512, 317344, 385530, 873282, 844863, 704950, 531910, 293547,

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, 57671, 106332, 99497, 12857, 3663, 4896, 2835, 5500, 108787, 115770,
4, 26104, 42223, 112031, 99859, 15070, 4025, 5355, 3027, 5543, 135293,
5, 18005, 12755, 37448, 87875, 99130, 16517, 4267, 4798, 3243, 6474,
6, 13156, 9411, 6766, 14160, 45564, 58516, 10986, 2927, 3845, 2149,
7, 39592, 9697, 6983, 2357, 5823, 17193, 27772, 7594, 2155, 1466,
8, 74644, 24636, 5531, 3609, 1405, 2407, 8864, 17542, 5466, 1190,
9, 3503, 49144, 16912, 2750, 1491, 713, 1100, 5324, 9725, 2749,

10, 3557, 3052, 29370, 9167, 1661, 785, 409, 885, 3603, 4207,
11, 472, 2623, 2747, 15496, 4755, 1255, 416, 247, 613, 1566,
12, 1811, 60, 1429, 1440, 7353, 2739, 746, 264, 122, 312,
13, 927, 1385, 42, 592, 521, 2843, 515, 547, 28, 73,

+gp, 1170, 1315, 1195, 274, 877, 512, 2415, 2488, 1747, 184,
TOTALBIO, 240612, 262632, 319950, 250436, 187314, 112402, 65680, 51143, 144876, 271432,

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
3, 19580, 11508, 4384, 6375, 31558, 83746, 250201, 74126, 19358, 27339,
4, 121698, 24940, 11029, 8418, 11414, 54294, 140741, 338495, 83203, 28279,
5, 86589, 80511, 30215, 16023, 12687, 17420, 61563, 119327, 366855, 101338,
6, 6396, 33534, 61206, 31097, 19757, 11778, 14883, 31002, 88497, 312682,
7, 1481, 2901, 10968, 44237, 27738, 18692, 7173, 6281, 17040, 56763,
8, 917, 813, 3813, 6643, 37068, 22848, 13972, 4036, 3244, 9572,
9, 711, 439, 509, 2681, 5127, 32325, 20094, 6067, 2053, 1587,

10, 1779, 411, 282, 456, 1139, 5628, 23870, 7589, 3108, 976,
11, 2304, 1229, 195, 116, 223, 1104, 3673, 12282, 2681, 1452,
12, 1073, 1323, 398, 129, 100, 234, 1044, 2866, 11444, 1975,
13, 82, 411, 310, 220, 97, 49, 184, 570, 754, 6136,

+gp, 422, 222, 295, 397, 366, 53, 132, 27, 41, 97,
TOTALBIO, 243033, 158243, 123604, 116792, 147275, 248170, 537531, 602669, 598279, 548196,

120



.;

Table 4.18

Run title : Arctic Haddock (run: SVPLOR05/V05)

At 27-Aug-97 21:41:21

Traditional vpa using file input for terminal F

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
4, 7053, 9106, 650, 493, 5887, 3370, 26664, 6981, 1468, 984,
5, 13907, 34055, 40402, 3444, 3419, 25038, 14490, 99556, 30535, 4161,
6, 72008, 22801, 49266, 57245, 9416, 6069, 20950, 14633, 154418, 35110,
7, 48985, 71731, 23752, 43385, 75135, 11295, 3655, 22257, 11892, 124242,
8, 10707, 31474, 40726, 15707, 38193, 44553, 7686, 2979, 12466, 5828,
9, 2396, 5704, 15591, 23178, 12903, 21445, 21490, 6207, 1578, 6346,

10, 2661, 1655, 3567, 9442, 22357, 7902, 11615, 16079, 3724, 958,
11, 1718, 1996, 9n, 2208, 9115, 14718, 4066, 9914, 7208, 2476,
12, 713, 1009, 1569, 736, 1995, 5968, 9516, 3532, 4950, 3762,
13, 415, 254, 320, 1116, 716, 798, 2276, 7007, 1530, 2835,

+gp, 233, 794, 222, 1020, 229, 1090, 9n, 3348, 7304, 3138,
TOTSPBIO, 160797, 180580, 1n041, 157974, 179366, 142246, 123384, 192494, 237074, 189840,

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes
YEAR, 19n, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
3, 0, 0, 0, 0, 37, 441, 482, 385, 2176, 0,
4, 1305, 2111, 5602, 4993, 1808, 2214, 3748, 424, 443, 29764,
5, 4141, 2934, 8613, 20211, 63443, 12058, 4267, 1679, 2594, 3431,
6, 6972, 4988, 3586, 7505, 33262, 54420, 10986, 1376, 3576, 1848,
7, 34841, 8533, 6145, 2074, 5590, 16505, 2n72, 5620, 2068, 1260,
8, 73151, 24143, 5420, 3537, 1405, 2407, 8864, 17542, 5466, 1190,
9, 3503, 49144, 16912, 2750, 1491, 713, 1100, 5324, 9725, 2749,

10, 3557, 3052, 29370, 9167, 1661, 785, 409, 885, 3603, 4207,
11, 472, 2623, 2747, 15496, 4755, 1255, 416, 247, 613, 1566,
12, 1811, 60, 1429, 1440, 7353, 2739, 746, 264, 122, 312,
13, 927, 1385, 42, 592, 521, 2843, 515, 547, 28, 73,

+gp, 1170, 1315, 1195, 274, 8n, 512, 2415, 2488, 1747, 184,
TOTSPBIO, 131851, 100288, 81060, 68039, 122203, 96892, 61721, 36781, 32162, 46585,

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
3, 0, 0, 0, 0, 0, 1675, 5004, 0, 0, 0,
4, 1217, 748, 441, 168, 799, 7058, 30963, 6nO, 1664, 0,
5, 18184, 26569, 9065, 4807, 3806, 8710, 30166, 15513, 44023, 10134,
6, 3390, 17103, 38560, 16792, 9878, 7302, 11311, 12711, 37169, 112565,
7, 1481, 2901, 8994, 34063, 22190, 14393, 5667, 5653, 13803, 44275,
8, 917, 813, 3813, 5n9, 34103, 18278, 12296, 3552, 2855, 8232,
9, 711, 439, S09, 2145, 5127, 30385, 17683, 6067, 2053, 1428,

10, 1n9, 411, 282, 456, 1139, 5628, 20767, 7589, 2704, 908,
11, 2304, 1229, 195, 116, 223, 1104, 3673, 11914, 2681, 1307,
12, 1073, 1323, 398, 129, 100, 234, 1044, 2866, 10758, 1975,
13, 82, 411, 310, 220, 97, 49, 184, 570, 754, 6136,

+gp, 422, 222, 295, 397, 366, 53, 132, 27, 41, 97,
TOTSPBIO, 31560, 52169, 62862, 65072, 77830, 94870, 138889, 73230, 118504, 187057,

121



Table 4.19

Run title : Arctic Haddack (run: SVPLOR05/V05)

At 27-Aug-97 21:41:21

Table 17 SUllTnary (with SOP carrectian)

Traditianal vpa using file input far terminal F

RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, SOPCOFAC, FBAR 4- 7,
Age 3

1950, 66401, 269854, 140642, 132125, .9394, .4483, .8412,
1951, 552707, 439081, 111584, 120077, 1.0761, .6468, .6273,
1952, 62333, 317969, 64151, 127660, 1.9900, .5115, .7325,
1953, 1030188, 652916, 81680, 123920, 1.5171, .5709, .5328,
1954, 122540, 716191, 124221, 156788, 1.2622, .5998, .3865,
1955, 52309, 580934, 176276, 202286, 1.1476, .4730, .5158,
1956, 169104, 532421, 237439, 213924, .9010, .5526, .4431,
1957, 53254, 353841, 197612, 123583, .6254, .5668, .4446,
1958, 68972, 292205, 155117, 112672, .7264, .6119, .5333,
1959, 324527, 414699, 133923, 88211, .6587, .7979, .3937,
1960, 242520, 529752, 128196, 155454, 1.2126, .8371, .4989,
1961, 109130, 491160, 133522, 193234, 1.4472, .8017, .6494,
1962, 240726, 429465, 122878, 187888, 1.5291, .7438, .8256,
1963, 274815, 401756, 91083, 146744, 1.6111, .7422, .8878,
1964, 320311, 378959, 62714, 98900, 1.5770, .6155, .6541,
1965, 100310, 438630, 92977, 118079, 1.2700, .6922, .5089,
1966, 240270, 471105, 126356, 160621, 1.2712, .6598, .6198,
1967, 290555, 563803, 160797, 136486, .8488, .7910, .4316,
1968, 19932, 508656, 180580, 181726, 1.0063, .7910, .5178,
1969, 17204, 381512, 177041, 130502, .7371, .8023, .4051,
1970, 163910, 317344, 157974, 86601, .5482, .7531, .3565,
1971, 95481, 385530, 179366, 78908, .4399, 1.0074, .2548,
1972, 1017727, 873282, 142246, 265317, 1.8652, .8566, .7047,
1973, 269620, 844863, 123384, 320065, 2.5941, .8267, .5806,
1974, 53662, 704950, 192494, 221138, 1.1488, .8597, .4950,
1975, 48502, 531910, 237074, 175758, .7414, .8093, .5125,
1976, 55669, 293546, 189840, 137218, .7228, .6228, .6926,
1977, 113809, 240612, 131851, 110158, .8355, .7678, .8400,
1978, 170002, 262633, 100288, 95422, .9515, .9477, .6681,
1979, 134035, 319950, 81060, 103623, 1.2784, 1.1247, .7399,
1980, 18874, 250436, 68039, 87889, 1.2917, 1.0321, .5618,
1981, 5648, 187314, 122203, 77153, .6313, .9828, .6155,
1982, 7944, 112402, 96892, 46955, .4846, .9337, .5077,
1983, 4717, 65680, 61721, 21607, .3501, .9107, .4221,
1984, 9152, 51143, 36781, 17661, .4802, .9105, .3341,
1985, 256117, 144876, 32162, 41270, 1.2832, .9654, .4389,
1986, 458742, 271432, 46585, 96585, 2.0733, .9013, .4914,
1987, 83041, 243033, 31560, 150659, 4.7737, .9825, .5508,
1988, 42480, 158243, 52169, 91744, 1. 7586, .9923, .5307,
1989, 16049, 123605, 62862, 55122, .8769, .9617, .4242,
1990, 23988, 116792, 65072, 25816, .3967, .9630, .1780,
1991, 84678, 147275, 77830, 33605, .4318, .9581, .2579,
1992, 222779, 248170, 94870, 53886, .5680, 1.0132, .3166,
1993, 815418, 537531, 138889, m55, .5570, 1.0093, .4062,
1994, 317020, 602669, 73230, 121365, 1.6573, .9992, .4982, •1995, 93794, 598279, 118504, 138509, 1.1688, 1.0019, .3379,
1996, 130290, 548196, 187057, 173438, .9272, .9992, .3258,

Arith.
Mean , 193005, 390353, 119166, 123738, 1.1530 .5211,

Units, (Thausands), (Tannes), (Tannes), (Tannes),
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Table4.20

The SAS System
Haddock in the North-East Arctic (Areas I and 11)

Yield per recruit: Summary table

10:08 ~ednesday, August 27, 1997

1 January Spawning time

F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

0.0000 0.0000 0.000 0.000 3.645 7405.565 1.370 5984.283 1.370 5984.283
0.0500 0.0163 0.044 94.990 3.431 6157.011 1.173 4766.744 1.173 4766.744
0.1000 0.0326 0.078 163.777 3.264 5243.766 1.022 3882.722 1.022 3882.722
0.1500 0.0489 0.106 215.094 3.130 4554.293 0.904 3220.826 0.904 3220.826
0.2000 0.0652 0.129 254.282 3.019 4020.321 0.807 2712.917 0.807 2712.917
0.2500 0.0815 0.149 284.m 2.925 3597.935 0.728 2315.199 0.728 2315.199
0.3000 0.0977 0.166 308.866 2.844 3257.743 0.661 1998.387 0.661 1998.387
0.3500 0.1140 0.180 328.147 2.774 2979.432 0.605 1742.269 0.605 1742.269
0.4000 0.1303 0.194 343.744 2.713 2748.585 0.556 1532.516 0.556 1532.516
0.4500 0.1466 0.205 356.477 2.658 2554.738 0.514 1358.743 0.514 1358.743
0.5000 0.1629 0.216 366.953 2.609 2390.144 0.477 1213.278 0.477 1213.278
0.5500 0.1792 0.226 375.629 2.565 2248.976 0.444 1090.360 0.444 1090.360
0.6000 0.1955 0.234 382.856 2.525 2126.782 0.415 985.598 0.415 985.598
0.6500 0.2118 0.243 388.905 2.489 2020.117 0.389 895.603 0.389 895.603
0.7000 0.2281 0.250 393.990 2.455 1926.285 0.366 817.731 0.366 817.731
0.7500 0.2444 0.257 398.278 2.424 1843.153 0.345 749.892 0.345 749.892
0.8000 0.2606 0.264 401.904 2.395 1769.015 0.326 690.426 0.326 690.426
0.8500 0.2769 0.270 404.978 2.368 1702.496 0.309 637.996 0.309 637.996
0.9000 0.2932 0.275 407.588 2.343 1642.479 0.293 591.521 0.293 591.521
0.9500 0.3095 0.281 409.805 2.320 1588.048 0.279 550.117 0.279 550.117
1.0000 0.3258 0.286 411.691 2.298 1538.447 0.266 513.059 0.266 513.059
1.0500 0.3421 0.291 413.294 2.277 1493.048 0.253 479.746 0.253 479.746
1.1000 0.3584 0.296 414.655 2.258 1451.325 0.242 449.680 0.242 449.680
1.1500 0.3747 0.300 415.809 2.239 1412.835 0.232 422.440 0.232 422.440
1.2000 0.3910 0.304 416.785 2.221 1377.205 0.222 397.676 0.222 397.676
1.2500 0.4073 0.308 417.607 2.205 1344.115 0.213 375.088 0.213 375.088
1.3000 0.4235 0.312 418.297 2.189 1313.291 0.205 354.421 0.205 354.421
1.3500 0.4398 0.316 418.872 2.174 1284.499 0.197 335.460 0.197 335.460
1.4000 0.4561 0.319 419.348 2.159 1257.535 0.190 318.016 0.190 318.016
1.4500 0.4724 0.323 419.737 2.145 1232.223 0.183 301.928 0.183 301.928
1.5000 0.4887 0.326 420.050 2.132 1208.408 0.176 287.057 0.176 287.057
1.5500 0.5050 0.329 420.298 2.119 1185.955 0.170 273.280 0.170 273.280
1.6000 0.5213 0.333 420.488 2.107 1164.744 0.165 260.490 0.165 260.490
1.6500 0.5376 0.336 420.628 2.095 1144.671 0.159 248.595 0.159 248.595
1.7000 0.5539 0.339 420.725 2.084 1125.643 0.154 237.511 0.154 237.511
1.7500 0.5702 0.341 420.784 2.073 1107.575 0.149 227.166 0.149 227.166
1.8000 0.5864 0.344 420.809 2.062 1090.393 0.145 217.495 0.145 217.495
1.8500 0.6027 0.347 420.805 2.052 1074.031 0.140 208.440 0.140 208.440
1.9000 0.6190 0.349 420.776 2.042 1058.429 0.136 199.950 0.136 199.950
1.9500 0.6353 0.352 420.725 2.033 1043.532 0.133 191.979 0.133 191.979
2.0000 0.6516 0.354 420.655 2.023 1029.291 0.129 184.485 0.129 184.485

. - Numbers Grams Numbers Grams Numbers Grams Numbers Grams

·'..

Notes: Run name
Date and time
Computation of ref.
F-0.1 factor
F-max factor
F-0.1 reference F
F-max reference F
Recruitment

: YLOLOR02
: 27AUG97:22:44

F: Simple mean, age 4 - 7
: 0.4563
: 1.8179
: 0.1487
: 0.5923
: Single recruit
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Table 4.21

The SAS System
Haddock in the North-East Arctic CAreas I and 11)

Prediction with management option table: Input data

Year: 1997

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

3 109353.00 0.5925 0.0000 0.0000 0.0000 0.217 0.0241 0.650
4 42239.000 0.3293 0.0300 0.0000 0.0000 0.451 0.1202 0.787
5 37753.000 0.2488 0.1000 0.0000 0.0000 0.845 0.2808 1.143
6 85907.000 0.2122 0.2900 0.0000 0.0000 1.367 0.4261 1.590
7 155353.00 0.2000 0.6000 0.0000 0.0000 1.918 0.4761 1.993
8 14931.000 0.2000 0.8200 0.0000 0.0000 2.617 0.5014 2.220
9 1102.000 0.2000 1.0000 0.0000 0.0000 2.708 0.5923 2.510

10 134.000 0.2000 0.8300 0.0000 0.0000 2.992 0.6362 2.843
11 72.000 0.2000 1.0000 0.0000 0.0000 3.421 0.4889 2.800
12 137.000 0.2000 1.0000 0.0000 0.0000 6.700 0.5878 3.080
13 88.000 0.2000 1.0000 0.0000 0.0000 7.400 0.6148 2.923
14+ 196.000 0.2000 1.0000 0.0000 0.0000 8.000 0.6148 3.150

Unit Thousands - - - - Kilograms - Kilograms

Year: 1998

Recruit- Natural Maturity Prop.of F Prop.of M \Jeight Exploit. \Jeight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

3 55915.000 0.5925 0.0000 0.0000 0.0000 0.217 0.0241 0.650
4 · 0.3293 0.0300 0.0000 0.0000 0.451 0.1202 0.787
5 · 0.2488 0.1000 0.0000 0.0000 0.845 0.2808 1.143
6 · 0.2122 0.2900 0.0000 0.0000 1.367 0.4261 1.590
7 · 0.2000 0.6000 0.0000 0.0000 1.918 0.4761 1.993
8 · 0.2000 0.8200 0.0000 0.0000 2.617 0.5014 2.220
9 · 0.2000 1.0000 0.0000 0.0000 2.708 0.5923 2.510

10 · 0.2000 0.8300 0.0000 0.0000 2.992 0.6362 2.843
11 · 0.2000 1.0000 0.0000 0.0000 3.421 0.4889 2.800
12 · 0.2000 1.0000 0.0000 0.0000 6.700 0.5878 3.080
13 · 0.2000 1.0000 0.0000 0.0000 7.400 0.6148 2.923
14+ · 0.2000 1.0000 0.0000 0.0000 8.000 0.6148 3.150

Unit Thousands - - - - Kilograms - Ki lograms

Year: 1999

Recruit- Natural Maturity Prop.of F Prop.of M \Jeight Exploit. \Jeight
Age ment mortal ity ogive bef.spaw. bef.spaw. in stock pattern in catch

3 128000.00 0.5925 0.0000 0.0000 0.0000 0.217 0.0241 0.650
4 · 0.3293 0.0300 0.0000 0.0000 0.451 0.1202 0.787
5 · 0.2488 0.1000 0.0000 0.0000 0.845 0.2808 1.143
6 · 0.2122 0.2900 0.0000 0.0000 1.367 0.4261 1.590
7 · 0.2000 0.6000 0.0000 0.0000 1.918 0.4761 1.993
8 · 0.2000 0.8200 0.0000 0.0000 2.617 0.5014 2.220
9 · 0.2000 1.0000 0.0000 0.0000 2.708 0.5923 2.510

10 · 0.2000 0.8300 0.0000 0.0000 2.992 0.6362 2.843
11 · 0.2000 1.0000 0.0000 0.0000 3.421 0.4889 2.800
12 · 0.2000 1.0000 0.0000 0.0000 6.700 0.5878 3.080
13 · 0.2000 1.0000 0.0000 0.0000 7.400 0.6148 2.923
14+ · 0.2000 1.0000 0.0000 0.0000 8.000 0.6148 3.150

Unit Thousands - . - - Kilograms - Ki lograms

Notes: Run name MANLOR05
Date and time: 27AUG97:22:39
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Table 4.22

The SAS System
Haddock in the North-East Arctic (Areas I and 11)

Prediction with management option table

10:08 Wednesday, August 27, 1997

Year: 1997 Year: 1998 Year: 1999

F Reference Stock· Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

1.2364 0.4028 535857 255320 210000 0.0000 0.0000 373367 230529 0 400827 276171

· · · · 0.1000 0.0326 · 230529 13885 385417 263158

· · · 0.2000 0.0652 · 230529 27158 370718 250769

· · · · 0.3000 0.0977 · 230529 39846 356694 238975

· · 0.4000 0.1303 · 230529 51977 343314 227746

· 0.5000 0.1629 · 230529 63577 330548 217055

· · · 0.6000 0.1955 · 230529 74670 318367 206876

· · · · 0.7000 0.2281 · 230529 85281 306742 197184

· · · · 0.8000 0.2606 · 230529 95432 295647 187956

· · · · · 0.9000 0.2932 · 230529 105143 285058 179169

· · · · · 1.0000 0.3258 · 230529 114435 274950 170802

· · · · 1.1000 0.3584 · 230529 123328 265300 162835

· · · · · 1.2000 0.3910 · 230529 131840 256088 155248
· · · · 1.3000 0.4235 · 230529 139989 247291 148024

· · · · · 1.4000 0.4561 · 230529 147791 238892 141143

· · · · 1.5000 0.4887 230529 155262 230870 134591

· · · · 1.6000 0.5213 230529 162417 223209 128351

· · · · · 1.7000 0.5539 · 230529 169272 215891 122407

· · · · 1.8000 0.5864 230529 175839 208900 116747

· · · · 1.9000 0.6190 230529 182131 202220 111356

· · · · 2.0000 0.6516 · 230529 188163 195838 106221

- - Tonnes Tonnes Tonnes - . Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name MANlOR05
Date and time 27AUG97:22:39
Computation of ref. F: Simple mean, age 4 - 7
Basis for 1997 TAC constraints
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Table 4.23

Haddock in the North-East Arctic (Areas 1 and 11)

Single option prediction: summary table

10:27 Thursday, August 28, 19'

1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F nlJTlbers weight size biomass size biomass size biomass

1997 1.2364 0.4028 119684 209999 447265 535857 137117 255320 137117 255320
1998 1.0000 0.3258 61566 114436 280484 373368 100104 230529 100104 230529
1999 1.0000 0.3258 45285 85052 281188 274950 70607 170803 70607 170803
2000 1.0000 0.3258 35997 63847 249094 209782 44802 105499 44802 105499
2001 1.0000 0.3258 31411 49429 236111 180547 33899 78697 33899 78697

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F nlJTlbers weight size biomass size biomass size biomass

1997 1.2364 0.4028 119684 209999 447265 535857 137117 255320 137117 255320
1998 0.8000 0.2606 51183 95432 280484 373368 100104 230529 100104 230529
1999 0.8000 0.2606 40404 n237 290305 295648 moo 187957 77300 187957
2000 0.8000 0.2606 33451 61970 260682 237334 52899 127247 52899 127247
2001 0.8000 0.2606 29257 48925 247621 209342 41956 102416 41956 102416

Unit . - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F nllTlbers weight size biomass size biomass size biomass

1997 1.2364 0.4028 119684 209999 447265 535857 137117 255320 137117 255320
1998 0.6000 0.1955 39924 74671 280484 373368 100104 230529 100104 230529
1999 0.6000 0.1955 33910 65924 300233 318367 84667 206876 84667 206876
2000 0.6000 0.1955 29465 56885 274388 270596 62712 153814 62712 153814
2001 0.6000 0.1955 26054 46320 262154 247314 52625 134443 52625 134443

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

~- _. --

1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F nlJTlbers weight size biomass size biomass size biomass

1997 1.2364 0.4028 119684 209999 447265 535857 137117 255320 137117 255320
1998 0.4000 0.1303 2n04 519n 280484 373368 100104 230529 100104 230529
1999 0.4000 0.1303 25381 50140 311052 343315 927n 22n46 92n7 22n46
2000 0.4000 0.1303 23323 46800 290663 310843 74626 186302 74626 186302
2001 0.4000 0.1303 21059 39750 280730 29n64 66839 1n864 66839 ln864

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp. stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 1.2364 0.4028 119684 209999 447265 535857 137117 255320 137117 255320
1998 0.2000 0.0652 14430 27158 280484 373368 100104 230529 100104 230529
1999 0.2000 0.0652 14294 28671 322849 370718 101706 250nO 101706 250nO
2000 0.2000 0.0652 13994 29101 310061 359644 89111 226068 89111 226068
2001 0.2000 0.0652 13045 26063 304740 365241 85875 236943 85875 236943

Unit . - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

•

•

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

SPRLOR01
28AUG97:14:20
Simple mean, age 4 - 7
F factors
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Table 4.24

The SAS System
Haddock in the North-East Arctic (Areas I and 11)

Single option prediction: Detailed tables

19:59 Thursday, August 28, 1997

Year: 1997 F-factor: 1.2364 Reference F: 0.4028 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock sp.stock
Age F numbers weight size biomass size biomass size biomass

3 0.0298 2426 1577 109353 23693 0 0 0 0
4 0.1486 4990 3926 42239 19036 1267 571 1267 571
5 0.3472 9874 11289 37753 31901 3775 3190 3775 3190
6 0.5268 31993 50869 85907 117464 24913 34064 24913 34064
7 0.5887 63259 126096 155353 297915 93212 178749 93212 178749
8 0.6199 6317 14023 14931 39079 12243 32045 12243 32045
9 0.7323 525 1317 1102 2984 1102 2984 1102 2984

10 0.7866 67 191 134 401 111 333 111 333
11 0.6045 30 84 72 246 72 246 72 246
12 0.7268 65 200 137 918 137 918 137 918
13 0.7601 43 126 88 651 88 651 88 651
14+ 0.7601 96 302 196 1568 196 1568 196 1568

Total 119684 209999 447265 535857 137117 255320 137117 255320

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 1998 F-factor: 1.0000 Reference F: 0.3258 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

3 0.0241 1006 654 55915 12115 0 0 0 0
4 0.1202 5682 4470 58691 26450 1761 794 1761 794
5 0.2808 5710 6528 26191 22132 2619 2213 2619 2213
6 0.4261 6552 10418 20803 28444 6033 8249 6033 8249
7 0.4761 14197 28299 41027 78676 24616 47206 24616 47206
8 0.5014 25442 56482 70601 184787 57893 151526 57893 151526
9 0.5923 2690 6753 6577 17807 6577 17807 6577 17807

10 0.6362 187 532 434 1298 360 1077 360 1077
11 0.4889 18 49 50 171 50 171 50 171
12 0.5878 13 40 32 216 32 216 32 216
13 0.6148 23 67 54 401 54 401 54 401
14+ 0.6148 46 144 109 870 109 870 109 870

Total 61566 114436 280484 373368 100104 230529 100104 230529

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 1999 F-factor: 1.0000 Reference F: 0.3258 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

3 0.0241 2302 1497 128000 2m3 0 0 0 0
4 0.1202 2922 2299 30182 13602 905 408 905 408
5 0.2808 8162 9332 37442 31638 3744 3164 3744 3164
6 0.4261 4857 7723 15423 21088 4473 6115 4473 6115
7 0.4761 3802 7579 10988 21071 6593 12643 6593 12643
8 0.5014 7519 16693 20866 54614 17110 44784 17110 44784
9 0.5923 14322 35948 35011 94797 35011 94797 35011 94797

10 0.6362 1284 3650 2978 8911 2472 7396 2472 7396
11 0.4889 66 186 188 643 188 643 188 643
12 0.5878 10 31 25 168 25 168 25 168
13 0.6148 6 18 15 108 15 108 15 108
14+ 0.6148 30 96 72 577 72 577 72 577

Total 45285 85052 281188 274950 70607 170803 70607 170803

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

(cont.)
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Table 4.24 (Continued)

The SAS System
Haddock in the North-East Arctic (Areas I and 11)

Single option prediction: Detailed tables
(cont.)

19:59 Thursday, August 28, 1997

Year: 2000 F-factor: 1.0000 Reference F: 0.3258 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

3 0.0241 1751 1138 97332 21089 0 0 0 0
4 0.1202 6689 5262 69091 31137 2073 934 2073 934
5 0.2808 4197 4799 19254 16270 1925 1627 1925 1627
6 0.4261 6944 11041 22047 30146 6394 8742 6394 8742
7 0.4761 2819 5619 8146 15621 4888 9373 4888 9373
8 0.5014 2014 4471 5588 14627 4582 11994 4582 11994
9 0.5923 4233 10624 10347 28017 10347 28017 10347 28017

10 0.6362 6834 19433 15853 47437 13158 39373 13158 39373
11 0.4889 456 1277 1290 4414 1290 4414 1290 4414
12 0.5878 38 118 94 632 94 632 94 632
13 0.6148 5 14 11 84 11 84 11 84
14+ 0.6148 16 51 38 307 38 307 38 307

Total 35997 63847 249094 209782 44802 105499 44802 105499

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 2001 F-factor: 1.0000 Reference F: 0.3258 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

3 0.0241 1751 1138 97332 21089 0 0 0 0
4 0.1202 5086 4001 52538 23677 1576 710 1576 710
5 0.2808 9609 10986 44077 37245 4408 3724 4408 3724
6 0.4261 3571 5678 11338 15502 3288 4496 3288 4496
7 0.4761 4030 8032 11645 22331 6987 13399 6987 13399
8 0.5014 1493 3314 4143 10844 3397 8892 3397 8892
9 0.5923 1134 2845 2771 7504 2771 7504 2771 7504

10 0.6362 2020 5743 4685 14020 3889 11637 3889 11637
11 0.4889 2427 6797 6870 23500 6870 23500 6870 23500
12 0.5878 264 812 648 4341 648 4341 648 4341
13 0.6148 18 53 43 318 43 318 43 318
14+ 0.6148 9 29 22 177 22 177 22 177

Total 31411 49429 236111 180547 33899 78697 33899 78697

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Notes: Run name SPRLOR01
Date and time 28AUG97:20:01
Computation of ref. F: Simple mean, age 4 - 7
Prediction basis F factors
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Table 5.1 North-East Arctic SAITHE. Nominal eateh (t) by eountries. (Sub-area I and Divisions lIa and IIb eombined.)
as officially reported 10 leES.

Year Faroe France Germany Fed.Rep. Norway Poland Portugal Russia' Spain UK UK Others' Total all
Islands Dem.Rep Germany (England (Seotland) countries

& Wales)
1960 23 1,700 25,948 96,050 9,780 14 133,515
1961 61 3,625 19,757 77,875 4,595 20 18 105,951
1962 2 544 12,651 101,895 912 4,699 4 120,707
1963 1,110 8,108 135,297 4,112 148,627
1964 1,525 4,420 184,700 84 6,511 186 197,506
1965 1,618 11,387 165,531 137 6,741 5 181 185,600
1966 2,987 813 11,269 175,037 563 13,078 41 203,788
1967 9,472 304 11,822 150,860 441 8,379 48 181,326
1968 70 4,753 96,641 8,781 2 110,246
1969 20 193 6,744 4,355 115,140 13,585 23 140,033
1970 1,097 29,362 23,466 151,759 43,550 15,469 221 264,924
1971 215 14,536 16,840 12,204 128,499 6,017 39,397 13,097 10,361 106 241,272
1972 109 14,519 7,474 24,595 143,775 1,111 1,278 13,125 8,223 125 210,456
1973 7 11,320 12,015 30,338 148,789 23 2,411 2,115 6,593 248 213,769
1974 46 7,119 29,466 33,155 152,699 2,521 38,931 7,075 3,001 103 5 264,121
1975 28 3,156 28,517 41,260 122,598 3,860 6,430 13,389 11,397 2..623 140 55 233,453
1976 20 5,609 10,266 49,056 131,675 3,164 7,233 9,013 21,661 4,651 73 47 242,486
1977 270 5,658 7,164 19,985 139,705 1 783 989 1,327 6,853 82 182,817
1978 809 4,345 6,484 18,190 121,069 35 203 381 121 2,790 37 154,464
1979 1,117 2,601 2,435 14,823 141,346 3 685 1,170 164,180
1980 532 1,016 12,511 128,878 43 780 794 144,554
1981 236 194 8,431 166,139 121 395 175,498
1982 339 82 7,224 159,643 14 731 168,034
1983 539 418 4,933 149,556 206 33 1,251 156,936
1984 503 431 6 4,532 152,818 161 335 158,786
1985 490 657 11 1,873 103,899 51 202 107,147• 1986 426 308 3,470 66,152 27 54 21 67,396
1987 712 576 4,909 85,710 426 54 3 92,391
1988 441 411 4,574 108,244 130 436 6 114,242
1989 388 460 2 606 119,625 23 506 702 122,310
1990 1,207 340 2 1,143 92,397 52 681 28 95,848
1991 963 77 2 Greenland 2,003 103,283 504 • 449 42 5 107,326
1992 165 1,890 2 734 3,451 119,765 964 6 516 25 127,606
1993 31 566 2 78 3,687 139,288 1 9,509 4 408 7 5 153,584
1994 67 151 2 15 1,863 137,298 1 1,640 655 548 9 6 142,253
1995 172 2 222 2 53 934 166,205 4 1,148 589 99 18 169,444
1996 1 248 2 365 2 271 2,615 166,149 24 1,159 9 2 692 16 47 2 171,595

1 Provisional figures.
2 As reported to Norwegian authorities.
3 USSR priorto 1991.
• Ineludes Estonia.
• Ineludes Denmark,Netherlands, leeland, Ireland and Sweden

Table 5.2 North-East Arctic SAITHE. Landings ('000 tonnes) by gear category for
Sub-area I, Division lIa and Division IIb combined.

Year

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

1995
1996 '

Purse Seine

75.2
62.9
74.7
61.3
64.3
76.4
54.1
36.4
31.1

7.9
34.9
43.5
48.6
24.6
38.9
27.1
33.1
29.3
22.0 3

46.9

Trawl

69.5
57.7
52.0
46.8
72.4
59.4
68.2
85.6
49.9

36.2
28.0
45.4
44.8
44.0
40.1
66.9
75.9
79.3

104.3
72.8

Gill Net
19.3
21.1
21.6
21.1
24.0
16.7
19.6
23.7
14.6

12.3
19.0
15.3
16.8
19.3
18.9
21.2
21.2
20.5

27.1
31.6

Others

12.7
13.9
15.8
15.4
14.8
15.6
15.1
13.1
11.5

8.2
10.8
10.0
12.4

7.9
9.4

12.4
15.7
13.1

16.0
20.3

Total
176.7 2

155.6 2

164.1
144.6
175.5
168.0
156.9
158.8
107.1

64.6 2

92.7 2

114.2
122.7

95.8
107.3
127.6

145.9 •
142.2
169.4

171.6

1 Preliminary.
2 Unresolved discrepancy between Norwegian cateh by gear figures and the total reported to ICES for these years,

3 Includes 0.144 tonnes not categorized by vessel size in Table 5.3.
4 As reported by Working Group members.
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Table 5.3
The SAS System 09:02 Thursday, August 21 1997

SAI-ARCT: Saithe in the North-East Arctic (Fishing Areas and 11) ,

FLT06: Norway Ac Survey (Catch: Thousands)

Fishing Catch, Catch, Catch, Catch,
Year eHort age 2 age 3 age 4 age 5

1988 15.7 22.5 19.0 7.1
1989 24.8 28.4 17.0 10.1
1990 99.6 31.9 14.7 5.1
1991 87.8 104.0 4.6 4.0
1992 163.5 273.6 57.5 6.2
1993 106.9 227.7 103.9 12.7
1994 34.4 87.8 112.4 39.5
1995 38.7 165.2 87.0 46.8
1996 37.0 118.9 214.7 32.1

The SAS System 09:02 Thursday, August 21, 1997
SAI -ARCT: Saithe in the North-East Arctic (Fishing Areas land 11)

FLT07: Norway Purse Seine

Fishing Catch, Catch, Catch, Catch, eatch, eatch,

Year eHort age 2 age 3 age 4 age 5 age 6 age 7

1977 206 30547 81152 8964 2144 133 9

1978 214 43402 37652 8788 2126 456 88

1979 199 23054 41942 6706 6575 1362 363

1980 215 15615 23353 15280 3280 1683 681

1981 203 10325 68716 5770 2219 154 36

1982 213 14490 28360 43980 250 140 0

1983 161 8924 12402 9775 12090 463 179

1984 124 8576 21699 3842 2144 1363 21

1985 98 632 28815 2688 1096 340 95

1986 96 1403 9869 593 181 108 51

1987 94 1848 12364 32183 386 19 2
1988 103 875 3253 27063 13169 72 6

1989 131 4231 5250 8521 18211 283Q 24

1990 96 8551 7207 3319 2582 1845 673
1991 107 3694 43110 1907 453 162 95
1992 90 3954 2?527 5214 89 45 38

1993 79 1762 8010 24251 1382 39 23

1994 71 1099 6365 16132 8997 1151 90

1'195 90 14 5524 13357 4368 1335 105
1996 105 116 763 5470 8059 eS57 2963

The SAS System 09:02 Thursday, August 21, 1997
SAI-AReT: Saithe in the North-East Arctic (Fishing Areas and II) eFLTOS: I;orway Trawl

Fishing C3tch, eatch, Ca.ch, Catch, Catch, eatch, Catch, eatch,
Year eHort age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10

1976 ..~ 11184 583 1080 1137 869 612 332 284JI

1977 53 4557 9Q47 3260 202 660 322 361 209
1978 51 488 3104 3440 1400 319 591 254 304
1979 43 7374 6538 23~O 762 845 419 294 129
1980 57 10270 10301 1726 2891 1392 406 24 108
1981 71 5698 12137 10877 1901 1053 1351 83 108
1982 58 1719 1034!. 10006 5519 420 306 215 134
1983 SC! 3341 10024 14949 2189 1720 535 181 60
1984 86 14376 25819 7038 7161 656 744 180 176
1935 64 10070 6177 31344 3877 2446 441 564 66
1986 45 4383 8150 4078 3172 2044 779 208 215
1937 30 470 7862 2452 1169 1405 189 153 67
1988 50 1539 2241 1/.077 3031 1438 609 346 137
1939 60 3923 9038 9226 8659 1154 178 83 150
1990 60 8909 7960 3932 3722 3967 479 54 66
1991 52 20741 7106 2683 2456 1516 1044 139 37
1992 58 10361 13223 3C67 2269 2660 2029 890 214
1993 68 10746 26279 17961 1947 657 604 190 240
1994 79 1456 16229 28224 10542 1045 151 68 83
1995 106 7626 27085 2494Q 21565 2560 329 18 61
1996 75 3455 14960 9222 10051 9775 708 152 0
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3.1
19.5
1.8
15.7
24.8
99.6
87.8
163.5
106.9
34.4
38.7
37.0

Table 5.4

NORTHEAST ARCTIC
1,12,2
1983, 271,
1984, 204,
1985, 102,
1986, 78,
1987, 90,
1988, 288,
1989, 459,
1990, 305,
1991, 211,
1992, 174,
1993,70,
1994, -11,

SAITHE : recruits as 2 year-olds
(No. of surveys, No. of years, VPA Column No.)

•
Analysis by RCT3 ver3.1 of data from file

g:\acfm\afwg\sai_arct\rct3.in

NORTHEAST ARCTIC SAITHE : recruits as 2 year-olds

Data for 1 surveys over 12 years 1983 - 1994

Regression type = C
Tapered time weighting applied
power = 3 over 20 years
Survey weighting not applied

Final estimates shrunk towards mean
Minimum S.E. for any survey taken as .20
Minimum of 3 points used for regression

Forecast/Hindcast variance correction used.

Year Weighted Log Int Ext Var VPA Log
Class Average WAP Std Std Ratio VPA

- Prediction Error Error

1986 182 5.21 .50 .15 .10 78 4.37
1987 143 4.97 .58 .30 .27 90 4.51
1988 123 4.82 .54 .53 .99 288 5.67
1989 160 5.08 .58 .47 .66 460 6.13
1990 220 5.40 .65 .67 1. 06 306 5.72
1991 233 5.45 .60 .44 .54 212 5.36
1992 196 5.28 .56 .04 .00 174 5.16
1993 197 5.29 .52 .06 .01 71 4.26
1994 176 5.17 .59 .04 .00

E:\ACFM\AFWG98\T-5-4.DOC 131



Table 5.5

lowestoft VPA Version 3.1

25-Aug-97 13:48:49

Extended Survivors Analysis

Arctic Saithe (run: XSASME01/X01)

CPUE data from file /users/fish/ifad/ifapwork/afwg/sai_arct/FlEET.X01

Catch data for 37 years. 1960 to 1996. Ages 2 to 11.

Fleet, First, last, First, last, Alpha, Beta
, year, year, age , age

FLT06: Norway Ac Sur, 1988, 1996, 2, 5, .750, .850
FlT07: Norway Purse , 1977, 1996, 2, 7, .000, 1.000
FlT08: Norway Trawl , 1976, 1996, 3, 10, .000, 1.000

Time series weights :

Tapered time weighting applied
Power = 3 over 20 years

Catchability analysis:

Catchability independent of stock size for all ages

Catchability independent of age for ages >=

Terminal population estimation

Survivor estimates shrunk towards the mean F
of the final 5 years or the 5 oldest ages.

8

•
S.E. of the mean to which the estimates are shrunk = .500

Minimum standard error for population
estimates derived from each fleet = .300

Prior weighting not applied

Tuning converged after 17 iterations
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Table 5.5 continued

Log catchability residuals.

Fleet FLT06: Norway Ac Sur

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
2 , 99.99, -.51, - .13, .02, -.60, .46, .37, -.57, .44, .39
3 , 99.99, -.97, -.33, -.12, -.21, .03, .27, -.41, .47, 1.04
4 , 99.99, -1. 01, -.36, -.05, -1.09, .00, - .17, .30, .50, 1.59
5 , 99.99, -1.01, - .14, -.39, - .18, .38, -.28, .02, .64, .74
6 No data for this fleet at this age
7 No data for this fleet at this age
8 No data for this fleet at this age
9 No data for this fleet at this age

10 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

•
Age ,

Mean Log q,
S.E(Log q),

2,
-7.7894,

.4597,

3,
-6.9507,

.5739,

4,
-7.23n,

.8126,

5
-7.7946,

.5401,

Regression statistics :

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

2, 1.17, -.598, 7.08, .65, 9, .56, -7.79,
3, 1.04, -.126, 6.75, .58, 9, .64, -6.95,
4, .72, .883, 8.41,_ .61, 9, .60, -7.24,
5, .99, .032, 7.82, .68, 9, .57, -7.79,
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Table 5.5 continued

Fleet FLT07: Norway Purse

Age 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986
2 2.34, 2.18, 2.15, .86, 1.36, 1.77, 1.71, 1.79, -1.31, -.20
3 , 1.29, .94, .56, .47, .66, .59, .11, 1.30, 1.69, •. 44
4 -.31, -.40, •• 17, -.16, -.44, .57, .15, - .43, -.02, -1.63
5 - .14, -.31, .77, .54, - .60, -2.08, 1.14, .29, .04, -1.34
6 -.86, - .18, .86, .93, -.81, -1.74, .59, 1.08, .30, -.77
7 , -3.28, .05, 1.16, 1.53, -1.40, 99.99, .25, -.83, .36, -.05
8 No data for this fleet at this age
9 No data for this fleet at this age

10 No data for this fleet at this age

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
2 .79, .23, 1.47, 1.27, - .16, .51, .18, .01, -3.69, -1.74
3 .10, -.61, -.01, .64, 1.05, .22, - .53, -.35, -.51, -1.74
4 .91, .94, .28, .10, -.44, - .62, .27, .38, .32, -.51
5 - .80, 1.24, 1.74, .68, -.71, -2.04, -.65, .59, .05, 1.00
6 , -2.00, -1.11, 1.15, 1.53, -.73, -1.19, -1.23, 1.00, -.03, 2.21
7 , -3.11, -1.50, - .95, 1.68, -.10, -.40, .06, 1.21, -.02, 2.23
8 No data for this fleet at this age
9 , No data for this fleet at this age

10 , No data for this fleet at this age

Mean log catchability and standard error of ages with catchability •independent of year class strength and constant w.r.t. time

Age , 2, 3, 4, 5, 6, 7
Mean Log q, -9.2309, -7.0697, -6.7594, -7.4033, -8.2491, -9.0068,
S.ECLog q), 1.5401, .8673, .6431, 1.1348, 1.3059, 1.3727,

Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

2, .56, 1.084, 10.44, .37, 20, .85, -9.23,
3, .81, .545, 7.98, .44, 20, .72, -7.07,
4, .68, 1.807, 8.23, .76, 20, .40, -6.76,
5, .52, 2.570, 8.97, .74, 20, .48, -7.40,
6, .46, 2.931, 9.14, .74, 20, .46, -8.25,
7, .47, 2.136, 9.01, .63, 19, .56, -9.01,
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Table 5.5 continued

Fleet FLT08: Norway Trawl

Age 1976
2 No data for this fleet at this age
3 99.99
4 99.99
5 99.99
6 99.99
7 , 99.99
8 , 99.99
9 , 99.99

10 99.99

Age 19n, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986
2 , No data for this fleet at this age
3 , -.10, -1.85, .49, 1.10, -.66, -.79, -.05, 1.42, 1.20, -.38
4 .19, -.90, .46, -.11, .48, -.46, .33, .97, .36, .86
5 -.24, -.28, -.61, - .67, .15, 1.02, .49, -.03, - .17, .64
6 , -2.06, - .61, -1.16, - .19, -.22, .25, .19, .14, .18, .39
7 , -1.40, -1.02, -.24, -.21, -.75, -.92, -.24, - .80, .27, .62
8 -.79, -.57, .48, - .12, .76, -.88, .31, -.51, .00, .62
9 -.81, -.32, -.46, -2.05, -1.17, .07, -.n, -.21, .19, .20

10 -.79, -.30, -.06, -1.03, - .18, .17, -.42, -.43, .01, .26

• Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
2 , No data for this fleet at this age
3 , -1.90, -.52, .60, 1.44, 1.18, - .26, .04, -1.81, -.22, .23
4 -.24, -1.71, .24, .56, .73, -.13, -.38, - .61, -.02, -.05
5 .30, .14, -.04, -.32, -.09, .06, .24, -.26, -.25, -.41
6 .28, .37, .05, -.28, - .26, .20, -.15, .14, -.39, -.27
7 .81, .92, -.07, .14, - .38, .52, -.21, -.22, -.76, -.01
8 -.36, .91, .02, .09, .07, .94, .23, -.68, -.69, -.59
9 .20, .54, -.30, - .52, -.30, .52, -.46, -1.34, -2.48, -.43

10 .12, .42, .50, .12, -.13, .65, -.10, - .47, -1.02, 99.99

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.E(Log q),

3,
-7.1959,
1.0536,

4,
-5.8797,

.6733,

5,
-5.5169,

.3430,

6,
-5.2723,

.2824,

7,
-5.2297,

.5448,

8,
-5.5258,

.5820,

9,
-5.5258,

.9670,

10
-5.5258,

.4923,

~ Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

3, 2.45, -1.162, .54, .06, 20, 2.54, -7.20,
4, 3.26, -3.130, -6.53, .16, 20, 1.64, -5.88,
5, 1.17, -1.085, 4.65, .81, 20, .40, -5.52,
6, 1.23, -1.845, 4.19, .86, 20, .32, -5.27,
7, 1.08, -.303, 4.93, .58, 20, .61, -5.23,
8, .87, .465, 5.84, .57, 20, .53, -5.53,
9, .54, 2.135, 6.50, .68, 20, .40, -5.96,

10, 1.05, -.146, 5.52, .51, 19, .54, -5.56,
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Table 5.5 continued

Terminal year survivor and F sUlllTlaries

Age 2 Catchability constant w.r.t. time and dependent on age

Year class = 1994

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT06: Norway Ac Sur, 85587., .486, .000, .00, 1, .488, .010
FLT07: Norway Purse , 10108. , 1.603, .000, .00, 1, .045, .083
FLT08: Norway Trawl , 1., .000, .000, .00, 0, .000, .000

F shrinkage mean 45208., .50" " .467, .019

lJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

57709. , .34, .38, 3, 1.110, .015

Age 3 Catchability constant w.r.t. time and dependent on age

Year class =1993

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Rati 0, , lJeights, F

FLT06: Norway Ac Sur, 80378., .379, .293, .77, 2, .496, .076
FLT07: Norway Purse , 4473., .786, .835, 1.06, 2, .115, .886 •FLT08: Norway Trawl , 51453. , 1.096, .000, .00, 1, .059, .117

F shrinkage mean 30549., .50" " .330, .190

lJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

40778., .27, .44, 6, 1.605, .145

Age 4 Catchability constant w.r.t. time and dependent on age

Year class =1992

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT06: Norway Ac Sur, 63318. , .348, .579, 1.66, 3, .371, .371
FLT07: Norway Purse , 33989., .511, .106, .21, 3, .183, .608
FLT08: Norway Trawl , 49123., .592, .076, .13, 2, .139, .457

F shrinkage mean 60862., .50", , .307, .383

lJeighted prediction ce
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

53889., .24, .20, 9, .834, .424

Age 5 Catchability constant w.r.t. time and dependent on age

Year class =1991

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F

FLT06: Norway Ac Sur, 47750., .310, .241, .78, 4, .290, .336
FLT07: Norway Purse , 45049. , .482, .271, .56, 4, .111, .353
FLT08: Norway Trawl , 21235., .312, .238, .76, 3, .360, .641

F shrinkage mean 34022., .50", , .240, .445

weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

32675., .19, .15, 12, .753, .460
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Table 5.5 continued

Age 6 Catchability constant w.r.t. time and dependent on age

Year class = 1990

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , \Jeights, F

FLT06: Norway Ac Sur, 33626., .305, .087, .28, 4, .155, .493
FLT07: Norway Purse , 36277., .470, .457, .97, 5, .080, .464
FLT08: Norway Trawl , 15971. , .223, .052, .23, 4, .520, .851

F shrinkage mean 23765. , .50", , .245, .643

\Jeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

21098., .18, .12, 14, .651, .701

Age 7 Catchability constant w.r.t. time and dependent on age

Year class = 1989

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , \Jeights, F

FlT06: Norway Ac Sur, 11967., .308, .160, .52, 4, .114, .897
FlT07: Norway Purse , 29525., .495, .391, .79, 6, .075, .463
FLT08: Norway Trawl , 11073. , .216, .075, .35, 5, .486, .944

• F shrinkage mean 19480., .50" " .326, .638

\Jeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

14456. , .20, .12, 16, .582, .790

Age 8 Catchability constant w.r.t. time and dependent on age

Year class =1988

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , \Jeights, F

FlT06: Norway Ac Sur, 2191., .323, .078, .24, 4, .059, .838
FlT07: Norway Purse , 2645., .555, .308, .56, 6, .048, .736
FlT08: Norway Trawl , 2005., .240, .192, .80, 6, .466, .889

F shrinkage mean 3389., .50"" .426, .614

\Jeighted prediction

Survivors,
at end of year,

2555.,

Int,
s.e,
.24,

Ext,
s.e,
.12,

N,
,

17,

Var,
Ratio,

.479,

F

.754

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 8

Year class =1987

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , \Jeights, F

FlT06: Norway Ac Sur, 504., .344, .279, .81, 4, .054, .624
FlT07: Norway Purse , 402., .534, .528, .99, 6, .041, .735
FlT08: Norway Trawl , 388., .235, .132, .56, 7, .468, .753

F shrinkage mean 683., .50"" .436, .494

\Jeighted prediction

Survivors,
at end of year,

50S. ,

Int,
s.e,
.25,

Ext,
s.e,
.12,

N,
,

18,

Var,
Ratio,

.491,

F

.623
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Table 5.5 continued

Age 10 Catchability constant w.r.t. time and age (fixed at the value for age) 8

Year class =1986

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , loIeights, F

FLT06: Norway Ac Sur, 108. , .339, .088, .26, 4, .026, .994
FLT07: Norway Purse 113. , .596, .218, .37, 6, .021, .966
FLT08: Norway Trawl 74., .286, .384, 1.34, 7, .292, 1.247

F shrinkage mean 193. , .50" " .661, .672

loIeighted prediction

Survivors,
at end of year,

142. ,

Int,
s.e,
.34,

Ext,
s.e,
.22,

N,
,

18,

Var,
Ratio,

.636,

F

.832
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Table 5.6

Run title : Arctic Saithe (run: XSASME01/X01)

At 25-Aug-97 13:49:52

Table Catch numbers at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
2, 6952, 5297, 4090, 25952, 19842, 11608, 13829, 21159, 81601, 54151,
3, 29664, 25196, m33, 43540, 77019, 65178, 76296, 36782, 60832, 125030,
4, 24836, 18384, 11949, 62846, 59280, 52389, 25206, 44027, 11691, 30576,
5, 35956, 5101, 16939, 13987, 26961, 29146, 269", 15671, 16366, 7947,
6, 4125, 8282, 4747, 16189, 9556, 10186, 16031, 20419, 4436, 8712,
7, 5616, 787, 4798, 5122, 9592, 5616, 7114, 12148, 7808, 3435,
8, 2916, 1913, 1126, 7950, 2901, 3547, 3935, 4802, 6789, 3212,
9, 1413, 900, 1711, 2504, 4352, .1865, 2871, 3258, 2914, 2679,

10, 1397, 577, 675, 3697, 2195, 2140, 2610, 2505, 2350, 1724,
+gp, 3493, 1166, 511, 2799, 5490, 3149, 3924, 3821, 4140, 2880,

TOTALNUM, 116368, 67603, 123879, 184586, 217188, 184824, 178727, 164592, 198927, 240346,
TONSLAND, 191191, 107181, 140379, 260404, 244732, 210508, 215659, 262301, 233453, 242486,
SOPCOF X, 100, 113, 98, 96, 80, 82, 82, 97, 102, 100,

Table Catch numbers at age
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE

• 2, 31662, 45758, 28334, 18226, 10467, 17225, 11638, 14624, 2216, 3311,
3, 99049, 48969, 61963, 40796, 83954, 34733, 17244, 41466, 48917, 22115,
4, 34317, 27685, 23328, 36644, 21822, 65052, 23768, 33233, 11974, 12895,
5, 10140, 12476, 14122, 9211, 21528, 13060, 32700, 12064, 7189, 6062,
6, 2062, 4534, 4400, 6379, 3619, 8212, 3226, 11204, 5279, 4525,
7, 4332, 1468, 2901, 3200, 2550, 1054, 3008, 1135, 3740, 2805,
8, 1456, 1848, 963, 1338, 2008, 1251, 1177, 1772, 775, 1399,
9, 1606, 938, 1356, 147, 369, 461, 760, 560, 878, 351,

10, 963, 976, 438, 730, 279, 263, 247, 557, 134, 454,
+gp, 1134, 2150, 1192, 1629, 629, 448, 760, 897, 701, 285,

TOTALNUM, 186721, 146802, 138997, 118300, 147225, 141759, 94528, 117512, 81803, 54202,
TONSLAND, 182808, 154465, 164234, 154379, 175516, 170903, 155405, 158796, 107147, 70458,
SOPCOF X, 101, 103, 114, 100, 100, 100, 100, 100, 99, 99,

Table Catch numbers at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
2, 3867, 5017, 11157, 11543, 6135, 14333, 3379, 1389, 70, 970,
3, 17869, 8126, 12378, 21002, 73878, 49750, 26933, 9088, ,64", 7045,
4, 49829, 35847, 19915, 13463, 11619, 26640, 63451, 37361, 48600, 31410,
5, 4339, 32827, 32643, 8996, 5395, 4865, 26254, 47178, 37726, 21087,

• 6, 3118, 4560, 18751, 9152, 5066, 5594, 3427, 17101, 32365, 23703,
7, 3490, 2328, 1939, m5, 2988, 4850, 1636, 1720, 4891, 19214,
8, 755, 1219, 377, 1126, 2009, 3353, 1263, 502, 580, 3177,
9, 620, 966, 191, 154, 272, 1480, 950, 296, 140, 482,

10, 257, 320, 179, 121, 81, 291, 650, 267, 282, 204,
+gp, 797, 102, 149, 253, 132, 267, 106, 676, 300, 457,

TOTALNUM, 84941, 91312, 97679, 73545, 107575, 111423, 128049, 115578, 141365, 107749,
TONSLAND, 91679, 114508, 122664, 95393, 107326, 127606, 153584, 142253, 169444, 171595,
SOPCOF X, 102, 99, 100, 100, 99, 100, 100, 100, 100, 100,
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fable 5.7

Run title : Arctic Saithe (run: XSASME01/X01)

At 25-Aug-97 13:49:52

lable 2 Catch weights at age (kg)
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
2, .3400, .3400, .3400, .3400, .3400, .3400, .3400, .3400, .3400, .3400,
3, .7100, .7100, .7100, .7100, .7100, .7100, .7100, .7100, .7100, .7100,
4, 1.1100, 1.1100, 1.1100, 1.1100, 1.1100, 1.1100, 1.1100, 1.1100, 1.1100, 1.1100,
5, 1.6300, 1.6300, 1.6300, 1.6300, 1.6300, 1.6300, 1.6300, 1.6300, 1.6300, 1.6300,
6, 2.3300, 2.3300, 2.3300, 2.3300, 2.3300, 2.3300, 2.3300, 2.3300, 2.3300, 2.3300,
7, 3.1600, 3.1600, 3.1600, 3.1600, 3.1600, 3.1600, 3.1600, 3.1600, 3.1600, 3.1600,
8, 4.0300, 4.0300, 4.0300, 4.0300, 4.0300, 4.0300, 4.0300, 4.0300, 4.0300, 4.0300,
9, 4.8700, 4.8700, 4.8700, 4.8700, 4.8700, 4.8700, 4.8700, 4.8700, 4.8700, 4.8700,

10, 5.6300, 5.6300, 5.6300, 5.6300, 5.6300, 5.6300, 5.6300, 5.6300, 5.6300, 5.6300,
+gp, 7.9940, 7.7160, 7.4790, 7.4040, 7.0520, 7.4770, 7.3850, 7.2170, 7.1270, 7.3200,

SOPCOFAC, .9990, 1.1338, .9756, .9575, .7953, .8212, .8167, .9694, 1.0155, 1.0020,

lable 2 Catch weights at age (kg)
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
2, .3400, .3400, .3400, .4500, .4300, .5100, .6000, .5300, .3800, .3200, •3, .7100, .7100, .7100, .7900, .7300, .7700, 1.0500, .7100, .7500, •5900,
4, 1.1100, 1.1100, 1.1100, 1.2700, 1.4000, 1.1200, 1.3300, 1.2600, 1.3300, 1.2200,
5, 1.6300, 1.6300, 1.6300, 2.0300, 2.0500, 2.0200, 1.8600, 2.0200, 2.0700, 1.9700,
6, 2.3300, 2.3300, 2.3300, 2.5500, 2.7600, 2.6100, 2.8000, 2.7000, 2.6300, 2.3000,
7, 3.1600, 3.1600, 3.1600, 3.2900, 3.3000, 3.2700, 4.0000, 3.8800, 3.2800, 2.8700,
8, 4.0300, 4.0300, 4.0300, 4.3400, 4.3800, 3.9100, 4.1800, 4.4700, 3.9600, 3.7200,
9, 4.8700, 4.8700, 4.8700, 5.1500, 5.9500, 4.6900, 5.3300, 5.3600, 4.5400, 4.3000,

10, 5.6300, 5.6300, 5.6300, 5.7500, 6.3900, 5.6300, 5.6800, 6.0600, 5.5500, 4.6900,
+gp, 7.3940, 7.5270, 7.8090, 6.9370, 6.8410, 7.5580, 8.6650, 7.1900, 8.0120, 6.5970,

SOPCOFAC, 1.0061, 1.0278, 1.1388, .9991, .9975, .9961, .9991, .9997, .9930, .9929,

lable 2 Catch weights at age (kg)
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
2, .3400, .3300, .4500, .5400, .4000, .4500, .4600, .3500, .5000, .4100,
3, .5300, .6200, .7400, .7600, .7200, .7000, .6300, .5200, .5600, .5900,
4, .8400, .8700, .9700, 1.0800, 1.1900, 1.1000, 1.0200, .7400, .7800, .8300,
5, 1.6600, 1.3100, 1.3900, 1.5600, 1.7800, 1.9800, 1.7000, 1.2200, 1.2100, 1.4000,
6, 2.3200, 2.4300, 1.8100, 2.1200, 2.2400, 2.3400, 2.5000, 2.1600, 1.7400, 1.9400,
7, 2.9700, 3.8700, 3.0200, 2.4000, 2.8600, 2.8100, 2.8800, 3.1900, 2.8000, 2.4900,
8, 4.0000, 5.3800, 3.7600, 3.6500, 3.3200, 3.2500, 3.0900, 3.9700, 3.7400, 3.5800, •9, 4.7200, 5.8300, 4.6400, 3.6000, 4.5300, 4.0600, 3.7000, 4.6200, 4.4000, 4.3000,

10, 5.4400, 5.3600, 4.7500, 6.3700, 5.7000, 6.1900, 6.1900, 5.2800, 5.2800, 5.2800,
+gp, 6.9040, 7.4480, 7.5000, 4.7950, 7.1250, 7.3760, 8.1750, 6.0700, 7.4900, 6.9120,

SOPCOFAC, 1.0154, .9902, .9978, 1.0001, .9912, 1.0000, 1.0008, 1.0038, 1.0008, .9996,
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Table 5.8

Run title : Arctic Saithe (run: XSASME01/X01)

At 25-Aug-97 13:49:52

Terminal Fs derived using XSA (~ith F shrinkage)

Table 8 Fishing mortality (F) at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
2, .0409, .0160, .0131, .0785, .1053, .0472, .1397, .1204, .2764, .2185,
3, .1886, .2043, .3403, .1881, .3512, .5895, .4916, .6678, .5963, .9060,
4, .3280, .1710, .1407, .5148, .4217, .4302, .4nO, .5933, .4601, .6944,
5, .4320, .1024, .2355, .2434, .4351, .3784, .4114, .6239, .4585, .6638,
6, .1522, .1649, .1308, .3710, .2613, .2897, .3696, .6380, .3560, .4752,
7, .1596, .0391, .1357, .2035, .3932, .2412, .3378, .5342, .5395, .5182,
8, .2757, .0747, .0722, .3482, .1698, .2453, .2659, .4025, .65n, .4453,
9, .un, .1275, .0886, .2272, .3264, .1570, .3214, .3682, .4578, .5950,

10, .2407, .1020, .1330, .2802, .3190, .2637, .3433, .5175, .49n, .5439,
+gp, .2407, .1020, .1330, .2802, .3190, .2637, .3433, .5175, .49n, .5439,

FBAR 3- 6, .2752, .1606, .2118, .3293, .3673, .4220, .4374, .6308, .46n, .6848,

Table 8 Fishing mortality (F) at age
YEAR, 19n, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,- AGE

2, .2178, .1961, .2064, .0581, .0786, .1459, .1145, .1245, .0091, .0181,
3, .7885, .6156, .4437, .5163, .4106, .4026, .2133, .7508, .n99, .11n,
4, .6818, .5271, .6832, .5164, .5825, .6549, .5350, .8203, .5018, .4786,
5, .5210, .5692, .5664, .6401, .6638, .8624, .8392, .5n2, .4093, .5158,
6, .3547, .4674, .4009, .5454, .5626, .5779, .5327, .7986, .5404, .4923,
7, .4611, .4623, .6267, .5765, .4371, .3129, .4308, .3600, .6900, .6256,
8, .4331, .3642, .6366, .6752, .9104, .3982, .6953, .4901, .4485, .6052,
9, .4194, .5560, .5005, .1814, .3928, .5387, .4510, .8761, .4826, .3755,

10, .4415, .4890, .5519, .5571, .6184, .5427, .6294, .7135, .5269, .4971,
+gp, .4415, .4890, .5519, .5571, .6184, .5427, .6294, .7135, .5269, .4971,

FBAR 3- 6, .5865, .5448, .5236, .5545, .5549, .6245, .5300, .7367, .5578, .4011,

Table 8 Fishing mortality (F) at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, FBAR 94-96

AGE
2, .0427, .0733, .1473, .0453, .0149, .0533, .0178, .0089, .0011, .0151, .0084,
3, .1285, .1188, .2604, .4540, .4498, .1608, .1342, .0609, .1378, .1453, .1146,
4, .4214, .4093, .4740, .5027, .4915, .2879, .3171, .2787, .5281, .4236, .4101,
5, .2907, .54n, .8266, .4074, .3852, .3925, .5135, .4139, .5050, .4599, .4596,

• 6, .5518, .5676, .7110, .5802, .4244, .9041, .5336, .7635, .5613, .7014, .6754,
7, .9144, 1.1131, .5055, .7380, .3763, .9630, .7445, .5661, .5112, .7897, .6223,
8, .3366, 1.0159, .5180, .6283, .4252, .9840, .7239, .5349, .3762, .7539, .5550,
9, .5982, .9820, .4112, .4134, .2984, .6478, .8667, .3626, .2756, .6230, .4204,

10, .5234, .7260, .4747, .5002, .3988, .6059, .6712, .6413, .7105, .8319, .7279,
+gp, .5234, .7260, .4747, .5002, .3988, .6059, .6712, .6413, .7105, .8319,

FBAR 3- 6, .3481, .4108, .5680, .4861, .43n, .4363, .3746, .3792, .4330, .4325,
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Table 5.9

Run title : Arctic Saithe (run: XSASME01/X01)

At 25-Aug-97 13:49:52

Terminal Fs derived using XSA (Yith F shrinkage)

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
2, 191784, 367751, 347332, 379690, 219455, 278018, 117198, 206197, 373423, 304956,
3, 190702, 150729, 296296, 280671, 287381, 161720, 217119, 83441, 149675, 231897,
4, 98167, 129292, 100608, 172613, 190397, 165598, 73430, 108726, 35034, 67500,
5, 113274, 57900, 89221, 71559, 84458, 102245, 88177, 37312, 49180, 18105,
6, 32285, 60206, 42789, 57721, 45932, 44753, 57339, 47843, 16369, 25457,
7, 42075, 22700, 41799, 30737, 32609, 28959, 27424, 32440, 20695, 9388,
8, 13373, 29367, 17873, 29881, 20531, 18019, 18628, 16016, 15567, 9878,
9, 9590, 8310, 22312, 13615, 17271, 14184, 11543, 11691, 8768, 6603,

10, 7218, 6573, 5989, 16720, 8881, 10202, 9926, 6853, 6624, 4542,
+gp, 17946, 13238, 4517, 12579, 22059, 14922, 14813, 10347, 11554, 7507,

TOTAL, 716413, 846067, 968737, 1065785, 928974, 838622, 635597, 560866, 686888, 685831,

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE -2, 178790, 283995, 167874, 356670, 153036, 140208, 118869, 138088, 271200, 203751,
3, 200678, 11m2, 191112, 111806, 275525, 115825, 99207, 86791, 99825, 220035,
4, 76730, 74678, 52082, 100403, 54625, 149616, 63401, 65621, 33539, 37468,
5, 27598, 31770, 36091, 21533, 49046, 24978, 63634, 30403, 23655, 16625,
6, 7632, 13420, 14722, 16771, 9295, 20676, 8633, . 22511, 13976, 12862,
7, 12959, 4383, 6885, 8072, 7959, 4336, 9498, 4149, 8292, 6666,
8, 4578, 6690, 2260, 3012, 3713, 4209, 2596, 5054, 2370, 3405,
9, 5181, 2431, 3806, 979, 1255, 1223, 2314, 1061, 2535, 1239,

10, 2982, 2789, 1141, 1889, 669, 694, 584, 1207, 362, 1281,
+gp, 3480, 6084, 3073, 4169, 1490, 1170, 1777, 1918, 1872, 796,

TOTAL, 520609, 543973, 479046, 625304, 556614, 462935, 370514, 356802, 457625, 504128,

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, GMST 60-

AGE
2, 102219, 78435, 90017, 288046, 458876, 305414, 211311, 173663, [70418] [71556] [ 0] 210546,
3, 163822, 80191, 59677, 63604, 225387, 370145, 237083, 169949, 140927, [57590] [57709] 156000,
4, 160139, 117957, 58302, 37660, 33072, 117684, 258033, 169737, 130920, 100532, [40778] 88009,
5, 19008, 86024, 64139, 29714, 18651, 16563, 72247, 153847, 105163, 63213, 53889, 45348,
6, 8126, 11636, 40727, 22976, 16188, 10389, 9159, 35395, 83271, 51964, 32675, 22807,
7, 6437, 3832, 5401, 16378, 10530, 8670, 3444, 4398, 13505, 38891, 21098, 12173_
8, 2919, 2112, 1031, 2667, 6410, 5918, 2710, 1339, 2044, 6632, 14456, 6631,
9, 1522, 1707, 626, 503, 1165, 3430, 1811, 1076, 642, 1149, 2555, 3735,

10, 697, 685, 523, 340, 272, 708, 1469, 623, 613, 399, 505, 2148,
+gp, 2139, 215, 432, 703, 440, 642, 237, 1559, 643, 881, 456,

TOTAL, 467028, 382794, 320875, 462591, 770992, 839563, 797503, 711586, [548146] [392807] [224121]
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Table 5.10

Run title : Arctic Saithe (run: XSASME01/x01)

At 25-Aug-97 13:49:52

Terminal Fs derived using XSA (Yith F shrinkage)

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
2, 65142, 141765, 115215, 123604, 59343, 77628, 32543, 67961, 128934, 103890,
3, 135264, 121336, 205243, 190800, 162279, 94295, 125898, 57429, 107918, 164972,
4, 108858, 162716, 108953, 183451, 168085, 150953, 66567, 116992, 39491, 75073,
5, 184453, 107004, 141886, 111680, 109490, 136866, 117383, 58957, 81408, 29569,
6, 75150, 159050, 97268, 128770, 85117, 85633, 109111, 108062, 38731, 59432,
7, 132826, . 81331, 128865, 92999, 81955, 75151, 70775, 99371, 66410, 29724,
8, 53839, 134182, 70274, 115297, 65805, 59635, 61311, 62568, 63710, 39889,
9, 46657, 45886, 106013, 63483, 66894, 56729, 45912, 55191, 43361, 32218,

10, 40597, 41958, 32899, 90128, 39767, 47170, 45639, 37402, 37870, 25620,
+gp, 143315, 115814, 32957, 89172, 123719, 91626, 89344, 72389, 83623, 55057,

TOTAlBtO, 986103, 1111042, 1039575, 1189383, 962454, 875685, 764483, 736322, 691459, 615443,

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
2, 61160, 99242, 64999, 160352, 65643, 71229, 71257, 73168, 102334, 64737,
3, 143351, 85913, 154522, 88244, 200637, 88839, 104073, 61606, 74344, 128898,
4, 85690, 85197, 65834, 127393, 76287, 166920, 84247, 82661, 45293, 45386,
5, 45260, 53224, 66993, 43671, 100297, 50260, 118251, 61398, 49093, 32518,
6, 17891, 32138, 39063, 42726, 25592, 53756, 24151, 60764, 36498, 29373,
7, 41202, 14235, 24m, 26532, 26199, 14123, 37957, 16095, 27009, 18994,
8, 18562, 27712, 10372, 13060, 16224, 16392, 10842, 22587, 9343, 12577,
9, 25388, 12166, 21105, 5038, 7452, 5715, 12322, 5683, 11402, 5291,

10, 16889, 16139, 7318, 10850, 4262, 3892, 3317, 7311, 1989, 5965,
+gp, 25886, 47068, 27326, 28895, 10165, 8806, 15382, 13784, 15224, 5215,

TOTAlBtO, 481279, 473033, 482309, 546762, 532756, 479932, 481798, 405056, 372530, 348954,

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
2, 35289, 25630, 40417, 155561, 181944, 137435, 97281, 61013, [35236] [29328]
3, 88161, 49232, 44063, 48344, 160859, 259100, 149482, 88709, 78980, [33966]
4, 136585, 101619, 56427, 40677, 39011, 129452, 263405, 126082, 102197, 83412,
5, 32038, 111589, 88955, 46359, 32909, 32795, 122918, 188406, 127346, 88467,
6, 19142, 28000, 73551, 48715, 35943, 24309, 22916, 76744, 145004, 100776,
7, 19410, 14683, 16274, 39311, 29853, 24361, 9926, 14082, 37844, 96806,_.. , 8, 11857, 11251, 3846, 9737, 21095, 19233, 8379, 5337, 7652, 23733,
9, 7295, 9854, 2899, 1810, 5232, 13927, 6707, 4988, 2828, 4939,

10, 3850, 3637, 2481, 2165, 1538, 4381, 9103, 3304, 3238, 2107,
+gp, 14996, 1589, 3230, 3373, 3107, 4734, 1936, 9498, 4822, 6085,

TOTAlBtO, 368623, 357084, 332142, 396051, 511491, 649728, 692053, 578164, [54514n [469618]
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Table 5.11

Run title : Arctic Saithe (run: XSASME01/X01)

At 25-Aug-97 13:49:52

Terminal Fs derived using XSA (~ith F shrinkage)

Table 15 Spawning steck biemass with SOP (spawning time) Tennes
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

ACE
2, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
4, 1089, 1627, 1090, 1835, 1681, 1510, 666, 1170, 395, 751,
5, 101449, 58852, 78037, 61424, 60220, 75276, 64561, 32426, 44775, 16263,
6, 63878, 135192, 82678, . 109454, 72349, 72788, 92744, 91852, 32922, 50517,
7, 130169, 79704, 126288, 91139, 80316, 73648, 69360, 97384, 65082, 29130,
8, 53839, 134182, 70274, 115297, 65805, 59635, 61311, 62568, 63710, 39889,
9, 46657, 45886, 106013, 63483, 66894, 56729, 45912, 55191, 43361, 32218,

10, 40597, 41958, 32899, 90128, 39767, 47170, 45639, 37402, 37870, 25620,
+gp, 143315, 115814, 32957, 89172, 123719, 91626, 89344, 72389, 83623, 55057,

TOTSPBIO, 580994, 613216, 530237, 621931, 510750, 478382, 469536, 450383, 371738, 249443,

Table 15 Spawning stock biemass with SOP (spawning time) Tennes
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

ACE
2, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
4, 857, 852, 658, 1274, 763, 1669, 842, 827, 453, 454,
5, 24893, 29273, 36846, 24019, 55163, 27643, 65038, 33769, 27001, 17885,
6, 15208, 27318, 33204, 36317, 21753, 45692, 20528, 51649, 31024, 24967,
7, 40378, 13950, 24281, 26002, 25675, 13840, 37197, 15m, 26469, 18614,
8, 18562, 27712, 10372, 13060, 16224, 16392, 10842, 22587, 9343, 12577,
9, 25388, 12166, 21105, 5038, 7452, 5715, 12322, 5683, 11402, 5291,

10, 16889, 16139, 7318, 10850, 4262, 3892, 3317, 7311, 1989, 5965,
+gp, 25886, 47068, 27326, 28895, 10165, 8806, 15382, 13784, 15224, 5215,

TOTSPBIO, 168060, 174478, 161110, 145455, 141457, 123650, 165469, 151382, 122905, 90968,

Table 15 Spawning steck biemass with SOP (spawning time) Tennes
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

ACE
2, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
4, 1366, 1016, 564, 407, 390, 1295, 2634, 1261, 1022, 834,
5, 17621, 61374, 48925, 25497, 18100, 18037, 67605, 103623, 70040, 48657,
6, 16271, 23800, 62519, 41408, 30552, 20663, 19478, 65232, 123253, 85659,
7, 19022, 14390, 15949, 38525, 29256, 23874, 9728, 13801, 37087, 94869,
8, 11857, 11251, 3846, 9737, 21095, 19233, 8379, 5337, 7652, 23733, •9, 7295, 9854, 2899, 1810, 5232, 13927, 6707, 4988, 2828, 4939,

10, 3850, 3637, 2481, 2165, 1538, 4381, 9103, 3304, 3238, 2107,
+gp, 14996, 1589, 3230, 3373, 3107, 4734, 1936, 9498, 4822, 6085,

TOTSPBIO, 92277, 126910, 140412, 122921, 109270, 106144, 125570, 207044, 249942, 266883,
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Table5.12

Run title : Arctic Saithe (run: XSASMEOllX01 )

At 25-Aug-97 13:49:52

Table 17 SUlTIßary (with SOP correction)

Terminal Fs derived using XSA (~ith F shrink.age)

RECRUlTS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, SOPCOFAC, FBAR 3- 6,
Age 2

1960, 121637, 623130, 320629, 136006, .4242, 1.2793, .2667,
1961, 213257, n7102, 406888, 109821, .2699, 1.4354, .2338,
1962, 355464, 863438, 423005, 122841, .2904, 1.2489, .2289,

'1963, 121787, 925321, 439208, 148036, .3371, 1.2026, .2244,
1964, 368858, 1072442, 525322, 198110, .3n1, 1.1684, .2263,
1965, 210304, 99n48, 519820, 184548, .3550, 1.0721, .2255,
1966, 241157, 1075000, 563238, 201860, .3584, 1.0963, .2768,
1967, 191784, 986103, 580994, 191191, .3291, .9990, .2752,
1968, 36n51, 1111042, 613216, 107181, .1748, 1.1338, .1606,
1969, 347332, 1039575, 530237, 140379, .2647, .9756, .2118,
1970, 379690, 1189383, 621931, 260404, .4187, .9575, , .3293,
1971, 219455, 962454, 510750, 244732, .4792, .7953, .3673,
1972, 278018, 875685, 478382, 210508, .4400, .8212, .4220,
1973, 117198, 764483, 469536, 215659, .4593, .8167, .4374,
1974, 206197, 736321, 450383, 262301, .5824, .9694, .6308,
1975, 373423, 691459, 371738, 233453, .6280, 1.0155, .46n,
1976, 304955, 615443, 249444, 242486, .9721, 1.0020, .6848,
19n, 178790, 481279, 168060, 182808, 1.0878, 1.0061, .5865,
1978, 283995, 473034, 174478, 154465, .8853, 1.0278, .5448,
1979, 167874, 482309, 161110, 164234, 1.0194, 1.1388, .5236,
1980, 356670, 546762, 145455, 154379, 1.0614, .9991, .5545,
1981, 153036, 532756, 141457, 175516, 1.2408, .9975, .5549,
1982, 140208, 479932, 123650, 170903, 1.3821, .9961, .6245,
1983, 118869, 481798, 165469, 155405, .9392, .9991, .5300,
1984, 138088, 405056, 151382, 158796, 1.0490, .9997, .7367,
1985, 271200, 372530, 122905, 107147, .8718, .9930, .5578,
1986, 203751, 348954, 90968, 70458, .n45, .9929, .4011,
1987, 102219, 368623, 922n, 91679, .9935, 1.0154, .3481,
1988, 78435, 357084, 126910, 114508, .9023, .9902, .4108,
1989, 90017, 332142, 140412, 122664, .8736, .9978, .5680,
1990, 288046, 396051, 122921, 95393, .n61, 1.0001, .4861,
1991, 458876, 511491, 109270, 107326, .9822, .9912, .43n,
1992, 305414, 649728, 106144, 127606, 1.2022, 1.0000, .4363,
1993, 211311, 692053, 125570, 153584, 1.2231, 1.0008, .3746,
1994, 173664, 578164, 207044, 142253, .6871, 1.0033, .3792,
1995, 197000, 608438, 249942, 169444, .6n9, 1.0008, .4330,
1996, 176000, 572790, 266883, 171595, .6430, .9996, .4325,

Arith.
Mean , 223803, 670558, 299109, 162153, .7144 .4214,

Units, (Thousands) , (Tonnes) , (Tonnes), (Tonnes) ,
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Table 5.13. North-East Arctic Saithe
Estimation of weight at age (kilogrammes) in the prediction.

Observed weight-at-age in the catch
Age 1994 1995 1996 1994-96

2 0.35 0.50 0.41 0.42
3 0.52 0.56 0.59 0.56
4 0.74 0.78 0.83 0.78
5 1.22 1.21 1.40 1.28
6 2.16 1.74 1.94 1.95
7 3.19 2.80 2.49 2.83
8 3.97 3.74 3.58 3.76
9 4.62 4.40 4.30 4.44
10 5.28 5.28 5.28 5.28

11+ 6.07 7.48 6.91 6.82

1) Weight-at-age used in the predictions.
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Table 5.14

The SAS System
Saithe in the North-East Arctic (Areas land 11)

Prediction with management option table: Input data

Year: 1997

Stock Natural Haturity Prop.of F Prop.of H \Jeight Exploit. \Jeight
Age size mortal ity ogive bef.spaw. bef.spaw. in stock pattern in catch

2 210000.00 0.2000 0.0000 0.0000 0.0000 0.420 0.0087 0.420
3 142848.00 0.2000 0.0000 0.0000 0.0000 0.560 0.1194 0.560
4 116176.00 0.2000 0.0100 0.0000 0.0000 0.780 0.4275 0.780
5 53889.000 0.2000 0.5500 0.0000 0.0000 1.280 0.4791 1.280
6 32675.000 0.2000 0.8500 0.0000 0.0000 1.950 0.7040 1.950
7 21098.000 0.2000 0.9800 0.0000 0.0000 2.830 0.6487 2.830
8 14456.000 0.2000 1.0000 0.0000 0.0000 3.760 0.5785 3.760
9 2555.000 0.2000 1.0000 0.0000 0.0000 4.440 0.4382 4.440

10 505.000 0.2000 1.0000 0.0000 0.0000 5.280 0.7587 5.280
11+ 456.000 0.2000 1.0000 0.0000 0.0000 6.820 0.7587 6.820

Unit Thousands - - . - Kilograms - Kilograms

Year: 1998

Recruit- Natural Haturity Prop.of F Prop.of H \Jeight Exploit. \Jeight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

2 210000.00 0.2000 0.0000 0.0000 0.0000 0.420 0.0087 0.420
3 · 0.2000 0.0000 0.0000 0.0000 0.560 0.1194 0.560
4 · 0.2000 0.0100 0.0000 0.0000 0.780 0.4275 0.780
5 · 0.2000 0.5500 0.0000 0.0000 1.280 0.4791 1.280
6 · 0.2000 0.8500 0.0000 0.0000 1.950 0.7040 1.950
7 · 0.2000 0.9800 0.0000 0.0000 2.830 0.6487 2.830
8 · 0.2000 1.0000 0.0000 0.0000 3.760 0.5785 3.760
9 · 0.2000 1.0000 0.0000 0.0000 4.440 0.4382 4.440

10 · 0.2000 1.0000 0.0000 0.0000 5.280 0.7587 5.280
11+ · 0.2000 1.0000 0.0000 0.0000 6.820 0.7587 6.820

Unit Thousands - . - - Kilograms - Kilograms

Year: 1999

Recruit- Natural Haturity Prop.of F Prop.of M \Jeight Exploit. lJeight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

2 210000.00 0.2000 0.0000 0.0000 0.0000 0.420 0.0087 0.420
3 · 0.2000 0.0000 0.0000 0.0000 0.560 0.1194 0.560
4 · 0.2000 0.0100 0.0000 0.0000 0.780 0.4275 0.780
5 · 0.2000 0.5500 0.0000 0.0000 1.280 0.4791 1.280
6 · 0.2000 0.8500 0.0000 0.0000 1.950 0.7040 1.950
7 · 0.2000 0.9800 0.0000 0.0000 2.830 0.6487 2.830
8 · 0.2000 1.0000 0.0000 0.0000 3.760 0.5785 3.760
9 · 0.2000 1.0000 0.0000 0.0000 4.440 0.4382 4.440

10 · 0.2000 1.0000 0.0000 0.0000 5.280 0.7587 5.280
11+ · 0.2000 1.0000 0.0000 0.0000 6.820 0.7587 6.820

Unit Thousands - - . - Ki lograms - Ki lograms

Notes: Run name : HANSHE02
Date and time: 25AUG97:15:35
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Table 5.15
The SAS System

Saithe in the North-East Arctic (Areas I and 11)

Yield per recruit: Summary table

12:42 Monday, August 25, 1997

1 January Spawning time

F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

0.0000 0.0000 0.000 0.000 5.517 13533.640 2.713 11669.164 2.713 11669.164
0.0500 0.0216 0.090 301.834 5.066 11039.280 2.278 9195.329 2.278 9195.329
0.1000 0.0433 0.158 483.542 4.730 9271.938 1.956 7447.775 1.956 7447.775
0.1500 0.0649 0.211 594.894 4.467 7964.165 1.707 6159.089 1.707 6159.089
0.2000 0.0865 0.254 663.101 4.255 6964.264 1.510 5177.607 1.510 5177.607
0.2500 0.1081 0.289 703.990 4.079 6179.904 1.348 4411.029 1.348 4411.029
0.3000 0.1298 0.319 727.201 3.931 5551.757 1.213 3800.058 1.213 3800.058
0.3500 0.1514 0.345 738.807 3.805 5040.025 1.100 3304.924 1.100 3304.924
0.4000 0.1730 0.367 742.743 3.695 4617.066 1.002 2898.010 1.002 2898.010
0.4500 0.1946 0.386 741.605 3.598 4263.113 0.918 2559.576 0.918 2559.576
0.5000 0.2163 0.404 737.136 3.513 3963.686 0.845 2275.165 0.845 2275.165
0.5500 0.2379 0.419 730.519 3.436 3707.955 0.780 2033.970 0.780 2033.970
0.6000 0.2595 0.433 722.563 3.368 3487.676 0.723 1827.766 0.723 1827.766
0.6500 0.2811 0.446 713.825 3.305 3296.471 0.672 1650.199 0.672 1650.199
0.7000 0.3028 0.458 704.686 3.249 3129.343 0.626 1496.288 0.626 1496.288
0.7500 0.3244 0.468 695.411 3.197 2982.326 0.585 1362.085 0.585 1362.085
0.8000 0.3460 0.478 686.177 3.149 2852.239 0.548 1244.428 0.548 1244.428
0.8500 0.3676 0.487 677.104 3.105 2736.507 0.514 1140.757 0.514 1140.757
0.9000 0.3893 0.495 668.272 3.065 2633.024 0.483 1048.982 0.483 1048.982
0.9500 0.4109 0.503 659.730 3.027 2540.059 0.455 967.387 0.455 967.387
1.0000 0.4325 0.510 651.507 2.992 2456.174 0.429 894.547 0.429 894.547
1.0500 0.4541 0.517 643.618 2.959 2380.170 0.406 829.276 0.406 829.276
1.1000 0.4758 0.524 636.067 2.928 2311.039 0.384 770.579 0.384 770.579
1.1500 0.4974 0.530 628.852 2.899 2247.928 0.364 717.616 0.364 717.616
1.2000 0.5190 0.535 621.967 2.872 2190.115 0.345 669.675 0.345 669.675
1.2500 0.5406 0.541 615.400 2.846 2136.982 0.328 626.149 0.328 626.149
1.3000 0.5623 0.546 609.140 2.821 2088.000 0.312 586.520 0.312 586.520
1.3500 0.5839 0.551 603.174 2.798 2042.712 0.297 550.340 0.297 550.340
1.4000 0.6055 0.555 597.489 2.776 2000.725 0.283 517.226 0.283 517.226
1.4500 0.6271 0.560 592.069 2.755 1961.695 0.269 486.843 0.269 486.843
1.5000 -- 0.6488 0.564 586.902 2.735 1925.325 0.257 458.901 0.257 458.901
1.5500 0.6704 0.568 581.974 2.716 1891.353 0.246 433.148 0.246 433.148
1.6000 0.6920 0.572 577.273 2.698 1859.550 0.235 409.362 0.235 409.362
1.6500 0.7136 0.575 572.786 2.680 1829.715 0.225 387.349 0.225 387.349
1.7000 0.7353 0.579 568.501 2.663 1801.669 0.215 366.938 0.215 366.938
1.7500 0.7569 0.582 564.407 2.647 1775.255 0.206 347.978 0.206 347.978
1.8000 0.7785 0.585 560.494 2.632 1750.333 0.197 330.335 0.197 330.335
1.8500 0.8001 0.589 556.752 2.617 1726.777 0.189 313.890 0.189 313.890
1.9000 0.8218 0.592 553.171 2.603 1704.476 0.182 298.539 0.182 298.539
1.9500 0.8434 0.594 549.742 2.589 1683.330 0.174 284.185 0.174 284.185
2.0000 0.8650 0.597 546.459 2.576 1663.250 0.167 270.746 0.167 270.746

. - Numbers Grams Numbers Grams Numbers Grams Numbers Grams

Notes: Run name
Date and time
Computation of ref.
F-0.1 factor
F-max factor
F-0.1 reference F
F-max reference F
Recrui tment

YLDSME02
25AUG97:15:46

F: Simple mean, age 3 - 6
0.2289
0.4110
0.0990
0.1777
Single recruit
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Table 5.16

The SAS System
Saithe in the North-East Arctic (Areas 1 and 11)

Prediction with management option table

12:42 Monday, August 25, 1997

•

•

Year: 1997 Year: 1998 Year: 1999

F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock Sp.stock
Factor F biomass biomass weight Factor F biomass biomass weight biomass biomass

0.9503 0.4110 522689 222991 140000 0.0000 0.0000 514864 205092 0 684242 326245

· · · · · 0.0500 0.0216 205092 8523 673282 317414

· · · · 0.1000 0.0433 205092 16829 662607 308832

· · · · · 0.1500 0.0649 205092 24925 652209 300492

· · · · · 0.2000 0.0865 · 205092 32818 642081 292387

· · · 0.2500 0.1081 205092 40511 632214 284509

· · · 0.3000 0.1298 · 205092 48012 622601 276853

· · · 0.3500 0.1514 205092 55325 613235 269412

· · · · · 0.4000 0.1730 · 205092 62456 604110 262179

· · · · · 0.4500 0.1946 · 205092 69410 595218 255148

· · · · · 0.5000 0.2163 · 205092 76191 586553 248314

· · · · 0.5500 0.2379 · 205092 82805 578109 241671

· · · · 0.6000 0.2595 · 205092 89255 569879 235214

· · · · · 0.6500 0.2811 · 205092 95547 561858 228936

· · · 0.7000 0.3028 · 205092 101685 554039 222833

· · · · · 0.7500 0.3244 · 205092 107673 546418 216900

· · · · · 0.8000 0.3460 · 205092 113515 538988 211131

· · · · · 0.8500 0.3676 · 205092 119215 531745 205523

· · · · 0.9000 0.3893 · 205092 124778 524682 200069

· · · · · 0.9500 0.4109 · 205092 130206 517796 194767

· · · · · 1.0000 0.4325 · 205092 135503 511082 189611

· · · · · 1.0500 0.4541 · 205092 140674 504534 184598

· · · · 1. 1000 0.4758 · 205092 145720 498148 179723

· · · · 1.1500 0.4974 · 205092 150647 491919 174982

· · · · 1.2000 0.5190 · 205092 155457 485844 170372

· · · · 1.2500 0.5406 · 205092 160153 479918 165888

· · · 1.3000 0.5623 · 205092 164738 474138 161528

· · · · · 1.3500 0.5839 · 205092 169216 468498 157287

· · · · · 1.4000 0.6055 · 205092 173588 462995 153162

· · · · · 1.4500 0.6271 · 205092 177859 457626 149150

· · · · · 1.5000 0.6488 · 205092 182030 452387 145248

- - Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes

Notes: Run name MANSME02
Date and time 25AUG97:15:35
Computation of ref. F: Simple mean, age 3 - 6
Basis for 1997 TAC constraints
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r------------------------- ------

Tablc 5.17

The SAS System
Sa;the ;n the North-East Arct;c (Areas 1 and 11)

Single option pred;ct;on: Summary table

12:42 Honday, August 25,' 19\ •

1 January Spawn;ng time

Year F Reference Catch ;n Catch ;n Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers we;ght s;ze b;omass s;ze b;omass s;ze b;omass

1997 0.9503 0.4110 99204 140002 594658 522689 97223 222991 97223 222991
1998 0.2289 0.0990 26759 37288 607892 514861 91025 205089 91025 205089
1999 0.2289 0.0990 34690 51751 683569 636343 125247 287803 125247 287803
2000 0.2289 0.0990 40902 66754 738379 762818 166893 394309 166893 394309
2001 0.2289 0.0990 45790 810n 7n655 8n688 203170 505495 203170 505495

Un;t - . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year F Reference Catch ;n Catch ;n Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers we;ght s;ze b;omass s;ze b;omass size b;omass

1997 0.9503 0.4110 99204 140002 594658 522689 97223 222991 97223 222991
1998 0.4110 0.1n8 46249 64001 607892 514861 91025 205089 91025 205089
1999 0.4110 0.1n8 56603 81912 666049 602131 114133 260612 114133 260612
2000 0.4110 0.1n8 63861 98459 704347 685415 141979 327885 141979 327885
2001 0.4110 0.1n8 69156 112899 729172 752359 164566 392635 164566 392635

Un;t - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year F Reference Catch ;n Catch ;n Stock Stock sp.stock Sp.stock Sp.stock sp.stock
Factor F numbers we;ght s;ze b;omass s;ze biomass size b;omass

1997 0.9503 0.4110 99204 140002 594658 522689 97223 222991 97223 222991
1998 0.8324 0.3600 86034 117224 607892 514861 91025 205089 91025 205089
1999 0.8324 0.3600 93095 125478 630451 534271 92196 2074n 92196 2074n
2000 0.8324 0.3600 96801 130817 642591 551970 98755 216092 98755 216092
2001 0.8324 0.3600 99426 -135313 649205 561517 104313 225719 104313 225719

Un;t - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year F Reference Catch ;n Catch ;n Stock Stock Sp.stock Sp.stock Sp.stock Sp.stockFactor F numbers we;ght s;ze b;omass s;ze b;omass s;ze b;omass

1997 0.9503 0.4110 99204 140002 594658 522689 97223 222991 97223 2229911998 1.0000 0.4325 100044 135502 607892 514861 91025 205089 91025 2050891999 1.0000 0.4325 103474 135567 617976 511080 84744 189610 84744 1896102000 1.0000 0.4325 104912 134702 623161 512290 85845 183803 85845 1838032001 1.0000 0.4325 106320 135291 626112 511225 88049 183399 88049 183399
Un;t - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year F Reference Catch ;n Catch ;n Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers we;ght size b;omass s;ze b;omass size b;omass

1997 0.9503 0.4110 99204 140002 594658 522689 97223 222991 97223 222991
1998 1.4335 0.6200 132238 176459 607892 514861 91025 205089 91025 205089
1999 1.4335 0.6200 122858 149653 589448 459382 68251 150460 68251 150460
2000 1.4335 0.6200 118611 134357 582707 434206 60421 122269 60421 122269
2001 1.4335 0.6200 '17757 128477 580957 421162 58448 110862 58448 110862

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

•

•

Notes: Run name
Date and time
Computation of ref. F
Pred;ct;on basis

SPRSME01
25AUG97:16:02
Simple mean, age 3 - 6
F factors
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TabJe 5.18

The SAS System
Saithe in the North-East Arctic (Areas land 11)

Single option prediction: Detailed tables

21:18 Monday, August 25, 1997

•

•

Year: 1997 F-factor: 0.9503 Reference F: 0.4110 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

2 0.0083 1567 658 210000 88200 0 0 0 0
3 0.1135 13914 7792 142848 79995 0 0 0 0
4 0.4063 35391 27605 116176 90617 1162 906 1162 906
5 0.4553 17998 23038 53889 68978 29639 37938 29639 37938
6 0.6690 14606 28481 32675 63716 27774 54159 2m4 54159
7 0.6165 8889 25156 21098 59707 20676 58513 20676 58513
8 0.5497 5592 21024 14456 54355 14456 54355 14456 54355
9 0.4164 794 3526 2555 11344 2555 11344 2555 11344

10 0.7210 238 1256 505 2666 505 2666 505 2666
11+ 0.7210 215 1465 456 3110 456 3110 456 3110

Total 99204 140002 594658 522689 97223 222991 97223 222991

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 1998 F-factor: 0.8324 Reference F: 0.3600 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

2 0.0072 1374 577 210000 88200 0 0 0 0
3 0.0994 14646 8202 170518 95490 0 0 0 0
4 0.3559 28502 22232 104409 81439 1044 814 1044 814
5 0.3988 19012 24335 63361 81102 34849 44606 34849 44606
6 0.5860 11357 22146 27984 54569 23787 46384 23787 46384
7 0.5400 5228 14796 13703 38779 13429 38003 13429 38003
8 0.4815 3256 12242 9325 35063 9325 35063 9325 35063
9 0.3648 1904 8452 6830 30326 6830 30326 6830 30326

10 0.6315 592 3123 1379 7283 1379 7283 1379 7283
11+ 0.6315 164 1119 383 2609 383 2609 383 2609

Total 86034 117224 607892 514861 91025 205089 91025 205089

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 1999 F-factor: 0.8324 Reference F: 0.3600 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

2 0.0072 1374 577 210000 88200 0 0 0 0
3 0.0994 14661 8210 170693 95588 0 0 0 0
4 0.3559 34506 26914 126400 98592 1264 986 1264 986
5 0.3988 17969 23001 59887 76656 32938 42161 32938 42161
6 0.5860 14129 27552 34815 67889 29593 57706 29593 57706
7 0.5400 4865 13769 12751 36086 12496 35364 12496 35364
8 0.4815 2283 8583 6538 24583 6538 24583 6538 24583
9 0.3648 1315 5837 4717 20944 4717 20944 4717 20944

10 0.6315 1665 8792 3883 20502 3883 20502 3883 20502
11+ 0.6315 329 2243 767 5232 767 5232 767 5232

Total 93095 125478 630451 534271 92196 207477 92196 207477

Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

(cont.)
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Table 5.18 (Continued)

The SAS System
Saithe in the North-East Arctic (Areas land 11)

Single option prediction: Detailed tables
(cont. )

21:18 Monday, August 25, 1997

Year: 2000 F-factor: 0.8324 Reference F: 0.3600 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

2 0.0072 1374 577 210000 90300 0 0 0 0
3 0.0994 14661 8210 170693 95588 0 0 0 0
4 0.3559 34541 26942 126530 98693 1265 987 1265 987
5 0.3988 21754 27845 72501 92801 39876 51041 39876 51041
6 0.5860 13354 26041 32906 64167 27970 54542 27970 54542
7 0.5400 6053 17130 15864 44895 15547 43997 15547 43997
8 0.4815 2124 7987 6084 22876 6084 22876 6084 22876
9 0.3648 922 4092 3307 14684 3307 14684 3307 14684

10 0.6315 1150 6072 2682 14159 2682 14159 2682 14159
11+ 0.6315 868 5921 2025 13807 2025 13807 2025 13807

Total 96801 130817 642591 551970 98755 216092 98755 216092

Unit - Thousands Tonnes Thousands Tonnes Thousancls Tonnes Thousands Tonnes

Year: 2001 F-factor: 0.8324 Reference F: 0.3600 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

2 0.0072 1374 577 210000 88200 0 0 0 0
3 0.0994 14661 8210 170693 95588 0 0 0 0
4 0.3559 34541 26942 126530 98693 1265 987 1265 987
5 0.3988 21777 27874 72575 92897 39916 51093 39916 51093
6 0.5860 16167 31526 39837 77682 33861 66030 33861 66030
7 0.5400 5721 16190 14994 42433 14694 41584 14694 41584
8 0.4815 2643 9937 7569 28459 7569 28459 7569 28459
9 0.3648 858 3808 3077 13664 3077 13664 3077 13664

10 0.6315 806 4257 1880 9927 1880 9927 1880 9927
11+ 0.6315 879 5992 2049 13974 2049 13974 2049 13974

Total 99426 135313 649205 561517 104313 225719 104313 225719

Unit - Thousands Tonnes Thousands Tonnes Thousancls Tonnes Thousands Tonnes

Notes: Run name SPRSME01
Date and time 25AUG97:21:38
Computation of ref. F: Simple mean, age 3 - 6
Prediction basis F factors

152



Table5.19

Saithe in the North-East Arctic (Areas I and 11)
The SAS System 10:15 Thursday, August 28, 1997

Single option prediction: Input data
(cont.)

Year: 1998

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

2 210000.00 0.2000 0.0000 0.0000 0.0000 0.420 0.0000 0.680
3 · 0.2000 0.0000 0.0000 0.0000 0.560 0.0173 0.810
4 · 0.2000 0.0100 0.0000 0.0000 0.780 0.2408 0.970
5 · 0.2000 0.5500 0.0000 0.0000 1.280 0.4694 1.280
6 · 0.2000 0.8500 0.0000 0.0000 1.950 0.5952 1.950
7 · 0.2000 0.9800 0.0000 0.0000 2.830 0.6487 2.830
8 · 0.2000 1.0000 0.0000 0.0000 3.760 0.5785 3.760
9 · 0.2000 1.0000 0.0000 0.0000 4.440 0.4382 4.440

10 · 0.2000 1.0000 0.0000 0.0000 5.280 0.7587 5.280
11+ · 0.2000 1.0000 0.0000 0.0000 6.820 0.7587 6.820

Unit Thousands - - - - Kilograms - Kilograms

Notes: Run name : SPRSME02
Date and time: 28AUG97:10:16

The SAS System
....Saithe in the North-East Arctic (Areas I and 11)

Single option prediction: Summary table

22:18 ~ednesday, August 27, 1997

. 1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock SP.stoCk/ Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 0.9503 0.4110 99204 140002 594658 522689 97223 222991 97223 222991
1998 1.0000 0.3307 68968 117726 607892 514861 91025 205089 91025 205089
1999 1.0000 0.3307 77065 125685 645841 541244 92713 201901 92713 201901
2000 1.0000 0.3307 85311 135978 669636 569382 105548 216312 105548 216312
2001 1.0000 0.3307 90184 144400 681728 590783 115672 234080 115672 234080

Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes' Thousands Tonnes

1 January Spawning time

Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numbers weight size biomass size biomass size biomass

1997 0.9503 0.4110 99204 140002 594658 522689 97223 222991 97223 222991
1998 1.0886 0.3600 73831 125728 607892 514861 91025 205089 91025 205089
1999 1.0886 0.3600 80780 130160 641519 531645 89449 193704 89449 193704
2000 1.0886 0.3600 88507 138243 662803 553285 100164 202218 100164 202218
2001 1.0886 0.3600 92999 145240 673308 570184 108825 215726 108825 215726

Unit - . Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

SPRSME02
27AUG97:22:20
Simple mean, age 3 - 6
F factors
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Table 6.1 Sebastes mentella in Sub-areas land H. Nominal catch (t) by countries in Sub-area I and Divisions Ha and Hb combined.

Year Canada Den- Faroe France Ger- Green- Ireland Norway Portugal Russia4 Spain UK UK Total
mark Islands man/ land England Scotland

and
Wales

1986 1,252 1,274 1,273 17,815 84 23,1122

1987 200 63 1,321 1,488 1,175 6,196 25 49 10,518
1988 No species specific data presently available 15,586
1989 335 1,093 3,833 4,633 340 13,080 5 174 23,494
1990 108 142 6,354 36 10,173 830 17,355 72 35,070
1991 487 85 23 33,592 166 14,302 1 68 3 48,727
1992 23 12 10,751 972 3,577 14 238 3 15,590
1993 8 4 13 50 35 1 4,939 963 6,260 57 293 12,623
19941 28 4 74 18 I 3 6,029 895 5,021 30 124 12 12,239
19951 3 16 176 2 4 2,534 927 6,346 67 93 4 10,172
19961 4 46 119 3 2 6,131 429 925 328 76 23 8,086

I Provisional figures.
VI 21ncluding 1,414 tonnes in Division IIb not split on countries... 3 Includcs former GDR prior to 1991 .

4 USSR prior to 1991.

E:\ACFM\AFWG98\T-6-I.DOC
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Table 6.2 Sebastes lIlellte/la in Sub-areas land 11. Nominal catch (t) by countries in Sub-area I.

Year Faroe Germany4 Norway Russias UK Total
Islands England &

Wales

19863 1,274 911 2,185

19873 2 1,166 234 3 1,405

1988 No species specific data presently available

1989 13 60 484 92 566

1990 2 100 102

1991 8 420 428

1992 561 408 969

1993 22 24 588 614

• 19941 22 2 37 308 349

19951 22 23 203 228

19961 6 101 107

I Provisional figures.
2 Split on species according to reports to Norwegian authorities.
3 Based on preliminary estimates of species breakdown by area.
4Includes former GDR prior to 1991.
S USSR prior to 1991.

E:\ACFM\AFWG98\T-6-2.DOC 03/09/97 14:51 155



Table6.3 Sebastes mentella in Sub-areas land II. Nominal catch (t) by countries in Division IIa.

Year Faroe France Ger- Green- Ireland Norway Portugal Russias Spain UK UK Total
Islands many4 land England Scotland

& Wales

19863 1,252 1,273 16,904 84 19,513

19873 200 63 970 149 1,156 4,469 34 7,042

1988 No species spccific data presently available

1989 3122 1,0652 3,200 4,573 251 9,749 1582 12 19,309

1990 982 1372 1,673 8,842 824 6,492 9 18,075

1991 4872 722 32,810 1592 7,596 232 41.147

1992 232 72 9,816 8242 1.096 272 11,793

-- 1993 11 2 152 35 12 4,870 6482 5,328 22 10;910
VI
0\

1994' 22 332 162 12 22 5,629 6872 4,692 82 42 11,074

19951 12 162 1762 22 22 2,092 7152 5,916 652 41 2 22 9,028

19961 392 1192 32 5,942 4292 677 52 422 192 7,275

1 Provisional figures.
2Split on species according to reports to Norwegian authorities.
3 Based on preliminary estimates of species breakdown by area.
4Includes former GDR prior to 1991.
5 USSR prior to 1991.

E:\ACFM\AFWG98\T-6-3.DOC
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Table 6.4 Sebastes mentella in Sub-arcas land II. Nominal catch Ct) by countries in Division IIb

Year Canada Denmark Faroe France Germanl Greenland Ireland Norway Portugal Russia6 Spain UK UK Total
Islands England Scotlan

and d
Wales

19864 Data not available on countries 1,414
19874 349 173 19 1,493 25 12 2,071
1988 No spccies specific data presently available
1989 10 28 633 89 2,847 5 72 3,619
1990 82 52 4,681 362 1,331 6 10,763 632 16,893
1991 132 23 774 7 6,286 1 452 32 7,152
1992 52 374 1482 2,073 14 211 2 32 2,826
1993 82 42 352 45 3152 344 5i 291 2 1,099
19941 282 41 2 12 363 2082 21 223 1202 122 816
1995 1 22 419 2122 227 23 522 22 916

VI 19961 422 722 22 183 147 3232 342 42 704-...J

I Provisional figures..
2 Split on species according to reports to Norwegian aUlhorities.
3 Split on species according to the 1992 catches.
4 Based on preliminary estimates of species breakdown by area.
5 Includes former GDR prior to 1991.
6 USSR prior to 1991.

E:\ACFM\AFWG98\T-6-4.DOC



Table 6.5

Run title : Arctic S. mentella (run: XSAKHN06/X06)

At 27-Aug-97 22:33:09

Table Catch numbers at age Numbers*10**-3
YEAR, 1965, 1966,

AGE
1, 0, 0,
2, 0, 0,
3, 0, 0,
4, 0, 0,
5, 0, 0,
6, 48, 0,
7, 285, 0,
8, 1592, 27,
9, 2163, 279,

10, 1141, 532,
11, 1545, 465,
12, 1972, 731,
13, 2471, 1223,
14, 2804, 1927,
15, 1996, 2007,
16, 2067, 1741,
17, 1592, 1422,
18, 1473, 944,

+gp, 2589, 1980, •TOTALNUM, 23738, 13278,
TONSLAND, 15662, 10143,
SOPCOF %, 104, 102,

Table Catch numbers at age Numbers*10**-3
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
2, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
4, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
5, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
6, 0, 7, 31, 0, 0, 466, 172, 606, 5834, 18891,
7, 0, 0, 94, 0, 0, 792, 1660, 4847, 19417, 29815,
8, 7, 15, 409, 33, 114, 5728, 4865, 15451, 42425, 59395,
9, 15, 89, 524, 131, 284, 3586, 9729, 28781, 82480, 78241,

10, 182, 192, 838, 620, 681, 2049, 4636, 30144, 108462, 110712,
11, 285, 355, 933, 2122, 1590, 1770, 2633, 19843, 119075, 112524,
12, 343, 436, 954, 3428, 4429, 3865, 3148, 10603, 57231, 93144,
13, 394, 554, 849, 3983, 4884, 4564, 5208, 8634, 29651, 49550,
14, 489, 864, 618, 3526, 5451, 4704, 5666, 8634, 20894, 26134,
15, 496, 768, 482, 2808, 4940, 4098, 4578, 6514, 16499, 13881,
16, 628, 931, 807, 3983, 7496, 4704, 5380, 5908, 13465, 9839,
17, 613, 694, 451, 2743, 4486, 3632, 3777, 3332, 13668, 6300,
18, 540, 665, 849, 3559, 7382, 3167, 2747, 2878, 12207, 7233,

+gp, 3254, 1802, 2536, 5714, 14934, 3447, 3053, 5300, 22366, 11439,
TOTALNUM, 7246, 7372, 10375, 32650, 56671, 46572, 57252, 151475, 563674, 627098,
TONSLAND, 6239, 5413, 6836, 22916, 45063, 28862, 38380, 69372, 239070, 269022,
SOPCOF %, 100, 94, 95, 94, 98, 101, 118, 99, 91, 98,
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Table 6.5 (continued)

Run title : Arctic S. mentella (run: XSAKHN06/X06)

At 27-Aug-97 22:33:09

Table Catch numbers at age Numbers*10**-3
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
2, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
4, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
5, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
6, 0, 2905, 3633, 1065, 932, 5, 20, 0, 98, 29,
7, 2418, 30158, 20497, 7412, 3000, 854, 86, 34, 571, 117,
8, 17175, 65162, 43553, 26296, 8620, 4775, 1987, 525, 2009, 215,
9, 33454, 53391, 46996, 44131, 26716, 12554, 4576, 2106, 4949, 1049,

10, 52102, 33569, 37469, 40441, 48290, 47348, 16695, 7969, 17096, 3079,
11, 49617, 19909, 26298, 27089, 39206, 57134, 31310, 22092, 31564, 5921,
12, 53938, 17242, 20717, 19950, 33394, 46529, 51099, 36763, 41511, 10701,
13, 33287, 9270, 16341, 11172, 21178, 37731, 48307, 47096, 33190, 15930,
14, 19095, 7410, 6059, 6400, 11853, 15506, 29973, 25468, 10519, 7051,
15, 12605, 5456, 3589, 5607, 6038, 9492, 17132, 12002, 4243, 2495,
16, 5796, 4134, 3465, 6801, 2697, 5780, 8347, 4336, 1971, 704,
17, 4874, 2134, 2465, 3441, 2172, 3368, 5238, 1499, 658, 390,
18, 5499, 1545, 1964, 3001, 1344, 2160, 2055, 517, 343, 81,

+gp, 13906, 2917, 6579, 2546, 1910, 4184, 673, 472, 52, 67,
TOTAlNUM, 303766, 255202, 239625, 205352, 207350, 247420, 217498, 160879, 148774, 47829,
TONSLAND, 146365, 92611, 87145, 79354, 81546, 115383, 105273, 72934, 63068, 23112,
SOPCOF %, 95, 101, 100, 97, 95, 100, 99, 104, 101, 100,

Table Catch numbers at age Numbers*10**-3
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
2, 0, 0, 0, 0, 0, 0, 0, 5, 0, 0,
3, 0, 0, 0, 0, 0, 0, 0, 60, 0, 0,
4, 0, 0, 0, 0, 0, 1108, 558, 61, 0, 0,
5, 0, 0, 0, 0, 2044, 957, 292, 85, 118, 141,
6, 0, 0, 48, 1, 1653, 1873, 156, 710, 655, 203,
7, 0, 0, 475, 748, 5453, 2498, 156, 702, 931, 576,
8, 109, 0, 1933, 4036, 7994, 1898, 171, 695, 1265, 1541,
9, 1055, 379, 3972, 6797, 6781, 1622, 502, 954, 711, 1449,

10, 3145, 1838, 4432, 7297, 8226, 1780, 2054, 2464, 732, 1206,
11, 2679, 3512, 4303, 6038, 5344, 1531, 3080, 2630, 1217, 1054,
12, 3580, 4084, 4667, 8568, 6227, 2108, 2581, 2944, 1991, 1114,
13, 6213, 6958, 7062, 11600, 9880, 2288, 2264, 1477, 4250, 1382,
14, 3702, 7313, 6068, 7499, 10824, 2258, 2931, 2168, 3264, 1841,
15, 1459, 4022, 4412, 3174, 4049, 2506, 1840, 2099, 2138, 863,

e 16, 656, 1960, 3282, 1698, 2105, 2137, 1485, 3210, 1438, 618,
17, 210, 983, 2399, 1419, 9603, 1512, 1033, 1235, 749, 495,
18, 66, 328, 1733, 1093, 6522, 677, 517, 706, 785, 679,

+gp, 0, 106, 2220, 15595, 19299, 9258, 5908, 3134, 2378, 2223,
TOTALNUM, 22874, 31483, 47006, 75563, 106004, 36011, 25528, 25339, 22622, 15385,
TONSLAND, 10518, 15586, 23494, 35070, 48727, 15590, 12623, 12239, 10172, 8086,
SOPCOF %, 100, 100, 99, 97, 100, 103, 100, 104, 100, 100,
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Table 6.6

Run title : Arctic S. mentella (run: XSAKHN06/X06)

At 27-Aug-97 22:33:09

lable 2 Catch weights at age (kg)
YEAR, 1965, 1966,

AGE
1, .0000, .0000,
2, .0000, .0000,
3, .0000, .0000,
4, .0000, .0000,
5, .0000, .0000,
6, .1680, .1680,
7, .1830, .1830,
8, .2250, .2250,
9, .3110, .3110,

10, .3670, .3670,
11, .4320, .4320,
12, .5080, .5080,
13, .6110, .6110,
14, .6790, .6790,
15, .7530, .7530,
16, .8210, .8210,
17, .8720, .8720,
18, .9100, .9100,

+gp, .9990, .9930,
SOPCOFAC, 1.0367, 1.0223,

lable 2 Catch weights at age (kg)
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
5, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
6, .1680, .1680, .1680, .1680, .1680, .1680, .1680, .1680, .1680, .1680,
7, .1830, .1830, .1830, .1830, .1830, .1830, .1830, .1830, .1830, .1830,
8, .2250, .2250, .2250, .2250, .2250, .2250, .2250, .2250, .2250, .2250,
9, .3110, .3110, .3110, .3110, .3110, .3110, .3110, .3110, .3110, .3110,

10, .3670, .3670, .3670, .3670, .3670, .3670, .3670, .3670, .3670, .3670,
11, .4320, .4320, .4320, .4320, .4320, .4320, .4320, .4320, .4320, .4320,
12, .5080, .5080, .5080, .5080, .5080, .5080, .5080, .5080, .5080, .5080,
13, .6110, .6110, .6110, .6110, .6110, .6110, .6110, .6110, .6110, .6110,
14, .6790, .6790, .6790, .6790, .6790, .6790, .6790, .6790, .6790, .6790,
15, .7530, .7530, .7530, .7530, .7530, .7530, .7530, .7530, .7530, .7530,
16, .8210, .8210, .8210, .8210, .8210, .8210, .8210, .8210, .8210, .8210,
17, .8720, .8720, .8720, .8720, .8720, .8720, .8720, .8720, .8720, .8720,
18, .9100, .9100, .9100, .9100, .9100, .9100, .9100, .9100, .9100, .9100,

+gp, 1.0320, 1.0100, 1.0260, 1.0000, 1.0220, .9770, .9800, 1.0000, 1.0070, 1.0210,
SOPCOFAC, 1. 0037, .9372, .9489, .9357, .9849, 1.0143, 1.1784, .9888, .9146, .9847,
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Table 6.6 (continued)

Run title : Arctic S. mentella (run: XSAKHN06/X06)

At 27-Aug-97 22:33:09

Table 2 Catch weights at age (kg)
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
5, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
6, .1680, .1680, .1070, .1070, .1020, .1020, .1020, .1020, .1020, .1020,
7, .1830, .1830, .1550, .1550, .1380, .1380, .1380, .1050, .1350, .1200,
8, .2250, .2250, .2000, .2000, .1880, .1880, .1880, .1650, .1670, .1370,
9, .3110, .3110, .2520, .2520, .2520, .2520, .2520, .2120, .2150, .2180,

10, .3670, .3670, .3100, .3100, .3100, .3100, .3100, .2830, .3030, .3010,
11, .4320, .4320, .3740, .3740, .3640, .3640, .3200, .3380, .3520, .3530,
12, .5080, .5080, .4720, .4720, .4400, .4400, .4000, .3830, .4200, .4480,
13, .6110, .6110, .5680, .5680, .5600, .5600, .4660, .4380, .4810, .5100,
14, .6790, .6790, .7150, .7150, .6800, .6800, .5630, .5020, .5640, .5810,
15, .7530, .7530, .8980, .8980, .8280, .8280, .7300, .5660, .6730, .6480,
16, .8210, .8210, .9340, .9340, .9060, .9060, .9920, .7110, .8090, .8450,
17, .8720, .8720, 1.0240, 1.0240, .9700, .9700, 1.1260, .8610, 1.0140, .9480,
18, .9100, .9100, 1.0500, 1.0500, 1.0500, 1.0500, 1.1490, .9660, 1.0690, 1.0560,

+gp, 1.0320, 1.0300, 1.1300, 1.1050, 1.1180, 1.1220, 1.2280, 1.2910, 1.1600, 1.2610,- SOPCOFAC, .9515, 1.0130, .9966, .9734, .9503, 1.0022, .9891, 1.0415, 1.0066, 1.0023,

Table 2 Catch weights at age (kg)
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0200, .0200, .0200,
3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0600, .0600, .0600,
4, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0500, .0500, .0500,
5, .0000, .0000, .0000, .0000, .0000, .0000, .1300, .0900, .1000, .2000,
6, .1440, .1440, .1980, .1400, .1300, .1900, .1700, .1600, .1400, .2100,
7, .1800, .1800, .2020, .1460, .1800, .2200, .2300, .2200, .1600, .2100,
8, .1950, .1950, .2420, .1580, .2100, .2600, .2500, .2400, .1900, .2500,
9, .2190, .2090, .2820, .2060, .2700, .2800, .2800, .3000, .2100, .3100,

10, .2880, .2800, .3310, .2800, .3400, .3100, .3300, .3400, .2800, .4100,
11, .3300, .3330, .3780, .3550, .3500, .3300, .3800, .3700, .3200, .4600,
12, .4390, .3970, .4560, .4710, .4200, .3800, .4400, .4000, .3700, .4900,
13, .5110, .4680, .5140, .5430, .4600, .4600, .4700, .4400, .4100, .5500,
14, .5640, .5370, .5680, .6110, .5100, .4300, .5000, .4500, .4700, .6200,
15, .6360, .5850, .5890, .6250, .5800, .4300, .5700, .4900, .5300, .5900,
16, .7720, .7470, .6720, .7220, .5900, .4500, .5800, .5500, .5800, .6600,
17, .8090, .8080, .7080, .5760, .5800, .5200, .6200, .5800, .6600, .6700,

• 18, .9540, .9010, .7740, .6590, .5900, .5700, .6500, .6700, .7100, .7300,
+gp, 1.1800, 1.0470, .8380, .6590, .7000, .6700, .6620, .7900, .8060, .8430,

SOPCOFAC, .9976, 1.0000, .9915, .9668, 1.0032, 1. 0291, 1.0022, 1.0365, .9987, 1.0018,
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Table 6.7

Run title : Arctic S. mentella (run: XSAKHN06/X06)

At 27-Aug-97 22:28:10

lable 5 Proportion mature at age
YEAR, 1965, 1966,

AGE
1, .0000, .0000,
2, .0000, .0000,
3, .0000, .0000,
4, .0000, .0000,
5, .0000, .0000,
6, .0000, .0000,
7, .0000, .0000,
8, .0300, .0300,
9, .0600, .0600,

10, .0800, .0800,
11, .2200, .2200,
12, .3600, .3600,
13, .5500, .5500,
14, .7200, .7200,
15, .8500, .8500,
16, .8800, .8800,
17, .9500, .9500,
18, .9700, .9700,

+gp, 1.0000, 1.0000,

lable 5 Proportion mature at age
YEAR, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976,

AGE
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
5, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
6, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
7, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0090,
8, .0300, .0300, .0300, .0300, .0300, .0300, .0300, .0300, .0300, .0160,
9, .0600, .0600, .0600, .0600, .0600, .0600, .0600, .0600, .0600, .1010,

10, .0800, .0800, .0800, .0800, .0800, .0800, .0800, .0800, .0800, .1950,
11, .2200, .2200, .2200, .2200, .2200, .2200, .2200, .2200, .2200, .3000,
12, .3600, .3600, .3600, .3600, .3600, .3600, .3600, .3600, .3600, .5400,
13, .5500, .5500, .5500, .5500, .5500, .5500, .5500, .5500, .5500, .7020,
14, .7200, .7200, .7200, .7200, .7200, .7200, .7200, .7200, .7200, .8620,
15, .8500, .8500, .8500, .8500, .8500, .8500, .8500, .8500, .8500, .9660,
16, .8800, .8800, .8800, .8800, .8800, .8800, .8800, .8800, .8800, .9940,
17, .9500, .9500, .9500, .9500, .9500, .9500, .9500, .9500, .9500, 1.0000,
18, .9700, .9700, .9700, .9700, .9700, .9700, .9700, .9700, .9700, 1.0000,

+gp, 1.0000, 1. 0000, 1.0000, 1.0000, 1.0000, 1. 0000, 1. 0000, 1.0000, 1.0000, 1.0000,
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Table 6.7 (Continued)

Run title : Arctic S. mentella (run: XSAKHN06/X06)

At 27-Aug-97 22:28:10

lable 5 Proportion mature at age
YEAR, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,

AGE
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
5, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
6, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
7, .0090, .0090, .0090, .0090, .0090, .0090, .0090, .0050, .0000, .0000,
8, .0160, .0160, .0160, .0160, .0160, .0160, .0160, .0080, .0000, .0000,
9, .1010, .1010, .1010, .1010, .1010, .1010, .1010, .0570, .0100, .0340,

10, .1950, .1950, .1950, .1950, .1950, .1950, .1950, .1680, .0790, .1130,
11, .3000, .3000, .3000, .3000, .3000, .3000, .3000, .3020, .2180, .2380,
12, .5400, .5400, .5400, .5400, .5400, .5400, .5400, .5340, .4530, .5070,
13, .7020, .7020, .7020, .7020, .7020, .7020, .7020, .7210, .7810, .7940,
14, .8620, .8620, .8620, .8620, .8620, .8620, .8620, .8790, .8460, .8720,
15, .9660, .9660, .9660, .9660, .9660, .9660, .9660, .9520, .9000, .9120,
16, .9940, .9940, .9940, .9940, .9940, .9940, .9940, .9850, .9250, .9500,
17, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
18, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000,

lable 5 Proportion mature at age
YEAR, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996,

AGE
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
5, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
6, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
7, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
8, .0000, .0000, .0000, .0150, .0150, .0150, .0000, .0000, .0000, .0000,
9, .0450, .0830, .0040, .0500, .0550, .0620, .0230, .0230, .0000, .0140,

10, .0760, .0950, .0780, .1260, .1320, .1330, .1130, .1130, .0550, .0930,
11, .1780, .1940, .2010, .2050, .2020, .2240, .2670, .2670, .1110, .2120,
12, .4300, .4620, .4860, .5060, .4810, .4110, .4380, .4380, .3680, .3250,
13, .7350, .6890, .6530, .6230, .5450, .5390, .5740, .5740, .5870, .5770,
14, .8270, .8010, .7670, .7260, .7410, .7740, .8430, .8430, .6960, .7160,
15, .8850, .8620, .8320, .8010, .8500, .8880, .9510, .9510, .7290, .7800,
16, .9580, 1.0000, 1.0000, 1.0000, .9620, .9460, .9200, .9200, .7890, .8740,
17, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, .9920, .9890, .9890, 1.0000, .9750,
18, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
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Table 6.8

The SAS System 21:49 Wednesday, August 27, 1997
SMN-ARCT: Sebastes mentella in the North-East Arctic (Areas I & (1)

FLT03: Norwegian bottom trawl survey, Svalbard 100-500m, autumn (Catch: Number)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12

1992 2830 4190 4840 1310 580 450 140 80 50 20 70
1993 20 5270 1170 2020 1420 80 230 60 130 10 70
1994 70 2800 2900 2020 2350 420 940 10 10 30 40
1995 40 500 3650 2370 1320 610 190 170 110 10 10
1996 230 460 150 370 1050 1440 840 170 510 320 340

The SAS System 21:49 Wednesday, August 27, 1997 2
SMN-ARCT: Sebastes mentella in the North-East Arctic (Areas I &11)

FLT04: RUSSIAN PST-TRAWLERS. S.mentella, effort and catch-in-numbers

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 9 age 10 age 11 age 12 age 13 age 14 age 15 age 16 age 17 age 18

1982 107438 12274 46292 55860 45491 36890 15160 9280 5651 3293 2112
1983 93578 4434 16176 30337 49510 46805 29041 16599 8087 5075 1991
1984 51171 1823 7253 20429 34813 43613 23884 11197 3898 1383 418
1985 56802 3699 14997 28079 37598 30822 9769 3967 1826 617 318
1986 26976 587 2315 4522 8434 13164 5747 2010 522 309 52
1987 9093 637 1898 1618 2161 3751 2235 880 396 126 40
1988 11241 191 928 1m 2062 3513 3692 2031 990 496 166
1989 14533 ,2827 3274 2899 2891 5310 4882 2041 1250 730 320
1990 17355 ' 4590 5031 4261 6224 8590 5580 1910 811 165 17
1991 17878 3998 4055 3694 3653 4949 4612 2030 724 178 150 e1992 5962 983 850 654 596 614 572 488 306 194 80
1993 6260 403 1590 2506 2044 1584 1543 1296 809 491 240
1994 6341 399 1343 1406 1728 600 1132 948 1519 663 231
1995 7395 512 471 972 1484 3545 2676 1656 1027 360 322
1996 846 96 107 123 174 163 160 143 70 38 74

The SAS System 21:49 Wednesday, August 27, 1997 3
SMN-ARCT: Sebastes mentella in the North-East Arctic (Areas I & 11)

FLT10: RUSSIAN SURVEY. Ettort and catch rates. S.mentella (Catch: Number)

Fishing Catch, Catch, Catch, Catcht Catcht Catcht Catcht Catch, Catch, Catch,
Year effort age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10

1978 1 2.0 81.0 17.0 49.0 43.0 67.0 195.0 198.0 87.0 15.0
1979 1 0.0 2.0 12.0 64.0 228.0 373.0 576.0 519.0 349.0 122.0
1980 1 19.0 9.0 2.0 25.0 24.0 48.0 86.0 123.0 180.0 119.0
1981 1 4.0 14.0 10.0 9.0 68.0 35.0 48.0 56.0 67.0 57.0
1982 1 22.0 20.0 36.0 50.0 51.0 49.0 50.0 0.0 0.0 0.0
1983 1 132.0 39.0 25.0 23.0 38.0 37.0 50.0 0.0 0.0 0.0
1984 1 30.0 130.0 200.0 160.0 90.0 20.0 10.0 10.0 0.0 0.0
1985 1 100.0 50.0 150.0 60.0 60.0 110.0 200.0 190.0 130.0 40.0
1986 1 70.0 20.0 60.0 340.0 120.0 110.0 160.0 60.0 20.0 0.0
1987 1 0.0 0.0 0.0 310.0 440.0 470.0 250.0 10.0 0.0 0.0
1988 1 30.0 10.0 10.0 50.0 340.0 390.0 180.0 20.0 0.0 0.0 e1989 1 581.0 379.0 18.0 52.0 183.0 323.0 326.0 63.0 0.0 0.0
1990 1 90.0 43.0 13.0 84.0 162.0 190.0 133.0 43.0 16.0 15.0
1991 1 63.0 170.0 133.0 80.0 36.0 17.0 22.0 40.0 31.0 5.0
1992 1 10.0 61.0 234.0 258.0 41.0 21.0 17.0 24.0 42.0 49.0
1993 1 1.0 5.0 10.0 46.0 39.0 20.0 12.0 6.0 2.0 6.0
1994 1 1.0 2.0 15.0 43.0 54.0 86.0 106.0 56.0 28.0 17.0
1995 1 35.0 15.0 1.0 12.0 17.0 40.0 112.0 96.0 82.0 38.0
1996 1 10.0 17.0 18.0 43.0 113.0 115.0 66.0 28.0 14.0 9.0

The SAS System 21:49 Wednesday, August 27, 1997 4
SMN-ARCT: Sebastes mentella in the North-East Arctic (Areas I & ll)

FLT14: Norw bottom Barents (Catch: Millions)

Fishing Catch, Catch, Catcht Catcht Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year effort age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14

1992 3510 2520 1320 560 140 110 30 90 180 160 120 110 20
1993 380 4730 1920 2420 620 450 190 220 130 110 100 40 20
1994 70 850 3320 1890 3700 2280 730 420 30 300 80 140 250
1995 3080 450 1460 2640 3640 2110 690 230 70 170 230 90 110
1996 1730 1190 1090 1140 1280 1220 1060 640 240 190 120 70 80
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Table 6.8 (Continued)

The SAS System 21 :49 Wednesday, August 27, 1997
SMN-ARCT: Sebastes mentella in the North-East Arctic (Areas 1 & 11)

FLT03: Norwegian bottom trawl survey, Svalbard 100-500m, autumn (Catch: Number)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year eHort age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12

1992 2830 4190 4840 1310 580 450 140 80 50 20 70
1993 20 5270 1170 2020 1420 80 230 60 130 10 70
1994 70 2800 2900 2020 2350 420 940 10 10 30 40
1995 40 500 3650 2370 1320 610 190 170 110 10 10
1996 230 460 150 370 1050 1440 840 170 510 320 340

The SAS System 21:49 Wednesday, August 27, 1997 2
SMN-ARCT: Sebastes mentella in the North-East Arctic (Areas 1 & 11)

FLT04: RUSSIAN PST-TRAWLERS. S.mentella, effort and catch-in-numbers

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year eHort age 9 age 10 age 11 age 12 age 13 age 14 age 15 age 16 age 17 age 18

1982 107438 12274 46292 55860 45491 36890 15160 9280 5651 3293 2112
1983 93578 4434 16176 30337 49510 46805 29041 16599 8087 5075 1991
1984 51171 1823 7253 20429 34813 43613 23884 11197 3898 1383 418
1985 56802 3699 14997 28079 37598 30822 9769 3967 1826 617 318
1986 26976 587 2315 4522 8434 13164 5747 2010 522 309 52
1987 9093 637 1898 1618 2161 3751 2235 880 396 126 40
1988 11241 191 928 1773 2062 3513 3692 2031 990 496 166
1989 14533 2827 3274 2899 2891 5310 4882 2041 1250 730 320
1990 17355 4590 5031 4261 6224 8590 5580 1910 811 165 17
1991 17878 3998 4055 3694 3653 4949 4612 2030 724 178 150
1992 5962 983 850 654 596 614 572 488 306 194 80
1993 6260 403 1590 2506 2044 1584 1543 1296 809 491 240
1994 6341 399 1343 1406 1728 600 1132 948 1519 663 231
1995 7395 512 471 972 1484 3545 2676 1656 1027 360 322
1996 846 96 107 123 174 163 160 143 70 38 74

The SAS System 21:49 Wednesday, August 27, 1997 3
SMN-ARCT: Sebastes mentella in the North-East Arctic (Areas 1 & 11)

FLT10: RUSSIAN SURVEY. Ettort and catch rates. S.mentella (Catch: Number)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year eHort age 1 age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10

1978 1 2.0 81.0 17.0 49.0 43.0 67.0 195.0 198.0 87.0 15.0
1979 1 0.0 2.0 12.0 64.0 228.0 373.0 576.0 519.0 349.0 122.0
1980 1 19.0 9.0 2.0 25.0 24.0 48.0 86.0 123.0 180.0 119.0
1981 1 4.0 14.0 10.0 9.0 68.0 35.0 48.0 56.0 67.0 57.0
1982 1 22.0 20.0 36.0 50.0 51.0 49.0 50.0 0.0 0.0 0.0
1983 1 132.0 39.0 25.0 23.0 38.0 37.0 50.0 0.0 0.0 0.0
1984 1 30.0 130.0 200.0 160.0 90.0 20.0 10.0 10.0 0.0 0.0
1985 1 100.0 50.0 150.0 60.0 60.0 110.0 200.0 190.0 130.0 40.0
1986 1 70.0 20.0 60.0 340.0 120.0 110.0 160.0 60.0 20.0 0.0

e 1987 1 0.0 0.0 0.0 310.0 440.0 470.0 250.0 10.0 0.0 0.0
1988 1 30.0 10.0 10.0 50.0 340.0 390.0 180.0 20.0 0.0 0.0
1989 1 581.0 379.0 18.0 52.0 183.0 323.0 326.0 63.0 0.0 0.0
1990 1 90.0 43.0 13.0 84.0 162.0 190.0 133.0 43.0 16.0 15.0
1991 1 63.0 170.0 133.0 80.0 36.0 17.0 22.0 40.0 31.0 5.0
1992 1 10.0 61.0 234.0 258.0 41.0 21.0 17.0 24.0 42.0 49.0
1993 1 1.0 5.0 10.0 46.0 39.0 20.0 12.0 6.0 2.0 6.0
1994 1 1.0 2.0 15.0 43.0 54.0 86.0 106.0 56.0 28.0 17.0
1995 1 35.0 15.0 1.0 12.0 17.0 40.0 112.0 96.0 82.0 38.0
1996 1 10.0 17.0 18.0 43.0 113.0 115.0 66.0 28.0 14.0 9.0

The SAS System 21:49 Wednesday, August 27, 1997 4
SMN-ARCT: Sebastes mentella in the North-East Arctic (Areas 1 & 11)

FLT14: Norw bottom Barents (Catch: Millions)

Fishing Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch, Catch,
Year eHort age 2 age 3 age 4 age 5 age 6 age 7 age 8 age 9 age 10 age 11 age 12 age 13 age 14

1992 3510 2520 1320 560 140 110 30 90 180 160 120 110 20
1993 380 4730 1920 2420 620 450 190 220 130 110 100 40 20
1994 70 850 3320 1890 3700 2280 730 420 30 300 80 140 250

1995 3080 450 1460 2640 3640 2110 690 230 70 170 230 90 110

1996 1730 1190 1090 1140 1280 1220 1060 640 240 190 120 70 80
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Table 6.9

lowestoft VPA Version 3.1

27-Aug-97 22:31:40

Extended Survivors Analysis

Arctic S. mentella (run: XSAKHN06/X06)

CPUE data from file /users/fish/ifad/ifapwork/afwg/smn_arct/FlEET.X06

Catch data for 32 years. 1965 to 1996. Ages 1 to 19.

Fleet, First, last, First, last, Alpha, Beta
, year, year, age , age

FlT03: Norwegian bot, 1992, 1996, 2, 12, .650, .800
FLT04: RUSSIAN PST-T, 1982, 1996, 9, 18, .000, 1.000
FLT10: RUSSIAN SURVE, 1978, 1996, 1, 10, .850, .950
FlT14: Norw bottom B, 1992, 1996, 2, 14, .080, .160

Time series weights :

Tapered time weighting applied
Power = 3 over 20 years

Catchability analysis:

Catchability independent of stock size for all ages

Catchability independent of age for ages >= 17

Terminal population estimation

Survivor estimates shrunk towards the mean F
of the final 2 years or the 5 oldest ages.

S.E. of the mean to which the estimates are shrunk = 2.000

Minimum standard error for population
estimates derived from each fleet = .300

Prior weighting not applied

Tuning converged after 88 iterations

Regression weights
.751, .820, .877, .921, .954, .976, .990, .997, 1.000, 1.000

Fishing mortalities
Age, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996

1, .000, .000, .000, .000, .000, .000, .000, .000, .000, .000
2, .000, .000, .000, .000, .000, .000, .000, .000, .000, .000
3, .000, .000, .000, .000, .000, .000, .000, .001, .000, .000
4, .000, .000, .000, .000, .000, .005, .004, .000, .000, .000
5, .000, .000, .000, .000, .028, .008, .001, .001, .001, .003
6, .000, .000, .000, .000, .028, .029, .001, .004, .006, .002
7, .000, .000, .005, .008, .091, .049, .003, .007, .006, .005
8, .002, .000, .027, .046, .105, .037, .004, .014, .015, .011
9, .015, .006, .067, .111, .091, .025, .011 , .024, .016, .019

10, .050, .029, .088, .151, .171, .028, .036, .063, .021, .030
11, .059, .065, .079, .148, .142, .039, .056, .053, .036, .034
12, .103, .108, .104, .200, .201, .069, .077, .063, .047, .038
13, .171, .265, .245, .356, .332, .095, .088, .052, .109, .038
14, .159, .279, .346, .394, .582, .105, .152, .103, .140, .057
15, .188, .231, .241, .273, .340, .226, .105, .139, .126, .045
16, .109, .366, .267, .123, .262, .270, .182, .239, .120, .044
17, .089, .213, .910, .158, 1.720, .271, .181, .202, .072, .050
18, .076, .176, .620, 1.378, 2.046, .442, .125, .162, .171, .078
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Table 6.9 (continued)

XSA population numbers (Thousands)

AGE
YEAR 1, 2, 3, 4, 5, 6, 7, 8,

1987 1.16E+05, 9.36E+04, 9.80E+04, 1.27E+05, 1.28E+05, 9.42E+04, 7.88E+04, 6.84E+04, 7.58E+04, 6.83E+04,
1988 1.89E+05, 1.05E+05, 8.47E+04, 8.87E+04, 1.15E+05, 1.16E+05, 8.52E+04, 7.13E+04, 6.18E+04, 6.76E+04,
1989 3. 13E+05, 1.71E+05, 9.50E+04, 7.67E+04, 8.03E+04, 1.04E+05, 1.05E+05, 7.71E+04, 6.45E+04, 5.56E+04,
1990 2.06E+05, 2.83E+05, 1.55E+05, 8.60E+04, 6.94E+04, 7.26E+04, 9.44E+04, 9.46E+04, 6.79E+04, 5.46E+04,
1991 , 2.07E+05, 1.86E+05, 2.56E+05, 1.40E+05, 7.78E+04, 6.28E+04, 6.57E+04, 8.47E+04, 8.18E+04, 5.50E+04,
1992 7.58E+04, 1.87E+05, 1.68E+05, 2.32E+05, 1.27E+05, 6.85E+04, 5.52E+04, 5.43E+04, 6.90E+04, 6.75E+04,
1993 1.91E+04, 6.86E+04, 1.69E+05, 1.52E+05, 2.09E+05, 1.14E+05, 6.02E+04, 4.76E+04, 4.73E+04, 6.09E+04,
1994 2.47E+04, 1.73E+04, 6.21E+04, 1.53E+05, 1.37E+05, 1.89E+05, 1. 03E+05, 5.43E+04, 4.29E+04, 4.23E+04,
1995 1.05E+05, 2.23E+04, 1.57E+04, 5.61E+04, 1.39E+05, 1.24E+05, 1. 70E+05, 9.22E+04, 4.85E+04, 3.79E+04,
1996 4.30E+04, 9.46E+04, 2.02E+04, 1.42E+04, 5.08E+04, 1.25E+05, 1.12E+05, 1.53E+05, 8.22E+04, 4.32E+04,

Estimated population abundanee at 1st Jan 1997

.OOE+OO, 3.89E+04, 8.56E+04, 1.83E+04, 1. 28E+04, 4.58E+04, 1.13E+05, 1.01E+05, 1.37E+05, 7.31E+04,

Taper weighted geometrie mean of the VPA populations:

9.84E+04, 9.88E+04, 9.23E+04, 9.75E+04, 1.05E+05, 1.02E+05, 9.12E+04, 8.17E+04, 7.07E+04, 6.33E+04,

Standard error of the weighted Log(VPA populations)

.8688, .8413, .8507, .7103, .3803, .3248, .3559, .4064, .4121, .4606,

AGE
YEAR 11, 12, 13, 14, 15, 16, 17, 18,

1987 , 4.93E+04, 3.85E+04, 4.15E+04, 2.65E+04, 8.97E+03, 6.65E+03, 2.58E+03, 9.54E+02,
1988 , 5.88E+04, 4.21E+04, 3.14E+04, 3.16E+04, 2.05E+04, 6.72E+03, 5.39E+03, 2.14E+03,
1989 5.94E+04, 4.99E+04, 3.42E+04, 2.18E+04, 2.16E+04, 1.47E+04, 4.22E+03, 3.94E+03,
1990 4.61E+04, 4.97E+04, 4.07E+04, 2.42E+04, 1.40E+04, 1.54E+04, 1.02E+04, 1.54E+03,
1991 4.24E+04, 3.59E+04, 3.68E+04, 2.58E+04, 1.48E+04, 9.61E+03, 1.23E+04, 7.87E+03,
1992 4.19E+04, 3.33E+04, 2.66E+04, 2.39E+04, 1.30E+04, 9.50E+03, 6.69E+03, 1.99E+03,
1993 5.94E+04, 3.65E+04, 2.81E+04, 2.19E+04, 1.95E+04, 9.40E+03, 6.57E+03, 4.62E+03,
1994 5.31E+04, 5.08E+04, 3.06E+04, 2.33E+04, 1.70E+04, 1.59E+04, 7.10E+03, 4.96E+03,
1995 3.59E+04, 4.56E+04, 4.32E+04, 2.62E+04, 1.90E+04, 1.34E+04, 1.13E+04, 5.25E+03,
1996 , 3.36E+04, 3.14E+04, 3.94E+04, 3.50E+04, 2.06E+04, 1.52E+04, 1. 08E+04, 9.51E+03,

Estimated population abundanee at 1st Jan 1997

3.79E+04, 2.94E+04, 2.73E+04, 3.43E+04, 3.00E+04, 1.79E+04, 1.32E+04, 9.27E+03,

Taper weighted geometrie mean of the VPA populations:

5.66E+04, 4.95E+04, 3.98E+04, 2.64E+04, 1.60E+04, 9.87E+03, 5.83E+03, 2.90E+03,

Standard error of the weighted Log(VPA populations)

.4800, .4381, .3333, .2410, .3152, .4778, .7109, .9108,
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Table 6.9 (continued)

Log catchability residuals.

Fleet FLT03: Norwegian bot

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 No data for this fleet at this age
2 , 99.99, 99.99, 99.99, 99.99, 99.99, 1.85, -2.10, .53, -.28, .02
3 , 99.99, 99.99, 99.99, 99.99, 99.99, -.20, .03, .40, .05, -.28
4 , 99.99, 99.99, 99.99, 99.99, 99.99, .13, -.87, .03, 1.26, -.55
5 , 99.99, 99.99, 99.99, 99.99, 99.99, -.08, - .16, .26, .41, - .44
6 , 99.99, 99.99, 99.99, 99.99, 99.99, - .18, .19, .18, .03, - .21
7 , 99.99, 99.99, 99.99, 99.99, 99.99, .60, -1.25, -.12, -.25, 1.03
8 , 99.99, 99.99, 99.99, 99.99, 99.99, - .60, .00, 1.29, - .84, .14
9 , 99.99, 99.99, 99.99, 99.99, 99.99, -.03, .05, -1.64, 1.07, .54

10 , 99.99, 99.99, 99.99, 99.99, 99.99, - .82, .24, -1.94, .54, 1.95
11 , 99.99, 99.99, 99.99, 99.99, 99.99, - .32, -1.35, -.15, - .87, 2.67
12 , 99.99, 99.99, 99.99, 99.99, 99.99, .35, .26, - .64, -1.93, 1.97
13 No data for this fleet at this age
14 No data for this fleet at this age
15 No data for this fleet at this age
16 No data for this fleet at this age
17 No data for this fleet at this age
18 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time e

Age , 2, 3, 4, 5, 6, 7, 8, 9, 10, 11
Mean Log q, -5.9697, -3.4244, -3.9227, -4.4087, -4.4939, -5.3003, -5.2615, -6.6385, -6.2951, -7.2232,
S.E(Log q>, 1.4265, .2660, .8203, .3419, .1925, .8733, .8297, 1.0184, 1.4692, 1.5719,

Age ,
Mean Log q,
S.E(Log q>,

12
-6.3902,
1.4361,

Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

2, .74, .443, 7.26, .49, 5, 1.18, -5.97,
3, .98, .122, 3.55, .95, 5, .30, -3.42,
4, .98, .051, 4.08, .66, 5, .93, -3.92,
5, .74, 1.099, 6.30, .86, 5, .25, -4.41,
6, .76, 1.284, 6.23, .91, 5, .14, -4.49,
7, .77, .277, 6.71, .33, 5, .77, -5.30,
8, 1.47, -.330, 2.50, .14, 5, 1.38, -5.26,
9, .40, .796, 9.24, .37, 5, .42, -6.64,

10, -4.44, - .369, 30.79, .00, 5, 7.37, -6.30,
11, -.33, -1.376, 11.85, .26, 5, .48, -7.22,
12, - .21, -2.472, 11.46, .58, 5, .20, -6.39,
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Table 6.9 (continued)

Fleet FLT04: RUSSIAN PST-T

Age 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 No data for this fleet at this age
2 , No data for this fleet at this age
3 No data for this fleet at this age
4 No data for this fleet at this age
5 No data for this fleet at this age
6 No data for this fleet at this age
7 No data for this fleet at this age
8 No data for this fleet at this age
9 , 99.99, 99.99, 99.99, 99.99, -.70, -1.23, -1.05, -.25, -1.48

10 , 99.99, 99.99, 99.99, 99.99, - .18, -.91, - .80, .39, - .63
11 , 99.99, 99.99, 99.99, 99.99, -.34, -.45, - .17, .43, -.10
12 , 99.99, 99.99, 99.99, 99.99, -.52, -.15, .41, .48, .05
13 , 99.99, 99.99, 99.99, 99.99, - .62, -.08, .78, .61, .41
14 , 99.99, 99.99, 99.99, 99.99, -.97, - .10, .78, .00, .40
15 , 99.99, 99.99, 99.99, 99.99, -.68, .29, .91, .18, -.12
16 , 99.99, 99.99, 99.99, 99.99, - .50, .47, 1.10, .40, -.35
17 , 99.99, 99.99, 99.99, 99.99, -.16, .92, .88, .84, .33
18 , 99.99, 99.99, 99.99, 99.99, -.15, .36, .42, .15, -.12

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 No data for this fleet at this age
2 No data for this fleet at this age

e 3 No data for this fleet at this age
4 No data for this fleet at this age
5 No data for this fleet at this age
6 , No data for this fleet at this age
7 No data for this fleet at this age
8 No data for this fleet at this age
9 - .30, -1.52, .91, 1.18, .82, .65, .08, .16, .13, .10

10 , .09, -.84, .39, .69, .45, -.29, .39, .59, -.52, .04
11 , -.09, - .39, - .16, .34, .25, -.42, .53, .05, -.09, .08
12 .12, -.23, -.32, .32, .08, - .62, .47, -.05, -.25, .14
13 .22, .26, .32, .51, .01, - .76, .08, -1.01, .30, - .56
14 , -.07, .10, .53, .40, .21, -.93, .12, -.28, .32, - .66
15 , .19, .01, -.29, -.08, -.08, -.33, .14, -.04, .25, -.15
16 - .21, .60, -.25, -.97, - .58, -.33, .57, .69, .25, -.43
17 -.16, .32, 1.00, -1.88, -1.37, - .17, .68, .90, -.39, -.43
18 - .32, .13, .12, -1.74, -.98, .23, .29, .19, .31, .37

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.E(Log q),

9,
-13.5352,

.8568,

10,
-12.7128,

.5466,

11,
-12.3605,

.3094,

12,
-12.0106,

.3398,

13,
-11.6025,

.5417,

14,
-11.3954,

.4924,

15,
-11.4879,

.2927,

16,
-11.6239,

.5828,

17,
-11.8800,

.9107,

18
-11.8800,

.6400,

Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

9, 2.72, -.733, 17.70, .02, 15, 2.38, -13.54,
10, 2.11, -1.212, 14.61, .11, 15, 1.13, -12.71,
11, 1.11, -.436, 12.52, .62, 15, .36, -12.36,
12, .93, .277, 11.93, .63, 15, .33, -12.01,
13, .62, 1.219, 11.22, .52, 15, .33, -11.60,
14, 2.32, -.898, 13.01, .05, 15, 1.15, -11.40,
15, 1.08, -.253, 11.63, .50, 15, .33, -11.49,
16, 1.38, -.728, 12.55, .28, 15, .82, -11.62,
17, 3.33, -2.059, 19.38, .07, 15, 2.65, -11.88,
18, .90, .498, 11.56, .72, 15, .59, -11.96,
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Table 6.9 (continued)

Fleet FLT10: RUSSIAN SURVE

Age 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986
1 , -3.01, 99.99, -.53, -2.12, -.50, 1.09, -.29, 1.28, 1.07
2 .77, -3.05, -1.52, - .87, -.55, .04, 1.04, .19, -.37
3 -.85, -1.00, -2.91, - 1.28, .21, - .19, 1.81, 1.31, .50
4 , -1.16, -.40, -1.14, -2.28, -.54, -1.11, .79, -.26, 1.26
5 , -1.67, .38, -1.37, - .13, -.54, - .81, .26, - .18, .43
6 , -1.51, .59, -1.08, - .89, -.36, -.77, -1.36, .56, .52
7 -.70, .73, - .81, -1.02, -.49, - .31, -2.04, .99, .97
8 .15, 1.09, - .01, -.49, 99.99, 99.99, -1.20, 1.63, .49
9 - .19, 1.10, .39, -.28, 99.99, 99.99, 99.99, 1.66, - .37

10 , -1. 21, .60, .45, -.30, 99.99, 99.99, 99.99, .79, 99.99
11 No data for this fleet at this age
12 No data for this fleet at this age
13 No data for this fleet at this age
14 No data for this fleet at this age
15 No data for this fleet at this age
16 No data for this fleet at this age
17 No data for this fleet at this age
18 No data for this fleet at this age

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 , 99.99, -.38, 2.08, .63, .27, - .57, -1.49, -1. 75, .36, .00
2 , 99.99, -1.03, 2.12, -.56, 1.23, .20, -1.30, - .84, .93, -.39
3 , 99.99, -.78, - .31, -1.12, .70, 1.69, -1.47, -.06, -1.39, 1.24
4 1.28, -.19, .00, .36, - .17, .50, - .81, -.88, -1.16, 1.50
5 1.52, 1.37, 1.12, 1.14, - .45, - .83, -1.38, - .64, -1.81, 1.09
6 1.89, 1.50, 1.42, 1.25, -1.00, - .87, -1.45, -.50, -.84, .20
7 1.38, .97, 1.36, .57, -.79, -.91, -1.39, .26, -.19, - .30
8 , -1.09, -.44, .65, .08, .17, .05, -1.24, .87, .88, -.86
9 , 99.99, 99.99, 99.99, - .39, .07, .48, -2.20, .55, 1.49, - .80

10 , 99.99, 99.99, 99.99, -.03, -1.12, .83, -1.16, .27, 1.14, -.42
11 No data for this fleet at this age
12 No data for this fleet at this age
13 , No data for this fleet at this age
14 No data for this fleet at this age
15 , No data for this fleet at this age
16 No data for this fleet at this age
17 No data for this fleet at this age
18 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.ECLog q),

1,
-8.2763,
1.1422,

2,
-8.1403,
1.0618,

3,
-8.1747,
1.1963,

4,
-7.2043,

.9404,

5,
-7.1102,
1.1249,

6,
-7.1035,
1.1384,

7,
-7.0380,
1.0080,

8,
-7.6460,

.8651,

9,
-7.7725,
1.1636,

10
-7.938t.A
.8756~

Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

1, .52, 3.183, 9.81, .83, 17, .43, -8.28,
2, .80, .628, 8.80, .52, 18, .88, -8.14,
3, .85, .412, 8.67, .44, 18, 1.06, -8.17,
4, 1.71, -1.049, 4.16, .18, 19, 1.60, -7.20,
5, -1.23, -2.461, 17.02, .11, 19, 1. 14, -7.11,
6, 1.41, -.261, 5.31, .04, 19, 1.67, -7.10,
7, .65, .612, 8.57, .23, 19, .67, -7.04,
8, .92, .127, 7.94, .21, 17, .84, -7.65,
9, 1.01, - .011, 7.73, .12, 13, 1.27, -7.77,

10, 1.19, -.194, 7.37, .15, 12, 1.12, -7.94,
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Table 6.9 (continued)

Fleet FLT14: Norw bot tom B

Age 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996
1 No data for this fleet at this age
2 , 99.99, 99.99, 99.99, 99.99, 99.99, .15, -1.07, -1.38, 2.15, .13
3 , 99.99, 99.99, 99.99, 99.99, 99.99, - .51, .11, -.60, .14, .86
4 , 99.99, 99.99, 99.99, 99.99, 99.99, -1.26, -.46, .08, .26, 1.35
5 , 99.99, 99.99, 99.99, 99.99, 99.99, -1.04, -.08, .09, .42, .58
6 , 99.99, 99.99, 99.99, 99.99, 99.99, -1.51, -.53, .75, 1.15, .10
7 , 99.99, 99.99, 99.99, 99.99, 99.99, -1.46, - .14, .95, .37, .24
8 , 99.99, 99.99, 99.99, 99.99, 99.99, -2.07, -.09, 1.12, .54, .46
9 , 99.99, 99.99, 99.99, 99.99, 99.99, -1.28, - .01, .74, .01, .51

10 , 99.99, 99.99, 99.99, 99.99, 99.99, .24, .01, -1.08, - .13, .97
11 , 99.99, 99.99, 99.99, 99.99, 99.99, -.06, -.78, .34, .16, .34
12 , 99.99, 99.99, 99.99, 99.99, 99.99, .14, - .13, - .69, .48, .20
13 , 99.99, 99.99, 99.99, 99.99, 99.99, .50, - .57, .60, -.18, - .35
14 , 99.99, 99.99, 99.99, 99.99, 99.99, -1.06, - .96, 1.49, .56, -.06
15 No data for this fleet at this age
16 No data for this fleet at this age
17 No data for this fleet at this age
18 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age ,
Mean Log q,
S.ECLog q),

Age ,
Mean Log q,
S.ECLog q),

2,
-4.1190,
1.3928,

12,
-5.7481,

.4416,

3,
-3.6758,

.5912,

13,
-5.9676,

.5212,

4,
-3.8988,

.9585,

14
-6.0037,
1.0713,

5,
-4.3669,

.6328,

6,
-4.6689,
1.0530,

7,
-4.7453,

.8962,

8,
-5.4169,
1.2233,

9,
-5.3492,

.7773,

10,
-6.1473,

.7430,

11
-5.4945,

.4639,

Regression statistics

Ages with q independent of year class strength and constant w.r.t. time.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

2, 1.09, - .103, 3.50, .30, 5, 1.75, -4.12,
3, 1.44, -1.233, .50, .73, 5, .80, -3.68,
4, 4.70, -4.241, -23.59, .31, 5, 1.96, -3.90,
5, 1.94, -.753, -2.52, .18, 5, 1.30, -4.37,
6, .29, 2.467, 9.61, .81, 5, .21, -4.67,
7, .43, 1.692, 8.58, .75, 5, .31, -4.75,
8, .55, .589, 7.99, .37, 5, .74, -5.42,
9, 6.43, -.549, -25.01, .00, 5, 5.51, -5.35,

10, .63, .347, 7.86, .23, 5, .53, -6.15,
11, -5.09, -1.416, 37.12, .02, 5, 2.11, -5.49,
12, 25.26, - .870, ****** .00, 5, 11.52, -5.75,,
13, 24.50, -.734, -98.29, .00, 5, 13.59, -5.97,
14, .64, .167, 7.49, .07, 5, .79, -6.00,
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Table 6.9 (continued)

Terminal year survivor and F summaries

Age Catchability constant w.r.t. time and dependent on age

Year class = 1995

Fleet,
,

FLT03: Norwegian bot,
FLT04: RUSSIAN PST-T,
FLT10: RUSSIAN SURVE,
FLT14: Norw bottom B,

F shrinkage mean

Weighted prediction

Estimated,
Survivors,

1.,
1.,

38907. ,
1.,

0.,

Int,
s.e,

.000,

.000,
1.192,

.000,

2.00""

Ext, Var, N, Scaled, Estimated
s.e, Ratio, , Weights, F
.000, .00, 0, .000, .000
.000, .00, 0, .000, .000
.000, .00, 1, 1.000, .000
.000, .00, 0, .000, .000

.000, .000

Survivors,
at end of year,

38907. ,

Int,
s.e,

1.19,

Ext,
s.e,
.00,

N,
,

1,

Var,
Ratio,

.000,

F

.000

Age 2 Catchability constant w.r.t. time and dependent on age

Year class = 1994

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F

FLT03: Norwegian bot, 87573., 1.564, .000, .00, 1, .174, .000
FLT04: RUSSIAN PST-T, 1., .000, .000, .00, 0, .000, .000
FLT10: RUSSIAN SURVE, 82026., .811, .378, .47, 2, .644, .000
FLT14: Norw bottom B, 97425. , 1.527, .000, .00, 1, .182, .000

F shrinkage mean 0., 2.00"" .000, .000

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

85602., .65, .18, 4, .275, .000

Age 3 Catchability constant w.r.t. time and dependent on age

Year class = 1993

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e. s.e, Ratio, , Weights, F

FLT03: Norwegian bot, 13742. , .295, .001, .00, 2, .699, .000
FLT04: RUSSIAN PST-T, 1. , .000, .000, .00, 0, .000, .000
FLT10: RUSSIAN SURVE, 21242., .681, .936, 1.37, 3, .131, .000
FLT14: Norw bottom B, 52418., .597, .465, .78, 2, .170, .000

F shrinkage mean 0., 2.00"" .000, .000

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

18277. , .25, .29, 7, 1.190, .000
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Table 6.9 (continued)

Age 4 Catchability constant w.r. t. time and dependent on age

Year class =1992

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F

FLT03: Norwegian bot, 12940. , .280, .143, .51, 3, .649, .000
FLT04: RUSSIAN PST-T, 1., .000, .000, .00, 0, .000, .000
FLT10: RUSSIAN SURVE, 9229., .559, .748, 1.34, 4, .163, .000
FLT14: Norw bot tom B, 16596. , .519, .551, 1.06, 3, .189, .000

F shrinkage mean 0., 2.00"" .000, .000

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

12838. , .23, .22, 10, .985, .000

Age 5 Catchability constant w.r.t. time and dependent on age

Year class =1991

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F

FLT03: Norweg i an bot, 50684., .225, .335, 1.49, 4, .666, .003
FLT04: RUSSIAN PST-T, 1., .000, .000, .00, 0, .000, .000
FLT10: RUSSIAN SURVE, 28294. , .506, .434, .86, 5, .131, .005

• FLT14: Norw bottom B, 42502. , .416, .346, .83, 4, .194, .003

F shrinkage mean 173257., 2.00"" .008, .001

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

45846. , .18, .19, 14, 1.011, .003

Age 6 Catchability constant w.r.t. time and dependent on age

Year class = 1990

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F

FLT03: Norwegian bot, 119309., .180, .156, .87, 5, .731, .002
FLT04: RUSSIAN PST-T, 1., .000, .000, .00, 0, .000, .000
FLT10: RUSSIAN SURVE, 62984., .467, .368, .79, 6, .109, .003
FLT14: Norw bot tom B, 138988. , .392, .073, .19, 5, .154, .001

F shrinkage mean 40428., 2.00" " .006, .005

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

113231. , .15, .11, 17, .727, .002

Age 7 Catchability constant w.r.t. time and dependent on age

Year class = 1989

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F

FLT03: Norwegian bot, 100861. , .179, .155, .87, 5, .711, .005
FLT04: RUSSIAN PST-T, 1., .000, .000, .00, 0, .000, .000
FLT10: RUSSIAN SURVE, 105135., .429, .382, .89, 7, .123, .005
FLT14: Norw bottom B, 96451., .376, .257, .68, 5, .160, .006

F shrinkage mean 84082., 2.00"" .006, .006

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

100548. , .15, .11, 18, .754, .005
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Table 6.9 (continued)

Age 8 Catchability constant w.r.t. time and dependent on age

Year class =1988

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s .. e, Ratio, , IJeights, F

FlT03: Norwegian bot, 143310., .215, .084, .39, 5, .641, .010
FLT04: RUSSIAN PST-T, 1., .000, .000, .00, 0, .000, .000
FlT10: RUSSIAN SURVE, 121067., .390, .356, .91, 8, .195, .012
FlT14: Norw bot tom B, 135288. , .435, .314, .72, 5, .157, .011

F shrinkage mean 103627. , 2.00", , .008, .014

IJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

137100. , .17, .12, 19, .695, .011

Age 9 Catchability constant w.r.t. time and dependent on age

Year class =1987

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , IJeights, F

FlT03: Norwegian bot, 75689. , .218, .134, .62, 5, .594, .018
FlT04: RUSSIAN PST-T, 80749. , .893, .000, .00, 1, .036, .017
FlT10: RUSSIAN SURVE, 69382. , .376, .362, .96, 9, .200, .020
FlT14: Norw bottom B, 67090. , .417, .406, .97, 5, .163, .020

F shrinkage mean 69598. , 2.00"" .007, .020 •
IJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

73063. , .17, .13, 21, .801, .019

Age 10 Catchability constant w.r.t. time and dependent on age

Year class = 1986

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , IJeights, F

FlT03: Norwegian bot, 37715., .264, .340, 1.29, 5, .447, .030
FlT04: RUSSIAN PST-T, 40432. , .480, .044, .09, 2, .142, .028
FlT10: RUSSIAN SURVE, 32915. , .365, .311, .85, 9, .236, .034
FlT14: Norw bottom B, 45329., .439, .416, .95, 5, .167, .025

F shrinkage mean 26832. , 2.00"" .008, .042

IJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

37929. , .18, .16, 22, .881, .030

Age 11 Catchability constant w.r.t. time and dependent on age

Year class = 1985

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , IJeights, F

FlT03: Norwegian bot, 33180., .514, .581, 1.13, 5, .111, .030
FlT04: RUSSIAN PST-T, 28040. , .268, .179, .67, 3, .427, .035
FlT10: RUSSIAN SURVE, 27790. , .373, .343, .92, 9, .204, .035
FlT14: Norw bottom B, 31993., .347, .308, .89, 5, .250, .031

F shrinkage mean 21849., 2.00"" .008, .045

IJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

29413. , .17, .15, 23, .845, .034
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• Table 6.9 (continued)

Age 12 Catchability constant w.r.t. time and dependent on age

Year class =1984

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , IJeights, F

FLT03: Norwegian bot, 21016. , .569, .541, .95, 5, .068, .049
FLT04: RUSSIAN PST-T, 30080. , .214, .127, .59, 4, .515, .035
FLT1O: RUSSIAN SURVE, 26540. , .379, .340, .90, 9, .141, .039
FLT14: Norw bottom B, 24910., .295, .292, .99, 5, .269, .042

F shrinkage mean 18758. , 2.00" " .006, .055

IJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

27329. , .15, .12, 24, .803, .038

Age 13 Catchability constant w.r.t. time and dependent on age

Year class =1983

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , IJeights, F

FLT03: Norwegian bot, 22317. , .725, .476, .66, 4, .039, .057
FLT04: RUSSIAN PST-T, 32144. , .200, .155, .77, 5, .529, .040
FLT10: RUSSIAN SURVE, 47721., .377, .283, .75, 10, .127, .027
FLT14: Norw bot tom B, 35911., .267, .260, .97, 5, .299, .036

F shrinkage mean 15632., 2.00"" .006, .081

IJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

34301., .14, .11, 25, .744, .038

Age 14 Catchability constant w.r.t. time and dependent on age

Year class = 1982

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , IJeights, F

FLT03: Norwegian bot, 12060., .949, .211, .22, 3, .022, .136
FLT04: RUSSIAN PST-T, 32638. , .188, .196, 1.04, 6, .587, .052
FLT10: RUSSIAN SURVE, 73508. , .391, .181, .46, 10, .111, .024
FLT14: Norw bot tom B, 19021., .274, .175, .64, 5, .274, .088

F shrinkage mean 13534., 2.00"" .006, .122

IJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

29964. , .14, .12, 25, .852, .057

Age 15 Catchability constant w.r.t. time and dependent on age

Year class = 1981

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , IJeights, F

FLT03: Norwegian bot, 17918. , 1.172, .291, .25, 2, .012, .045
FLT04: RUSSIAN PST-T, 16939., .162, .191, 1.18, 7, .707, .047
FLT10: RUSSIAN SURVE, 22035. , .409, .320, .78, 10, .073, .037
FLT14: Norw bot tom B, 20549. , .292, .190, .65, 4, .202, .039

F shrinkage mean 5796., 2.00" " .006, .132

Yeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

17858. , .13, .11, 24, .798, .045
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Table 6.9 (continued)

Age 16 Catchability constant w.r.t. time and dependent on age

Year class =1980

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT03: Norwegian bot, 18612., 1.593, .000, .00, 1, .007, .031
FLT04: RUSSIAN PST-T, 13160., .159, .151, .95, 8, .781, .044
FLT10: RUSSIAN SURVE, 14772. , .458, .258, .56, 9, .060, .039
FLT14: Norw bottom B, 13177., .356, .427, 1.20, 3, .146, .044

F shrinkage mean 2985., 2.00"" .007, .180

lJeighted prediction

•

Survivors,
at end of year,

13153.,

Int,
s.e,
.14,

Ext,
s.e,
.10,

N,
,

22,

Var,
Ratio,

.751,

F

.044

Age 17 Catchability constant w.r.t. time and dependent on age

Year class =1979

Fleet,
,

FLT03: Norwegian bot,
FLT04: RUSSIAN PST-T,
FLT10: RUSSIAN SURVE,
FLT14: Norw bottom B,

F shrinkage mean

lJeighted prediction

Estimated,
Survivors,

1.,
9304.,
7453.,

11278.,

3197.,

Int, Ext, Var, N, Scaled, Estimated
s.e, s.e, Ratio, , lJeights, F

.000, .000, .00, 0, .000, .000

.161, .123, .76, 9, .870, .049

.567, .326, .58, 8, .042, .061

.520, .596, 1.15, 2, .079, .041

2.00"" .009, .137

Survivors,
at end of year,

9269.,

Int,
s.e,
.15,

Ext,
s.e,
.10,

N,
,

20,

Var,
Ratio,

.651,

F

.050

Age 18 Catchability constant w.r.t. time and age (fixed at the value for age) 17

Year class = 1978

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , lJeights, F

FLT03: Norwegian bot, 1., .000, .000, .00, 0, .000, .000
FLT04: RUSSIAN PST-T, 8094., .165, .148, .90, 10, .938, .077
FLT10: RUSSIAN SURVE, 7277., .634, .367, .58, 7, .032, .085
FLT14: Norw bottom B, 2766., 1.189, .000, .00, 1, .018, .210

F shrinkage mean 13549. , 2.00"" .011 , .047

lJeighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,

7960., .16, .11, 19, .718, .078
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