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1. INTRODUCTION
1.1 Terms of reference

The Atlanto-Scandian Herring, Capelin and Blue
Whiting Assessment Working Group will be renamed
the Northern Pelagic and Blue Whiting Fisheries
Working Group (Chairman: Mr 1. Rettingen, Norway)
and will meet in Bergen, Norway from 23-29 April 1996
to

a) assess the status of and provide catch options for
1997 for the Norwegian spring-spawning herring
stock and catch options for the 1996-1997 season for
the Icelandic summer-spawning hetring stock;

b) provide any new information on the present spatial
and temporal distribution of Norwegian spring-
spawning herring;

c) assess the status of capelin in Sub-areas V and X1V
and provide catch options for the summer/autumn
1996 and winter 1997 season,;

d) assess the status of and provide catch options for
capelin in Sub-areas I and II (excluding Division Ila
west of 5°W) for the summer/autumn 1996 and
winter 1997 seasons;

e) consider further possibilities for the incorporation of
biological interactions into the assessments of
capelin, herring and cod stocks;

f) assess the status of and provide catch options for 1997
and 1998 for the blue whiting stock;

g) update the information on the spatial and temporal
distribution of the stock and fisheries on blue
whiting;

h) provide estimates of the minimum biologically
acceptable level of spawning stock biomass (MBAL)
for as many stocks as possible, with an explanation of
the basis on which the estimates are obtained;

j) prepare medium-term forecasts under different
management  scenarios, taking into account
uncertainties in data and assessments and possible
stock-recruitment relationships, and indicate the
associated probability of the stocks falling or
remaining below MBAL within a stated time period.

In addition, the following relevant paragraphs of the
NEAFC request for advice from ICES was passed on to
the present working group by the chairman of ACFM:

k) evaluate the scientific basis and data employed for
the estimation of the temporal and quantitative
distribution by areas of Norwegian spring-spawning
herring contained in the "Report of the Scientific
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Working Group on zonal attachment of Norwegian
spring-spawning  herring  (Reykjavik 13-19
September 1995);

) Indicate possible new developments in the seasonal
and area distribution of the total Norwegian spring
spawning stock.

The following should be added to item j) above:

For Norwegian spring-spawning herring the management
scenarios should include constant fishing mortality
rates of 0.05, 0.10, 0.15 and 0.20 and constant TACs
0f 0.5, 1.0, 1.5 and 2.0 million tonnes;

The following should be added to item f) above:

Evaluate the development of catches, total stock biomass
and spawning stock biomass in the short and medium

term.

1.2 Participants

S. Belikov Russia

B. Bogstad Norway
J. Carscadden Canada
A. Dommasnes Norway
H. Gjgsater Norway
J. Hamre Norway
K. Hiis Hauge Norway

H. 1. Jakupsstovu
P. Kanneworff

Faroe Islands (part time)
Denmark (Greenland)

A. Krysov Russia

M. Meixide Spain

T. Monstad Norway

K. Patterson UK (Scotland)
I. Rettingen (Chairman)  Norway

D. W. Skagen Norway

T. Sigurdsson Iceland

V. Shleinik
G. Stefansson

Russia (part time)
Iceland (part time)

S. Tjelmeland Norway
H. Vilhjalmsson Iceland
2, ICELANDIC SUMMER SPAWNING

HERRING
2.1 The fishery

The catches of summer spawning herring from 1975-
1995 are given in Table 2.1.1. These include an estimate
of 890 t. of discards for the 1995/1996 season. The
fishery took place off the south-east coast and 53% of
the catches were used for reduction while 47% were used
for human consumption. The major part of the catches
was taken by purse seiners. Until 1990 the herring
fishery took place during the last three months of each
calendar year, but in 1990-1995 the autumn fishery
continued in January and early February the following



year. Therefore all references to the years 1990-1995
refer to the season starting in October of that year.

Year Landings  Catches Recommended
‘000 t. ‘000 t. TACs’ ‘000 t.
1984 50.3 50.3 50.0
1985 49.1 49.1 50.0
1986 65.5 65.5 65.0
1987 73.0 73.0 70.0
1988 92.8 92.8 100.0
1989 973 101.0 90.0
1990/1991 101.6 105.1 90.0
1991/1992 98.5 109.5 79.0
1992/1993 106.7 108.5 86.0
1993/1994 101.5 102.7 90.0
1994/1995 132.0 134.0 120.0
1995/1996 125.0 125.9 110.0
2.2 Catch in numbers, weight at age and
maturity

The catches in number at age for the Icelandic summer
spawners for the period 1975-1995 are given in Table
2.1.1. As usual the age is given in rings were the age in
years equals the number of rings +1. In the first years
after the fishery was reopened in 1975 the 1971 year
class was most abundant.

During the period 1979-1982 the 1974 and 1975 year
classes predominated in the catches. During the period
1983-1986 the fishery was dominated by the strong 1979
year class. In 1987 and 1988 the fishery was on the other
hand based on a number of year classes ranging from 3-
10 ringed herring.

In the period 1989-1991 the 1983 wyear class
predominated in the catch. The 1988 year class was also
well represented in the 1991 catches and predominated
during the 1992 season. In 1993 the age distribution was
dominated by the strong 1989 year class although the
1988 year class was also well represented. In 1994/1995
the catches were distributed on 4 year classes, 1988-
1991. The catch in numbers of 2-ringers has never been
higher and yielded some 25 % of the total numbers. In
1995/96 the catches were distributed on 4 year classes,
from 1988-1991.

The weight at age for each year is given in Table 2.2.1
and the proportion mature at age is given in Table 2.2.2.
The most striking feature of these parameters in this
stock is that despite an inter-annual variation, the
weights at age as well as other biological parameters of
this herring stock have remained relatively stable over a
wide range of stock size and fluctuations in
environmental conditions in Icelandic waters.

o
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2.3 Acoustic surveys

The Icelandic summer spawning herring stock has been
monitored by acoustic surveys annually since 1973.
These surveys have been carried out in November-
December or January, usually after the fishery has been
closed. During a survey, which took place in November -
December 1995, an estimate of the adult stock was
obtained and of 1 year old herring in the fjords west and
north of Iceland. The adult stock was mainly located in
one area of the south-east coast of Iceland and a small
proportion was found to be south-west of Iceland. No
estimate of the 1992 and 1993 year classes was obtained,
but the 1994 year class was found to be above average
abundance. The results of the survey have been used as a
basis for the present assessment for the 4-ringers and
older (Table 2.3.1). As in last year’s report, the TS value
of TS =20 log L-72 dB was used to calculate the stock
estimates.

Jakobsson et al. (1993) formally tested whether it was
feasible to maintain a 1-1 relationship between acoustic
and VPA estimates of stock size. This was done by
fitting regression lines between these estimate and testing
for slope=1 and intercept=0. Although this provides an
adequate model, it was further found that a modification
of the target strength gave a better fit between the two
data sets. The resulting target strength is the one used in
this report.

2.4 Stock Assessment

As in previous years the estimation procedure from
Halldérsson et al. (1986) was used to estimate the stock
size in the final year, based on all available acoustic data
for the older part of the stock (5+ ringers on 1 January
each year). The procedure minimises the sum of squares
of log-transformed rather than untransformed data since
there is increased variability in later years coinciding
with the increase in stock size.

The results are given in Table 2.4.1 as F’. In this analysis
5-ringers and older have been grouped for estimating the
fishing mortality on the oldest herring, whereas the
fishing mortality for the younger age groups is calculated
for each year class. For F on the oldest age group an
average of F for 6-13 ringers was used.

A series of VPAs were run using varying terminal F's on
5+ ringers. For each terminal F a sum of squares
(SSE(F)) of differences between the 5+ from the VPA
and acoustic estimates is computed. A plot of these
values is shown in Figure 2.4.1. From this series of
VPAs it is clear that the best (giving the minimum value
of SSE) one to one relation between the acoustic
estimates and virtual population analysis is obtained with
an input F of about 0.27. The confidence intervals (0.18,
0.41) for the fitted terminal F values are obtained as
described by Halldérsson ef al. (1986) and Stefansson
(1987) by using the tabled F-distribution to set bounds




on the SSE and finding the terminal F values
corresponding to these bounds (Figure 2.4.1).

Using the catch data given in Table 2.1.1 and the fitted
values of fishing mortalities given in Table 2.4.1, a final
VPA was run using a natural mortality rate of 0.1 on all
age groups and proportion M before spawning as 0.5.
Fishing mortality at age and stock in numbers at age with
spawning stock biomass on 1 July are given in Tables
2.4.2 and 2.4.3, respectively, and the standard plots are
shown in Figure 2.4.2. The resulting stock trend from
VPA is plotted along the acoustic estimate in Figure
2.4.3 and the correspondence with acoustic estimates is
shown in Figure 2.4.4. In the absence of any abundance
estimates of the 1992 and 1993 year classes the average
strength the of the year classes was used (approximately
600 million as I-ringers).

According to the current assessment the spawning stock
biomass was about 521,000 t in July 1995 as compared
to the projected spawning stock from last year's
assessment of 587,000 t. This difference is mostly due to
overestimation of the 1991 year class in last year’s report
and partly due to higher catches than expected.

2.5 Catch and Stock Projections

The input data for the projections are given in Table
2.5.1.Although the variations in mean weight at age are
relatively small with regard to the extreme variations in
environmental conditions and changes in stock size
observed during the past decades, it was found in earlier
work by this group (Anon 1993A) that a simple model of
the inter-annual variation explains a statistically
significant portion of the variance in the weight at age.

As in previous years a regression of weight increase has
been used to predict the weight at age for 2-8 ringers
(using as input weight at age for 1-7 ringers the year
before).

Data for the regression included, as starting years, the
period 1986-1995. For 1 ringers and 9+ ringers, a simple
average of mean weights at age for the period 1986-1995
was used for the prediction. Weights at age for 2-8
ringers in the catch are thus obtained by using the
relation:

Wysi - Wy =-0.2184-W, + 87.011 (g)

Where W, and W, are the mean weight of the same
year class in the year y and y+1, respectively.

During the 1996/97 fishing season the age distribution
will be dominated by the 1988 - 1991 year classes. With
the recruitment of the strong 1991 year class the
exploitation pattern changed in the 1995/96 season as the
fishery concentrated on the 1991-1988 year classes. The
exploitation pattern used for the stock and catch
predictions takes this into account. This is somewhat
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different from the average exploitation pattern based on
the fishery during 1987-1991 as shown in Table 2.4.1.

As in previous assessment and in agreement with the
increased level of recruitment during the 1980s and early
1990s, an assumed value of 600 million of 1-ringers in
1994 and 1995 has been used.

Output of the prediction assuming catches corresponding
to a fishing mortality rate of Fy; = 0.225 are given in
Table 2.5.2, and projections of spawning stock biomass
and catches ('000 t) for a range of values of F are given
in Table 2.5.3.

Yield per recruit calculations are shown in Figure 2.5.1
using the long term average values given in Table 2.5.4.
The selection pattern is based on data from 1977-93,
while the proportion mature and weight at age data are
based on data from 1977-95.

2.6 Management Considerations

During the last 20 years the Icelandic summer spawning
herring stock has been managed at levels corresponding
fairly closely to fishing at F,,. Fishing at the fishing
mortality rate of Fy ;= 0.225 during the 1996/97 season
would result in a catch of about 100,000 tonnes (Table
2.5.2). The spawning stock biomass in 1997 would be
similar to that in 1996 about 485,000 tonnes. Fishing at
higher fishing mortality rates than F,, would give a
correspondingly higher short-term yield but would
reduce the stock sharply when the effect of the strong
year classes presently in the stock has dwindled.

The working group points out that managing this stock at
an exploitation at or near F;, has been successful in the
past.

2.7 Medium-term prediction

In 1995 the working group carried out a medium term
prediction for the Icelandic summer spawning herring,
based on a fixed F strategy (Fp,). As the input
parameters for the medium term projections have not
changed substantially since the last Working Group
meeting in October, no runs were made this year. The
results from last year’s report are shown in Figure 2.7.1.
It is seen that there is very low probability of the
harvesting strategy reducing the stock to a low level.
There is some probability within the model used of the
stock increasing to very high levels. This is due to the
handling of uncertainty in the parameters of the
recruitment from Ricker curve and is a consequence of
the fact that the present state of the stock is at the known
historical upper bound.



2.8 Comments on the assessment

The XSA method was also used for this stock. The
resulting VPA summary tables from the usual method
and XSA are given in Tables 2.8.1-2. The average F for
age 5-15 is estimated to be 0.31 and the SSB in July
1995 from XSA is 460 thousand tonnes, compared to
521 thousand tonnes from section 2.4. Retrospective
plots of the SSB for both methods are shown in Figure
2.8.1. The results from the method described in section
2.4 give better agreement between runs made in different
years. Therefore the method used in earlier assessments
has been retained.

3. NORWEGIAN SPRING SPAWNING
HERRING

3.1 The Fisheries
3.1.1 1995

The following catch quotas were set autonomously for
1995: For the fisheries of Norway and Russia: 650,000
tonnes, of which 550,000 tonnes were allocated to
Norway and 100,000 tonnes to Russia. By the Faroes and
Iceland: 250,000 tonnes, of which 170,000 tonnes were
allocated to Iceland and 80,000 tonnes to the Faroes.

The landings in 1995 amounted to 902,226 tonnes,
which is slightly below the figure of 914,000 tonnes used
by the Working Group last year.

The Faroes

The Faroese fishery started in the beginning of May. The
first catches were taken in the area north of the Faroes,
but later in May the fishery shifted to the north and
north-east to the northern border of the Faroese EEZ.
The total catch of herring in Faroese waters was about
50,000 t. In addition some Faroese catches were taken in
international waters in the Norwegian Sea. Landings of
Faroese catches in 1995 amounted to about 57,000
tonnes.

Iceland

The Icelandic fishery started in late April, and by the end
of May the Icelandic catch was about 142,000 tonnes, of
which about ¥ were taken within the Faroese EEZ and
the rest in international waters. In June some 32,000
tonnes were caught, mostly in international waters, but
also within the Icelandic EEZ. The Icelandic catch
amounted to about 173,000 tonnes.
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Norway

The Norwegian fishery on Norwegian spring spawning
herring is carried out throughout the year, and the main
developments are linked to the migration pattern of the
herring. The fishery started in the beginning of January
in the wintering areas of Northern Norway. About
194,500 tonnes were taken in this area by the end of
February. 65,400 tonnes were taken during the spawning
migration and on the main spawning areas in the period
January throughout February. A catch of 900 tonnes was
taken at Karmey, a minor spawning area. In the latter
part of March and in April about 67,900 tonnes were
taken of spent herring at the start of the feeding
migration. In the Norwegian Sea, during late spring and
summer, there was a total catch of 11,900 tonnes, where
approximately 4,900 tonnes and 2,400 tonnes were
caught by Norwegian vessels in international waters and
in the Jan Mayen EEZ, respectively, and the remainder
in the Norwegian EEZ. During summer and autumn
there was a coastal fishery where 10,200 tonnes were
taken. Finally 179,000 tonnes were caught during
autumn in Vestfjorden, the wintering area. The total
Norwegian catch was about 529,800 tonnes.
Approximately 75% of the Norwegian catch is used for
human consumption, the rest is utilised for reduction
purposes.

Russia

The Russian catch in the spawning area in February to
April amounted to 92,000 tonnes. In addition 8,000
tonnes of herring was taken in the Lofoten area in
September. The total Russian catch was 100,000 tonnes.

Other Nations

The fishery in international waters by Denmark,
Greenland, the Netherlands, UK (Scotland) and
Germany caught about 41,900 tonnes.

3.1.2 1996

For 1996 quotas were again set separately by
Norway/Russia (Norway: 725,000 tonnes, Russia
200,000 tonnes) and Iceland/The Faroes (Iceland
250,000 tonnes, The Faroes 100,000 tonnes). This year
the countries of EU also set a quota of 150,000 tonnes
for their fishery in international waters and EU waters
north of 62°N. The Working Group assumes that all the
quotas will be taken, giving an expected catch in 1996 of
approximately 1,400,000 tonnes. By 1. April the
Norwegian catch was approximately 380,000 tonnes and
the Russian catch approximately 80,000 tonnes.

3.2 Catch Statistics
The total annual catches of Norwegian spring spawning

herring for the period 1972-95 (1995 preliminary) are
presented in Tables 3.2.1 (by fishery) and 3.2.2 (by




country). Catch in number per age group and nation is
given in Table 3.2.3. The amount of samples used for
converting landings to number by age group is listed in
chapter 9.

The Working Group noted that in this type of fishery an
additional mortality caused by fishing operations
probably exists. In general, it was not possible to assess
the magnitude of these extra removals from the stock,
and taking into account the large catches taken in recent
years, the relative importance of such additional
mortality is probably low. Therefore no extra amount to
account for these factors have been added in 1994 and
1995. In previous years, when the stock and the quotas
were much smaller, an estimated amount of fish was
added to the catches (Table 3.2.1).

For 1995 age compositions and weight at age were
provided for the full range of age groups by Norway,
Iceland and Russia. The Faroes provided such data up to
age 13+, while the Netherlands provided such data up to
age 10+. These plus groups were split in the same way as
in the Icelandic catch. For the catch by Denmark, UK
(Scotland), and Greenland the Icelandic data on age
composition and weight at age were used to calculate the
number caught at age and weight at age, while for the
German catch, the Dutch data were used. The mean
weight at age in the catch was calculated as a weighted
average of the weight at age in the catch for all the
countries.

The method used to calculate catch in number in the
Norwegian fishery is described in a working document
by Slotte and Rettingen. Each herring landing utilised for
human consumption is registered with the following:
catch size in kilograms (kg), catch position in terms of
area and location and date of delivery for production. In
addition the majority of the catches that are used for
consume are divided into 5 size groups as follows:

Group Weight (g)
1 >333
2 200-333
3 125-200
4 83-125
5 <83

The percentage of the total catch in kg is calculated for
each size group, by taking out subsamples of the catch
during the production process. These percentages are
registered by the sales organisation. The per cent age
composition within each size group can found from
sampling, and the total catch in number calculated.
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3.3 The adult stock
3.3.1  Acoustic survey on the spawning stock

In 1996 this survey also included areas of both spawning
and spawning migration. Fig 3.3.1 shows the distribution
of the herring in the period 17.2 - 10.3 1996.

The acoustic abundance estimate was converted to
biomass using TS=20 log L - 71.9 (Foote, 1987). The
number per year class is presented in Table 3.3.1.

3.3.2  Acoustic survey in the wintering areas

The wintering area was acoustically surveyed in December
1995 and in January 1996 (Working document by Foote
and Rettingen), but the results from the December survey
was not available to the WG. The time series for the
December surveys up to 1994 was used in the VPA tuning,
and is given in table 3.3.3. The estimates obtained in
January 1996 are given in Table 3.3.2. Both estimates are
corrected for acoustic extinction and applying a target
strength/length relationship of TS=20 log L-71.9 (Foote,
1987).

3.3.3  Use of tagging experiments in stock
assessment

The Working Group decided to include information from
the tagging experiments directly in the stock assessment
model, in order to evaluate the use of tagging
information for estimating natural and fishing mortality
rates. The following assumptions were made:

1. Starting in year t, (where t denotes the number of
years that fish in a given cohort have been in the sea with
tags) a number of fish X, are tagged. These then undergo
a mortality [-S; immediately after tagging and
throughout the rest of the year, so that the number of
tagged fish in the sea at 31 December in year t is X,S,.

2. In subsequent years, tagged fish are subjected to
natural mortality M and to fishing mortality F at the
same rate as untagged fish.

3. A random sample of size m, is drawn from the catch
Cy in each year and examined for tags. A 100 %

efficiency of the screening process is assumed.

4. Random mixing of tagged fish X in the overall stock
N is assumed.

Following these simplifying assumptions, the dynamics
of the tagged fish in the stock could be modelled as:

X=X, exp(-M,-F)

and consequently the predicted catches of tagged fish
(K) in each year follow the usual catch equation,



F
K, =X~ (l-exp(- M- F,
RO ’)( p(- M- F)

and if a sample of size m is screened for recoveries with
100% efficiency, the expected number of tag recoveries
is:

A K,
T=m—

!

and these can be compared to the observed values of tag
returns (T) from the experiments. The probability
distribution of errors in T is not known. Errors about T
are likely to arise from systematic model errors (non-
random mixing, increased mortality rates, imperfect
screening of samples, etc.) as well as from stochastic
sampling errors. Various assumptions could arguably be
made about the probability distribution of such errors
(e.g. log-normal, normal, Poisson, binomial) and it was
not immediately clear what was the most appropriate
treatment, and hence the most appropriate objective
function. The Working Group investigated two
approaches, based on either a least-squares approach
weighted by the size of the screened catch, or by using
an approximation to a binomial distribution. In the
former case, the term to be minimised was simply:

Zi,l m, (Ti,l - fi,/)z

where the summation over i indicates a summation for
tagging experiments, an 'experiment' being the release of
tagged fish in a given year, and all the recaptures
therefrom thereafter.

Alternatively, an approach following Haist et /. (1993)
was considered. From the binomial distribution, a sample
of size m drawn at random from a mixed population

having a proportion Pof tagged fish would yield an

estimate P of P with variance

Var(P) = P(1-P)/m

Following Haist et «l., the variance is considered
dependent on an additional term %, which includes such
effects as stratification of sampling, non-random mixing,
variable screening efficiency, etc. A constant (0.01) is
introduced to make the model more robust by placing a
minimum bound on the variance estimate. The variance
estimate becomes:

P(1-P)+0.01

mt?

Var(P) =

DRAFT 03.05.96

and writing

_P(-2)+0.01
m

4

the log-likelihood function to be maximised is, for all
experiments i and all recaptures from each experiment t,

é 2| In@2r)+In(t’) +InE,) &%L
T it

. . 2 . .
In this case it was necessary to recalculate T~ iteratively,
as

where n is the number of observations of P.

3.3.4 Estimates of mortality rates from tagging
data

The Norwegian tagging experiment on herring, which
was initiated in 1975, has been continued, and recoveries
from commercial catches have been screened for tags
using tag detector installed at sea food processing
factories. These data were considered suitable for use in
the assessment. Recoveries have also been reported from
other Norwegian factories, mainly fish meal plants,
which use herring entrails from the herring filleting
industry in the production. These tags originate from an
unknown catch, and have not been used in the
assessment. From the catch of herring in the Norwegian
Sea last summer, [celand has reported 630 herring tags
retained on magnets in Icelandic fish meal plants. A
magnet efficiency test carried out at one of the plants
gave a screening efficiency of 47.5 %. The herring used
in the test experiment was, however, in very poor
condition, which may have caused error in the efficiency
estimate. The Icelandic sample was therefore not used in
the assessment.

The length of the fish at the time of tagging is used to
calculate the age. The yearly number of fish released and
number screened, and the number of recaptures by
tagging year and recapture year is given in Table 3.3.4,
for fish belonging to the 1986 and earlier year classes.
These data were used to attempt to estimate natural
mortality and stock size for the 1983 cohort alone,
because the adjacent year classes are considered to be
poor. Recaptures in the tagging year and the year after
the tagging were excluded from the analysis, and the
recaptures in 1995 of the fish tagged in 1993 were also
excluded.

Both of the methods described in Section 3.3.3 were
used. Estimation of stock abundance in 1996 and of




natural mortality was attempted, and the sensitivity of
the model fit to assumed values of S was tested. The
feasibility of estimating the additional mortality caused
by the Ichtyophonus was also investigated. Such
investigations were somewhat hampered by the inability
of the Working Group to estimate the precision of the
parameter estimates obtained on fitting the models, and
hence are of a tentative nature only.

After a number of exploratory model fits the following
was concluded:

- Estimating the Ichtyophonus- induced mortality is
unlikely to be feasible to any useful degree of accuracy.

- The model could be used to estimate natural mortality
or total mortality, but the estimate of abundance (and
hence of fishing mortality) was strongly dependent on
the assumed value of S. Estimates of M were very robust
to the value assumed for this parameter.

- Fitting either the log-likelihood function or the least-
squares fit yielded similar estimates of mortality. '

Figure 3.3.2 shows the actual vs. expected number of
recaptures for all combinations of tagging year and
recapture year used in the analysis, using the log-
likelihood approach outlined in Section 3.3.3 and
assuming a constant natural mortality. M is then
estimated to 0.16. In this estimation, S was set to 0.6.

The Working Group concluded that this was a promising
approach, but that further work was required to:

- Combine the tagging model with the acoustic survey
information in a consistent way,

- Develop a robust method, possibly based on
bootstrapping, for estimating the uncertainty in the
parameter estimates.

3.4 Recruitment
3.4.1 Stock estimates of immature herring

The nursery area of the Norwegian spring spawning
herring are Norwegian fjord and coastal areas and the
southern part of the Barents Sea. Since 1988, when the
1983 year class spawned for the first time, the latter area
has increased in importance as a nursery area for the
herring. Since the last Working Group meeting, new
information is available only for the 0-group herring in the
fjords and coastal areas of Norway (Table 3.4.1)

3.42 Assessment of immature and recruiting year
classes

The results from the acoustic young herring surveys are
shown in Table 3.4.2. During 1995, most of the strong
year classes are 1991 and 1992 have migrated out of the
Barents Sea. The migration from the nursery results in
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recordings of stationary and migrating herring over wide
areas. As described in last year's report, The Working
Group regarded a combination of the estimates from
surveys in the feeding areas in the south-eastern and
north-eastern as the most reliable for these year classes
for use in the prognoses. These estimates correspond to
16.4 billion for the 1991 year class and 20.7 billion for
the 1992 year class at 1 January 1996. There are no
further total estimates of these year classes, and the
working group decided to maintain these estimates.

The estimates of the 1993 and 1994 year classes given in
Table 3.4.2 are used as basis for the prognoses. The 0-
group index from the Barents Sea in autumn 1995 was
the lowest since 1987 (Table 3.4.3) and the abundance
recorded in the Norwegian fjord and coastal 0-group
survey in Norway was the lowest estimate (29 million)
since the survey started in 1975 (Table 3.4.1). A Russian
survey in December 1995 in the Barents Sea (working
document by A. Krysov) estimated the abundance of the
1995 year class to 14 million. These results indicate that
the 1995 is a very weak year class. The sum of the
abundance in the Norwegian fjords and the Barents Sea
is 43 million individuals, and this number is used in the
prognoses. The estimates of the 1993-1995 year classes
have been projected forward to age 3 applying a natural
mortality at ages 1 and 2 of 1.56 and 0.54 respectively
(Barros, 1995).

3.5 VPA and Catch and Stock Prognosis
3.5.1 Tuning the VPA

Data from the acoustic surveys in the wintering areas in
December and January and on the spawning grounds in
February-March were available for tuning the VPA.
Based on the analysis of the tagging data given in
Section 3.3.4, it was decided not to include stock
estimates from tagging. It was decided to use these
acoustic estimates only for age 5 and older fish, because
younger age groups are not completely covered by these
surveys. The survey data, catch data and natural
mortalities used are given in Table 3.5.1.

An attempt was made to estimate the natural mortality
(see section 3.3.4), including that induced by the
Ichtyophonus disease, using tagging data. The overall
natural mortality was set at 0.16 for the 1983 year class,
but a separate mortality for the years when the disease
was prominent could not be obtained. The Working
Group decided to retain the natural mortalities used
previously (0.13 and 0.23) which are compatible with the
estimate from the tagging data, pending further work on
the estimation of these values.

The same method as last year was used. Mathematically,
it can be expressed as follows:




y: year index

s:survey index

N,: Stock number in year y

A,y Survey index in year y from survey s
n,: Number of observations for s

2
The method minimises Z(ln N, —ln(A),,sqj, ))
Vs

In—*

8

can be regarded as a

where g, = exp Z
n

y &

catchability. The results of this minimisation, applied to
the 1983, 1988, 1989 and 1990 year classes, is shown in
Table 3.5.1. Figure 3.5.1-3.5.4 show, for each year class,
the VPA compared to the survey data adjusted by the
estimated catchabilities. The figures illustrate that there
is a lot of noise in the survey data. The estimates for the
1983 and 1990 year classes are somewhat higher than the
estimates for these year classes obtained by the Working
Group last year, while the estimates for the 1988 and
1989 year classes change very little. There is a strong
positive correlation among the estimates for the various
year classes. The CV for the terminal N estimates is
approximately 50 %.

We also attempted to estimate the natural mortality from
the tuning data by allowing M to vary in addition to the
four terminal Ns. When M was assumed to be constant
during the period, a point estimate of 0.08 was obtained.
The Working Group did not obtain any estimate of the
variance of this estimate of M.

3.5.2 VPA input and output

The input data to the VPA are given in Tables 3.5.2-
3.5.6. The terminal Fs for the different year classes in the
last year were found by tuning the catch at age data
given in Table 3.5.2 to the stock numbers at age
calculated from the tuning (1983,1988,1989 and 1990
year classes, Section 3.5.1) and from estimates of the
1991 and 1992 year classes, Section 3.4.2, The terminal
Fs for the weak 1982 and 1984-1987 year classes were
assumed to be equal to the terminal F for the 1983 year
class. This year the VPA was run for age groups 3-14+.
The terminal Fs at oldest age were the same as last year,
although last years’ VPA was run on age groups 3-13+.

Historic estimates of stock size have been revised
substantially since the assessment presented by the
previous Working Group meeting, due to a slightly
different age range used for the VPA. The change in age
range was necessary to avoid incorporating the 1983
cohort in the plus-group, but the change in the historic
estimates illustrates that the VPA estimates of abundance
are very unstable when fishing mortality is lower than
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natural mortality. This is the case for many years in this
stock.

Following the advice given by ACFM at its November
1995 meeting, it was decided to use Fs_,, weighted by the
population number (hereafter denoted as Fs,,,) as the
reference F for this stock. The results of the VPA are
given in Tables 3.5.7-3.5.11.

3.5.3 Input data for the catch and stock prognosis

These data are given in Table 3.5.12. For the year classes
1982-1992 the VPA stock numbers at 1 January 1996
have been used (Table 3.5.8). The abundance of the
1993-1995 year classes is calculated as described in
Section 3.4.3.

The weight at age in the stock for 1996 is calculated
from biological samples in December 1995 and January
1996. As stock size is expected to increase towards the
level from the 1950s and 1960s in the coming years, a
slower growth may be anticipated, something which is
also indicated by the data for weight at age in the stock
and in the catch in the last two years. The weights at age
in the catch data from the 1950s are not comparable to
the present values due to a different structure in the
fisheries ( a larger proportion was then taken as spent
herring). The Working Group therefore chose the 1960s
as a reference point for weight at age in the stock and
catch at higher stock sizes, set the weight at age in the
stock and in the catch in 1997 and later years equal to the
1960-1969 average. The change in the weight at age in
the catch is made gradual by setting the 1996 values
equal to the average of the 1995 and 1997 values. The
maturity at age for 1996 was the same as used at the last
Working Group meeting, this is based on data from July-
August 1995. For the years 1997 and later the average
maturity at age in the period 1960-1968 was used.

For the prognosis the same flat-topped exploitation
pattern as last year was chosen, assuming full
recruitment to the fishery at age 5. A natural mortality of
M=0.13 was applied for all age groups.

3.5.4 Results of the prognosis

The expected catch in 1996 (1,400,000 t) indicates that
the fishing mortality (Fs_,,) will increase from 0.17 in
1995 to 0.18 in 1996. The effects of different levels of F
on the catch in 1997 and on the stock and SSB in 1998
are presented in Table 3.5.13.

The assessment shows that the spawning stock biomass
will increase from 5.4 million tonnes in 1996 to 7.2
million tonnes in 1997. In 1998, the spawning stock
biomass will increase further for all levels of fishing
mortality in 1997 given in Table 3.5.13. The total stock
biomass (3+) will increase from 10.1 million t in 1996 to
11.2 million tonnes in 1997, but will decrease again in
1998.



3.6 Risk analysis

3.6.1 Harvesting strategies

For the past decades, the methods used for setting annual
TACs for herring in the north-east Atlantic has been
based on low-F-strategies. For some herring stocks, an
F, -strategy has been used, but this strategy is found to
correspond to a collapse of the Norwegian spring
spawners in deterministic simulations, It is also clear that
using a fixed-F strategy for the Norwegian spring
spawners will yield extremely high catches when a large
year class enters the fishery and there may be
considerable gain in an alternative fixed-catch (Q-based)
strategy.

Thus, from a historical, theoretical and practical
viewpoint, there is some virtue in considering both F-
based and Q-based harvesting strategies. These can also
be considered special cases of a more general strategy,
based on F until the catches reach an upper limit, Q. The
Q-based strategy follows by increasing F in the
combined strategy and the F-based strategy follows from
increasing Q in the combined strategy. Thus, the
combined strategy can be used as a common base for
comparing Q- and F-based strategies in a continuum.

Recent TAC allocations for Norwegian spring spawning
herring correspond to a much more precarious present
harvesting regime, however. This can be modelled in the
following fashion. Management body A (country or
group of countries) decides that Y is an appropriate catch
level and decides to allocate the proportion p, of this
level to the corresponding industries. Management
bodies B and C, however, decide to allocate the
proportions py and pe of Y to their industries. Notably,
the sum of the proportions, p, is considerably greater
than 1. In an initial year, when this is applied, the result
will simply be that the allocated catches will amount to
pY in total, rather than Y. In the combined strategy
setting, this can easily be modelled by replacing Q with
pQ and F with F’ where F’ gives a relative catch increase
of p from that obtained from F. Thus, this allocation
scheme is merely a variation on the combined strategy as
long as the allocation debate remains in the present
stalemate,

The proposed model of the “current” harvesting strategy
can therefore be summarised as follows:

The annual TAC, is set as pY, where Y is based on
fishing with fixed fishing mortality F, although in no
year may Y exceed Q. In short,

TAC=p min(Y(F),Q)

where Y(F)=catch corresponding to fishing with fixed
fishing mortality F. The figure below depicts an arbitrary
example of this model for p=1 and 1.5, where the dark
curve represents equilibrium catch.
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p=land 1.5

3.6.2 Risk analysis

A risk analysis was performed with 500 iterations. The
time range for the runs was 1 January 1997 to 1 January
2006.
3.6.2.1 Inputdata

The same data as for the short-term prognosis was used
(Table 3.5.12). However, the stock at 1 January 1996
was projected to 1 January 1997 assuming that a total
catch of 1.4 million tonnes will be taken in 1996. Thus,
the initial stock is dependent on the M-value used.

3.6.2.2 Modelling of uncertainty

Stock data

In order to include the uncertainty of M in the analysis,
and since changing M also leads to different initial stock
numbers, a VPA run was made with all M’s increased by
0.02, in addition to the standard VPA. These results give
the derivative of the initial stock numbers as functions of
M. During simulations, a value for M was drawn at
random, and initial stock numbers computed assuming a
linear relation between them and M. A single
multiplicative error, with a CV of 0.5, was applied to
these numbers.

Maturity ogive

A normal distribution with expectation 0.39 and a
standard deviation of 0.1 was assumed for the proportion
mature of 5 year old fish. The drawn value was kept
through each simulation run.

Natural mortality

A standard deviation of 0.05 was assumed. The drawn
value was kept throughout each simulation run.



Recruitment
Five different recruitment assumptions were considered:

A Beverton-Holt recruitment function was fitted to the
data assuming a log-normal error. Two different cases
were applied: Retaining all data (recruitment model 2)
and deleting the exceptionally large year classes 1950,
1959 and 1983 year classes (recruitment model 1). The
rationale behind the latter approach is that the time series
shows that there always has been a period of up to 10
years between years of good recruitment. 1992 was a
year of good recruitment, so it is unlikely that another
year of good recruitment will occur within the time
series used for the simulations.

The historical half values in a Beverton-Holt model were
calculated assuming a maximum recruitment of 1.5 times
the maximum observed recruitment and were drawn with
equal probability during the simulations (recruitment
model 4). In this case the effect of autocorrelation in
recruitment was taken into account by drawing half
values from the same number of years after a good year
class (1950, 1959, 1983) as the time from the year in
question to 1992 (recruitment model 3).

A Ricker model (recruitment model 5) was also used,
where the parameters are drawn each year taking into
account the parameter estimation errors and covariance.

All recruitment refers to 3 year old fish. The
recruitments and the spawning stocks were calculated
assuming a linear relationship for both recruitment and
spawning stocks with M was assumed. During
simulations the appropriate half values (recruitment
model 3 and recruitment model 4) were used. In case of
recruitment models 1 and 2 a linear relationship with M
for the recruitments based on the two different M-values
was assumed.

It was felt that the consideration from previous years that
the large 1991 and 1992 year classes may adversely
affect recruitment in the nearest years may not longer be
valid since these year classes now migrate into the
Norwegian Sea after spawning. Thus there is no overlap
with the drifting larvae. Therefore recruitment model 2
was chosen as the reference model.

3.6.2.3 Results

The figure below shows simulation results for
recruitment model 2 and an F-value of 0.15.
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It is seen that the stock is, in a stochastic sense, more or
less stable throughout the period.

The text table below shows the simulation results for
recruitment model 2:

Prob Median Median
(SSB2006  SSB2006 Mean
<2.5) Catch
F=0.05 0.00 12.54 0.56
F=0.1 0.02 10.72 1.02
F=0.15 0.03 8.41 1.28
F=02 0.14 6.00 1.34
MaxCatch=0.5 0.06 12.40 0.50
MaxCatch=1.0 0.25 7.40 1.00
MaxCatch=2.0 0.56 1.18 2.00
F = 0.10, catch 0.02 11.35 0.92
<1.0
F =0.10, catch 0.02 10.72 1.02
<1.5
F = 0.20, catch 0.02 9.48 1.00
<1.0
F = 0.20, catch 0.11 6.71 1.16
<1.5

It is seen that for mean yearly catches above 1.0 million
tonnes the danger of the stock not increasing from the
present level increases.

The text table below show comparisons between models.
In these runs, a combined strategy is used where a
constant F-value equal 0.2 is applied provided the yield
is below 1.5 million tonnes. The choice of recruitment
model had a profound effect on the terminal spawning
stock biomass of the simulation. In particular, the Ricker
model (model 5) gives the highest probability of a low
stock size.




Prob Median Median Mean
(SSB2006  SSB2006 Catch
<2.5)

Model1  0.16 4.72 1.05

Model 2 0.11 6.71 1.16

Model 3 0.40 2.96 1.03

Model4  0.17 7.19 1.20

Model 5 0.80 1.96 0.85

The text table below shows simulation results for the M-
values estimated from the tagging and the acoustic data
respectively. The runs are made for a constant F of 0.15.

Prob Median Median
(SSB2006  SSB2006/  Mean Catch
<2.5) SSB1996
ratio
M=0.08 0.00 XXX 1.99
M=0.16 0.07 XXX 1.00

3.6.3  Analysis of overfishing

An alternative and much simpler model for risk analysis
was derived for comparison with the more extensive one
presented above and for the specific task of comparing
some management alternatives, including a mode! of the
current harvesting “strategy” for the stock.

Simulation model

A fairly simple simulation model is used, where
estimatjon error is inserted into the estimated stock size
each year (including the initial stock size) and process
error is inserted into recruitment.

A target fishing mortality, Fy,e, Will of course never be
attained exactly. In particular, an F-based yield
prediction for year y+1 will be derived from a stock
estimate corresponding to an estimated fishing mortality
F,’ rather than a true value. Assume that the estimate is
perturbed from the true fishing mortality, F, by a single
estimation error. Let €, denote multiplicative log-
normal estimation errors of the overall fishing mortality
in year y so that F,’= F, €,. The TAC is then computed
by taking the stock estimate corresponding to F,” and

applylng F(arget'

For low values of fishing mortality, all these operations
are essentially multiplicative. Thus, the above is almost
equivalent to computing the TAC based on the true
stock size efc. and then applying the multiplicative error
afterwards: Let B, denote the biomass, so the desired
TAC is approximately Y= F, B, but the estimated is Y=
F,’B,. Hence, in the simulations, estimation error in the
F-based TAC will be incorporated simply through a
multiplicative error in the TAC computed from the rule.
The true (inflicted) fishing mortality can then readily be
computed as the one giving the TAC from the true
population.
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Stochastic simulation results

For recruitment, the simpler model is based on fitting a
Ricker curve to the logged stock and recruitment data, as
in recruitment model 5 above. This provides an estimate
of the CV (about 200%) of recruitment and the log-scale
coefficients in the Ricker model (resulting in 0=0.9486
and K=6448). The fit also provides an estimate of the
standard error of the log-scale estimates as well as the
correlations between them.

For simulation purposes, log-scale parameters can be
generated from a multivariate Gaussian distribution with
these standard errors and correlations, yielding a
simulated  stock-recruitment relationship for each
simulated time trajectory. For each simulated year,
recruitment is picked from a log-normal distribution
around this relationship.

The selection pattern, maturity ogive, weight at age in
catch and stock as well as proportion of M and F before
spawning were all assumed to be fixed throughout the
simulations, all based on the averages used in other
predictions.

Simulation results were tabulated for several different
values of p and Q. Rather than consider a full range of
fishing mortality values, it should be noted that the long-
term sustainability of fishing mortalities over 0.10 is
somewhat doubtful but the fishing mortality in 1996 is
estimated above this level. Hence the approach taken is
to simulate with F=0.10 and to account for higher
catches in the future by considering p-values larger
than 1.

Results are given in tables 3.6.1-2. Each of the two tables
provides an upper block of expected values from the
simulations and a lower block of corresponding standard
errors. Results are given in subtable for different
quantities: The probability of the stock being below 2.5
million tonnes in 2006, the average catch during the 10-
year period 1997-2006, the SSB and the catch at the end
of the period. Values of p and Q,,,, index each subtable,
where p=1, 1.25 and 1.5 and Q,,,, =1.0 or 1.5 million
tonnes.

The tables clearly illustrate the trade-off between stock
sizes and short-term yields.

3.7 Management considerations

Although the stock assessment indicates an increasing
stock size with good recruitment and a low fishing
mortality, the assessment is imprecise and the stock has a
known vulnerability to collapse at high levels of
exploitation. Therefore, although prospects for this
fishery appear good in the short-term, the adoption of a
cautious harvesting strategy is likely to improve the
medium and long-term benefits to be obtained from this
fishery.
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The spawning stock is expected to increase in the near
future due to the recruitment of the strong 1991 and
1992 year-classes. However, the year-classes 1993 to
1995 appear to be weak. The estimate of the spawning
stock size in 1996 is assessed as being between
approximately 3 and 15 million tonnes with 90 %
confidence. The wide confidence limits reflect the
sensitivity of the stock size estimates to assumed values
of natural mortalities and to variability in the data used
to fit the assessment model. Unfortunately, the precision
of the current estimate of M could not be assessed. On
account of this uncertainty, the choice of a harvesting
strategy for 1997 and onwards should not be made on the
basis of the short-term predictions (Table 3.5.13).
Rather, the choice should be made on the basis of the
desired medium-term development.

The stochastic medium-term projections suggest that the
current estimates of stock size are highly imprecise.
These projections and associated analyses of risk are
highly dependent on assumed values for coefficients of
variation. Perceptions of risk are highly dependent on the
prior choice of recruitment model, and there is not, at
present, any objective way of choosing among those
tested. Furthermore, different approaches to the
treatment of the problem appear to imply different
appropriate strategies for medium-term exploitation of
the stock. The reasons for this were not known and could
not be evaluated by the Working Group in the time
available, For these reasons, the Working Group does
not present advice based on stochastic medium-term
projections.

Completion of the work on medium-term projections is a
prerequisite for providing appropriate advice on the
exploitation of this stock, and the Working Group has
therefore nominated a sub-group to identify an
appropriate and robust medium-term projection
procedure. Advice on exploitation strategies based on
such a procedure will be presented in a separate working
document to ACFM.

3.8 Information on the Spatial and Temporal
Distribution of Norwegian spring spawning
herring

The emigration of the major part of the large year classes
1991 and 1992 from the nursery areas in the Barents Sea
to the Norwegian Sea in 1995 is was an important factor
in relation to development in the spatial and temporal
distribution of the stock of Norwegian spring spawning
herring.

3.8.1 Recorded distribution in 1996

3.8.1.1 Winter 1996

Adult herring: Before the spawning migration at the
beginning of January, the entire spawning stock was
located in the same wintering areas as in previous years,
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in Ofotfjorden and Tysfjorden in northern Norway. The
spawning areas were the coastal banks of the Norwegian
coast from approximately 59°N to 70°N, and spawning
began in mid-February. Compared to 1995 there seems
to be a small increase in spawning in the southernmost
part of the spawning area, and a certain decrease in the
northern part.

Immature herring: The main distribution area of
immature herring in winter 1996 has changed compared
to the distribution area of immature herring in winter
1995. Last year the main concentrations of immature
herring (1992 year class) were located in the Barents
Sea. This year class left the nursery areas in the Barents
Sea during 1995) (only a minor proportion of the year
class is still distributed in the Barents Sea). The main
part of the year class was by winter 1996 still immature
and wintered in the Vestfjorden area.

There were some recordings of immature herring in the
Barents Sea in December 1995, consisting mainly of the
1993 year class. (Fig3.8.1). The biomass estimate of
immature herring in the Barents Sea in December 1995
was approximately 160 thousand tonnes.

3.8.1.2  Spring 1996

Adult herring: After spawning the herring started their
feeding migration. According to survey results the area
between 67°N and 68°N seems to be an important
migration channel from the spawning areas to the
feeding areas in the Norwegian Sea. Figs 3.8.2 and 3.8.3
shows distributions of herring in March and in April
1996 in the Norwegian Sea.

Further migrations of adult herring in the Norwegian Sea
will be monitored by joint international surveys. So far
in 1996, the distribution and migration of adult herring
seems to be comparable to the corresponding time period
in 1995. Fig 3.8.4 gives a general picture of the feeding
migration in 1995, and Fig 3.8.5 indicates the migration
in 1996.

Immature herring: The main part of the immature herring
which wintered in 1995/96 in the Vestfjorden, seems to
have left that area by mid-March, migrating westwards
to the coastal banks and the Norwegian Sea. The
distribution and abundance of immatures in the Barents
Sea will be mapped during joint Russian-Norwegian
surveys in May-June.

Herring larvae: Fig 3.8.6 gives the distribution of herring
larvae in April 1996.

3.9 Ichtyophonus hoferi disease in the Norwegian
spring spawning herring stock

Norwegian data from the wintering and spawning areas
indicate that virtually no disease was present in the stock
(Working Document by D. Skagen). Russian data from




the spawning areas may show higher percentages, but the
exact data were not available to the Working Group.
There is however, no evidence indicating increases in the
disease prevalence, and hence no need to apply an
increased natural mortality for 1996.

4, BARENTS SEA CAPELIN

4.1 Regulation of the Barents Sea Capelin
Fishery

Since 1979 the Barents Sea capelin fishery has been
regulated by a bilateral fishery management agreement
between USSR/Russia and Norway. A TAC has been set
separately for the winter fishery and for the autumn
fishery. The fishery was closed from 1 May to 15 August
until 1984. During the period 1984 to 1986, the fishery
was closed from 1 May to 1 September. From the
autumn of 1986 to the winter of 1991, no fishery took
place. The fishery was re-opened in the winter season
1991, on a recovered stock. From the autumn 1993 the
fishery was again closed. A minimum landing size of 11
cm has been in force for several years.

4.2 Catch Statistics

The international catch by country and season in the
years 1965-1995 is given in Table 4.2.1. Following the
recommendation from ACFM, there was no fishing for
Barents Sea capelin during 1995 nor 1996.

4.3 Stock Size Estimates
4.3.1 Acoustic stock size estimates in 1996

Since the last meeting of the Northern Pelagic and Blue
Whiting Fisheries Working Group (hereafter called
NWG) in October 1995, no surveys designed to estimate
the abundance of this stock have been conducted. During
various Norwegian and Russian demersal fish surveys in
January to March 1996, covering most of the ice free
part of the Barents Sea, the distribution of capelin was
mapped by trawl and acoustics. No abundance estimates
were made, mainly due to the very dispersed nature of
the capelin distribution and inadequate sampling of
capelin, Capelin was detected in thin scattering layers
dispersed over the surveyed area, and mature and
spawning capelin were located in coastal areas of
western Finnmark in late February - early March. The
general impression from the distribution of s,-values is
that the state of the stock, as assessed from the capelin
survey last autumn, is still valid.

4.3.2 Historical stock development

An overview of the development of the Barents Sea
capelin stock in the period 1986-1995 is given in Tables
4.3.1-4.3.10. The methods and assumptions used for con-
structing the tables were explained in Appendix A to
Anon. (1995a). In that report, the complete time series
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back to 1973 also can be found. It should be noted that
several of the assumptions and parameter values used in
constructing these tables are provisional and future
research may alter some of the tables considerably. For
instance, natural mortalities for immature capelin will be
calculated using new estimates of the length at maturity
and natural mortalities for mature capelin will be
calculated taking the predation by cod into account.
However, the tables should be adequate to give a crude
overview of the development of the Barents Sea capelin
stock.

Estimates of stock in number by age group and total
biomass for the period are shown in Table 4.3.1. Catch in
number by age group and total biomass is shown for the
spring season and the autumn season in Tables 4.3.2 and
4.3.3. Fishing mortality coefficients by age group for the
autumn season and natural mortality coefficients by age
group for immature capelin are shown in Tables 4.3.4
and 4.3.5. Stock size at 1 January in numbers by age
group and total biomass and the mean weight by age
group at 1 January are shown in Tables 4.3.6 and 4.3.7.
Proportion of mature stock by age group at 1 January
and spawning stock biomass at 1 April are shown in
Tables 4.3.8 and 4.3.9. Table 4.3.10 gives an aggregated
summary.

4.4 Management Considerations

In the present situation, where the spawning stock size is
lower than any target level, and where the year classes
1995, 1994 and 1993 are poor (the size of the 1996 year
class is as yet unknown), there is no reason to change the
previous management advice based on the assessment
done during the 1995 NWG meeting.

4.5 The change in timing of the meeting

The change in timing of the meetings of NWG from late
autumn to spring, results in some obvious problems for
assessing and giving advice on TAC for this stock. The
assessment of the stock is primarily based on the
acoustic survey conducted annually in September-
October. The main fishing season is from January to
March. Consequently, this stock must be assessed during
the autumn ACFM meeting (late October - early
November) and the TAC set by the Mixed Norwegian-
Russian Fishery Commission during its meeting in
November-December. If NWG does not meet in
October, one option is to leave the assessment of Barents
Sea Capelin to the parties responsible for the autumn
survey, i.e. IMR in Bergen and PINRO in Murmansk.
The scientists conducting this survey (who are mostly
members of the NWG) always meet after the survey to
prepare a joint report. That group could do the
assessment during that meeting, using methods approved
by the NWG, and submit a separate report to ACFM,
which could be reviewed at the next meeting of the
NWG. If this working group decides to recommend
fishing during an autumn fishery season, a preliminary
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TAC could be advised during the subgroup meeting in
October, and this recommendation could be assessed
during the spring NWG meeting in light of any new
information on the stock. This advice could then be dealt
with at the ACFM meeting in May.

5. CAPELIN IN THE ICELAND-EAST
GREENLAND-JAN MAYEN AREA

5.1 The fishery
5.1.1 Regulation of the fishery

The fishery depends for the most part upon maturing
capelin, i.e. that part of each year class which spawns at
age 3 as well as those fish of age 4, which did not spawn
earlier. The abundance of the immature components is
difficult to assess before their recruitment to the adult
stock at ages 2 and 3. This is especially true of age 3
immatures.

The fishery of the Iceland-East Greenland-Jan Mayen
capelin has, therefore, been regulated by precautionary
catch quotas set prior to each fishing season (July-
March) based on the results of surveys of the abundance
of immature 1 and 2