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11

INTRODUCTION

Terms of Reference

The Northern Pelagic and Blue Whiting Fisheries Working Group [WGNPBW] (Chair: Dr J. Carscadden, Canada)
will meet at ICES Headquarters from 26 April to 4 May 2000 to:

a)
b)

c)
d)

e)
f)

assess the status of and provide catch options for 2001 for the Norwegian spring-spawning herring stock;

assess the status of and provide catch options for the 2000—2001 season for the Icelandic summer-spawning herring
stocks;

assess the status of capelin in Sub-areas V and XIV and provide catch options for the summer/autumn 2000 and
winter 2001 seasons;

assess the status of and provide catch options for capelin in Sub-areas I and II (excluding Division Ila west of 5°W)
in 2001;

assess the status of and provide catch options for 2001 and 2002 for the blue whiting stock;
identify major deficiencies in the assessments.

The above Terms of Reference are set up to provide ACFM with the information required for responding to requests for
advice/information from NEAFC and EC DGXIV Fisheries. (Further items may be added on receipt of the requests for
advice).

2

h)

)

NEAFC letter 06.04.2000: During the meeting of the Blue Whiting Working Group of NEAFC on 5 and 6 April
2000, Russia presented a scientific paper dealing with the distribution of Blue Whiting in the Barents Sea. In order
to further discussion on the management of the Blue Whiting stock within NEAFC, ICES (as the advisory body of
NEAFC) is requested to validate this information at its forthcoming ACFM meeting, and return the advice to
NEAFC as soon as possible.

FAROE ISLANDS letter 01.02.2000: The coastal states of the Norwegian Spring Spawning Herring (Atlanto-
Scandian Herring) (European Union, Faroe Islands, Iceland, Norway and Russia) have agreed to request ICES to
provide information about the stock development in accordance with the Annex of the Memorandum of
Understanding with NEAFC. Furthermore, it should provide catch options for 2001 based on fishing mortalities in
the range F=0.08 to 0.15. ICES should evaluate the probability that the SSB will fall below Bpa of 5 000 000 t and
blim of 2 500 000 t in a 5 and 10-year period at various levels of constant fishing mortalities while the SSB is above
Bpa, including values in the range of F=0.05, 0.08, 0.10, 0.125, 0.15. ICES should evaluate the strategies that
would ensure a probability in the range of 50 to 80% of restoring the SSB to above BPA within 2 to 5 years, in a
case where SSB is below Bpa. For each of these combinations, evaluate the expected average percentage change in
catches from year to year and the expected average catches over the same ten year period.

NASCO has requested, with respect to Atlantic Salmon in the North-East Atlantic Commission area, that an
estimate of the by-catch of salmon post-smolts in pelagic fisheries be provided.

WGNPBW will report to ACFM at its May 2000 meeting.

1.2

Participants

Jim Carscadden (Chair) Canada

Sergei Belikov Russia
Bjarte Bogstad Norway
Are Dommasnes Norway
Petter Fossum Norway
Harald Gjeseter Norway
Susana Godinho Portugal
Asta Gudmundsdottir Iceland
Kjellrun Hiis Hauge Norway
Jan Arge Jacobsen Faroe Islands
Per Kanneworff Denmark
Michael Keatinge Ireland
Alexander Krysov Russia
Manuel Meixide Spain
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Webjorn Melle

Brian Nakashima
Ingolf Rettingen
Sveinn Sveinbjornsson
Sigurd Tjelmeland
Dmitri Vasilyev
Hjalmar Vilhjalmsson
Jonathan White

Norway
Canada
Norway
Iceland
Norway
Russia
Iceland
Ireland
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2 ECOLOGICAL CONSIDERATIONS
2.1 Barents Sea
2.1.1 Climate

The Barents Sea is characterised by large year-to-year fluctuations in heat content and ice coverage caused by variations
in heat influx from Atlantic water. There was a period of warming up in the western Barents Sea from 1989 to 1995
(Figure 2.1.1.1). This period was followed by cooling in 1996-1997. In winter and spring 1998 the temperature
increased to the long-term mean, however, during autumn 1998 there was a strong increase in temperature, and in
January 1999 the temperature was 1°C above the long-term mean, the highest temperature measured in January since
1983. During winter the temperature decreased somewhat, but was still 0.87 degrees above the long-term mean in
March 1999. During spring 1999 the temperature decreased to 0.36 degrees above the long-term mean in April 1999
and then declined further to 0.3 degrees above the long-term mean in summer 1999. During autumn 1999 there was a
significant increase in temperature and in January 2000 the temperature was 1.1 degrees above the long-term mean,
again the highest temperature recorded since January 1983.

The warm periods during the winters of 1999 and 2000 may be looked upon as warming events where pulses of warm
Atlantic water flow into the Barents Sea. This pulse of warm water is expected to continue into the central parts of the
Barents Sea in 2000 as it did in 1999 resulting in temperatures 0.5 degree above the long-term mean in the central parts
and 0.2-0.3 degree above the long-term mean in the eastern part of the sea. A temperature forecast for the Kola section
(WD by Ottersen), predicts a temperature of 5.3 °C in September 2000, 0.4 degree above the long-term mean. Such high
temperatures are creating basis for good feeding conditions for capelin, herring and 0-group fish. An example of this is
the large growth of the 0-group fish that was measured on the joint O-group survey in autumn 1999.

In 1999 the ice coverage was significantly less than previous years. The ice edge was north of 75°N in some areas in
the winter. There was also a strong melting process going on during summer resulting in very little ice in the autumn
1999.

Conclusions:

. Temperatures above the long-term mean are predicted for the whole Barents Sea in 2000.

* A temperature forecast at the Kola section for September 2000 predicts a temperature 0.4 degrees above the long-
term mean with an error of 0.34 .

2.1.2 Zooplankton

The standing stock of zooplankton has been monitored in the Barents Sea from the early eighties in connection with the
joint O-group and capelin surveys in August-October. At this time of the year most of the production has taken place
and zooplankton biomass can be seen as an expression of the size of the coming overwintering population of
zooplankton. The samples are taken with dip nets and Mocness oblique hauls and are subdivided into three different
size categories: 180-1000pm, 1000-2000pm and above 2000 um. The mean values for zooplankton for the whole
Barents Sea from 1994 are shown in Figure 2.1.2.1. In Figure 2.1.2.2 the mean values of zooplankton in 7 different
areas are shown back to 1987, and this figure shows that there was a marked increase in zooplankton biomass during the
period 1991-94. After this period the biomass of zooplankton decreased in all parts of the sea except from the eastern
part where the biomass of zooplankton has been constant. In the period 1998-99 the same development has continued
with a small decrease in all parts of the sea. Expected temperatures above the long-term mean in 2000 together with
slightly reduced overwintering zooplankton biomass will create the basis for somewhat reduced zooplankton production
and feeding conditions for capelin, herring and juvenile fish in the Barents Sea in 2000 compared to 1999.

Conclusions:

*  Somewhat reduced abundance of zooplankton biomass and thus feeding conditions for capelin, Norwegian spring-
spawning herring and other juvenile fish in the Barents Sea in 2000 compared to 1999.

O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 3



2.1.3  Consumption of capelin and herring by cod, harp seals and minke whales

Bogstad et al. (2000) reviewed the consumption of fish in the Barents Sea by various predators. The three most
important predator species are cod, harp seal and minke whale. The consumption by cod of various prey species for the
period 1984-1999 is given in Table 2.1.3.1, using the same method as described by Bogstad and Mehl (1997). The
consumption by minke whale (Folkow et al. 2000) and by harp seal (Nilssen et al. 2000) is given in Table 2.1.3.2.
These consumption estimates are based on stock size estimates of 85 000 minke whales in the Barents Sea and
Norwegian coastal waters (Schweder et al., 1997) and of 2 223 000 harp seals in the Barents Sea (ICES 1999/ACFM:7).
The consumption by harp seal is calculated both for situations with high and low capelin stock, while the consumption
by minke whale is calculated for a situation with a high herring stock and a low capelin stock. It is worth noting that the
abundance estimate of harp seals was revised considerably upwards in 1998 (ICES 1999/ACFM:7), which also
increased estimates of the consumption by harp seals correspondingly. The food consumption of harp seals and minke
whales combined is now at about the same level as the food consumption by cod, and the predation by these two species
needs to be considered when calculating the mortality of capelin and young herring in the Barents Sea.

According to Bogstad et al. (2000), the total consumption of capelin by these three predators is higher than both the
acoustic abundance estimates of capelin and the calculated MOB (M-output-biomass, i.e. the biomass output through
natural mortality, see (Gjosater, 1997)) in several of the years with low capelin abundance. However, the total
consumption of herring by the three main predators is much lower than the MOB (based on M=0.9 on ages 1 and 2) in
those years. These discrepancies merit consideration in the assessment of the capelin and herring stocks in the Barents
Sea.

The consumption estimates in Table 2.1.3.1 do not include the consumption by mature cod in the period when it is
outside the Barents Sea (assumed to be 3 months during the first half of the year). During this period it may consume
significant amounts of adult herring (Bogstad and Mehl 1997).

2.2 Norwegian Sea
221 Hydrography and climate

The Nordic Seas (Figure 2.2.1.1) during the last decades have been characterized by increased input of Arctic waters.
The Arctic waters to the Norwegian Sea are mainly carried by the East Icelandic Current and also to some extent by the
Jan Mayen Current. During periods of increased Arctic water input, the western extension of Atlantic water is moved
eastward. As a result, over the last 25 years the southern and western Norwegian Sea has become colder and fresher
while the eastern Norwegian Sea is warmed. Atmospheric forcing drives this trend. Since the mid 1960’s the North
Atlantic Oscillation index (NAO) has increased (Figure 2.2.1.2). NAO as it is used here is the normalised air pressure
difference at sea level between Lisbon, Portugal and Reykjavik, Iceland and is an indicator of the strength of the
westerly winds into the Norwegian Sea. A high NAO index (i.e. stronger westerly winds) will force Atlantic and Arctic
waters more eastward.

The Institute of Marine Research, Norway, has measured temperature and salinity in three standard sections in the
Norwegian Sea almost regularly since 1978. The sections are 1) the Svingy section which runs NW from 62.37° N at the
Norwegian coast, 2) the Gimsey section which also runs NW from the Lofoten Islands and 3) the Serkapp section
which is a zonal section at 76.33° N just south of Svalbard (Figure 2.2.1.1).

Figure 2.2.1.3 shows the time series of summer (July-August) temperature and salinity from 1978 to 1999 in the three
sections: Svingy, Gimsey and Serkapp. The values are averaged vertically between 50 and 200 m and horizontally over
3 stations in the core of Atlantic water. The trends for all three sections are similar. The temperatures are increasing
while the salinities are decreasing. The largest temperature increase is in the Serkapp section. In 1999 the temperature
decreased in the southernmost sections while it increased slightly in the Serkapp section.

Figure 2.2.1.4 shows time series of temperature and salinity during the spring in the Sviney and Gimsey sections from
1978 to 2000 and from 1978 to 1999, respectively. The values are calculated using the same procedure as mentioned
above. The low salinities in 1978 and 1979 are a result of the Great Salinity Anomaly during the 1970’s. In 1994 a large
salinity anomaly comparable with the anomaly in 1978 and 1979 was seen. The temperature was also a minimum that
year. The 1994 anomaly was a result of increased influence of Arctic water from the East Icelandic Current. There is a
small increase in temperature and salinity in the core of the Atlantic water in year 2000 compared with year 1999.
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Conclusions:

. The trend in temperature and salinity in the standard sections since 1970 has been towards higher temperatures and
lower salinities.

*  Temperatures in July-August dropped in 1999 in the southernmost sections.
. Temperature and salinity in the Svingy section in March-April 2000 increased compared with 1999.

. The high winter NAO in 1999 coincided with a further eastward movement of the Arctic front and increased
dominance of cold low salinity water masses in the western and central Norwegian Sea.

. An even higher winter NAO in 2000 (preliminary data) suggests a continuation in the eastward movement of the
Arctic front.

2.2.2 Phytoplankton

The development of phytoplankton in the Atlantic water is closely related to the increase of incoming solar irradiance
during March and to the development of stratification in the upper mixed layer due to warming. The Institute of Marine
Research, Norway, started in 1990 a long-term study of the mechanisms controlling the development of phytoplankton
at Ocean Weather Station Mike situated at 66°N, 2°E.

Figure 2.2.2.1 shows the development of the phytoplankton bloom for 1997,1998 and 1999, years with a strong
difference in the time where the spring bloom reached its maximum. While in 1997 the spring bloom reached its
maximum 20 May (day of the year 140), in 1998 this was achieved about one month earlier 18 April (day of the year
108). The timing of the bloom in 1999 was similar to that in 1998, but did not show the same high maximum in
chlorophyll. This may be related to the weekly measurements in 1999, as opposed to daily measurements in 1997 and
1998. On the other hand, weekly measurements prior to 1997 have revealed pronounced maxima in chlorophyll,
suggesting that early and strong grazing from a large over-wintered zooplankton stock may have kept the algal biomass
at a low level in 1999. The same figure shows two distinct phases, similar for all the years since 1990, in the
development of phytoplankton prior to the spring bloom. The first phase from day 1 to about day 50 is characterised by
extremely low phytoplankton biomass expressed as chlorophyll a. This is the winter season where phytoplankton
growth is mainly limited by the low incoming irradiance typical of this period. The second phase from about day 50 to
day 100 is characterised by a gradual increase of phytoplankton biomass but without reaching bloom conditions. This is
the pre-bloom phase where the increase in biomass is related to the increase in incoming irradiance during the spring
equinox and the lack of a bloom in this period is due to a still deep upper mixed layer.

Figure 2.2.2.2 shows the extension in time for these two phases in addition to the time of the spring bloom for the
period 1991-1999. In a "normal" year the winter season extends to about March 2. The pre-bloom phase extended on
average from the March 2 to April 16. The spring bloom itself starts normally on April 16 and reaches its maximum on
May 21, but the year-to-year variations are much larger than those of the previous phases. A trend from 1991, with the
spring bloom taking place earlier for each year, was broken in 1996. Thereafter year-to-year variability in the timing of
the bloom has been greater.

Conclusions:

. The phytoplankton bloom in 1999 developed similar to that in 1998 and earlier than in 1997.

e Chlorophyll concentrations did not peak in May 1999 as we have observed in previous years.
2.2.3 Zooplankton

Zooplankton biomass distribution in the Norwegian and Icelandic Seas has been mapped annually in May (since 1995)
and in July (since 1994). Zooplankton samples for biomass estimation were collected by vertical net hauls (WP2) or
oblique net hauls (MOCNESS). In the present report results based on samples from the upper 200 m are analysed. Total
zooplankton biomass (g dry weight m?) in May was averaged over sampling stations within three water masses,
Atlantic water (salinity >35), Arctic water (salinity <35, west of 1.4°E) and Coastal water (salinity <35, east of 1.4°E),
at 20 m depths (Figure 2.2.3.1). In Atlantic water masses zooplankton biomass decreased from 1995 to 1997 and
increased again in 1998 and remained at the same level in 1999. In Arctic water the interannual variation in zooplankton
biomass was similar. In the Coastal water masses, which includes the Norwegian continental shelf and slope waters
influenced by Norwegian coastal water, the trend was different with generally low biomass from 1995 to 1997 and a
marked increase in 1998 followed by a decrease in 1999.

O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 5



In July the total zooplankton biomass (g dry weight m?) in the upper 200 m was calculated by integrating biomass at
sampling stations over a selected area in the central and eastern Norwegian Sea, which was visited every year. In May
the major part of the zooplankton biomass in the 0-200 m depth layer is Calanus finmarchicus, and this depth layer also
includes the main feeding depths of the herring at that time. In July most C. finmarchicus have descended from the
upper 200 m towards their wintering depths. The biomass left may still be representative for the total population, and is
the best estimate for the overwintering population available for the time being.

Interannual zooplankton biomass variations in July were different from those observed in May (Figure 2.2.3.2).
Zooplankton biomass was highest in 1994, 1997 and 1999. The low biomass in May 1997 was followed by high
biomass in July the same year. The high biomass in 1999 was largely confined to the Arctic water mass in the western
Norwegian Sea (Holst et al. 1999).

Conclusions:

e  Average zooplankton biomass in Atlantic water masses of the Norwegian Sea in May 1999 was similar to that in
1998.

e  Zooplankton biomass in July 1999 was the same level as in 1997.
2.2.4 Herring growth and food availability

Individual growth of the Norwegian spring spawning herring, as measured by condition or length specific weight after
the summer feeding period in the Norwegian Sea, has been characterised by large fluctuations during the 1990’s (Fig
2.2.4.1). During 1991 and 1993 individual condition was good, but from 1994 on the condition of the herring started to
decline and by 1997 it had reached the lowest level during the 1990°s. The level observed in 1997 corresponds with the
absolute long-term low level observed during the period 1935 — 1994 (Holst 1996). After 1997 the condition of the
herring in the Norwegian Sea improved, but is still well below the maximum observed during the first four years of the
decade.

Comparing the feeding migration patterns of the herring during the period after 1995 leaves us with few clues in the
search for explanations for the varying growth. The recent years have been characterised by a rather stable migration
pattern and migration distances have not varied considerably, although, a somewhat northerly extension of the feeding
area has been observed over the last two years.

Since 1994, when the large-scale migration pattern of the herring have been mapped during two annual cruises, May
and July-August, the herring have been feeding most heavily in Atlantic water of the central Norwegian Sea. It has been
found that the herring condition index obtained after the feeding period in the Norwegian Sea is related to average
zooplankton biomass of Atlantic water (Figure 2.2.4.2). This indicates that variations in the production of zooplankton,
constituting the food of the herring, may be the main reason for the observed variability in herring growth. The high
herring condition index in 1999 when zooplankton biomass was moderate, suggests that food concentrations within
Atlantic water may not be the only important factor governing herring growth, or that our index to zooplankton biomass
may not reflect the actual food supply for the herring.

Conclusions:

. Herring condition improved from 1998 to 1999.

. There is a direct relationship between zooplankton biomass in May and herring condition in the autumn during the
years 1995-1998.

. High herring condition after the 1999-feeding season when zooplankton biomass was moderate, encourages
further investigations on this subject.

2.2.5 Predictions for zooplankton biomass and herring feeding conditions

A factor possibly governing zooplankton biomass is the size of the zooplankton spawning stock, or the size of the over-
wintering population. Zooplankton biomass in July may represent the over-wintering population, and a linear regression
of the biomass in July on the biomass in May the following year explains 61% of the total variation (Figure 2.2.5.1).
The time series is short and the variability is large, but the high biomass in July 1999 suggests that zooplankton biomass
in May 2000 will be high, 13-14 g m? (Figure 2.2.5.1). According to Figure 2.2.4.2, showing the relationship between
biomass in May and herring condition in the autumn the same year, a high herring condition index can be expected for
the autumn 2000.
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The North Atlantic Oscillation index (NAQO), is a proxy for the strength and duration of south-westerly winds, and is
correlated with the inflow of Atlantic water to the Norwegian Sea. In the Norwegian Sea the winter NAO (December to
March) was correlated with zooplankton biomass in May, not within the same year but the following year (Figure
2.2.5.1). We believe this to be related to the influence of Atlantic inflow on the production of over-winterers to become
the spawning stock next year. The relationship suggests that high zooplankton biomass in May follows a winter with
high NAO the previous year. Knowing that the NAO during the winter 1998-1999 was rather high, a high zooplankton
biomass may be expected in May 2000, 13-14 g m™ (Figure 2.2.5.1). The winter NAO for the winter 1999-2000 was
even higher than the previous year, ~4, and would predict a very high zooplankton biomass for May 2001.

Based on the major trends in the long-term herring growth data (Holst 1996), 5 to 6 years are typically needed to move
from periods of low growth to periods of high growth. Based on the long-term series of condition in the herring stock
and the recent development we are probably now entering a new period of above average growth. A reasonable
prediction would be that condition after the 2000 feeding season would lie somewhere between 0.85 and 0.91, when no
other data then the individual herring condition time series is taken into account.

The correlations we revealed between zooplankton biomass and herring growth and between zooplankton biomass and
the NAO suggested that a relationship between the herring condition index and the NAO might exist. For both indices
the available time series are much longer than the zooplankton biomass time series, which is limited to the years after
1994. The time series for the herring condition index was recalculated for the period from 1991 to 1999 (this index is
now being reconstructed back to the 1930’s). A regression of the herring condition index on the winter NAO the
previous year explained more than 80% of the variation in the data, if the year 1996 was excluded from the data set
(Figure 2.2.5.2). The reason why herring condition in 1996 appeared to be lower than predicted from the NAO is not
clear, but also the zooplankton production this year was lower than what could be predicted from the NAO. The winter
NAO is known at the end of March, possibly even earlier, and offers the opportunity to predict the herring condition in
the autumn of the following year (18 months). Thus, the herring condition index for 2000 is predicted to be 0.87 in
2000, and assuming that the winter NAO for 2000 was 4, the condition index for 2001 will be 0.90.

Conclusions:

e A direct relationship between zooplankton biomass in July and the zooplankton biomass in May the following year
is suggested by the time series from 1994 to 1999.

. The relationship predicts herring feeding conditions (zooplankton biomass in May) to be good in 2000, and the
herring condition in the autumn 2000 to be high.

. The winter NAO is directly related to zooplankton biomass in May and herring condition the following year.

. The winter NAO predicts zooplankton biomass between 13 and 14 g m? in May 2000 and herring condition index
to be 0.87 in the autumn 2000.

. The winter NAO predicts herring condition index to be 0.90, close to the maximum for the years available, in the

autumn 2001.
2.3 Icelandic Waters
2.3.1 Hydrography and climate

Due to the proximity of the oceanic Polar Front in the northern North Atlantic, hydrographic conditions in the sea north
of Iceland are highly variable. Changes in intensity of the influx of Atlantic water and/or variable admixture of polar
water to the surface layers north of Iceland may lead to marked fluctuations in temperatures and salinities, both in space
and time. Off the south and west coasts, where Atlantic water predominates, fluctuations are much smaller.

Climatic conditions in the North Atlantic improved greatly around 1920 and remained good until the mid-1960s when
they deteriorated suddenly. In the area north and east of Iceland temperature and salinity declined sharply in 1965 and
these severely cold conditions lasted until 1971. After that, climatic conditions of the area north and east of Iceland
improved again but have been variable and warm years have alternated with cold years.

During the last 3 years, there has been a pronounced increase in the intensity of the Irminger Current south and west of
Iceland, resulting in temperatures and salinities similar to those recorded in these waters in the 1950s and the early
1960s. There were no signs of a reduction of this flow of warm water off South and West Iceland throughout 1999. In
spring 1999, an inflow of Atlantic water to the north Icelandic area was quite pronounced and the cold East Icelandic
Current was weaker and farther offshore than at any time since 1964. This situation still prevailed during the quarterly
surveys for monitoring environmental conditions of Icelandic waters in August and November 1999 and in February
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2000. The February 2000 survey also recorded considerable amounts of Atlantic water north of Iceland, which is
unusual for that time of the year. The present situation will probably persist throughout 2000 since this large current
system is quite stable with changes normally taking months or years.

Nevertheless, there can be large variations of temperature and salinity in the area north and east of Iceland, due mainly
to variability in cloud cover and the prevailing wind direction. Such variations mainly effect the uppermost 50-100 m of
the water column and may to a large extent mask the beneficial effects of the warm water inflow from the south and
west.

Average values for temperature and salinity in May/June from a standard section (Siglunes) off the central north coast
of Iceland are shown for the period 1952-1999 in Figure 2.3.1a and b respectively.

2.3.2 Phytoplankton

The fresh surface layer reduced the positive effects of the warm Atlantic water north of Iceland considerably in 1997
and to a lesser extent in 1998. This layer was, however, pushed northward by the larger warm water influx in 1999 and
in February 2000 there still was mixed water of high salinity in the area north of Iceland. Experience shows that such
mixed water makes for quicker renewal of nutrients and increases primary production during the growth season.
Therefore, a high nutrient content and phytoplankton production is expected in the area north of Iceland in spring and
summer of 2000.

2.3.3 Zooplankton

In the area north of Iceland, zooplankton biomass is significantly higher during years with a strong inflow of Atlantic
water than in years when Atlantic inflow is weak and salinity lowered in the surface layer. The continued strong inflow
of Atlantic water to the north Icelandic area therefore indicates that zooplankton biomass will be above average in
spring and summer 2000.

Long-term changes of zooplankton biomass north of Iceland are shown in Figure 2.3.1c. The values represent averages
of all stations on the Siglunes section. In north Icelandic waters, the high values of zooplankton in the beginning of the
series dropped drastically with the onset of the Great Salinity Anomaly of the 1960s. Since then zooplankton biomass
has been highly variable.

2.34 Herring migrations

Prior to the cold period which began in the mid-1960s, the shelf waters north and east of Iceland as well as the oceanic
area between Iceland and Jan Mayen constituted a major part of the feeding grounds of adult Norwegian spring
spawning herring. The low temperature of Icelandic waters, the Iceland Sea and adjacent areas in the late 1960s, made
them inaccessible to these herring and displaced their feeding grounds eastwards into the Northwestern Norwegian Sea
and, finally, northeast to the area west of Bear Island and Spitzbergen. Concurrently, the exploitation rate of the herring
stock increased greatly and the stock collapsed (Dragesund et al. 1980).

During the 1970s and most of the 1980s, stock abundance was low and the Norwegian Spring spawning herring had no
need for extensive feeding migrations to fulfill their food requirements. However, with the maturation of the large
1983 year class and its descendants from 1991-1993, stock abundance increased rapidly in the late 1980s and the 1990s
(cf. Figure 3.5.6.1b).

Although the Norwegian spring spawning herring resumed their feeding migrations westward into the Norwegian Sea
around 1990, these migrations did not reach as far to the west as during the warm period prior to the mid-1960s.
During the early 1990s, on approaching the eastern boundary of the cold East Icelandic Current in May, the herring
generally turned north and northeast and arrived in the area northwest of Lofoten in August-September.

However, with the improvement of the marine climate north and northeast of Iceland since 1996, Norwegian spring
spawning herring have begun to reappear in the waters east, northeast and even north of Iceland. Thus, some herring
schools were located north of Melrakkaslétta (NE-Iceland) where a catch of 130 t was taken in July 1997 (Vilhjalmsson
etal. 1997), and in 1998 a fishery was conducted off NE-Iceland as well as the eastern northcoast in June and early July
(Holst et al. 1998). In June 1999 part of the stock, consisting of old and large herring, migrated west at approximately
68°N. In early July these herring were located between 14°30°W and 16°W and fished upon by Faroese vessels for a
short period (cf. Figure 3.1.2.2.1). Furthermore, a few Norwegian spring spawning herring were taken as bycatch in the
capelin fishery near 68°N, 18°W around mid-July.
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It seems therefore that, due to the improvement of the marine climate in the last three years, the herring have been able
to migrate considerably farther west and enter the area to the northeast and north of Iceland. However, it is equally
clear that the herring only stayed in these waters over a short period and then migrated northeast just south of the Polar
Front (Holst et al. 1999).

2.35 General summary

The increased intensity, heat content and salinity of the Irminger Current has, through its eastern branch, resulted in an
improvement of the ocean climate north and east of Iceland. The simultaneous increase in the intensity of the very cold,
south flowing East Greenland Current in 1997 and 1998 apparently hindered to some extent the eastward flow of
Atlantic water off the north coast of Iceland, thereby augmenting the branch flowing west across the northern Irminger
Sea towards Greenland. Furthermore, this situation caused periodic fluxes of cold, low salinity water into the near-
surface layer over the shelf north and east of Iceland. However, in 1997 and 1998 the temperatures of the East Icelandic
Current were higher, its southern and western boundary east of Iceland located farther offshore and to the north as
compared to most recent years. On the other hand, Atlantic water predominated in the shelf area north of Iceland during
spring, summer and autumn of 1999 and this situation still prevailed in February 2000.

Although the zooplankton biomass north of Iceland in the spring of recent years has not reached the pre-1965 levels,
the increase is substantial as compared to most years in the period 1965-1990.

Improvements of the marine climate to the east, northeast and north of Iceland in 1997-1999 have enabled the
Norwegian spring spawning herring to migrate farther west than they had during more than three decades.
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Table 2.1.3.1 The Northeast Arctic cod stock’s consumption in 1000 tonnes of main prey species in 1984—1999.

Prey species

Year Amphipod  Krill Shrimp  Capelin  Herring Polar Cod Haddock  Redfish Others Total
cod

1984 27 114 443 735 80 15 22 51 370 512 2369
1985 172 58 157 1640 185 3 32 47 227 1173 3695
1986 1232 109 143 844 135 142 83 110 316 670 3784
1987 1064 66 189 226 32 202 25 4 318 668 2794
1988 1228 316 128 334 8 90 3 220 406 2743
1989 816 243 133 585 3 32 11 234 733 2797
1990 137 83 193 1594 7 6 19 15 241 1571 3866
1991 66 76 188 2894 8 12 26 20 309 1098 4697
1992 103 159 376 2463 331 97 54 106 188 1041 4920
1993 254 720 317 3058 165 278 285 72 100 790 6039
1994 579 725 532 1115 150 604 235 50 80 691 4761
1995 981 519 368 638 115 256 393 117 194 861 4441
1996 637 1181 349 555 48 106 552 70 98 676 4272
1997 391 537 324 950 6 120 360 43 38 528 3298
1998 377 463 338 775 96 160 187 37 13 491 2936
1999 154 284 242 1407 153 168 96 38 22 670 3234

Table 2.1.3.2 Annual consumption (1000 tonnes) by minke whales and harp seals in the Barents Sea. The minke
whale calculations are based on data from 1992-1995, while those for harp seals are from 1990-1996.
For harp seals, the most conservative estimates in Nilssen et al. (2000) are used.

Prey Minke whale Harp seal consumption Harp seal consumption
consumption (low capelin stock) (high capelin stock)

Capelin 142 23 812
Herring 633 394 213
Cod 256 298 101
Haddock 128 47 *
Krill 602 550 605
Amphipods 0 304 313%**
Shrimp 0 * *
Polar cod * 880 608
Other fish 55 622 406
Other crustaceans 0 356 312
Total 1817 3491 3371

* indicates that the prey species is included in the ‘other’ group for this predator.

** only Themisto.
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Figure 2.1.1.1. Temperature and salinity anomalies in the Norway-Bear Island section during the period 1977-2000.
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Figure 2.1.2.1. Size separated zooplankton biomass, gm™, from bottom-0 m, mean values for the whole Barents Sea,
from 1994-99.
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Figure 2.1.2.2. Mean values of size separated zooplankton biomass, gm™, from bottom-0 m in the regions 2-8 during the
period 1987-1999.
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Figure 2.2.1.2. Winter (December-March) North Atlantic Oscillation index (NAO).
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Figure 2.2.2.2. Year to year variation in the different phases of the development of phytoplankton at Weather Station
Mike in the period 1991 to 1999. Circles: winter phase; squares: pre-bloom phase; diamonds: spring bloom. Continuous
lines represent the average for each period. Broken lines represent one standard deviation for each period.
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Figure 2.2.3.1. Zooplankton biomass (dry weight) in the upper 200 m in May. A: Arctic influenced water (salinity <35,
west of 1.4°E). B: Atlantic water (salinity >35). B: Norwegian Coastal water (salinity <35, west of 1.4°E). Error bars:
95% confidence limits.
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Figure 2.2.3.2. Zooplankton biomass in July-August in the eastern Norwegian Sea (0-200 m). Integrated biomass within
a fixed geographical region divided by its area.

Figure 2.2.4.1. Individual weight to length ratio (herring condition index) for Norwegian spring spawning herring. Data
from September, October, and November, for herring 30-35 cm body length. Error bars: 95% confidence limits.
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Figure 2.2.4.2. Zooplankton biomass (dry weight) in Atlantic water in the Norwegian Sea in May (0-200 m) and
herring condition index (individual weight and length ratio, September-November, 30-35 cm). Error bars: 95%
confidence limits.
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Figure 2.2.5.1. Upper panel: Zooplankton biomass in July (year n) vs. zooplankton biomass in May (year n+l)
(squares). Prediction of biomass May 2000 from biomass in July 1999 (circle) using estimated linear relationship.
Lower panel: Winter (December-March) North Atlantic oscillation index (NAO) (year n) vs. zooplankton biomass in
May (year n+1) (squares). Prediction of biomass May 2000 from NAO during December 1998 to March 1999 (circle)

using estimated linear relationship.
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Figure 2.2.5.2. Herring condition index (year nt1) vs. winter NAO (year n). The 1996 was considered an outlier and
excluded from the data set prior to estimation of the linear relationship. Prediction of herring condition in the autumn
2000 and 2001 from NAO during winter 1999 (square) and 2000 (diamond), respectively.
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3 NORWEGIAN SPRING-SPAWNING HERRING
3.1 TAC and Fisheries
311 TAC agreements for 1999 and 2000

At a meeting in Reykjavik in October 1998 the Regional Management (Coastal states European Union, Faroe Islands,
Iceland, Norway and Russia) Organization agreed to limit their catches to 1.3 million t in 1999.

At the corresponding annual meeting in Torshavn in October 1999 the Parties agreed to limit their catches to 1.25
million t in 2000.

3.1.2 The Fisheries
3121 Description of the fisheries in 1999
Denmark: No information was received on the Danish fishery.

The Faroes: The Faroese fishery started in late February in the Norwegian zone (outside the Moare area from 62°N to
63°N). In May the catches were taken in the central part of the Norwegian Sea and later during the summer the fishery
moved northwards into the Jan Mayen area. In August the catches were taken in international area and later the fishery
continued in the area west of Lofoten, northern Norway. A new element in the 1999 fishery was the occurrence of
herring in the northern part of the Icelandic zone in July as far west as 18°W, where approximately 6 000 t were caught.

France: There was no information of a French fishery in 1999.
Germany: There was no information of a German fishery in 1999.

Iceland: The fishery started in the second week of May in international waters near 68°N, between 1°E and 1°W.
During the following two weeks, the fishery followed this component of the stock migrating slowly in a south-westerly
direction. Generally, the schools were unstable and stayed at depths between 150 and 300 m, except for a few hours
around midnight when some of them ascended to the near surface layer. For these reasons, catch rates were low and by
about 25 May this phase of the fishery ended in international waters near 66°30°N, 2°W. In the last week of May, large
fishable herring concentrations were located in the area from 68°N and 68°30°N, between about 1°W and 3°W, mainly
in the Jan Mayen EEZ. Of the May catch of about 55 000 t, some 47 000 t were taken north of 68°N, the largest part of
that in the Jan Mayen EEZ. The remainder was taken in international waters. From the end of May until 10-15 June the
fishery followed these herring, as they migrated, first to the southwest and then north-westwards, mainly in the
southernmost part of the Jan Mayen EEZ. Around mid-June, large herring concentrations were located approximately
30 nautical miles southeast of Jan Mayen. The fishery soon shifted to this area and then followed these herring as they
migrated quickly to the northeast. The Icelandic fishery ended in late June at approximately 73°N, 4°E. The total catch
in June was about 148 000 t. Of this about 2 700 t were taken within the Icelandic EEZ, just south of 68°N, and about
9 000 t in international waters north of 72°30°N. Thus, the total Icelandic catch in May-June 1999 amounted to some
203 000 t which corresponds to the Icelandic share of the total TAC set for the 1999 fishing season.

Ireland: The Irish fishery was carried out in the Norwegian Sea. Only two vessels using midwater trawls took part in
the fishery. All the catches were taken in May, and the total catches were 2 412 t.

Netherlands: The Dutch fishery occurred in May-June in international waters.

Norway: By far the larger part of the Norwegian fishery takes place in Norwegian coastal waters where the herring
winters in the period from September until March. The herring occurs in concentrations that are easily available to the
fishery. The fishery is carried out by many size categories of vessels. In 1999 approximately 160 000 t were caught in
the wintering area in Northern Norway, and 90 000 t in the spawning season. Approximately 10 000 t were caught in
the spring/summer fishery in the Norwegian Sea, and the remaining part of the Norwegian quota (approximately
480 000 t) were taken in the period September-December on the herring migrating to, and wintering in, the wintering
areas in Northern Norway.

Russia: In 1999 the Russian vessels started fishing of the herring within the shelf region of the Norwegian EEZ, near
Sklinna and Halten Bank (approximately 65° N) and Langrunnen Bank (approximately 62° N) in the beginning of
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February. In March the fishing occurred in the same regions. In February and March the catch was 72 404 t. In May-
June two vessels conducted fishing in the northern part of the international area in the Norwegian Sea in region of the
Polar Front. In May-June the catch was 7 911 t. In July one vessel caught herring in the Norwegian EEZ near the
Fugloy Bank and to the northeast of the EEZ of Iceland. In mid August the fishery started in the eastern part of the
international area in the Norwegian Sea, near the boundary of the zone of Spitsbergen. At the end of this month Russian
vessels followed the southward migrating fish and transferred their fishery to the Norwegian EEZ. In September the
fishery of the herring was prolonged in the EEZ of Norway. The herring migrated on a southwest, along the depths of
the continental sloop. The basic group of vessels conducted fishery to the west off Lofoten islands. The herring now
migrated rapidly to the region southwest of the Vestfjord. In August and September the catch was 76 870 t. The entire
Russian catch was utilized for human consumption.

Sweden: No information was received on the Swedish fishery.
UK (Scotland): The UK fishery increased from 15 978 tin 1998, to 19 207 t in 1999.

Catches by ICES rectangles and quarters for the Russian, Norwegian, Faroese and Icelandic fisheries are shown in
Figures 3.1.2.1.1 - 3.1.2.1.4, and Figure 3.1.2.1.5 shows the general distribution of the fisheries and the migrations of
the adult stock in 1999.

3.2 Catch Statistics

The total annual catches of Norwegian spring-spawning herring for the period 1973-1999 (1999 preliminary) are
presented in Tables 3.2.1 (by fishery) and 3.2.2 (by country).

The Working Group noted, with frustration, that very few of the nine nations participating in the international fishery
for Norwegian spring-spawning herring in 1999 seem to have carried out an adequate sampling of their fishery (Table
3.2.3). This situation lowers the quality of the catch at age data for Norwegian spring-spawning herring.

The Working Group noted that in this 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 later years. 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).

The combination of national catch-at-age and weight-at-age data for 1999 to obtain the total international catch-at-age
and weight-at-age was done using the computer programme described in a WD by Patterson. The official catch,
sampled catch and catch as used by the Working Group, together with number of samples, catch-at-age and weight-at-
age for each fishery are given in Tables 3.2.3 and 3.2.4. The allocation of catches for which no samples were taken and
the final catch-at-age and weight-at-age by ICES area is given in Table 3.2.5. This was in general a difficult task, since
no information on time; area etc. was available for several of the non-sampled fisheries.

Russia and Faroe Islands presented some samples of their catches. However, these were few and not systematically
sampled throughout the year and from different fishing areas. It was therefore decided not to use these samples in
calculating the catch in number.

In general it was decided to use the Icelandic age distribution and weights for all the unsampled fisheries in the
Norwegian Sea in period 2, and to use the Norwegian age distributions and weight keys for un-sampled fisheries for the
rest of the year. An exception from this is the Faroese catch in areas Vb and XIVa. Here age distribution and weights
from a biological sample taken by an Icelandic research vessel operating in the same area was used.

Netherlands provided age distributions with a younger plus-group (9+) than used by the Working Group. The Dutch
catches were distributed on older age groups according to the age distribution found from the Icelandic age distribution
and weight keys from the Icelandic fisheries in the Norwegian Sea.

In addition to the sampling described in Table 3.2.3, size group information is used to calculate the Norwegian catch in
number. A major part of the Norwegian catches (2 629 samples representing 440 594 t or 60% of the total Norwegian
catch in 1999) which are used for consumption, are divided into 5 size groups as follows:

24 O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc



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 sub-samples of the catch during
the production process. These percentages are registered by the sales organisation. The age composition within each
size group is from the age-sampled catches, and the total catch in number calculated.

3.3 Surveys
3.3.1 Spawning areas

An acoustic survey was carried out in the spawning area in the time period 15.02-26.03 2000 (WD by Slotte and
Dommasnes). The abundance estimate is given in Table 3.3.1.1. The spawning area in 1999 stretched along the
Norwegian coast from 58°N to approximately 69°N.

3.3.2 Wintering areas

The wintering area was surveyed acoustically in December 1999 (WD by Rettingen). The abundance estimate obtained
during this survey is given in Table 3.3.2.1. There was no acoustic survey of the wintering area in January 2000 (Table
3.3.2.2).

3.3.3 Feeding areas

The feeding area in the Norwegian Sea was surveyed acoustically during the ICES co-ordinated herring survey in 23.04
- 02.06 1999 (Holst et al. 1999). The abundance estimate is given in Table 3.3.3.1.

3.34 Nursery area

The nursery area of the Norwegian spring-spawning herring is Norwegian fjord and coastal areas, and in 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.

Results from the Russian acoustic survey in the Barents Sea in June 1999 (WD by Krysov) are given in Table 3.3.4.1.

The results from the 0-group herring survey in Norwegian Fjords and Coastal areas are given in Table 3.3.4.2 and the
results from the joint Norwegian-Russian 0-group survey in the Barents Sea are given in Table 3.3.4.3.

3.35 Herring larval survey 2000

The larval survey in 2000 started on the inner stations of the Fugloya-Bjerneya section the 13th of April (WD by
Fossum). Herring larvae were found from the start of the survey (Figure 3.3.5.1). Between 10 to 1000*m™ were found
on the banks outside Senja, Vesterdlen and at the Restbank. These larvae were in the later yolksac stages, and in the
first post yolksac stage. Farther south there was an area without larvae (66"-68°N), and in contrast to the period 1993-
1994 few larvae were found between 64°-66°N. The larvae in this area were large and in the first post yolksac stages,
when the yolksac is resorbed and the dorsal fin starts to develop. At this stage they have started to grow and are beyond
the most critical stage for starvation.

In 2000 the main distribution of herring larvae were found farther south than what has been observed during the period
1993-1999, and most larvae were found between Stad and the Froyabank (62°-64°N) similar to the period before 1993.
These were also relatively large larvae in the first post yolksac stage. The index (index 1) estimated for the area 60°-
68°N is shown in Table 3.3.5.1 and was calculated to be 19.8x10'%, which is close to what was found in 1999, but much
lower than in 1997 and 1998. The mean size of the larvae was 13.5 mm (standard length), the highest recorded since the
start of monitoring in 1985, which is a very positive signal for the recruitment of NSS-herring in 2000.
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The larval production index (index 2) is the estimated backcalculated number of newly hatched larvae. The
backcalculation is based upon the age of the larvae estimated from their developmental stages and 10% daily mortality.

34 Tagging Experiments

No herring were tagged in 1999, but 29 350 herring were tagged in March-April 2000. Recovery of tags from
supervised detector plants has continued, as well as recovery from the standard magnets in the production line of fish
processing plants and from individuals (WD by Dommasnes).

During the tagging process, the total length of the herring is measured. For each purse seine catch that is used for
tagging, a sample of 100 fish is taken to determine the age distribution within each length group. The age composition
in this batch of tagged herring is then estimated from the age distribution in the sample.

If it is later found, from the age composition or other criteria, that a batch of tagged herring may have contained herring
from one of the local stocks in the fjords, this batch is not used for stock assessment.

Recoveries are made from commercial catches passing through tag detectors installed at fish processing factories.

For stock assessment purposes, tags are used only from supervised factories where detector efficiency has been tested,
and where it is known that the detectors have been working as intended. Two factories filled these criteria in 1998, and
a total of 59.355 million herring (18 077 tonnes) were screened at these factories. Magnet efficiency in 1999 has been
100% except for two catches where the efficiencies were 70% and 80%, respectively. For these two catches the number
of herring screened was reduced corresponding to the efficiency before being included in the total. The numbers of fish
screened given in Table 3.4.1 are thus corrected for efficiency.

All tagged herring which were recovered were measured, weighed, and aged.

In 1999, 51 tags were recovered from the year classes 1983+, 1986-89, 1990, 1991 and 1992 that filled the criteria
above.

Tables of tagging data updated with recoveries in 1999 are given in Table 3.4.1 for year classes 1983+ aggregated and
year classes 1986-1989 aggregated, as well as for the year classes 1990-1993.

In the 1999 Working Group a number of corrections were made in the data files, as a result of efforts to find and correct
errors in the raw data. The intention was that this would be a onetime effort, and that no further corrections were to be
done in data that were already entered in the files. However, work with the data this year has brought to light new errors
in the data , which have been corrected. The errors are listed below, and data that have been corrected are indicated with
grey background in Table 3.4.1 in this report.

1)  With reference to Table 3.4.1 in the 1999 WG report, in the table with heading "Tagging data for the 1986-89 year
classes" a block of data was repeated from the corresponding table above ("Tagging data for the 1983+ year
class"). This was due to faulty references in a spreadsheet.

2)  With reference to Table 3.4.1 in the 1999 WG report, in the table with heading "Tagging data for the 1983+ year
class" the number of recoveries in 1997 from the 1989 release should be corrected from 2 to 1.

3)  With reference to Table 3.4.1 in the 1999 WG report, in the table with heading "Tagging data for the 1991 year
class", the number tagged in 1995 should be corrected from 33 995 to 21 528.

35 Stock assessment
35.1 Models for stock assessment

The model used for tuning the historic abundance by age to survey observations and tag data is essentially the same as
the model used during the 1999 meeting. The survey observations are assumed gamma distributed with a constant CV
and the probability of tag returns is assumed to follow the Poisson distribution. However, one important modification to
the software was made. It is observed that the 1985 year class is much weaker than the 1983 year class before age 13,
after which it increases markedly relative to the 1983 year class. The most likely reason for this is the problem
distinguishing age rings when the fish are older (WD by Tjelmeland). Therefore, fish older than 13 years were pooled
both in the survey and in the VPA before the calculation of terms in the likelihood function was carried out. The age
reading difficulty also affects the catch data. In the year the 1983 year class was 13 years old, the ratio between the
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catch of the 1983 year class and the catch of the 1985 year class was calculated and applied to older ages in the same
cohorts to redistribute the catch. The tagging data for the 1984 and 1985 year classes were added to the 1983 year class
for consistency.

Assuming the same shape for the distribution of all survey data is unsatisfactory because the real uncertainty will
depend on the biological sampling and density of cruise tracks for each particular cruise. Also, as was pointed out last
year (ICES CM 1999/ACFM:18), year to year environmental effects may influence the surveys. These specifics should
be accounted for in the observation model. Co-operation between IMR and Norwegian Computing Centre has resulted
in a statistical model for the cruises in Vestfjorden, that is based on parametric bootstrap of biological data and
acoustical data (WD by Hest et al). This work is premature for including in the assessment at the moment because
presumably other important effects such as day-night asymmetry are not yet are included. But the WG considered this
approach a promising step towards removing as many subjective assumptions from the assessment as possible.

3.5.2 Input data

The year and age range, natural mortality and handling of missing data in the catch at age matrix were unchanged from
last year.

The analysis was run for ages 0 to 15 with a 16+ group. Historic populations in the plus-group were calculated
independently of the VPA populations based on the catch equation, the fishing mortality on the last true age and the
estimated catch at age in the plus-group in the conventional fashion. M is set equal to 0.15 for ages 3 and older and 0.9
for ages 0 to 2 in all years. The proportion of F and M before spawning is set to 0.1.

The catch at age, weight at age in the stock and in the catch and maturity ogive for the period 1950-1998 are given in
Tables 3.5.2.1-3.5.2.4.

3521 Survey data

The same surveys as used at previous WG meetings were used also this year, i.e. the Barents Sea surveys in May-June
were not included (Tables 3.3.1.1, 3.3.2.1, 3.3.2.2, 3.3.3.1 and 3.3.4.1). The age groups included in the tuning are age 4
and older in the December survey and age 5 and older in the other surveys. During the 1997 meeting of this WG (ICES
1997/Assess:14) age 4 in the December survey in 1996 and the observations of the 1991 year class in January 1996 and
in the survey on the spawning stock in 1996 were perceived as outliers because of the noise they generated in the
assessment and were consequently excluded from the analysis. These points were excluded also in 1998, 1999 and at
the present meeting. Also, acoustic data earlier than 1991 were excluded in 1998 because the WG then felt that the
different acoustic equipment before 1991 made the earlier points incomparable to those from 1991 and later years. An
exploratory run not listed in this section shows, however, that the effect of the outliers is relatively small this year. This
is probably due to more data points added after the 1998 or generally more stability in the tuning.

3.5.2.2 Tagging data

In addition to the tagging data that were used at the WG meeting in 1999, data for the 1992 and 1993 year classes were
included in the likelihood function (data in Table 3.4.1). The first recoveries used were those obtained three years after
release, in contrast to 1999 assessment, where the first tagging data used were two years after release for the 1983 year
class and three years after release for younger fish. Independent analyses showed that using tag returns from the first
time three years after release generally gives a better fit to expected returns than using the data for the first time two
years after release (ICES 1998/ACFM:18). Data for the 1984 and 1985 year classes were also included this year, and
the 1983, 1984 and 1985 year classes were treated as a group.

3.5.2.3 Larval indices

The larval index considered by the WG last year was included in the tuning this year. In addition, a larval production
index was considered (Table 3.3.5.1).

O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 27



3.5.3 Implementation of acoustic surveys and tagging data in the assessment model
3531 Survey structural relationship and inclusion of data in the likelihood function

The survey structural relationship is unchanged from last year. Also this year only terminal F-values for the most
abundant year classes were included among the free parameters to be estimated, and only these year classes
(1983,1990,1991 and 1992) were included in the likelihood function. However, the 1993 year class was added to the
tuning this year. Also for this assessment the terminal F-values for the non-tuned year classes were linearly interpolated
between the terminal F-values for the year classes included in the tuning.

The reason for including only the larger tuned year classes in the likelihood is that the larger relative error for the catch
at age of small year classes may unduly influence the assessment. After this amendment was made the assessment
became more stable than it was at the 1997 meeting. The WG wants, however, to investigate this more thoroughly and
formally, for which there was no time at the meeting. This work will be undertaken intersessionally by two of the WG
members.

3.5.3.2 Probability of tag recovery

The assumption that the probability of tag return follows the Poisson distribution used last year was assumed also for
this meeting.

3.54 Stock assessment

The equations for fitting the VPA to the survey data and tagging data were described in the report from the 1998
meeting of this WG (ICES 1998/ACFM:18). Eight exploratory runs were made.

The parameters estimated in the run considered the most appropriate by the WG were:

Catchability of the survey on the spawning grounds
Catchability of the December survey in Ofoten

Catchability of the January survey in Ofoten

Catchability of the international survey in the Norwegian Sea
CV of the survey probability distributions

Catchability of the larval survey index

F in the last year of catch data for the 1983 year class not being in the plus-group (1998)
F in the last year of catch data for the 1990 year class

F in the last year of catch data for the 1991 year class

F in the last year of catch data for the 1992 year class

F in the last year of catch data for the 1993 year class
Survival of tagged fish in the tagging year

Altogether 12 parameters were estimated.
The following exploratory runs were made:

Run 1. The 1983 and 1985 year classes were pooled as described in Section 3.5.1. The first year the tag return data were
used was two years after release. The year classes 1983, 1990, 1991, 1992 and 1993 were included in the tuning.

Run 2. With respect to Run 1 the 1993 year class was not used in the tuning.

Run 3. With respect to Run 1 the first year for using tagging data was three years after release.
Run 4. With respect to Run 1 the larval production index was used in the tuning.

Run 5. With respect to Run 1 the larval index was used in the tuning.

Run 6. Combining Run 3 and Run 5.

28 O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc



Run 7. Previous year, not using tagging data. The 1983 and 1985 year classes were pooled.
Run 8. Previous year, not using tagging data. The 1983 and 1985 year classes were not pooled.

These runs are summarized in Table 3.5.4.1. The differences in estimates of the spawning stock size in 2000 among
runs are quite small compared to past assessments, which gives some confidence regarding the robustness of the model.
To give a feel for the uncertainty connected to the various data sources the summed log-likelihood divided by the
number of terms together with the number of terms is tabulated. The variance would not be as informative because it
does not have a direct bearing on how the data affect the likelihood since gamma and Poisson distributions are used, not
the normal distribution. The difference between Run 7 and Run 8 shows the effect of pooling the 1983 and 1985 year
class.

The WG considered Run 6 which combines leaving the tagged fish one year more in the sea with the larval index to be
the most appropriate. Leaving tags three years in the sea provides for a better blending of tagged fish with the total
population which may be the reason for the better fit (higher likelihood). The extra year of larval data makes the trend
in the larval index in the later years more in accordance with the trend in the spawning stock. The WG considered it
very valuable to include more independent information into the assessment. Figure 3.5.1 shows the larvae indices
together with the fitted spawning stock from Run 4 and Run 5.

Figure 3.5.2 shows a scatterplot of the cumulative density points when all the survey data and all the tagging data have
been pooled separately. If the distribution of the data comply with the distributional assumption made the distribution
should be uniform in each point on the x-axis. This is reasonably well achived, except there is a narrowing of the
distribution for larger expected values. The tagging data seem uniformly distributed for tag returns of 10 and less while
it is shifted towards higher CDF values for larger number of tag returns. The chosen distributional assumptions seem to
work reasonably well, although there seem to be some room for improvement. The choice of distributional function was
addressed by this WG last year (ICES CM 1998/ACFM:18) where it was concluded that the gamma distribution with
constant CV was preferable to the gamma distribution with constant variance or the log-normal function. However, this
question might be considered further as more data points are obtained.

354.1 Retrospective analysis

Using the same assumptions as used in Run 6 the assessment year was set to 2000, 1999, 1998, 1997, 1996 and 1995.
Year classes that were younger than 7 years in the assessment year were deleted from the tuning, in accordance with the
assessments made in 1999 and 2000. Figure 3.5.3 shows the resulting retrospective plot. It should be born in mind that
the younger age groups that are assessed with the RCT3 program are not included in the analysis.

The stock has been lowered by the present assessment with respect to a similar assessment made in 1999 but increased
with respect to similar assessments made earlier than 1999. Since acoustic data are used only from 1991 the data
support for the model becomes poor when going some years back, which may be the reason for the deviating historic
values for similar assessment that would have been made in 1997 and 1996.

3.5.4.2 Stock assessment by ISVPA

Being nonseparable, the model presently used for stock assessment produces the solution for terminal years mostly on
the basis of auxiliary information. In the ISVPA model (described in more details in section 6.4.5) only catch-at-age
data are used and its solution is based on robust procedures. In the assessment catches for age groups older than 13 were
pooled. The procedure of stock assessment is similar to described in section 6.4.5, except that preliminary filtering of
catch-at-age matrix was not used because the loss function revealed a distinct minimum just for initial data. (Figure
3.54.2.1).

The results of stock assessment since 1991 are given in Table 3.5.4.2.1. The spawning stock estimate for 1999 is 8.7
million tonnes. This estimate is rather close to estimates of spawning stock for this year obtained earlier by the WG
(ICES 1999/Assess:18). The WG express interest in trying different methods and encourages the inclusion of auxiliary
information into ISVPA, as well as, possibly, separability of the model presently used for Norwegian spring spawning
herring stock assessment.
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Year B(2+) SSB F mean
th.t. th.t. (5-12)
1981 1388.9 1189.1 0.097
1982 1215.1 1079.3 0.06
1983 1161.8 1056.9 0.146
1984 967.3 872.4 0.176
1985 4084.9 656.1 0.609
1986 3729.7 652.1 0.961
1987 7114.7 2120.9 0.479
1988 7385.4 6424.5 0.508
1989 7290.2 6449.1 0.108
1990 7324.1 6261.3 0.123
1991 6564.5 6155.9 0.045
1992 6721.8 5816.8 0.045
1993 7843.6 5092.6 0.022
1994 10515.5 52213 0.069
1995 11918.6 5037.4 0.110
1996] 12578.8 5799.2 0.148
1997] 11728.8] 10423.5 0.317
1998] 10165.0 9495.3 0.261
1999 9397.4 8738.6 0.207

Table 3.5.4.2.1. Norwegian Spring-Spawning Herring.
Results of stock assessment by means of ISVPA
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Figure 3.5.4.2.1. Profile of ISVPA loss function as function of terminal effort

factor for Norwegian spring spawning herring
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3.5.5 Assessment of the 1994 and younger year classes

The RCT3 program was used for predicting the abundance of the 1994-1999 year classes, which were not predicted by
the assessment model above.

The following survey estimates were used in the RCT3 program:

Acoustic survey of the spawning stock in February-March, age 4 (Table 3.3.1.1)
Acoustic survey in the wintering areas in December, age 3 (Table 3.3.2.1)

Acoustic survey in the wintering areas in January, age 4 (Table 3.3.2.2)

Acoustic survey in the Barents Sea in May-June, ages 1 and 2 (Table 3.3.4.1)
International 0-group survey in the Barents Sea in August-September (Table 3.3.4.3)

As last year, the acoustic survey of 0-group in Norwegian coastal waters in November-December (Table 3.3.4.2) was
excluded from the RCT3 analysis. The default settings in the RCT3 program were used. The input data are given in
Table 3.5.5.1 and the results of the analysis are given in Table 3.5.5.2. The year class strength of the 1994-1999 year
classes at age 3 (billion) is given in the text table below, together with the estimates of those year classes made by last
year’s Working Group.

Year class 2000 WG 1999 WG
1994 2.143 2.905
1995 1.400 1.561
1996 6.238 5.144
1997 4.619 3.655
1998 13.171 5.908
1999 3.679 -

Data from acoustic surveys in 1990 and earlier years were excluded from the analysis, as discussed in Section 3.3.4.
Given the highly variable recruitment in this stock, the Working Group considered that using the RCT3 estimates would
be preferable to using the assumption of a mean value for forthcoming recruitment.

3.5.6 The final VPA

The final VPA was run using the values of terminal F in 1999 from the Working Group’s best estimate (Run 6)
described in Section 3.5.4 for the 1993 and older year classes. The fishing mortality on the 1983 year class in 1998 was
set equal to that of the 1985 year class in the same year. The fishing mortalities for the 1994—1997 year classes in 1999
were adjusted so that the abundance at age 3 of those year classes are the same as those predicted by RCT3. The fishing
mortalities and stock numbers are given in Tables 3.5.6.1-3.5.6.2, while the stock biomass at age and spawning stock
biomass at age are given in Tables 3.5.6.3-3.5.6.4. A summary of landings, fishing mortality, stock biomass, spawning
stock biomass and recruitment is given in Tables 3.5.6.5 and 3.5.6.6, for recruitment at age 0 and 3 respectively, and
Figure 3.5.6.1. Plots of recruitment at age 0 and age 3 vs. spawning stock biomass are given in Figure 3.5.6.2 and
3.5.6.3. Following the advice given by ACFM at its November 1995 meeting, it was decided to use Fs_4 weighted by
the population number (hereafter denoted as Fs.4,) as the reference F for this stock. The Fs 4, is given in Table
3.5.6.6.

3.5.7 Yield-per-recruit analysis

The yield per recruit analysis using the fishing pattern and stock parameters for 2000 (Table 3.6.1.1) gave an estimate of
F(.,1=0.22 (based on ages 3-16+), while F,,,, was not defined. Yield per recruit vs. F is plotted in Figure 3.5.7.1.

3.5.8 Extension of the time series back to 1907

Toresen and @stvedt (2000) present a VPA back to 1907. The Working Group regards this as an important step in the
process of extending the time-series on the biological data for the Norwegian spring-spawning herring stock. Attempts
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to include these data in the time series presented here failed due to technical problems with IFAP. Also, the new data
need to be evaluated by the Working Group before they are used to change the weight at age in the catch or to update
the stock/recruitment relation with pre-1950 data as a basis for the medium-term projections.

3.6 Short-term Prediction
3.6.1 Input data to the short-term prediction

These data are given in Table 3.6.1.1. The number at age at January 1, 2000, was taken from the final VPA for the year
classes 1997 and older. For the 1998 and 1999 year classes, values corresponding to the RCT3 estimate of year class
strength at age 3 were used. The weight at age in the stock in 2000 was set equal to the weight at age obtained from
biological samples taken during December 1999 and January 2000. The maturity at age in all years was set equal to that
observed for 1998 during the December 1997 survey. The weight at age in the stock in 2001 and 2002 was set equal to
the 2000 value, while the weight at age in the catch in 2000 and later years was set equal to the 1999 values. This is in
accordance with the prognosis of the development of the condition factor of herring, as given in Section 2.2.5. The
natural mortality was set to the same values as used in the assessment, i.e. 0.15 on ages 3 and older. The exploitation
pattern in 2000 and later years was set equal to 1999 exploitation pattern.

3.6.2  Results of the short-term prediction

Assuming that the internationally agreed TAC of 1250 000 t in 2000 is taken, this will cause the fishing mortality
(Fs.14,) to increase from 0.19 in 1999 to 0.21 in 2000. The effects of different levels of Fs.14, on the catch in 2001 and
on the stock and SSB in 2002 are presented in Table 3.6.2.1. Unweighted fishing mortalities are considered in the
following discussions.

The assessment shows that the spawning stock biomass decreased from 9.0 million tonnes in 1997 to 6.9 million tonnes
in 2000, and will decrease further to 6.1 million tonnes in 2001. From 2001 to 2002, the spawning stock biomass will
decrease for values of F above 0.16. The fishing mortality in 1999 of 0.19 is higher than the value of 0.12 obtained in
last year’s assessment. The agreed F of 0.125 will in 2001 correspond to a catch of 753 000 t.
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3.7 Assessment of uncertainty

Since there are no informative priors available and since the use of uninformative priors might give biased assessments
(WD by Schweder) the WG did not attempt to make a Bayesian analysis of the Norwegian spring spawning herring. A
bootstrap analysis (WD by Tjelmeland) has been performed where the survey data and the tagging data were resampled
from the distributions used in the tuning with applying the parameters as obtained using the original data. The
uncertainty in the catch data were perceived equal to the uncertainty in one large random sample from a perfectly mixed
population with 30 tagged fish per 1000 tonnes. This is a too optimistic assumption since the average number of tags
per 1000 tonnes turned out to be 15 (Table 3.2.3). Also the uncertainty connected to using samples from one area for
distribution of catch from other areas on age due to inferior sampling by many countries was neglected. The bootstrap
distribution which resampled only the tag returns was badly biased towards high values. The reason for this must be
investigated further before resampling tags is used in a full-fledged bootstrap analysis of the stock.

The WG failed at the meeting to produce a new uncertainty analysis of the estimate based on bootstrapping and Run 6
due to time constraints and lack of adequate computing power. The CV for the spawning stock calculated from
bootstrapping only survey data prior to the meeting is 0.17 (Figure 3.7.1). If the uncertainty in the estimate represented
by the uncertainty in the surveys is not small compared to the uncertainty represented by the uncertainty in tagging and
catch, the WG feels that a CV on 0.4 for the estimate as used in the previous WG meeting might be to high.
Furthermore, this number was based on the subjective feeling for the uncertainty generated by the large deviation
among assessments made with different assumptions at the 1997 WG meeting. At present time the assessment seems
more stable, as indicated by the small deviation among the different runs in Table 3.5.4.1.

3.8 Long-term Management Plan and Precautionary Reference Points

At the meeting in Torshavn in October 1999 (Section 3.1.1), the Regional Management (European Union, Faroe
Islands, Iceland, Norway and Russia) Organization for Norwegian spring-spawning herring agreed to implement a long-
term management plan consisting of the following elements:

1) Every effort shall be made to maintain a level of Spawning Stock Biomass (SSB) greater than the critical level
(Blim) of 2 500 000 t.

2) For the year 2001 and subsequent years, the Parties agreed to restrict their fishing on the basis of a TAC consistent
with a fishing mortality rate of less than 0.125 for appropriate age groups as defined by ICES, unless future
scientific advice requires modification of this fishing mortality rate.

3) Should the SSB fall below a reference point of 5 000 000 tonnes (Bpa), the fishing mortality rate, referred under
paragraph 2, shall be adapted in the light of scientific estimates of the conditions then prevailing. Such adoptions
shall ensure a safe and rapid recovery of the SSB to a level in excess of 5 000 000 t.

4)  The parties shall, as appropriate, review and revise these management measures and strategies on the basis of any
new advice provided by ICES.

Item 2) was interpreted by the Working Group as a signal on maximum level of the precautionary fishing mortality,
thus the Regional (Coastal states European Union, Faroe Islands, Iceland, Norway and Russia) Management
Organization has agreed upon the following reference points for the stock of Norwegian spring-spawning herring:

Blim = 2.5 million t

Bpa = 5.0 million t

Fpa=0.125

These values are within the framework of precautionary reference points proposed by ICES.
3.9 Harvest control rule

3.9.1 Request on adoptions of F in case of SSB below By,

Item 3) in the agreement on long time management (Section 3.8) considers management action in case the SSB falls
below the agreed By, of 5 000 000 t. A possible basis for the implementation of management action may be found in the
request to ICES from the Management Organization. It is stated in the request to ICES from the Management
Organisation (Ref 1.1):
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“ICES should evaluate strategies that would ensure a probability in the range of 50 to 80% of restoring the SSB to
above B, within 2 to 5 years, in case where the SSB is below Bpa.”

The Working Group discussed this request from the Management Organization. This was regarded as a request within
the process of evolving management strategies to rebuild SSB within a time constraint to levels above By, after it has
fallen below that level. The request was regarded as relevant by the present Working Group, but it was pointed out that
this type of rebuilding approach may not be useful as a general rule for all stocks, including the stock of Norwegian
spring-spawning herring which shows a highly variable recruitment. There may be situations when the SSB is fairly low
while strong year classes contributing to the SSB in the short and medium-term have been demonstrated. Vice versa
there may be situations when SSB is expected to decline in the short and medium-term to levels below Bpa since no
strong year classes have been observed among the recruiting year classes. In the latter case it may not be possible to
restore the SSB  to levels above B, within 2 to 5 years even if the fishery is stopped. The situation for the Norwegian
spring-spawning herring in 2000 is that the spawning stock has declined since 1997 and is at present at a level
approximately 7 million t. The year class 1998 seems to be moderately strong (approximately 13 billion individuals as 3
year old, Table 3.5.5.2 ) and will recruit to the spawning stock mainly in 2003.

3.9.2 Modifications of F at SSB below By, implemented in the medium-term projections

Due to time constraints it did not prove possible to obtain the probability of restoring the SSB to above B, in 2 to 5
years for different harvest control rules. However, the number of years the SSB is below B, within the period 2001-
2010 for different strategies was included for illustrative purposes. In addition, the following runs were made in the
medium-term projection to illustrate elements in the request from the Management Organization (Table 3.10.1):

. To illustrate the effect of stopping the fishery a medium-term was run with F= 0.0.

»  Several medium-term projections were run without modifications of F below B,.

The default medium projections were run with the same type of continuous reduction of F below By, as last year (ICES
1999/ACFM:18). That is a linear reduction in F from F=0.125 (or other relevant levels) at B,, to F=0.05 at By;,, and
lower.

3.10 Medium-term projections

The framework for the range of values for the biological parameters in the medium-term projections is the request from
the coastal states of the Norwegian spring-spawning herring (Section 1.1). This request and the projections that have
been carried out in order to fulfil it is described in the text table below.
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Parameter

Request from coastal states

Technical performance values

Fishing mortality for

SSB above B,

0.05, 0.08, 0.10, 0.125, 0.15

As requested, in addition a
medium-term  including no
fishing (F=0) was run for
illustrative purposes

SSB to above By, within 2 to 5
years in case where the SSB is
below By,

Catch ceiling None 1.5 million t
Value of B, 5.0 million t As requested
Value of By, 2.5 million t As requested
Time range 5 and 10 years As requested
Fishing mortality for F | Ensure a probability in the range | Linear decrease in F from 0.125
below B, of 50 to 80% of restoring the | at B,, to 0.05 at By, (ACFM

1999) (similar decreases were
also made with other requested
F’s (0.05, 0.08, 0.10, 0.15)).

Alternatively run for F=0.125
with no reductions in F below
B

pa

Measure of stability of

average percentage change in

As requested

below B,, and Blim in a 5 and

catches catches from year to year
Yield average catches over the same | Average annual yield (tonnes)
ten year period of the time range for the
simulation run (5 or 10 years).
Risk Probability that SSB will fall | As requested, risk to fall below

B,. and By, within the time

10 year period range for the simulation run (5

or 10 years).

Medium-term projection of stock and catch were carried out using a simple spreadsheet model. Here, the same input
data were used as in the short-term prediction based on Run 6 (Table 3.6.1.1).

As last year, future recruitment was generated from a Beverton-Holt model with a CV (or log-scale standard error) of
1.9. The model was parameterised from VPA data with age 3 as the youngest age, and scaled to age 0 using a total
mortality of 2.7. The obtained parameters were 23.9 for the slope at the origin and 1.05 for the spawning stock that
yields a slope half of this. An upper bound on recruitment of 1000 billion at age 0, which is somewhat above the size of
the 1950 year class (747 billion fish at age 0) is used. Uncertainty in current stock size was assumed to be adequately
reflected by a standard error of 0.3 on a log scale for ages 4 and older in 2000, with support from the bootstrap runs
described in Section 3.7. This value was used also during the simulations to account for future assessment errors.
Uncertainty in younger ages was interpolated linearly from 1.8 at age -1 down to 0.3 at age 4. Note that the current and
future assessment error is assumed to be uncorrelated between age groups.

The projections started at January 1 2000 and the allocated catch for 2000 was implemented using an F of 0.21. The F
by age applied during the simulations is the F-value in the harvest control rule multiplied by the exploitation pattern
given in Table 3.6.1.1 and divided by the average over ages 5—14 of these numbers.

2000 simulations were performed for each harvest control rule. For various harvest control rule parameters, the average
yields and probabilities for the SSB to fall below By, and By, for the 5-year period 2001-2005 and 10-year period 2001-
2010 is given in Table 3.10.1. The average percentage change over the 10-year period is also given.

In order to investigate the effect of various strategies for reducing F when the SSB falls below B, it was also attempted
to keep the fishing mortality constant for all SSB values. This was only done for F=0.125, and is also given in Table
3.10.1. According to the table the following conclusions can be drawn:

1)  Continued fishing at F=0.125 and a reduction in F below B, as described in Section 3.9 , and with a catch ceiling
of 1.5 million t, gives a high probability of the stock falling below By, in the medium-term (5 years).
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2)  Even the no fishing case gives a probability of 10-20% of falling below Bpa in the medium-term (10 years).

3) The probability of SSB falling below Bj;;,= 2.5 million tonnes in the coming 10-year period is almost doubled
when a reduction in F at SSB levels below B,,=5.0 million tonnes is not applied. Probability of falling below Bj;,
in the medium-term (10 year) period is less than 20% for all the strategies investigated.

4)  The mean catch in the medium-term period is below 1.0 million tonnes.

Figures 3.10.1 and 3.10.2 show the development of SSB and yield for F=0.125 above B, =5.0 million tonnes with a
linear reduction to F=0.05 at By,;= 2.5 million tonnes and a catch ceiling of 1.5 million tonnes, Fig 3.10.3 gives the
development of the SSB in a no fishing case. 5, 25, 50, 75 and 95 percentiles are given to illustrate the uncertainty in the
prognosis.

Table 3.10.1 Average yield, probability of falling below Bpa/Blim and average annual percentage change in catch, 5
and 10 year periods.

Strategy | Strategy CV | P(SSB | P(SSB< | P(SSB< | P(SSB <| Yield Yield | Average | Av%
above | below Bpa < Blim, Blim, Bpa, Bpa, (average | (average | no. years | annual
Bpa during 5 | during | during5 | during | infirst5 | in first with change,
years) 10 years) 10 years) 10 SSB < | 10 years
years) years) years) Bpa
F=0 F=0 0.3 0.00 0.00 0.14 0.22 0.00 0.00 0.5 38
F=0.05 |F=0.05 0.3 0.00 0.01 0.25 0.49 0.33 0.35 1.5 38
F=0.08 |Linear red. 0.3 0.00 0.04 0.38 0.64 0.50 0.50 2.3 38
to F=0.05
at Blim
F=0.10 |Linear red. 0.3 0.00 0.05 0.46 0.71 0.60 0.58 2.8 38
to F=0.05
at Blim
F=0.125 | Linear red. 0.3 0.00 0.10 0.55 0.79 0.71 0.66 33 39
to F=0.05
at Blim
F=0.125 | Linear red. 0.4 0.00 0.11 0.58 0.80 0.71 0.66 3.6 51
to F=0.05
at Blim
F=0.15 |Linear red. 0.3 0.00 0.14 0.65 0.85 0.80 0.72 3.9 39
to F=0.05
at Blim
F=0.125 | F=0.125 0.3 0.00 0.20 0.56 0.79 0.72 0.69 3.4 37
3.11 Management considerations

The immatures and adults of this stock form a central part of the ecosystem in the Barent Sea and Norwegian Seas,
respectively. The herring has an important role as a transformer of the production of zooplankton biomass and energy to
a form that is available to organisms at a higher level of the food chain.

The Regional (coastal states European Union, Faroe Islands, Iceland, Norway and Russia) Management organisation
have agreed on a long-term management plan and on precautionary reference point for this stock.

The current stock assessment indicates a spawning stock of approximately 7 million t in 2000, declining from 9 million
t in 1997. Since last year a larvae index series has been included in the tuning process. Further, the 1983 and 1985 year
classes have been pooled due to problems with age reading of old fish.

The future prospects for this stock indicate relatively stable levels just above or at B,. A plan for reduction in F at
levels below By, should be included in the management plan.
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Table 3.2.1  Catches of Norwegian spring spawning herring (tonnes) since 1972.

Year A B! C D Total Total catch as
used by the
Working Group
1972 - 9.895 3,266 - 13,161 13,161
1973 139 6,602 276 - 7,017 7,017
1974 906 6,093 620 - 7,619 7,619
1975 53 3,372 288 - 3,713 13,713
1976 - 247 189 - 436 10,436
1977 374 11,834 498 - 12,706 22,706
1978 484 9,151 189 - 9,824 19,824
1979 691 1,866 307 - 2,864 12,864
1980 878 7,634 65 - 8,577 18,577
1981 844 7,814 78 - 8,736 13,736
1982 983 10,447 225 - 11,655 16,655
1983 3,857 13,290 907 - 18,054 23,054
1984 18,730 29,463 339 - 48,532 53,532
1985 29,363 37,187 197 4,300 71,047 169,872
1986 71,122° 55,507 156 - 126,785 225,256
1987 62,910 49,798 181 - 112,899 127,306
1988 78,592 46,582 127 - 125,301 135,301
1989 52,003 41,770 57 - 93,830 103,830
1990 48,633 29,770 8 - 78,411 86,411
1991 48,353 31,280 50 - 79,683 84,683
1992 43,688 55,737 23 - 99,448 104,448
1993 117,195 110,212 50 - 227,457 232,457
1994 288,581 190,643 4 - 479,228 479,228
1995 320,731 581,495 0 - 902,226 902,226
1996 462,248 758,035 0 - 1,220,283 1,220,283
1997° 0 - 1,426,507 1,426,507
1998° 0 - 1,223,131 1,223,131
1999° 0 - 1,235,433 1,235,433
A = catches of adult herring in winter
B = mixed herring fishery in remaining part of the year
C = by-catches of 0- and 1-group herring in the sprat fishery
D = USSR-Norway by-catch in the capelin fishery (2-group)
' Includes also by-catches of adult herring in other fisheries
2 In 1972, there was also a directed herring 0-group fishery
* Includes 26,000 t of immature herring (1983 year class) fished by USSR in the Barents Sea
*  Preliminary, as provided by Working Group members
Z Details of distribution of 1997 and catches by fishery and ICES area given in ICES 1999

Details of distribution of 1999 catches by fishery and ICES area given in Tables 3.2.3-3.2.5
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Table 3.2.2 Total catch of Norwegian spring spawning herring (tonnes) since 1972.
Data provided by Working Group members.

USSR/
Year Norway Russia Denmark Faroes Iceland Ireland  Nether- Greenland UK Germany France Sweden Total
lands
1972 13,161 - - - - - - - - - - - 13,161
1973 7,017 - - - - - - - - - - - 7,017
1974 7,619 - - - - - - - - - - - 7,619
1975 13,713 - - - - - - - - - - - 13,713
1976 10,436 - - - - - - - - - - - 10,436
1977 22,706 - - - - - - - - - - - 22,706
1978 19,824 - - - - - - - - - - - 19,824
1979 12,864 - - - - - - - - - - - 12,864
1980 18,577 - - - - - - - - - - - 18,577
1981 13,736 - - - - - - - - - - - 13,736
1982 16,655 - - - - - - - - - - - 16,655
1983 23,054 - - - - - - - - - - - 23,054
1984 53,532 - - - - - - - - - - - 53,532
1985 167,272 2,600 - - - - - - - - - - 169,872
1986 199,256 26,000 - - - - - - - - - - 225256
1987 108,417 18,889 - - - - - - - - - - 127,306
1988 115,076 20,225 - - - - - - - - - - 135,301
1989 88,707 15,123 - - - - - - - - - - 103,830
1990 74,604 11,807 - - - - - - - - - - 86,411
1991 73,683 11,000 - - - - - - - - - - 84,683
1992 91,111 13,337 - - - - - - - - - - 104,448
1993 199,771 32,645 - - - - - - - - - - 232457
1994 380,771 74,400 - 2911 21,146 - - - - - - - 479,228
1995 529,838 101,987 30,577 57,084 174,109 - 7,969 2,500 881 556 - - 905,501
1996 699,161 119,290 60,681 52,788 164,957 19,541 19,664 - 46,131 11,978 - 22,424 1,220,283
1997 860,963 168,900 44,292 59,987 220,154 11,179 8,694 - 25,149 6,190 1,500 19,499 1,426,507
1998 743,925 124,049 35,519 68,136 197,789 2,437 12,827 - 15,9711 7,003 605 14,863 1,223,131
1999 740,640 157,328 37,010 55,527 203,381 2,412 5,871 - 9,207 - - 14,057 1,235,433

" Preliminary, as provided by Working Group members.
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Table 3.2.3
Record No Country  Quarter  Area Sampled Official WG No.of  Nofish No.fish CN CN CN CN CN CN CN CN CN CN CN CN CN CN CN CN CN
e Catch Catch Catch samples  aged measured 1] 1 2 3 4 5 -] 7 8 9 10 1 12 13 14 15 16
N 0 6 199
1 Norway 1lla 23731 138 50647 9665 1] 0 109 9950 3782 38936 108549 385449 220112 53671 18739 2880 1389 1] 9596 0 16036
2 Norway 2 lla 11983 11943 11943 38 2286 2546 1] a 240 908 259 1091 3745 17876 10299 3118 1727 15 494 0 2069 0 2192
3 Norway 3lla 105056 105026 105026 52 892 3793 0 a 1385 33826 6720 11627 39905 132484 83632 13542 4673 658 668 o 4099 1] 6022
4 Norway 4 lla 390870 320853 320853 61 3103 7999 o 0 1194 50868 15548 49766 145491 524004 356381 80730 25474 1462 2198 1} 15379 0 8803
5 Norway 1 IVa o 26773 28773 0 0 0 o a 0 o o 0 o 0 0 o 0 a 0 0 0 1] 1]
6 Norway 2 Va o 40 40 0 0 o o ] 0 o i} 0 0 0 0 o o 0 0 i} 0 0 0
7 Norway 3 Va o 30 30 0 0 0 1] 1] 0 0 ji] 1] o 0 1] o o e} o 1] o o o
8 Norway 4 Va 0 1 17 g 0 o 0 a o 0 0 i} 0 0 0 0 0 0 0 i} 0 0 i}
9 Russia 11la 0 72404 72404 0 0 0 1} a 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0
10 Russia 2 lla 0 7096 7096 0 0 il 0 o 0 0 0 0 0 0 0 ] i] a 0 0 0 0 0
11 Russia 3lla 0 76870 76570 0 a 1] 0 0 0 0 0 i 0 0 0 0 0 0 0 1] 1] 1] 0
12 Russia 4 lla 0 143 143 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i] 0 0
13 Russia 2 Wa 1] 16 16 0 0 0 ] ] 0 0 0 0 ] 0 0 0 0 ] 0 0 0 0 0
14 Russia 2Wh 0 799 733 0 0 0 1] ] ] 0 0 0 ] 0 0 1] 1] 0 0 0 0 0 0
15 Denmark 2 lla 0 33491 33491 0 a 1] 0 0 0 0 0 0 0 0 1] 1] 0 i] 0 0 1] 1] 0
16 Denmark 2 b 0 3519 3518 0 0 0 0 0 0 0 0 0 i] 0 1] 0 0 0 0 0 i] 1] 0
17 Iceland 2 lla 203381 203381 203331 66 2616 2806 0 0 0 0 0 3061 32113 188078 227809 76693 259606 85935 23524 8542 34327 0 7480
18 Sweden 2 lla 1] 14057 14057 0 1] 1] 0 0 0 1] 0 0 0 0 0 0 0 0 0 0 0 0 0
19 Germany 2 lla 1] 6996 i] 0 0 1] a i] 0 1] 1] 1] i] 0 0 1] 1] i] 0 0 ] 1] 0
20 Netherland 1lla ] 380 [l 0 0 ] o 0 0 ] ] o 0 0 il o 0 0 0 0 0
21 Metherland 2 lla a571 6149 4371 2 50 50 0 0 0 0 0 372 0 5204 6691 2619 1026 206 829 192 1189 1] 258
22 Netherland 3 lla a 7620 0 ] 0 1] ] 0 0 0 0 0 0 0 ] ] 0 0 0 0 0 0
23 UK(Scot 1 lla ] 1214 1214 0 0 0 ] 0 0 0 0 0 0 0 1] ] ] 0 0 0 0 0 0
24 Uk(Scot 2 lla 0 1031 1031 0 a a 1] 0 0 0 0 0 a 0 a 1] 1] il 0 0 a a 0
25 UK{Scot 3 lla 0 16962 16962 0 i 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 a a 0
26 UKEScm 4 lla 0 1529 0 0 0 0 ] 0 0 1] 0 ] 0 0 0 0 0 0 0 0 0 0
27 Ireland 2 lla 0 2412 2412 0 0 0 a0 0 0 0 0 0 0 0 0 0 a0 0 0 0 0 0 0
28 Faroes 1 lla a S704 9704 0 a a 1] 1] 0 i} 1} i} 0 0 1] 0 ] 0 0 0 g a 1]
29 Faroes 2 lla 0 19909 19909 0 1] 1] 1] 0 0 0 1] 0 0 0 a 1] 1] a 0 i} a a 1]
30 Faroes 3lla a 18517 18517 0 1] 1] 1] 1] 0 o i} 0 0 0 1] 0 0 0 0 0 a 1] 0
31 Faroes 4 lla a 1023 1023 0 1] 1] 1] 0 0 a 1] 1] 0 1] 1] 0 o 1] 0 1] 1] 1] 1]
32 Faroes 3 b 0 395 3% 0 0 0 1} 0 0 o o a 0 0 0 0 0 0 0 o 0 0 0
33 Faroes 2Va 0 286 286 0 1] 1] 1] 1] 0 1] o 1] 0 0 1] 0 1] 1] 1] 1} a a 0
34 Faroes 3Va 1] 418 418 0 0 1] 1] a 0 0 1} 0 0 0 1] 0 0 1] 0 0 1] a 0
35 Faroes 3 XVa 5979 5275 5275 1 85 85 1] 0 1] 1] 1] 1] 0 1794 4893 652 978 1] 1794 0 1] 1] 3751
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Table3.2.4

Record ho Country  Quarter  Area
Tranets

40

0
1 Norway
2 Norway
3 Norway
4 Morway
5 Norway
3 Norway
7 Norway
3 Norway
3 Russia
13 Russia
11 Russia
12 Russia
13 Russia
14 Russia
15 Denmark
15 Denmark
17 lceland
13 Swedan
13 Germany
20 Netherland
21 Metherland
22 Netherland
23 UK(Scat)
24 UK(Scat)
25 UK(Scot)
25 UK(Scot)
27 Ireland
23 Faroes
23 Faroes
3] Faroes
31 Faroes
32 Faroes
33 Faroes
34 Faroes
35 Faroes

Sampled
Catch

16 1599

11lla 23271
2la 1983
3lla 105056
4lla
1 Va
2 Va
3 Va
4 Wa
11la
2lla
3lla
4 lla
2 Va
2Vh
2lla
2 b
2 lla 203381
2 lla 1}
2 lla 0
1 lla 0
2lla 5871
3lla

1 lla
2lla

3 lla
4 lla
2 lla

1 lla
2 lla

3 lla

4 lla
3l
2Va
3 Va
3 XlVa

DDDGDDDDGDDD%

gDQQQGDQODDDDD

Official
Catch

203958
11243

390853
28773
40

30

17
72404
7096
7BE70
143
16
799
33491
3518
203331
14057
6996
380
6148
7528
1214
1031
16962
1529
2412
9704
19908
18517
1023

WG
Catch

203958
11943

390853
28773
40

30

17
72404
70%6
7TBE70
143

16

799
33481
3518
203381
14057

8571
1214
1031
16962

2412
9704

Mo. of
samples

1

@

—~—oDoo0oo0oo0ooo0oooo0ooONMNDOoOOoODODO OO

No. fish  No. fish
aged measured
5847 9665
2285 2546
892 3793
3103 7999
0 0
a 0
0 0
a 0
a 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
2616 2606
0 0
0 0
0 0
50 50
0 0
0 0
0 0
[1} 0
[} 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 1}
85 85

cw

oW

cw

0.094
0.078
0.091
0120
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
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CWy

0.110
0143
0.1a82
0179
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Cw

0.179
0205
0.238
0.237
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

[

0.233
0243
0.288
0.280
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.282
0.000
0.000
0.000
0.309
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

cw

cw

W

W

Cw

0.330
0321
0.338
0.390
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.361
0.000
0.000
0.000
0.361
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.466

0.351
0.298
0437
0373
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.368
0.000
0.000
0.000
0.368
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

12

0.369
0.361
0.440
0379
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.396
0.000
0.000
0.000
0.396
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.503

cw

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.396
0.000
0.000
0.000
0.396
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Cw

0.372
0.364
0.421
0.424

ow

Cw

0.376
0377
0.428
0.428



Table 3.2.5

Sunmary of Sanpling by Country

Country

Denmar k

Far oes

Ger many

I cel and

I rel and

Net her | ands
Nor way
Russi a
Sweden

UK( Scot)

Total Ila

203381. 00
0. 00
5871. 00
740640. 00
0. 00

0. 00

0. 00
949892. 00

Sum of Offical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

Country

Denmar k
Far oes
Total Ilb

Sanpl ed

Cat ch
0.00
0.00
0.00

Sum of Offical Catches :
Unal | ocat ed Catch
Wor ki ng Group Catch :

Total |Va

Sanpl ed

Cat ch
0. 00
0. 00
0. 00

Sum of OfFfical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

Country

Far oes
Total Va

Sanpl ed

Cat ch
0.00
0.00

Sum of OfFfical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

Country

Russi a
Total Vb

Sanpl ed

Cat ch
0.00
0. 00

Sum of Offical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

Oficia
Cat ch
33491. 00
49153. 00
6996. 00
203381. 00
2412. 00
14057. 00
711780. 00
156513. 00
14057. 00
20736. 00
1212576. 00

1212576. 00
-16711. 00
1195865. 00

Oficia

Catch
3519. 00
395. 00
3914. 00

3914. 00
0. 00
3914. 00

Oficia
Cat ch
28860. 00

28876. 00
28876. 00

28876. 00

Oficia

Cat ch
704. 00
704. 00

704. 00
0.00
704. 00

Oficia

Catch
799. 00
799. 00

799. 00
0.00
799. 00

No. of
sanpl es

(]

N
(o]
VOOOONOO®OOO

w
[¢)]

No. of

sanpl es
0
0
0

No. of
sanpl es

No. of
sanpl es

No. of

sanpl es
0
0

No
nmeasur ed
0
0
0
2806
0
50
24003
0
0
0
26859

No
measur ed
0
0
0

No
neasur ed
0
0
0

No
nmeasur ed
0
0

No
measur ed
0
0
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Table 3.2.5 (Continued)

AREA : Xl Va
Country Sanpl ed
Catch
Far oes 5979. 00
Total Xl Va 5979. 00

Sum of Offical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

PERI CD : 1

Country Sanpl ed

Cat ch

Far oes 0. 00
Net her | ands 0. 00
Nor way 232731. 00
Russi a 0. 00
UK( Scot) 0. 00

Period Tot al 232731. 00

Sum of OfFfical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

PERI CD : 2

Country Sanpl ed

Cat ch

Denmar k 0. 00
Far oes 0.00
Cer many 0. 00
I cel and 203381. 00
Irel and 0. 00
Net her | ands 5871. 00
Nor way 11983. 00
Russi a 0. 00
Sweden 0. 00
UK( Scot) 0. 00

Period Total  221235.00

Sum of OfFfical Catches :
Unal | ocat ed Catch
Worki ng Goup Catch :

PERI CD : 3

Country Sanpl ed

Cat ch

Far oes 5979. 00
Net her | ands 0. 00
Nor way 105056. 00
Russi a 0.00
UK( Scot ) 0. 00

Peri od Tot al 111035. 00

Sum of Offical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

PERI CD : 4
Country Sanpl ed
Catch
Far oes 0. 00
Nor way 390870. 00
Russi a 0. 00
UK( Scot) 0. 00

Peri od Tot al 390870. 00

Sum of Offical Catches :
Unal | ocat ed Catch
Worki ng Group Catch :

Oficia

Catch
5275. 00
5275. 00

5275. 00
0.00
5275. 00

Oficia
Cat ch
9704. 00
380. 00
232731. 00
72404. 00
1214. 00
316433. 00

316433. 00
-380. 00
316053. 00

Oficia
Cat ch
37010. 00
20195. 00
6996. 00
203381. 00
2412. 00
6149. 00
11983. 00
7911. 00
14057. 00
1031. 00
311125. 00

311125. 00
-7274.00
303851. 00

Oficia
Cat ch
24605. 00
7528. 00
105056. 00
76870. 00
16962. 00
231021. 00

231021. 00
-7528. 00
223493. 00

Oficia
Cat ch
1023. 00
390870. 00
143. 00
1529. 00
393565. 00

393565. 00
-1529. 00
392036. 00

No. of
sanpl es

No. of
sanpl es

(2]

w
NOOOWONOO®ZOOO

=
o

No. of
sanpl es
0
61
0
0
61

No
measur ed
85
85

No
nmeasur ed
0
0
9665

0
0
9665

No
nmeasur ed
0
0
0
2806

0

50
2546
0

0
0
5402

No
nmeasur ed
85
0
3793

0
0
3878

No
measur ed
0
7999

0
0
7999
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Table 3.2.5 (Continued)
| Areas and Peri ods

Total over a

Denmar k

Far oes

Ger many

I cel and

I rel and

Net her | ands

Nor way

Russi a

Sweden

UK( Scot)
Total f

Sum of
Unal | oc

or Stock

203381.
0

5871.

740640.
0

0
0
955871.

O fical Catches
ated Catch
Working Group Catch :

DETAI LS OF DATA FILLINGIN

Filling-in
Using Only
>> (1)

Filling-in
Using Only
>> (1 2)

Filling-in
Using Only
>> (3

Filling-in
Using Only
>> (4

Filling-in
Using Only
>> (1)

Filling-in
Using Only
> (2

Filling-in
Using Only
>> (3

Filling-in
Using Only
>> (4)

Filling-in
Using Only
>> (2

Filling-in
Using Only
>> (2

Filling-in
Using Only
>> (1 17)

Filling-in
Using Only
>> (1 17)

Filling-in
Using Only
>> (1 17)

Filling-in
Using Only
>> (1 17)

for record

Nor way

for record

Nor way

for record

Nor way

for record

Nor way

for record

Nor way

for record

Nor way

for record

Nor way

for record

Nor way

for record

Nor way

for record

Nor way

for record

I cel and

for record

I cel and

for record

I cel and

for record

I cel and

( 10

(11

(12)

( 13)

(14

( 15)

( 16)

( 18)

(19

00

Oficia
Cat ch
37010. 00
55527. 00
6996. 00
203381. 00
2412. 00
14057. 00
740640. 00
157328. 00
14057. 00
20736. 00
1252144. 00
1252144. 00
-16711. 00
1235433. 00
Nor way
llla
Nor way
21lla
Nor way
31lla
Nor way
4 1la
Russi a
llla
Russi a
2 1la
Russi a
31lla
Russi a
4 1la
Russi a
2 1la
Russi a
2 1la
Denmar k
2 1la
Denmar k
2 1la
Sweden
2 1la
Cer many
2 1la

No

sanpl es

(2]

N
©

w
[62]

OCOOOONOO®ORrO

I Va

I Va

I Va

Ila

Ila

I Va

I'lb

Ila

No
nmeasur ed
0
85
0
2806

0

50
24003
0

0
0
26944
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85

0

2616

0

50

12128

0

0
0
14879
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Table 3.2.5 (Continued)

Filling-in for record : ( 20)
Using Only
>> ( 21) Netherl ands

Filling-in for record : ( 22)
Using Only
>> ( 21) Netherl ands

Filling-in for record : ( 23)
Using Only
>> (1) Norway

Filling-in for record : ( 24)
Using Only
>> ( 2) Norway

Filling-in for record : ( 25)
Using Only
>> ( 3) Norway

Filling-in for record : ( 26)
Using Only
>> ( 4) Norway

Filling-in for record : ( 27)
Using Only
>> ( 17) lceland

Filling-in for record : ( 28)
Using Only
>> (1) Norway

Filling-in for record : ( 29)
Using Only
>> ( 2) Norway

Filling-in for record : ( 30)
Using Only
>> ( 3) Norway

Filling-in for record : ( 31)
Using Only
>> ( 4) Norway

Filling-in for record : ( 32)
Using Only
>> ( 17) Iceland

Filling-in for record : ( 33)
Using Only
>> ( 35) Faroes

Filling-in for record : ( 34)
Using Only
>> ( 35) Faroes

Catch Nunmbers at Age by Area

Ages Ila I'lb
0 0. 00 0. 00
1 0. 00 0. 00
2 4998. 52 0. 00
3 136319. 59 0.00
4 35331. 73 0. 00
5 129857. 02 58.91
6 415098. 34 618. 00
7 1550921. 38 3253. 87
8 1126999. 13 4384. 11
9 282422. 16 1454. 76
10 102015. 55 569. 76
11 14052. 47 114. 22
12 37579. 21 460. 41
13 7095. 38 106. 65
14 86601. 92 660. 61
15 0. 00 0. 00
16 57947. 55 143. 57

Net her | ands

21la

Net her | ands

21la
UK( Scot)
llla
UK( Scot)
21la
UK( Scot)
3lla
UK( Scot)
4 1la
Ireland
21la
Far oes
llla
Far oes
21lla
Far oes
31lla
Far oes
4 1la
Far oes
21la
Far oes
3 Xl Va
Far oes

3 Xl Va

1246.
471.
4824
13467
47797
27300
6657.
2327.
356.
174.

1197.

1994

211.
576.

115.

211.

eeoooee

Ila

Ila

Ila

Ila

I'lb

Va

Va
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Table 3.2.5 (Continued)

Mean Wi ght at Age by Area (Kg)

Ages Ila I'lb | Va Va Vb Xl Va Tota
0 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
1 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
2 0. 0959 0. 0000 0. 0928 0. 0000 0. 0780 0. 0000 0. 0959
3 0.1735 0. 0000 0.1108 0. 0000 0. 1430 0. 0000 0.1729
4 0. 2289 0. 0000 0.1794 0. 0000 0. 2050 0. 0000 0. 2283
5 0. 2632 0. 2820 0. 2331 0. 0000 0. 2430 0. 0000 0. 2621
6 0. 2755 0. 3010 0.2371 0. 0000 0. 2430 0. 0000 0.2743
7 0. 2930 0. 3070 0. 2631 0. 3490 0. 2550 0. 3490 0. 2922
8 0. 3076 0. 3230 0.2771 0. 4080 0. 2730 0. 4080 0. 3073
9 0. 3358 0. 3430 0. 3090 0. 4230 0. 2950 0. 4230 0. 3354

10 0. 3615 0. 3610 0. 3300 0. 4660 0. 3210 0. 4660 0. 3618
11 0.3714 0. 3680 0. 3510 0. 0000 0. 2980 0. 0000 0. 3709
12 0. 3939 0. 3960 0. 3690 0. 5030 0. 3610 0. 5030 0. 3986
13 0. 3960 0. 3960 0. 0000 0. 0000 0. 0000 0. 0000 0. 3960
14 0. 4006 0. 4020 0. 3720 0. 0000 0. 3640 0. 0000 0. 4002
15 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
16 0. 4012 0. 4120 0. 3761 0. 4590 0. 3770 0. 4590 0. 4037

Table 3.3.1.1 Norwegian Spring Spawning herring. Estimates obtained on the acoustic surveys on the spawning stock
in February-March. Numbers in millions.

Year 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Age

2 101 183 44 16 407 106 1516
3 255 5 187 59 128 1792 231 1366 690
4 146 373 0 54 676 7621 7638 381 337 1996
5 6805 103 345 12 1375 3807 11243 1905 1286 164
6 202 5402 112 354 476 2151 2586 10640 2979 592
7 182 4489 122 63 322 957 6708 11791 1997
8 146 4148 13 20 471 1280 7534 7714
9 102 140 1 0 434 1912 4240
10 35 124 0 130 568 553
11 1820 63 165 39 132 71
12 2573 0 0 0 3
13 2024 175 0 0
14 0 392 6
15+ 804 437 361
Total 7408 6166 5462 4895 - - 4742 18474 25756 - 22496 28840 19903

In 1992, 1993 and 1997 there was no estimate due to poor weather conditions.

Table 3.3.2.1 Norwegian Spring Spawning herring. Estimates obtained on the acoustic surveys in the wintering areas in
December. Numbers in millions.

Year 1992 1993 1994 1995 1996 1997 1998 1999

Age

1 72 380 9 65 74
2 36 1518 16 183 1465 73 1207 159
3 1247 2389 3708 5133 3008 661 441 2425
4 1317 3287 4124 5274 13180 1480 1833 296
5 173 1267 2593 1839 5637 6110 3869 837
6 16 13 1096 1040 994 4458 12052 2066
7 208 13 34 308 552 1843 8242 6601
8 139 158 25 19 92 743 2068 4168
9 3742 26 196 13 0 66 629 755
10 69 4435 29 111 7 0 111 212
11 3239 39 41 0 14 0
12 907 15 126 0 15
13 393 0 392 0
14+ 842 221 146

Total 6947 13178 15209 15246 25384 16411 31144 17754
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Table 3.3.2.2 Norwegian Spring Spawning herring. Estimates obtained on the acoustic surveys in the wintering areas
in January. Numbers in millions.

Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Age

2 90 73 214 0
3 220 410 61 642 47 315 267 1358
4 70 820 1905 3431 3781 10442 1938 199
5 20 260 2048 4847 4013 13557 4162 1455
6 180 60 256 1503 2445 4312 9647 4452
7 150 510 27 102 1215 1271 6974 12971
8 5500 120 269 29 42 290 1518 7226
9 440 4690 182 161 24 22 743 1876
10 30 5691 131 267 25 16 499
11 128 3679 29 200 4 16
12 4326 58 0 16
13 1146 181 0
14 7 156
15+ 314 220
Total 6670 6900 10567 14598 16189 31638 - 25985 30444 -

In 1997 there was no estimate due to poor weather conditions.
In 2000 there was no estimate due to technical problems.

Table 3.3.3.1 Norwegian spring spawning herring. Estimates obtained in the international acoustic surveys on the
feeding areas in the Norwegian Sea in May. Numbers in millions.

Year 1996 1997 1998 1999
Age
3 4114 1169 367 2191
4 22461 3599 1099 322
5 13244 18867 4410 965
6 4916 13546 16378 3067
7 2045 2473 10160 11763
8 424 1771 2059 6077
9 14 178 804 853
10 7 77 183 258
11 155 288 0 5
12 0 415 0 14
13 3134 60 112 0
14 2472 0 158
15+ 415 128
Total 50504 44915 35987 25801

Table 3.3.4.1 Norwegian spring-spawning herring. Acoustic estimates (billion individuals) of immature herring in the
Barents Sea in May/June. 1990-1995, Norwegian estimates, for later years, see footnotes.

Year 1990 1991 1992 1993 1994 1995 1996' 1997° 1998° 1999°
Age

1 44 243 326 1027 6.6 0.5 0.1 2.6 9.5 49.5
2 52 140 258 592 7.7 0.25 0.04 4.7 4.9
3 5.7 1.5 18.0 8.0 1.8 04 0.01 0.00
4 1.7 1.1 0.6 0.35 0.01 0.00
5 0.03 0.05 0.00 0.00

! Average of Norwegian and Russian estimates
* Combination of Norwegian and Russian estimates as described in 1998 WG report.
? Russian estimate
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Table 3.3.4.2 Norwegian spring spawners. Acoustic abundance (TS = 20 logL - 71.9) of O-group herring in
Norwegian coastal waters in 1975-1999 (numbers in millions).

Year Area Total
South of 62°N 62°N-65°N 65°N-68°N North of 68°30'
1975 164 346 28 538
1976 208 1305 375 1888
1977 35 153 19 207
1978 151 256 196 603
1979 455 1130 144 1729
1980 6 2 109 117
1981 132 1 1 134
1982 32 286 1151 1 469
1983 162 2276 4432 6 866
1984 2 234 465 701
1985 221 177 104 502
1986 5 72 127 204
1987 327 26 57 410
1988 14 552 708 1274
1989 575 263 2052 2 890
1990 75 146 788 1 009
1991 80 299 2428 2 807
1992 73 1993 621 2891
1993 290 109 140 288 827
1994 157 452 323 6168 7101
1995 0 27 2 0 29
1996 0 20 114 8 800 8934
1997 208 69 544 5244 6 065
1998 424 273 442 11640 12779
1999 121 658 271 6329 7379
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Table 3.3.4.3 Norwegian spring-spawning herring. Abundance indices for 0-group herring in the Barents Sea,

1973-1999.

Year Log index Year Log index
1973 0.05 1987 0.00
1974 0.01 1988 0.30
1975 0.00 1989 0.58
1976 0.00 1990 0.31
1977 0.01 1991 1.19
1978 0.02 1992 1.05
1979 0.09 1993 0.75
1980 0.00 1994 0.28
1981 0.00 1995 0.16
1982 0.00 1996 0.65
1983 1.77 1997 0.39
1984 0.34 1998 0.59
1985 0.23 1999 0.41
1986 0.00

Table 3.3.5.1 The indices for herring larvae for the period 1981-2000 (N*107'?)

Year Index 1 Index 2 Year Index 1 Index 2

1981 0.3 1991 8.6 235
1982 0.7 1992 6.3 27.8
1983 25 1993 247 78.0
1984 1.4 1994 19.5 48.6
1985 2.3 1995  18.2 36.3
1986 1.0 1996  27.7 81.7
1987 1.3 4.0 1997  66.6 147.5
1988 9.2 25.5 1998 424 138.6
1989 134 28.7 1999 199 73.0
1990  18.3 29.2 2000 19.8 127.5
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Table 3.4.1. Tagging data for the year classes 1983+ and 1986-89 aggregated, and for the year classes 1990 - 1993.

Tagging data for the 1983+ year class

ON\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc

Recaptured
Screened] Number] 87 88 89 90 91 92 93 94 95 96) 97|
Year| billion tagged] release| release] release| release| release] release| release| release] release| release] release
1987 33067
1988 38152
1989 0.010695 20620 12
1990 0.005489 24585 4 10
1991 0.005545 12558 1 7 5
1992 0.001737 15262 4 0 2 2
1993 0.009372 15839 6 13 6 12 9
1994 0.009474 5364 2 10 7 8 4 11
1995 0.011554 859 6 10 5 15 6 9 7
1996 0.004038 2879 3 2 6 10 2 1 4 3
1997 0.003867 2266 0 3 1 3 2 3 0 0 0
1998 0.000509 1 3 1 1 2 2 0 0 0 1
1999 0.000379 0 0 1 1 0 0 1 0 0 0 1
Tagging data for the 1986 - 89 year classes
Recaptured
Screened] Number, 93 94 95 96 97
Year| billion tagged] release| release] release| release| release
1993 14472
1994 16917
1995 0.013386 3416 5
1996 0.005947 7492 5 7
1997 0.004547 6193 2 7 0
1998 0.001339 0 1 0 1
1999 0.001272 1 0 0 1 1
Tagging data for the 1990 year class
Recaptured
Screened|] Number| 94 95 96 97
Year| billion tagged] release| release] release| release
1994 10784
1995 3868
1996 0.009009 6171 9
1997 0.009830 4057 7 3
1998 0.002828 1 1 1
1999 0.003402 1 2 2 1
Tagging data for the 1991 year class
Recaptured
Screened|] Number| 95 96 97
Year| billion tagged| release| release| release
1995 21528
1996 25683
1997 0.030952 7129 21
1998 0.012459 8 6
1999 0.014968 7 14 4
Tagging data for the 1992 year class
Recaptured
Screened|] Number| 96 97
Year billion tagged] release| release
1996 8417
1997 8353
1998 0.020695 7
1999 0.023790 4 9
Tagging data for the 1993 year class
Recapt.
Screened] Number, 97
Year billion tagged| release
1997 976
1998
1999 0.008046 0
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Table 3.5.2.1

Run title : Herring spring-spawn (run: SVPBJA12/V12) t 2/05/2000 18:23
Table 1 Cat ch nunmbers at age Number s*10**- 4
YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959,
ACE
0, 511260, 163550, 1372160, 569720, 1067600, 517560, 536390, 500190, 966700, 1789630
1, 200000, 760770, 914970, 505500, 707110, 287110, 202370, 329080, 279810, 198530
2, 60000, 40000, 123290, 58130, 85540, 51010, 62710, 21950, 66640, 32550
3, 27620, 660, 3930, 74010, 26630, 9300, 11650, 2330, 1750, 1510
4, 18480, 38380, 6050, 4660, 143550, 27640, 25160, 37330, 1790, 2680
5, 18550, 17240, 60230, 10090, 14290, 204510, 31420, 15380, 11090, 2590
6, 54700, 16440, 13630, 35560, 23600, 11430, 255510, 22850, 8930, 14660
7, 62860, 51560, 20450, 8190, 49030, 18960, 11000, 198530, 19440, 11480
8, 7950, 60200, 38020, 11090, 12810, 27470, 20390, 7200, 97350, 24070
9, 8860, 7710, 37790, 31410, 19980, 8530, 26420, 12730, 7070, 110380
10, 10950, 8270, 7920, 39490, 44040, 19340, 13070, 18250, 12300, 8860
11, 8690, 10310, 8570, 6170, 46070, 29560, 19830, 8840, 20090, 12430
12, 19450, 10760, 10770, 9120, 8840, 20320, 27280, 12120, 9870, 19800
13, 36830, 25350, 10680, 9410, 10060, 5870, 16330, 14930, 7740, 8850
14, 6640, 34800, 18650, 9880, 13300, 8460, 6300, 13160, 7090, 7740
15, 10700, 4740, 25630, 21550, 12680, 10360, 8890, 3370, 6940, 8520
+gp, 23730, 30510, 30810, 51490, 67640, 47700, 47620, 24770, 18620, 15070
TOTALNUM 1087270, 1281250, 2703550, 1455470, 2352770, 1305130, 1322340, 1243010, 1543220, 2269350
TONSLAND, 933000, 1278400, 1254800, 1090600, 1644500, 1359800, 1659400, 1319500, 986600, 1111100
SOPCOF % 100, 100, 100, 100, 100, 100, 100, 100, 100, 100
Table 1 Catch nunmbers at age Number s*10**- 4
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,
ACE
0, 1288430, 620750, 369320, 480700, 361300, 230300, 392650, 42680, 178360, 56120
1, 1358080, 1607560, 408110, 211920, 272830, 378090, 66280, 987710, 43700, 50710
2, 39250, 288480, 104130, 204530, 22030, 285360, 167800, 7040, 38830, 14190
3, 12170, 3120, 184380, 76040, 11460, 8990, 204870, 139230, 9910, 18820
4, 1820, 810, 800, 83580, 39900, 25620, 2690, 325400, 188050, 80
5, 2810, 410, 310, 530, 204580, 57110, 46660, 2660, 138740, 880
6, 2440, 1500, 720, 180, 1370, 219970, 130600, 42130, 1420, 470
7, 9620, 1940, 2020, 360, 150, 1950, 288450, 113200, 9400, 70
8, 7330, 6160, 1190, 1830, 300, 1490, 3790, 172080, 13410, 1170
9, 20390, 4920, 5910, 930, 2490, 740, 1430, 890, 34510, 3360
10, 116300, 13610, 5260, 10770, 2930, 1910, 1740, 570, 200, 3600
11, 8520, 72810, 11700, 9250, 9560, 4000, 2620, 350, 110, 30
12, 12970, 4970, 81350, 17410, 8240, 10050, 1100, 850, 80, 20
13, 15350, 4500, 4420, 92370, 15300, 10780, 6910, 890, 250, 20
14, 5670, 6300, 5470, 7960, 77280, 13870, 7210, 1750, 260, 20
15, 4720, 2170, 6560, 6040, 4580, 70400, 9670, 1430, 180, 40
+gp, 12170, 3840, 8670, 12490, 29100, 17910, 46000, 9010, 1520, 200
TOTALNUM 2918040, 2643850, 1200320, 1216890, 1063400, 1338540, 1380470, 1847870, 658930, 149800
TONSLAND, 1101800, 830100, 848600, 984500, 1281800, 1547700, 1955000, 1677200, 712200, 67800
SOPCOF % 100, 100, 100, 100, 100, 100, 100, 100, 100, 100
Run title : Herring spring-spawn (run: SVPBJA12/V12) At 2/05/2000 18:23
Table 1 Catch nunbers at age Nunber s*10**- 4
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979
AGE
0, 11930, 3050, 34710, 2930, 6590, 3060, 2010, 4300, 2010, 3260,
1, 52940, 4290, 4100, 350, 780, 360, 240, 620, 240, 380
2, 3320, 8510, 2040, 170, 390, 180, 120, 310, 120, 190
3, 630, 182, 3538, 239, 10, 327, 2325, 2210, 302, 635
4, 1860, 102, 348, 2520, 24, 13, 544, 2360, 1216, 187
5, 60, 124, 358, 65, 2451, 91, 0, 34, 2032, 687
6, 330, 36, 248, 151, 26, 3067, 0, 0, 87, 1122
7, 330, 111, 69, 28, 20, 1, 1309, 42, 0, 33
8, 100, 113, 149, 18, 0, 0, 0, 1077, 62, 0
9, 1340, 36, 20, 0, 0, 0, 0, 0, 503, 0
10, 2620, 441, 0, 0, 0, 0, 0, 0, 0, 253
11, 2810, 691, 49, 0, 0, 0, 0, 0, 0, 0
12, 30, 545, 59, 0, 0, 0, 0, 0, 0, 0
13, 10, 0, 59, 0, 0, 0, 0, 0, 0, 0,
14, 20, 2, 0, 18, 0, 0, 0, 0, 0, 0,
15, 10, 12, 0, 0, 0, 0, 0, 0, 0, 0,
+gp, 190, 0, 0, 0, 0, 0, 0, 0, 0, 0
0 TOTALNUM 78530, 18245, 45748, 6489, 10291, 7099, 6548, 10953, 6572, 747
TONSLAND, 62300, 21100, 13161, 7017, 7619, 13713, 10436, 22706, 19824, 12864,
SOPCOF % 100, 100, 99, 100, 101, 100, 100, 100, 100, 100
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Table 3.5.2.1 (continued)

Tabl e
YEAR,

>
u:ooxlmm.bwppoﬂ

10,

11,

12,

13,

14,

15,

+gp,
0 TOTALNUM
TONSLAND,

SOPCOF % 100,

Tabl e
YEAR,
1999,

A

OCoOo~NoOTA~WONELO

+gp,

0 TOTALNUM
TONSLAND,
SOPCOF %

1 Catch nunmbers at age Number s*10**- 4
1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,
690, 830, 2260, 12700, 3386, 2857, 1381, 1385, 1549, 712,
80, 110, 110, 468, 170, 1315, 138, 633, 279, 193,
40, 1190, 20, 168, 249, 20722, 309, 3577, 911, 2520,
641, 417, 1382, 318, 448, 2150, 53979, 1978, 6292, 289,
581, 459, 789, 2119, 539, 1550, 1759, 50139, 2506, 362,
228, 860, 451, 952, 6154, 1650, 1450, 1867, 55037, 565,
817, 220, 626, 618, 1820, 13000, 1550, 350, 945, 2429,
1584, 451, 196, 682, 1264, 5900, 10500, 706, 368, 347,
44, 828, 508, 129, 1561, 5500, 7500, 2800, 596, 80,
1, 35, 605, 460, 722, 6300, 4200, 1200, 1458, 68,
0, 10, 12, 733, 1634, 1000, 7700, 950, 887, 330,
269, 11, 4, 14, 648, 3100, 1947, 450, 282, 138,
0, 96, 4, 4, 0, 5000, 6600, 783, 336, 68,
0, 0, 12, 14, 0, 0, 8000, 650, 268, 32,
0, 0, 0, 86, 0, 0, 0, 700, 157, 26,
0, 0, 0, 0, 165, 0, 0, 45, 54, 0,
0, 0, 0, 0, 0, 264, 247, 0, 0, 0,
4975, 5518, 6978, 19466, 18760, 70309, 107260, 68213, 71925, 8158,
18577, 13736, 16655, 23054, 53532, 169872, 225256, 127306, 135301, 103830,
100, 100, 100, 100, 100, 100, 100, 100, 100,
1 Catch nunmbers at age Number s*10**- 4
1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,
102, 10, 163, 657, 43, 0, 0, o, 0, 0,
40, 337, 15, 13, 2, 0, 0, 0, 0, 0,
1554, 333, 134, 724, 810, 113, 3014, 2182, 8289, 503,
1863, 844, 1259, 2841, 3250, 5759, 3437, 13045, 7032, 13763,
266, 278, 3310, 10687, 110009, 34646, 71363, 27095, 24237, 3582,
1188, 141, 498, 8727, 36392, 62281, 157100, 179578, 36831, 13481,
1085, 1470, 119, 863, 16480, 63784, 94058, 199362, 176032, 42943,
22628, 887, 1198, 365, 1558, 23109, 40628, 76121, 126375, 160496,
129, 21885, 575, 2960, 814, 1551, 10341, 32649, 38148, 116426,
152, 250, 22568, 1863, 3733, 1585, 568, 6087, 12997, 29139,
204, 46, 248, 41011, 3566, 6975, 737, 2002, 4250, 10601,
242, 9, 64, 0, 64541, 8374, 6609, 3241, 2534, 1452,
65, 69, 25, 0, 283, 91188, 1757, 9052, 348, 4004,
18, 10, 124, 0, 46, 407, 83655, 1912, 11260, 720,
59, 26, 0, 0, 10, 25, 0, 37033, 563, 8860,
17, 53, 0, 0, 207, 0, 0, 30, 10852, 0,
31, 1, 0, 0, 0, 45, 0, 0, 0, 6398,
29641, 26648, 30300, 70711, 142742, 299842, 473266, 589388, 459749, 412369,
86411, 84683, 104448, 232457, 479228, 905501, 1220283, 1426507, 1223131, 1235433,
100, 100, 100, 100, 102, 100, 101, 100, 100, 100,
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Table 3.5.2.2

Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23

Table 2 Catch wei ghts at age (kg)

YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959
AGE
0, . 0070, . 0090, . 0080, . 0080, . 0080, . 0080, . 0080, . 0080, . 0090, .0090,
1, . 0250, . 0290, . 0260, . 0270, . 0260, . 0270, . 0280, . 0280, . 0300, . 0300,
2, . 0580, . 0680, . 0610, . 0630, . 0620, . 0630, . 0660, . 0660, . 0700, .0710,
3, . 1100, . 1300, . 1150, . 1200, . 1170, . 1190, . 1260, . 1270, . 1330, .1350
4, . 1880, . 2220, . 1970, . 2050, . 2010, . 2040, . 2150, . 2160, . 2270, .2310
5, . 2110, . 2490, . 2210, . 2300, . 2250, . 2290, . 2410, . 2430, . 2550, .2590
6, . 2340, . 2760, . 2450, . 2550, . 2500, . 2540, . 2680, . 2690, . 2830, .2870
7, . 2530, . 2980, . 2650, . 2750, . 2690, . 2740, . 2890, . 2900, . 3050, .3100
8, . 2660, . 3140, . 2790, . 2900, . 2840, . 2890, . 3040, . 3060, . 3210, .3270
9, . 2800, . 3300, . 2930, . 3050, . 2990, . 3040, . 3200, . 3220, . 3380, .3440
10, . 2940, . 3460, . 3080, . 3200, . 3130, . 3180, . 3360, . 3380, . 3550, .3600
11, . 3030, . 3570, . 3170, . 3300, . 3230, . 3280, . 3460, . 3480, . 3660, .3720,
12, . 3120, . 3680, . 3270, . 3400, . 3330, . 3380, . 3570, . 3590, . 3770, .3830
13, . 3200, . 3770, . 3350, . 3470, . 3410, . 3460, . 3650, . 3670, . 3860, .3920
14, . 3230, . 3810, . 3390, . 3510, . 3450, . 3500, . 3690, . 3710, . 3900, . 3970,
15, . 3310, . 3900, . 3460, . 3590, . 3520, . 3580, . 3780, . 3800, . 3990, .4060
+gp, . 3350, . 3950, . 3510, . 3640, . 3570, . 3630, . 3830, . 3850, . 4040, .4110
0 SOPCOFAC, 1.0019, 1.0009, . 9963, .9994, 1.0006, .9995, 1.0013, 1.0030, . 9985, 1. 0004
Table 2 Catch wei ghts at age (kg)
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969
ACE
0, . 0060, . 0060, . 0090, . 0080, . 0090, . 0090, . 0080, . 0090, . 0100, .0090,
1, . 0110, . 0100, . 0230, . 0260, . 0240, . 0160, . 0170, . 0150, . 0270, .0210,
2, . 0740, . 0450, . 0550, . 0470, . 0590, . 0480, . 0400, . 0360, . 0490, .0470,
3, . 1190, . 0870, . 0850, . 0980, . 1390, . 0890, . 0630, . 0660, .0750, .0720
4, . 1880, . 1590, . 1480, . 1710, . 2190, . 2170, . 2460, . 0930, .1080, .1050
5, . 2770, . 2760, . 2880, . 2750, . 2390, . 2340, . 2600, . 3050, . 1580, .1520
6, . 3370, . 3220, . 3330, . 2680, . 2980, . 2620, . 2650, . 3050, . 3750, .2960
7, . 3180, . 3720, . 3600, . 3230, . 2950, . 3310, . 3010, . 3100, . 3830, .3760
8, . 3630, . 3630, . 3520, . 3290, . 3390, . 3600, . 4100, . 3330, . 3640, .3290,
9, . 3790, . 3930, . 3500, . 3360, . 3500, . 3670, . 4250, . 3590, . 3820, .3290,
10, . 3600, . 4070, . 3740, . 3410, . 3580, . 3860, . 4560, . 4130, . 4410, .3410
11, . 4200, . 3970, . 3840, . 3580, . 3510, . 3950, . 4600, . 4460, . 4100, .3630
12, . 4110, . 4220, . 3740, . 3850, . 3670, . 3930, . 4670, . 4010, . 4420, .3850
13, . 4390, . 4470, . 3940, . 3530, . 3750, . 4040, . 4460, . 4080, .5170, .3770
14, . 4500, . 4650, . 3990, . 3810, . 3720, . 4010, . 4590, . 4390, . 4910, . 4510,
15, . 4440, . 4520, . 4110, . 3860, . 4270, . 4290, . 4650, . 4270, . 4640, .4230
+gp, . 4480, . 4520, . 4160, . 3860, . 4340, . 4370, . 4740, . 4310, . 4870, .4290
0 SOPCOFAC, 1.0014, 1.0017, . 9997, 1.00083, . 9995, .9995, 1.0001, 1.0005, . 9991, 1.0036

1
Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23

Table 2 Catch wei ghts at age (kg)
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979

AGE
0, .o0oso, .o0110, .O0O110, .O0060, .0060, .0090, .o0070, .0O110, .0120, .o0100
1, . 0580, .0530, .0290, .0530, .0550, .0790, .0620, .0910, .1000, .0880
2, . 0850, .1210, .0620, .1060, .1170, .1690, .1320, .1930, .2100, .1810
3, . 1050, .1770, .1030, .1610, .1680, .2410, .1890, .3160, .2740, .2930
4, .1710, .2160, .1540, .2130, .2220, .3180, .2500, .3500, .4240, .3590
5, . 2560, .2500, .2150, .2390, .2490, .3580, .2800, .3980, .4540, .4160
6, . 2160, .2770, .2580, .2550, .2650, .3810, .2980, .4390, .4950, .4360
7, .2770, .3050, .2950, .2770, .2880, .4130, .3230, .4950, .5240, .4820
8, . 2980, .3330, .3220, .2870, .2990, .4290, .3360, .5110, .5960, .4820
9, . 3040, .3530, .3410, .3240, .3370, .4840, .3790, .5580, .6130, .5390
10, . 3050, .3660, .3540, .3380, .3520, .5060, .3960, .5830, .6500, .5530
11, .3090, .3770, .3650, .2570, .2670, .3840, .3000, .5370, .5900, .5180
12, . 3570, .3880, .3760, .2570, .3240, .4660, .3640, .5370, .5900, .5180
13, . 3480, .3990, .3870, .2570, .3240, .4660, .3640, .5370, .5900, .5180
14, . 3570, .4190, .4060, .2570, .3240, .4660, .3640, .5370, .5900, .5180
15, .3670, .4440, .4300, .2570, .3240, .4660, .3640, .5370, .5900, .5180

+gp, . 3760, .4440, .4300, .2570, .3240, .4660, .3640, .5370, .5900, .5180

0 SOPCCFAC, 1.0030, 1.0001, .9935, 1.0011, 1.0051, 1.0002, 1.0004, .9991, .9998, 1.0016
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Table 3.5.2.2 (continued)

Table 2 Catch weights at age (kg)
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,

AGE
0, . 0120, .o0100, .0100, .O0110, .0090, .0090, .0070, .0100, .0080
1, . 1010, .0820, .0870, .0900, .0470, .0220, .0770, .0750, .0620
2, . 2020, .1630, .1590, .1650, .1450, .0220, .0970, .0910, .0750
3, . 2660, .1960, .2560, .2170, .2180, .2140, .0550, .1240, .1240
4, .3990, .2910, .3120, .2650, .2620, .2770, .2490, .1730, .1540
5, . 4490, .3410, .3780, .3370, .3250, .2950, .2940, .2530, .1940
6, . 4600, .3680, .4150, .3780, .3460, .3380, .3120, .2320, .2410
7, . 4850, .3800, .4350, .4100, .3810, .3600, .3520, .3120, .2650
8, . 4720, .3970, .4490, .4260, .4000, .3810, .3740, .3280, .3040
9, . 6180, .4360, .4480, .4350, .4130, .3970, .3980, .3490, .3050
10, . 6450, .4500, .5060, .4440, .4050, .4090, .4020, .3530, .3170
11, . 6080, .4920, .4930, .4680, .4260, .4170, .4010, .3700, .3080
12, . 5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340
13, . 5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340
14, . 5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340
15, . 5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340
+ap, . 5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340

0 SOPCCFAC, .9999, 1.0007, 1.0001, .9981, .9999, .9997, 1.0010, .9979, .9998,

Table 2 Catch wei ghts at age (kg)

YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999
ACGE
0, . 0070, .o0070, .o0O70, .O0070, .O0070, .0070, .0070, .0070, .0070
1, .0780, .0150, .0750, .0300, .0630, .0630, .0630, .0630, .0630
2, . 1020, .1040, .1030, .1060, .1020, .1020, .1360, .0890, .1110
3, . 2300, .2080, .1910, .1530, .1940, .1530, .1360, .1670, .1500
4, . 2390, .2500, .2330, .2430, .2390, .1920, .1680, .1840, .2160
5, . 2660, .2880, .3040, .2820, .2800, .2340, .2060, .2070, .2210
6, . 3050, .3120, .3370, .3200, .3170, .2830, .2620, .2320, .2490
7, . 3080, .3160, .3650, .3300, .3280, .3280, .3090, .2770, .2770
8, . 3760, .3300, .3610, .3650, .3560, .3490, .3370, .3050, .3160
9, . 4070, .3440, .3710, .3730, .3720, .3560, .3660, .3310, .3380
10, . 4120, .3720, .4030, .3790, .3900, .3740, .3600, .3280, .3740
11, . 4240, .3540, .3650, .3800, .3790, .3660, .3610, .3440, .3720
12, . 4280, .3980, .3940, .3850, .3990, .3930, .3670, .3430, .3660
13, . 4280, .3980, .4040, .3900, .4030, .3870, .3790, .3970, .3960
14, . 4280, .3980, .4060, .3950, .4050, .4000, .3790, .3570, .3770
15, . 4280, .3980, .4080, .4000, .4070, .4000, .3790, .5100, .4060
+gp, . 4280, 3980, 4100, .4050, 4050, 4000, 3790, .5100, .4060

0 SCPOOFAC, .9992, 1.0015, 1.0024. .9981, 1.0192, 1.0000. 1.0075. .9996, .9995.

Table 3.5.2.3
Run title : Herring spring-spawn (run: SVPBJA12/V12)

At 2/05/2000 18:23

Table 3 Stock weights at age (kg)
YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959,

AGE
0, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010
1, . 0080, .o0080, .0080, .0080, .o0080, .o0080, .0080, .0080, .0080
2, . 0470, .0470, .0470, .0470, .0470, .0470, .0470, .0470, .0470
3, . 1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000
4, .2040, .2040, .2040, .2040, .2040, .1950, .2050, .1360, .2040
5, .2300, .2300, .2300, .2300, .2300, .2130, .2300, .2280, .2420
6, . 2550, .2550, .2550, .2550, .2550, .2600, .2490, .2550, .2920
7, .2750, .2750, .2750, .2750, .2750, .2750, .2750, .2620, .2950
8, .2900, .2900, .2900, .2900, .2900, .2900, .2900, .2900, .2930
9, . 3050, .3050, .3050, .3050, .3050, .3050, .3050, .3050, .3050
10, . 3150, .3150, .3150, .3150, .3150, .3150, .3150, .3150, .3150
11, . 3250, .3250, .3250, .3250, .3250, .3250, .3250, .3250, .3300
12, . 3300, .3300, .3300, .3300, .3300, .3300, .3300, .3300, .3400
13, . 3400, .3400, .3400, .3400, .3400, .3400, .3400, .3400, .3450
14, . 3450, .3450, .3450, .3450, .3450, .3450, .3450, .3450, .3520
15, .3620, .3620, .3620, .3620, .3620, .3620, .3620, .3620, .3600
+gp, . 3650, .3650, .3650, .3650, .3650, .3650, .3650, .3650, .3650
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. 0100,
. 0600,
. 2040
. 1880,
. 2640
. 2600
. 2820
. 3060
. 3090
. 3910
. 4220,
. 3640
. 4290,
. 4290,
. 4290,
. 4290,
. 4290,
1. 0007,

. 0070,
. 0630,
. 0960,
. 1730
. 2280
. 2620
. 2740
. 2920
. 3070
. 3350
. 3620
. 3710
. 3990
. 3960
. 4000
. 4000,
. 4040,
1. 0020

. 0010,
. 0080,
. 0470,
. 1000
. 2040
. 2520
. 2600
. 2900,
. 3000,
. 3050
. 3150
. 3250
. 3300,
. 3400,
. 3450
. 3550
. 3600,

53



Table 3.5.2.3 (Continued)
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1969,

. 0010,
. 0080,
. 0470,
. 1000,
. 1150,
. 2060,
. 2660,
. 2750,
. 2740,
. 2850,
. 3500,
. 3250,
. 3630,
. 4080,
. 3880,
. 3780,
. 3780,

1

1989,

. 0010,
. 0150,
. 0500,
. 0980,
. 1350,
. 1970,
. 2770,
. 3150,
. 3390,
. 3430,
. 3590,
. 3650,
. 3760,
. 3760,
. 3760,
. 3760,

Table 3 Stock wei ghts at age (kg)
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968,
AGE
0, . 0010, .o00120, .O0010, .O0O10, .O0OO10, .0OO10, .0010, .O0010
1, . 0080, .0080, .0080, .0080, .0080, .0080, .0080, .0080,
2, . 0470, .0470, .0470, .0470, .0470, .0470, .0470, .0470,
3, .1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000
4, . 2040, .2320, .2190, .1850, .1940, .1860, .1850, .1800
5, .2700, .2500, .2910, .2530, .2130, .1990, .2190, .2280,
6, . 2910, .2920, .3000, .2940, .2640, .2360, .2220, .2690,
7, . 2930, .3020, .3160, .3120, .3170, .2600, .2490, .2700,
8, . 3210, .3040, .3240, .3290, .3630, .3630, .3060, .2940
9, .3180, .3230, .3260, .3270, .3530, .3500, .3540, .3240
10, . 3200, .3220, .3350, .3340, .3490, .3700, .3770, .4200,
11, . 3440, .3210, .3380, .3410, .3540, .3600, .3910, .4300,
12, . 3490, .3440, .3340, .3490, .3570, .3780, .3790, .3660
13, . 3700, .3570, .3470, .3410, .3590, .3870, .3780, .3680
14, . 3790, .3630, .3540, .3580, .3650, .3900, .3610, .4330,
15, . 3750, .3650, .3580, .3750, .4020, .3940, .3830, .4140,
+gp, . 3800, .3700, .3580, .3750, .4020, .3940, .3830, .4140
Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23
Table 3 Stock wei ghts at age (kg)
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977,
AGE
0, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010, . 0010,
1, . 0080, . 0150, . 0100, . 0100, . 0100, . 0100, . 0100, . 0100,
2, . 0470, . 0800, . 0700, . 0850, . 0850, . 0850, . 0850, . 0850,
3, . 1000, . 1000, . 1500, . 1700, . 1700, . 1810, . 1810, . 1810,
4, . 2090, . 1900, . 1500, . 2590, . 2590, . 2590, . 2590, . 2590,
5, . 2720, . 2250, . 1400, . 3420, . 3420, . 3420, . 3420, . 3430,
6, . 2300, . 2500, . 2100, . 3840, . 3840, . 3840, . 3840, . 3840,
7, . 2950, . 2750, . 2400, . 4090, . 4090, . 4090, . 4090, . 4090,
8, . 3170, . 2900, . 2700, . 4040, . 4440, . 4440, . 4440, . 4440,
9, . 3230, . 3100, . 3000, . 4610, . 4610, . 4610, . 4610, . 4610,
10, 3250, 3250, 3250, 5200, 5200, 5200, 5200, 5200,
11, 3290, 3350 3350 5340, 5430 5430 5430 5430
12, 3800, 3450, 3450 5000 4820 4820 4820 4820
13, 3700, 3550, 3550 5000 4820 4820 4820 4820
14, 3800 3650, 3650, 5000 4820 4820 4820 4820
15, 3910 3900 3900, 5000 4820 4820 4820 4820
+gp, 3910 3900 3900, 5000 4820 4820 4820 4820
Table 3 Stock wei ghts at age (kg)
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988,
ACGE
o, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .O0010,
1, .0100, .0100, .0100, .0100, .0100, .0100, .0100, .O0100,
2, . 0850, .0850, .0850, .0850, .0850, .0230, .0850, .O0550
3, .1750, .1700, .1700, .1550, .1400, .1480, .0540, .0900
4, . 2830, .2240, .2040, .2490, .2040, .2340, .2060, .1430,
5, . 3470, .3360, .3030, .3040, .2950, .2650, .2650, .2410,
6, .4020, .3780, .3550, .3680, .3380, .3120, .2890, .2790
7, .4210, .3870, .3830, .4040, .3760, .3460, .3390, .2990
8, . 4650, .4080, .3950, .4240, .3950, .3700, .3680, .3160,
9, . 4650, .3970, .4130, .4370, .4070, .3950, .3910, .3420,
10, . 5200, .5200, .4530, .4360, .4130, .3970, .3820, .3430
11, . 5340, .5430, .4680, .4930, .4220, .4280, .3880, .3620
12, . 5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760,
13, . 5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760,
14, . 5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760
15, . 5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760
+gp, . 5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760,
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. 3760,

. 0010,
. 0080,
. 0470,
. 1000,
. 1150,
. 1450,
. 2700,
. 3000,
. 3060,
. 3080,
. 3180,
. 3400,
. 3680,
. 3600,
. 3930,
. 3970,
. 3970,

978,

. 0010,
. 0100,
. 0850,
. 1800,
. 2940,
. 3260,
. 3710,
. 4090,
. 4610,
. 4760,

. 0010,
. 0150,
. 1000,
. 1540,
. 1750,
. 2090,
. 2520,
. 3050,
. 3670,
. 3770,
. 3590,
. 3950,
. 3960,
. 3960,
. 3960,
. 3960,
. 3960,



Table 3.5.2.3 (continued)

Table 3 Stock wei ghts at age (kg)
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999

AGE
0, . 0010, .o0010, .o0010, .O0O010, .0010, .0O010, .0O10, .O0OO10, .0010, .0O010
1, . 0080, .o0110, .o0O070, .O0O080, .0100, .0O180, .0180, .0180, .0180, .0180
2, . 0480, .0370, .0300, .0250, .0250, .0250, .0250, .0250, .0250, .0250
3, . 2190, .1470, .1280, .0810, .0750, .0660, .0760, .0960, .0740, .1020
4, . 1980, .2100, .2240, .2010, .1510, .1380, .1180, .1180, .1470, .1500
5, . 2580, .2440, .2960, .2650, .2540, .2300, .1880, .1740, .1740, .2230
6, . 2880, .3000, .3270, .3230, .3180, .2960, .2610, .2290, .2170, .2400
7, .3090, .3240, .3550, .3540, .3710, .3460, .3160, .2860, .2420, .2640
8, . 4280, .3360, .3450, .3580, .3470, .3880, .3460, .3230, .2780, .2830
9, . 3700, .3430, .3670, .3810, .4120, .3630, .3740, .3700, .3040, .3150
10, . 4030, .3820, .3410, .3690, .3820, .4090, .3900, .3780, .3100, .3450
11, .3870, .3660, .3610, .3960, .4070, .4140, .3900, .3860, .3590, .3860
12, . 4400, .4250, .4300, .3930, .4100, .4220, .3840, .3600, .3400, .3860
13, . 4400, .4250, .4700, .3740, .4100, .4100, .3980, .3930, .3440, .3860
14, . 4400, .4250, .4700, .4030, .4100, .4100, .3980, .3910, .3850, .3820
15, . 4400, .4250, .4700, .4000, .4100, .4050, .3980, .3910, .3630, .3820
+ap, . 4400, .4250, .4500, .4000, .4100, .4470, .3980, .3910, .3750, .4070
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Table 3.5.2.4
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Run titl

e : Herring spring-spawn (run

At 2/05/2000 18:23

Table 5 Proportion nmature at age
YEAR, 1950, 1951, 1952, 1953, 1954, 1955
AGE
0, . 0000, .0000, .0000, .0000, .O0O000,
1, . 0000, .0000, .0000, .0000, .O0O000,
2, . 0000, .0000, .0000, .0000, .O0O000,
3, . 0000, .0000, .0000, .0000, .O0O000,
4, .1000, .1000, .1000, .1000, .1000,
5, . 3000, .3000, .3000, .3000, .3000,
6, . 6000, .6000, .6000, .6000, .6000,
7, .9000, .9000, .9000, .9000, .9000, 1.
8, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
9, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
10, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.
13, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
14, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
15, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
Table 5 Proportion nmature at age
YEAR, 1960, 1961, 1962, 1963, 1964, 1965
AGE
0, . 0000, .0000, .0000, .0000, .O0O000,
1, . 0000, .0000, .0000, .0000, .O0O000,
2, . 0000, .0000, .0000, .0000, .O0O000,
3, . 0800, .0400, .0000, .0400, .O0200,
4, . 2200, .3500, .1100, .0300, .O0600,
5, . 3700, .6800, .6700, .3200, .2800,
6, . 8500, .9400, 1.0000, .9000, .3200,
7, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
8, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
9, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
10, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.
13, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.
14, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.
15, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
Run title : Herring spring-spawn (run: SVPBJA12/
At 2/05/2000 18:23
Table 5 Proportion nmature at age
YEAR, 1970, 1971, 1972, 1973, 1974, 1975
ACE
0, . 0000, .0000, .0000, .0000, .O0O000,
1, . 0000, .0000, .0000, .0000, .O0O000,
2, . 0000, .0000, .0000, .1000, .1000,
3, . 0600, .1000, .0000, .5000, .5000,
4, . 1300, .2500, .1000, .9000, .9000, 1
5, . 3100, .6000, .2500, 1.0000, 1.0000, 1.
6, .1700, .9000, .6000, 1.0000, 1.0000, 1.
7, 1.0000, 1.0000, .9000, 1.0000, 1.0000, 1.
8, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.
9, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.
10, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
12, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
13, 1. 0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
15, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1

SVPBJA12/ V12)

1958,

. 0000,
. 0000,
. 0000,
. 0000,
. 0000,
. 5000,

6000,

1.0000,

., 1956, 1957,
. 0000, . 0000,
. 0000, . 0000,
. 0000, . 0000,
. 0800, . 0800,
. 2200, . 2200,
. 3700, . 3700,
8500, . 8500,
0000, 1.0000,
. 0000, 1.0000,
. 0000, 1.0000,
. 0000, 1.0000,
. 0000, 1.0000,
0000, 1.0000,
. 0000, 1.0000,
. 0000, 1.0000,
. 0000, 1.0000,
. 0000, 1.0000,
., 1966, 1967,
. 0000, . 0000,
. 0000, . 0000,
. 0000, . 0000,
. 0000, . 0100,
. 3400, . 1500,
. 3500, 1.0000,
. 7600, . 9600,
. 0000, 1.0000,
. 0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
. 0000, 1.0000,
. 0000, 1.0000,
V12)
., 1976, 1977,
. 0000, . 0000,
. 0000, . 0000,
.1000, . 1000,
.5000, . 5000,
. 0000, . 9000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
0000, 1.0000,
. 0000, 1.0000,
. 0000, 1.0000,

PREERPPRPREPEPRPRER

PRPEPRPEERPERE

. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1968,

. 0000,
. 0000,
. 0000,
. 0000,
. 0100,
. 2300,
1. 0000,

Ll ol ol 0 ki ol o

. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1978,

. 0000,
. 0000,
. 0000,
. 7300,
. 8900,

. 0000,
. 0000,

0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

. 0000,
. 0000,
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1959,

. 0000,
. 0000,
. 0000,
. 0800,
. 2200,
. 3700,

8500

1.0000,

PREERPPRPRERPEPRPEER

PRPEPRPEPEREPERE

. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1969,

. 0000,
. 0000,
. 0000,
. 0000,
. 0000,
. 0100,
. 7600,

PRPERPEPERERPPRER

. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1979,

. 0000,
. 0000,
. 0000,
. 1300,
. 9000,

. 0000,
. 0000,

0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

. 0000,
. 0000,

. 0000,
. 0000,
. 0000,
. 0800,
. 2200,
. 3700,

8500

1.0000,

PEERPEPRPREPEREE

PRPERPEEREPERE

. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,

. 0000,
. 0000,
. 0000,
. 6200,
. 8900,
. 9500,
1. 0000,

PRPERPEPERPPRERE

. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

. 0000,
. 0000,
. 0000,
. 1000,
. 6200,
. 9500,

. 0000,
. 0000,

0000,
0000,
0000,
0000,
0000,
0000,
0000,

. 0000,
. 0000,



Table 3.5.2.4 (continued)

Tabl e
YEAR,

A

OCO~NOOTA~WNELO

=
o

[
akrwbd

+gp,

Tabl e
YEAR,

°&

OCOoO~NOUAWNE

iR
=
PREERPEPRERPEPRPER

=
N
PRPRRERPREREPRR

5
1980,

. 0000,
. 0000,
. 0000,
. 2500,
. 5000,
. 9700,

. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

5
1990,

. 0000,
. 0000,
. 0000,
. 4000,
. 8000,
. 9000,
. 9000,
. 9000,

. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

Proportion mature at age

1981,

. 0000,
. 0000,
. 0000,
..3000,
. 5000,
. 9000,

. 7000, .6900, .9000,

1.0000, .7100, .9500, 1
1.0000, 1.0000, 1.0000, 1
1. 0000, 1.0000, 1.0000, 1
1. 0000, 1.0000, 1.0000, 1
1.0000, 1.0000, 1.0000, 1
1.0000, 1.0000, 1.0000, 1
1. 0000, 1.0000, 1.0000, 1
1. 0000, 1.0000, 1.0000, 1
1.0000, 1.0000, 1.0000, 1
1.0000, 1.0000, 1.0000, 1
1. 0000, 1.0000, 1.0000, 1

Proportion mature at age
1992, 1993, 1994, 1995

PREERPEPRPRERPEPPRPERE

. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1991,

. 0000,
. 0000,
. 0000,
. 1000,
. 7000,

1
1
1

PRPRrRERPREPRRE

0000,

0000,

0000,

. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1

. 0000, .0000, .O0000,
. 0000, .0000, .0000,
. 0000, .0000, .0000,
.1000, .1000, .1000,
. 4800, .5000, .5000,

. 0000, .0000, .O0000,
. 0000, .0000, .0000,
. 0000, .0000, .0000,
. 1000, .0100, .O0100,
. 2000, .3000, .3000,

1
1.

1
1
1
1
1
1
1
1
1

982, 1983, 1984, 1985

8000, .8000, .8000,
0000, 1.0000, 1.0000, 1
0000, 1.0000, 1.0000, 1

. 0000, 1.0000, 1.0000, 1
. 0000, 1.0000, 1.0000, 1
. 0000, 1.0000, 1.0000, 1
. 0000, 1.0000, 1.0000, 1

0000, 1.0000, 1.0000, 1
. 0000, 1.0000, 1.0000, 1
. 0000, 1.0000, 1.0000, 1
. 0000, 1.0000, 1.0000, 1
. 0000, 1.0000, 1.0000, 1

, 1986,

. 0000,
. 0000,
. 0000,
. 1000,
. 5000,
. 9000,

. 0000,
. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1987,

. 0000,
. 0000,
. 0000,
. 1000,
. 2000,
. 9000,

, 1996,

. 0000,
. 0000,
. 0000,
. 0000,
. 0100,

8000,

0000,

0000,

. 0000,
. 0000,
. 0000,
. 0000,
0000,
. 0000,
. 0000,
. 0000,
. 0000,

PREERPEPRPRERPEPRPEE

. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

1988,

. 0000,
. 0000,
. 0000,
. 1000,
. 3000,
. 9000,

1997,

. 0000,
. 0000,
. 0000,
. 0000,
. 0100,

1.
1.

PRPRRERPREPRRE

4500,

0000,

0000,

. 0000,
0000,
0000,
0000,
0000,
0000,
0000,
. 0000,
. 0000,

rREERPEPRPRERPEPRERE

. 0000,
. 0000,
0000
0000
0000
0000
0000
0000
0000
. 0000,
. 0000,

1998,

. 0000,
. 0000,
. 0000,
. 0000,
. 3000,

1.
1.

Ll o S i

9000,
0000,
0000,
. 0000,
. 0000,
0000
0000
0000
0000
0000
. 0000,
. 0000,

ON\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc

1989,

. 0000,
. 0000,
. 0000,
. 1000,
. 3000
. 9000

rREERPEPRERPEPPREE

. 0000,
. 0000,
0000
0000
0000
0000
0000
0000
0000
. 0000,
. 0000,

1999,

. 0000,
. 0000,
. 0000,
. 0000,
. 3000

1.
1.

rRPRrRERPREPRRE

9000

0000

0000

. 0000,
. 0000,
0000
0000
0000
0000
0000
. 0000,
. 0000,

. 0000,
. 0000,
. 0000,
. 1000,
. 3000
. 9000

rREERERPEPREPEPREE

. 0000,
0000
0000
0000
0000
0000
0000
0000
0000
. 0000,
. 0000,

. 0000,
. 0000,
. 0000,
. 0000,
. 3000

1.
1.

PRPRERPREREPRRE

9000

0000

0000

. 0000,
0000
0000
0000
0000
0000
0000
. 0000,
. 0000,
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Table 3.5.4.1. Exploratory tuning series - Norwegian spring spawning

Run nunber Expl anati on
1 Pooling ol der than 13, tags 2 years in sea,
2 No tuning 1993 yearcl ass,

3 One extra year of tag mxing,

4 Larvae production index,

5 Larvae index,

6 One extra year of tag mxing, |arvae index,

7 Previous year, present nodel, no tagging,

8 Previ ous year, previous nodel, no tagging,

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7

63
41
65
86
14
15
12

SSB 2000 6. 46 5.81 6. 66 6. 85 6. 64 6.85

SSB 1999 7.13 6.56 7.33 7.49 7.31 7.51 8.94
SSB 1998 8.13 7.61 8.34 8.50 8.32 8.53 8.72
SSB 1997 8.84 8.43 9. 04 9.16 9.03 9.22 9.47
SSB 1996 5.01 4.82 5.04 5.11 5.09 5.12 5.24
Total |og-likelihood -334.68 -322.33 -314.95 -396.43 -384.62 -364.81 -100.27
Log-|i kel i hood acoustics per term -1.66 -1.68 -1.66 -1.66 -1.66 -1.66 -1.67
Nurmber acoustic terms 79. 00 71.00 79. 00 79. 00 79. 00 79. 00 60. 00
Log-1i kel i hood tags per term -2.01 -2.01 -1.94 -2.02 -2.01 -1.94

Nunber tag terns 101. 00 101. 00 95. 00 101. 00 101. 00 95. 00 0. 00
Log-likelihood | arvae per term -4.40 -2.93 -2.93

Nurmber | arvae terms 0. 00 0. 00 0. 00 14. 00 17. 00 17.00 0. 00
Catchabi l ity spawni ng grounds 0.74 0. 80 0.74 0.74 0.74 0.74 0.72
Catchability Of oten Decenber 0.49 0.49 0.49 0.48 0.48 0.48 0. 46
Cat chability Ofoten January 0.80 0.84 0.79 0.78 0.78 0.78 0.74
Cat chabi | ity Norwegi an Sea 0.94 1.05 0.93 0.91 0.92 0.91 0.99
Term nal F83 0.26 0. 30 0.26 0.25 0.25 0.25 0.21
Ter m nal F90 0.21 0.22 0.21 0. 20 0. 20 0. 20 0.18
Termi nal F91 0.19 0.20 0.18 0.18 0.19 0.18 0.14
Ter mi nal F92 0.16 0.17 0.15 0.15 0.15 0.15 0.11
Term nal F93 0.12 0.12 0.11 0.12 0.12

CV surveys 0.43 0.44 0.43 0.43 0.43 0.43 0. 40
Cat chability | arvae production 11. 43

Catchability |arvae index 3.83 3.81

Taggi ngSur vi val 0. 50 0.48 0.49 0. 50 0. 50 0. 50
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Table 3.5.5.1

NORWEGIAN SPRING-SPAWNING HERRING recruits as 3-year-olds

6,27,2

1973 848 5 -11 -11 -11 -11 -11
1974 563 1 -11 -11 -11 -11 -11
1975 192 0.25 -11 -11 -11 -11 -11
1976 669 0.25 -11 -11 -11 -11 -11
1977 333 1 -11 -11 -11 -11 -11
1978 409 2 -11 -11 -11 -11 -11
1979 807 9 -11 -11 -11 -11 -11
1980 102 0.25 -11 -11 -11 -11 -11
1981 71 0.25 -11 -11 -11 -11 -11
1982 152 0.25 -11 -11 -11 -11 -11
1983 21258 177 -11 -11 -11 -11 -11
1984 758 34 -11 -11 -11 -11 -11
1985 4013 23 -11 -11 -11 -11 -11
1986 398 0.25 -11 -11 -11 -11 -11
1987 1104 0.25 -11 -11 54 -11 70
1988 1696 3 -11 -11 -11 -11 820
1989 5342 58 -11 5200 -11 1247 1905
1990 9189 31 24300 14000 676 2389 3431
1991 24919 119 32600 25800 7621 3708 3781
1992 29790 105 102700 59200 7638 5133 10442
1993 6351 75 6600 7700 -11 3008 -11
1994 -11 28 500 250 381 661 1938
1995 -11 16 100 40 337 441 199
1996 -11 65 2600 4700 1996 2425 -11
1997 -11 39 9500 4900 -11 -11 -11
1998 -11 59 49500 -11 -11 -11 -11
1999 -11 41 -11 -11 -11 -11 -11

BS 0-gr (log index*100)
BS 1-gr (million)

BS 2-gr (million)
Spawn 4 (million)

Dec 3 (million)

Jan 4 (million)
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Table 3.5.5.2

Anal ysis by RCT3 ver3.1 of data fromfile :

c:\npel 99\ nssh\recruit\ nsshrcrt.txt

NORVEG AN SPRI NG- SPAWNI NG HERRI NG recruits as 3-year-ol ds

Data for

Regr essi on type

6 surveys over

=C

Tapered tinme weighting applied

power =

3 over

20 years

Survey wei ghting not applied

Fi nal
M ni mum S. E
M ni mum of

26 years

estimates shrunk towards nean
for any survey taken as
3 points used for

1973 -

.20

regression

For ecast/ Hi ndcast variance correction used.

Year class =

| -----
Survey/ Sl ope
Seri es
BS 0-g .05
BS 1-g 1.10
BS 2-g . 87
Spawn
Dec 3 1.44
Jan 4
Year class =

| _____
Survey/ Sl ope
Series
BS 0-g .05
BS 1-g 1.10
BS 2-g . 87
Spawn .72
Dec 3 1.44
Jan 4 . 89
Year class =

| _____
Survey/ Sl ope
Series
BS 0-g .05
BS 1-g 1.10
BS 2-g . 87
Spawn .72
Dec 3 1.44
Jan 4 . 89

60

1993
------ Regr essi on
I nter-
cept Error
5.84 1.68
-1.68 .74
1.21 . 28
-1.62 .21
1994
------ Regr essi on
Inter-
cept Error
5.90 1.68
-1.67 .74
1.21 .29
4. 20 .40
-1.63 .21
2. 44 . 60
1995
------ Regr essi on
Inter-
cept Error
5.99 1.66
-1.65 .75
1.21 . 29
4.21 .41
-1.63 .21
2.41 .61

Std Rsquare

. 624
. 612
. 932

. 961

Std Rsquare

. 622
. 612
. 932
. 962
. 961
. 875

Std Rsquare

. 623
. 611
. 931
. 962
. 961
. 874

1998

[ R Pr edi
No. I ndex Predicted
Pts Val ue Val ue

20 75.00 9. 39

3 8.79 8.01

4 8. 95 9. 00

4 8.01 9. 88
VPA Mean = 7.81

I Pr edi
No. I ndex Predicted
Pts Val ue Val ue

20 28.00 7.21

3 6. 22 5.18

4 5.53 6. 02

4 5.95 8. 47

4 6. 50 7.70

6 7.57 9.14
VPA Mean = 7.93

e B Pr edi
No. I ndex Predicted
Pts Val ue Val ue

20 16.00 6.72

3 4.62 3.42

4 3.71 4. 44

4 5.82 8. 38

4 6. 09 7.12

6 5.30 7.12
VPA Mean = 8. 07

Std
Error

1. 940
2.690
. 493
. 337

2.060

iction

Std
Error

1.941
5. 567
1.090
. 668
. 531
. 805

2.042

iction

Std
Error

1.970
7.581
1.511
. 689
. 637
. 922

2.012
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WAP
Wi ght s

. 020
. 010
. 303

. 650

. 017

WAP
Wi ght s

. 030
. 004
. 097
. 258
. 407
177

. 028

WAP
Wi ght s

. 038
. 003
. 065
. 314
. 367
. 175

. 037



Table 3.5.5.2 (Continued)

Year class = 1996
R Regression-------
Survey/ Slope Inter- Std Rsquare
Series cept Error
BS 0-g .04 6.10 1.62 . 627
BS 1-g 1.10 -1.62 .76 . 611
BS 2-g . 87 1.21 .29 . 931
Spawn
Dec 3
Jan 4
Year class = 1997
R Regression-------
Survey/ Slope Inter- Std Rsquare
Series cept Error
BS 0-g .04 6.23 1.56 . 637
BS 1-g 1.09 -1.58 .78 . 611
BS 2-g
Spawn
Dec 3
Jan 4
Year class = 1998
R Regression-------
Survey/ Slope Inter- Std Rsquare
Series cept Error
BS 0-g .04  6.39 1.48 . 653
BS 1-g
BS 2-¢g
Spawn
Dec 3
Jan 4
Year Wi ght ed Log I nt
Cl ass Aver age WAP Std
Predi ction Error
1993 14010 9.55 .27
1994 2905 7.97 .34
1995 1561 7.35 .39
1996 5144 8.55 .53
1997 3655 8. 20 1.20
1998 5908 8. 68 1.31

VPA

VPA

VPA

Ext
Std
Error

. 25
.35
.41
.15
. 16
.17

I ndex Predi

Val ue

65. 00
7.86
8. 46

P Prediction--

| ndex
Val ue

39. 00
9.16

P Prediction--

| ndex
Val ue

59. 00

Mean =

Var
Rati o

Val

9
7.
8

Pr edi

Val

Pr edi

Val

8.

cted Std

ue Error
.02 1.947
00 3.910
.57 . 581
.22 1.970

cted Std

ue Error
.93 1.911
.43 2.650
.36 1.915

cted Std

ue Error

. 86 1.863

52 1.852

VPA Log
VPA
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WAP
Wi ght s

.074

. 018
. 835

.073

WAP
Wi ght s

. 397
. 207

. 396

WAP
Wi ght s

. 497

. 503
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Table 3.5.6.1
Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23
Tradi tional vpa using screen input for termnal F

Table 8 Fishing nortality (F) at age

YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959
AGE
0, .0104, .0174, .2455, .1082, .4996, .3874, .3408, .3741, .6958, .0689
1, .1217, .0390, .2699, .2894, .4172, .5567, .5949, .8901, .9181, .7079
2, .0658, .0661, .0160, .0505, .1521, .0987, .5132, .2514, 1.2040, .5811
3, .0278, .0013, .0118, .0171, .0424, .0320, .0426, .0462, .0414, .1058
4, .0508, .0465, .0141, .0165, .0396, .0537, .1079, .1763, .0431, .0781
5, . 0410, .0581, .0908, .0279, .0612, .0692, .0756, .0844, .0689, .0769
6, .0709, .0440, .0565, .0674, .0799, .0605, .1097, .0687, .0612, .1160
7, .0884, .0839, .0673, .0415, .1184, .0808, .0723, .1105, .0728, .0990
8, . 0446, .1085, .0779, .0448, .0800, .0854, .1111, .0587, .0689, .1150
9, . 0346, .0527, .0873, .0810, .1009, .0666, .1049, .0891, .0714, .0987
10, .0375, .0390, .0668, .1173, .1476, .1270, .1307, .0930, .1105, .1140
11, .0369, .0427, .0490, .0645, .1846, .1325, .1759, .1163, .1330, .1475
12, .0379, .0556, .0544, .0641, .1175, .1098, .1647, .1469, .1741, .1777
13, .0666, .0602, .0682, .0584, .0886, .1012, .1147, .1209, .1249, .2207
14, .0780, .0787, .0545, .0789, .1039, .0949, .1424, .1208, .0736, .1678
15, . 0459, .0697, .0726, .0782, .1304, .1044, .1295, .1000, .0820, .1127
+gp, . 0459, .0697, .0726, .0782, .1304, .1044, .1295, .1000, .0820, .1127
0 FBAR 5-14, .0536, .0623, .0673, .0646, .1083, .0928, .1202, .1009, .0960, .1333
Table 8 Fishing nortality (F) at age
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969
ACE
0, .1068, .1360, .3679, .0451, .0621, .5500, . 1392, . 1961, . 7997, .0921
1, . 1421, .4130, .2658, .9250, .0665, .1786, . 7192, 1.7622, . 7439, 1.6597
2, . 6955, .0835, .0871, .4621, .5117, .1927, . 2389, . 3323, . 6937, 1.7485
3, . 7587, .1583, .1028, .1240, .0612, .6737, . 3137, .5034, 3.2066, 2.0406
4, .1698, .0927, .0525, .0588, .0840, .1789, . 4085, 1.1192, 4.5599, .2604
5, . 1041, .0497, .0442, .0424, .1886, .1573, . 5321, . 8593, 4.7169, .7590
6, .0916, .0705, .1097, .0310, .1391, .2997, .5982, 1.3102, 1.8048, .6023
7, .0985, .0928, .1213, .0698, .0309, .2829, . 7536, 1.6834, 1.2122, .3507
8, .0804, .0802, .0718, .1458, .0725, .4469, 1.3073, 1.4826, . 9377, .4226
9, . 1278, .0675, .0976, .0700, .2847, .2423, .9790, 1.3296, 1.5726, .6056
10, . 1357, .1117, .0907, .2443, .3074, .3472, 1.3436, 1.4501, 1.2945, .6310
11, . 1449, 1118, .1256, .2153, .3356, .8375, 1.0666, 1.0905, 1.3198, .6261
12, .2138, .1117, .1666, .2626, .2856, .6639, . 5451, 1.2609, . 7483, .8732
13, . 1925, .1012, .1302, .2729, .3657, .6932, 1.3723, 1.1286, 1.9490, .3927
14, .2032, .1069, .1628, .3429, .3634, .6227, 1.4701, 1.9718, 1.2342, .8364
15, . 1387, .1057, .1466, .2569, .3195, .6204, 1.1880, 1.4777, 1.3620, .5776
+gp, . 1387, .1057, .1466, .2569, .3195, .6204, 1.1880, 1.4777, 1.3620, .5776
0 FBAR 5-14, .1393, .0904, .1121, .1697, .2374, .4594, .9968, 1.3567, 1.6790, .6100

Run title : Herring spring-spawn (run: SVPBJA12/V12)

At 2/05/2000 18:23
Tradi tional vpa using screen input for termnal F

Table 8 Fishing nortality (F) at age

YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979
AGE
0, . 3347, . 2441, . 7939, . 0035, .0118, .0159, .0030, .0130, .0050, .0040
1, . 2501, . 4295, 1.7489, . 0323, .0023, .0016, .0031, .0023, .0018, .0023
2, 1. 2205, . 1204, . 9309, . 7288, .0937, .0013, .0013, .0099, .0011, .0035
3, . 5307, . 2855, .0983, . 4069, .1233, .1561, .0300, .0432, .0171, .01083
4, 1. 4843, . 1419, 1.2887, . 0893, .0609, .2243, .3938, .0365, .0286, .0124
5, . 2998, . 3119, .9578, . 8552, .1115, .3212, .0022, .0354, .0379, .0192
6, . 6842, .2794, 1.8090, 1.5110, .9654, .1880, .0005, .0026, .1147, .0251
7, 1. 1086, . 4857, 1.2502, 1.1078, .7734, .0379, .1083, .2687, .0030, .0544
8, 1.1726, 1.6241, 2.9486, 1.3527, .0086, .0141, .0090, .1158, .7485, .0035
9, 1.1825, 2.5238, 1.7610, .0147, .0192, .0101, .0083, .0106, .0690, .0021
10, 1.3751, 1.9510, .0388, .0293, .0174, .0228, .0119, .0097, .0124, .0427
11, 1.5563, 2.2737, 1.5553, . 0471, .0351, .0206, .0271, .0140, .0114, .0146
12, 3.9033, 1.8357, 2.0473, . 0090, .0576, .0424, .0244, .0325, .0165, .0134
13, 1. 6255, .2170, 1.1132, .0136, .0105, .0714, .0517, .0291, .0391, .0195
14, .8120, 2.7742, .3301, 1.2442, .0161, .0124, .0899, .0636, .0350, .0474
15, 1.4061, 2.0280, 2.1062, .6032, .0165, .0190, .0146, .1157, .0793, .0422
+gp 1.4061, 2.0280, 2.1062, . 6032, .0165, 0190, 0146, .1157, 0793, 0422

0 FBAR 5-14,  1.3720, 1.4276, 1.3812, .6185, .2015, .0741, .0333, .0582, .1088, .0242,
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Table 3.5.6.1 (continued)

Tabl e
YEAR,
AGE
0,
1,
2,
3,
4,
5,
6,
7,
8,
9,
10,
11,
12,
13,
14,
15,
+gp,
0 FBAR 5-14,
Tabl e
YEAR, 1990,
AGE
0,
1,
2,
3,
4,
5,
6,
7,
8,
9,
10,
11,
12, 1
13,
14,
15,
+gp,
FBAR 5-14,

8

Fishing nortality (F) at age
1980,

. 0068,
. 0002,
. 0006,
. 0210,
. 0110,
. 0179,
. 0272,
. 0426,
. 0920,
. 0333,
. 0025,
. 0553,
. 0173,
. 0158,
. 0232,
. 0581,
. 0581,
. 0327,

8

. 0000,
. 0000,
. 0056,
. 0183,
. 0084,
. 0044,
. 0266,
. 0240,
. 0531,
. 4384,
. 6363,
. 0559,
. 6749,
. 4237,
. 0220,
. 1527,
. 1527,
. 3359,

1981,

. 0116,
. 0027,
. 0089,
. 0110,
. 0178,
. 0193,
. 0205,
. 0179,
. 0268,
. 0916,
. 6964,
. 3917,
. 0240,
. 0205,
. 0186,
. 0276,
. 0276,
. 1327,

1982,

. 0148,
. 0038,
. 0012,
. 0182,
. 0247,
. 0207,
. 0166,
. 0216,
. 0238,
. 0233,
. 0399,
. 5462,
. 1999,
. 0035,
. 0243,
. 0221,
. 0221,
. 0920,

1983,

. 0006,
. 0076,
. 0144,
. 0340,
. 0333,
. 0357,
. 0339,
. 0214,
. 0169,
. 0257,
. 0338,
. 0575,
. 2586,
. 2773,
. 0298,
. 0290,
. 0290,
. 5791,

1984,

. 0045,
. 0000,
. 0101,
. 0701,
. 0705,
L1211,
. 0841,
. 0853,
. 0592,
L1171,
. 1136,
. 0359,
. 0005,
. 2937,
. 2407,
. 0698,
. 0698,
. 1151,

Fishing nortality (F) at age

1991,

==

1992,
. 0000, .0000,
. 0001, .0000,
. 0004, .0001,
. 0054, .0025,
. 0032, .0248,
. 0052, .0067,
. 0063, .0052,
. 0260, .0060,
. 0277, .0200,
. 1310, .0342,
. 2163, .1762,
. 0455, .4904,
. 0193, .1664,
. 6296, .0413,
. 9531, .0483,
. 0238, .0286,
. 0238, .0286,
. 4060, .0995,

1993,

. 0001,
. 0000,
. 0002,
. 0033,
. 0254,
. 0801,
. 0137,
. 0186,
. 0176,
. 0791,
. 0763,
. 0001,
. 0012,
. 0009,
. 0000,
. 0592,
. 0592,
. 0288,

1994,

. 0000,
. 0000,
. 0002,
. 0014,
. 0152,
. 1072,
. 2018,
. 0293,
. 0500,
. 0263,
. 2019,
. 1565,
. 3500,
. 9446,
. 1000,
. 1000,
. 1000,
. 2168,

1995,

1985,

. 0007,
. 0043,
. 0060,
. 1654,
. 3436,
. 3000,
. 3781,
. 3991,
. 5933,
. 3356,
. 2228,
. 3073,
. 3953,
. 0006,
. 5035,
. 3792,
. 3792,
. 3436,

. 0000,
. 0000,
. 0001,
. 0021,
. 0176,
. 1056,
. 2615,
. 4514,
. 0350,
. 1230,
. 0596,
. 9287,
. 3249,
. 1850,
. 0282,
. 0000,
. 0000,
. 7503,

1996,

1986,

. 0035,
. 0001,
. 0025,
. 0277,
. 1875,
. 5875,
. 4797,
. 5624,
. 2624,
. 2486,
. 8276,
. 8219,
. 0562,
. 1502,
. 0007,
. 3962,
. 3962,
. 9997,

. 0000,
. 0000,
. 0086,
. 0050,
. 0305,
. 0979,
. 2172,
. 2500,
. 3523,
. 0153,
. 0733,
. 0700,
. 4707,
. 5246,
. 0007,
. 3033,
. 3033,
. 2072,

1997,

1987,

. 0013,
. 0039,
. 0055,
. 0285,
. 0308,
. 2929,
. 2553,
. 3946,
. 2676,
. 6434,
. 0630,
. 0924,
. 9048,
. 5336,
. 4985,
. 4168,
. 4168,
. 6946,

. 0000,
. 0000,
. 0096,
. 0674,
. 0466,
. 0948,
. 1644,
. 2587,
. 3078,
. 3409,
. 0650,
. 4893,
. 1224,
. 3926,
. 4387,
. 2616,
. 2616,
. 3675,
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1998,

1988,

. 0009,
. 0006,
. 0140,
. 0170,
. 0435,
. 0407,
. 2236,
. 4372,
. 6414,
. 2055,
. 4616,
. 0588,
. 0876,
. 8806,
. 7159,
. 3809,
. 3809,
. 9753,

. 0000,
. 0000,
. 0081,
. 0556,
. 1629,
. 0783,
. 1201,
. 1411,
. 1888,
. 1827,
. 3995,
. 1040,
. 0824,
. 2083,
. 9098,
. 2083,
. 2083,
. 8415,

1989,

. 0001,
. 0003,
. 0140,
. 0078,
. 0011,
. 0117,
. 0289,
. 1131,
. 1497,
. 1275,
. 0619,
. 9170,
. 7529,
. 0102,
. 1734,
. 0897,
. 0897,
. 2346,

. 0000,
. 0000,
. 0007,
. 0240,
. 0344,
. 1215,
. 1168,
. 1452,
. 1769,
. 2038,
. 2106,
. 2174,
. 2242,
. 2310,
. 2378, 2.
. 2446,
. 2446,
. 1885,

1999, FBAR 97-99

. 0000,
. 0000,
. 0061,
. 0490,
. 0813,
. 0982,
. 1338,
. 1817,
. 2245,
. 2425,
. 2250,
. 2702,
. 1430,
. 6106,

5288,

. 2382,
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Table 3.5.6.2

Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23
Tradi tional vpa using screen input for termnal F
Tabl e 10 St ock nunber at age (start of year) Nunber s*10**-5
YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959
AGE
0, 7473747, 1439079, 938988, 835771, 397029, 237538, 274748, 236506, 278105
4053427,
1, 262358, 3007097, 575014, 298670, 304949, 97946, 65556, 79447, 66148, 56387
2, 142205, 94445, 1175817, 178474, 90917, 81693, 22821, 14702, 13263, 10738
3, 108558, 54134, 35944, 470458, 68991, 31748, 30092, 5554, 4649, 1618
4, 40165, 90878, 46533, 30573, 398069, 56914, 26464, 24821, 4564, 3839
5, 49706, 32858, 74664, 39490, 25883, 329322, 46426, 20449, 17911, 3763
6, 85994, 41064, 26685, 58688, 33055, 20954, 264511, 37050, 16177, 14389
7, 79923, 68950, 33821, 21705, 47220, 26265, 16977, 204017, 29773, 13096
8, 19630, 62971, 54572, 27216, 17923, 36105, 20851, 13593, 157223, 23826
9, 28024, 16159, 48627, 43450, 22398, 14241, 28532, 16060, 11033, 126308
10, 32020, 23300, 13194, 38355, 34489, 17428, 11467, 22112, 12644, 8841
11, 25817, 26545, 19288, 10623, 29358, 25611, 13211, 8660, 17343, 9744
12, 56309, 21416, 21893, 15808, 8572, 21008, 19308, 9537, 6636, 13068
13, 61467, 46664, 17436, 17846, 12761, 6559, 16201, 14095, 7087, 4799
14, 9515, 49494, 37816, 14018, 14488, 10052, 5102, 12433, 10750, 5384
15, 25669, 7575, 39378, 30821, 11151, 11239, 7869, 3809, 9483, 8596
+gp, 56929, 48758, 47336, 73642, 59483, 51748, 42150, 27995, 25443, 15205
0 TOTAL, 8558036, 5131387, 3207006, 2205608, 1576735, 1076372, 912286, 750839, 688233, 4373027
Tabl e 10 St ock nunber at age (start of year) Nunber s*10**-5
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969
ACE
0, 1913386, 732827, 177124, 1646402, 905560, 79326, 453493, 35822, 46386, 96073
1, 1538204, 699104, 260052, 49847, 639834, 345996, 18608, 160413, 11970, 8476
2, 11294, 542521, 188063, 81052, 8036, 243395, 117663, 3686, 11196, 2313
3, 2442, 2291, 202893, 70081, 20760, 1959, 81610, 37672, 1075, 2275
4, 1253, 984, 1683, 157564, 53282, 16807, 859, 51327, 19600, 37
5, 3056, 910, 772, 1374, 127875, 42166, 12097, 492, 14426, 177
6, 2999, 2370, 745, 636, 1134, 91146, 31010, 6115, 179, 111
7, 11028, 2355, 1901, 575, 531, 849, 58137, 14675, 1420, 25
8, 10209, 8601, 1847, 1450, 461, 443, 551, 23551, 2346, 364
9, 18279, 8109, 6833, 1480, 1078, 369, 244, 128, 4602, 791
10, 98496, 13846, 6524, 5334, 1188, 698, 249, 79, 29, 822
11, 6790, 74015, 10658, 5128, 3596, 752, 425, 56, 16, 7,
12, 7237, 5056, 56966, 8091, 3559, 2213, 280, 126, 16, 4
13, 9416, 5030, 3892, 41507, 5355, 2302, 980, 140, 31, 7,
14, 3312, 6686, 3913, 2940, 27193, 3198, 991, 214, 39, 4
15, 3918, 2327, 5171, 2862, 1796, 16274, 1476, 196, 26, 10
+gp, 10102, 4117, 6834, 5918, 11413, 4140, 7024, 1235, 216, 49
0 TOTAL, 3651422, 2111147, 935871, 2082239, 1812651, 852033, 785697, 335927, 113573
111544,
1
Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23
Tradi tional vpa using screen input for termnal F
Tabl e 10 St ock nunmber at age (start of year) Number s*10**-5
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979
ACE
0, 6207, 2098, 9074, 127017, 85007, 29426, 100187, 50393, 61332, 124347
1, 35624, 1806, 668, 1668, 51461, 34155, 11775, 40609, 20224, 24812
2, 655, 11279, 478, 47, 657, 20874, 13864, 4773, 16472, 8207
3, 164, 79, 4065, 77, 9, 243, 8476, 5629, 1921, 6690
4, 254, 83, 51, 3172, 44, 7, 179, 7080, 4641, 1626
5, 25, 50, 62, 12, 2497, 36, 5, 104, 5875, 3881
6, 71, 16, 31, 20, 4, 1922, 22, 4, 86, 4868
7, 52, 31, 10, 4, 4, 1, 1371, 19, 4, 66
8, 15, 15, 16, 3, 1, 2, 1, 1059, 13, 3,
9, 205, 4, 3, 1, 1, 1, 1, 1, 812, 5,
10, 371, 54, 0, 0, 1, 0, 1, 1, 1, 652
11, 376, 81, 7, 0, 0, 1, 0, 1, 1, 1,
12, 3, 68, 7, 1, 0, 0, 0, 0, 1, 1,
13, 1, 0, 9, 1, 1, 0, 0, 0, 0, 1,
14, 4, 0, 0, 3, 1, 1, 0, 0, 0, 0
15, 1, 1, 0, 0, 1, 1, 1, 0, 0, 0
+gp, 27, 0, 0, 0, 1, 1, 1, 0, 0, 0
0 TOTAL, 44057, 15664, 14482, 132026, 139688, 86671, 135886, 109675, 111382, 175161
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Table 3.5.6.2 (continued)

Nunber s*10**-5

Tabl e 10 St ock nunmber at age (start of year)
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1
AGE
0, 15393, 10919, 23297, 3184150, 114033, 600835, 60562,
1, 50355, 6216, 4388, 9333, 1293797, 46154, 244105,
2, 10064, 20468, 2520, 1777, 3766, 526008, 18684,
3, 3325, 4089, 8248, 1024, 712, 1516, 212582,
4, 5699, 2803, 3481, 6971, 851, 572, 1106,
5, 1382, 4851, 2370, 2923, 5804, 683, 349,
6, 3277, 1168, 4096, 1998, 2428, 4426, 435,
7, 4086, 2745, 985, 3467, 1662, 1921, 2610,
8, 54, 3370, 2321, 830, 2921, 1314, 1109,
9, 3, 42, 2824, 1951, 702, 2370, 625,
10, 4, 2, 33, 2375, 1636, 538, 1458,
11, 538, 4, 1, 28, 1976, 1257, 370,
12, 1, 438, 2, 0, 22, 1641, 796,
13, 1, 1, 368, 2, 0, 19, 951,
14, 0, 1, 0, 316, 0, 0, 17,
15, 0, 0, 0, 0, 264, 0, 0,
+gp, 0, 0, 0, 0, 0, 90, 35,
0 TOTAL, 94183, 57118, 54937, 3217144, 1430576, 1189342, 545793,
Tabl e 10 St ock nunber at age (start of year) Nu
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
AGE 50- 97 50-97
0, 1367503, 3708531, 4433418,1113236, 323168, 210382, 937253, 659480, 0, 0,
1, 323314, 555979, 1507776, 1802483, 452567, 131388, 85535, 381058, 268125, 0,
2, 41955, 131447, 226023, 613015, 732834, 184000, 53418, 34776, 154927,109011,
3, 11042, 16962, 53422, 91886, 249189, 297898, 74802, 21533, 14004, 62478,
4, 3402, 9331, 14521, 45864, 78824, 214177, 255870, 64064, 17325, 11402,
5, 29191, 2904, 8005, 12192 38485, 66824, 181134, 213617, 52631, 12670,
6, 4444, 25015, 2486, 6844 9685, 29756, 51751, 141360, 167237, 41889,
7, 102644, 3724, 21394, 2129 5811, 6813, 19719, 35848, 103229, 127651,
8, 268, 86250, 3123, 18303 1799, 4857, 3734, 13218, 23822, 77157,
9, 46, 219, 72208, 2635 15479, 1473, 4037, 2259, 8362, 16976,
10, 46, 25, 165, 60059 2095, 12977, 1121, 3422, 1383, 5995,
11, 478, 21, 18, 119, 47896, 1474, 10524, 896, 2760, 798,
12, 8, 389, 17, 9, 103, 35254, 501, 8446, 473, 2141,
13, 6, 1, 329, 13, 8, 62, 21925, 269, 6432, 375,
14, 289, 3, 0, 271, 11, 3, 16, 11168, 58, 4495,
15, 13, 244, 0, o, 233, 8, o, 14, 6198, o,
+gp, 24, 5, 0 0 0 0 0 0 0, 31686,

TOTAL, 1884671, 4541049

1

, 6342907, 3769059, 1958188, 1197346, 1701338, 1591429, 8269
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987, 1988,
166920, 254118,
24538, 67779,
99237, 9937,
7577, 40126,
177969, 6339,
789, 148534,
167, 507,
232, 111,
1280, 135,
270, 843,
154, 122,
549, 46,
140, 431,
88, 49,
95, 16,
14, 18,
0, 0,
480020, 529111,

nbers*10**-5

GWST, AMST

1989,

795332,
103221,
27540,
3984,
33954,
5223,
122746,
349,
62,

61,
591,
24,

14,

339,
17,

0,

0,
1093458,

0, 231709, 850520,

0,

0,
44290,
52500,

9482,
9658,
32080,
95021,
55642,
11918,
4180,
553,
1473,
256,
3050,
2134,

8298,
5838,
3884,
2514,
1614,
1036,
631,
417,
267,
171,
93,
53,
26,

65, 476205, 322236,

81866, 330393,
24727,121856,
49210,
41024,
32950,
24055,
17730,
13121,
10538,
8938,
7382,
6779,
6209,
4787,
3968,

65



Table 3.5.6.3

Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23
Tradi tional vpa using screen input for termnal F
Table 12 Stock bionmss at age (start of year) Tonnes*10**-1
YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957,
ACGE
o, 74737, 14391, 9390, 8358, 3970, 2375, 2747, 2365
1, 20989, 240568, 46001, 23894, 24396, 7836, 5244, 6356
2, 66837, 44389, 552634, 83883, 42731, 38396, 10726, 6910,
3, 108558, 54134, 35944, 470458, 68991, 31748, 30092, 5554,
4, 81936, 185391, 94927, 62369, 812060, 110983, 54252, 33756
5, 114323, 75574, 171727, 90828, 59530, 701456, 106781, 46624,
6, 219285, 104712, 68046, 149653, 84290, 54480, 658633, 94478
7, 219789, 189613, 93007, 59690, 129854, 72230, 46685, 534524,
8, 56926, 182615, 158259, 78927, 51977, 104703, 60469, 39420,
9, 85474, 49285, 148313, 132523, 68313, 43434, 87023, 48982
10, 100863, 73395, 41561, 120818, 108642, 54899, 36121, 69653
11, 83905, 86272, 62687, 34524, 95412, 83235, 42936, 28146
12, 185821, 70672, 72246, 52166, 28286, 69326, 63717, 31472
13, 208988, 158658, 59283, 60675, 43388, 22302, 55083, 47924,
14, 32827, 170756, 130466, 48363, 49985, 34680, 17603, 42893
15, 92923, 27421, 142548, 111573, 40366, 40685, 28485, 13788
+gp, 207790, 177966, 172778, 268794, 217113, 188878, 153848, 102182
0 TOTALBI O 1961972, 1905812, 2059817, 1857495, 1929304, 1661649, 1460445, 1155027
Tabl e 12 Stock bionmass at age (start of year) Tonnes*10**-1
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967,
AGE
0, 19134, 7328, 1771, 16464, 9056, 793, 4535, 358
1, 123056, 55928, 20804, 3988, 51187, 27680, 1489, 12833,
2, 5308, 254985, 88390, 38094, 3777, 114396, 55302, 1732
3, 2442, 2291, 202893, 70081, 20760, 1959, 81610, 37672
4, 2555, 2283, 3685, 291492, 103368, 31261, 1590, 92389
5, 8252, 2275, 2247, 3477, 272374, 83911, 26492, 1121
6, 8726, 6922, 2235, 1869, 2993, 215104, 68842, 16450
7, 32312, 7112, 6008, 1793, 1682, 2208, 144762, 39622
8, 32772, 26148, 5986, 4769, 1675, 1607, 1685, 69240,
9, 58128, 26191, 22275, 4839, 3807, 1292, 863, 416
10, 315187, 44585, 21854, 17816, 4145, 2583, 940, 331
11, 23357, 237588, 36024, 17486, 12729, 2706, 1660, 241,
12, 25257, 17392, 190266, 28236, 12704, 8363, 1061, 460,
13, 34841, 17957, 13504, 141538, 19225, 8908, 3706, 514,
14, 12553, 24268, 13851, 10527, 99253, 12471, 3576, 926,
15, 14692, 8492, 18513, 10732, 7221, 64121, 5655, 811,
+gp, 38387, 15234, 24467, 22192, 45879, 16313, 26900, 5113
0 TOTALBI O 756960, 756978, 674773, 685393, 671834, 595675, 430668, 280231
1
Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23
Tradi tional vpa using screen input for termnal F
Table 12 Stock bionass at age (start of year) Tonnes*10**-1
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977,
AGE
o, 62, 21, 91, 1270, 850, 294, 1002, 504, 613, 1243
1, 2850, 271, 67, 167, 5146, 3416, 1178, 4061, 2022, 2481
2, 308, 9023, 334, 40, 558,17743, 11785, 4057, 14002, 6976
3, 164, 79, 6098, 130, 16, 440, 15341, 10189, 3458, 11908
4, 532, 157, 76, 8215, 114, 18, 463, 18337, 13643, 3772
5, 68, 112, 87, 41, 8538, 122, 17, 356, 19153, 13934,
6, 164, 40, 66, 78, 17, 7381, 85, 16, 320, 18744,
7, 154, 85, 25, 18, 16, 6, 5606, 78, 15, 278
8, 49, 43, 44, 10, 6, 7, 5, 4700, 58, 14
9, 662, 13, 8, 3, 3, 5, 6, 5, 3863, 26
10, 1207, 176, 1, 2, 3, 2, 5, 6, 5, 3390
11, 1238, 271, 22, 1, 2, 3, 2, 4, 5, 4
12, 12, 236, 25, 6, 1, 1, 2, 2, 3, 4
13, 5, 0, 33, 4, 5, 1, 1, 2, 1, 3
14, 15, 1, 0, 13, 3, 4, 1, 1, 2, 1,
15, 5, 6, 0, o, 3, 3, 4, o, 1, 1,
+gp, 104, o, o, o, 3, 3, 4, 0, 1, 1,
0 TOTALBI O 7599, 10532, 6977, 10000, 15283, 29448, 35506, 42318,57164, 62781

66
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1958,

2781,
5292,
6234,
4649,
9311,
43345,
47236
87831,
460663
33650,
39829,
57231,
22562,
24451,
37841,
34139,
92867,
1009911,

1968,

464,
958,
5262,
1075,
22540
29718,
477,
3905,
6428,
13116,
102,
52,
59,
125,
151,
97,
818,
85347,

1978,

1959,

40534,
4511,
5047,
1618,
7832,
9482,

37412,

37980

71477,

385239

27850,

31669,

43124,

16315,

18574,

30517,

54738,

823918

1969,

961,
678,
1087,
2275,
43,
256,
300,
76,
1113,
2435,
2614,
23,
13,
24,
15,
39,
193,
12145,

1979,



Table 3.5.6.3 (continued)

of year)
1984,

1140,
129380,
3201,
997,
1737,
17122,
8206,
6250,
11539,
2858,
6758,
8339,
98,

0,

0,

1152,
1,
198778,

1994,

3232,
45257,
183209,
186892,
119024,
97753,
30799,
215509,
6241,
63775,
8004,
194936,
421,

33,

44,

957,

0,
962134,

Table 12 Stock bionass at age (start
YEAR, 1980, 1981, 1982, 1983,
AGE
0, 154, 109, 233, 31842,
1, 5036, 622, 439, 933,
2, 8555, 17398, 2142, 1511,
3, 5819, 6952, 14022, 1586,
4, 16128, 6278, 7102, 17359,
5, 4795, 16301, 7180, 8886,
6, 13174, 4416, 14541, 7352,
7, 17204, 10623, 3773, 14008,
8, 251, 13752, 9167, 3519,
9, 12, 168, 11664, 8524,
10, 23, 11, 151, 10354,
11, 2871, 20, 4, 136,
12, 3, 2242, 11, 2,
13, 3, 3, 1862, 8,
14, 2, 3, 2, 1562,
15, 1, 2, 2, 2,
+gp, 1, 2, 2, 2,
0 TOTALBI O, 74033, 78902, 72299, 107586,
Table 12 Stock bionmss at age (start of year)
YEAR, 1990, 1991, 1992, 1993,
1999,
AGE
o, 13675, 37085, 44334, 11132,
1, 25865, 61158, 105544, 144199,
2, 20138, 48635, 67807, 153254,
3, 24181, 24934, 68380, 74428,
4, 6737, 19595, 32527, 92187,
5, 75313, 7085, 23696, 32308,
6, 12797, 75044, 8130, 22107,
7, 317169, 12066, 75949, 7536,
8, 1147, 289799, 10775, 65525,
9, 170, 750, 265003, 10039,
10, 186, 97, 563, 221618,
11, 1850, 77, 64, 472,
12, 37, 1654, 74, 37,
13, 24, 6, 1544, 47,
14, 1273, 13, 1, 1093,
15, 55, 1035, 2, 1,
+gp, 105, 19, 2, 1,
0 TOTALBI O 500723, 579053, 704396, 835982,
1

1985,

6008,
4615,
120982,
2243,
1337,
1810,
13809,
6647,
4861,
9361,
2135,
5380,
7023,
82,

0,

0,

383,
186677,

1995,

2104,
23650,
46000,

196613,
295565,
153695,
88078,
23572,
18846,

5345,
53077,

6101,

148771,
255,

11,

34,

0,
1061717,

Tonnes*10**-1

1986,

606,
24411,
15881,

114794,
2278,
925,
1258,
8848,
4082,
2443,
5570,
1437,
3143,
3757,
65,

0,

137,
189636,

Tonnes*10**-1

1996,

9373,
15396,
13355,
56849,

301926,
340531,
135070,
62311,
12919,
15098,

4371,
41042,

1924,
87263,

65,

0,

0,
1097494,
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1987,

1669,
2454,
54581,
6819,
254496,
1901,
466,
694,
4045,
924,
529,
1986,
527,
329,
359,
54,

0,
331833,

1997,

6595,
68591,
8694,
20671,
75596,
371694,
323714,
102526,
42694,
8360,
12935,
3460,
30405,
1059,
43667,
55,

0,
1120714,

1988,

2541,
10167,
4969,
39324,
8557,
292612,
1403,
350,
456,
2892,
439,
167,
1619,
183,
61,

69,

0,
365811,

1998,

1989,

7953,
15483,
27540,

6135,
59420,
10917,

309320,
1064,
227,
230,
2121,
96,

54,
1344,
69,

0,

0,
441975,

67



Table 3.5.6.4

Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23

Tradi tional vpa using screen input for termnal F

Tabl e 13 Spawni ng stock bi omass at age (spawning tine) Tonnes*10**-1

YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959,

AGE
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0
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, 2494, 2361, 0, 365, 126
4, 8031, 18178, 9338, 6134, 79681, 23924, 11632, 0, 2009, 1684
5, 33648, 22205, 50293, 26768, 17486, 253913, 38627, 22772, 15690, 3429
6, 128696, 61620, 39993, 87861, 49424, 45343, 545487, 55460, 39312, 30965
7, 193150, 166707, 81908, 52702, 113774, 70581, 45659, 520777, 85895, 37046
8, 55829, 177955, 154693, 77404, 50795, 102268, 58910, 38606, 450687, 69608
9, 83911, 48296, 144835, 129497, 66621, 42503, 84833, 47824, 32913, 375776

10, 98989, 72021, 40670, 117631, 105456, 53399, 35121, 67982, 38804, 27125

11, 82351, 84626, 61452, 33791, 92272, 80917, 41559, 27406, 55634, 30741,

12, 182362, 69234, 70784, 51061, 27539, 67548, 61743, 30551, 21842, 41734,

13, 204510, 155357, 58003, 59424, 42365, 21749, 53644, 46643, 23788, 15722

14, 32087, 166896, 127825, 47269, 48731, 33841, 17096, 41747, 37004, 17993

15, 91121, 26825, 139410, 109056, 39250, 39664, 27700, 13447, 33356, 29726

+gp, 203759, 174098, 168975, 262730, 211109, 184134, 149608, 99659, 90738, 53319

0 TOTSPBI O, 1398444, 1244019, 1148177, 1061326, 944504, 1022278, 1173981, 1012876, 928037, 734992

Tabl e 13 Spawni ng stock biomass at age (spawning tine) Tonnes*10**-1
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,
ACE
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0
1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0
2, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0
3, 178, 89, 0, 2727, 407, 0, 779, 0, 0, 1133
4, 544, 780, 397, 8564, 6059, 10285, 226, 814, 0, 37
5, 2977, 1516, 1476, 1091, 73726, 28480, 24745, 233, 183, 222
6, 7240, 6364, 2178, 1652, 931, 156291, 61324, 14215, 298, 278
7, 31519, 6942, 5847, 1754, 1652, 2114, 132254, 32985, 3408, 72
8, 32026, 25553, 5854, 4630, 1638, 1514, 1457, 58810, 5766, 1051
9, 56536, 25627, 21730, 4734, 3645, 1243, 771, 358, 11041, 2258
10, 306308, 43433, 21334, 17127, 3959, 2458, 810, 282, 88, 2418
11, 22678, 231448, 35044, 16859, 12126, 2452, 1470, 213, 45, 22
12, 24355, 16943, 184337, 27095, 12162, 7710, 990, 400, 54, 12
13, 33668, 17512, 13130, 135677, 18259, 8188, 3183, 453, 101, 23
14, 12118, 23653, 13425, 10021, 94286, 11543, 3041, 749, 131, 13
15, 14274, 8278, 17972, 10304, 6890, 59367, 4947, 690, 83, 36
+gp, 37294, 14849, 23752, 21307, 43775, 15103, 23531, 4345, 703, 180
0 TOTSPBI O, 581715, 422987, 346478, 263541, 279513, 306746, 259527, 114547, 21901, 7754
1
Run title : Herring spring-spawn (run: SVPBJA12/V12)
At 2/05/2000 18:23
Tradi tional vpa using screen input for termnal F
Tabl e 13 Spawni ng stock bionmass at age (spawning tine) Tonnes*10**-1
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979,
AGE
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0
1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0
2, 0, 0, 0, 3, 51, 1621, 1077, 0, 0, 0
3, 9, 8, 0, 62, 8, 213, 7534, 7296, 442, 1172
4, 59, 38, 7, 7218, 100, 18, 395, 16018, 12061, 2301
5, 20, 64, 19, 37, 8318, 116, 16, 350, 18796, 13015
6, 26, 34, 32, 66, 15, 7135, 84, 16, 312, 18418
7, 136, 80, 19, 16, 14, 6, 5463, 75, 14, 273
8, 43, 36, 32, 9, 5, 7, 5, 4577, 53, 13
9, 580, 10, 6, 3, 3, 5, 6, 5, 3779, 25
10, 1036, 143, 1, 2, 3, 2, 5, 6, 4, 3326
11, 1044, 212, 19, 1, 2, 3, 2, 4, 5, 4
12, 8, 193, 20, 6, 1, 1, 2, 2, 3, 4
13, 4, 0, 29, 4, 5, 1, 1, 2, 1, 3,
14, 13, 1, 0, 12, 3, 4, 1, 1, 2, 1,
15, 5, 5, 0, 0, 3, 3, 4, 0, 1, 1,
+gp, 89, o, o, o, 3, 3, 4, 0, 1, 1,
0 TOTSPBIO, 3072, 823, 185, 7440, 8534, 9138, 14598, 28351, 35475, 38558
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Table 3.5.6.4 (continued)

Table 13 Spawni ng stock bi omass at age (spawning tine)
YEAR, 1980, 1981, 1982, 1983, 1984, 1985,
AGE

0, 0, 0, 0, 0, 0, 0,

1, 0, 0, 0, 0, 0, 0,

2, 0, 0, 0, 0, 0, 0,

3, 1430, 2052, 1379, 156, 98, 217,

4, 7935, 3087, 3350, 8522, 850, 637,

5, 4574, 14424, 4941, 6019, 14997, 1557,

6, 12943, 4342, 14300, 5125, 7615, 13099,

7, 16876, 10446, 3709, 13770, 6105, 6292,

8, 245, 13511, 9009, 3460, 11300, 4513,

9, 12, 164, 11464, 8375, 2783, 8917,

10, 22, 10, 148, 10166, 6582, 2056,

11, 2813, 19, 4, 133, 8186, 5140,

12, 3, 2203, 11, 2, 96, 6650,

13, 3, 3, 1834, 5, 0, 81,

14, 2, 3, 2, 1534, 0, 0,

15, 1, 2, 2, 2, 1127, 0,
+gp, 1, 2, 2, 2, 1, 364,

0 TOTSPBI O, 46861, 50269, 50156, 57271, 59740, 49523,

Tabl e 13 Spawni ng stock bi omass at age (spawning tine)

YEAR, 1990, 1991, 1992, 1993, 1994,

1999,

AGE
0, 0, 0, 0, 0, 0, 0,
1, 0, 0, 0, 0, 0, 0,
2, 0, 0, 0, 0, 0, 0,
3, 9511, 2455, 6734, 733, 1841, 0,
4, 5305, 13508, 6393, 27175, 35122, 2907,
5, 66743, 6976, 18662, 25258, 76216, 119853,
6, 11316, 73880, 8005, 21748, 29734, 84527,
7, 280528, 11855, 74773, 7410, 21176, 22196,
8, 1124, 284694, 10593, 64436, 6117, 18500,
9, 160, 729, 260166, 9811, 62660, 5201,
10, 172, 94, 545, 216659, 7727, 51976,
11, 1812, 76, 60, 465, 189053, 5478,
12, 31, 1626, 72, 36, 400, 141871,
13, 23, 5, 1515, 46, 29, 223,
14, 1251, 11, 1, 1077, 43, 7,
15, 54, 1017, 2, 1, 934, 34,
+gp, 102, 19, 2, 1, 0, 0,

0 TOTSPBI O, 378131, 396946, 387523, 374857, 431054, 452773,

1

Tonnes*10**-1
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1986, 1987, 1988,
0, 0, 0,
0, 0, 0,
0, 0, 0,
11277, 670, 3867,
440, 74981, 2518,
773, 1637, 258377,
1182, 447, 1352,
8240, 657, 331,
3545, 3880, 422,
2124, 854, 2791,
5051, 469, 373,
1304, 1938, 148,
2521, 474, 1581,
2985, 278, 166,
64, 304, 38,
0, 51, 65,
118, 0, 0,
39624, 86640, 272028,
Tonnes*10**-1
1995, 1996, 1997,
0, 0, 0,
0, 0, 0,
0, 0, 0,
0, 0, 0,
2965, 22237, 7405,
149487, 326436, 80559,
130201, 313696, 353233,
59867, 98420, 242647,
12286, 40783, 64019,
14851, 7959, 24589,
4274, 12660, 4058,
40149, 3246, 9660,
1809, 29587, 1571,
81571, 907, 21346,
64, 41170, 109,
0, 53, 21708,
0, 0, 0,
497524, 897155, 830905,

604,
17558,
9668,
303837,
1036,
220,
224,
2077,
87,

50,
1323,
67,

0,

0,
336750,

1998,

0,
0,
0,
0,

5037,
24748,
97887,
327195,
211332,
51616,
19952,
2970,
7960,
1393,
16517,
0,
12386,
778995,
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Table 3.5.6.5

Tradi tional

Herring spring-spawn (run:

TOTALBI O,

19619720,
19058122,
20598168,
18574948,
19293042,
16616486,
14604452,
11550268,
100991009,
8239182,
7569599,
7569780,
6747726,
6853931,
6718337,
5956750,
4306677,
2802309,
853466,
121451,
75989,
105320,
69767,
100002,
152834,
294481,
355060,
423184,
571644,
627810,
740332,
789022,
722993,
1075859,
1987779,
1866773,
1896358,
3318327,
3658107,
4419749,
5007226,
5790529,
7043957,
8359822,
9621340,
10617174,
10974940,
11207135,
9794176,
9092314,

6370271,
(Tonnes),

Run title :
At 2/05/2000 18:23
Tabl e 16 Sumary
) RECRUI TS,
, Age O
1950, 747374656,
1951, 143907888,
1952, 93898752,
1953, 83577056,
1954, 39702936,
1955, 23753764,
1956, 27474770,
1957, 23650588,
1958, 27810502,
1959, 405342656,
1960, 191338608,
1961, 73282680,
1962, 17712448,
1963, 164640160,
1964, 90556040,
1965, 7932618,
1966, 45349292,
1967, 3582245,
1968, 4638550,
1969, 9607348,
1970, 620670,
1971, 209800,
1972, 907351,
1973, 12701698,
1974, 8500675,
1975, 2942588,
1976, 10018746,
1977, 5039343,
1978, 6133163,
1979, 12434718,
1980, 1539331,
1981, 1091881,
1982, 2329740,
1983, 318415008,
1984, 11403318,
1985, 60083496,
1986, 6056173,
1987, 16692028,
1988, 25411758,
1989, 79533192,
1990, 136750272,
1991, 370853120,
1992, 443341728,
1993, 111323584,
1994, 32316820,
1995, 21038196,
1996, 93725248,
1997, 65948036,
1998, 0,
1999, 0,
Arith.
Mean , 81649915,
0 Units, (Thousands),
1

70

TOTSPBI O,

13984440,
12440190,
11481773,
10613262,
9445040,
10222784,
11739808,
10128764,
9280374,
7349922,
5817149,
4229869,
3464778,
2635414,
2795131,
3067464,
2595274,
1145466,
219013,
77541,
30718,
8231,
1854,
74400,
85341,
91377,
145980,
283511,
354752,
385577,
468611,
502691,
501560,
572712,
597396,
495227,
396241,
866396,
2720279,
3367504,
3781308,
3969456,
3875228,
3748570,
4310537,
4527734,
4975237,
8971548,
8309052,
7789946,

3978850,
(Tonnes),

SVPBJA12/ V12)

(w thout SOP correction)

LANDI NGS,

933000,
1278400,
1254800,
1090600,
1644500,
1359800,
1659400,
1319500,

986600,
1111100,
1101800,

830100,

848600,

984500,
1281800,
1547700,
1955000,
1677200,

712200,

67800,
62300,
21100,
13161,

7017,

7619,
13713,
10436,
22706,
19824,
12864,
18577,
13736,
16655,
23054,
53532,

169872,

225256,

127306,

135301,

103830,

86411,
84683,

104448,

232457,

479228,

905501,
1220283,
1426507,
1223131,
1235433,

634407,
(Tonnes),

vpa using screen input for termnal F

Yl ELDY SSB,

~N NN

. 0667,
. 1028,
. 1093,
. 1028,
. 1741,
. 1330,
. 1413,
. 1303,
. 1063,
. 1512,
. 1894,
. 1962,
. 2449,
. 3736,
. 4586,
. 5046,
. 7533,
. 4642,
. 2519,
. 8744,
. 0281,
. 5633,
. 0991,
. 0943,
. 0893,
. 1501,
. 0715,
. 0801,
. 0559,
. 0334,
. 0396,
. 0273,
. 0332,
. 0403,
. 0896,
. 3430,
. 5685,
. 1469,
. 0497,
. 0308,
. 0229,
. 0213,
. 0270,
. 0620,
L1112,
. 2000,
. 2453,
. 1590,
. 1472,
. 1586,

. 4863,
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FBAR 5-14,

[

. 0536,
. 0623,
. 0673,
. 0646,
. 1083,
. 0928,
. 1202,
. 1009,
. 0960,
. 1333,
. 1393,
. 0904,
. 1121,
. 1697,
. 2374,
. 4594,
. 9968,
. 3567,
. 6790,
. 6100,
. 3720,
. 4276,
. 3812,
. 6185,
. 2015,
. 0741,
. 0333,
. 0582,
. 1088,
. 0242,
. 0327,
. 1327,
. 0920,
. 5791,
. 1151,
. 3436,
. 9997,
. 6946,
. 9753,
. 2346,
. 3359,
. 4060,
. 0995,
. 0288,
. 2168,
. 7503,
. 2072,
. 3675,
. 8415,
. 1885,

. 3938,



Table 3.5.6.6 Summary

Traditional vpa using screen input for terminal F

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
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
1997
1998
1999

Arith.
Mean
0 Units

RECR
Age 3
10855814
5413445
3594390
47045816
6899106
3174835
3009160
555352
464887
161775
244166
229051
20289260
7008123
2076012
195852
8160987
3767195
107482
227478
16366
7864
406549
7657

927
24303
847581
562941
192132
668978
332522
408937
824830
102350
71228
151564
21258166
757721
4012640
398407
1104164
1696172
5342191
9188598
24918866
29789822
7480189
2153250
1400440
6247771

4877106
(Thousands

TOTALBIO

17994092
16064644
14517919
17413606
18582072
16130418
14417274
11393960
9956042
7738261
6094614
4387368
5638075
6268470
6078144
4528063
3693424
2653075
786631
94191
43788
12172
64847
85230
87292
79951
215420
336967
405272
520800
602892
607737
694852
733004
650571
5560717
1487385
2731292
3481340
3909985
4410442
4321744
4867102
5273975
7304371
9899636
10593705
10368342
8924235
8819785

5530305
(Tonnes)

TOTSPBIO

13984440
12440190
11481773
10613262
9445040
10222784
11739808
10128764
9280374
7349922
5817149
4229869
3464778
2635414
2795131
3067464
2595274
1145466
219013
77541
30718
8231
1854
74366
84835
75163
135212
283511
354752
385577
468611
502691
501560
572712
597396
495227
396241
866396
2720279
3367504
3781308
3969456
3875228
3748570
4310537
4527734
4975237
8971548
8309052
7789946

3978299
(Tonnes)

LANDINGS YIELD/SSB FBAR 5-14 FWEI 5-14

933000
1278400
1254800
1090600
1644500
1359800
1659400
1319500

986600
1111100
1101800

830100

848600

984500
1281800
1547700
1955000
1677200

712200

67800
62300
21100
13161

7017

7619
13713
10436
22706
19824
12864
18577
13736
16655
23054
53532

169872

225256

127306

135301

103830

86411
84683

104448

232457

479228

905501
1220283
1426507
1223131
1235433

634407
(Tonnes)

0.0667
0.1028
0.1093
0.1028
0.1741
0.133
0.1413
0.1303
0.1063
0.1512
0.1894
0.1962
0.2449
0.3736
0.4586
0.5046
0.7533
1.4642
3.2519
0.8744
2.0281
2.5633
7.0991
0.0944
0.0898
0.1824
0.0772
0.0801
0.0559
0.0334
0.0396
0.0273
0.0332
0.0403
0.0896
0.343
0.5685
0.1469
0.0497
0.0308
0.0229
0.0213
0.027
0.062
0.1112
0.2
0.2453
0.159
0.1472
0.1586

0.4871
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0.0536
0.0623
0.0673
0.0646
0.1083
0.0928
0.1202
0.1009
0.096
0.1333
0.1393
0.0904
0.1121
0.1697
0.2374
0.4594
0.9968
1.3567
1.679
0.61
1.372
1.4276
1.3812
0.6185
0.2015
0.0741
0.0333
0.0582
0.1088
0.0242
0.0327
0.1327
0.092
0.5791
0.1151
0.3436
0.9997
0.6946
0.9753
0.2346
0.3359
0.406
0.0995
0.0288
0.2168
0.7503
0.2072
0.3675
0.8415
0.1885

0.3938

0.0584
0.0696
0.0728
0.0663
0.1124
0.0783
0.1099
0.1026
0.0787
0.1129
0.1359
0.1046
0.1458
0.2525
0.2271
0.2803
0.7002
1.5170
3.4499
0.5949
1.3236
1.5203
1.4875
1.1639
0.1138
0.1899
0.1059
0.1105
0.0439
0.0241
0.0345
0.0217
0.0202
0.0294
0.0910
0.3793
1.0613
0.3986
0.0454
0.0289
0.0205
0.0229
0.0258
0.0607
0.1212
0.2003
0.1625
0.1500
0.1294
0.1556
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Table 3.6.1.1.

The SAS System 14: 20 Thur sday, May 4, 2000

Nor wegi an spring-spawni ng herring

72

Prediction with nanagenent option table: Input data

Year: 2000
i Stock | Natural | Maturity|Prop.of F Prop.of M Weight | Exploit.; Weight
Age | size inmortality] ogive |bef.spaw |bef.spaw.| in stock] pattern | in catch
------ R e T e S LT TR ey TR
3 14627400. 0] 0. 1500, 0. 0000; 0. 1000; 0. 1000; 0.119; 0. 0240, 0.173
4 15250000. 0; 0. 1500, 0. 3000; 0. 1000; 0. 1000; 0.178; 0. 0344, 0. 228
5 }948200. 00} 0. 1500} 0. 9000} 0. 1000} 0. 1000} 0. 225} 0. 1215} 0. 262
6 |965800. 00] 0. 1500} 1. 0000} 0. 1000} 0. 1000} 0. 271} 0.1168;} 0. 274
7 13208000. 0] 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 285} 0. 1452, 0. 292
8 ]9502100. 0] 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 298, 0.1769; 0. 307
9 |5564200. 0} 0. 1500} 1. 0000} 0. 1000} 0. 1000} 0. 311} 0. 2038; 0. 335
10 }1191800. 0} 0. 1500} 1. 0000} 0. 1000} 0. 1000} 0. 339} 0. 2106} 0. 362
11 |} 418000. 00] 0. 1500} 1. 0000} 0. 1000} 0. 1000} 0. 390} 0. 2174} 0.371
12 |} 55300. 000, 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 398, 0. 2242, 0. 399
13 | 147300. 00, 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 406, 0. 2310; 0. 396
14 |} 25600. 000; 0. 1500} 1. 0000} 0. 1000} 0. 1000} 0. 414} 0. 2378} 0. 400
15 |} 305000. 00] 0. 1500} 1. 0000} 0. 1000} 0. 1000} 0. 422} 0. 2446} 0. 400
16+ | 213400. 00, 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 431, 0. 2446, 0. 404
------ e e i e e R . S,
Uni t | Thousands; - 1 - 1 - 1 - | Ki'l ogr ans| - 1 Ki'l ogr ans|
Year: 2001
| Recruit-} Natural | Maturity|Prop.of F}Prop.of M Wight | Exploit.] Weight
Age | ment |nortality, ogive |bef.spaw |bef.spaw. | in stock} pattern | in catch
------ e e i e e R . S,
3 | 13171000} 0. 1500} 0. 0000} 0. 1000} 0. 1000} 0.119; 0. 0240} 0.173
4 . 1 0. 1500} 0. 3000} 0. 1000} 0. 1000} 0.178; 0. 0344} 0. 228
5 | 0. 1500, 0. 9000, 0. 1000; 0. 1000; 0. 225} 0. 1215} 0. 262
6 | | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 271, 0.1168; 0. 274
7 4 1 0. 1500} 1. 0000} 0. 1000} 0. 1000} 0. 285} 0. 1452} 0. 292
8 | 1 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 298} 0.1769; 0. 307
9 | | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 311, 0. 2038, 0. 335
10 | | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 339, 0. 2106, 0. 362
11 | | 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 390} 0. 2174} 0.371
12 | | 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 398} 0. 2242} 0. 399
13 | | 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 406} 0. 2310} 0. 396
14 | | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 414, 0. 2378, 0. 400
15 | | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 422, 0. 2446, 0. 400
16+ | | 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 431} 0. 2446, 0. 404
------ R e e i e S E PR SR
Unit | Thousands; - H - H - H - i Ki | ogr ans; - i Ki | ogr ans;
Year: 2002
\ Recruit-} Natural | Mturity;Prop.of F Prop.of M Weight | Exploit.; Weight
Age | ment |nortality] ogive |bef.spaw |bef.spaw | in stock] pattern | in catch
------ R e T e S LT TR ey TSR
3 13679000. 0] 0. 1500, 0. 0000; 0. 1000; 0. 1000; 0.119; 0. 0240, 0.173
4 . | 0. 1500, 0. 3000; 0. 1000; 0. 1000; 0.178; 0. 0344, 0. 228
5 | 1 0. 1500} 0. 9000} 0. 1000} 0. 1000} 0. 225} 0. 1215} 0. 262
6 | 1 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 271} 0.1168;} 0. 274
7 | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 285} 0. 1452, 0. 292
8 | | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 298, 0.1769; 0. 307
9 | 1 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 311} 0. 2038; 0. 335
10 | | 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 339} 0. 2106} 0. 362
11 | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 390, 0. 2174, 0.371
12 | | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 398, 0. 2242, 0. 399
13 | | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 406 0. 2310; 0. 396
14 | 1 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 414} 0. 2378} 0. 400
15 | 1 0. 1500} 1. 0000; 0. 1000} 0. 1000} 0. 422} 0. 2446} 0. 400
16+ | | 0. 1500, 1. 0000, 0. 1000; 0. 1000; 0. 431, 0. 2446, 0. 404
------ e i e e e T S,
Uni t | Thousands; - 1 - 1 - 1 - 1 Ki'l ogr ans| - 1 Ki'l ogr ans|
Not es: Run nane : MANBJAO3

Date and time: 04MAY0O: 14: 23
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Table 3.6.2.1

Nor wegi an

H Ye

Ref erence}

AL
| Factor | F H

Run nane

Date and tine
Conput ati on of
Basis for 2000

ar

St ock
bi onass

8316747

Tonnes

The SAS System

spring-spawni ng herring

Prediction with nanagenent option table

Year: 2001
Sp. stock] Catch inj] F | Reference] Stock | Sp.stock]
bi omass | weight | Factor | F | biomass | biomass |
--------- T T T I
6852013] 1249999; 0. 0000} 0.0000] 8376044 6134679,
o o 0. 0500} 0. 0094, .1 6129081}
.: .: 0.1000; 0.0189; | 6123488
.: .: 0. 1500} 0.0283; | 6117901;
o o 0. 2000} 0. 0377} | 6112319]
o o 0. 2500} 0. 0471} | 6106742]
.: .: 0.3000; 0. 0566} | 6101171)
o o 0. 3500} 0. 0660} | 6095605]
o o 0. 4000} 0. 0754, 1 6090044]
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Q3 Q4

Figure 3.1.2.1.1. Russian catches of Norwegian spring spawning herring in 1999 by quarter and ICES
rectangle. Grading of the symbols: white 0-100 t, gray 100-10 000 t, and black > 10 000 t.
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Figure 3.1.2.1.2. Norwegian catches of Norwegian spring spawning herring in 1999 by quarter and ICES
rectangle. Grading of the symbols: white 0-100 t, gray 100-10 000 t, and black > 10 000 t.
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Figure 3.1.2.1.3. Faroese catches of Norwegian spring spawning herring in 1999 by quarter and ICES
rectangle. Grading of the symbols: white 0-100 t, gray 100-10 000 t, and black > 10 000 t.
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Figure 3.1.2.1.4. Icelandic catches of Norwegian spring spawning herring in 1999 by quarter and ICES
rectangle. Grading of the symbols: white 0-100 t, gray 100-10 000 t, and black > 10 000 t.
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Figure 3.1.2.1.5. Approximate distribution of the fisheries and the migrations of the adult stock of Norwegian spring

spawning herring in 1999.
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Figure 3.3.5.1 Herring larvae distribution in April 2000.
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Figure 3.5.1. Measured points and fitted values for the larval production index (upper) and larval index (lower) for
Norwegian spring spawning herring
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Figure 3.5.2. Scatterplot of cumulative density points for for Norwegian spring spawning herring for all tagging data
(upper) and all survey data (lower).
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Figure 3.5.3. Retrospective analysis for Norwegian spring spawning herring
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Figure 3.7.1. Distribution of bootstrap replicates of the spawning stock 2000 when only the surveys are resampled,
from WD by Tjelmeland. The maximum likelihood value is 1.4 million tones lower than tah of Run 6.
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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 (now 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. A minimum landing size of 11 cm has been in force for several years. 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 to the winter 1999 the fishery was again closed.

In its autumn meeting in 1999 ACFM considered the harvest control rule that SSB should fall below By, with
maximum 5% probability (corresponding to a catch of 435 000 t. of pre-spawning capelin in 2000) to be consistent with
the precautionary approach and recommended that this harvest control rule be applied in 2000. (See also Section 4.5).
During its autumn 1999 meeting the Mixed Russian Norwegian Fishery Commission decided to set a quota of 435 000 t
on Barents Sea capelin for the winter season 2000, divided by 60% (261 000 t) to Norway and 40% (174 000 t) to
Russia.

4.2 Catch Statistics

The international catch by country and season in the years 1965-1999 is given in Table 4.2.1, and by age- and length
groups during the spring season 1999 in Table 4.2.2. The total catch in spring 1999 was 83 000 t. This is 3 000 t above
the quota and 5 000 t above the maximum TAC recommended by ACFM.

The catch statistics for the winter-spring season 2000 is not available yet. By April 15 Norway had landed about
278 000 t (an additional quota of 29 000 t was transferred from Russia) and Russia 86 000 t.

4.3 Stock Size Estimates
4.3.1 Larval and O-group estimates

Norwegian larval surveys based on Gulf III plankton samples have been carried out in June each year since 1981. The
estimated total number of larvae is shown in Table 4.3.1.1. These larval abundance estimates do not show a high
correlation with year class strength at age one, but are probably reflecting the amount of larvae produced in each year
(Gundersen and Gjesater 1998). An exception is the year 1986, when no larvae were found, probably because the
spawning took place so late that the eggs hatched after the survey was carried out. Also in other years some spawning is
known to have taken place during the summer, and offspring from such late spawning is not reflected in the larval
abundance estimates in Table 4.3.1.1. In 1997 and in 1998, permission was not granted to enter the Russian EEZ during
the larval survey, and consequently the total larval distribution area was not covered. The estimate of 36.5-10'? larvae in
1999 is the highest estimate obtained during the period 1981-1999. During the international 0-group surveys in August
an area-based index for the amount of 0-group capelin is calculated (Table 4.3.1.1). Gundersen and Gjesater (1998)
found these indices to be well correlated (r* = 0.75) with the 1-group acoustic estimates obtained at the annual acoustic
capelin surveys in autumn. They included data points up to 1994. When this regression was updated with the survey
results from 1995-1998 the parameters in the regression were slightly changed and the r* was reduced to 0.66. Based on
this regression, (In 1group estimate = -2.27 + 1.26 - In 0-group index), the 0-group index obtained in 1999 of 722 would
correspond to a year class strength of 413 billion one-year-olds in autumn 2000.

432 Acoustic stock size estimates in 1999

Two Russian and two Norwegian vessels carried out the 1999 acoustic survey jointly in the period 10 September to 6
October (WD by Bogstad et al.). The Norwegian vessels had restricted access to the Russian EEZ but because four
vessels were available to the survey of which two (restricted access by a third vessel) could work in the Russian EEZ,
the total coverage of the stock was incomplete but the impact to the assessment is considered minimal. The results from
the survey are given in Table 4.3.2.1, and are compared to previous years’ results in Table 4.3.2.2. The stock size was
estimated at 2.8 mill. tonnes. The 1998 year class (one-year-olds) constituted about 55% by numbers and 23% by
weight and was somewhat less abundant than the 1997 year class at the same age. About 62% (1.7 mill t) of the stock
biomass consisted of maturing fish (> 14 cm).
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4.3.3 Other surveys

During the Norwegian demersal fish survey in February 2000 observations of capelin by acoustics and by pelagic and
demersal trawls were made (WD by Gjeseter). No stock size estimate was attempted but the observations confirmed
the age composition of the stock as observed during the autumn 1999 capelin survey. Samples of cod stomachs during
this period give valuable information for the modelling of maturing capelin as prey item for cod (Bogstad and Gjesater,
2000). Russian observations of the capelin were made during a survey from 2 February to 20 March and during the
fishery for capelin in 2000 (WD by Ushakov and Prozorkevich). The spawning stock of capelin was estimated at 694
thousand tonnes during those investigations.

4.4 Historical stock development

An overview of the development of the Barents Sea capelin stock in the period 1990-1999 is given in Tables 4.4.1-
4.4.7. The methods and assumptions used for constructing the tables were explained in Appendix A to ICES C.M.
1995/Assess: 9. In that report, the complete time series 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, M-values for immature capelin will be calculated using new estimates of
the length at maturity and M-values for mature capelin will be calculated taking the predation by cod into account. This
will also affect the spawning stock biomass estimates given in the stock summary table (Table 4.4.7). However, the WG
considers the tables give an adequate overview of the development of the Barents Sea capelin.

Estimates of stock in number by age group and total biomass for the period are shown in Table 4.4.1. Catch in number
by age group and total landings are shown for the spring and autumn seasons in Tables 4.4.2 and 4.4.3. Natural
mortality coefficients by age group for immature and mature capelin are shown in Table 4.4.4. Stock size at 1 January
in numbers by age group and total biomass is shown in Table 4.4.5. Spawning stock biomass per age group is shown in
Table 4.4.6. Table 4.4.7 gives an aggregated summary for the entire period 1973-1999.

45 Stock assessment autumn 1999

As decided by the Northern Pelagic and Blue Whiting Fisheries Working Group at its 1999 meeting (ICES C.M.
1999/ACFM:18), the assessment of Barents Sea capelin was left to the parties responsible for the autumn survey, i.e.
IMR in Bergen and PINRO in Murmansk, who reported directly to ACFM before its autumn 1999 meeting (WD by
Bogstad et al.).

A probabilistic forecast of the spawning stock to the time of spawning at 1 April 2000 was presented, using the
spreadsheet model CapTool, implemented in the @RISK add-on to EXCEL. The forecast was based on a probabilistic
maturation model with parameters estimated by the model Capsex (mean value of cut-off maturation at 14.23 cm, with
uncertainty taken into account) (Tjelmeland 1997), data on size and composition of the cod stock (from the Arctic
Fisheries Working Group, ICES 2000/ACFM:3) but made probabilistic in CapTool in accordance with the risk analysis
made by the Arctic Fisheries Working Group), and an estimate of the ambient temperature for the cod (with the long-
term mean of the Kola section as the mean value and a standard deviation of 1°C).

Some exploratory work was undertaken to calculate a target reference point for capelin. Because of inconsistencies in
the data or in the model assumptions, in some years (1974 and 1975, that are before quantitative stomach content data
are available) the Capsex model produced positive recruitment at vanishing spawning stocks when the natural mortality
of capelin was modelled based on the output from the model Multspec (Tjelmeland and Bogstad, 1998) and the
predation from the cod stock. These problems were partly overcome by introducing a scaling factor for the acoustic
estimates before 1989 (when the EK500 echo sounders were introduced in these investigations). Still, the results of the
simulations are probably very uncertain. Therefore, a By, (SSBji,y) management approach was suggested for this stock.
However, the choice of a By, should also be based on the above-mentioned SSB/R relationship. To overcome this
problem, the meeting decided to choose the spawning stock size in 1989 as a By, The rationale behind this was that
this year, one of the strongest year classes observed during the period 1972-1998 was produced. It should also be noted
that this year is within the time range for which quantitative stomach content data are available. It can be argued that the
SSB in 1989 was sufficiently large to produce a good year class in a “non-herring situation” (Gjesater and Bogstad,
1998). The (stochastic) size of the SSB in 1989 was estimated with an expected value of about 120 000 t.

Probabilistic prognoses for the maturing stock from October 1, 1999 until April 1, 2000 were made, with a CV on the
abundance estimate of 0.30. The meeting also concluded that capelin recruitment in 2000 could, to some extent, be
influenced by the growing stock of young herring now found in the Barents Sea.
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ACFM at its autumn 1999 meeting (ICES 2000/CRR:236) took most of the points in the report into account but took a
slightly divergent view on some of the topics. ACFM agreed to the view that fishing mortality reference points and a
By, are not relevant for this stock, and that a target escapement management strategy is the most useful way of ensuring
a minimum amount of spawners. Further they agreed to the strategy adopted of directing the fishery at the spawning
stock just prior to spawning, to allow the capelin to be available to predators as long as possible. However, the idea of a
stochastic By, set equal to the modelled density distribution of the spawning stock in 1989 was not adopted. Rather,
ACFM set a By, of 200 000 t. (somewhat above the expected value of the modelled SSB in 1989) to be valid in years
with low abundance of herring in the Barents Sea. Adopting the forecast of the SSB, using the limit reference points
referred above, and following the harvest control rule that the SSB should fall below By, with maximum 5%
probability, ACFM advised that a TAC should not exceed 435 000 t. ACFM further considered that adjustments of the
harvest control rule should be further investigated for the purpose to better take account of the uncertainty in the
predicted amount of spawners, likely interactions with herring, and the role of capelin as prey item.

4.6 Future reference points and principles of stock assessment

There clearly is a need for a target-based harvesting control rule in addition to the By,-based rule. The By, rule is
intended to be a safeguard against recruitment failure. However, it is possible that even at higher values of the spawning
stock recruitment would increase with an increasing spawning stock, especially for moderately good recruitment
conditions. Therefore the value of SSBy, that in the long run gives the highest mean yield might be well above Bjip,.
The present inconsistencies in the data and assumptions have precluded a simulation analysis to find SSByyee. New
information now available (e.g. Bogstad and Gjesater (2000) indicating that a significant proportion of the capelin
consumed by cod in winter is immature capelin) may lead to more realistic consumption estimates of maturing capelin,
and may partly aid to overcome the problems mentioned above. Also, the consumption model used is parameterised on
stomach content data from the joint IMR-PINRO stomach content data base where there is very little data before 1984.
Thus, assumptions about the amount of other food in relation to capelin inferred from this model may fail in the 1970s.
Data exist in Russia, which may be used to adjust the model for the period before 1984. However, most of these data
have not been computerised. A co-operation between Russia and Norway has made it possible to computerize data from
100 cruises with 12000 trawl stations in the period 1971-1974. The stomach content information from these data is in
the form of frequency of occurrence, but still the data give useful insight into changes in the feeding of cod. A
preliminary analysis (WD by Shleinik et. al) shows systematic changes in the amount of other food from the 1970s to
the 1980s. However, the database and the information extraction programs need to be further scrutinized for errors
before the data are used in management. The WG will emphasise the importance of continuing the establishing of
historic data that can shed light on changes in feeding regime of the cod.

Important sources of uncertainty have not yet been quantified. Work has been undertaken to base the uncertainty of the
capelin survey on survey data using parametric bootstrap (WD by Tjelmeland), but as yet important sources of
uncertainty (migration during the cruise, day-night effects, weather effects) have not been considered. Also, work has
been undertaken to base the uncertainty in the calculation of consumption on the uncertainty in the evacuation rate
model and number of stomachs sampled (WD by Tjelmeland). One of the most important sources of uncertainty in the
capelin assessment is the inherent uncertainty in the assessment of cod. The historic abundance of cod is independent of
other parameters and variables in the capelin assessment and bootstrap replicates could be made and included into a
bootstrap analysis of the historic capelin stock.

Assuming that a modification of the model for predation on capelin by cod by allowing predation on immature capelin
in January-March and using stomach content information from before 1984 will resolve the present inconsistencies, a
SSBiarget for capelin could be based on bootstrapping the historic spawning stock biomass and recruits. For each
bootstrap replicate a SSBy,, can be found. During management-related probabilistic forecasts each trajectory can be
based on one historic replicate giving one value of SSBy,e: and one value of By, together with a recording of whether
the spawning stock exceeds either of these reference points. The full information in the assessment can then be
summarised by two curves: the probability of exceeding SSBy: and the probability of exceeding By, as function of
catch.

4.7 Management considerations

Since the assessment of the stock is directly based on the acoustic survey conducted annually in September-October,
and the main fishing season does not begin until January, advice for this stock must be given during the autumn ACFM
meeting and the TAC must be set by the Mixed Norwegian-Russian Fishery Commission during its meeting in
November-December. As previously decided by the Northern Pelagic and Blue Whiting Fisheries Working Group, the
assessment of Barents Sea capelin is left to the parties responsible for the autumn survey, i.e. IMR in Bergen and
PINRO in Murmansk, who will report directly to the 2000 ACFM autumn meeting.
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4.8 Age reading

The assessment surveys on the Barents Sea capelin are joint surveys where Russian and Norwegian vessels participate.
The age-length keys applied to divide the estimated total number of fish on age groups are, therefore, based on age
readings from both countries. In most years, the majority of the age readings are done on the Norwegian vessels.
Recently, some discrepancies have been detected between age reported by Russian and Norwegian scientists (ICES CM
1999/ACFM:18).To investigate this further, and to try to reconcile the differences between Norwegian and Russian age
readings, work is now being done to set up a reference material of capelin otoliths, and an age reading workshop was
arranged in Murmansk in November 1999 (WD by Gjesater and Ushakov). It was concluded that bias existed among
the participating age readers, although the reason for this could not be fully investigated within the short time available.
The results showed that the agreement between Russian and Norwegian age readings was better for otoliths sampled
during autumn than for those sampled in spring. To follow up this workshop, it was decided to exchange otolith

material once or twice each year, and if need be, to arrange further workshops.

4.9 Sampling

The sampling from scientific surveys and from commercial fishing on capelin is summarised below:

Investigation No. of samples Length measurements Aged individuals
Acoustic survey 1999 178 11667 6407
(Norway)

Acoustic survey 1999 72 9743 3632
(Russia)

Norwegian bottom trawl 248 9172 1910
survey winter 2000

Russian investigations 24 1471 640
winter 2000

NorVﬁagian fishery winter 109 12336 700
2000

Russian fishery winter 28 11240 1087

2000

! Preliminary, samples in course of preparation
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Table 4.2.1 Barents Sea CAPELIN. International catch (‘000 t) as used by the Working Group.

Year Winter Summer-Autumn Total
Norway  Russia  Others Total Norway  Russia Total
1965 217 7 0 224 0 0 0 224
1966 380 9 0 389 0 0 0 389
1967 403 6 0 409 0 0 0 409
1968 460 15 0 475 62 0 62 537
1969 436 1 0 437 243 0 243 680
1970 955 8 0 963 346 5 351 1314
1971 1300 14 0 1314 71 7 78 1392
1972 1208 24 0 1232 347 11 358 1591
1973 1078 35 0 1112 213 10 223 1336
1974 749 80 0 829 237 82 319 1149
1975 559 301 43 903 407 129 536 1439
1976 1252 231 0 1482 739 366 1105 2587
1977 1441 345 2 1788 722 477 1199 2987
1978 784 436 25 1245 360 311 671 1916
1979 539 343 5 887 570 326 896 1783
1980 539 253 9 801 459 388 847 1648
1981 784 428 28 1240 454 292 746 1986
1982 568 260 5 833 591 336 927 1760
1983 751 374 36 1161 758 439 1197 2358
1984 330 257 42 628 481 367 849 1477
1985 340 234 17 590 113 164 278 868
1986 72 51 0 123 0 0 0 123
1987 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0
1991 528 156 20 704 31 195 226 929
1992 620 247 24 891 73 159 232 1123
1993 402 170 14 586 0 0 0 586
1994 0 0 0 0 0 0 0 0
1995 0 0 0 0 0 0 0 0
1996 0 0 0 0 0 0 0 0
1997 0 0 0 0 0 0 0 0
1998 0 0 0 0 0 0 0 0
1999 50 33 0 83 0 0 0 83
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Table 4.2.2 Barents Sea CAPELIN. International catch (‘000 t) during the spring season 1999, as used by the

Working Group
Length Age | Age 2 Age 3 Age 4 Age 5+ Sum
cm N B N B N B N B N B N % B %
5-6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6-7 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7-8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9-10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10-11 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11-12 0 0 2 14 0 0 0 0 0 0 2 0 14 0
12-13 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13-14 0 0 0 0 4 57 0 0 0 0 4 0 57 0
14 -15 0 0 0 0 103 1800 52 795 0 0 155 5 2595 3
15-16 0 0 0 0 293 5853 360 6555 67 1228 721 23 13635 17
16 -17 0 0 0 0 247 6267 492 11864 174 3978 913 29 22110 27
17-18 0 0 0 0 140 4318 337 10280 267 7469 744 24 22067 27
18-19 0 0 0 0 52 1942 215 8261 190 6552 456 15 16756 20
19-20 0 0 0 0 0 0 68 2970 24 1040 93 3 4010 5
20-21 0 0 0 0 0 0 0 0 17 860 17 1 860 1
21-22 0 0 0 0 0 0 0 0 11 448 11 0 448 1
Sum 0 0 2 14 838 20238 1524 40724 751 21575 3115 100 82551 100

Table 4.3.1.1 Barents Sea CAPELIN. Larval abundance estimate (10'%) in June, and 0-group index in August.

Larval 0-group
Year abundance index
1981 9.7 570
1982 9.9 393
1983 9.9 589
1984 8.2 320
1985 8.6 110
1986 - 125
1987 0.3 55
1988 0.3 187
1989 7.3 1300
1990 13.0 324
1991 3.0 241
1992 7.3 26
1993 33 43
1994 0.1 58
1995 0.0 43
1996 2.4 291
1997 6.9' 522
1998 14.1' 428
1999 36.5 722

"Isan underestimate, since the vessel was not allowed to work in Russian EEZ
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Table 4.3.2.1 Barents Sea CAPELIN. Estimated stock size from the acoustic survey in September-October 1999. Based

on TS value 19.1 log L —74.0 dB, corresponding to o= 5.0 (10" (L',

AgelYear class

Length (cm) 1 2 3 4 5+ Sum Biomass Mean
1998 1997 1996 1995 1994  (10% (10°t) weight (g)
6.5 - 7.0 4314 4314 4.3 1.0
7.0 - 7.5 4858 4858 7.2 1.5
7.5 - 8.0 6501 6501 11.5 1.8
8.0 - 8.5 7951 7951 14.7 1.9
8.5 - 9.0 11077 11077 23.7 2.1
9.0 - 9.5 13118 13118 34.6 2.6
9.5 - 10.0 | 16033 16033 50.0 3.1
10.0 - 10.5 | 21022 197 21219 79.8 3.8
105 - 11.0 | 24778 93 24871 110.1 4.4
11.0 - 11.5 | 16489 1864 18353 97.2 53
115 - 12.0 | 13911 4687 18598 114.3 6.1
12.0 - 125 8732 6934 49 15715 114.4 7.3
125 - 13.0 3215 10071 28 13314 112.5 8.5
13.0 - 135 1269 10713 97 12079 1225 10.1
135 - 14.0 933 12527 232 13692  160.3 11.7
140 - 14.5 763 12455 332 13550 178.9 13.2
145 - 15.0 462 12580 576 13618 204.7 15.0
150 - 15.5 388 11835 1767 13990 241.7 17.3
155 - 16.0 107 7717 2211 31 10066 195.5 19.4
16.0 - 16.5 4528 3379 58 7965 174.8 22.0
165 - 17.0 2805 3931 141 6877  169.9 24.7
170 - 175 1301 4580 132 6013 164.3 27.3
175 - 18.0 466 3527 227 4220 131.8 31.2
180 - 185 426 2923 202 3551 1235 34.8
185 - 19.0 200 1900 32 2132 81.6 38.3
19.0 - 19.5 81 652 41 774 33.9 43.8
195 - 20.0 315 315 14.8 46.9
200 - 20.5 45 45 2.4 52.3
205 - 21.0 3 3 0.2 55.0

TSN (106 ) 15592 101480 26544 867 284812

1
TSB (103 t) 652 1384 714 25 2775

Mean length (cm) 10.19 14.15 17.01 17.57 12.26
Mean weight (g) 4.2 13.6 26.9 29.3 9.7

SSN (:LO6 ) 1720 54394 26138 867 83119

SSB (103 t) 26 953 713 26 1718

Based on TS value: 19.1 log L - 74.0, corresponding to 6 =5.0 - 107 - L
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Table 4.3.2.2 Barents Sea CAPELIN. Stock size in numbers by age, total stock biomass and biomass of the maturing
component. Stock in numbers (unit:10%) and stock and maturing stock biomass (unit:10° tonnes) are given
at 1. October.

Year Stock in numbers (10°) Stock in weight
('000 t)

Age 1 Age?2 Age 3 Age 4 Age 5 Total Total Maturing
1973 528 375 40 17 0 961 5144 1350
1974 305 547 173 3 0 1029 5733 907
1975 190 348 296 86 0 921 7806 2916
1976 211 233 163 77 12 696 6417 3200
1977 360 175 99 40 7 681 4796 2676
1978 84 392 76 9 1 561 4247 1402
1979 12 333 114 5 0 464 4162 1227
1980 270 196 155 33 0 654 6715 3913
1981 403 195 48 14 0 660 3895 1551
1982 528 148 57 2 0 735 3779 1591
1983 515 200 38 0 0 754 4230 1329
1984 155 187 48 3 0 393 2964 1208
1985 39 48 21 1 0 109 860 285
1986 6 5 3 0 0 14 120 65
1987 38 2 0 0 0 39 101 17
1988 21 29 0 0 0 50 428 200
1989 189 18 3 0 0 209 864 175
1990 700 178 16 0 0 894 5831 2617
1991 402 580 33 1 0 1016 7287 2248
1992 351 196 129 1 0 678 5150 2228
1993 2 53 17 2 2 75 796 330
1994 20 3 4 0 0 28 200 94
1995 7 8 2 0 0 17 193 118
1996 82 12 2 0 0 96 503 248
1997 99 39 2 0 0 140 911 312
1998 179 73 11 1 0 263 2056 932
1999 156 101 27 1 0 285 2776 1718
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Table 4.4.1 Barents Sea CAPELIN. Estimated stock size in numbers (unit:10%) by age group and total, and biomass
(‘000 t) of total stock, by 1. August, back-calculated from the survey in September-October.

Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1 707.7 415.0 396.2 3.1 29.5 8.3 88.9 111.8 188.4 171.4
2 179.4 600.9 223.9 73.0 5.1 9.4 12.5 44.2 76.5 111.5
3 16.4 36.7 162.8 253 6.4 1.6 2.2 2.2 12.1 279
4 0.1 1.4 1.6 3.7 0.3 0.4 0.1 0.1 0.7 0.9
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Sum 903.7 1054.0 784.4 105.0 41.4 19.7 103.7 158.3 277.8 311.7
Biomass 4901 6647 5371 991 259 189 467 866 1860 2580

Table 4.4.2 Barents Sea CAPELIN. Catch in numbers (unit:10°) by age group and total landings (‘000 t) in the spring
season.

Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.4 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 24.0 23.8 4.8 0.0 0.0 0.0 0.0 0.0 0.8
4 0.0 8.2 17.3 26.8 0.0 0.0 0.0 0.0 0.0 1.5
5 0.0 2.7 2.1 1.4 0.0 0.0 0.0 0.0 0.0 0.8
Sum 0.0 353 43.4 335 0.0 0.0 0.0 0.0 0.0 3.1
Landings 0 704 891 586 0 0 0 0 0 83

Table 4.4.3 Barents Sea CAPELIN. Catch in numbers (unit:10%) by age group and total landings (‘000 t) in the
autumn season.

Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1 0.0 22 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 9.3 5.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 3.1 7.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.9 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sum 0.0 15.5 153 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Landings 0 226 232 0 0 0 0 0 0 0

Table 4.4.4 Barents Sea CAPELIN. Natural mortality coefficients (per month) for immature fish (Mjy,m), used for the
whole year, and for mature fish (per season) (My,,) used January to March, by age group and average for
age groups 1-5.

1990 1991 1992 1993 1994
Ag c Mimm Mmat Mimm Mmat Mimm Mmat Mimm Mmat Mimm Mmat
1 0.005 0.016 0.015 0.046 0.059 0.178 0.157 0.471 0.201  0.602
2 0.005 0.016 0.015 0.045 0.058 0.174 0.157 0.470 0.201  0.602
3 0.005 0.016 0.051 0.153 0.107 0.322 0.190 0.571 0.201  0.602
4 0.005 0.016 0.051 0.154 0.074 0.221 0.214 0.642 0.282 0.847
5 0.005 0.016 0.051 0.154 0.071 0.212 0.214 0.642 0.282 0.847
Avr 0.005 0.016 0.037 0.111 0.074 0.222 0.186 0.559 0.221  0.700

Table 4.4.4 (Continued)

1995 1996 1997 1998 1999
Age Minm Mnat Minm Minat Minm Mnat Minm Minat Minm Mnat
1 0.073 0.219 0.041 0.122 0.062 0.185 0.026 0.077 0.047 0.142
2 0.073 0.219 0.041 0.122 0.062 0.185 0.026 0.077 0.047 0.142
3 0.019 0.058 0.041 0.122 0.062 0.185 0.071 0.212 0.025 0.074
4 0.044 0.133 0.050 0.149 0.014 0.041 0.071 0.212 0.025 0.074
5 0.044 0.133 0.050 0.149 0.014 0.041 0.071 0.212 0.025 0.074
Avr 0.052 0.152 0.043 0.133 0.042 0.127 0.053 0.158 0.034 0.101
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Table 4.4.5 Barents Sea CAPELIN. Estimated stock size in numbers (unit:10%) by age group and total, and biomass

(‘000 t) of total stock, by 1. January.

Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1 734.0 462.4 600.1 9.2 120.3 13.8 118.2 172.0 225.5 238.5
2 181.4 689.5 382.0 293.7 1.4 10.8 5.7 72.5 82.2 165.8
3 17.0 174.8 548.6 162.6 333 1.9 6.5 10.2 32.5 67.3
4 1.6 16.0 25.7 89.2 9.8 2.4 1.4 1.8 1.6 8.5
5 0.0 0.1 0.3 0.5 1.3 0.1 0.3 0.1 0.1 0.5

Sum 934.0 13428 1556.8 555.2 166.1 28.9 132.2 256.6 341.9 480.6

Biomass 2011 7011 8299 4372 737 156 313 779 1240 2456

Table 4.4.6 Barents Sea CAPELIN. Estimated spawning stock biomass (‘000 t) by 1. April.

Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1 0 0 0 0 0 0 0 0 0 0
2 2 19 0 0 0 1 3 1 1 2
3 140 1424 919 129 34 15 71 175 217 666
4 37 142 79 331 60 38 24 49 34 185
5 0 0 0 0 11 1 7 2 2 0

Sum 179 1584 998 460 105 55 105 228 254 853
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Table 4.4.7 Barents Sea CAPELIN. Stock summary table. Recruitment (number of 1 year old fish (unit:10%) and stock
biomass (‘000 t) given at 1. August, spawning stock (‘000 t) at time of spawning (1. April). Landings
(000 t) are the sum of the total landings in the two fishing seasons within the year indicated.

Spawning
Stock Recruit- stock

Year biomass ment Age 1 biomass Landings

1965 224
1966 389
1967 409
1968 537
1969 680
1970 1314
1971 1392
1972 5831 1592
1973 6630 1140 1242 1336
1974 7121 737 343 1149
1975 8841 494 90 1439
1976 7584 433 1147 2587
1977 6254 830 890 2987
1978 6119 855 460 1916
1979 6576 551 193 1783
1980 8219 592 87 1648
1981 4489 466 1731 1986
1982 4205 611 546 1760
1983 4772 612 47 2358
1984 3303 183 171 1477
1985 1087 47 106 868
1986 157 9 13 123
1987 107 46 16 0
1988 361 22 11 0
1989 771 195 141 0
1990 4901 708 179 0
1991 6647 415 1584 929
1992 5371 396 998 1123
1993 991 3 460 586
1994 259 30 105 0
1995 189 8 55 0
1996 467 89 105 0
1997 866 112 228 0
1998 1860 188 254 0
1999 2580 171 853 83
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5 CAPELIN IN THE ICELAND-EAST GREENLAND-JAN MAYEN AREA
5.1 The Fishery
51.1 Regulation of the fishery

The fishery depends upon maturing capelin, i.e. that part of each year class which spawns at age 3 as well as those fish
at age 4, which did not reach maturity to spawn at age 3. 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 the age 3 immatures.

The fishery of the Iceland-East Greenland-Jan Mayen capelin has, therefore, been regulated by preliminary catch quotas
set prior to each fishing season (July—March). Predictions of TACs have been computed based on data from surveys of
the abundance of 1 and 2 year old capelin, carried out in the autumn of the year before. The process includes historical
relationships between such data and the backcalculated abundance of the same year classes, an average growth rate and
natural mortality and the provision of a remaining spawning stock of 400 000 t. Final catch quotas for each season have
then been set in accordance with the results of acoustic surveys of the maturing, fishable stock abundance, carried out in
autumn (October—November) and/or winter (January/February) in that fishing season. A more detailed description of
the method is given in Section 5.5.1. A summary of the results of this catch regulation procedure is given in Table 5.1.1.

Over the years, fishing has not been permitted during April-June and the season opened in late July/August or later,
depending on the state of the stock. Due to very low stock abundance there was a fishing ban lasting from December
1981 to November 1983. In addition, areas with high abundance of juvenile 1- and 2-group capelin (in the shelf region
off NW-, N- and NE-Iceland) have usually been closed to the summer and autumn fishery.

This capelin stock occurs in the EEZs of Greenland, Iceland and Norway (Jan Mayen) and the fishery is managed
through a tripartite agreement between these nations.

512 The fishery in the 1999/2000 season

In accordance with a previously determined procedure, ACFM recommended that the preliminary TAC should not
exceed 856 667 t. This is 2/3 of the total TAC predicted for the season, i.e. 1 285 000 t. This advice was accepted by all
parties concerned.

The season opened on 20 June and the fishery began in deep waters north of the shelf edge off the eastern north coast of
Iceland. As usual the fishing grounds gradually shifted to the northwest. Catch rates were very low and by the end of
August the total catch amounted to only 100 000 t. After that the capelin had become so scattered that the fishery was
abandoned.

In spite of several attempts, the fishing fleet failed to locate fishable concentrations all through October-December. The
autumn fishery was therefore a complete failure, the total catch amounting only to some 3 000 t.

The total catch in the 1999 summer and autumn season thus amounted to about 103 000 t.

In January 2000 large, fishable concentrations of adult capelin were located in deep waters off the shelf east of Iceland.
In spite of interruptions due to stormy weather a total catch of about 235 000 t of capelin was taken off the southern east
coast during January and early February just prior to the first spawning migration in shallow waters at the southeast
coast.

Catch rates were extremely high off the south coast of Iceland during 11-29 February and the first 10 days of March. By
mid-March, the fishing fleet had begun operating on large concentrations of ripe spawners off the central west coast.
This coincided with the beginning of a series of storms. After that the capelin were only sporadically available to purse-
seining and catch rates became extremely variable until the end of the winter fishery in late March.

The total catch during the 2000 winter season amounted to 830 000 t, which is the highest on record.
5.2 Catch Statistics

The total annual catch of capelin in the Iceland-East Greenland-Jan Mayen area since 1964 is given by weight, season
and fleet in Table 5.2.1.
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The total catch in numbers during the summer/autumn 1979-1999 and winter 1980-2000 seasons is given by age and
years in Tables 5.2.2 and 5.2.3.

The distribution of the catch during the summer-autumn 1999 and winter 2000 seasons is given by size groups at age in
Tables 5.2.4 and 5.2.5.

5.3 Surveys of Stock Abundance
53.1 0-group surveys

The distribution and abundance of 0-group capelin in the Iceland-East Greenland-Jan Mayen area has been recorded
during surveys carried out in August since 1970. The survey methods and computations of abundance indices were
described by Vilhjalmsson and Fridgeirsson (1976). The abundance indices of 0-group capelin, divided according to
areas, are given in Table 5.3.1.1.

An acoustic estimate of the abundance of 1-group capelin has also been obtained during the August 0-group surveys
(e.g. Vilhjalmsson 1994). Their abundance by number, mean length and weight for the period 1983-1999 is given in
Table 5.3.1.2.

5.3.2 Stock abundance in autumn 1999 and winter 2000

An acoustic survey was carried out by two research vessels in the period 15 November-7 December 1999 (WD by
Vilhjalmsson). The distribution of the stock was fairly wide and more or less continuous, reaching from 26°W,
northwest of the NW-peninsula of Tceland, across the outer part of the northern shelf to 10°30'W off the northern and
central east coast. The largest and most dense capelin concentrations were recorded near the shelf edge off the western
north coast as well as north and northwest of the NW-peninsula of Iceland.

Conditions during the autumn 1999 survey were inadequate for acoustic assessment of capelin abundance. There was
much drift ice in the Denmark Strait and frequent storms prevented observations in the deep water area northeast of
Iceland. The capelin were almost exclusively recorded as scattering layers of varying densities at depths of 50-150 m
in darkness but somewhat deeper in the daytime. Most of the densest concentrations, recorded north of the Vestfirdir
peninsula and the western north coast of Iceland, consisted of a mixture of adults and 1-group juveniles. Small adult
concentrations were recorded in a small area off the eastern north coast, while east of Iceland there were almost
exclusively juveniles.

According to the autumn 1999 survey, the immature stock component amounted to 89.8 and 4.4 * 10 fish, belonging to
age groups 1 and 2 respectively. The estimated total fishable/spawning stock abundance was 19.7 * 10’ fish in early
December 1999. The observed mean weight in the fishable stock was 15.1 g and the fishable/spawning stock biomass,
therefore, just under 300 000 t. Details of the autumn 1999 stock abundance estimate in numbers and weights at age are
given in Table 5.3.2.1.

Because both total adult stock biomass and the contribution of the older age group were much below expectations and
the average weight far below the average in the catch taken in June/July, it was concluded that the autumn 1999 survey
must have failed to locate and assess part of the adult fishable stock.

During 18 January-10 February 2000, the abundance of mature capelin was assessed in deep waters off the east and
southeast coast of Iceland (WD by Vilhjadlmsson). The survey was carried out under difficult weather conditions in the
sense that it had to be broken off on three occasions due to storms. The total fishable/spawning stock, estimated by this
survey, was 47 * 10° fish with an average weight of 18.8 g and a total biomass of 885 000 t. At this time, the capelin
were migrating southwards against the direction of the survey. Therefore it was assumed that the survey had
underestimated the adult stock abundance by about 20%. Details of the uncorrected January/February 2000 estimate and
the applied correction of 20% are given in Table 5.3.2.2.

However, a weighted average of the age structure in samples from the catch taken after the survey (about 615 000 t)
showed that the contribution by the older age group (age 4) was approximately two times that found during the
January/February survey (about 13% as compared to 6%). The highest contribution in single samples, taken in either the
survey or the catch, was about 20%. To reconcile the difference in weighted age distribution between the survey and
catch data, an assumption must be made of the age distribution in that part of the stock which the survey missed. Single
year classes have never been observed in pure concentrations in this capelin stock. In view of the highest observed ratio
of 4:1 of 3 and 4 year olds respectively, among the capelin sampled during the winter season, an assumption of a 2:1
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ratio of 3 and 4 years olds in the missing stock component should be on the conservative side. Based on these
assumptions it was found that an addition of 9.6 and 4.8 * 10’ fish, of age groups 3 and 4 respectively, must be added to
the initial January/February estimate in order to obtain the same age distribution as recorded in the catch that was
subsequently taken. This raises the January/February 2000 assessment of total stock abundance by numbers and
biomass to 61.4 * 10° and 1 178 000 t respectively. Details of the initial January/February acoustic estimate and the
correction just described are given in Table 5.3.2.3.

During 24 February-2 March 2000 a survey was made of mature capelin west of the NW-peninsula of Iceland (WD by
Vilhjalmsson). This group of spawners consisted of smaller capelin than those east of Iceland and their abundance was
estimated at about 76 000 t. Details of the February/March estimate are given in Table 5.3.2.4.

5.4 Historical Stock Abundance

The historical estimates of stock abundance are based on the “best” acoustic estimates of the abundance of maturing
capelin in autumn and/or winter surveys, the “best” in each case being defined as that estimate on which the final
decision on TAC was based. Taking account of the catch in number and a monthly natural mortality rate of M = 0.035
(ICES C.M. 1991/Assess:17) the abundance estimates of each age group are then projected to the appropriate point in
time. Since natural mortality rates of juvenile capelin are not known, their abundance by number has been projected
using the same natural mortality rate.

The annual abundance by number and weight at age for mature and immature capelin in the Iceland-East Greenland-Jan
Mayen area has been calculated with reference to 1 August (before the fishing season) and 1 January of the following
year for the 1978/79-1999/00 seasons. The results are given in Tables 5.4.1 and 5.4.2 (I August and 1 January,
respectively). Table 5.4.2 also gives the remaining spawning stock by number and biomass in March/April 1979-2000.

The observed annual mean weight at age was used to calculate the stock biomass on 1 January. With the exception of
juvenile capelin, which are surveyed in summer, the average weight at age of adult capelin in autumn is used to
calculate stock biomass of the maturing components in summer. Because there is a small weight increase among mature
capelin in February and March, the remaining spawning stock biomass is slightly underestimated.

55 Stock Prognoses
55.1 Methods

The preliminary TAC should be set at a level to open the fishery before the October/November survey, and to keep the
residual spawning stock at or above 400 000 tonnes. Thus the prognosis procedure needs to predict the fishable stock in
the beginning of the season in order to predict the effects of fishing. To account for the highly variable year class
strength and maturing ratio, the procedure needs to predict separately the two major components of the mature stock
(age groups 2 and 3). These predictions need to be done in spring.

Available data include acoustic survey estimates of the different age groups in August, October and January. It has been
found that, when available, autumn (October/November) acoustic estimates of the abundance of age groups 1 and 2 are
good predictors of fishable stock abundance about 8 months prior to the fishery.

The maturing part of age group 2 in summer (Npp,) is a part of the survivors of the 1-group of the previous autumn
(Ny), which is measured in October. A prediction model was developed (ICES C.M.1993/Assess:6), based on a linear
relationship between the historic back-calculated abundance of maturing capelin at age group 2 (Npye) and the autumn
acoustic estimates of the same year classes at age 1 (N;). This relationship was then used to predict the adult 2-group
abundance at the beginning of the fishing season some 8 months later.

The maturing part of the 3-group in summer corresponds to that part of the year class which did not mature and spawn
in the year before. Unfortunately, the surveys of the immature capelin of age 2 (N,jny) in the year before have usually
been gross underestimates and, therefore, have generally not been used. Similarly, the January survey of this year class
only estimates the part which will spawn and thus is no indication of what will appear in summer of next year.

In general terms, however, maturity at age 2 is inversely related to year class size (N,yy) i.e. the maturing ratio is a
function of year class abundance. Therefore, the total abundance of age group 2 in autumn should be an indication of
what will appear as 3-group in the following season. Since 1993, a regression relating the back-calculated total
abundance of year classes at age 2 to their abundance at age 3 (N; and N, respectively) has been used to predict the
abundance of age 3 capelin.
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The data sets comprising all comparisons of numbers by age and maturity, relevant to this prediction model, are given
in Table 5.5.1.1. The mean weight of maturing 2- and 3-group capelin in autumn 1981-1999 (year classes 1978—-1997)
is given in Table 5.5.1.2. The above regressions have been updated as new data became available. A comparison of the
predicted TAC updated with data from the autumn surveys is given in Table 5.5.1.3.

55.2 Stock prognosis and TAC in the 1999/2000 season

The 1993 models (ICES 1993/Assess:6) for predicting the numbers of maturing capelin of ages 2 and 3 from the
November 1997 acoustic assessment of the 1995 and 1996 year classes gave estimates of 89.2 and 23.3 billion maturing
2- and 3-group capelin on 1 August 1999.

Since 1989 there has been a general downward trend in weight at age of adult capelin, apparently inversely related to
adult stock abundance in number. Plotting these pairs of data as simple linear regressions results in R*=0.76 and 0.86
for age groups 2 and 3 respectively. Applying the appropriate regression equations, y = -0.032x + 19.1 for the younger
component and y = -0.061x + 28.5 for the older one and using the predicted abundance of age groups 2 and 3 on 1
August 1999 combined, i.e. 112.5 * 10° fish, resulted in estimated mean weights of 15.5 and 21.6 g for age groups 2 and
3 respectively.

The fishable stock biomass, obtained by multiplying the stock in numbers by the predicted mean weight of maturing
capelin in autumn, was projected forward to spawning time in March 2000 assuming a monthly M = 0.035 and a
remaining spawning stock of 400 000 tonnes. This gave a predicted TAC of 1285 000 tonnes spread evenly over
August 1999—March 2000 (Table 5.5.1.3). Using the same approach as in previous years, i.e. that the preliminary TAC
be set at 2/3 of the predicted total for the season, the Working Group recommended that a preliminary TAC for the
1999/2000 capelin fishery be set at 856,667 t.

According to the January/February 2000 survey results and applying the first correction described in section 5.3.2 the
estimated fishable/spawning stock was 56.4 * 10 fish on 10 February 2000 (cf. Table 5.3.2.2). At that time the
observed mean weight in the fishable stock was 18.8 g and the stock biomass therefore 1 062 000 t. With the usual
prerequisite of a monthly natural mortality rate of 0.035, a remaining spawning stock of 400 000 t the above abundance
estimate indicated a TAC of 662 000 t in the time remaining of the 2000 winter fishery. Counting the catch taken from
late June 1999 to 10 February 2000, this corresponded to a total TAC of 1 000 000 t for all of the 1999/2000 season,
which was subsequently set at that level.

As described in section 5.3.2 there is a large difference between the contribution of 4 year olds in the January/February
acoustic estimate on one hand and of that in the catch taken during the remainder of the season. It therefore seems that
an adjustment of the January/February acoustic estimate, based on the observed age distribution in the catch, better
represents the actual fishable/spawning stock abundance east of Iceland in early February 2000. Applying this
correction and adding the estimate from off NW-Iceland in February/March 2000 indicates a fishable/spawning stock
abundance of about 1 262 000 t on 10 February 2000 (cf. Tables 5.3.2.3 and 5.3.2.4). Had these data been available and
this correction made on February 10 2000 the TAC would have been set at 1 185 000 t for all of the 1999/2000 season,
rather than the 1 000 000 t TAC that was actually set.

The difference between the predicted TAC and the hypothetical TAC calculated in the above manner, is mainly due to a
smaller contribution by 1996 year class than that originally predicted by the Working Group in May 1999. Since about
250 000 t of the hypothetical TAC as calculated above remained at the end of the winter fishery, it follows that some
645 000 t of capelin remained to spawn in 2000.

55.3 Stock prognosis and assessment for the 2000/2001 season

Calculations of expected TAC for the 2000/2001 season, based on the method described in section 5.5.1 and data from
Table 5.5.1.1, were used for predicting the abundance by number of maturing capelin of ages 2 and 3 on 1 August 1999.

An updated linear regression of the measured abundance of 1-group capelin (N;) on the backcalculated abundance of
mature 2-group fish (Nppay) gives y = 0.572x +19.6; R? = 0.84, p <0.05. Similarly for the older stock component, where
Noot 18 regressed on Nz, gives y = 0.286x — 6.9; R?= 0.52, p <0.05. The two regression plots are shown in Figure
5.5.3.1.

The Working Group decided that the November 1999 estimate of the abundance of 1-group capelin (year class 1998)
was realistic and could be used for predicting the abundance of maturing capelin of the 1998 year class on 1 August
2000.
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The predictive figures for the 1998 and 1997 year classes are given in Table 5.5.1.1 These gave an estimate of 70.9 and
19.2 billion mature fish, belonging to the 1998 and 1997 year classes respectively.

During the last ten years there has been a general downward trend in weight at age of adult capelin, apparently inversely
related to adult stock abundance in number. Plotting these pairs of data as simple linear regressions results in R* = 0.66
and 0.76 for age groups 2 and 3 respectively. These two regression plots are shown in Figure 5.5.3.2. Applying the
appropriate regression equations, y = -0.034x + 19.3 for the younger component and y = -0.069x + 28.8 for the older
one and using the predicted abundance of age groups 2 and 3 on 1 August 1999 combined, i.e. 90.1 * 10° fish, results in
estimated mean weights of 16.2 and 22.7 g for age groups 2 and 3 respectively.

Using the predicted mean weight of maturing capelin in autumn instead of the “long-term” average mean weight, results
in a predicted TAC of 975 000 t if spread evenly over the period August 2000-March 2001. This corresponds to a
preliminary TAC of 650 000 t. As in previous years, decisions on the final TAC for the 2000/2001 season should be
based on surveys carried out in October/November 2000 and/or January/February 2001.

5.5.4 Management of capelin in the Iceland-East Greenland-Jan Mayen area

The fishable stock consists of only 2 age groups (2 and 3 year olds, spawning at ages 3 and 4). The fishing season has
usually begun in July and ends in March of the following year when the remainder of the fishable stock spawns and
dies. The fishable stock, which is also the maturing stock, is thus renewed annually and its exploitation must of
necessity be cautious. Due to the short life span and high spawning mortality, stock abundance can only be assessed by
acoustics.

Since 1992, the key elements in the management of capelin in the Iceland-East Greenland-Jan Mayen area are as
follows:

Acoustic survey estimates of juvenile capelin abundance have been used to predict fishable stock abundance by number
in the following year (fishing season). Historical average mean weight at age (in later years a relationship between stock
abundance and growth), growth rates and natural mortality have been used for calculations and projections of maturing
and fishable stock biomass.

Based on the data described above, a prediction of TAC is made in spring of the year in which the season begins,
allowing for 400 000 t remaining to spawn at the end of the season. For precautionary purposes, a preliminary TAC,
corresponding to 2/3 of the predicted total TAC for the season, has then been allocated to the period July-December.
With regard to a precautionary approach, the Working Group stresses the importance of the continued setting of a
preliminary TAC for the first half of the season.

The final decisions on TACs for each fishing season have been based on the results of acoustic stock abundance surveys
in late autumn or in January/February of the following year during that season.

The procedure just described has worked well in the past for ‘normal’ ranges of stock abundance. However, it is clear
that extra care should be taken when dealing with stock abundance below or above the norm, corresponding to TACs
<500 000 or >1,600 000 tonnes.

5.6 Precautionary Approach to Fisheries Management

Due to the short life span of capelin and their high spawning mortality, the main management objective is to maintain
enough spawners for the propagation of the stock. Since 1979 the targeted remaining spawning stock for capelin in the
Iceland-East Greenland Jan-Mayen area has been 400 000 tonnes. Although there have been large fluctuations in stock
abundance during this period, these appear to be environmentally induced and not due to excessive fishing. Therefore,
the criterion of maintaining a remaining spawning stock may be defined as By, i.e. stock abundance below which no
fishery should be permitted.

The definition of other precautionary reference points is more problematic. However, due to uncertainties inherent in
predicting the abundance of short-lived species and the importance of capelin as forage fish for predators such as cod,
saithe, Greenland halibut, baleen whales and sea birds, extra caution should be taken when stock predictions indicate
TACs <500 000 tonnes and >1 600 000 tonnes. In the former case, the fishery should not be opened until after the
completion of a stock assessment survey in autumn/winter in that season. The latter simply represents a scenario where
predicted stock abundance is beyond the highest historic abundance on record. In such cases the preliminary TAC
should not exceed 1 200 000 t.
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5.7 Special Comments

In most years, by far the largest capelin can be caught in late June, July and the first half of August. After that, the
average size in the catches has usually declined drastically and not increased again until late autumn. There are two
main reasons for this. First, the oldest and largest fish migrate ahead of other stock components to feed in the plankton
rich oceanic area between Iceland, Greenland and Jan Mayen. Later on, these larger capelin are joined by younger,
slower growing adults and even juveniles in parts of the fishing area, the location of which is variable from year to year.
Second, as the food supply diminishes in the southern part of the feeding area in August, the fishable stock becomes
more scattered and sometimes mixed with juveniles.

The Working Group recommends that the 2000 summer/autumn season be opened around 20 June. In order to prevent
catches of juvenile 1- and 2-group capelin it is recommended that the authorities responsible for the management of this
stock (Greenland, Iceland and Norway) should monitor the fishery and be prepared for quick intervention on short
notice, through area closures, to prevent eventual fishing on concentrations of capelin consisting of a mixture of
juveniles and adults.

An overview of stock development during 1978-1999 is given in Table 5.7.1.

5.8 Sampling
Investigation No. of samples | Length meas. individuals | Aged individuals
Autumn fishery 1999 15 1500 1470

53 5125 5100
Autumn survey 1999
Winter fishery 2000 67 6700 6525
Winter survey 2000 62 6200 6135
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Table 5.1.

1  Preliminary TACs for the summer/autumn fishery, recommended TACs for the whole season, landings
and remaining spawning stock (000 tonnes) in the 1987/88—1999/00 seasons.

Season 87/88 88/89 89/90 90/91 91/92 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/00
Prelim. TAC 500 900 900 600 0 500 900 950 800 1100 850 950 857
Rec. TAC 1115 1065 - 250 740 900 1250 850 1390 1600 1265 1200 1000
Landings 1116 1036 808 314 677 788 1179 842 930 1571 1245 1100 933
Spawn. stock 400 445 115 330 475 460 460 420 830 550 500 500 650
Table 5.2.1  The international capelin catch 1964-2000 (thousand tonnes).
Winter season Summer and autumn season
Year Nor- Green- Season Nor- Green- Season Total
Iceland way  Faro land total Iceland way Faroes land EU total
€S
1964 8.6 - - 8.6 - - - - - 8.6
1965 49.7 - - 49.7 - - - - - 49.7
1966 124.5 - - 124.5 - - - - - 124.5
1967 97.2 - - 97.2 - - - - - 97.2
1968 78.1 - - 78.1 - - - - - 78.1
1969 170.6 - - 170.6 - - - - - 170.6
1970 190.8 - - 190.8 - - - - - 190.8
1971 182.9 - - 182.9 - - - - - 182.9
1972 276.5 - - 276.5 - - - - 276.5
1973 440.9 - - 440.9 - - - - - 440.9
1974  461.9 - - 461.9 - - - - - 461.9
1975 457.1 - - 457.1 3.1 - - - 3.1 460.2
1976 338.7 - - 338.7 114.4 - - - 114.4 453.1
1977 549.2 - 243 573.5  259.7 - - - 259.7 833.2
1978 468.4 - 362 504.6 4975 154.1 34 - 655.0 1,159.6
1979 521.7 - 182 5399 4420 124.0 22.0 - 588.0 1,127.9
1980 392.1 - - 392.1  367.4 118.7 24.2 17.3 527.6 919.7
1981 156.0 - - 156.0 484.6 91.4 16.2 20.8 613.0 769.0
1982 13.2 - - 13.2 - - - - - 13.2
1983 - - - - 1334 - - - 133.4 1334
1984  439.6 - - 439.6 4252 104.6 10.2 8.5 548.5 988.1
1985 348.5 - - 348.5 644.8 193.0 65.9 16.0 919.7 1,268.2
1986 341.8 50.0 - 391.8 5525 149.7 65.4 53 7729 1,164.7
1987 500.6 59.9 - 560.5 3113 82.1 65.2 - 458.6 1,019.1
1988 600.6 56.6 - 657.2 3114 11.5 48.5 - 3714 1,028.6
1989 609.1 56.0 - 665.1 53.9 52.7 14.4 - 121.0 786,1
1990 612.0 62.5 123 686,8 83.7 21.9 5.6 - 111.2 798.0
1991 202.4 - - 202.4 56.0 - - - 56.0 258.4
1992 573.5 47.6 - 621.1 2134 65.3 18.9 0.5 298.1 919.2
1993 489.1 - - 0.5 489.6  450.0 1275 239 10.2 611.6 1,101.2
1994 550.3 15.0 - 1.8 567.1  210.7 99.0 12.3 2.1 324.1 891.2
1995 5394 - - 0.4 539.8 175.5 28.0 - 2.2 205.7 745.5
1996 707.9 - 10.0 5.7 723.6 4743 206.0 17.6 15.0 60.9 773.8 1,497.4
1997 774.9 - le.1 6.1 797.1 536.0 153.6 20.5 6.5 47.1 763.6  1561.5
1998 457.0 - 147 9.6 481.3  290.8 72.9 26.9 8.0 41.9 440.5 921.8
1999 607.8 148 13.8 22.5 658.9 83.0 11.4 6.0 2.0 102.4 761.3
2000 761.4 14.9 32.0 22.0 830.3
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Table 5.2.2 The total international catch of capelin in the Iceland-East Greenland-Jan Mayen area by age groups in
numbers (billions) and the total catch by numbers and weight (thousand tonnes) the autumn season
(August-December) 1979-1999.

Year
Age 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
1 0.6 4.9 0.6 - 0.6 0.5 0.8 + + 0.3 1.7
2 29.4 17.2 27.9 - 7.2 9.8 25.6 10.0 27.7 13.6 6.0
3 6.1 5.4 2.0 - 0.8 7.8 15.4 23.3 6.7 5.4 1.5
4 - - + - - 0.1 0.2 0.5 + + +
Total number 36.1 27.5 30.5 - 8.6 18.2 42.0 33.8 34.4 19.3 9.2
Total weight 588.0 527.6 613.0 - 1334 5485 919.7 7729 458.6 3714 121.0
Year
Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1 0.8 0.3 1.7 0.2 0.6 1.5 0.2 1.8 0.9 0.3
2 5.9 2.7 14.0 24.9 15.0 9.7 25.2 334 25.1 4.7
3 1.0 0.4 2.1 5.4 2.8 1.1 12.7 10.2 2.9 0.7
4 + + + 0.2 + + 0.2 0.4 + +
Total number 7.7 34 17.8 30.7 18.4 12.3 38.4 45.8 28.9 5.7
Total weight 111.2 56.0 298.1 611.6 3241 2057 7737 763.6 440.5 1024

Table 5.2.3 The total international catch of capelin in the Iceland-East Greenland-Jan Mayen area by age groups in
numbers (billions) and the total catch by numbers and weight (thousand tonnes) the winter season
(January-March) 1980-2000.

Year
Age 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
2 1.3 1.7 - - 2.1 0.4 0.1 + + 0.1 1.4
3 17.6 7.1 0.8 - 18.1 9.1 9.8 6.9 23.4 22.9 24.8
4 3.5 1.9 0.1 - 34 5.4 6.9 15.5 7.2 7.8 9.6
5 - - - - - - 0.2 - 0.3 + 0.1
Total number 22.4 10.7 0.9 - 23.6 14.5 17.0 22.4 30.9 30.8 35.9
Total weight 392.1 156.0 13.2 - 439.6 348.5 391.8 560.5 657.2 665.1 686.8
Year
Age 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
2 0.5 2.7 0.2 0.6 1.3 0.6 0.9 0.3 0.5 0.3
3 7.4 29.4 20.1 22.7 17.6 27.4 29.1 20.4 31.2 36.3
4 1.5 2.8 2.5 3.9 5.9 7.7 11.0 5.4 7.5 5.4
5 + + + + + + + + + +
Total number 9.4 349 22.8 27.2 24.8 35.7 41.0 26.1 39.2 42.0
Total weight 2024 621.1 489.6 567.1 5398 7236 797.6 481.3 6589 830.3
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Table 5.2.4 The total international catch in numbers (millions) of capelin in the Iceland-East Greenland-Jan Mayen
area in the summer/autumn season of 1999 by age and length, and the catch in weight (thousand tonnes)

by age groups.
Total length (cm) Age 1 Age 2 Age 3 Age 4 Total Percentage
9.5 5 - - - 5 0.1
10 - - - - 0.0
10.5 5 - - - 5 0.1
11 19 12 - - 31 0.6
11.5 48 86 - - 134 2.3
12 44 171 - - 215 3.7
12.5 19 275 5 - 299 52
13 15 373 10 - 398 6.9
13.5 58 501 20 - 579 10.1
14 39 642 124 - 805 14.0
14.5 19 623 109 2 753 13.1
15 15 813 158 4 990 17.2
15.5 - 745 94 - 839 14.6
16 - 354 133 2 489 8.5
16.5 - 141 40 - 181 3.1
17 - 24 5 - 29 0.5
17.5 - - - - - -
Total number 286 4760 698 8 5752
Percentage 5.0 83.0 12.0 + 100.0 100.0
Total weight 3.3 83.4 15.4 0.2 102.4

Table 5.2.5 The total international catch in numbers (millions) of capelin in the Iceland-East Greenland-Jan Mayen
area in the winter season of 2000 by age and length, and the catch in weight (thousand tonnes) by age

groups.
Total length (cm) Age 2 Age 3 Age 4 Age 5 Total Percentage
12 - 8 - - 8 0.0
12.5 - 76 - - 76 0.2
13 57 677 - - 734 1.8
13.5 126 2269 35 - 2430 5.8
14 66 4028 158 - 4252 10.1
14.5 29 4768 298 - 5095 12.1
15 7 6232 703 - 6942 16.5
15.5 31 6114 921 6 7072 16.9
16 - 5311 917 - 6228 14.8
16.5 5 3441 1081 - 4527 10.8
17 - 1986 768 13 2767 6.6
17.5 - 880 302 - 1182 2.8
18 - 350 157 - 507 1.2
18.5 - 92 5 - 97 0.2
19 - 18 5 - 23 0.1
Total number 321 36250 5350 19 41940
Percentage 0.8 86.4 12.7 + 100.0 100.0
Total weight 4.0 703.4 124.7 0.5 830.3
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Table 5.3.1.1 Abundance indices of 0-group capelin 1970-1999 and their division by areas.

Year
Area 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
NW-Irminger Sea 1 + + 14 26 3 2 2 + 4 3 10 +
W-Iceland 8 7 30 39 44 37 5 19 2 19 18 13 8
N-Iceland 2 12 52 46 57 46 10 19 29 25 19 6 5
East Iceland - + 7 17 7 3 15 3 + 1 + - +
Total 11 19 89 116 134 89 32 43 31 49 40 29 13
Year
Area 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
NW-Irminger Sea + + 1 + 1 3 1 + 8 3 2 3 +
W-Iceland 3 2 8 16 6 22 13 7 2 11 21 12 6
N-Iceland 18 17 19 17 6 26 24 12 43 20 13 69 10
East Iceland 1 9 3 4 1 1 2 2 1 + 15 10 8
Total 22 28 31 37 14 52 40 21 54 34 51 94 24
Year
1996 1997 1998 1999
NW-Irminger Sea 2 5 + +
W-Iceland 17 14 7 25
N-Iceland 57 30 34 51
East Iceland 6 12 5 7
Total 82 61 46 83

Table 5.3.1.2 Estimated numbers, mean length and weight of age 1 capelin in the August surveys of 1983-1999.

Year

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Number (10%) 155 286 31 71 101 147 111 36 50 87 33 85 189 138
Mean length (cm) 104 9.7 102 95 9.1 88 10.1 104 107 97 94 9.0 98 93
Mean weight(g) 42 36 38 33 30 26 34 40 51 34 30 28 34 29

1997 1998 1999
Number (10%) 143 87 55
Meanlength(cm) 9.3 9.0 9.5
Mean weight (g) 2.8 2.9 3.2
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Table 5.3.2.1 Acoustic abundance estimate of capelin age groups 1-3, 15/11-07/12 1999.

NUMBERS (10) BIOMASS (10°t)
(Age) Year class Avgwt (Age) Year class

Length | (1) 1998 (2) 1997 (3) 1996 Total (g) | (1)1998 (2)1997 (3) 1996 Total
(cm)

7.5 0.345 0.000 0.000 0.345 1.4 0.5 0.0 0.0 0.5

8 1.947 0.000 0.000 1.947 1.6 3.1 0.0 0.0 3.1

8.5 7.247 0.000 0.000 7.247 1.9 13.6 0.0 0.0 13.6

9 11.833 0.000 0.000 | 11.833 2.3 27.6 0.0 0.0 27.6

9.5 14.082 0.000 0.000 | 14.082 2.9 41.1 0.0 0.0 41.1

10 | 16.028 0.000 0.000 | 16.028 34 53.7 0.0 0.0 53.7

10.5 | 16.003 0.000 0.000 | 16.003 3.9 63.1 0.0 0.0 63.1

11| 11.310 0.000 0.000 | 11.310 4.6 523 0.0 0.0 52.3

11.5 5.663 0.000 0.000 5.663 5.2 29.7 0.0 0.0 29.7

12 3.331 0.544 0.000 3.875 6.2 20.6 34 0.0 24.0

12.5 1.013 1.596 0.000 2.609 7.4 7.5 11.8 0.0 19.3

13 0.430 2.293 0.000 2.723 8.9 3.8 20.3 0.0 24.1

13.5 0.283 3.638 0.000 3.921 10.5 3.0 38.0 0.0 41.0

14 0.239 3.630 0.080 3.949 12.0 2.9 43.5 1.0 47.4

14.5 0.048 2.674 0.048 2.770 14.0 0.7 373 0.7 38.6

15 0.015 2.830 0.119 2.964 16.2 0.2 45.9 1.9 48.1

15.5 0.000 1.931 0.265 2.196 18.4 0.0 35.6 4.9 40.4

16 0.000 1.632 0.204 1.836 20.9 0.0 342 43 38.4

16.5 0.000 1.213 0.141 1.354 23.6 0.0 28.6 3.3 31.9

17 0.000 0.315 0.045 0.360 26.3 0.0 8.3 1.2 9.5

17.5 0.000 0.185 0.027 0.212 29.5 0.0 5.4 0.8 6.2

18 0.000 0.017 0.008 0.025 37.0 0.0 0.6 0.3 0.9

Total 89.817  22.496 0.938 | 113.251 5.8 3233 312.9 18.3 654.6

Average length (cm) 10.1 143 15.7 11.0

Average weight (g) 3.6 13.9 19.5 5.8
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Table 5.3.2.2 Acoustic estimate of adult capelin, 18/01-10/02 2000. A corrected estimate of stock abundance by
assuming a factor of 1.2 to account for reduction of echo abundance due to the opposite movements of
fish and survey, is given at the bottom of the table.

NUMBERS (10) BIOMASS (101
(Age) Year class Avgwt (Age) Year class

Length (ecm) [ (2) 1998 | (3) 1997 | (4) 1996 Total ()| (2)1998 | (3) 1997 | (4) 1996 Total

11.5 0.034 0.000 0.000 0.034 5.0 0.1 0.0 0.0 0.1

12 0.069 0.000 0.000 0.069 5.7 0.4 0.0 0.0 0.4

12.5 0.118 0.123 0.000 0.241 7.3 0.9 0.9 0.0 1.8

13 0.147 0.653 0.000 0.799 8.9 1.3 5.8 0.0 7.1

13.5 0.129 2.647 0.033 2.810 10.5 1.4 27.9 0.3 29.6

14 0.148 4.637 0.036 4.821 12.0 1.8 55.7 0.4 57.9

14.5 0.155 4.288 0.090 4.532 14.0 22 60.0 1.3 63.4

15 0.159 5.406 0.134 5.699 15.7 2.5 85.0 2.1 89.6

15.5 0.085 5.878 0.401 6.365 18.0 1.5 105.9 7.2 114.6

16 0.109 6.606 0.323 7.037( 203 2.2 134.4 6.6 143.2

16.5 0.063 5.980 0.568 6.611 23.1 1.5 138.4 13.2 153.1

17 0.000 3.851 0.550 4.401 25.7 0.0 99.1 14.2 113.2

17.5 0.000 1.657 0.578 2.235 28.7 0.0 47.6 16.6 64.2

18 0.000 0.829 0.142 0.972 32.5 0.0 26.9 4.6 31.5

18.5 0.000 0.327 0.036 0364 | 364 0.0 11.9 1.3 13.2

19 0.000 0.028 0.009 0.037 38.6 0.0 1.1 0.4 1.4

19.5 0.000 0.015 0.000 0.015 51.1 0.0 0.8 0.0 0.8

Total 1.217 | 42.926 2901 | 47.044 18.8 15.7 801.3 68.1 885.1

Average length (cm) 14.1 15.5 16.5 15.5

Average weight (g) 13.0 18.8 235 18.8

Corrected 1.460 [ 51.511 3.481 | 56.453 18.8 18.8 961.6 81.7| 1062.2
total
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Table 5.3.2.3 Acoustic estimate of adult capelin, 18/01-10/02 2000. Corrective figures to reconcile the assessed age
structure of the stock to that of the catch taken after the survey was concluded and until the end of the
winter season, as well as the total stock after correction, are given at the bottom of the table.

NUMBERS (10”) BIOMASS (1071)
(Age) Year class Avgwt (Age) Year class

Length (cm) | (2) 1998 | (3) 1997 | (4) 1996 Total (2| (2)1998(3) 1997 | (4) 1996 Total

11.5 0.034 0.000 0.000 0.034 5.0 0.1 0.0 0.0 0.1

12 0.069 0.000 0.000 0.069 5.7 0.4 0.0 0.0 0.4

12.5 0.118 0.123 0.000 0.241 7.3 0.9 0.9 0.0 1.8

13 0.147 0.653 0.000 0.799 8.9 1.3 5.8 0.0 7.1

13.5 0.129 2.647 0.033 2.810 10.5 1.4 27.9 0.3 29.6

14 0.148 4.637 0.036 4.821 12.0 1.8 55.7 0.4 57.9

14.5 0.155 4.288 0.090 4.532 14.0 22 60.0 1.3 63.4

15 0.159 5.406 0.134 5.699 15.7 2.5 85.0 2.1 89.6

15.5 0.085 5.878 0.401 6.365 18.0 1.5 105.9 7.2 114.6

16 0.109 6.606 0.323 7.037 203 2.2 134.4 6.6 143.2

16.5 0.063 5.980 0.568 6.611 23.1 1.5 138.4 13.2 153.1

17 0.000 3.851 0.550 4.401 25.7 0.0 99.1 14.2 113.2

17.5 0.000 1.657 0.578 2.235 28.7 0.0 47.6 16.6 64.2

18 0.000 0.829 0.142 0.972 32.5 0.0 26.9 4.6 31.5

18.5 0.000 0.327 0.036 0364 | 36.4 0.0 11.9 1.3 13.2

19 0.000 0.028 0.009 0.037 38.6 0.0 1.1 0.4 1.4

19.5 0.000 0.015 0.000 0.015 51.1 0.0 0.8 0.0 0.8

Total 1.217 | 42.926 2901 | 47.044 18.8 15.7 801.3 68.1 885.1

Average length (cm) 14.1 15.5 16.5 15.5

Average weight (g) 13.0 18.8 23.5 18.8

Correction * 0.000 9.600 4.800| 14.400| 203 0.000 180.5 112.8 293.3

Corrected 1.217 | 52.526 7.701 | 61.444 19.1 15.7 981.8 1809 11784
total

* The logistics underlying this correction of stock in numbers of 3 and 4 year old capelin are given in section 5.3.2.
To correct for biomass at age for these age groups, the numbers to be added were multiplied by the corresponding
mean weights given in the uncorrected estimate above.
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Table 5.3.2.4 Acoustic estimate of mature capelin off Latrabjarg, NW-Iceland, 24/02-02/03 2000.

NUMBERS (10) BIOMASS (10t)
(Age) Year class Avg (Age) Year class

Length (cm) | (2) 1998 | (3) 1997 | (4) 1996 Total | wt(g)|(2) 1998 | (3) 1997 | (4) 1996 Total
12 0.032 0.000 0.000 0.032 7.5 0.1 0.0 0.0 0.2

12.5 0.063 0.070 0.000 0.133 8.5 0.5 0.6 0.0 1.1

13 0.032 0.209 0.000 0.241 9.1 0.3 1.9 0.0 2.2

13.5 0.063 0.209 0.000 0.273 11.0 0.7 23 0.0 3.0

14 0.063 0.605 0.000 0.668 13.3 0.8 8.0 0.0 8.9

14.5 0.095 0.488 0.000 0.583 14.8 1.4 7.2 0.0 8.6

15 0.063 0.651 0.256 0.971 16.7 1.1 10.9 43 16.2

15.5 0.000 0.628 0.064 0.692 18.9 0.0 11.9 1.2 13.1

16 0.032 0.326 0.096 0.453 21.2 0.7 6.9 2.0 9.6

16.5 0.000 0.070 0.064 0.134( 23.6 0.0 1.6 1.5 3.2

17 0.000 0.140 0.032 0.172 | 25.7 0.0 3.6 0.8 4.4

17.5 0.000 0.023 0.032 0.055 28.0 0.0 0.7 0.9 1.5

18 0.000 0.000 0.096 0.096 32.0 0.0 0.0 3.1 3.1

18.5 0.000 0.000 0.000 0.000 0.0 0.0 0.0 0.0

19 0.000 0.000 0.032 0.032 38.0 0.0 0.0 1.2 1.2

Total 0.474 3.419 0.673 4.534 16.9 5.7 55.6 15.1 76.4
Average length (cm) 13.0 14.8 16.2 14.9
Average weight (g) 12.1 16.3 22.4 17.1
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Table 5.4.1 The calculated number (billions) of capelin on 1 August 1978-1999 by age and maturity groups. The total
number (billions) and weight (thousand tonnes) of the immature and maturing (fishable) stock
components are also given.

Year
Age/maturity 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
1 juvenile 163.8 60.3 66.1 48.9 1464 1242 250.5 989 156.2 144.0
2 immature 15.3 16.4 4.2 3.7 15.0 42.5 40.9 100.0 29.4 37.2
2 mature 81.9 91.3 354 39.7 17.1 53.7 40.7 64.6 35.6 65.4
3 mature 29.1 10.1 10.8 2.8 2.3 9.8 27.9 27.0 65.8 20.1
4 mature 0.4 0.3 + + + 0.1 0.4 0.4 0.7 0.1

Number immat. 179.2 76.7 70.3 526 1614 1667 2914 1989 1856 181.2
Number mature 1114 1017 462 425 194  63.6 69.0 92.0 102.1 85.6

Weight immat 750.8 366 283 209 683 985 1067 1168 876 950
Weight mature 2081 1769 847 829 355 1085 1340 1643 2260 1689
Year
Age/maturity 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
1 juvenile 80.8 63.9 1175 1329 1629 1443 2241 1973 1912 1654
2 immature 24.0 10.3 10.1 9.7 16.6 20.1 35.2 45.1 28.7 352
2 mature 70.3 42.8 31.9 67.7 70.7 86.9 59.8 1022  100.7 90.3
3 mature 24.5 15.8 6.8 6.7 6.4 10.9 13.2 23.0 29.6 19.0
4 mature 04 + + + + 0.2 - + + +
Number immat. 104.8 742 127.6 1426 179.5 164.7 2592 2424 2199  200.6
Number mature 95.2 58.6 38.7 74.4 77.1 98.0 73.0 1251 1303 1093
Weight immat 438 309 542 702 747 702 1019 1188 985 758
Weight mature 1663 1173 751 1273 1311 1585 1268 1819 1900 1590
Year

Age/maturity 1998 1999 2000

1 juvenile #1752 *158.2

2 immature 19.2 *29.2

2 mature 89.5 859  **709

3 mature 232 126 **19.2

4 mature + +

Number immat. *194 .4 *187.4
Number mature 112.7 98.5  **¥90.1
Weight immat *662 *692
Weight mature 1576 1702 **1583

* ..
Preliminary
** Predicted
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Table 5.4.2 The calculated number (billions) of capelin on 1 January 1979-2000 by age and maturity groups. The
total number (billions) and weight (thousand tonnes) of the immature and maturing (fishable) stock
components and the remaining spawning stock by number and weight are also given.

Year

Age/maturity 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

2 juvenile 137.6 50.6 553 41.2 1237 105.0 211.6 83.2 131.9 120.5

3 immature 12.8 13.8 3.5 3.0 12.6 35.7 34.3 83.9 25.6 31.2

3 mature 51.8 53.4 16.3 8.0 14.3 39.8 25.2 34.5 22.1 34.1

4 mature 14.8 3.6 4.9 0.5 2.0 7.6 15.6 10.5 37.0 11.7

5 mature 0.3 0.2 + + + 0.1 0.3 0.2 0.2 +
Number immat. 150.4 64.4 58.8 442 1363 140.7 2459 167.1 1575 151.3
Number mature 66.9 57.2 21.2 8.5 16.3 47.5 41.1 45.2 59.1 45.8
Weight immat. 1028 502 527 292 685 984 1467 1414 1003 1083
Weight mature 1358 980 471 171 315 966 913 1059 1355 993
Number sp.st. 29.0 17.5 7.7 6.8 13.5 21.6 20.7 19.6 18.3 18.5
Weight sp. st 600 300 170 140 260 440 460 460 420 400

Year
Age/maturity 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
2 juvenile 67.8 53.9 989 111.6 124.6 121.3 188.1 165.2 160.0 *138.0
3 immature 20.1 8.6 8.6 8.1 13.9 16.9 29.5 37.9 24.1 25.9
3 mature 48.8 31.2 22.3 54.8 46.5 50.5 35.1 75.5 72.4 50.1
4 mature 16.0 12.1 4.5 53 3.5 4.6 8.7 20.1 24.8 7.9
5 mature 0.3 + + + + + + + + +
Number immat. 87.9 62.5 107.5 119.7 138.5 138.2 217.6 203.1 184.1 *163.9
Number mature 64.8 43.3 26.8 60.1 50.0 55.1 43.8 95.6 97.2 58.0
Weight immat. 434 291 501 487 622 573 696 800 672  *621
Weight mature 1298 904 544 1106 1017 1063 914 1820 1881 1106
Number sp.st. 22.0 5.5 16.3 25.8 23.6 24.8 19.2 42.8 21.8 27.6
Weight sp. st. 440 115 330 475 499 460 420 830 422 492
Year

Age/maturity 1999 2000

2 juvenile *147.1 *132.8

3 immature *16.1 %245

3 mature 53.2 68.2

4 mature 16.0 10.0

5 mature + +

Number immat. *163.2  *157.3

Number mature 69.2 78.2

Weight immat. *570  *674.1

Weight mature 1171.3  1485.0

Number sp.st. 29.5 342

Weight sp. st. 490 650

*Preliminary/Predicted
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Table 5.5.1.1 The data used in the comparisons between abundance of age groups (numbers) when predicting fishable
stock abundance for calculations of preliminary TACs.

Age 1 Age?2 Age 2 Age?2 Age 3
Acoustics Back-calc. Acoustics Back-calc. Back-calc.
Mature Immature Total Mature
Year
class Nl NZmat N2imm NZtm N3t0t
1980 23.7 17.1 1.7 32.1 9.8
1981 68.0 53.7 8.2 96.2 27.9
1982 44.1 40.7 4.6 81.6 27.0
1983 73.8 64.6 12.6 164.6 65.8
1984 33.8 35.6 1.4 65.0 20.1
1985 58.0 65.4 5.4 102.6 24.5
1986 70.2 70.3 6.7 94.6 15.8
1987 43.9 42.8 1.8 53.1 6.8
1988 29.2 31.9 1.3 42.0 6.7
1989 "39.2 67.7 5.2 77.2 6.4
1990 60.0 70.7 2.3 87.3 10.9
1991 104.6 86.9 10.8 107.0 13.2
1992 100.4 59.8 6.9 95.0 24.0
1992 100.4 59.8 6.9 95.0 24.0
1993 119.0 102.2 46.3 147.2 29.6
1994 165.0 100.7 16.4 129.4 19.0
1995 111.9 90.3 30.8 125.5 232
1996 128.5 89.5 6.3 108.0 12.6
1997 121.0 85.9 5.0 791.3
1998 89.8

Invalid due to ice conditions.
Preliminary

Table 5.5.1.2 Mean weight (g) in autumn of mature capelin.

Years
1981 1982 1983 1984 1985 1986 1987 1988
Age?2 19.2 16.5 16.1 15.8 15.5 18.1 17.9 15.5
Age 3 24.0 24.1 22.5 25.7 23.8 24.1 25.8 23.4
Years
1989 1990 1991 1992 1993 1994 1995 1996
Age?2 18.0 18.1 16.3 16.5 16.2 16.0 15.3 15.8
Age 3 25.5 25.5 25.4 22.6 23.3 23.6 20.5 20.6
Years
1997 1998 1999
Age?2 14.3 14.1 16.8
Age 3 20.3 18.1 20.6
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Table 5.5.1.3 Predictions of fishable stock abundance and TACs for the 1983/84—1999/00 seasons.
The last rowgives contemporary advice on TACs for comparison. Age 2 and age 3 = Numbers in billions
in age groups at the beginning of season. Fish.st. = calculated weight of maturing capelin in thousand
tonnes (ref. 1 August). TAC calc = predicted in thousand tonnes.

Season 83/84  84/85 85/86  86/87  87/88  88/89  89/90  90/91  91/92
Year classes 81-80  82-81 83-82 84-83 85-84 86-85 87-86  88-87  89-88
Age 2 63.0 43.4 67.8 34.9 55.5 64.8 43.2 31.1 394
Age3 0.0 26.3 20.2 55.0 13.7 29.0 25.5 8.2 3.7
Fishable stock 1065 1373 1637 1926 1268 1800 1350 724 755
Calculated TAC 465 733 963 1215 642 1105 713 170 197
Advised TAC 573 897 1311 1333 1115 1036 550 265 740
Season 92/93  93/94  94/95  95/96  96/97  97/98  98/99  99/00
Year classes 90-89 91-90  92-91 93-92 9493  95-94  96-95  97/96
Age 2 56.4 93.1 89.6 92.5 90.0 83.8 94.4 89.2
Age 3 18.3 22.6 27.0 14.9 35.0 30.9 30.8 233
Fishable stock 1398 2123 2170 1916 2352 2019 2088 1885
Calculated TAC 755 1385 1427 1200 1635 1265 1420 1285
Advised TAC *900 1250 850 1390 1600 1265 1200 1000

In January 1993, 80 000 t were added to the 820 000 t recommended after the October 1992 survey due

to an unexpectedly large increase in mean weights.

Table 5.7.1 Capelin in the Iceland-East Greenland-Jan Mayen area. Recruitment of 1 year old fish (unit 10”) and stock
biomass (‘000 t) given at 1 August, spawning stock (‘000 t) at the time of spawning (March next year).
Landings (‘000 t) are the sum of the total landings in the season starting in the summer/autumn of the year
indicated ending in March of the following year.

Year Recruit- Total stock Landings Spawning

ment biomass stock biomass
1978 164 2832 1195 600
1979 60 2135 980 300
1980 66 1130 684 170
1981 49 1038 626 140
1982 146 1020 0 260
1983 124 2070 573 440
1984 251 2427 897 460
1985 99 2811 1312 460
1986 156 3106 1333 420
1987 144 2639 1116 400
1988 81 2101 1037 440
1989 64 1482 808 115
1990 118 1293 314 330
1991 133 1975 677 475
1992 163 2058 788 499
1993 144 2363 1179 460
1994 224 2287 864 420
1995 197 3174 929 830
1996 191 3310 1571 423
1997 165 3014 1245 423
1998 *175 2418 1100 490
1999 *158 2394 933 650

* Preliminary
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Figure 5.5.3.1. The relationship between the neasured numbers of immature 1-group capelin i autumn acoustic surveys
and the numbers of maturing capelin on 1 August of the following year (left ligure) and between the
measured total numbers of 2-group capelin and the numbers of maturing 3-group capelin in the following
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Figure 5.5.3.2. The relationship between the mean weight of maturing 2-group capelin in autumn and the total numbers
in the maturing stock (left hand figure) and the total numbers in the maturing stock and the mean weight
of maturing 3-group capelin (right hand figure).
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6 BLUE WHITING
6.1 Stock Identity and Stock Separation

Prior to 1994 the northern and southern blue whiting stocks were treated as one for assessment purposes (ICES
C.M.1996/Assess:14). In 1995 it was stated that several populations could appear in the spawning area, however no
separation line was defined between the stocks west of the British Isles and those off Gibraltar (ICES
C.M.1998/ACFM:18). Ongoing genetic, morphological and physiological research by Norway and Russia indicated
that the two components of the stock may appear in the spawning area west of the British Isles (ICES
C.M.1999/ACFM:18).

6.2 Fisheries in 1999

Estimates of the total landings of blue whiting in 1999 from the fisheries are given by country in Tables 6.2.1 - 6.2.4
and summarised in Table 6.2.5. The total landings from all blue whiting fisheries in 1999 were 1 256 328 tonnes, which
is the highest catch on record, and 131 thousand tonnes greater than in 1998. This exceeded the recommended TAC of
800 000 tonnes by 57%.

The majority of blue whiting catches were taken, as usual, in the spawning area. The catch there was 941 000 tonnes in
1999, representing an increase of 14% from 1998 when the catch was 827 000 tonnes. The spawning concentrations of
blue whiting during winter and spring 1999 were distributed over a larger area, and more to the west than usual, i.e.
from the Irish shelf northwards to the Rockall Bank. This distribution of the spawning stock is similar to the distribution
observed in 1999. About 25% were thus landed from international water (Table 6.8.1).

The landings in 1999 from the Norwegian Sea increased by 4% from 1998 and constituted 182 000 tonnes.

Denmark and Norway took the bulk of the catch in the mixed industrial fisheries, or 93 000 tonnes of a total catch of
107 000 tonnes. The total catch in this fishery increased from 95 000 tonnes in 1998 to 107 000 tonnes in 1999. The
fishery in the southern area, mainly conducted by Spain and Portugal, was at an average level in 1999, with a total of
26 000 tonnes. Data on discards from the Spanish fleets are available for 1994, 1997 and 1999, and will also be
estimated in 2000 (WD by Perez and Meixide). Discards were not included in the assessment because the time series is
too short.

6.3 Biological Characteristics
6.3.1 Length composition of catches

Data on length composition of the 1999 commercial catches from the directed fishery of the blue whiting stock by
quarter of the year were presented by Norway, Russia, Ireland, The Netherlands and Iceland (Table 6.3.1.1). Length
composition of blue whiting varied from 11 to 42 cm, with an average length of 24 - 26 cm.

The majority of the Norwegian and Russian catches from the directed fisheries in the Norwegian Sea consisted of fish
with lengths of 21 - 26 cm. The length compositions from the spawning area in first and second quarters were from 22 -
27 cm. The catches of blue whiting from the mixed industrial fisheries consisted of fishes with lengths of 15 - 22 cm.
Length compositions from the mixed industrial fisheries were presented by Norway and Denmark. Fish ranged from 10
to 40 cm, with an average length of 22 - 24 cm (Table 6.3.1.2). Spain and Portugal caught blue whiting in the Southern
area with length range 11 - 40 cm and modal length of 21 - 22 cm (Table 6.3.1.3).

6.3.2 Age composition of catches

For the directed fisheries in the northern area in 1999, age compositions were provided by the Faroe Islands, Iceland,
Ireland, Norway and Russia, which together accounted for 72% of the catches.

The age compositions in the directed fisheries are given in Table 6.3.2.1.

Age compositions for the mixed industrial fisheries in 1999 were provided by Norway, which accounted for 45% of
catches. For all other nations Norwegian data were used for allocation. The age compositions are given in Table 6.3.2.2.
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For the fisheries in the Southern area, Spain and Portugal presented age compositions, and accounted for all catches.
Age compositions are given in Table 6.3.2.3.

The combined age composition for the directed fisheries in the Northern area, i.e. the spawning area and the Norwegian
Sea, as well as for the landings of blue whiting in the mixed industrial fisheries and for landings in the Southern area,
were assumed to give the overall age composition of total landings for the blue whiting stock. The catch numbers at age
used in the stock assessment are given in Table 6.3.2.4.

To calculate the total international catch at age, and to document how it was done, the program SALLOC (WD by
Patterson) was used (ICES C.M.1998/ACFM:18). The allocation process is illustrated in Tables 6.3.2.5 - 6.3.2.7, which
show the disaggregated fisheries assessment data (DISFAD files) presented for directed fisheries, mixed industrial
fisheries and southern fisheries. The allocations are shown in Table 6.3.2.8 (ALLOC files).

6.3.3 Weight at age

Mean weight at age data were available from Norway, Russia, the Faroes, Iceland, Ireland, Spain and Portugal. Mean
weight at age for other countries were based on the allocations shown in Table 6.3.2.8 (ALLOC files) and for the total
international catch were estimated by the SALLOC program. Table 6.3.3.1 shows the mean weight-at-age for the total
catch during 1982 - 1999 as used in the stock assessment. The weight in the stock was assumed to be the same as the
weight in the catch.

6.3.4 Maturity at age

Maturity at age was obtained by combining maturity ogives from the southern and northern areas, weighted by catch in
numbers at age (ICES C.M.1995/Assess: 7). These are the same as those used since 1994.

6.4 Stock Estimates
6.4.1 Acoustic surveys
6.4.1.1 Surveys in the spawning season

In March - April, 2000, the Norwegian R.V. “Johan Hjort” carried out an acoustic survey on blue whiting in the
spawning area to the west and north of the British Isles. The pre-spawning stock was estimated at 0.5 million tonnes
(12.7 x 10° individuals). The spawning stock, estimated at 7.8 million tonnes (89.8 x 10’ individuals), was 0.6 million
tonnes lower than the estimate for 1999. In 2000 the largest concentrations were observed to the north and west of St.
Kilda, and in both 1999 and 2000 the distribution of blue whiting was notably larger than in previous surveys (WD by
Monstad et al.,). Estimates of total, and spawning biomass of blue whiting in the spawning area made by Russian,
Norwegian and Faroese surveys since 1983 are given in Table 6.4.1.1.1.

6.4.1.2 Surveys in the feeding season

Since 1995, Norway, Russia, Iceland and Faroes, and since 1997 also the EU, have co-ordinated their survey effort on
pelagic fish stocks in the Norwegian Sea. Holst et al. (1999) reported on distributions and migrations of blue whiting in
1999.

In 1999 blue whiting were recorded in the following surveys in the feeding area:

Period Vessel Country
23 April - 21 May R.V. “Walther Herwig III”  Germany
28 April - 30 May R.V. “G.0.Sars” Norway
30 April - 25 May R.V. “Magnus Heinason”  Faroes
20 May - 5 July R.V. “F. Nansen” Russia

6 - 22 May R.V. “Arni Fridriksson” Iceland
14 - 28 July R.V. “Arni Fridriksson” Iceland
21 July - 22 August R.V. “G.0O.Sars” Norway
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For both the Icelandic EEZ and Norwegian Sea age stratified estimates of blue whiting were reported, these are given in
Tables 6.4.1.2.1 and 6.4.1.2.2 respectively.

6.4.2 Bottom trawl surveys in the southern area

Bottom trawl surveys have been conducted off the Galician (NW Spain) and Portuguese coasts since 1980 and 1979
respectively, following a stratified random sampling design and covering depths down to 500 m. Since 1983, the area
covered in the Spanish survey was extended to completely cover Spanish waters in Division VIIIc. The area covered in
the Portuguese survey was also extended in 1989 to the 750 m contour. Stratified mean catches and standard errors from
the Spanish and Portuguese surveys are shown in Tables 6.4.2.1. and 6.4.2.2. In both areas the larger mean catch rates
are observed in the 100 - 500 m depth range. Since 1988 the highest catch rates in the Spanish survey were observed in
1999 (108 kg/haul). The Portuguese summer surveys generally give higher values than in the autumn surveys, and a
better correlation with the Spanish surveys (Figure 6.4.2.1).

6.4.3 Catch per unit effort

CPUE data for Spanish Pair Trawlers were presented to the Working Group in 2000. This data was added to the time
series of overall aggregated CPUE values from Norway and Russia as used in the 1998 assessment (ICES
C.M.1998/ACFM:18).

6.4.4 Stock assessment

There are six tuning fleets for blue whiting; The Norwegian Sea acoustic survey which covers the feeding area of the
northern stock component, the Norwegian and the Russian acoustic surveys on the spawning grounds, the Spanish
bottom trawl survey, the Portuguese bottom trawl survey and the CPUE from Spanish pair trawlers, where the last three
fleets cover the southern component of the stock. The indices are shown in Table 6.4.4.1.

In 1998 it was decided to leave out the Spanish bottom trawl survey indices and the Portuguese bottom trawl indices,
due to large contributions from these fleets in the variance. Last year, it was decided to split three of the tuning series,
the Norwegian Sea acoustic survey, the Norwegian survey and the Russian survey on the spawning grounds. The reason
for splitting these index series was the change to a Simrad EK-500 echo sounder in 1991 in the first two series and in
the 1992 in the Russian tuning series.

ICA-runs
The data used in the ICA runs are shown within the rectangles in Table 6.4.4.1.

Because the separability model last year did not show a convincing fit, it was decided to study this more thoroughly. A
separable VPA without tuning was used for this purpose. The study suggested that the high catches reported on the
1995 year class, especially on 0-group, did not fit well in a separability model. It was thus decided to run ICA with 4
years of separability, to avoid this year class in the separability model. It is generally preferable to choose a longer time
period, and runs with 5 and 6 years of separability were made for comparison.

Table 6.4.4.2 shows the results of several runs. Run 1 is equivalent to the final run of the 1999 assessment. Runs 2 and 3
are similar except that the separability model is set at 6 and 4 years respectively. As the table suggests, the selection
pattern in runs 1 and 2 provided smoother results than those from run 3, however the variance in run 3 was smaller.
Another 3 runs, comparable to the previous runs, were made but with equal weights on all the age groups in the catches
(Table 6.4.4.2). The variance increased and gave no reason to choose the option of equal weights in this years
assessment. The next run (run 7) is similar to run 3 (4 years of separability) except that the catch of the 0-group in 1995
was considerably downweighted. No improvement was achieved.

An additional run (results not shown) was made with the early part of the split tuning series left out. Apart from this, the
options were the same as for run 3. This option was explored as Norwegian spring spawning herring are assessed in this
way. The difference between the two runs was negligible. Thus, it was decided to keep these data in the tuning.

Based on the reasoning above, run number 3 was chosen as the final run. The 1999 spawning stock was estimated to be
3.0 million tonnes, total stock 5.4 million tonnes and the reference fishing mortality rate, F3_;, 0.48. A stock summary is
shown in Table 6.4.4.3 and the ICA output in Table 6.4.4.4, Figures 6.4.4.1 and 6.4.4.2. The log-file is shown in Table
6.4.4.5.
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Differences between the runs were small (Table 6.4.4.2), with the estimate of the 1999 F;_; varying from 0.43 - 0.52 and
the spawning stock biomass varying from 2.9 to 3.1 million tonnes. The estimates of the younger age groups varied
somewhat and so the total stock estimates varied from 4.7 to 5.4 million tonnes.

A separable VPA on filtered catch-at-age data (WD by Belikov et al.) was run to compare the results (see the section
6.4.5). This run resulted in more optimistic estimates. The spawning stock biomass was estimated to be 4.8 million
tonnes, the total biomass 6.9 million tonnes, while the F;; was estimated to be 0.37. The stock estimates of 1998 and
1999 were higher than the ICA estimates, but for earlier years the trends were comparable.

Compared to last year’s assessment, the final run in 2000 indicates a somewhat more optimistic state of the stock than
last year. All year classes are suggested to be slightly stronger in this year’s assessment. The 1995, 1996 and 1997 year
classes are also estimated to be quite strong.

6.4.5 Stock assessment by ISVPA

In order to clarify the origin of the discrepancy between the results of blue whiting stock assessment obtained by the
Working Group and the results of surveys for recent years an attempt was made to carry out a special catch-at-age data
analysis and to diminish the influence of possible errors in the catch-at-age data on the results of stock assessment. To
make the results more transparent it was decided not to include available auxiliary information into the analysis and to
outline tendencies in stock dynamics from catch-at-age data only. For this purpose a cohort separable model named
ISVPA (WD by Belikov et al.) was used.

6.4.5.1 Method
ISVPA

The model ISVPA (Kizner and Vasilyev, 1997, Vasilyev and Kizner 1998; Vasilyev 1998a, 1998b, 2000), used in the
assessment, is a separable cohort model and is similar in many aspects to other models of this kind, but its parameter
estimating procedure is based on principles of robust statistics which helps to diminish the influence of error (noise) in
catch-at-age data on the results if the assessment. Besides, special parameterization of the model makes it unnecessary
to use any preliminary assumptions about the age of unit selectivity and about the shape of selectivity pattern.

Basic equations of the model and description of its parameter estimation procedure are described in the WD by
Belikovet et al.) and were presented earlier in frames of ICES meetings and in several publications (Kizner & Vasilyev
1997, Vasilyev & Kizner 1998; Vasilyev, 1998; 1998a; 2000).

The procedure of the model parameter estimation “automatically” ensures an unbiased solution:
2 [LnC(a,y)-LnCey(a,y)] =0  for every year y, and
2 [LnC(a,y)-LnC.y(a,y)] =0 for every age a,

and produces the estimates of all parameters of the model, except f(n) (that is f(y) for terminal year) and M, which are
given on this stage as input. The best estimate of terminal effort factor f(n) is looked for in special procedure,
constructed as an outer cycle with respect to the above mentioned. It is found by minimization of the median of the
distribution of the squared logarithmic error (SE)

MDN of { [LnC(a,y)-LnCes (a,y)]*}, a=l,...m-1,y=1,...,n-1,
since median is known as resistant statistics with respect to outliers in the data (Huber 1981; Hampel et al. 1986)
Preliminary filtering of catch-at-age matrix (suppression of outliers).

Kriging is generally used for objective analysis and optimal interpolation of spatially distributed data (Journel and
Huijbregts 1993; Isaaks and Srivastanva 1988). However, because it precludes over-smoothing, kriging also offers an
effective means of "safe" smoothing of fields. This is for two reasons. First, in kriging the radius of correlation between
points of the 'kriged' field, as well as the weights of these points in the interpolation formula are estimated objectively.
Second, provided that the initial data grid remains unchanged within the kriging procedure, repeated application of the
latter will not alter a previously 'kriged' field. Since catch-at-age matrices can be regarded as a two-dimensional field,
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kriging may be applied to such data to suppress outliers. The kriging parameters are estimated from variograms
constructed separately in the age- and year-directions, or, alternatively, in the cohort direction and in that orthogonal to
it. Testing of this approach (Vasilyev and Kizner 1998, Vasilyev 2000) showed that kriging does not change so called
“clean” catch-at-age data (which were simulated by means of a special deterministic age-structured separable operating
model without added noise), as the corresponding variograms have zero nuggets and smoothing by kriging does not
alter the data. In contrast, the presence of considerable noise gives rise to non-zero nuggets in the variograms, and in
such cases kriging does result in smoothing of the data. Variograms constructed for the previously smoothed catch-at-
age matrices also have zero nuggets, so that produces no further undesired smoothing.

6.4.5.2 Results

Results of the assessment based on the 1999 WG (ICES C.M.1999/ACFM:18) input data (catch at age, weight in the
stock, natural mortality and maturity), presented in the WD, showed the following. Analysis of the ISVPA model fitting
error profile (the median of the distribution of the squared logarithmic error MDN(SE) in catch-at-age matrix) as a
function of terminal value of effort factor f(n) reveals 2 local minima, the second one (corresponding to higher fishing
mortality) being much more profound. The solution, corresponding to this minimum, is rather similar (even somewhat
more pessimistic for terminal years) to the results, obtained by the Working Group (ICES 1999/ACFM:18). To the
contrary, the left minimum of ISVPA loss function for catch-at-age data, preliminary filtered by kriging, becomes the
prevailing one. The estimates of total and spawning biomass for terminal years became significantly higher. The
estimate of total stock biomass in 1998 (7.96 million t.) is very close to combined estimate of stock biomass from
surveys (8.1 min.t.) (Anon., 1999, page 124). Calculated value of spawning biomass for 1998 (4.6 min.t.) is also very
close to the estimate from Norway surveys (4.7 million t.) (Table 6.4.1.3.1. in ICES 1999/ACFM:18). Estimates of
average fishing mortalities for age groups (3-7), as a result of implementation ICA and ISVPA, are very similar for
1986-1994. The estimates of selection pattern, obtained by means of ISVPA, are very similar to those produced by ICA
(ICES 1999/ACFM:18), despite in ISVPA the whole period of years was considered as separable and no user’s input for
age of unit selection was used. Residuals in log-transformed catches as a result of ISVPA fit have zero sums by years
and ages, that is one of commonly used criteria of quality of the solution is fulfilled.

In the WG meeting the calculations were repeated with updated input data. The results obtained are given in tables
6.4.5.1. — 6.4.5.3 and on Figures 6.4.5.1 — 6.4.5.4. Results support good stock condition in 1999 (TSB = 6.8 million t.;
SSB = 4.8 million t.). The WG express interest in trying different methods and encourages the inclusion of auxiliary
information into ISVPA, as well as, possibly, separabilization of the model presently used for Norwegian spring
spawning herring stock assessment.

6.5 Short-Term Projection

Based on the final ICA run, a deterministic short-term projection was made using the IFAP prediction program, with the
input stated in Table 6.5.1. The weight in the stock and catch were taken from the average of the last three years values.
The selection pattern and the reference F in 1999 from the final ICA run were used as input values in 2000. The
recruitment in 2000-2002 was set as the geometric mean of the recruitment values in the period 1981-1999 in the ICA
run. For all ages the output values in 2000 from the ICA run were used as the initial stock size. The proportion of F and
M before spawning was set to 0.25, taking into account the proportion of the catches that take place before the
spawning period.

The results are given in Table 6.5.2 and the standard plots are given in Figure 6.5.1. Continuing fishing at the 1999 level
predicts a catch of 1.1 million t in 2000 and 0.9 million tonnes in 2001. This exploitation rate implies a decreasing trend
of SSB with 2.8 million t in 2000 and 2.3 and 1.9 million t in 2001 and 2002 respectively. The predicted total stock
biomass will also decrease from 4.8 million t in 2000 to 4.2 and 3.8 million t in the following years.

6.6 Medium-Term Projection
6.6.1 ICP Runs

Using the output data generated by the final ICA run, a series of medium-term projections were run using the ICP
program (WD by Patterson ). Projections were run over a 10-year period starting in 2000 with the same input data used
for the short-term predictions. The maturity ogive, natural mortality and the weight-at-age were taken as the average of
the period 1996-1999. The stock-recruitment relationship was modelled using an “Ockham” relationship i.e. the
geometric mean recruitment over the observed SSB range and a linear decrease to the origin for lower SSBs.
Autocorrelated errors of the stock-recruitment relationship were applied.
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Several runs were made by the Working Group, each with 500 simulations.

1)  With F,; = 1 the model gives a high (greater than 10% in every year) probability that the SSB will fall below By,
(1.5 million tonnes). This probability increases throughout the period modelled (2000-2009), rising to 38% by
2009. SSB is also predicted to decline throughout (Figure 6.6.1.1 and Table 6.6.1.1)

2)  With F = 0.8 the model again gives a high (10 — 14% throughout) probability that the SSB will fall below By,
(1.5 million tonnes). SSB, however, after an initial decline remains relatively stable throughout at approximately
2.5 million tonnes (Figure 6.6.1.2 and Table 6.6.1.2).

3)  With Fy = 0.5 the model again gives a low (5% or less in 6 of the 10 years) probability that the SSB will fall
below By, (1.5 million tonnes). SSB, after an initial decline during the period 2000-2001, rises steadily through
the remaining years and remains above 3 million tonnes annually from 2006 (Figure 6.6.1.3 and Table 6.6.1.3).

6.6.2 STPR runs
When the blue whiting stock was considered by ACFM last year (ICES 1999/CRR No 236), it was stated that:

'ICES advises that F should not exceed the proposed Fy, = 0.32. In 2000 this would correspond to a catch of not more
than 800 000 t, but in the long run catches exceeding 650 000 t are not likely to be sustainable.'

The last statement reflects a previous advise to NEAFC by ACFM, which was based on medium-term simulations done
by the 1998 Working Group (ICES C.M.1998/ACFM:18). These simulations were done with the ICP program
(Patterson and Melvin 1996), which cannot simulate harvest control rules where catch ceilings are combined with F-
constraints.

To elucidate the risks and gains associated with various Harvest Control Rules (HCR), as well as the question about the
relation between B, and F,, a series of medium-term predictions have been made (WD by Skagen), using the STPR
program based on the assessment made by the WGNPBW in 1999 (ICES C.M.1999/ACFM:18).

The STPR is a medium-term (10 years) Monte Carlo prediction program. It follows largely the same principles as the
standard ICES software ICP, but allows for simulating a wider range of HCRs. It it is a slight modification and
extension (Skagen 1999) of a program that was first developed for evaluating HCR's for North Sea herring (ICES
C.M.1997/Assess:8, Skagen 1997).

Some of the runs made by Skagen were rerun during the WGNPBW meeting in 2000. In general, the results obtained
during the meeting (with input data from the 2000 assessment) did not differ much from those obtained based on input
data from the 1999 assessment (WD by Skagen). This was to be expected since the 2000 assessment is only slightly
more optimistic than that made in 1999.

Input data

The initial values (stock numbers at age and their variances and covariances on the log scale), as well as the selection
pattern, were taken from the 2000 assessment (the ICA output files). Recruitment was assumed to be lognormally
distributed with a fixed expectation value at the geometric mean of historical recruitments (141 19*10°) for SSB above
Biim, and with a linear decline towards 0 below By, (‘Ockhams razor'). The recruitment was drawn according to R =
Rexpect™exp(€), where € has a normal distribution with a standard deviation (0 = 0.61) derived from the stock-recruit
residuals for the period 1981 - 1997 in the 1999 assessment. The initial number for age 0 (by January 1 1999) was
substituted by the geometric mean of previous recruitments with variance as the variance of the € above, and it was
assumed to be uncorrelated to other stock numbers.

Weights at age and maturity at age were drawn randomly from values in previous years, by drawing a year and using
the values from that year. Future assessments, as used as basis for management decisions, were assumed to have a
normally distributed error multiplier with a CV of 0.2 (truncated if necessary), while it was assumed that the catches
were equal to the quotas derived from the HCR. The assumed CV of the future assessments is approximately equal to
that estimated for the last year by the ICA assessment method.

Simulation assumptions

The harvest control rules to be evaluated were in effect from 2001 onwards. All HCR's had a By, = 1500 thousand
tonnes. The HCR's consider 3 levels of the current SSB, below By, between By, and By, and above By,, with an F-
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value and a maximum catch prescribed for each level. The biomasses are stochastic variables. F at and below (Blim)
was set at 0.05.

Simulations with pure F-constraints

Simulations were made with pure F-constraints (WD by Skagen) for combinations of F(B,,) and By,-levels. These
simulations were based on the 1999 assessment. Since an error in future stock estimates as basis for management
decisions was included in the simulations, the risks of passing reference points are expressed in two ways: The risk for
the true modelled population (the deterministic population), and the risk for the assumed population (the population
with errors applied to it). These risks are the risks that the biomass will drop below the reference sooner or later during
the simulation period. This is conceptually different from the probability of being below the reference in a certain year,
which inter alia depends on how the stock responds if its biomass is that low. The probability that the stock is below the
reference already at the start of the simulation is not taken into account here. Table 6.6.2.1 shows the results for all
combinations of F(B,,) ranging from 0.15 to 0.40 and B, ranging from 2.0 million tonnes to 2.5 million tonnes.

Simulations with fixed catch

Another series of runs were made with a fixed catch at a range of levels (300 thousand tonnes - 1 million tonnes),
irrespective of biomass level (WD by Skagen). These simulations were based on the 1999 assessment. Figure 6.6.2.1
shows the risk that the true SSB falls below By;,, at least once in the 10 years period.

Simulations with catch ceilings

Such simulations were done for combinations of F(B,,) in the range 0.2 - 0.4, B,, in the range 2.0 million tonnes to 2.5
million tonnes, and catch ceilings at 500, 650 and 800 thousand tonnes (WD by Skagen). The results presented (The
risk of SSB to fall below Bji,, and B, relate to the true model values only) in Table 6.6.2.2 are:

e Percent probability of reaching B, from above at least once in the 10 years period.
. Percent probability of reaching B, from above at least once in the 10 years period.
*  Median of the mean catches over 10 years.

. Median SSB in year 10.

Due to limited time during the 2000 WGNPBW meeting only some few of these runs (with catch ceilings of 650 and
800 thousand tonnes) were rerun with the 2000 assessment as input. These runs gave comparable results to those made
on the basis of the 1999 assessment but were somewhat more optimistic. The risk of SSB to fall below By, and By, was
about 1% lower and the median SSB in the last year of simulation was 3-4% higher when the simulations were based on
the 2000 assessment. This was expected since the 2000 assessment is higher than the 1999 assessment.

6.7 Precautionary Reference Points

Precautionary reference points were estimated during the 1999 Working Group (ICES 1999/ACFM:18) using the “PA
Software” (MRAG 1997). The terminal population was that estimated by ICA for the beginning of 1999, however due
to uncertainties in the population numbers at age 0 and age 1 derived from the ICA analysis the following values were
assumed:

Age 0 - a geometric mean of the recruitment from 1988-1997 (assumed also as the 1998 recruitment).
Age 1 - the latter value projected one year ahead.
The corresponding coefficients of variation were computed from the whole historical data series.

Bioss = 1.5 million tonnes was chosen as By, and B, was calculated to be 2.25 million tonnes by the formula
B,.=B e'*¥?  where 0 was set to 0.25. This B,, was used in the PA software.

lim

Historic SSB against Fy,, with stock recruitment, historic recruitment and historic yield against Fy,. are shown in Figure
6.7.1
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The 2000 Working Group recommends that no change be introduced to the existing reference points.

6.8 Spatial, temporal and Zonal distribution

The available international catch of blue whiting in 1978-1999, divided by areas within and beyond national fisheries
jurisdiction as defined by NEAFC, are given in Table 6.8.1.

6.9 Management consideration

At present, no agreement on a TAC has been reached for this stock. The catches in 1998 and 1999 were the highest
since 1980 reaching 1.1 million t. and 1.3 million t. respectively. In spite of this, the assessment shows an increase in
the SSB in 1999. By use of ICA the spawning stock biomass in 1999 was estimated at 3.0 million t., which is the
highest estimate since 1981. The reference fishing mortality rate, F;7) was estimated at 0.43. This is considerably
higher than Fpa= 0.32. Assuming the same F in 2000 (F-factor = 1), the short-term projections show a decrease of the
spawning stock size to 2.8 million tonnes in 2000. The fishing intensity of the stock seems quite high so far in 2000
(May), and the same F is chosen for the projections in 2000. However, keeping the same F it is predicted that SSB will
decrease to 2.3 and further to 1.9 million t. in 2001 and 2002 respectively. Fishing at F,, (0.32) in year 2001 the
predicted SSB in 2002 will be 2.2 million t., which is at the B, level. The medium-term projections show that fishing at
the same F level as in 1999 will cause the stock to decrease over the entire 10 years period. The risk that SSB will fall
below By, increases and reaches about 40 % by the end of the period. To obtain a risk of about 5 % that the SSB will
fall below By;,, during the period, one would have to decrease the F-level by about 50 % of the 1999 level.

6.10 Sampling

Eight countries reported length samples of blue whiting in 1999, and seven of these also had age readings (Table
6.10.1).
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Table 6.2.1

Landings (tonnes) of BLUE WHITING from the directed fisheries in the Norwegian Sea (Sub-areas I and
11, Division Va, XIVa and XIVb) 1986—1999, as estimated by the Working Group.

Country 1986 1987 1988 1989 °) 1990 1991 1992 1993 19947 1995 %) 1996 1997 1998 1999
Faroes - 9,290 - 1,047 - - - - - - 345 - 44,594 11,507
Germany 3,647 1,010 3 1,341 - - - - 2 3 32 - 78
Greenland 10 - - - - - - - - - - -

Iceland - - - 4977 - - - - - 369 302 10,464 64,863 99,092
Netherlands - - - - - - - - - 72 25 - 63 435
Norway - - - - 566 100 912 240 - - 58 1,386 12,132 5455
Poland - 56 10 - - - - - - - - -

UK (Eng.&Wales) - - - - - - - - - - - -

USSR/Russia ') 156,404 112,686 55,816 35250 1,540 78,603 61,400 43,000 22,250 23,289 22,308 50,559 51,042 65,932
Estonia - - - - - - - - - - 377 161 904

Latvia - - - - - - - - 422 - - -

Denmark 15
Total 160,061 123,042 55,829 42,615 2,106 78,703 62,312 43,240 22,674 23,733 23,447 62,570 173,676 182,436

") From 1992 only Russia
%) Includes Vb for Russia.

*) Icelandic mixed fishery in Va.

) include mixed in Va and directed in Vb.

Table 6.2.2 Landings (tonnes) of BLUE WHITING from directed fisheries in the spawning area (Division Vb,VIa,b,
VIIb,c. VIIg-k and Sub-area XII) 1986—-1999, as estimated by the Working Group.

Country 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997  1998! 1999

Denmark 11,364 2,655 797 25 - - 3,167 - 770 - 269 5051 19,625

Faroes 80,564 70,625 79,339 70,711 43,405 10,208 12,731 14,984 22,548 26,009 18,258 22,480 26,328 93,234

France - - - 2,190 - - - 1,195 - 720 6,442 12,446 7,984 6,662

Germany 2,750 3,850 5263 4,073 1,699 349 1,307 91 - 6310 6,844 4,724 17,891 3,170

Iceland - - - - - - - - - - - - - 61,438

Ireland 16,440 3,300 245 - - - - - 3 - - 45635 35,240

Netherlands 8,888 5,627 800 2,078 7,280 17,359 11,034 18,436 21,076 26,703 17,644 23,676 27,884 35,408

Norway 283,162 191,012 208,416 258,386 281,036 114,866 148,733 198,916 226,235 261,272 337,434 318,531 519,622 475,004

UK (Scotland) 3482 3315 5,071 8,020 6,006 3,541 6,849 2,032 4,465 10,583 14,325 33,398 92,383 98,853

USSR/Russia %) 127,613 165,497 121,705 127,682 124,069 72,623 115,600 96,000 94,531 83,931 64,547 68,097 79,000 112,247

Japan - - - - - - 918 1,742 2,574 - -

Estonia - - - - - - 6,156 1,033 4,342 7754 10,605 5,517 5,416

Latvia - - - - - - 10,742 10,626 2,160 - -

Lithauen - - - - - - - 2,046 - - -

Total 534,263 445,881 421,636 473,165 463,495 218,946 317,237 347,101 378,704 423,282 476,368 488,869 827,194 940,881

" Including some directed fishery also in Division IVa.
%) From 1992 only Russia
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Table 6.2.3

Landings (tonnes) of BLUE WHITING from the mixed industrial fisheries and caught as by-catch in
ordinary fisheries in Divisions Illa, IVa 1986-1999, as estimated by the WG.

Country 1986 1987 1988 1989 1990 1991 1992 19933 1994 1995 1996 1997 19982 1999
Denmark 57,315 28,541 18,144 26,605 27,052 15,538 31,189 41,053 19,686 12,439 51,832 26,270 56,472 45,013
Faroes 5678 7,051 492 3325 5281 355 705 1,522 1,794 - 6,068 6,066 296 265
Germany ) - 115 280 3 - - 25 9 - - - -
Netherlands 1,114 - - - 20 - 2 46 - - - 793
Norway 26,941 24,969 24,898 42,956 29,336 22,644 31,977 12,333 3,408 78,565 57,458 27,394 28814 48338
Sweden 8,532 2,013 1229 3,062 1,503 1,000 2,058 2867 3,675 13,000 4,000 4,568 9,299 12,993
UK - - 100 7 - 335 18 252 - - 1 -
Total 99,580 62,689 45,143 75,958 63,192 39,872 65,974 58,082 28,563 104,00 119,359 65,091 94,881 106,60

4

9

" Including directed fishery also in Division IVa.

%) Including mixed industrial fishery in the Norwegian Sea

%) Imprecise estimates for Sweden: reported catch of 34265 t in 1993 is replaced by the mean of 1992 and 1994, i.e. 2,867 t, and used in the assessment.

Table 6.2.4 Landings (tonnes) of BLUE WHITING from the Southern areas (Sub-areas VIII and IX and Divisions
Vllg-k and VIId,e) 1986—-1999, as estimated by the Working Group.

Country 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Netherlands - - - - 450 10 - - - - - - 10

Norway - 4 - - - - - - - - - -

Portugal 8,116 9,148 5979 3,557 2,864 2,813 4,928 1236 1,350 2285 3,561 2,439 1,900 2,625

Spain 24,965 23,644 24,847 30,108 29,490 29,180 23,794 31,020 28,118 25,379 21,538 27,683 27,490 23,777

UK 1 23 12 29 13 - - - 5 - - -

France - - - 1 - - - - - - - -

Total 33,082 32,819 30,838 33,695 32,817 32,003 28,722 32,256 29,473 27,664 25,099 30,122 29,400 26,402

") Directed fisheries in VIIIa
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Table 6.2.5
Working Group.

Landings (tonnes) of BLUE WHITING from the main

fisheries, 1986—1999, as estimated by the

Area

1986

1987

1988 1989 1990 1991 1992 1993 1994 1995

1996

1997

1998 1999

Norwegian Sea
Fishery
(Subareas I+I1
and Divisions

Va,XIVa-b)

160,061

123,042

55,829 42,615 2,106 78,703 62,312 43,240 22,674 23,733

23,447

62,570

173,676 182,436

Fishery in the
spawning area
(Divisions Vb,
VIa, VIb and
VIIb-c)

534,263

445,881

421,636 473,165 463,495 218,946 317,237 347,101 378,704 423,282

476,368

488,869

827,194 940,881

Industrial mixed
Fishery
(Divisions Iva-c,
Vb and I1la)

99,580

62,689

45,143 75958 63,192 39,872 65,974 58,082 28,563 104,004

119,359

65,091

94,881 106,609

Subtotal northern

Fishery

793,904

631,612

522,608 591,738 528,793 337,521 445,523 448,423 429,941 551,019

619,174

616,530

1,095,751 1,229,926

Southern fishery
(Subareas VIII+IX,
Divisions VIId,e,g-k)

33,082

32,819

30,838 33,695 32,817 32,003 28,722 32,256 29,473 27,664

25,099

30,122

29400 26,402

Grand total

826,986

664,431

553,446 625,433 561,610 369,524 474,245 480,679 459,414 578,683

644,273

646,652

1,125,151 1,256,328
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Table

6.3.1.1.

LENGTH DISTRIBUTIONS BY QUARTER

Length Quarter Quarter Quarter Quarter  All year
(cm) 1 2 3 4
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
10 0 0 0 0 0
11 0 0 0 41 41
12 0 0 0 0 0
13 0 0 0 65 65
14 0 17 0 41 58
15 0 34 0 229 263
16 386 254 6 621 1268
17 2026 2102 7 2507 6642
18 4915 2540 3 2848 10306
19 6697 19694 11 6664 33066
20 15184 63577 256 18516 97532
21 48207 96876 2289 40914 188286
22 139281 146387 9546 49690 344904
23 418803 267862 22193 58774 767632
24 666054 525432 51328 60401 1303215
25 694165 494277 117511 50823 1356776
26 522326 482405 105419 39247 1149398
27 306056 303022 42952 25699 677729
28 196671 210907 9779 13681 431038
29 107396 101862 1414 7014 217685
30 71027 74754 618 3723 150122
31 37488 67721 39 2081 107329
32 38638 43338 28 1404 83408
33 20628 54872 0 1195 76696
34 26358 34614 16 1093 62081
35 11275 18629 0 1413 31317
36 7304 20998 0 845 29147
37 5247 8541 5 572 14366
38 314 4748 5 536 5604
39 39 2067 0 114 2221
40 79 2000 0 120 2199
41 0 17 0 0 17
42 0 84 0 0 84
43 0 0 0 0 0
44 0 0 0 0 0
45 0 17 0 0 17
46 0 0 0 0 0
47 0 0 0 0 0
48 0 0 0 0 0
49 0 0 0 0 0
50 0 0 0 0 0
TOTAL numbers 3346566 3049646 363426 390872 7150510
Official Catch (t) 341609 309664 119687 81338 852298
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Table 6.3.1.2.

LENGTH DISTRIBUTIONS BY QUARTER

Length Quarter Quarter Quarter Quarter All year

(cm) 1 2 3 4
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
10 511 0 0 0 511
11 0 0 0 0 0
12 0 0 0 0 0
13 0 0 0 0 0
14 0 0 0 0 0
15 2555 0 0 2532 5088
16 13288 0 0 3482 16770
17 33162 653 0 7280 41095
18 45802 2937 0 8230 56969
19 43985 7832 2599 2216 56631
20 21282 14684 9276 3437 48678
21 41383 18437 22545 3120 85484
22 66774 26330 22034 11487 126625
23 60663 29907 31774 16913 139257
24 42930 33733 61575 24375 162612
25 33993 27916 39981 35048 136938
26 14212 27916 28514 32289 102931
27 8389 22487 20800 16913 68590
28 6550 11021 15273 14697 47542
29 6539 4613 7141 6557 24851
30 2861 2611 2514 3437 11423
31 1328 2447 0 2487 6263
32 1033 1142 0 317 2492
33 738 1632 295 0 2664
34 295 979 0 0 1274
35 738 489 0 0 1227
36 295 1513 0 0 1808
37 295 489 0 0 785
38 295 0 0 0 295
39 0 0 0 0 0
40 511 0 0 0 511
41 0 0 0 0 0
42 0 0 0 0 0
43 0 0 0 0 0
44 0 0 0 0 0
45 0 0 0 0 0
46 0 0 0 0 0
47 0 0 0 0 0
48 0 0 0 0 0
49 0 0 0 0 0
50 0 0 0 0 0

TOTAL numbers 450409 239768 264320 194819 1149315
Official Catch (t) 27970 21333 24525 19523 93351
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Table

6.3.1.3.

LENGTH DISTRIBUTIONS BY QUARTER

Length Quarter  Quarter  Quarter  Quarter  All year
(cm) 1 2 3 4
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
10 0 0 0 0 0
11 0 61 46 0 107
12 0 154 282 0 436
13 0 158 199 0 357
14 1 53 68 0 121
15 101 14 20 18 153
16 245 31 74 1272 1622
17 1787 142 538 5356 7823
18 10702 990 1240 11493 24425
19 31724 7887 2026 8998 50635
20 28710 19912 4452 4924 57998
21 18070 29597 11090 6327 65084
22 10202 24644 21146 9558 65550
23 6944 15789 18329 10525 51586
24 5366 7211 10801 7544 30922
25 4676 4335 6143 5024 20178
26 2904 2231 2181 2435 9751
27 2455 718 1064 967 5204
28 2390 521 521 358 3789
29 1457 355 289 194 2294
30 877 141 69 103 1191
31 324 149 83 41 597
32 224 29 18 38 309
33 36 25 5 4 71
34 45 17 5 2 70
35 27 15 3 2 47
36 30 7 2 1 40
37 2 4 1 1 8
38 0 3 2 1 6
39 0 3 1 0 4
40 0 1 0 0 1
41 0 0 0 0 0
42 0 0 0 0 0
43 0 0 0 0 0
44 0 0 0 0 0
45 0 0 0 0 0
46 0 0 0 0 0
47 0 0 0 0 0
48 0 0 0 0 0
49 0 0 0 0 0
50 0 0 0 0 0
TOTAL numbers 32595 11491 18976 15887 78949
Official Catch (t) 7803 7416 6192 4989 26400
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Table 6.3.2.1 BLUE WHITING. Catch in number (millions) by age group in the directed fisheries (Sub-areas | and I, Divisions Va,
and XIVa+b, Vb, Viatb, Vllbc and VIlg-k) in 1989-1999.

Age 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
0 36.5 8.4 63.6 - - - 0.7 3.8 167.0 15 61

1 86.4 537.8 33.4 82.4 36.8 43.6 99.4 497.1 1,351.9 984 544

2 359.4 353.1 533.2 52.2 130.1 31.2 142.7 327.1 1,078.6 3535 1180

3| 1,176.7 565.7 384.4 1,508.5 334.5 190.0 337.7 450.5 750.6 3211 5257

4 696.2 709.1 243.9 5104  1,348.2 361.9 416.2 424.7 526.5 929 3235

5 785.7 489.2 329.9 200.1 375.7 1,242.4 565.9 248.4 268.2 346 362

6 680.7 562.1 235.3 138.8 196.1 294.2 769.0 429.9 238.0 311 186

7 127.2 291.7 149.9 92.0 107.9 201.3 245.5 619.4 269.9 298 143

8 44.8 75.5 39.9 86.7 59.8 102.5 154.1 213.9 391.2 257 146

9 23.8 26.6 4.3 84.6 37.9 88.3 57.7 87.8 101.2 209 66

10+ 37.0 91.8 14.0 14.5 13.6 32.1 40.0 70.2 163.9 85.0 138

Total 40544 3,711.0 20318 2,770.2 2640.6 25875 28289 3,3728 5306.8 10,180.0 11,318.0
Tonnes 521,415 465,601 297,649 379,549 389,010 401,378 447,015 493,373 545,058 994,709 941,499

Table 6.3.2.2 BLUE WHITING. Catch in number (million) by age group in the mixed industrial fisheries (Sub-area IV, Divisions llla, IVb
and Va, 1989-1999.

Age 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
0 1871.6 0.5 24.9 - 132.2 94.8  3,303.0 811.8 29.4 11.0 60

1 578.9 874.8 8.4 159.8 166.9 33.1 100.7 1,334.4 621.0 576 188

2 183.7 167.6 397.9 63.9 38.8 20.7 88.3 71.2 268.7 524 286

3 70.0 49.5 42.3 167.1 90.8 17.5 28.7 58.4 50.3 259 434

4 335 11.8 114 75.1 97.3 36.7 11.0 71.3 14.0 47 168

5 241 7.0 11.3 25.2 15.0 6.1 6.0 38.8 14.3 6 16

6 12.2 3.8 11.2 16.7 6.7 3.0 114 45.4 51 4 5

7 5.9 4.9 6.2 6.7 8.3 1.2 18 32.6 3.7 3 5

8 21 0.6 3.4 2.7 - 0.6 2.0 14.3 6.0 4 6

9 0.8 0.4 0.7 0.9 - 0.1 1.2 9.0 0.7 4 1

10+ 1.0 - 0.2 0.6 - - 0.8 11.4 1.6 3

Total 2,783.8  1,120.9 517.9 518.7 556.0 213.8 355549 24986 10147 1438.0 1,172.0
Tonnes 75,978 63,195 39,872 66,174 55,215 28,563 104,004 119,359 65,091 101,040 182,436
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Table 6.3.2.3 BLUE WHITING. Catch in number (millions) by age group in the Southern area, 1989-1999.

Age 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
0 41 74 70 19 25 13 3 9 11 18 18
1 200 198 181 139 41 12 96 43 118 97 57
2 175 182 182 205 146 56 123 131 143 122 82
3 93 57 70 95 181 149 55 117 86 71 130
4 61 25 39 43 62 72 38 36 26 69 57
5 27 24 17 12 12 27 44 33 8 32 35
6 15 11 8 6 7 9 20 17 4 7 15
7 6 2 3 2 2 5 6 5 3 2 3
8+ 3 2 3 1 1 4 5 3 3 4 2
Total 621 575 573 522 477 347 390 394 402 422 399

Tonnes 33,695 32,817 32,003 28,722 32,256 29,468 27,664 25,099 30,122 29,400 26,402

Table 6.3.2.4. Blue Whiting. Total catch in numbers at age (millions) 1982-1999.

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
0 3512 437 584 1174 84 341 46 1949 83 161 19 198 42 3307 824 208 43 139
1 148 2283 2291 1305 650 838 425 865 1611 267 408 263 307 296 1875 2091 1657 788
2 274 567 2331 2044 816 578 721 718 703 1024 654 305 108 354 529 1490 4181 1549
3 326 270 455 1933 1862 728 614 1340 672 514 1642 621 368 422 626 887 3541 5821
4 548 286 260 303 1717 1897 683 791 753 302 569 1571 389 465 532 567 1045 3461
5 264 299 285 188 393 726 1303 837 520 363 217 411 1222 616 320 290 384 413
6 276 304 445 321 187 137 618 708 577 258 154 191 281 800 492 247 323 207
7 266 287 262 257 201 105 84 139 299 159 110 107 174 254 657 277 303 151
8 272 286 193 174 198 123 53 50 78 49 80 65 90 160 230 399 264 153
9 284 225 154 93 174 103 33 25 27 5 32 38 79 60 97 102 212 69

10+ 673 334 255 259 398 195 50 38 95 10 12 17 31 42 82 166 86 141

Total 6843 5578 7515 8051 6680 5771 4630 7460 5418 3112 3896 3788 3091 6775 6264 6722 12039 12892

Tonnes 576419 570072 641776 695596 826986 664434 553413 625433 561610 369525 474245 480672 459414 578693 637825 634206 1,125,149 1,256,328
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Table 6.3.2.5 BLUE WHITING Disaggregated Fisheries Assessment Data from Directed fisheries. (DISFAD file)
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Table 6.3.2.5 (cont)

Record No

Blue whiting
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400 0.000 0.000 0.064 0074 0.095 0135
1000 0.000 0.0s0 0.068 0.077 0.100 0135
1910 0.000 0.000 0.076 0.0532 0.113 0.155
350 0.000 0.000 0.060 0.072 0.092 0131
2310 0.000 0.047 0.073 0.084 o111 0154
350 0.000 0.000 0.060 0.072 0.091 0126
850 0.000 0.000 0.070 0.083 0.108 0153
310 0.000 0.0338 0.071 0.055 0.108 0131
4451 0.000 0.047 0.076 0.090 0.098 0132
1869 0.000 0075 0.082 0.093 0114 0.000
5656 0.037 D.062 0.032 0.113 0.157 0.205
o 0.000 0038 0.071 0.084 0.108 0156
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o 0.039 0.080 0.095 0.119 0.156 0204
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o 0.000 0.000 0.000 0.000 0.000 0.000

o 0.000 0.000 0.000 0.000 0.000 0.000

o 0.000 0.000 0.000 0.000 0.000 0.000

o 0.000 0.000 0.000 0.000 0.000 0.000
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Table 6324 ELUE WHITING Disaggregated Fisheries Assessment Data from Mived Industrial fisheries. (DISFAD file)

Record No Country Quarter Area Sampled WG No. of Ho. fish HNo. fish CH CH CH CH CH CH CH CH CH CH CH CH CH
Catch Catch samples aged measured 1] 1 2 3 4 5 6 7 8 9 10 1" 12

Blue whiting i} 15 1993
1 NORWAY 1 lla 171 171 6 200 1323 o 152 544 740 255 43 12 2 22 4 4 u] g
2 NORWAY 2lla 77 777 12 350 20310 a 1245 1872 2973 1900 261 104 44 84 20 25 0 a
3 NORWWAY 3la 124 124 14 350 1055 1] 373 292 531 207 1] o o ] 0 1] 0 o
4 NORWAY 4 lla 1038 1038 3 200 300 3036 1103 2979 3765 32 42 19 a i 0 1] 0 o
g SWEDEN 1z 1] 277 0 0 1] 1] o ] 0 0 1] o 0 0 0 o 0 1]
5 Denmark 2= 0 173 0 ] 1} 0 o o 0 0 1] 1] 0 ] 0 i} 0 0
9 SWEDEN 2 iz 1] 1118 0 0 o] 1] 0 o 0 0 1] o o 0 0 o 1] 1]
6 Denmark 3 iz 1] 2518 2 1] 73 a o ] 0 0 1] o 0 1] 0 o 0 o
10 SWEDEN 3 iz 1] 9159 0 0 1] a o il 0 1] a o a 0 0 o 0 1]
7 Denmark 4 iz 1] 1204 0 1] 0] 1] o o 0 1] o o o 0 0 o 0 o
11 SWEDEN 4 llla a 958 0 0 1] a o ] 0 0 o o a ] ] o 0 0
12 Denmark 1 va 1] 17310 0 0 0 1] o ] 0 1] 1] o 0 0 0 1] 0 1]
16 Faroe Islar 1 Ma 1] 265 0 1] 1] 1] o 0 0 1] o o u] 1] 0 o 0 a
17 MORWAY 1 Ma 10489 10439 4 200 763 1] 9302 33397 45419 15635 2647 726 1270 1319 242 242 0 581
13 Denmark 2 Iva 1] 15986 1 0 42 a o o 0 a] 1] o a 0 0 1] 0 a
18 NORWAY 2 IVa 18397 18397 5 350 1820 o 29479 44333 70384 44952 6190 2453 1044 1283 470 626 u] o
21 SWEDEN 2 Wa o 789 0 0 1] a i 0 1] a o o ] 0 o 0 a
14 Denmark 3 Wa a 12052 1 1] 79 1] o o 0 1] o o a ] 0 1] 0 o
13 NORWWAY 3 Iva 9830 8830 g 350 130 1] 295587 23141 42080 16435 o 0 a i 0 1] 0 o
22 SWEDEN 3 Wa 1] 712 0 0 1] 1] o ] 0 0 1] o 0 0 0 o 0 1]
15 Denmark 4 Wa 1] 9762 1 0 45 a o ] 0 1] 1] o a 1] ] o 0 a
20 NORWAY 4 Va 7512 7512 % 200 300 2197 7979 21558 27270 4210 306 139 o a i o 1] 1]
Record No Country Quarter Area Sampled WG No. of Ho. fish  MNo. fish cwW cw cw cw cw cw CW W cw oW cw CwW Cw
Catch Catch samples aged measured o 1 2 3 4 5 6 7 8 9 10 1 12

Biue whiting i} 15 1933
1 MORWAY 1 lla 171 171 5 200 1323 0.000 0.043 0.072 0.092 0122 0.154 0.215 0.211 0217 0.270 0.270 0.000 0327
2 NORWWAY 2lla 7T 777 12 340 20310 0.000 0.047 0.066 0.020 0114 0.170 0.20m 0.218 0.248 0.243 0.331 0.000 0.000
3 NORWAY 3la 124 124 14 350 1055 0.000 0064 0.082 0.097 0120 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4 NORWAY 4 lla 1038 1038 3 200 300 0.034 0.083 0.029 0118 0155 0212 0.236 0.000 0.000 0.000 0.000 0.000 0.000
G SWEDEN 1z 1] 277 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 Denmark 2 lla 1] 173 i] 1] 1] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
9 SWEDEN 2 iz 1] 1118 0 0 1] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
6 Denmark 3 iz o 2519 2 0 73 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
10 SWEDEN 3 lla o 9158 1] i 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
7 Denmark 4 lla o 1204 0 0 1] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
11 SWEDEN 4l 0 958 ] 0 0} 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
12 Denrnark 1 MWa o 17310 1] i] 1] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
16 Faroe Islar 1 Ma o 265 0 0 1] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
17 MNORWWAY 1 Ma 10483 10439 4 200 763 0.000 0043 0.072 0.092 0129 0.184 0.215 021 0217 0.270 0.270 0.000 0327
13 Denrnark 2 Wa 1] 1988 1 a 42 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
18 NORWAY 2 Wa 18397 18397 g 350 1820 0.000 0.047 0.056 0.020 0114 0.170 0.201 0.218 0.243 0.243 0.331 0.000 0.000
21 SWEDEN 2 Wa 1] 789 0 0 1] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 Denrmark 3 va 1] 12052 1 a 73 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
13 MORWWAY 3 Va 9830 9830 g 350 130 0.000 0.064 0.0s2 0.097 0120 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
22 SWEDEN 3 Wa 1] 712 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
15 Denrnark 4 IVa 1] 9763 1 1] 45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
20 MORYWAY 4 Iva 7512 7512 3 200 300 0034 0083 0.099 0118 0155 0212 0.236 0.000 0.000 0.000 0.000 0.000 0.000
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Table 6 32,7 BLUE WHITING Disaggregated Fisheties Assessment Data from Southern Fisheries

Record NiCountry Quarter Area

Blue whitir

1 Portugal
2 Portuga
3 Poruga
4 Portuga
& Spain
B Spain
7 Spain
g Spain

a0 14 1999
1 [xa
2 [Xa
3 [Ha
4 [Ha
1 WilleHxa
2 Wlllc+xa
3 Wllic+xa
4 Wl +Hxa

Record NiCountry Quarter Area

Elue whitir

138

1 Portuga
2 Portuga
3 Poruga
4 Portuga
& Spain
B Spain
7 Spain
3 Spain

1] 14 1955
1 [xa
2 [Xa
3 Ha
4 [Ha
1 WilleHxa
2 Wlllc+xa
3 Wllic+xa
4 Wlle+HHa

Sampled
Catch

1075
242
949
359

6729

Fiiieda)

5243

4530

Sampled
Catch

1075
242
249
359

6729

7175

5243

4630

WG
Catch

1075
242
949
359

6729

7175

5243

4530

WG
Catch

1075
242
949
359

B729

7175

5243

4630

No. of
samples

i

No. of
samples

i

Ho. fish
aged

739
340
526
615
273

g3
103
341

Ho. fish
aged

739
340
528
615
273

g3
108
341

Ho. fish
measured

7337
1817
5500
5415
73595
§172
7082
7263

Ho. fish
measured

7337
1817
5500
5415
73595
§172
7082
7263
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CN
0

0

]
1436
5209
1]

a
240
10167

=

0.000
0.000
0.036
0.037
0.000
0.000
0.033
0.034

16521
1798
G446
3086

11751
3564
3316
7996

=

0.043
0.053
0.075
0.045
0.035
0.042
0.042
0.034

4951
1108
1815
241
27510
26255
10813
9564

M

0.047
0.073
0.081
0.072
0.043
0.0&7
0.065
0.062

CN
3

2840
371
131

fela]
30506
39386
32844
24150

0.044
0.081
0.096
0.020
0.056
0.059
0.072
0.075

cw

0.047
0.086
0.089
0.104
0.089
0.066
0.087
0.093

10841
14945
6313
2472

0042
0.0%s
0119
0.000
0.0s8s
0072
0.0%6
0.106

=00

5259
4310
1292
3524

0.000
0.000
0.133
0.000
0.124
0.100
0114
0123

o oo

1222
589
1178
373

cw

0.000
0.000
0.387
0.000
0123
0.108
o1
0.100

0.000
0.000
0.000
0.000
0.144
0.134
0.132
0.310

-

0.000
0.000
0.285
0.000
0.108
0.099
0.267
0.257

CHN

—
O wrMamoooo

0.000
0.000
0.000
0.000
0328
0.309
0.000
0322

CN

oooooooo

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

CN

oooooooo

cw

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000



Tahle 6328 BLUE WHITING. Allocations files in the ditected fisheries and in
the mixed industtial fisheties

DIRECTED FIZHERIES

Record

—_ =
Lo e BT It S (R SO R R WL o

b o L3 B o= OO O D =] O e Ln L bao— MOOCh =] O D B o= e — O O D =]

no. samples type

2

O T T o T S T Py [ U P U T T T S N SRR RN I T "S5 T S AP U P PSR U [ S S

C

LT B T T T T T T S O S T T T T N S T S T T -4 T B 4 T T T T T A R

MIEED INDUETEIAL FIZHERIES

alloe Record  no. samples type

47 61
12,5268
55

15

15 10
56,70 7
16,58,74 11
59 12
60 16
26 13
27 21
16,58,74 14
60 72
60 15
54

35

26

55

56,70

57,71

73,42 62

30,66

35

57,71

16,58,74

16,58,74

59

60

60

60

g0l

60

50

51,67

12,5268

13,30,53,69

54

55

56,70

57,71

16,58,74

60

—_ = = = b e b e e e e b b
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17
18
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19
19
20
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Table 6.3.3.1 Blue Whiting. Mean weights at age for the total catch 1982-1993.

Age 1952 1953 1954 1985 1956 1987 1988 1939 1930 1991 1992 1993 1994 1995 1996 1997 1998 1999
a oo1e 0020 00k 0016 0030 0025 0031 014 0034 003 0024 0026 00533 002 0Mms 003 0033 0035
1 o045 0045 0035 0038 0040 0043 0053 0059 0045 0055 0057 0065 0081 004 001 0047 0042 0053
2 o2 0074 008 0074 0073 0086 OO0 0079 0070 O00x 0033 0082 008 009 000 0072 0071 0073
3 o111 0M1e 008s 009 0103 0106 008 04103 04126 007 0118 0409 0108 0118 00102 002 0024 0.033
4 0143 0140 09132 0114 0430 0124 028 0426 0123 0136 0140 04137 0137 0143 016 0121 0125 00109
] 0186 0153 0153 0157 0085 0147 0142 0143 0147 04174 0067 0163 0164 0154 0147 01400 0148 0142
a] o417 0196 081 0177 04%3 04177 0157 04158 0158 0180 0193 04177 0182 0167 04170 0186 0178 0.17
7 019 019 0175 0183 0209 0208 0478 04171 0478 0206 0226 0200 0209 0203 0214 0177 0183 0199
g 0200 0200 D088 0208 0243 0221 0188 0203 024 0230 023 0217 027 0206 0230 0183 0183 0193
3 0204 0204 0086 0218 0246 022 0222 02244 027 0232 0234 025 0247 0236 0238 0200 024 0192
10+ 0231 0228 0208 0237 03257 0254 0260 0253 025% 0266 0234 0281 0254 03256 0279 023 0248 0253
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Table 6.4.1.1.1. BLUE WHITING Biomass estimate (million tannes) in the spawning area.

Russia Russia Morway Morway  Faroes Faroes  Combined Combined
Year total spawning total spawning total spawnng total spawning
1983 3B 3B 4.7 4.4
1954 3.4 27 28 2.1 2.4 22
1985 28 27 6.4 1.7
1986 5.4 56 26 20
1987 5.4 5.1 4.3 4.1
1988 3.7 3.1 7.1 5.8
1989 5.3 57 7.0 5.1
1990 54 5.1 6.3 57
1951 4.6 4.2 8.1 4.8 4.7 4.4
1992 3.6 3.3 4.3 4.2 4.6 4.3
1993 3.8 J 52 50 Sl 4.8
1994 4.1 4.1
1995 6.5 6.0 B.7 6.1 5.9 5.1
1996 7.1 58 5.1 45
1997
1995 55 47
1995 g4 8.5
2000 §.3 7.8
Wlean 4.5 4.4 5.5 5.0 4.4 20 e 4.8

*with calibration factor 1.38
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Table 6.4.1.2.1. Age stratified estimates of blue whiting in the Icelandic EEZ, R.V. Arni Fridriksson, July 1999.

Numbers in millions, weight in thousand tonnes, length in cm, mean weight in grams

Age 0 1 2 3 4 5 6 7 8 9 10 Total
Numbers 14869 2100 1357 1772 5790 1344 316 50 15 33 9 2765
Percentage 53.8 7.6 4.9 6.4 209 49 1.1 0.2 0.1 0.1 0.0 100
Mean length 14 24 26 26 28 29 30 34 36 37 38 20
Weight 265 163 127 201 764 212 55 13 4 10 3 1817
Mean weight 18 77 94 113 132 158 174 254 248 307 380 66

Table 6.4.1.2.2. Age stratified estimates of blue whiting in the Norwegian Sea, R.V. G.O.Sars, July 1999. Numbers in
millions, weight in thousand tonnes, length in cm, mean weight in grams

Age 0 1 2 3 4 5 6 7 8 9 10 Total

Numbers 185 12267 8393 21929 3964 389 150 29 33 58 25 47422

Percentage 0.4 25.9 17.7  46.1 8.4 0.8 0.3 0.1 0.1 0.1 0.1 100

Mean length 17 22.1 25 26 28 31 32 33 36 35 37 25

Weight 6 7234 723 2185 473 58 26 5 8 14 7 4228

Mean weight 32 59.0 86 100 119 150 174 187 245 235 259 89
142 O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc



Tahle 6.4.2.1 Stratified mean catch (Fagfhaal and Huamberlaal and standard error of ELUE "WHITIHG i bottom
trawl surverys it Spatnish waters (Divisions Viic and IZa north). AN surveys it September-October.
Ezhaul 30-100 m 101-200 m 201-500 m TOTAL 30-500 m
Ilean =D Ilean Sh Mlean =D Ilean =0
1985 250 387 11975 4599 6218 13.79 02 83 =224
1984 974 713 4541 1237 2954 270 3693 795
1987 - - - - - - - -
19%=% 2900 250 15412 3280 18307 141 24 143 .30 4584
1925 1417 12.05 76.02 17.02 1270 6.23 50.00 11.68
1950 625 3209 5254 .00 1820 490 43 .60 &.60
1991 a4 .50 3465 126.41 26.08 4607 12949 o7.10 17.16
1002 637 2.50 4413 & G 2050 6.16 34.60 423
1903 1.06 0.63 14.07 .73 5108 2202 22.508 & .4
1904 204 328 3718 245 2542 537 2070 519
1995 1997 13.87 36.43 482 1597 4.10 28.52 3.66
1908 TaT 305 40 23 7.10 o254 17.76 5452 .36
1907 760 4.44 4421 1061 a0.18 17.54 4401 Z.00
190%= 520 192 41.09 7 .64 F3E0 2406 44 48 F22
1955 31 .41 F.2E 108 46 1724 15024 39.53 108.12 1462
Mumberlaal 30-100 m 101-200 201-500 m TOTAL 30-500 m
Ilean =D Ivlearn =D Mlean =0 Iwleat =0

1985 267 181.71 669 1578.86 1377 262 0% 2644 26320
1926 368 237 .56 2486 1006 .67 752 238.E7 1763 61640
1957 - - - - - - - -
1928 23 7174 6112 1847 36 T27E B339 88 5694 2024.00
19582 629 53729 3197 ETa.75 566 213.11 2412 0000
1900 220 11548 2219 426 46 378 18545 1722 276.00
1991 2022 164573 5563 1184.69 1785 247 33 4214 T20.88
190 124 5081 1412 23390 845 19912 1065 145 87
1993 14 261 257 6941 204 427 TT 401 124.53
1904 346 23412 2002 456 .50 Qo7 24591 1487 620.00
1905 1291 86497 2004 341 .42 485 137 81 1455 240 37
195 147 8271 1167 16720 2097 38523 1263 14230
1997 224 121 &% 1425 359.12 1254 33057 1228 234.50
19035 123 4412 1442 33424 1823 0202 1347 251 .37
1909 FO5 218 3% 3096 697 .66 3270 1521 62 3861 57610

evl
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Table 6. 422 BLUE WHITING. Stratified mean catch (Eg/fhaul) and standard error of in bottom

trawl surveys i Portuguese waters (Division I3a ).

144

20-100 m 100-200 m 200-500 m S00-750 m TOTAL: 20-500 m TOTAL: 20-750 m
Year Ilonth W =Y b g% 5 SW W 5% 7 s s%
1979 June i} 0 33 23 26 35 - - 31 12 - -
Oct./MNow. 5 5 17 8 103 43 - - 28 =) - -
1920 Ilarch ] 0 172 173 3 1 - - ¥2 a9 - -
Llay Tune i 3 4 2 45 18 - - 11 4 - -
October 4 3 i0 4 587 306 - - 117 58 - -
1981 Ilarch u} 0 24 17 126 113 - - 42 22 - -
June 0o 0 178 25 - - 34 > =
1922 April Tl ay o 0 3 138 39 - - 2 7 - -
September 1 1 25 42 271 123 - - 26 29 - -
1983 Iiarch 1 1 14 10 259 o6 - - 34 18 - -
June u} L] 23 8 177 47 - - 4z =] = z
1985 June u} 0 194 148 4035 162 - - 159 63 - -
October 4 3 133 84 341 39 - - 120 35 - -
1926 June 4 1 59 19 196 31 - - [ 10 - -
Dictober 2 1 357 144 650 111 - - 27é a3 - -
1987 October 3 L] 2097 64 747 220 - - 263 50 - -
1988 October 4 2 165 47 457 106 - - 155 28 - -
1989 Tuls u} L 42 21 323 143 7o ] - - TE 24
October 7 4 0 26 306 24 24 2 - - To 1é
1990 Julsy 2 2 153 103 242 42 s0 5 - - 96 35
Dictober 11 5 20 28 762 234 42 10 - - 153 35
1891 Tualy i 1 140 40 268 38 &4 12 - - oF 15
Oictober 2 5 23 18 259 33 121 27 - - 91 11
1992 Febraary 7 7 43 35 249 21 F3 3 63 12
Tulsy i 1 29 18 218 43 27 ] - - 47 9
October 1 1 22 7 208 44 20 3 - - 54 7
1993 February o 0 19 14 105 31 38 o - - 42 10
Julsy u} L] = 3 151 22 35 5 - - 34 4
Mowvember u} 0 o0 o 189 43 & 1 - - E6 g
1994 October u} 0 374 30 283 32 49 7 - - 174 11
19935 Tulsr u} 0 1z 14 130 20 52 3 - - 35 ]
October 18 15 103 21 328 91 31 12 - - 94 16
1996 Dctober 25 24 12 2 36 & 25 7 22
1997 June o 0 % 3 116 42 a5 12 - - 27 ¥
Oictober 2 1 54 20 77 13 7 2 - - 32 2
1992 Julsy o 0 2 5] 105 17 3z 3 - - 25
Dctober i 1 354 a7 427 i01 20 2 - - 212 36
Juls i &0 66 25 - - 37 nfa
Oictober 1] 7O TE 12 - - <41 fa
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Table 6.4.4.1 Tuning data for the blue whiting assessment with input values framed

Tahle 6.4.4.1. Tuning data for the blue whiting assessment

BLUE WHITING-COMBINED

107
Noneay Spawning Acoustic 1981-80
1981 1980
1 1 017 025
2 10
1 237z 7E63 3253 3B47 4611 4638 3654 2591 1785
1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 287 2108 2723 B&11 3736 3B80 3183 2279 1182
119767 172 1616 1719 1858 1128 967 440 248
1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 1003 829 4122 B24 228 203 250 137 170
1| 4960 8417 22589 4735 282 417 385 189 27
1| 9712 9080 12387 20382 73E5 723 584 328 308
1 6787 22270 9873 10504 7803 933 283 177 46|
11141689 12670 11228 5587 B556 3273 516 183 108
Norway Spawning Acoustic 1991-2000
1981 2000
1 1 017 025
2 10
1] 11147 B340 8497 7407 4558 1019 5845 =L} 18]
1 1232 2123 4719 1574 1386 a1 618 287 19
1| 4488 3321 26771 2643 1270 557 426 108 22
1 1803 2980 4476 11384 1742 1667 908 70 207
11 8538 9874 TOOG  BAB1 8467 1795 1083 482 149
1 8781 7433 8371 2380 4485 4111 1202 489 162
1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1] 18218 34991 4697 1674 279 407 381 351 B6
1119034 60309 26103 1481 318 72 153 141 0
1 8613 31011 41382 6843 698 427 2328 138 M5
Russian spawnhing acoustic 1982-91
1982 1991
1 1 017 025
3 10
1 540 2750 1240 1380 1670 2380 1730 1290
1 2330 2930 990 3880 1970 1370 780 BE0)
1 2900 800 100 4200 2200 1200 1700 1200
1| 13220 930 £80 1780 8680 610 580 540
1| 18750 23160 2840 610 620 750 640 710]
1| 4480 19170 5E60 1070 500 &10 860 670
1 3710 4550 BEWD 4130 1270 480 250 260
1 11910 7120 BEFD BO70 4580 27E0 1880 810
1| 9740 12740 5740 2580 1470 220 80 10]
1] 10300 5350 5130 2630 1770 870 300 220
Russian spawning acoustic 1992-95
1992 199
1 1 017 025
3 10
1| 20010 6700 1250 440 390 170 1} 0]
1| 4728 12337 5204 2248 1318 6821 386 180
1 -1 -1 -1 -1 -1 -1 -1 -1
1| 12657 10025 ge42 2651 1093 408 131 14
1] 15285 10629 4E97  BO40 1482 B53 85 1]
CPUE Spanish Pair Trawlers
1983 1999
1 1 1] 1
1 6
1| 7196 1B392 9z11 T4TE B326 1718
1| 13710 27286 14845 4836 1755 1750
1| 14573 23823 1426 6256 1232 217)
1| 37 14131 14745 713 1278 505)
1| 25328 13153 BEB4 2938 1029 166
1| 77rE 21473 18436 B391 1300 781
1| 15272 18486 17160 8374 3760 1003
1| 21444 19407 5194 1803 1357 451
1| 18924 15370 4589 2329 1045 440)
1| 10007 24235 9E71 4318 1194 462
1 403 13991 20493 7979 1354 658
1 543 GOGE 15817 7474 2990 1055
1] 9090 14409 BE33 4551 1990 623
1| 3908 14557 14449 3931 339 1834
1| 6&742 15875 11134 36898 1046 450)
1| 6884 13236 SEO03 10844 6229 1153
120458 10265 20242 9833 E287 3047

MNonaegian Sea acoustic 1981-90

1981
1
0

1
1

1981
1
0

1985
1
1}
1

1
1
1

1985
1
0

1880
1 06 075
1"

0 182 728 4542 3874 2678 2834 2984 2756 2054 1300
3680 184 460 1242 4715 3611 3128 2323 1670 874 414
8280 22366 396 468 Vo6 1404 5V6 468 432 324 21g
1062 30380 12816 B33 392 539 538 343 49 43 49
2256 5989 23876 12502 @SB 423 188 235 141 3TE 14
5040( 2324 2380 V224 BO44 1876 952 336 308 140 196
3182( 8204 4032 5180 58572 1204 224 168 56 B4 26|
ovenl 4982 2830 2640 3480 812 120 86 24 48 -1

204300 1172 1128 @12 3ve 410 212 22 32 A g

0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

Norwegian Sea acoustic 1991-89
1809
1 06 075
"

o -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

0 792 1134 6839 FEE6 247 172 80 11 1B 1

0 830 125 1070 6392 1222 489 248 58 B8 71

o -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

0)  EB974 2811 1849 1209 1622 778 173 B1 1 15

0] 23484 1057 B899 649 436 505 786 69 41 &0

0] 30227 26638 1824 779 300 407 260 137 123 109

0| 24244 47815 16282 558 212 100 B4 10 285 27

O] 14367 G750 23701 0764 1733 466 70 48 G134

Spanish Surey (Bottorn trawl)
1998
1 0.67 075
7
17484 5083 2664 104 114 35 1 05
15728 B7 675 632 287 2 26 D02
-1 -1 -1 -1 -1 -1 -1 -1
49796 3687 3448 373 7.2 3 5 03
19233 163 512 286 38 28 07 D02
1525 749 461 107 104 24 01 05
4003.2 952 4896 245 178 51 16 06
2998 4282 2333 74 69 23 08
Me7 1075 1808 194 55 16 02 02
1415.4 309 48 16 135 &1 08 03
1309 5845 931 173 w2 44 06 D02
271 2579 5991 1161 12 44 23 03
5088 5645 10E3 102 36 04 01 01
5681 3516 3520 8658 228 54 01 oo
Portuguese Survey (Bottom trawlf)
1997
1 075 083
5
719 1467 306 129 18 6

-1 -1 -1 -1 -1 -1
4757 1190 366 10 28 19
4018 158 218 27 3 4

35 690 318 143 L
1935 519 270 k2 27 a7
1445 144 154 169 124 55

109 164 120 200 147 59

43 134 431 127 L] 23
2677 1595 12 34 58 3
2405 200 342 78 &7 42

251 72 96 15 3 [
2428 3235 770 27 9 1
4143 1201 14 11 2 2
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Tahle §.4.4.2 Blue Whiting

Comparison of ICA Runs #1 #2 #3 #4 #3 #6 #7
Mo of years for zeparable constraint B E 4 ) =] 4 4
Reterence age for separable constraint 5 5 5 5 5 5
Constant selection pattern model (y/n) Y b i i Y i i
S to be fixed on last age 13 15 15 15 1.5 15 15
First and Last ages for calculation of reference F 3-7 3-7 37 3-7 3-7 3-7 3-7
Uze default weighting (M) M M M I M M I
Weight on catches of age 0 0.1 01 0.1 1 1 1 1
Weight on catches of age 1 05 05 05 1 1 1 1
Wieight on catches of age 2+ 1 1 1 1 1 1 1
Model for" " Survey data at ages XX and XH+ isto be AP L Ik L L L
Fit & stock recruit relationshig (M) M N M I M N I
Erter lowest feasible F 0.0s 0.05 0.05 0.0s n0.0s 0.05 0.0s
Enter highest feasible F 1 1 1 1 1 1 1
Survey weeighting to be Manual ar Interative (M) M il rd I I bl I
Do o weart to shrink the final fishing mortality (M) M N M il M N il
Estimate hiztorical aszessment uncertain M N M ] M N ]
Camment: In run ¥ the O-group in the catches in 1995 iz downweighted by 0.01

Diagnostics

Range of year residuals S15to15] -12t01E6[-0090t008] -035t001 (-034t0022)-0301t00.04( -03t024
Range of age residuals -056t0004f-015t00.08]|-018t001|-0.57t0005(-022t0005]-021t0 0.08 D7to23
Selection pattern smocth smooth |satizfactory smooth | very smooth | satisfactory smocth
Variance

Tatal for model 0014 noms 03 0.023 0.025 0014 0.014
Catch at age 0.063 0.053 0.04 0.236 0.211 0.051 0.091
Results

spaywning stock biomass Cnmill. t) 29 30 30 24 3 31 324
tatal biomass (in mill t) 5.0 5.1 54 47 51 53 53
F (37 0.47 0.45 0.43 0.2 052 0.45 0.45
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Tahle 6.4.4.3. Blue Whiting. Stock summary table

Recruits Tatal Spawning Landings  Yield Mean F
Age 0 Biomass  Biomass fasbB  Ages
Year thousands 00 ¢, o0 ¢, oot ratio 3-7

15981 5.57 4554 3661 910 025 023
15952 24.37 3961 2750 &6 021 018
15983 24.26 3635 1846 570 031 0.2
15954 13.66 3417 1553 642 040 026
15985 12.32 3453 1847 B9 033 032
15986 11.16 3772 2154 827 038 048
1987 915 3282 1827 bbd 036 039
15955 11.97 3006 1553 553 036 048
15989 28.80 3101 1488 B25 042 050
15950 11.39 3386 144k 62 039 044
1951 .85 3922 1921 370 019 023
1992 B.19 3971 2519 474 018 0B
1993 B8.03 3736 2412 481 020 018
15954 10.63 37 2327 449 020 019
1995 35.21 4037 2065 579 028 024
19596 45.52 4457 15936 B35 033 030
1997 21.85 5763 2167 B34 029 029
19595 8.55 5889 2818 1125 040 D44
15999 11.59 5354 3007 1286 042 043
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Table 6.4.4.4 cutput file fromfinal ICA run on standal one PC (#8)

Qut put Generated by I CA Version 1.4

______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e m o mm e mm o mmmmm o mmmm - - =
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
______ e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmmmmmmmmmmmmmmmmmmmmm e mmmmmmmmmmmmmm— - =
0 | 48.0 3512.0 437.0 584.0 1174.0 84.0 341.0 46.0 1949.0 83.0
1 258.0 148.0 2283.0 2291.0 1305.0 650.0 838.0 425.0 865.0 1611.0
2 | 348.0 274.0 567.0 2331.0 2044.0 816.0 578.0 721.0 718.0 703.0
3| 681.0 326.0 270.0 455.0 1933.0 1862.0 728.0 614.0 1340.0 672.0
4 | 334.0 548.0 286.0 260.0 303.0 1717.0 1897.0 683.0 791.0 753.0
5 | 548.0 264.0 299.0 285.0 188.0 393.0 726.0 1303.0 837.0 520.0
6 | 559.0 276.0 304.0 445.0 321.0 187.0 137.0 618.0 708.0 577.0
7 | 466.0 266.0 287.0 262.0 257.0 201.0 105.0 84.0 139.0 299.0
8 | 634.0 272.0 286.0 193.0 174.0 198.0 123.0 53.0 50.0 78.0
9 | 578.0 284.0 225.0 154.0 93.0 174.0 103.0 33.0 25.0 27.0
10 | 1460.0 673.0 334.0 255.0 259.0 398.0 195.0 50.0 38.0 95.0
______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e m o mm e mm o mmmmm o mmmm - - =
x 10 ~ 6
Catch in Nunber
______ e e e o e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e e m e e e e e e e e e e e e m m e m e m - =
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
______ demmmemmmemmemmeemmm e e e e e e e e e R e e m e e e R e e e EEm . m e R mmmmmmmm e m ... ... .m .. ———-
0 | 161.1 19.0 197. 7 42.0 3306.6 832.6 211. 7 43.0 139.0
1 | 266. 7 407.7 263.2 307.0 296.1 1893.5 2131.5 1656.9 788. 2
2 | 1024.5 653. 8 305.2 107.9 353.9 534.2 1519.3 4181.2 1549.1
3 | 514.0 1641.7 621.1 368.0 421.6 632.4 904.1 3541.2 5820.8
4 | 301.6 569.1 1571.2 389. 3 465. 4 537.3 577.7 1044.9 3460.6
5 | 363.2 217.4 411.4 1221.9 616.0 323.3 295.7 383. 7 412.8
6 | 258.0 154.0 191.2 281.1 800. 2 497.5 251.6 322.8 207.2
7 | 159. 2 109. 6 107.0 174. 3 253.8 663. 1 282.1 303.1 151. 2
8 | 49. 4 79.7 64. 8 90. 4 159. 8 232.4 406. 9 264.1 153.1
9 | 5.1 32.0 38.1 79.0 59.7 98. 4 104. 3 212.5 68. 8
10 | 9.6 11.7 17.5 30.6 41. 8 82.5 169. 2 85.5 140.5
______ e e e o e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e e m e e e e e e e e e e e e m m e m e m - =
X 10 ~ 6
Predi cted Catch in Nunber
______ decmmcmmmemm e e e e e m e e e, e e e ...
AGE | 1996 1997 1998 1999
______ o e e e e e e e e e e e e e e e e e e e — =
0 | 407. 3 177.3 104. 7 139.0
1 | 1733.8 2581.1 1722.3 656. 6
2 | 569.8 1590.0 3616.1 1530.0
3 | 658. 5 870.3 3612.4 5190.7
4 | 532.5 594.6 1146.2 2913.4
5 | 342.6 245.5 406. 9 466. 2
6 | 443. 4 276. 3 288.4 290. 4
7 | 686. 7 310. 3 277.2 171.9
8 | 272.5 424.5 270. 8 140. 4
9 | 89.2 103.9 234.8 84.6
______ o e e e e e e e e e e e e e e e e e e e — =
X 10 » 6
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Table 6.4.4.4 (Continued)

Weights at age in the catches (Kg)

______ Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e m o mmmmm o mmmmm o mmmm - -
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
______ e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmmmmmmmmmmmmmmmm e e e mm e mmmmmmmmmmmmmm— - =
0 | 0.03800 0.01800 0.02000 0.02600 0.01600 0.03000 0.02300 0.03100 0.01400 0.03400
1 | 0.05200 0.04500 0.04600 0.03500 0.03800 0.04000 0.04800 0.05300 0.05900 0. 04500
2 | 0.06500 0.07200 0.07400 0.07800 0.07400 0.07300 0.08600 0.07600 0.07900 0.07000
3 | 0.10300 0.11100 0.11800 0.08900 0.09700 0.10800 0.10600 0.09700 0.10300 0.10600
4 | 0.12500 0.14300 0.14000 0.13200 0.11400 0. 13000 0.12400 0.12800 0.12600 0.12300
5 | 0.14100 0.15600 0.15300 0.15300 0.15700 0.16500 0. 14700 0.14200 0.14800 0. 14700
6 | 0.15500 0.17700 0.17600 0.16100 0.17700 0.19900 0.17700 0.15700 0.15800 0. 16800
7 | 0.17000 0.19500 0.19500 0.17500 0.19900 0.20900 0.20800 0.17900 0.17100 0. 17500
8 | 0.17800 0.20000 0.20000 0.18900 0.20800 0.24300 0.22100 0.19900 0.20300 0.21400
9 | 0.18700 0.20400 0.20400 0.18600 0.21800 0.24600 0.22200 0.22200 0.22400 0.21700
10 | 0.21300 0.23100 0.22800 0.20600 0.23700 0.25700 0.25400 0.26000 0.25300 0.25600
______ e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmmmmmmmmmmmmmmmm e e e mm e mmmmmmmmmmmmmm— - =
Wei ghts at age in the catches (Kg)
______ demmmemmmemmemmeemmm e e e e e e e e e R e e m e e e R e e e EEm . m e R mmmmmmmm e m ... ... .m .. ———-
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
______ demmmemmmemmemmeemmm e e e e e e e e e R e e m e e e R e e e EEm . m e R mmmmmmmm e m ... ... .m .. ———-
0 | 0.03600 0.02400 0.02800 0.03300 0.02200 0.01800 0.03100 0.03300 0.03500
1 | 0.05500 0.05700 0.06600 0.06100 0.06400 0.04100 0.04700 0.04800 0.06300
2 | 0.09100 0.08300 0.08200 0.08700 0.09100 0.08000 0.07200 0.07200 0.07800
3 | 0.10700 0.11900 0.10900 0.10800 0.11800 0.10200 0.10200 0.09400 0.08800
4 | 0.13600 0.14000 0.13700 0.13700 0.14300 0.11600 0.12100 0.12500 0.10900
5 | 0.17400 0.16700 0.16300 0.16400 0.15400 0.14700 0.14000 0.14900 0. 14200
6 | 0.19000 0.19300 0.17700 0.18900 0.16700 0.17000 0.16600 0.17800 0.17000
7 | 0.20600 0.22600 0.20000 0.20700 0.20300 0.21400 0.17700 0.18300 0.19900
8 | 0.23000 0.23500 0.21700 0.21700 0.20600 0.23000 0.18300 0.18800 0.19300
9 | 0.23200 0.28400 0.22500 0.24700 0.23600 0.23800 0.20300 0.22100 0.19200
10 | 0.26600 0.29400 0.28100 0.25400 0.25600 0.27900 0.23200 0.24800 0.24500
______ e e e o e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e e m e e e e e e e e e e e e m m e m e m - =

0 | 0.03800 0.01800 0.02000 0.02600 0.01600 0.03000 0.02300 0.03100 0.01400 0. 03400
1 | 0.05200 0.04500 0.04600 0.03500 0.03800 0.04000 0.04800 0.05300 0.05900 0.04500
2 | 0.06500 0.07200 0.07400 0.07800 0.07400 0.07300 0.08600 0.07600 0.07900 0.07000
3 | 0.10300 0.11100 0.11800 0.08900 0.09700 0.10800 0.10600 0.09700 0.10300 0.10600
4 | 0.12500 0.14300 0.14000 0.13200 0.11400 0.13000 0.12400 0.12800 0.12600 0.12300
5 | 0.14100 0.15600 0.15300 0.15300 0.15700 0.16500 0.14700 0.14200 0.14800 0.14700
6 | 0.15500 0.17700 0.17600 0.16100 0.17700 0.19900 0.17700 0.15700 0.15800 0.16800
7 | 0.17000 0.19500 0.19500 0.17500 0.19900 0.20900 0.20800 0.17900 0.17100 0.17500
8 | 0.17800 0.20000 0.20000 0.18900 0.20800 0.24300 0.22100 0.19900 0.20300 0.21400
9 | 0.18700 0.20400 0.20400 0.18600 0.21800 0.24600 0.22200 0.22200 0.22400 0.21700
10 | 0.21300 0.23100 0.22800 0.20600 0.23700 0.25700 0.25400 0.26000 0.25300 0.25600
+
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Table 6.

150

4.4.4 (Continued)

Weights at age in the stock (Kg)

o o o e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e m— -
| 1991 1992 1993 1994 1995 1996 1997 1998 1999
o
| 0.03600 0.02400 0.02800 0.03300 0.02200 0.01800 0.03100 0.03300 0.03500
| 0.05500 0.05700 0.06600 0.06100 0.06400 0.04100 0.04700 0.04800 0.06300
| 0.09100 0.08300 0.08200 0.08700 0.09100 0.08000 0.07200 0.07200 0.07800
| 0.10700 0.11900 0.10900 0.10800 0.11800 0.10200 0.10200 0.09400 0.08800
| 0.13600 0.14000 0.13700 0.13700 0.14300 0.11600 0.12100 0.12500 0.10900
| 0.17400 0.16700 0.16300 0.16400 0.15400 0.14700 0.14000 0. 14900 0. 14200
| 0.19000 0.19300 0.17700 0.18900 0.16700 0.17000 0.16600 0.17800 0.17000
| 0.20600 0.22600 0.20000 0.20700 0.20300 0.21400 0.17700 0.18300 0.19900
| 0.23000 0.23500 0.21700 0.21700 0.20600 0.23000 0.18300 0.18800 0.19300
| 0.23200 0.28400 0.22500 0.24700 0.23600 0.23800 0.20300 0.22100 0.19200
| 0.26600 0.29400 0.28100 0.25400 0.25600 0.27900 0.23200 0.24800 0.24500
o

o o o o e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ae o
| 1991 1992 1993 1994 1995 1996 1997 1998 1999
o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e m e e e e m— -
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
| 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
o o o o e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ae o
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Table 6.4.4.4 (Continued)

Proportion of fish spawning

______ do e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mm e mm o mmmmmm o mmmm - -
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
______ e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmmmmmmmmmmmmm e e e mm e mmmmmmmmmmmmmm—— - =
0 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0000
1 | 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100
2 | 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 O0.4000
3 | 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 O0.8200
4 | 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600
5 | 0.9100 0.9100 0.9100 0.9100 0.9100 0.9100 0.9100 0.9100 0.9100 0.9100
6 | 0.9400 0.9400 0.9400 0.9400 0.9400 0.9400 0.9400 0.9400 0.9400 0.9400
7 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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
______ e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmmmmmmmmmmmmm e e e mm e mmmmmmmmmmmmmm—— - =
Proportion of fish spawning
______ demmmemmmemmemmeemmm e e e e e e e e e R e e m e e e R e e e EEm . m e R mmmmmmmm e m ... ... .m .. ———-
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
______ e e e o e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e e m e e e e e e e e e e e e m m e m e m - =
0 | 0.0000 0.0000 O0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000
1 | 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100 0.1100
2 | 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000
3 | 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200 0.8200
4 | 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600
5 | 0.9100 0.9100 0.9100 0.9100 0.9100 0.9100 0.9100 0.9100 0.9100
6 | 0.9400 0.9400 0.9400 0.9400 0.9400 0.9400 0.9400 0.9400 0.9400
7 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
8 | 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
10 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
______ demmmemmmemmemmeemmm e e e e e e e e e R e e m e e e R e e e EEm . m e R mmmmmmmm e m ... ... .m .. ———-

______ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e — -
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
______ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e — -
2 | 2372. 999990. 297. 15767. 999990. 1003. 4960. 9712. 6787. 14169
3 | 7583. 999990. 2108. 1721. 999990. 5829. 8417. 9090. 22270. 12670
4 | 3253. 999990. 2723. 1616. 999990. 4122. 22589. 12367. 9973. 11228
5 | 3647. 999990. 6511. 1719. 999990. 624. 4735. 20392. 10504. 5587
6 | 4611. 999990. 3735. 1858. 999990. 228. 282. 7355. 7803. 6556
7 | 4638. 999990. 3650. 1128. 999990. 203. 417. 723. 933. 3273
8 | 3654. 999990. 3153. 567. 999990. 250. 385. 599. 293. 516.
9 | 2591. 999990. 2279. 440. 999990. 137. 159. 326. 177. 183
10 | 1785. 999990. 1182. 348. 999990. 170. 27. 398. 46. 108
______ Fm e e e e e e e e e e e e e e e e e e mmmmmmm e e e e e e e e m e m e — o — -
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Table 6.4.4.4 (Continued)

Nor way Spawni ng Area/ Acoustic 1991-1999

______ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e mm e m - =
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
______ e cmmemmmemmemmeemm e e R e e e e e e e R E e m e e R e e e EEmmm e e mmmmmmmm e m ... ... .m. .=
2 | 11147. 1232. 4489. 1603. 8538. 8781. 999990. 18218. 19034.
3 | 6340. 26123. 3321. 2950. 9874. 7433. 999990. 34991. 60309.
4 | 8497. 4719. 26771. 4476. 7906. 8371. 999990. 4697. 26103.
5 | 7407. 1574. 2643. 11354. 6861. 2399. 999990. 1674. 1481
6 | 4558. 1386. 1270. 1742. 9467. 4455. 999990. 279. 316.
7 | 2019. 810. 557. 1687. 1795. 4111. 999990. 407. 72.
8 | 545. 616. 426. 908. 1083. 1202. 999990. 381. 153.
9 | 96. 257. 108. 770. 482. 459. 999990. 351. 141
10 | 16. 19. 22. 207. 149. 162. 999990. 86. 1.
______ e cmmemmmemmemmeemm e e R e e e e e e e R E e m e e R e e e EEmmm e e mmmmmmmm e m ... ... .m. .=
Russi an Spawni ng Area/ Acoustic 1982-91
______ e e
AGE | 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
______ do e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mm e mm o mmmmmm o mmmm - -
3 | 540. 2330. 2900. 13220. 18750. 4480. 3710. 11910. 9740. 10300
4 | 2750. 2930. 800. 930. 23180. 19170. 4550. 7120. 12140. 5350
5 | 1340. 9390. 1100. 580. 2540. 5860. 8610. 6670. 5740. 5130
6 | 1380. 3880. 4200. 1780. 610. 1070. 4130. 6970. 2580. 2630
7 | 1570. 1970. 2200. 860. 620. 500. 1270. 4580. 1470. 1770
8 | 2350. 1370. 1200. 610. 750. 810. 480. 2750. 220. 870
9 | 1730. 780. 1700. 580. 640. 860. 250. 1880. 80. 300
10 | 1290. 660. 1200. 540. 710. 670. 260. 810. 10. 220
______ e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmmmmmmmmmmmmm e e e mm e mmmmmmmmmmmmmm—— - =
Russi an Spawni ng Area/ Acoustic 1992-99
______ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm .= -
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
______ decmmemmmemmeemeeRm R e e e e e e e e e e e e e e e R e e e Em .. e e e . mm.. ... --—--
3 | 20010. 4728. 999990. 12657. 15285. 999990. 999990. 999990.
4 | 6700. 12337. 999990. 10028. 10629. 999990. 999990. 999990.
5 | 1350. 5304. 999990. 8942. 4897. 999990. 999990. 999990.
6 | 440. 2249. 999990. 2651. 6940. 999990. 999990. 999990.
7 | 390. 1316. 999990. 1093. 1482. 999990. 999990. 999990.
8 | 170. 621. 999990. 408. 653. 999990. 999990. 999990.
9 | 999990. 386. 999990. 131. 85. 999990. 999990. 999990.
10 | 999990. 150. 999990. 14. 999990. 999990. 999990. 999990.
______ decmmemmmemmeemeeRm R e e e e e e e e e e e e e e e R e e e Em .. e e e . mm.. ... --—--
CPUE Spani sh Pair Traw ers
______ e o o e
AGE | 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
______ do e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mm e mm o mmmmmm o mmmm - -
1 | 7196 13710 14573 3721 25328. 7778 15272 21444 15924 10007
2 | 16392. 27286. 23823. 14131. 13153. 21473. 18486. 19407. 15370. 24235
3 | 9311. 14845. 14126. 14745 6664. 18436. 17160 5194 4989 9671
4 | 7476 4836 6256 7113 2938. 6391 8374 1803 2329 4316
5 | 6326 1755 1232 1278 1029. 1300 3760 1357 1045 1194
6 | 1718 1750 217 505 166. 781 1003 451 440 462
______ e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmmmmmmmmmmmmm e e e mm e mmmmmmmmmmmmmm—— - =
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Table 6.4.4.4 (Continued)

CPUE Spani sh Pair Traw ers

______ o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e m e
AGE | 1993 1994 1995 1996 1997 1998 1999
______ o o o o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a
1 | 4036. 543. 9090. 3905. 8742. 5884. 2048.
2 | 13991. 6066. 14409. 14557. 15875. 13236. 10268.
3 | 22493. 15917. 6833. 14449. 11134. 9803. 20242.
4 | 7979. 7474, 4551. 3931. 3698. 10844. 9833.
5 | 1354. 2990. 1990. 3639. 1046. 5229. 6287.
6 | 658. 1055. 623. 1834. 450. 1153. 3047.
______ o o o o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a
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Table 6.4.4.4 (Continued)

Nor wegi an Sea acoustic - 1981-90

1 | 182. 184. 22356. 30380. 5969. 2324. 8204. 4992. 1172. 999990
2 | 728. 460. 396. 13916. 23876. 2380. 4032. 2880. 1125. 999990
3 | 4542. 1242. 468. 833. 12502. 7224. 5180. 2640. 812. 999990
4 | 3874. 4715. 756. 392. 658. 6944. 5572. 3480. 379. 999990
5 | 2678. 3611. 1404. 5309. 423. 1876. 1204. 912. 410. 999990
6 | 2834. 3128. 576. 539. 188. 952. 224. 120. 212. 999990
7 | 2964. 2323. 468. 343. 235. 336. 168. 96. 22. 999990
8 | 2756. 1679. 432. 49. 141. 308. 56. 24, 32. 999990
9 | 2054. 874. 324. 49. 376. 140. 84. 48. 999990. 999990
10 | 1300. 414. 216. 49. 141. 196. 28. 999990. 8. 999990
______ I,
Nor wegi an Sea acoustic - 1991-99
______ demmmemmmemmemmeemmm e e e e e e e e e R e e m e e e R e e e EEm . m e R mmmmmmmm e m ... ... .m .. ———-
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
______ e e e o e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e e m e e e e e e e e e e e e m m e m e m - =
1 | 999990. 792. 830. 999990. 6974. 23464. 30227. 24244. 14367.
2 | 999990. 1134. 125. 999990. 2811. 1057. 25638. 47815. 9750.
3 | 999990. 6939. 1070. 999990. 1999. 899. 1524. 16282. 23701
4 | 999990. 766. 6392. 999990. 1209. 649. 779. 556. 9754.
5 | 999990. 247. 1222. 999990. 1622. 436. 300. 212, 1733.
6 | 999990. 172. 489. 999990. 775. 505. 407. 100. 466.
7 | 999990. 90. 248. 999990. 173. 755. 260. 64. 79.
8 | 999990. 11. 58. 999990. 61. 69. 137. 10. 48.
9 | 999990. 18. 88. 999990. 1. 41. 123. 255, 91
10 | 999990. 1. 71. 999990. 15. 50. 105. 27. 34.
______ demmmemmmemmemmeemmm e e e e e e e e e R e e m e e e R e e e EEm . m e R mmmmmmmm e m ... ... .m .. ———-

0 | 0.0096 0.1727 0.0201 0.0476 0.1109 0.0083 0.0420 0.0042 0.0775 0.0081
1 | 0.0831 0.0368 0.1621 0.1387 0.1424 0.0827 0.1075 0.0675 0.1027 0.0848
2 | 0.0994 0.1191 0.1923 0.2474 0.1768 0.1244 0.0983 0.1269 0.1552 0.1136
3 | 0.1601 0.1273 0.1651 0.2328 0.3339 0.2420 0.1558 0.1437 0.3651 0.2129
4 | 0.1125 0.1871 0.1571 0.2368 0.2398 0.5595 0.4151 0.2144 0.2779 0.3603
5 | 0.2815 0.1220 0.1476 0.2317 0.2690 0.5569 0.4905 0.5632 0.4409 0.2973
6 | 0.3119 0.2233 0.2013 0.3399 0.4424 0.4679 0.3830 1.0567 0.6948 0.6258
7 | 0.2899 0.2395 0.3813 0.2672 0.3362 0.5529 0.5257 0.4296 0.7304 0.7283
8 | 0.3268 0.2742 0.4372 0.4790 0.2855 0.4704 0.7978 0.5554 0.4939 1.3121
9 | 0.3051 0.2380 0.3830 0.4473 0.4492 0.5143 0.4805 0.5139 0.5583 0.5464
10 | 0.3051 0.2380 0.3830 0.4473 0.4492 0.5143 0.4805 0.5139 0.5583 0.5464
+
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Table 6.4.4.4 (Continued)

Fishing Mortality (per year)

______ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e e e m e e e m e e m - =
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
______ demmmemmmemmemmeemRem e e e e e R e e e R m e m e e e R e e m R Emmm e e mmmmmmmm e m ... ... .m .. ———-
0 | 0.0229 0.0034 0.0275 0.0044 0.1092 0.0092 0.0090 0.0136 0.0133
1 | 0.0323 0.0742 0.0591 0.0544 0.0384 0.0768 0.0745 0.1129 0.1106
2 | 0.0713 0.1033 0.0730 0.0310 0.0820 0.0964 0.0936 0.1419 0.1389
3 | 0.1136 0.1559 0.1350 0.1181 0.1623 0.2152 0.2089 0.3165 0.3099
4 | 0.1396 0.1774 0.2194 0.1173 0.2149 0.3164 0.3071 0.4654 0.4557
5 | 0.2954 0.1414 0.1879 0.2651 0.2742 0.2427 0.2356 0.3570 0.3495
6 | 0.2358 0.1964 0.1780 0.1894 0.2781 0.3246 0.3150 0.4774 0.4674
7 | 0.3486 0.1487 0.2035 0.2441 0.2609 0.4085 0.3965 0.6009 0.5883
8 | 0.2460 0.2947 0.1230 0.2649 0.3697 0.4933 0.4789 0.7257 0.7105
9 | 0.2468 0.2490 0.2238 0.2166 0.2802 0.3641 0.3534 0.5355 0.5243
10 | 0.2468 0.2490 0.2238 0.2166 0.2802 0.3641 0.3534 0.5355 0.5243
______ demmmemmmemmemmeemRem e e e e e R e e e R m e m e e e R e e m R Emmm e e mmmmmmmm e m ... ... .m .. ———-
Popul ati on Abundance (1 January)
______ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m— i — .-
ACGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
______ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m— i — .-
0o | 5570. 24366. 24263. 13859. 12316. 11157. 9146. 11974. 28802. 11393
1 | 3565. 4517. 16786. 19470. 10820. 9025. 9059. 7180. 9762. 21823
2 | 4051. 2686. 3564. 11686. 13876. 7682. 6803. 6661. 5495. 7212
3 | 5064. 3003. 1952. 2408. 7471. 9520. 5554, 5048. 4804. 3852
4 | 3458. 3532. 2165. 1355. 1562. 4380. 6119. 3891. 3580. 2730
5 | 2453. 2530. 2399. 1514, 876. 1006. 2049. 3308. 2571. 2220
6 | 2290. 1516. 1833. 1694. 984. 548. 472. 1027. 1542. 1355
7 2033. 1373. 993. 1227. 988. 517. 281. 263. 292. 630
8 | 2495. 1246. 884. 555. 769. 578. 244. 136. 140. 115
9 | 2413. 1473. 775. 468. 281. 473. 295. 90. 64. 70
10 | 6095. 3492. 1151. 774. 784. 1083. 559. 136. 97. 247
______ I,
x 10 ~ 6
Popul ati on Abundance (1 January)
...... e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e e e e e e e e e e e e e e e m e ————— =
ACE | 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
...... e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e e e e e e e e e e e e e e e m e ————— =
0o | 7854. 6194. 8026. 10630. 35213. 48819. 21887. 8552. 11590. 15975
1 | 9253. 6285. 5054. 6392. 8665. 25848. 39601. 17759. 6907. 9364.
2 | 16414 7335. 4778. 3900. 4957. 6827. 19599. 30094. 12987. 5063
3 5271. 12514. 5416. 3636. 3096. 3739. 5076. 14612. 21380. 9254.
4 | 2549, 3852. 8767. 3874. 2645. 2155. 2468. 3372. 8717. 12840
5 | 1559. 1815. 2641. 5763. 2821. 1747. 1286. 1486. 1734. 4525
6 | 1350. 950. 1290. 1792. 3620. 1756. 1122. 832. 852. 1001
7 593. 873. 639. 884. 1214, 2244, 1039. 670. 422. 437
8 | 249. 343. 616. 427. 567. 766. 1221. 572. 301. 192
9 | 25. 159. 209. 446. 268. 321. 383. 619. 227. 121
10 | 48. 58. 96. 173. 188. 297. 624. 226. 377. 292
______ I,
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Table 6.4.4.4 (Continued)

Wei ghting factors for the catches in nunber

+

| 1996 1997
+

| 0.1000 0.1000
| 0.5000 0.5000
| 1.0000 1.0000
| 1.0000 1.0000
| 1.0000 1.0000
| 1.0000 1.0000
| 1.0000 1.0000
| 1.0000 1.0000
| 1.0000 1.0000
| 1.0000 1.0000
+

156

2543. 999990.
7816. 999990.
6870. 999990.
5323. 999990.
4623. 999990.
4127. 999990.
4964. 999990.
3423. 999990.
2515. 999990.

2194. 7111. 999990.
3010. 3660. 999990.
4260. 2623. 999990.
5353. 3321. 999990.
3788. 3401. 999990.
1977. 2503. 999990.
1719. 1069. 999990.
1082. 644. 999990.

467. 310. 999990.

4797.
14443.
7922.
2060.
1070.
994.
1115.
643.
428.

1987 1988
4271 4157
8581 7819

11408 7568
4255, 6764.

939. 1774.

543 519

439 258

404 122

222 54.

+

| 1991 1992
+

| 12157. 5396

|  8821. 20757

|  5939. 8904

|  2332. 2804

|  1623. 1151

| 624. 958

| 322 439

| 32. 199.
| 12. 15.
+

1993 1994
3537. 2913
9022. 6079

20086. 9069
4041. 8676
1570. 2175

693. 951

818 550

262 559

24 44

999990.
999990.
999990.
999990.
999990.
999990.
999990.
999990.
999990.
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Table 6.4.4.4 (Continued)

Russi an Spawni ng Area/ Acoustic 1982-91 Predicted

______ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e mm e m o — - =
AGE | 1982 1983 1984 1985 1986 1987 1988 1989
______ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e mm e m o — - =
3 | 3689. 2380. 2894. 8789 11418. 6783. 6181 5615
4 | 5879 3625. 2232. 2571 6741. 9707. 6440 5846
5 | 4844 4568 2834. 1626 1758. 3632. 5773 4604.
6 | 3312. 4025 3613. 2053 1137. 997 1885 3052
7 | 3294. 2312 2928. 2322 1162. 635 608 633
8 | 3312 2272 1414, 2040 1474. 580. 341 356
9 | 4432 2262. 1346 810 1343 845. 255 180
10 | 3427 1095 727 736 1003 522. 126 89
______ I,
Russi an Spawni ng Area/ Acoustic 1992-99 Predicted
______ decmmemmmemmeemeeRm R e e e e e e e e e e e e e e e R e e e Em .. e e e . mm.. ... --—--
AGE | 1992 1993 1994 1995 1996 1997 1998
______ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm .= -
3 | 27606 12000. 999990. 6820. 8146. 999990. 999990.
4 | 10152 22900. 999990. 6917 5515. 999990. 999990.
5 | 3523. 5077. 999990. 5325 3319. 999990. 999990.
6 | 1189. 1621. 999990. 4454, 2140. 999990. 999990.
7 | 770. 557. 999990. 1046. 1874. 999990. 999990.
8 | 257. 480. 999990. 4109. 551. 999990. 999990.
9 | 999990. 132. 999990. 167. 197. 999990. 999990.
10 | 999990. 33. 999990. 64. 999990. 999990. 999990.
______ decmmemmmemmeemeeRm R e e e e e e e e e e e e e e e R e e e Em .. e e e . mm.. ... --—--
CPUE Spani sh Pair Traw ers Predicted
______ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e mm e m o — - =
AGE | 1983 1984 1985 1986 1987 1988 1989 1990
______ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e mm e m o — - =
1 | 10361. 12159. 6744. 5796 5746. 4646. 6207 14000
2 | 6485. 20684. 25442. 14460 12973 12523. 10185 13649
3 | 4188. 4993. 14729. 19651 11971. 10946. 9324 8068
4 | 3702. 2227. 2563. 6126 9199. 6468. 5764 4218
5 | 2696. 1632. 926 921 1940 3020. 2495 2315
6 | 1229. 1060. 585 321 289 449. 808 735
...... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e m e e mm e mmm e m e mmmmm e mm e m - ==
CPUE Spani sh Pair Trawl ers Predicted
______ decmmemmeemmmemeem e e e e e e e e e e e e e e e e e e e e ... e, ... ..- ...
AGE | 1993 1994 1995 1996 1997 1998 1999
______ decmmemmeemmmemeem e e e e e e e e e e e e e e e e e e e e ... e, ... ..- ...
1 | 3284. 4164. 5690. 16650. 25537 11234. 4375
2 | 9227 7692. 9530. 13031 37462 56152. 24269.
3 | 11794 7986. 6650. 7822 10653 29060. 42661
4 | 14534. 6760. 4395 3403. 3917. 4944, 12842,
5 | 29009. 6107. 2976. 1872. 1383. 1504. 1761
6 | 875. 1209. 2335. 1107. 711. 486. 500.
______ e e e o e e e e e e e e e e e e e e e e e e e m e e e m e e e e e e e e e e e e m = =
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Table 6.4.4.4 (Continued)

158

Nor wegi an Sea acoustic - 1981-90 Predicted

325 6275 3478 3021 2982
262 3989 4968 2849 2568
067 1257 3644 4940 3055
376 816 939 2123 3269
965

10.6

*kkkk k%

kkkkkkk

*kkkkk*k

kkkkkkk

*kkkk k%

kkkkkk*k

*kkkk k%

kkkkkkk

*kkkk k%

kkkkkkk

Nor wegi an Sea acoustic - 1991-99 Predicted

1992 1993 1994 1995 1996
3870. 3144. 999990. 5467. 15891
2517. 1673. 999990. 1725. 2353.
6320. 2774. 999990. 1557. 1814.
1604. 3548. 999990. 1074. 817.

616 869. 999990. 876. 554.

278 382. 999990. 1001. 471

192. 135. 999990. 248. 414.

27. 55. 999990. 43. 53.

25. 33. 999990. 41. 46.

7. 12. 999990. 23. 35.
Pattern

24384.
6769.
2473.

942.
410.
303.
193.

86.
55.
74.

999990.
999990.
999990.
999990.
999990.
999990.
999990.
999990.
999990.
999990.

1360 0.2053 0.4123 0.0150 0.0856
0986 0.5987 0.5296 0.1485 0.2190
3032 1.0677 0.6573 0.2233 0.2003
1186 1.0047 1.2416 0.4346 0.3175
0648 1.0219 0.8914 1.0048 0.8462
0000 1.0000 1.0000 1.0000 1.0000
3641 1.4667 1.6447 0.8403 0.7808
5837 1.1531 1.2500 0.9929 1.0716
9631 2.0673 1.0616 0.8447 1.6264
5956 1.9303 1.6700 0.9236 0.9796
5956 1.9303 1.6700 0.9236 0.9796
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Table 6.4.4.4 (Continued)

Fitted Sel ection Pattern

Year

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

STOCK SUMVARY

Recruits
Age 0
t housands

5569840
24365720
24262540
13858930
12316360
11157460

9145630
11973760
28802190
11393140

7853630

6193610

8025530
10630140
35212960
48818510
21886860

8551880
11590350

Tot al
Bi omass
t onnes

4854205
3960656
3535229
3417205
3452963
3772340
3282468
3006328
3100704
3385577
3921868
3970879
3735655
3717057
4037414
4486675
5763250
5889092
5354342

Spawni ng;
Bi omass
t onnes

3661020
2750374
1846270
1593195
1846795
2153930
1827131
1553366
1488014
1445960
1921361
2518900
2412205
2326988
2067503
1936417
2166679
2818263
3007355

Landi ngs

t onnes

909556
576419
570072
641776
695596
826986
664434
553413
625433
561610
369525
474245
480672
459414
578693
637825
634206
1125149
1256328

[ecNeoNeoloNoNoNoNoNololoNoloNoNoloNoNoNe)

Yi el d
/ SSB
ratio

. 2484
. 2096
. 3088
. 4028
. 3767
. 3839
. 3636
. 3563
. 4203
. 3884
. 1923
. 1883
. 1993
. 1974
. 2799
. 3294
. 2927
. 3992
. 4178

Mean F
Ages
3- 7

[eNeoNoloNoNoNoNoNololoNololololNoNoNoNe)

. 2312
. 1799
. 2105
. 2617
. 3242
. 4759
. 3940
. 4815
. 5018
. 4449
. 2266
. 1639
. 1848
. 1868
. 2381
. 3015
. 2926
. 4435
. 4342

No of years for separable analysis : 4

Age range in the analysis : 0
range in the analysis

Year
Nunber

Nurmber of age-structured indices :

Paraneters to estimate :
of observations

Nunber

Convent i onal

of

indices of SSB : O

85
553

singl e selection vector

1081

7

node

1999

| to be fitted.
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101
99
97
100
99
95
100
99
99
99
100
100
100
98
99
99
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Table 6.4.4.4 (Continued)

PARAMETER ESTI MATES

| Parm |
i No. |
| |
Separ abl e nodel
1 1996
2 1997
3 1998
4 1999
Separ abl e Model
5 0
6 1
7 2
8 3
9 4
5
10 6
11 7
12 8
9
Separ abl e no
13 0
14 1
15 2
16 3
17 4
18 5
19 6
20 7
21 8
22 9
Separ abl e nodel :
23 1996
24 1997
25 1998

del

Maxi mum | : :
Likelh. | CV | Lower | Upper
Estimate] (%, 95% CL | 95% CL
F by year
0.2427 18 0.1699 0. 3468
0.2356 18 0. 1651 0. 3361
0.3570 18 0. 2481 0.5138
0.3495 22 0. 2266 0.5391
Selection (S) by age
0.0381 60 0. 0115 0.1258
0.3164 30 0.1750 0.5718
0.3974 23 0. 2492 0. 6336
0.8867 22 0.5736 1.3705
1.3037 20 0. 8664 1.9615
1. 0000 Fi xed : Reference Age
1.3372 20 0. 8956 1.9966
1.6832 19 1.1421 2. 4806
2.0327 18 1. 4106 2.9291
1. 5000 Fi xed : Last true age
Popul ations in year 1999
11590358 115 1209404 111076517
6907114 39 3168082 15059026
12987222 26 7689026 21936191
21380188 21 14055048 32523007
8717195 19 5937058 12799182
1733553 19 1179316 2548262
851649 18 593180 1222742
422440 19 286091 623771
300952 21 195657 462912
226753 24 139063 369738
Popul ati ons at age
320730 29 179065 574472
382778 25 232954 628962
619321 22 395056 970897

Age-structured i ndex catchabilities

Li near

160

26
27
28
29
30
31
32
33
34

[N

nod

QUOWO~NOUTRA,WN

leyeyoyorerorereron

fitted. Slopes at age :
. 6684E- 03
. 1665E- 02
. 2122E- 02
. 2401E- 02
. 2248E- 02
. 2250E- 02
. 2222E- 02
. 1578E- 02
. 4588E- 03

32
32
32
32
32
32
32
32
32

. 4899E- 03
. 1220E- 02
. 1555E- 02
. 1759E- 02
. 1648E- 02
. 1649E- 02
. 1629E- 02
. 1156E- 02
. 3363E- 03

-S. €.

. 2023
1965
. 2965
2802

coooOo

. 0207
2339
. 3132
. 7100
. 0584

POOOO

. 0899
. 3810
. 6870

N =

3658630
4640796
9939645
17260881
7165920
1424218
708143
346264
241595
176691

238227
297104
492373

+S. e.

. 2912
. 2824
. 4299
. 4360

[cNoNeoNe]

. 0701
. 4279
. 5042
. 1073
. 6058

PP, OOO

. 6407
. 0515
. 4492

NN B

36717669
10280183
16969211
26482566
10604290
2110074
1024237
515373
374892
290998

431804
493159
778999

Mean of
Par am
Distrib.

. 2468
. 2395
. 3632
. 3582

[cNeoNeoNe]

. 0459
. 3311
. 4088
. 9088
. 3323

ROOOO

. 3655
. 7165
. 0683

N e

22532879
7475426
13460058
21875502
8886186
1767364
866273
430874
308302
233919

335229
395265
635831

Norway Spawni ng Area/ Acoustic 1981-90

. 1742E-02
. 4339E- 02
. 5529E- 02
. 6257E- 02
. 5859E- 02
. 5864E- 02
. 5791E- 02
. 4112E- 02
. 1196E- 02

. 6684E- 03
. 1665E- 02
. 2122E- 02
. 2401E- 02
. 2248E-02
. 2250E- 02
. 2222E-02
. 1578E- 02
. 4588E- 03
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. 1277E-02
. 3180E- 02
. 4053E- 02
. 4586E- 02
. 4294E- 02
. 4298E- 02
. 4245E- 02
. 3014E- 02
. 8765E- 03

. 9735E-03
. 2425E- 02
. 3090E- 02
. 3496E- 02
. 3274E-02
. 3277E-02
. 3236E- 02
. 2298E- 02
. 6682E- 03



Table 6.4.4.4 (Continued)

Li near

Li

Li

Li

Li

35
36
37
38
39
40
41
42
43

near
44
45
46
47
48
49
50
51

near
52
53
54
55
56
57
58
59

near
60
61
62
63
64
65

near
66
67
68
69
70
71
72
73
74
75

(=Y

[N

=Y

[

nod

QUOUoO~NOUMWN

nod

QOUoOo~NOUILb~W

nod

QOO ~NO UL~ W

nod

OO, WNPE

O@m\l@mbwl\)l—‘g
Q.

ey oroyeorororereoi leyoloyorororeroron i

leyoloyorerorereon

OOO0O0O0Q0 D

leyoroyoreroroeroyoron i

fitted. Slopes at age :

. 7840E- 03
. 1787E- 02
. 2502E- 02
. 1660E- 02
. 1317E- 02
. 1181E- 02
. 1420E- 02
. 1369E- 02
. 2750E- 03

fitted. Slopes

. 1316E- 02
. 1805E- 02
. 2049E- 02
. 2388E-02
. 2632E- 02
. 2937E- 02
. 3297E- 02
. 1076E- 02

fitted. Slopes

. 2377E-02
. 2853E-02
. 2085E- 02
. 1361E- 02
. 9490E- 03
. 8331E-03
. 6904E- 03
. 3776E-03

fitted. Slopes

. 7397E-03
. 2214E- 02
. 2575E- 02
. 2045E- 02
. 1337E-02
. 8195E- 03

fitted. Slopes

. 4051E- 03
. 4617E- 03
. 6994E- 03
. 8094E- 03
. 8400E- 03
. 6902E- 03
. 6901E- 03
. 5288E- 03
. 6651E-03
. 1819E- 03

32
32
32
32
32
32
32
33
32

27
27
27
27
27
27
27
27

43
43
43
43
43
43
50
61

18
18
18
18
18
18

32
32
32
32
32
32
32
32
34
34

. 5720E- 03
. 1306E- 02
. 1829E- 02
. 1213E-02
. 9627E- 03
. 8624E- 03
. 1036E- 02
. 9951E- 03
. 2006E- 03

at age :

. 1013E- 02
. 1389E- 02
. 1577E-02
. 1838E- 02
. 2025E- 02
. 2260E- 02
. 2537E- 02
. 8279E- 03

at age :

. 1569E- 02
. 1883E-02
. 1376E-02
. 8979E- 03
. 6259E- 03
. 5488E- 03
. 4238E- 03
. 2102E- 03

at age :

. 6188E-03
. 1855E- 02
. 2159E- 02
. 1715E-02
. 1121E-02
. 6872E-03

at age :

. 2975E- 03
. 3391E- 03
. 5136E- 03
. 5944E- 03
. 6169E- 03
. 5068E- 03
. 5068E- 03
. 3884E-03
. 4793E- 03
. 1311E- 03

Nor way Spawni ng Area/ Acoustic 1991-1999

. 2073E- 02
. 4706E- 02
. 6581E-02
. 4366E- 02
. 3463E- 02
. 3112E- 02
. 3759E- 02
. 3657E-02
. 71272E-03

Russi an

. 2952E- 02
. 4049E- 02
. 4595E- 02
. 5357E-02
. 5903E- 02
. 6588E- 02
. 7396E- 02
. 2413E-02

. 7840E- 03
. 1787E- 02
. 2502E- 02
. 1660E- 02
. 1317E- 02
. 1181E- 02
. 1420E- 02
. 1369E- 02
. 2750E- 03

Spawni ng Ar ea/ Acoust i

. 1316E- 02
. 1805E- 02
. 2049E- 02
. 2388E-02
. 2632E- 02
. 2937E- 02
. 3297E- 02
. 1076E- 02

. 1512E- 02
. 3438E- 02
. 4809E- 02
. 3190E- 02
. 2531E- 02
. 2273E- 02
. 2741E-02
. 2659E- 02
. 5305E- 03

. 2272E- 02
. 3116E- 02
. 3536E-02
. 4123E- 02
. 4542E- 02
. 5069E- 02
. 5691E- 02
. 1857E- 02

. 1149E- 02
. 2615E-02
. 3659E- 02
. 2427E-02
. 1926E- 02
. 1729E- 02
. 2083E- 02
. 2016E-02
. 4031E- 03

c 1982-91

. 1795E- 02
. 2462E- 02
. 2794E- 02
. 3257E-02
. 3589E- 02
. 4005E- 02
. 4496E- 02
. 1467E- 02

Russi an Spawni ng Area/ Acoustic 1992-99

. 8562E- 02
. 1028E-01
. 7511E-02
. 4901E- 02
. 3425E- 02
. 3019E-02
. 3109E- 02
. 2299E- 02

. 2377E-02
. 2853E-02
. 2085E- 02
. 1361E- 02
. 9490E- 03
. 8331E-03
. 6904E- 03
. 3776E-03

CPUE Spani sh Pair

. 1283E- 02
. 3818E- 02
. 4432E- 02
. 3518E-02
. 2300E- 02
. 1410E- 02

Nor wegi an Sea acoustic -

. 1050E- 02
. 1196E- 02
. 1812E-02
. 2097E- 02
. 2176E-02
. 1788E- 02
. 1788E- 02
. 1370E- 02
. 1826E- 02
. 4994E- 03

. 7397E-03
. 2214E- 02
. 2575E- 02
. 2045E- 02
. 1337E-02
. 8195E- 03

. 4051E- 03
. 4617E- 03
. 6994E- 03
. 8094E- 03
. 8400E- 03
. 6902E- 03
. 6901E- 03
. 5288E- 03
. 6651E-03
. 1819E- 03
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. 5650E- 02
. 6781E-02
. 4957E- 02
. 3234E- 02
. 2259E- 02
. 1988E- 02
. 1909E- 02
. 1280E- 02

Traw ers

. 1073E- 02
. 3199E- 02
. 3716E- 02
. 2950E- 02
. 1929E- 02
. 1182E- 02

. 7707E- 03
. 8785E- 03
. 1331E- 02
. 1540E- 02
. 1598E- 02
. 1313E- 02
. 1313E- 02
. 1006E- 02
. 1316E-02
. 3599E- 03

. 4025E- 02
. 4830E- 02
. 3531E-02
. 2304E- 02
. 1608E- 02
. 1415E- 02
. 1306E- 02
. 8374E-03

. 9065E- 03
. 2707E- 02
. 3146E- 02
. 2498E- 02
. 1633E- 02
. 1001E- 02

1981-90

. 5884E- 03
. 6707E- 03
. 1016E-02
. 1176E- 02
. 1220E- 02
. 1003E- 02
. 1002E- 02
. 7682E- 03
. 9915E-03
. 2712E- 03
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Table 6.4.4.4 (Continued)

Li near

162

76
77
78
79
80
81
82
83
84
85

[

nod

QOWO~NOUITAWNPE

leyorororerororeoreron i

fitted. Slopes at age :

. 7411E- 03
.4211E-03
. 6422E-03
. 5372E-03
. 4275E- 03
. 3820E- 03
. 2784E-03
.1110E-03
. 2090E- 03
. 1722E- 03

37
37
37
37
37
37
37
37
38
37

. 5151E- 03
. 2942E-03
. 4495E- 03
. 3760E- 03
. 2994E- 03
. 2674E- 03
. 1945E- 03
. 7711E- 04
. 1445E- 03
. 1197E- 03

Nor wegi an Sea acoustic -

. 2275E- 02
. 1272E-02
. 1929E- 02
. 1614E- 02
. 1282E- 02
. 1147E- 02
. 8415E-03
. 3408E- 03
. 6519E-03
. 5289E- 03

. 7411E- 03
.4211E-03
. 6422E-03
. 5372E-03
. 4275E- 03
. 3820E- 03
. 2784E-03
. 1110E-03
. 2090E- 03
. 1722E- 03
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. 1581E- 02
. 8885E-03
. 1350E- 02
. 1129E- 02
. 8979E- 03
. 8031E- 03
. 5879E- 03
. 2368E- 03
. 4507E- 03
. 3676E- 03

1991-99

. 1163E- 02
. 6558E-03
. 9978E- 03
. 8346E- 03
. 6637E- 03
. 5934E- 03
. 4338E- 03
. 1742E- 03
. 3304E-03
. 2704E- 03



Table 6.4.4.4 (Continued)

RESI DUALS ABOUT THE MODEL FIT

Separ abl e Model Residual s

______ o e e e e e e e e e e e e e e e e e e e e e e
Age | 1996 1997 1998 1999
______ oo e e e e e e e e e e e e e e e mmeeeao o
0 | 0.7151 0.1774 -0.8904 0.0000
1 | 0.0881 -0.1914 -0.0387 0.1827
2 | -0.0645 -0.0454 0.1452 0.0124
3 | -0.0405 0.0381 -0.0199 0.1146
4 | 0.0089 -0.0289 -0.0925 0.1721
5 | -0.0578 0.1858 -0.0588 -0.1217
6 | 0.1150 -0.0933 0.1126 -0.3380
7 | -0.0350 -0.0955 0.0893 -0.1284
8 | -0.1590 -0.0423 -0.0251 0.0871
9 | 0.0978 0.0042 -0.1000 -0.2058
______ oo e e e e e e e e e e e e e e e mmeeeao o

______ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e mm e m o — - =
Age | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
______ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e mm e m o — - =
2 | -0.069 ****x*xxx _2 000 0.796 **=*=*=**x _1 565 0.150 0.849 0.689 1. 144
3 | -0.030 ******* .0 356 -0.755 ******x* _(0 907 -0.019 0.151 1.143 0. 768
4 | -0.748 *****x% . 448 -0.484 *******x .0 653 0.683 0.491 0.373 0.780
5 | -0.378 *xxxxxxx 0.196 -0.658 ******* _1.194 0.107 1.103 0.666 0.152
6 |  -0.003 *****x** .0 014 -0.604 ******x* _7 546 -1.203 1.422 0. 999 0. 940
7 | 0. 117 ***wkxx 0.613 -0.797 ******* _1,588 -0.263 0.331 0.545 1.031
8 |  -0.306 ****x*x* 0.606 -0.635 ***x**x*x* _17 495 -0.131 0. 843 0. 083 1.018
9 |  -0.279 *xxxxxx 0.745 -0.381 ******* _1.546 -0.933 0.983 0.722 0.660
10 | -0.343 *x*Frxkxk 0.928 0. 115 *****x* .0 922 -2.109 2.002 0.191 0.110
______ I,
Nor way Spawni ng Area/ Acoustic 1991-1999
______ e,
Age | 1991 1992 1993 1994 1995 1996 1997 1998 1999
______ e,
2 | -0.087 -1.477 0.238 -0.597 0. 846 0.557 *****x*x  _(Q 187 0. 697
3 | -0.330 0.230 -0.999 -0.723 0.655 0.194 *xxxxxx 0.401 0.563
4 | 0.358 -0.635 0.287 -0.706 0. 265 0.548 ****x*x*  _( 446 0. 317
5 | 1.156 -0.578 -0.425 0.269 0.482 -0.097 =*=*=*x=*x*xxx .0, 271 -0.549
6 | 1.033 0.186 -0.212 -0.222 0. 786 0.766 ****x*x*  _1 226 -1.127
7 | 1.174 -0.168 -0.219 0.573 0.322 0.567 ***=*x=*x*xx _(0,497 -1.770
8 | 0.526 0.339 -0.652 0. 502 0.416 0.246 *****x*  _.(Q 563 -0.836
9 | 1.109 0.258 -0.885 0.320 0.374 0.163 *=**x*xxxx .0, 727 -0.637
10 | 0.285 0.263 -0.091 1.559 1.160 0.805 **x=xx=xx 0.481 -4.488
...... e e e e e e e e e e e e e e mm e e e e e e e e e e e e e e e e e e e e e m e m e m e m— e — ==
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Table 6.4.4.4 (Continued)

Russi an Spawni ng Area/ Acoustic 1982-91

1988 1989
-0.511 0. 752
-0. 347 0. 197

0. 400 0.371
0. 785 0. 826
0. 737 1.979
0. 343 2.043
-0. 020 2. 348
0.724 2.207
1997 1998

* kkkk k%

* kkkk k%

kkkkhkk*k

kkkkhkk*k

kkkkhkk*

* Kk kkk k%

* kkkk k%

*kkkk k%

* kkkk k%

kkkkhkk*k

kkkkhkk*k

kkkkhkk*k

* kkk Kk k%

* kkkk k%

kkkkhkk*k

* kkkk k%

* kkkk k%

kkkkhkk*k

kkkkhkk*k

kkkkhkk*

* kkkk k%

* kkkk k%

kkkkhkk*

1989 1990
0.900 0.426
0.596  0.352
0.610 -0.440
0.373 -0.850
0.410 -0.534
0.216 -0.488

1998 1999
647 -0.759
445 -0.860
087 -0.746
785 -0.267
246 1.273
864 1.808

------ +
Age | 1982 1983 1984 1985 1986
------ +
3 | -1.922 -0.021 0. 002 0. 408 0. 496
4 | -0.760 -0.213 -1.026 -1.017 1.235
5 | -1.285 0.721 -0.946 -1.031 0. 368
6 | -0.876 -0.037 0.150 -0.143 -0.623
7 | -0.741 -0.160 -0.286 -0.993 -0.629
8 | -0.343 -0.506 -0.164 -1.207 -0.676
9 | -0.941 -1.065 0.233 -0.334 -0.742
10 | -0.977 -0.507 0.501 -0.309 -0.345
------ +
Russi an Spawni ng Area/ Acoustic 1992-99
------ +
Age | 1992 1993 1994 1995
------ +
3 | -0.322 -0.931 ******xx 0.618 0.
4 | -0.416 -0.619 *=*****xx* 0.371 0.
5 | -0.959  0.044 ****xxx 0.518 0.
6 | -0.994  0.327 *******x _( 519 1.
7 | -0.680 0.860 ****x*xx 0.044 -0.
8 | -0.415  0.258 *=*=****x _(Q 027 O.
9 | *kkkkk*k 1073 *kkkkk*k _O' 245 _O
10 | *kkkkkk*k 1511 *kkkkk*k _1.
------ +
CPUE Spani sh Pair Traw ers
------ +
Age | 1983 1984 1985 1986 1987
------ +
1 | -0.364 0.120 0.770 -0.443 1. 483
2 | 0. 927 0.277 -0.066 -0.023 0.014
3 | 0.799 1.090 -0.042 -0.287 -0.586
4 | 0. 703 0.775 0. 892 0.149 -1.141
5 | 0. 853 0.073 0. 285 0.327 -0.634
6 | 0. 335 0.501 -0.991 0.452 -0.554
------ +
CPUE Spani sh Pair Traw ers
______ decmmemmeemmmemeem e e e e e e e e e e e e e e e e e e e e ... e, ... ..- ...
Age | 1993 1994 1995 1996
______ e e e o e e e e e e e e e e e e e e e e e e e m e e e m e e e e e e e e e e e e m = =
1 | 0.206 -2.037 0.469 -1.450 -1
2 | 0.416 -0.237 0.413 0.111 -O.
3 | 0.646 0.690 0.027 0.614 O.
4 | -0.600 0.100 0.035 0.144 -o0.
5 | -0.765 -0.714 -0.402 0.665 -0.
6 | -0.285 -0.136 -1.321 0.505 -0.
______ e e e o e e e e e e e e e e e e e e e e e e e m e e e m e e e e e e e e e e e e m = =
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Table 6.4.4.4 (Continued)

Nor wegi an Sea acoustic - 1981-90

Sea acoustic -

*kkkkk*
*kkkk k%
kkkkhkkk*
kkkkhkk*
kkkkhkkk*

|

|

|

|

|

| *kkkkk*k
| *kkkkk*
| kkkkhkkk*k
| kkkkhkk*
|

kkkkhkkk*

1984 1985
577 0. 540
249 1.570
412 1.233
734 -0. 356
567 -0.237
410 -0.850
589 -0.703
332 -0.732
411 1.136
619 0. 427
1991- 99

1994 1

* Kk kkk k%
* kkkk k%
*khkkkkk*k
*kkhkkkkk*k

0
0
0
0.
kkkkhkkk*k 0
0
0
0

*kkkkk* _
*kkkkk* _
kkkkhkk*
kkkkhkk*k _3.
kkkkhkk*k _0.

SASESESE A s

- 0.

. 391

Separ abl e nodel
Vari ance
Skewness test sta
Kurtosis test sta
Partial chi-squar
Significance in f
Degrees of freedo

fitted from1996 to 1999

t.
tistic
e

it

m

0. 0396
-1.7515
0. 3998
0. 0468
0. 0000

15

PARAMETERS CF THE DI STRI BUTI ON OF THE AGE- STRUCTURED

DI STRI BUTI ON STATI STI CS FOR Norway Spawni ng

Li near catchability relationship assuned

Age

Vari ance

Skewness test stat.
Kurtosis test statisti
Partial chi-square
Significance in fit
Nunber of observations
Degrees of freedom
Weight in the analysis

2
0. 1526

-0.9739
-0.4899

0.1315
0. 0000
8
7
0.1111

3
0546
3719
5325
0432
0000

8

7
0.1111

'
Coooo

'
coroo

4 5
0456 0. 0593
0421  -0.1773
0312  -0.4340
0365 0. 0506
0000 0. 0000

8 8

0.1111 0.1111

G
coooo

Area/ Acoustic 1981-90

1287
1346
7617
1231
0000

L1111

. 263

831 kkkkkkk

1996 1997
390 0.215
800 1.332
702 -0.484
230 -0.190
239 -0.311
070 0.296
600 0.296
260 0.469
111 0.804
359 0.351

| NDI CES
7 8
0.0808  0.0773

-0.8550  -0.5325
-0.2784  -0.3920
0.0805  0.0852
0.0000  0.0000

8 8
7 7
0.1111  0.1111
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- 0.

* % %

-0

Co
coooo

373

* k k%

. 280

9
0946
5734
6664
1156
0000

L1111

*kkkkk*k
kkkkkk*k
*kkkk k%
kkkkkk*k
*kkkkk*k
*kkkkkk*k
*kkkk k%
*kkkkkkk
*kkkk k%

kkkkkkk

10
1643
1347
1218
2377
0000

..
Ceoooo

0.1111
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Table 6.4.4.4 (Continued)

DI STRI BUTI ON STATI STI CS FOR Nor way Spawni ng

Li near catchability relationship assuned

Age
Vari ance
Skewness test stat.

Kurtosis test statist

Partial chi-square
Significance in fit
Nunber
Degrees of freedom
Wi ght

of observations

in the analysis

0

DI STRI BUTI ON STATI STI CS

Li near catchability relat

Age
Vari ance
Skewness test stat.

Kurtosis test statist

Partial chi-square
Significance in fit
Nurber
Degrees of freedom
Wi ght

of observations

in the analysis

eooro

0

DI STRI BUTI ON STATI STI CS

Li near catchability relat

Age
Vari ance
Skewness test stat.

Kurtosis test statist

Partial chi-square
Significance in fit
Nurber
Degrees of freedom
Wi ght

of observations

in the analysis

0

DI STRI BUTI ON STATI STI CS

Li near catchability relat

Age
Vari ance
Skewness test stat.

Kurtosis test statist

Partial chi-square
Significance in fit
Nunber
Degrees of freedom
Vi ght

of observations

in the analysis

0

2 3
. 0659 0. 0417 0.
.8931 -0.6655 -0
.1935 -0.6638 -0
. 0541 0. 0320 0.
. 0000 0. 0000 0.

8 8

7 7
1111 0.1111 0

FOR Russi an Spawni ng Area/ Acoustic

onshi p assuned

3 4
0814 0. 0826 0
7774 0.1842 -1
7829 -0.8132 -0
0873 0. 0890 0
0000 0. 0000 0

10 10

9 9
1250 0. 1250 0

FOR Russi an Spawni ng Area/ Acoustic

onshi p assumed

3 4
. 0729 0. 0468 0.
. 2509 0.0346 -0
.6558 -0.7326 -0
. 0237 0.0153 0.
. 0010 0. 0005 0.

4 4

3 3
1250 0. 1250 0

FOR CPUE Spani sh Pa

onshi p assuned

1 2
. 1541 0.0679 0.
.8752  -1.3083 -0
.4948  -0.2178 -1
. 2799 0. 1084 0.
. 0000 0. 0000 0.

17 17

16 16
1667 0. 1667 0

Areal/ Acoustic 1991-1999

DI STRI BUTI ON STATI STI CS FOR Nor wegi an Sea acoustic - 1981-90

Li near catchability relationship assuned

Age
10

Vari ance

Skewness test stat
Kurtosis test statisti
Partial chi-square
Significance in fit
Nunber of observations
Degrees of freedom
Weight in the analysis

DI STRI BUTI ON STATI STI CS FOR Nor wegi an Sea acoustic -

©oooo00o

0

1947
5390
7867
2010
0000

1000

1 2
0. 0889 0. 0526
0. 6362 0. 1767
-0.6237 -0.5522
0. 0905 0. 0541
0. 0000 0. 0000

9 9

8 8
0. 1000 0. 1000

Li near catchability relationship assunmed

Age

10

Vari ance

Skewness test stat
Kurtosis test statisti
Partial chi-square
Significance in fit
Nunber of observations
Degrees of freedom
Weight in the analysis
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o000

1128
6175
6007
0810
0000

. 1000

1 2
0.2183 0. 0551
0.7044 0. 0596
-0.3944  -0.7881
0.1645 0. 0398
0. 0001 0. 0000

7 7

6 6
0. 1000 0. 1000

4 5 6
0283 0. 0403 0. 0821
. 5647 0. 9851 -0. 3467
. 8902 -0.2382 -0.7412
0220 0. 0356 0. 0795
0000 0. 0000 0. 0000
8 8 8
7 7 7
1111 0.1111 0.1111
1982-91
5 6 7
0727 0. 0350 0. 0919
. 0848 0. 1353 1.5561
. 7206 -0. 3229 0. 5803
0811 0. 0406 0.1218
0000 0. 0000 0. 0000
10 10 10
9 9 9
1250 0. 1250 0. 1250
1992- 99
5 6 7
0559 0.1146 0. 0524
. 7187 0. 1941 0. 3553
. 3710 -0.5814  -0.4382
0204 0. 0458 0.0243
0008 0. 0026 0. 0010
4 4 4
3 3 3
1250 0. 1250 0. 1250
r Trawl ers
3 4 5
0819 0. 0597 0. 0825
. 2163 - 0. 3008 0. 8997
. 1248 -0. 7046 - 0. 8585
1397 0.1128 0.1726
0000 0. 0000 0. 0000
17 17 17
16 16 16
1667 0. 1667 0. 1667
3 4 5
0. 0832 0. 0611 0. 0962
-0. 6861 0. 2009 0.5821
-0.4045 -0.4823 -0.8742
0. 0881 0.0714 0.1247
0. 0000 0. 0000 0. 0000
9 9 9
8 8 8
0. 1000 0. 1000 0. 1000
1991- 99
3 4 5
0. 0486 0. 0583 0. 0265
0.5847 0. 3968 0.1491
-0.4526  -0.5816  -0.5222
0. 0380 0. 0553 0. 0292
0. 0000 0. 0000 0. 0000
7 7 7
6 6 6
0. 1000 0. 1000 0. 1000

jeleoloNoNo]

oOo0oo0ooo

7
. 0887
9057
0434
0984
. 0000

coooo

0.1111

0945
4686
8360
1333
0000

10

eooro

0. 1250

0112
5797
4326
0058
0001

:
coooo

0. 1250

0976
. 7364
. 0785
. 2387
. 0000

17

16
0. 1667

coooo

. 0790
. 3421
. 4332
L1131
. 0000

. 1000

. 0303
. 1939
. 8204
. 0348
. 0000

. 1000
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o000

o
[eNeoloRoNo]

eooro

:
coooo

0740
1046
6527
1060
0000

. 1000

0615
5957
5379
1104
0000

. 1000

8

. 0368
. 5946
. 9098
. 0415
. 0000

L1111

1520
3876
0570
2503
0000

10

. 1250

1197
2913
5330
0476
0235

. 1250

~

~

©oooo00o

oooro

0571
4965
0559
0771
0000

. 1000

3019
7110
6001
4878
0020

. 1000

.
coooo

ceooo

9
0521
0736
6152
0785
0000

L1111

10
2675
8031
2517
4802
0000

10

. 1250

10

. 5750
. 0062
. 5773
. 1512
. 3026

. 1250

0287
5131
8057
0449
0000

©oooo0o

0. 1000

1259
3768
0678
3355
0007

o000

0. 1000

copmo

10

. 3961

2103
3374
6392

. 0012

L1111



Table 6.4.4.4 (Continued)

ANALYSI S OF VARI ANCE

Unwei ghted Statistics

Vari ance

SSQ
Total for nodel 365. 4308
Cat ches at age 1.8351
Aged I ndices
Norway Spawni ng Area/ Acoustic 1981-90 54.0410
Nor way Spawni ng Area/ Acoustic 1991-199 52.4154
Russi an Spawni ng Area/ Acoustic 1982-91 63. 1883
Russi an Spawni ng Area/ Acoustic 1992-99 15. 0068
CPUE Spani sh Pair Traw ers 52. 2053
Nor wegi an Sea acoustic - 1981-90 64. 3842
Nor wegi an Sea acoustic - 1991-99 62. 3546
Wei ghted Statistics
Vari ance

SSQ
Total for nodel 5. 8470
Cat ches at age 0.5934

Aged I ndices

Norway Spawni ng Area/ Acoustic 1981-90 0.
Norway Spawni ng Area/ Acoustic 1991-199 O.
Russi an Spawni ng Area/ Acoustic 1982-91 O.
Russi an Spawni ng Area/ Acoustic 1992-99 O.
CPUE Spani sh Pair Traw ers 1.
Nor wegi an Sea acoustic - 1981-90 0.

Nor wegi an Sea acoustic - 1991-99 0.

6672

6471

9873

2345

4501

6438

6235

Dat a
553
40
72
72
80
29
102
88

70

Dat a
553
40
72
72
80
29
102
88

70

Paraneters
85
25

10

10

Par anet ers
85
25

10

10

ON\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc

d.f.
468
15
63
63
72
21
96
78

60

d.f.
468
15
63
63
72
21
96
78

60

Var i

0.
0.

Var i

ance
7808
1223

. 8578

. 8320

. 8776

. 7146

. 5438

. 8254

. 0392

ance

. 0125

. 0396

. 0106

. 0103

. 0137

. 0112

. 0151

. 0083

. 0104
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Table 6.4.

Ent er

CombbwCN. DAT
CombbwCW DAT

45. Blue Wiiting. Log-file fromfina

I CA run (#8)

Integrated Catch at Age Anal ysis

Version 1.4 w

K.R Patterso
Fi sheri es Research

Mari ne Labor at
Aber deen
15 April 199

n
Ser vi ces
ory

8

the nane of the index file -->conbbw. ndx

Stock weights in 2000 wused for the year 199

ConmbbwSW DAT
Nat ur al
ConmbbwiNM DAT

nortality in 2000 used for the year

Maturity ogive in 2000 wused for the year 19

ConmbbwiVO. DAT

Name of age-structured index file (Enter if
Name of the SSB index file (Enter if none) -
No i ndi ces of spawning bionmass to be used.

No of years for separable constraint ?--> 4
Ref erence age for separable constraint ?--> 5
Constant selection pattern model (Y/N) ?-->y
Sto be fixed on | ast age ?--> 1. 50000000
First age for calculation of reference F ?--
Last age for calculation of reference F ?-->
Use default weighting (Y/N) ?-->n

Enter relative weights at age

Wi ght
Wei ght
Wei ght
Wei ght
Wi ght
Wi ght
Wei ght
Wei ght
Wei ght
Wi ght
Wi ght

for
for
for
for
for
for
for
for
for
for
for

age
age
age
age
age
age
age
age
age
age
age

0-->
1-->
2-->

9-->
10- -

. 100000000000000
. 500000000000000
. 000000000000000
. 000000000000000
. 000000000000000
. 000000000000000
. 000000000000000
. 000000000000000
. 000000000000000
. 000000000000000
> 1. 000000000000000

PRRPRRPRRPRPRRLROO

Enter relative weights by year
Wei ght for year
Wei ght for year
Wei ght for year
Wei ght for year

Enter new wei ghts for specified years and ages if needed

, hew weight or -1,-1,-1 to end. -1 -1 - 1. 000000000000000

Ent er

Is the
Is the
Is the
Is the
Is the
Is the
Is the

year,
| ast
| ast
| ast
| ast
| ast
| ast
| ast

age
age
age
age
age
age
age
age

199
199
199
199

of
of
of
of
of
of
of

6--> 1. 000000000000000
7--> 1. 000000000000000
8--> 1. 000000000000000
9--> 1. 000000000000000

Nor way Spawni ng Areal/ Acou

9
1999
99

none) : -->conbbw. tun
->

0000000
>3
7

stic 1981-90 a plus-group (Y/N)-->n

Norway Spawni ng Area/ Acoustic 1991-1999 a plus-group (Y/-->n

Russi an Spawni ng Area/ Aco
Russi an Spawni ng Area/ Aco
CPUE Spani sh Pair Traw er
Nor wegi an Sea acoustic -
Nor wegi an Sea acoustic -

You must choose a catchability nodel for each

168

ustic 1982-91 a plus-group (Y/ N-->n
ustic 1992-99 a plus-group (Y/N-->n
s a plus-group (Y/N) ?-->n

1981-90 a plus-group (Y/N ?-->n
1991-99 a plus-group (Y/'N ?-->n

i ndex.
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Table 6.4.4.5 (Continued)

Model s: A Absol ut e: | ndex
L Linear: | ndex
P Power: | ndex

Abundance . e
Q Abundance . e
Q Abundance™ K . e

where Q and K are paraneters to be estimted, and
e is a lognormally-distributed error

Model for Norway Spawni ng Area/ Acoustic 1981-90 is to be AIL/P ?-->L

Model for Norway Spawni ng Area/ Acoustic 1991-1999 is to be AIL/P ?-->L
Model for Russian Spawni ng Area/Acoustic 1982-91 is to be A/L/P ?-->L
Model for Russian Spawni ng Area/Acoustic 1992-99 is to be A/L/P ?-->L

Model for CPUE Spanish Pair Trawlers is to be AAIL/P ?-->L

Model for Norwegian Sea acoustic - 1981-90 is to be AIL/P ?-->L
Model for Norwegian Sea acoustic - 1991-99 is to be AIL/P ?-->L

Fit a stock-recruit relationship (Y/N) ?-->n

Enter | owest feasible F--> 5. 0000000000000003E- 02
Enter highest feasible F--> 1. 000000000000000
Mappi ng the F-di nension of the SSQ surface

F SSQ
Fomm e o - o e e e e e e oo

0.05 60. 0189793869

0.10 52. 9551113798

0.15 49. 2286388691

0. 20 46. 9989798238

0.25 45. 6288052620

0. 30 44.7879282953

0.35 44, 2859702313

0. 40 44,0080099349

0. 45 43. 8824229217

0.50 43. 8633644324

0.55 43.9207731710

0. 60 44, 0344851957

0. 65 44,1907612848

0.70 44.3800993100

0.75 44.5959730041

0. 80 44. 8338859378

0.85 45. 0910286651

0.90 45. 3659172744

0.95 45. 6583949583

1.00 45. 9698152040
Lowest SSQis for F = 0. 486
No of years for separable analysis : 4
Age range in the analysis : 0 . . . 10
Year range in the analysis : 1981 . . . 1999

Nunber of indices of SSB : 0O
Nurmber of age-structured indices : 7

Paraneters to estimate : 85
Nunmber of observations : 553

Conventional single selection vector nodel to be fitted.
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Table 6.4.4.5 (Continued)

Survey weighting to be Manual (recommended) or Iterative (MI) ?-->M
Enter wei ght for Norway Spawni ng Area/Acoustic 1981-90 at age 2-->
Enter weight for Norway Spawni ng Areal/ Acoustic 1981-90 at age 3-->
Enter weight for Norway Spawni ng Areal/ Acoustic 1981-90 at age 4-->
Enter wei ght for Norway Spawni ng Area/Acoustic 1981-90 at age 5-->
Enter wei ght for Norway Spawni ng Area/Acoustic 1981-90 at age 6-->
Enter weight for Norway Spawni ng Areal/Acoustic 1981-90 at age 7-->
Enter weight for Norway Spawni ng Areal/ Acoustic 1981-90 at age 8--> . 000000000000000
Enter wei ght for Norway Spawni ng Area/Acoustic 1981-90 at age 9--> 000000000000000

c . 000000000000000

c

c

c

c

c

c

c .
Enter wei ght for Norway Spawni ng Area/Acoustic 1981-90 at age 10--> 1. 000000000000000

c

c

c

c

c

c

c

c

. 000000000000000
. 000000000000000
. 000000000000000
. 000000000000000
. 000000000000000

RPRRRRRRER

Enter weight for Norway Spawni ng Areal/ Acoustic 1991-1999 at age 2--> . 000000000000000
Enter weight for Norway Spawni ng Areal/ Acoustic 1991-1999 at age 3--> . 000000000000000
Enter weight for Norway Spawni ng Areal/ Acoustic 1991-1999 at age 4--> . 000000000000000
Enter wei ght for Norway Spawni ng Area/Acoustic 1991-1999 at age 5--> . 000000000000000
Enter wei ght for Norway Spawni ng Area/Acoustic 1991-1999 at age 6--> . 000000000000000
Enter weight for Norway Spawni ng Areal/ Acoustic 1991-1999 at age 7--> . 000000000000000
Enter weight for Norway Spawni ng Areal/ Acoustic 1991-1999 at age 8--> . 000000000000000
Enter wei ght for Norway Spawni ng Area/Acoustic 1991-1999 at age 9--> . 000000000000000
Enter wei ght for Norway Spawni ng Area/Acoustic 1991-1999 at age 10--> 1. 000000000000000
Enter weight for Russian Spawni ng Areal/ Acoustic 1982-91 at age 3--> . 000000000000000
Enter weight for Russian Spawni ng Areal/ Acoustic 1982-91 at age 4--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1982-91 at age 5--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1982-91 at age 6--> . 000000000000000
Enter weight for Russian Spawni ng Areal/ Acoustic 1982-91 at age 7--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1982-91 at age 8--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1982-91 at age 9--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/ Acoustic 1982-91 at age 10--> 1. 000000000000000

c

c

c

c

c

c

c

RRRRRRRE R

PR RRRRE R

Enter wei ght for Russian Spawni ng Area/Acoustic 1992-99 at age 3--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1992-99 at age 4--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1992-99 at age 5--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1992-99 at age 6--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1992-99 at age 7--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1992-99 at age 8--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/Acoustic 1992-99 at age 9--> . 000000000000000
Enter wei ght for Russian Spawni ng Area/ Acoustic 1992-99 at age 10--> 1. 000000000000000

RPRRR PR

Enter wei ght for CPUE Spanish Pair Trawlers at age 1--> 1. 000000000000000
Enter wei ght for CPUE Spanish Pair Trawlers at age 2--> 1. 000000000000000
Enter wei ght for CPUE Spanish Pair Trawlers at age 3--> 1. 000000000000000
Enter wei ght for CPUE Spanish Pair Trawlers at age 4--> 1. 000000000000000
Enter wei ght for CPUE Spanish Pair Trawlers at age 5--> 1. 000000000000000
Enter wei ght for CPUE Spanish Pair Trawlers at age 6--> 1. 000000000000000

Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 1--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 2--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 3--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 4--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 5--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 6--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 7--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 8--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 9--> 1. 000000000000000

Enter wei ght for Norwegi an Sea acoustic - 1981-90 at age 10--> 1. 000000000000000

OO0OO000O0O000000O00O00000O0

Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 1--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 2--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 3--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 4--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 5--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 6--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 7--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 8--> 1. 000000000000000
Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 9--> 1. 000000000000000

Enter wei ght for Norwegi an Sea acoustic - 1991-99 at age 10--> 1. 000000000000000
Enter estimates of the extent to which errors
in the age-structured indices are correl ated
across ages. This can be in the range 0 (independence)
to 1 (correlated errors).
Enter val ue for Norway Spawni ng Area/ Acoustic 1981-90--> 1. 000000000000000
Enter val ue for Norway Spawni ng Area/ Acoustic 1991-1999--> 1. 000000000000000
Enter val ue for Russian Spawni ng Area/Acoustic 1982-91--> 1. 000000000000000
Enter val ue for Russian Spawni ng Area/Acoustic 1992-99--> 1. 000000000000000
Enter val ue for CPUE Spanish Pair Traw ers--> 1. 000000000000000
Enter val ue for Norwegi an Sea acoustic - 1981-90--> 1. 000000000000000
Enter val ue for Norwegi an Sea acoustic - 1991-99--> 1. 000000000000000
Do you want to shrink the final fishing nmortality (Y/N) ?-->N
Seeking solution. Please wait.
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Table 6.4.4.4 (Continued)

Aged i ndex weights
Norway Spawni ng Area/ Acoustic 1981-90

Age : 2 3 4 5 6 7 8
Ws : 0.111 0.111 0.111 0.111 0.111 0.111 O0.111
Nor way Spawni ng Area/ Acoustic 1991-1999

Age : 2 3 4 5 6 7 8
Ws : 0.111 0.111 0.111 0.111 0.111 0.111 O0.111
Russi an Spawni ng Area/ Acoustic 1982-91

Age : 3 4 5 6 7 8 9
Ws : 0.125 0.125 0.125 0.125 0.125 0.125 0.125
Russi an Spawni ng Area/ Acoustic 1992-99

Age : 3 4 5 6 7 8 9
Ws : 0.125 0.125 0.125 0.125 0.125 0.125 0.125
CPUE Spani sh Pair Traw ers

Age : 1 2 3 4 5 6

Ws : 0.167 0.167 0.167 0.167 0.167 0. 167

Nor wegi an Sea acoustic - 1981-90

Age : 1 2 3 4 5 6 7
Ws : 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Nor wegi an Sea acoustic - 1991-99

Age : 1 2 3 4 5 6 7
Ws : 0.100 0.100 0.100 0.100 0.100 0.100 0.100

Fin 1999 at age 5 is 0.349527 in iteration 1
Detail ed, Normal or Summary output (DNS)-->D

Qut put page width in characters (e.g. 80..132) ?-->

Estimate historical assessnent uncertainty ?-->n

Succesful exit from I CA

9 10
0.111 0.111
9 10
0.111 0.111
10
0.125
10
0.125
8 9 10

0.100 0.100 0.100

8 9 10
0. 100 0.100 0.100

90
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Tahle €,4.5.1.

172

Year Facruits Total spawning | Mean F
Age o Biomass | Biomass Ages
(min.) fth.t.) (th.t.) (3-7)
1981 12391.87 5691.73| 4333.50( 0.211
1982 3310.48| 4418.49] 343101 0.278
1983 15329.41| 368685 2711.51( 0315
1984 1259674 300026 202674 0381
14985 17047.44| 286813 176308 0417
1986 1109733 3173.96| 1888.86( 0.482
1987 16682.68| 310875 1700.6Z2( 0,508
1988 14679.45| 3088.071| 1566.84( 0570
1989 23571.74] 3125.63| 1604.77( 0.504
1990 12541.98| 3373.34| 168852 0.449
1991 1105002 3855.58| 206269 0,281
1992 FO7B02| 378895 2493.14[ 0.244
1993 323,36 355261 2434.89 0,245
14994 B759.65] 342461 2390,90( 0,288
14945 55710.57| 4077.18| 2062.,55( 0,282
1996 B2670.,48| 537285 1927.98( 0,286
19497 230711.92 754479 264108 0,321
1998 12503.26| 7976.89] 4242.92( 0.448
149499 2458.84| 6860,35| 484461 0,372

EBlue Whiting, Results of stock assessment
(1SWPA on filtered catch-at-age data)
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€LT

earhage 8] 1 2 3 4 5 & 7 =] 4 10+
1481 12391.87  7FOO9.62  5463.73 3016490 7Fe53.83 2532388 204287 1851.94 136780 184850 492183
122 331048 5754.94 54714.43 4115.33 51004 S289.45 154243 1301.63 T123.75 FR2.73 1783.75
1283 15329.41 257765 F41209 3875.9% ZBE2.94 4273.05 32EE.03 A6, G F14.82 536.41 FR6.2T
1ag4| 1259614 T11867.30  1541.64 5373.11 2711.33 1827.23 256200  1847.81 47060 313.94 515,84
1285 1704744 965618 8BO07.49 137662 353950 1647.55 1027.75 1328.38 265,28 176.42 497.32
Tage| 1109733 12997.61 F111.28  ®172.37 s8a0.40 2085.01 258516 505,82 SEV.Z23 295,70 BiGR.3T
1487 16682.68 B331.73  9447.75 4886.17 3868.593 503.54 1071.21 410.47 203.08 168.14 318.32
128 1467945 1257250 @D&E.T&  £440.50 302421 2147.75 e 475,36 156.42 53.70 B1.36&
Tagal 23571.74 1105573 2087.53 413402 328217 1676.30 106889 111.14 18048 471.039 £2.45
1290 1254798 17774.63 BOO4.62 &203.35 256426 2217.71 B3a.59 47704 42,68 4840 170,30
1291 1105002  49524.95 13004.9% 555478 335025 T483.92  1165.40 400,72 200,45 13.40 25.22
1aaz 707602 EBeQD.04 723254 954040 385836 2587.27 415,88 BES .00 21802 a5.08 34.77
1993 £3Z23.36 554027 858936 5377010 BAR3E2 2e00.20  1663.38 Se3.od 396,13 112.67 51475
12594 B759.65 4545.88 4243.57 483648 380332 455358 Tees52 101757 325.30 203,02 7E.68
14985 55710.57  ©B0S.72 375213 310514 3387.78 2481.28 ZB0OZ.9 969,43 550,36 151.85 106,32
19296 82670458 43284.25 5157.45 274200 214412 2200.56  1521.87  1620.32 521.41 254,82 213.64
1997 23011.92 64232.08 3282921 IFFFO0e 182262 139918 1357.73 BEG.Z2E8 BF9.58 244.71 396,98
Ta9ag| 1250326 1779817 48360.67 23748.22 2567.33 120688 B33.99 Fa7.39 455,74 IE0.92 153.26
1999 245884 949551 1302212 33559.38 1512247 1485.66 BI6.IT 398,03 318.23 143,08 297.94
Tabhle 6.4.5.2. Elue Whiting stock abundance estimates (|SWVRA)
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PLI

feart Age 0 1 2 3 4 5 = 7 B 9 10+ AgesUm
14981 B.0ZE-01 S.31E-01  2.04E-01 -7 36E-01 -9.71E-001 117E-01 1.05E-01 1.80E-02 1.28E-01 -1.39E-17 -1.08E-17| 1.08E-04
14982 222E+00  3F.03E-01  1.99E-01 -1.41E-01 -1.04E+00 -1.15E+00 -1.03E-01 -9.98E-02 -Z.00E-01 -B11E-17¥ -6.51E-18| 9.39E-06
14983 417E-01 1.94E+00 212E-01 248E-02 -312E-01 -113E+00 -1.08E+00 -6.01E-03 -T.35E-02 S84E-17 1.95E-17| 9.18E-06
14984 4 14E-01 3.68E-01 1.77E+00 -5.02E-02 -1.43E-01 -340E-01 -9.836E-01 -9.84E-01 -312E-02 -7.33E-17 3.04E-18| 9.63E-06
14985 -A.24E-02  33TE-01  1.88E-01 1.46E+00 -1.39E-01 -T.BOE-02 -1.35E-01 -3.29E-01 -B6VE-01 BY94E-17 5.38BE-17| Y9.6BE-06
1986 -1 44E-01 -3.92E-01  5.24E-02 -4 68E-02 1.46E+00 -1.14E-01 -1.18E-02 -7.88E-02 -7 24E-01 4 2E-17 -4.60OE-17| 9.30E-06
1487 - 3BE-01 -1.99E-01 -5.28E-01 -6.95E-02 -217E-02 1.458E+00 -527E-02 T94E-02 7Y.35E-02 -TOVE-1Y -5.3BE-17| 9.37E-06
1988 -6.00B-01 -B.91E-01 -1.69E-01 -4.88E-01 218E-02 &8.91E-02 1.61E+00 6.13E-02 1.71E-01 8.67VE-18 4.03E-17| 1.00E-0%
14989 -T25E-01 -3B9E-01 -5.28E-01 -386E-02 -360E-01  207E-01 1.73E-01 1.61E+00 272E-02 -1.34E-17 -3.62E-17| 1.158E-04
14990 -3.480E-01 -V 2ME-01 -3.2TE-01 -490E-01 1.43E-02 -226E-01 3.30BE-01 212E-01 1.86E+00 -4 24E-17 4.73E-17| 1.22E-0%
14991 -2 14E-01 -9.96E-02 -4 86E-01 -4.95E-02 -1.86E-01 3.22BE-01 360E-02 466E-01 Z221E-01 -3.09E-17 B.22E-17| 1.B6BE-0%
1932 J.09E-01 -1.81E-01  4.28E-02 -3.585E-01 A493E-02 -1.31E-01  245E-01 -1.60E-01 1.71E-01 -Z21&8E-17 -T.81E-18| 1.64E-04
1993 A2 .04E-01  2.46E-01 -1.26E-01 -3.B0E-03 -3.486E-01 & 77E-02 -1.6Z2E-01 1.58E-01 -3.19E-01 -3.45E-17 -5.07E-17| 1.53E-04
149394 4 73E-01 4.7YE-01  9.33E-02 -274E-01 -1.54E-01 -4 68E-01 -4.26E-02 -219E-01 1158E-01 -3.56E-17 3.69E-17| 1.37E-04
1555 -7 4TE-01 a61E-01  5.09E-01 1.898E-01 -1.46E-01 4.55E-03 -4.05E-01 9.83E-02 -¥.30E-02 9.24E17 G51E-17| 1.25E-0%
1996 -1.28E+00 -8.585E-01 Y.04E-01 THI1E-01 477E-01 238BE-02 1.32E-01 -230BE-01 237VE-01 -1 4TE-17 -1.99E-17| 1.06E-0%
149497 -218E-01 1 ATE+OD -V.BRE-01 9.01E-01  9.43E-01  542E-01 -544E-04 864E-02 -3189E-01 T.3TE-18 -1.34E-17| 8.26E-06
14995 9 11E-02 -8.82E-02 -1.058E+00 -7.00E-01  &.54E-01 &16E-01 3 41E-01 -1.74E-01 -9.32E-02 -Y11E-1T 4.77E-18| 5.80E-06
14999 -5.20BE-18 -1 43BE1T7  4455BE1T7 36TE-17  546E-1T7 4 6AE-18 -T3ATENT 942E-17 A7VE1T -TH1E-18 -3.98E-17| 1.63E-16

YearsUh: | 9.8BE-06 9.63E-06 8.82E-06 912E-06 930E-06 918E-06 92TE-06 S.02E-06 1.27E-04 -1.73E-16 47TTE-17

Table &.4.5.3. Residual in InC. (I5WPA on filterd catch-at-age data)
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Table 6.5.1 Input data for the deterministic short-term prediction

09: 21 Thursday, May 4, 2000

Bl ue whiting combi ned stock (Sub-areas I-1X, XIl & XIV)

Prediction with nanagenent option table: Input data

Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e mmmm o mmmmm o m——— = =
| Year: 2000

1

e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e mm e m e mm e m e e m e mmmm o mmmm o — - =
1 i Stock | Natural | Maturity|Prop.of FProp.of M Wight | Exploit.] Weight

i Age | size inmortality] ogive |bef.spaw |bef.spaw.| in stock] pattern | in catch
Femm oo [ - [ - [ Fomemmaeas [ I [ [ [ 1
| 0 |14119.000; 0. 2000, 0. 0000; 0. 2500, 0. 2500, 0. 033} 0. 0133, 0. 033
! 1 | 9362.000; 0. 2000} 0. 1100} 0. 2500} 0. 2500} 0. 053] 0. 1106} 0. 053
! 2 | 5062.000; 0. 2000} 0. 4000} 0. 2500} 0. 2500} 0. 074} 0. 1389; 0.074
| 3 | 9253.000] 0. 2000, 0. 8200, 0. 2500, 0. 2500, 0. 095} 0. 3100; 0. 095
| 4 112838. 000, 0. 2000, 0. 8600, 0. 2500, 0. 2500, 0.118; 0. 4557, 0.118
| 5 | 4524.000] 0. 2000, 0. 9100; 0. 2500, 0. 2500, 0. 144, 0. 3496, 0. 144
! 6 | 1000.000; 0. 2000} 0. 9400} 0. 2500} 0. 2500} 0. 171} 0. 4675} 0.171
! 7 | 437.000; 0. 2000} 1. 0000} 0. 2500} 0. 2500} 0. 186} 0. 5884 0. 186
| 8 | 192.000; 0. 2000, 1. 0000, 0. 2500, 0. 2500, 0. 188; 0. 7106, 0.188
| 9 | 121.000;] 0. 2000, 1. 0000, 0. 2500, 0. 2500, 0. 205} 0. 5244, 0. 205
{10+ |} 292.000; 0. 2000} 1. 0000} 0. 2500} 0. 2500} 0. 242} 0. 5244} 0.242
S R Femmmeeeaa Femmmeeaaa Fommmeeaaa - Fommmeeaaa R R R 1
i Unit | MIlions] - H - 1 - 1 - i Ki | ogr ans; - i Ki | ogr ans;
e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e mm e m e mm e m e e m e mmmm o mmmm o — - =
e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e mm e m e mm e m e e m e mmmm o mmmm o — - =
| Year: 2001

1

Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e mmmm o mmmmm o m——— = =
1 | Recruit-} Natural | Mturity|Prop.of F,Prop.of M Wight | Exploit.] Weight

i Age | ment |nortality, ogive |bef.spaw |bef.spaw. | in stock} pattern | in catch
Femm oo [ - [ - [ Fomemmaeas [ I [ [ [ 1
| 0 }14119. 000} 0. 2000} 0. 0000} 0. 2500} 0. 2500} 0. 033;} 0. 0133;} 0. 033
| 1 . 1 0. 2000} 0. 1100} 0. 2500} 0. 2500} 0. 053] 0. 1106} 0. 053
| 2 | 0. 2000, 0. 4000, 0. 2500, 0. 2500, 0. 074, 0. 1389, 0.074
| 3 | 0. 2000, 0. 8200, 0. 2500, 0. 2500, 0. 095; 0. 3100; 0. 095
| 4 1 0. 2000} 0. 8600} 0. 2500} 0. 2500} 0.118; 0. 4557} 0.118
| 5 | 1 0. 2000} 0. 9100} 0. 2500} 0. 2500} 0. 144} 0. 3496 0. 144
| 6 | 1 0. 2000} 0. 9400} 0. 2500} 0. 2500} 0.171; 0. 4675} 0.171
| 7 | 0. 2000, 1. 0000, 0. 2500, 0. 2500, 0. 186, 0. 5884, 0. 186
| 8 | | 0. 2000, 1. 0000, 0. 2500, 0. 2500, 0. 188, 0. 7106, 0.188
| 9 | 1 0. 2000} 1. 0000 0. 2500} 0. 2500} 0. 205} 0. 5244} 0. 205
110+ | | 0. 2000} 1. 0000; 0. 2500} 0. 2500} 0. 242} 0. 5244} 0. 242
Femm oo [ - [ - [ Fomemmaeas [ I [ [ [ 1
i Unit | MIlions] - H - H - H - i Ki | ogr ans; - i Ki | ogr ans;
Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e mmmm o mmmmm o m——— = =
e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m e mm e m e mm e m e e m e mmmm o mmmm o — - =
| Year: 2002

1

Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e mmmm o mmmmm o m——— = =
1 | Recruit-} Natural | Mturity|Prop.of F,Prop.of M Wight | Exploit.] Weight

i Age | ment |nortality, ogive |bef.spaw |bef.spaw. | in stock} pattern | in catch
Femm oo [ - [ - [ Fomemmaeas [ I [ [ [ !
| 0 }14119. 000} 0. 2000} 0. 0000} 0. 2500} 0. 2500} 0. 033;} 0. 0133; 0. 033
| 1 . 1 0. 2000} 0. 1100} 0. 2500} 0. 2500} 0. 053] 0. 1106} 0. 053
| 2 | 0. 2000, 0. 4000, 0. 2500, 0. 2500, 0. 074, 0. 1389, 0.074
| 3 | 0. 2000, 0. 8200, 0. 2500, 0. 2500, 0. 095; 0. 3100; 0. 095
| 4 | 1 0. 2000} 0. 8600} 0. 2500} 0. 2500} 0.118; 0. 4557} 0.118
| 5 | 1 0. 2000} 0. 9100} 0. 2500} 0. 2500} 0. 144} 0. 3496 0. 144
| 6 | | 0. 2000, 0. 9400, 0. 2500, 0. 2500, 0.171; 0. 4675 0.171
| 7 | 0. 2000, 1. 0000, 0. 2500, 0. 2500, 0. 186, 0. 5884, 0. 186
| 8 | 1 0. 2000} 1. 0000; 0. 2500} 0. 2500} 0. 188; 0. 7106} 0. 188
| 9 | 1 0. 2000} 1. 0000; 0. 2500} 0. 2500} 0. 205} 0. 5244} 0. 205
110+ | | 0. 2000} 1. 0000; 0. 2500} 0. 2500} 0. 242} 0. 5244} 0.242
Femm oo [ - [ - [ Fomemmaeas [ I [ [ [ 1
i Unit | MIlions] - H - H - H - i Ki | ogr ans; - i Ki | ogr ans;
Fo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e mm e mmmm o mmmmm o m——— = =
Not es: Run nane : MANMMDS

Date and tine: 04MAYO0O: 19: 49
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Table 6.5.2 Prediction with management option table

09: 21 Thur sday,

Year

+
'

|

+

| F | Reference] Stock | Sp.stock] Catch inj} F | Reference] Stock | Sp.stock] Catch in]
| Factor | F | biomass | biomass | weight | Factor | F | biomass | biomass | weight |
LR LR LR LR LR LR LR LR L L
! 1.0000!  0.4342! 4762068! 2755821! 1135781  0.0000!  0.0000! 4174256! 2476166! 0
! . ! . ! N N .1 0.1000!  0.0434! .1 2452567! 107526
! ! ! ! N .1 0.2000! 0.0868! .1 2420212! 211096
! ! ! ! ! .1 0.3000! 0.1303! .1 2406100! 310873
! ! ! ! ! . 0.4000!  0.1737! .1 2383228! 407016
! ! ! ! ! .1 0.5000!  0.2171! .1 2360594! 499672
! ! ! ! ! .1 0.6000!  0.2605! .1 2338193! 588984
! ! ! ! ! .1 0.7000!  0.3040! .1 2316025! 675091
! ! ! ! ! .1 0.8000! 0.3474! .1 2294087! 758121
! ! ! ! ! .1 0.9000!  0.3908! .1 2272375! 838201
! ! ! ! ! .1 1.0000!  0.4342! .1 2250888! 915449
! ! ! ! ! .1 1.1000!  0.4777! .1 2220622! 989980
! ! ! ! ! .1 1.2000!  0.5211! .1 2208577! 1061904
! ! ! ! ! .1 1.3000!  0.5645! .1 2187748! 1131325
! ! ! ! ! .1 1.4000!  0.6079! .1 2167134 1198344
! ! ! ! ! .1 1.5000!  0.6514! .1 2146733! 1263055
! ! ! ! ! .1 1.6000!  0.6948! .1 2126542 1325551
! ! ! ! ! .1 1.7000!  0.7382! .1 2106559 1385920
! ! ! ! ! .1 1.8000!  0.7816! .1 2086781! 1444246
! ! ! ! ! .1 1.9000!  0.8251! .1 2067207! 1500609
! ! ! N N .1 2.0000! 0.8685! .1 2047834! 1555086
LR LR LR LR LR LR LR LR L L
| - | - I Tonnes | Tonnes | Tonnes | - | - i Tonnes | Tonnes | Tonnes |
e o e e e e e e e e e e e e e e e e e e e e e

Not es: Run nane : MANMMDS
Date and tine 04NMAY0O0: 19: 49
Conmput ation of ref. F: Sinple nean, age 3 - 7

Basis for 2000

176

May 4, 2000
Bl ue whiting conbined stock (Sub-areas I-1X, Xl

& X'V)
Prediction with nanagenent option table

Year: 2001

F factors
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Year :

Stock |
bi omass |
+

4799559
4684131
4573003
4465998
4362944
4263678
4168044
4075893
3987081
3901473!
3818938
3739351
3662593
3588548
3517109!
3448170!
3381632!
3317397
3255376
3195479
3137623

2002 |
|
|
Sp. st ock}
bi onass |
I

|

2966404}
2839608}
2719039}
2604370}
2495289}
2391503}
2292737}
2198727}
2109227}
2024002}
1942831}
1865506
1791828,
1721611}
1654677
1590859;
1529999}
1471947,
1416560}
1363705}
1313255}

I



Table 6.6.1.1. Run 1 Total Landings

2000 2001

2002

2003

2004

2005

2006

2007

2008

2009

5th %ile 7.45E+05 6.85E+05 6.09E+05 5.85E+05
25th %ile 1.01E+06 8.66E+05 7.79E+05 7.51E+05
50th %ile 1.20E+06 1.01E+06 9.28E+05 8.82E+05
75th %ile 1.44E+06 1.17E+06 1.10E+06 1.07E+06
95th %ile 1.95E+06 1.57E+06 1.42E+06 1.42E+06

4.91E+05 4.23E+05 3.89E+05 3.33E+05 3.29E+05 2.81E+05
6.61E+05 6.10E+05 6.00E+05 5.81E+05 5.68E+05 5.59E+05
8.01E+05 7.50E+05 7.53E+05 7.43E+05 7.33E+05 7.30E+05
9.80E+05 9.70E+05 9.60E+05 9.61E+05 9.51E+05 9.25E+05
1.42E+06 1.37E+06 1.47E+06 1.56E+06 1.44E+06 1.42E+06

Run 1 Fishing Mortality

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
5th %ile 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
25th %ile 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36
50th %ile 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47
75th %ile 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61
95th %ile 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
Run 1 Recruitment

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
5th %ile 5.48E+06 5.50E+06 5.18E+06 4.76E+06 4.81E+06 4.15E+06 3.47E+06 3.30E+06 2.59E+06 2.09E+06
25th %ile 1.03E+07 1.02E+07 9.84E+06 9.31E+06 8.95E+06 8.24E+06 7.92E+06 8.34E+06 7.62E+06 8.39E-+06
50th %ile 1.37E+07 1.37E+07 1.35E+07 1.37E+07 1.32E+07 1.28E+07 1.29E+07 1.27E+07 1.23E+07 1.29E+07
75th %ile 2.43E+07 2.43E+07 2.43E+07 2.43E+07 2.40E+07 2.42E+07 2.42E+07 2.13E+07 2.02E+07 2.39E+07
95th %ile 4.96E+07 5.03E+07 5.72E+07 4.86E+07 4.87E+07 4.71E+07 5.20E+07 4.32E+07 4.75E+07 4.82E+07
Run 1 Stock Size

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
5th %ile 1.70E+06 1.21E+06 9.88E+05 9.08E+05 7.27E+05 6.27E+05 5.65E+05 4.59E+05 4.11E+05 3.92E+05
25th %ile 2.37E+06 1.86E+06 1.62E+06 1.45E+06 1.35E+06 1.28E+06 1.26E+06 1.21E+06 1.20E+06 1.17E+06
50th %ile 2.87E+06 2.37E+06 2.16E+06 1.99E+06 1.88E+06 1.89E+06 1.89E+06 1.90E+06 1.85E+06 1.82E+06
75th %ile 3.60E+06 3.17E+06 2.91E+06 2.71E+06 2.66E+06 2.58E+06 2.65E+06 2.64E+06 2.59E+06 2.63E-+06
95th %ile 4.71E+06 4.25E+06 4.27E+06 4.06E+06 3.92E+06 4.02E+06 4.08E+06 4.09E+06 3.98E+06 3.99E-+06
Run 1 Risk to SSB

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Risk  3.20E-02 1.08E-01 1.94E-01 2.80E-01 3.14E-01 3.40E-01 3.50E-01 3.72E-01 3.66E-01 3.78E-01
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Table 6.6.1.2. Run 2 Total Landings

2000 2001

2002

2003

2004

2005 2006

2007

2008

2009

5th %ile 7.09E+05 4.74E+05 4.81E+05 4.77E+05
25th %ile 9.55E+05 6.17E+05 6.18E+05 6.44E+05
50th %ile 1.19E+06 7.24E+05 7.38E+05 7.76E+05
75th %ile 1.45E+06 8.62E+05 8.87E+05 9.29E+05
95th %ile 1.94E+06 1.13E+06 1.21E+06 1.36E+06

4.51E+05 4.31E+05 4.22E+05 4.21E+05 4.30E+05 4.09E+05
6.15E+05 5.84E+05 5.98E+05 6.08E+05 5.89E+05 5.85E+05
7.22E+05 7.04E+05 7.18E+05 7.26E+05 7.21E+05 7.15E+05
8.85E+05 8.78E+05 8.77E+05 9.02E+05 8.80E+05 8.73E+05
1.28E+06 1.34E+06 1.28E+06 1.41E+06 1.28E+06 1.40E+06

Run 2 Fishing Mortality
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
5th %ile 0.22 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
25th %ile 0.34 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
50th %ile 0.45 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32
75th %ile 0.60 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42
95th %ile 0.99 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69
Run 2 Recruitment
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
5th %ile 5.49E+06 5.51E+06 5.14E+06 5.37E+06 5.38E+06 5.30E+06 4.55E+06 5.24E+06 5.20E+06 4.52E+06
25th %ile 1.01E+07 1.01E+07 9.45E+06 1.02E+07 9.54E+06 9.18E+06 8.98E+06 9.33E+06 9.41E+06 9.17E+06
50th %ile 1.40E+07 1.35E+07 1.36E+07 1.34E+07 1.38E+07 1.31E+07 1.35E+07 1.30E+07 1.36E+07 1.35E+07
75th %ile 2.43E+07 2.42E+07 2.41E+07 2.42E+07 2.43E+07 2.43E+07 2.43E+07 2.31E+07 2.43E+07 2.41E+07
95th %ile 4.99E+07 4.37E+07 4.40E+07 4.60E+07 5.88E+07 5.57E+07 5.52E+07 4.49E+07 5.27E+07 4.41E+07
Run 2 Stock Size
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
5th %ile 1.54E+06 1.15E+06 1.11E+06 1.03E+06 9.60E+05 9.07E+05 9.25E+05 9.64E+05 9.54E+05 9.05E+05
25th %ile 2.35E+06 1.93E+06 1.94E+06 1.88E+06 1.81E+06 1.80E+06 1.87E+06 1.88E+06 1.85E+06 1.84E+06
50th %ile 2.98E+06 2.56E+06 2.53E+06 2.48E+06 2.42E+06 2.42E+06 2.39E+06 2.50E+06 2.43E+06 2.39E+06
75th %ile 3.46E+06 3.16E+06 3.28E+06 3.29E+06 3.16E+06 3.21E+06 3.27E+06 3.26E+06 3.33E+06 3.31E+06
95th %ile 4.82E+06 4.65E+06 4.67E+06 5.08E+06 4.91E+06 4.92E+06 5.18E+06 5.37E+06 5.32E+06 5.43E+06
Run 2 Risk to SSB
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Risk  4.40E-02 1.28E-01 1.26E-01 1.36E-01 1.54E-01 1.48E-01 1.38E-01 1.48E-01 1.44E-01 1.42E-01
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Table 6.6.1.3. Run 3 Total Landings

2000 2001

2002

2003

2004

2005 2006

2007

2008

2009

5th %ile 7.41E+05 3.51E+05 3.78E+05 4.14E+05
25th %ile 9.59E+05 4.57E+05 4.93E+05 5.30E+05
50th %ile 1.18E+06 5.47E+05 5.94E+05 6.45E+05
75th %ile 1.43E+06 6.59E+05 7.07E+05 7.77E+05
95th %ile 1.85E+06 8.21E+05 9.39E+05 1.07E+06

4.21E+05 4.13E+05 4.22E+05 4.27E+05 4.12E+05 4.20E+05
5.38E+05 5.31E+05 5.37E+05 5.42E+05 5.46E+05 5.54E+05
6.31E+05 6.36E+05 6.55E+05 6.58E+05 6.70E+05 6.56E+05
7.69E+05 7.81E+05 8.17E+05 8.29E+05 8.50E+05 8.33E+05
1.10E+06 1.05E+06 1.13E+06 1.15E+06 1.16E+06 1.13E+06

Run 3 Fishing Mortality

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
5th %ile 0.22 0.11 0.11 0.11 0.11 0.1 011 011 0.11 0.11
25th %ile 0.33 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
50th %ile 0.44 0.22 0.22 0.22 0.22 0.22 022 0.22 0.22 0.22
75th %ile 0.61 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
95th %ile 0.85 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42
Run 3 Recruitment
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
5th %ile 5.58E+06 5.52E+06 5.47E+06 5.44E+06 5.51E+06 5.52E+06 5.47E+06 5.54E+06 5.50E+06 5.50E+06
25th %ile 1.07E+07 9.76E+06 9.90E+06 9.83E+06 9.86E+06 9.74E+06 9.60E+06 1.03E+07 1.03E+07 9.44E+06
50th %ile 1.38E+07 1.34E+07 1.38E+07 1.28E+07 1.39E+07 1.33E+07 1.35E+07 1.41E+07 1.36E+07 1.36E+07
75th %ile 2.43E+07 2.41E+07 2.43E+07 2.40E+07 2.43E+07 2.42E+07 2.40E+07 2.39E+07 2.44E+07 2.43E+07
95th %ile 5.46E+07 4.90E+07 4.99E+07 4.26E+07 5.48E+07 5.04E+07 4.28E+07 4.36E+07 5.02E+07 5.17E+07
Run 3 Stock Size
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
5th %ile 1.71E+06 1.32E+06 1.37E+06 1.33E+06 1.46E+06 1.55E+06 1.52E+06 1.49E+06 1.54E+06 1.59E+06
25th %ile 2.36E+06 1.99E+06 2.11E+06 2.13E+06 2.21E+06 2.23E+06 2.32E+06 2.34E+06 2.29E+06 2.35E+06
50th %ile 2.91E+06 2.54E+06 2.74E+06 2.86E+06 2.91E+06 2.97E+06 3.02E+06 3.10E+06 3.12E+06 3.12E+06
75th %ile 3.59E+06 3.32E+06 3.55E+06 3.70E+06 3.81E+06 3.93E+06 3.95E+06 3.99E+06 4.02E+06 4.04E+06
95th %ile 4.88E+06 4.65E+06 4.77E+06 5.13E+06 5.31E+06 5.34E+06 5.53E+06 5.64E+06 5.96E+06 5.80E-+06
Run 3 Risk to SSB
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Risk  2.60E-02 9.20E-02 8.00E-02 6.80E-02 6.00E-02 4.60E-02 5.20E-02 5.40E-02 5.00E-02 4.80E-02
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Table 6.6.2.1. Blue whiting. Simulations with F-constraints only. Based on the 1999 assessment (WD by Skagen). For
details, see text.

Blue whiting
Medium term predictions with STPR, using input data from WGNPBW 1999 assessment

Fixed F above Bpa, sliding F between Bpa and Blim (Fatbpa=>0.05)

Risk of true B<Blim Risk of true B<Bpa
at least once in 10 years at least once in 10 years
Bpa Bpa
F 2000 2250 2500 F 2000 2250 2500
0.15 0.7 0.7 0.7 0.15 3.2 7.5 15
0.175 1 0.9 0.8 0.175 6.4 13 24.1
0.2 1.3 1.2 11 0.2 10 21.8 35.2
0.25 3.1 2.8 2.4 0.25 25.7 42.8 58.1
0.32 10.8 10.5 9.2 0.32 51.5 69.4 78.8
0.4 26 26.3 24.1 0.4 74.2 84.2 85.8
Risk of assumed B<BIlim Risk of assumed B<Bpa
at least once in 10 years at least once in 10 years
Bpa Bpa
F 2000 2250 2500 F 2000 2250 2500
0.15 12.6 12.2 11.8 0.15 37.9 55.9 71.9
0.175 15.3 15.1 14.4 0.175 45.9 64.7 78
0.2 195 18.5 17.4 0.2 54.2 71.1 83.4
0.25 30.4 28.4 26.5 0.25 69.1 84.5 91.5
0.32 49 46.8 43.2 0.32 79.9 89.5 92.8
0.4 68 64.4 60.7 0.4 84.8 90 92.3
Median of average catch years 2-10 Median of catch variation years 5-10
Bpa Bpa
F 2000 2250 2500 F 2000 2250 2500
0.15 552 550 547 0.15 104 108 114
0.175 599 596 593 0.175 109 117 124
0.2 639 636 632 0.2 116 127 135
0.25 701 696 689 0.25 140 149 156
0.32 759 748 740 0.32 172 179 186
0.4 796 787 778 0.4 200 208 216
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Table 6.6.2.2. Blue whiting. Results of simulations with F-constraints and catch ceiling

Blue whiting

Medium term predictions with STPR, using input data from WGNPBW 1999 assessment
Regimes with catch ceiling and sliding F between Bpa and Blim (Fatpa=>0.05)

Risk of true B<Blim at least once in 10 years

Catch ceiling 500 Catch ceiling 650
Bpa=> Bpa=>
F at B>Bpa 2000 2250 2500 F at B>Bpa 2000 2250
0.2 1 1 1 0.2 1 1
0.25 1 1 1 0.25 2 2
0.32 1 1 1 0.32 3 2
0.4 1 1 1 0.4 3 3
Risk of true B<Bpa at least once in 10 years
Catch ceiling 500 Catch ceiling 650
Bpa=> Bpa=>
F at B>Bpa 2000 2250 2500 F at B>Bpa 2000 2250
0.2 4 8 12 0.2 6 13
0.25 5 9 13 0.25 11 18
0.32 6 10 14 0.32 14 20
0.4 6 10 14 0.4 16 22
Median average catch years 2-10
Catch ceiling 500 Catch ceiling 650
Bpa=> Bpa=>
F at B>Bpa 2000 2250 2500 F at B>Bpa 2000 2250
0.2 488 483 474 0.2 573 568
0.25 500 493 483 0.25 602 594
0.32 500 500 492 0.32 620 609
0.4 500 500 500 0.4 629 617
Median SSB in year 10
Catch ceiling 500 Catch ceiling 650
Bpa=> Bpa=>
F at B>Bpa 2000 2250 2500 F at B>Bpa 2000 2250
0.2 4081 4102 4138 0.2 3521 3549
0.25 4041 4080 4106 0.25 3371 3405
0.32 4016 4051 4082 0.32 3292 3347
0.4 4015 4036 4054 0.4 3257 3308
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2500
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Table 6.6.2.2 cont.

Risk of true B<Blim at least once in 10 years

Catch ceiling 800

Bpa=>
F at B>Bpa 2000
0.2 1
0.25 2
0.32 5
0.4 7

2250

o AN

2500

g w

Risk of true B<Blim at least once in 10 years

Catch ceiling 800

Bpa=>
F at B>Bpa 2000
0.2 8
0.25 16
0.32 25
0.4 30

Median average catch years 2-10

Catch ceiling 800

Bpa=>
F at B>Bpa 2000
0.2 614
0.25 660
0.32 697
0.4 716

Median SSB in year 10

Catch ceiling 800

Bpa=>
F at B>Bpa 2000
0.2 3263
0.25 3015
0.32 2795
0.4 2706
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2250
17
27
36
40

2250
608
651
685
702

2250
3285
3050
2859
2775

2500
603
643
672
688

2500
3331
3108
2938
2848
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No catch ceiling

Bpa=>
F at B>Bpa
0.2
0.25
0.32
0.4

No catch ceiling

Bpa=>
F at B>Bpa
0.2
0.25
0.32
0.4

No catch ceiling

Bpa=>
F at B>Bpa
0.2
0.25
0.32
0.4

No catch ceiling

Bpa=>
F at B>Bpa
0.2
0.25
0.32
0.4

2000
1

3

11
26

2000
10
26
52
74

2000
639
701
759
796

2000
3051
2691
2348
2114

2250

11
26

2250
22
43
69
84

2250
636
696
748
788

2250
3081
2739
2411
2177

2500

24

2500
35
58
79
86

2500
632
689
740
778

2500
3112
2777
2468
2245



Table 6.8.1

Total catches of BLUE WHITING in 1978-1999 divided into areas within and beyond areas of national
fisheries jurisdiction of NEAFC contracting parties, as estimated by the Working Group members .

Note that the total column does not quite coincide with the total catch in the assessment. The reason is that not all
countries are listed in this table.

Norway

Year International Jan Mayen Iceland  Greenland Faroes EU Total (1)

1978 136,504 - 67,391 26,444 6.580 195,361 136,421 568,701
(24 %) (12 %) (5 %) (1 %) (34 %) (24 %)

1979 614,734 - 75,545 15,117 204 224,202 191,564 1,121,365
(55 %) (7 %) (1 %) (0 %) (20 %) (17 %)

1980 567,693 - 152,095 4,562 8,757 164,342 160,361 1,057,810
(54 %) (14 %) (0 %) (1 %) (16 %) (15 %)

1981 168,681 123,000 215,004 7,751 - 174,801 203,223 892,460
(19 %) (14 %) (24 %) (1 %) (20 %) (23 %)

1982 22,993 - 130,435 5,797 - 125,072 279,474 563,771
(4 %) (23 %) (1 %) (22 %) (50 %)

1983 15,203 - 109,675 7,000 - 91,804 325,816 549,498
(3 %) (20 %) (1 %) 17 %) (59 %)

1984 18,407 - 150,603 105 - 124,905 313,591 607,611
(3 %) (25 %) (0 %) 21 %) (52 %)

1985 38,978 - 114,785 - - 196,003 335,162 684,928
(6 %) (17 %) (29 %) (49 %)

1986 20,665 - 187,768 - 116 171,074 408,338 787,961
(3 %) (24 %) (0 %) (22 %) (52 %)

1987 103,535 - 109,201 - - 135,980 267,045 615,761
(17 %) (18 %) (22 %) (43 %)

1988 65,172 - 38,449 - - 157,368 265,182 526,171
(12 %) (7 %) (30 %) (50 %)

1989 137,093 - 68,817 4,977 - 101,177 318,033 630,097
(22 %) (11 %) (1 %) (16 %) (50 %)

1990 88, 509 - 39,160 - - 115,308 318,710 561,687
(16 %) (7 %) (21 %) (57 %)

1991 51,950 - 72,309 - - 99,268 197,522 421,049
(12 %) (17 %) (24 %) (47 %)

1992 47,786 - 66,333 - - 135,294 253,754 503,167
(9 %) (13 %) 27 %) (50 %)

1993 69,213 - 47,917 - - 112,773 249,094 478,997
(14 %) (10 %) (24 %) (52 %)

1994 68,926 - 36,933 - - 133,678 218,303 457,840
(15 %) (8 %) (29 %) (48 %)

1995 82,784 - 98,034 369 - 107,483 290,010 578,680
(14,0 %) - (17,0 %) (0 %) - (19,0 %) (50,0 %)

1996 34,788 - 67,977 302 - 111,627 387,209 601,903
(5,7 %) (11,3 %) (0 %) - (18,6 %) (64,4 %)

1997 46,961 - 53,592 10,464 - 151,791 368,398 634,206
(7.9%) (8.5%) (1.6%) (23.9%) (58.1%)

1998EI 271,873 4,770 105,674 90,649 - 129,799 498,399 1,101,670
(24.7 %) (0.4%) (9.6%) (82%) - (11.8%) (452%)

1999 276,256 + 73,623 111,504 - 224,588 426,557 1,112,624
(24,8%) (6,6%) (10,0%) - (20,3%) (38,3%)

* The catch by zones in 1998 was estimated according to the procedure developed in the NEAFC Workshop meetings
on mackerel and blue whiting in Aberdeen 1998 and in Torshavn in1999, where a database on zonal attachment was

developed.
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Tahle 6.10.1 ELUE WHITING. Sampling in fishery during 1995,

Country No. of No. fish No. fish
samples aged measured

DIRECTED FISHERIES

Faroe Islands 14 1400 3270
Ireland b 2083 4230
Metherlands 21 3526
Marway a1 2625 =i atall]
Fussia 136 281 18793

MI=ED INDUSTRIAL FISHERIES

Denmark ] 240
Marway 55 2200 7701
SOUTHERM FIZSHERIES

Fartugal 209 R, 210659
=pain 350 812 29519
Country No. of No. fish No. fish

samples aged measured

TOTAL S06 11623 27423
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Portuguese bottom trawl survey (Summer) Portuguese bottom trawl survey (Autumn)

250 400
350
200 300
5 150 5 250 {
2 2 200 s
2 100 { { 2150 { {
3 100 { 3 k3
50 z
s ¢ Te ox G, 50 t L * . }
0+ L + + + + + + + + + 1 0~ t t t t t t t t L t T
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999
Year Year

Spanish Bottom Trawl Surveys

émo { I }
xso Ii 3 I; I;I

T

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999
Year

Figure 6.4.2.1 - Mean catch rates in the bottom trawl surveys from the southern area.
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Separable Model Diagnostics
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Figure 6.6.1.3. Run 3
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Figure 6.6.2.1. Blue Whiting. Risk of passing below Blim at least once in 10 years at fixed catch regime. Simulations
based on the 1999 assessment (WD by Skagen).
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7 ICELANDIC SUMMER-SPAWNING HERRING
7.1 The fishery

The catches of summer-spawning herring from 1979-1999 are given in Tables 7.1.1, 7.1.2 and 7.1.3. No estimate of
discards was made for the 1999/2000 season. The fishery started in September and terminated in January. The catch in
September-January was 92 896 t, see Table 7.1.2. The purse-seine fishery took place off the east coast of Iceland in
September through November, but west of Iceland in November -January. The pelagic trawl fishery took place both
east and west of Iceland in October-December, but only east of Iceland in January. In the 1997/98 season 59% of the
catch was taken by purse seiners, 78% in 1998/99 and 61% in 1999/2000. The remaining 41%, 22% and 39% were
taken by pelagic trawl.

The proportion used for reduction to meal and oil decreased from 74% in 1992/93 to 23% in 1996/97, it increased to
29% in 1997/98, then to 72% in 1998/99 and was 69% in the 1999/2000 season. The remainder of the catch was either
salted or frozen for human consumption.

Until 1990, the herring fishery took place during the last three months of the calendar year, but since 1990 the autumn
fishery has continued in January and early February of the following year. In 1994 the fishery started in September.
Therefore, all references to the years 1990-1993 imply seasons starting in October of that year, but after that in
September. Landings, catches and recommended TACs since 1984 are given in thousand tonnes in Table 7.1.1.

7.2 Catch in numbers, weight at age and maturity

The catches in numbers at age for the Icelandic summer-spawners for the period 1979-1999 are given in Table 7.1.3.
As usual, age is given in rings where age in years equals the number of rings+1.

During the 1995/96 - 1997/98 seasons, the catches were mainly distributed on the 4 year classes from 1988—1991. The
catch in numbers of 2-ringers, i.e. the 1994 year class, was 11% of the total number caught in the 1997/98 season. This
1994 year class dominated in the catch of 1998/99 and in 1999/2000.

The weight at age for each year is given in Table 7.2.1 and the proportion mature at age is given in Table 7.2.2. The
most striking feature of these parameters in this stock is that, despite inter-annual variations, the weights at age as well
as other biological variables have remained relatively stable over a wide range of stock sizes and fluctuations of
environmental conditions of Icelandic waters.

7.3 Acoustic surveys

The Icelandic summer-spawning herring stock has been monitored by annual acoustic surveys since 1973. These
surveys have been carried out in October-December or January. During a survey carried out during 25 November — 9
December 1999, an estimate was obtained of the adult stock in open waters east of Iceland, and estimates of 1 year old
herring in Icelandic coastal waters were made. The estimated size of the adult stock was 80 000 t. West of Iceland an
acoustic survey was carried out 11.-14. January 2000 and an estimate was obtained of the adult stock there. The total
abundance of herring in this area was estimated to be 385 000 t.

Since mid-1996 there have been large changes in the marine environment of Icelandic waters (cf. Section 2.3). The
main feature is an increased flow of warm and saline Atlantic water to the south and west of Iceland and, to some
degree also eastwards off the north coast especially in 1999. There is little doubt that the changed environment has
resulted in a wider distribution of the Icelandic summer-spawning herring in autumn and winter. This is supported by
the observation that summer spawning herring were caught at almost all trawl stations off the west, northwest and
western north coast of Iceland during groundfish surveys in October 1997, 1998 and 1999.

According to the 1999/2000 acoustic assessment surveys, the abundance of the 1992, 1993 and 1995 year classes is low.
On the other hand, the abundance of the 1994 and 1996 year classes is above average. The 1997 year class is greater
than the average of the same age group over the last ten years. This is the first estimate available for this year class. The
results from the acoustic survey indicate that the 1998 year class is above average.

The sum of results obtained in the autumn 1999 and the winter 2000 acoustic surveys have been used as the basis for
the present assessment of 4-ringed (5-ringed on 1 January) and older herring (Table 7.3.1).
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Jakobsson et al. (1993) formally tested whether it was feasible to maintain a one-to-one relationship between acoustic
and VPA estimates of stock size. It was found that a modification of the target strength, from TS=21.7 log(L) - 75.5 dB
to TS=20 log(L)-72 dB, gave a much better fit between the two data sets. The resulting target strength TS =20 log(L) -
72 dB was used to recalculate historic acoustic stock assessments. This TS = 20 log(L) - 72 dB has been the basis of
calculations of stock abundance from acoustic survey data since 1993.

7.4 Stock assessment

Using the results from the acoustic survey and the catch in numbers a first estimate of F was made. The results are
given in Table 7.4.1 as F,.. In this analysis, 5-ringers and older have been grouped for estimating the fishing mortality
for the oldest herring, whereas the fishing mortality on 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. When the abundance of juvenile 2—4 ringed herring
has been assessed by acoustic surveys, the resulting abundance estimates have been used in the tuning process. In cases
where no such information is available for the youngest age group (2 ringers) the size of this age group is set at 400
millions, which is close to the lower quartile of the recruitment observed since 1980.

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+ group from the VPA and from the acoustic estimates, was computed. A plot of these values
is shown in Figure 7.4.1. 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 0.164. The
confidence intervals (0.13, 0.21) for the fitted terminal F values are obtained as described by Halldérsson et al. (1986)
and Stefdnsson (1987) by using the tabled F-distribution to set limits on the SSE and finding the terminal F values
corresponding to these limits (Figure 7.4.1). The resulting stock trend from VPA is plotted together with the acoustic
estimates in Figure 7.4.2 and the relationship between the two estimates is shown in Figure 7.4.3.

Like last year an XSA was run with a result similar to last year, i.e. about 20% lower stock. Retrospective plots (Figure
7.4.4) showed more consistency using the ADAPT-type of assessment than obtained by the XSA. Therefore it was
decided to retain the ADAPT-type. However, the retroplot showed that the terminal F values were underestimated in
the last 4 years. Therefore the terminal F this year was increased by 12.5%, which is the mean underestimate of the last
4 years, resulting in a F of 0.185.

Using the catch data given in Table 7.1.3 and the fitted values of fishing mortalities given in Table 7.4.1, a final VPA
was run, using a natural mortality rate of 0.1 for all age groups and the proportion of M before spawning as 0.5. Fishing
mortality at age for 1980-1999 and stock in numbers at age and spawning stock biomass on 1 July 1980-1999 are given
in Tables 7.4.2 and 7.4.3 respectively. The standard stock summary is given in Table 7.4.4 and the standard plots of the
time series of spawning stock biomass and recruitment and trends in yield and fishing mortality are shown in Figure
7.4.5. In the absence of reliable abundance estimates for the 1996, 1997 and 1998 year classes, the RCT3 programme
was used. It estimated the sizes of these year classes as 1075, 768 and 912 million respectively (see Tables 7.4.5 and
7.4.6).

According to the present assessment, the spawning stock biomass was about 507 000 t on 1 July 1999 which is about
the same as last year.

7.5 Catch and stock projections

The input data for the projections are given in Table 7.5.1. Although the variations of mean weight at age are relatively
small with regard to the extreme variations of environmental conditions and changes in stock size, observed during the
past decades, an earlier Working Group found that a simple model of the interannual variation explains a statistically
significant portion of the variance in weight at age (ICES 1993/Assess:6).

Like in previous years, a regression of increase in weight on mean weight in the previous year has been used to predict
the weight at age for 2—8 ringers, using as input the weight at age for 1-7 ringers in the year before. Data for the
regression included the period 1989—-1999 as starting years. For 1 ringers and 9+ ringers, a simple average of mean
weights at age for the period 1995-1999 was used for the prediction. Weights at age for 2—8 ringers in the catch were
obtained using the relationship:

Wyii - Wy =-0.1976 * W, + 81.9884 (g)

where W, and Wy, are the mean weight of the same year class in year y and y+1 respectively.
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As a selection pattern, the mean selection pattern of 1995-1998 is used, assuming 1 on 4 ringers and older.

Outputs of the prediction, assuming catches corresponding to a fishing mortality rate of F,;=0.22, are given in Table
7.5.2, and projections of spawning stock biomass and catches (tonnes) for a range of values of Fs are given in Table
7.5.3.

In 2000, it is expected that the largest contribution in numbers at age will be herring of the 1994 and 1996 year classes,
i.e 6 and 4-ringed herring. In 2001, the 1994 and the 1996 year classes will have the largest contribution to the total
catch in numbers.

Yield per recruit, spawning stock per recruit and short-term yield and spawning stock biomass are shown in Figure
7.5.1, using the long-term average (1980-1999) values given in Table 7.5.4.

7.6 Management consideration

During the last 20 years the Icelandic summer-spawning herring stock has been managed at levels corresponding fairly
closely to fishing at F ;. Exploiting the stock at a fishing mortality rate of Fy;=0.22 during the 2000/2001 season would
result in a catch of about 110 000 t (Table 7.5.2 and 7.5.3). The spawning stock biomass in 2000 is expected to be about
580 000 t and about 600 000 t in the year 2001. This is due to the very large contribution of the 1994 and 1996 year
classes. Harvesting 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 been further
reduced.

The Working Group points out that managing this stock at an exploitation rate at or near Fy; has been successful in the
past. Thus the Working Group agreed in 1998 with the SGPAFM on using F,,=F;,=0.22, B,,=Bjine"***°=300 000 t
where Bj;;;=200 000 t.

Jakobsson and Stefansson (1999) made a risk analysis and stated that the probability of stock collapse needs no further
consideration as long as the target fishing mortality is kept below 0.25. The present F for this stock is estimated to be
0.185 which is well below F,,=0.22. Furthermore, the spawning stock is 507 000 t compared to B,,=300 000 t.
Therefore, the stock is in a healthy state and well above any “alarm level”.

7.7 Stock and recruitment

Part of the analysis by Jakobsson et al. (1993) was repeated for the time series of spawning stock biomass and
recruitment in the period 1947-1996. A stock recruitment relationship is shown in Figure 7.7.1 along with the lines used
to identify the parameters Fyjgn, Fineq and Foy,.

7.8 Sampling
Investigation No. of samples Length measured individuals | Aged individuals
Fishery 78 4183 3723
Acoustic, wintering area | 8 2934 703
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Table 7.1.1 Icelandic summer spawners. Landings, catches and recommended TACs in thousand tonnes.

Year Landings Catches Recommended

TACs
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 97.3 101.0 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
1996/1997 95.9 95.9 100.0
1997/1998 64.7 64.7 100.0
1998/1999 87.0 87.0 90.0
1999/2000* 92.9 92.9 100.0
*Preliminary

Table 7.1.2 Icelandic summer spawners. Catch in tonnes by Icelandic squares, ICES rectangles and months.

Icelandic ICES September October | November December January
squares rectangels 1999 1999 1999 1999 2000
363 30 40
365 10
366 1230 620
367 55 D2 830
373 56 Co 110
412 57D7 625 870 350 241 2326
413 57 D6 2332 5318 70
414 57 D5 200
424 57C5 3620 843
425 57C4 4025 89
426 57C3 710
461 304
462 58 D7 226 2200 228 628
463 1535
473 58 Co 200 380
474 58 C5 310 246
475 58 C4 8426 3496 1292
476 58 C3 400 7848 2394 1539
511 59 D8 823
512 59 D7 230 10 1989
525 1716 739
526 4465 9146
561 60 D8 470 773
562 60 D7 805 2145 1944
563 60 D6 5717 5021 25
612 59 D7 375
613 280
614 60
Total 3194 19250 34800 18893 16759
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Table 7.1.3 Icelandic summer spawners. Catch in numbers (millions) and total catch in weight
(thous. tonnes). Age in years is number of rings+1.

Rings/Year 1979 1980 1981 1982 1983 1984 1985
1 0.929 3.147 2.283 0.454 1.475 0.421 0.112
2 15.098 14.347 4.629 19.187 22.499 18.015 12.872
3 47.561 20.761 16.771 28.109 151.718 32.244 24.659
4 69.735 60.727 12.126 38.280 30.285 141.354 21.656
5 16.451 65.328 36.871 16.623 21.599 17.043 85.210
6 8.003 11.541 41.917 38.308 8.667 7.113 11.903
7 26.040 9.285 7.299 43.770 14.065 3.916 5.740
8 3.050 19.442 4.863 6.813 13.713 4.113 2.336
9 1.869 1.796 13.416 6.633 3.728 4.517 4.363
10 0.494 1.464 1.032 10.457 2.381 1.828 4.053
11 0.439 0.698 0.884 2.354 3.436 0.202 2.773
12 0.032 0.001 0.760 0.594 0.554 0.255 0.975
13 0.054 0.110 0.101 0.075 0.100 0.260 0.480
14 0.006 0.079 0.062 0.211 0.003 0.003 0.581
Catch 45.072 53.268 39.544 56.528 58.867 50.304 49.368
Rings/year 1986 1987 1988 1989 1990 1991 1992
1 0.100 0.029 0.879 3.974 11.009 35.869 12.006
2 8.172 3.144 4.757 22.628 14.345 92.758 79.782
3 33.938 44.590 41.331 26.649 57.024 51.047 131.543
4 23.452 60.285 99.366 77.824 34.347 87.606 43.787
5 20.681 20.622 69.331 188.654 77.819 33.436 56.083
6 77.629 19.751 22.955 43.114 152.236 54.840 41.932
7 18.252 46.240 20.131 8.116 32.265 109.418 36.224
8 10.986 15.232 32.201 5.897 8.713 9.251 44.765
9 8.594 13.963 12.349 7.292 4.432 3.796 9.244
10 9.675 10.179 10.250 4.780 4.287 2.634 2.259
11 7.183 13.216 7.378 3.449 2.517 1.826 0.582
12 3.682 6.224 7.284 1.410 1.226 0.516 0.305
13 2918 4.723 4.807 0.844 1.019 0.262 0.203
14 1.788 2.280 1.957 0.348 0.610 0.298 0.102
Catch 65.500 75.439 92.828 101.000 105.097 109.489 108.504
Rings/Year 1993 1994 1995 1996 1997 1998 1999
1 0.869 6.225 7.411 1.100 9.323 16.161 0.629
2 35.560  110.079 26.221 18.723 27.072 37.787 43.537
3 170.106 99.377  159.170 45.304 28.397  151.853 65.871
4 87.363 150.310 86.940 92.948 29.451 42.833 145.127
5 25.146 90.824  105.542 69.878 42.267 19.872 24.653
6 28.802 23.926 74.326 86.261 35.285 30.280 20.614
7 18.306 20.809 20.076 37.447 28.506 22.572 25.853
8 24.268 19.164 13.797 13.207 21.828 32.779 21.163
9 14.318 17.973 8.873 6.854 8.160 14.366 14.436
10 3.639 16.222 9.140 4.012 3.815 4.802 6.973
11 0.878 2.955 7.079 1.672 1.696 2.199 2.164
12 0.300 1.433 2.376 4.179 6.570 1.084 2.426
13 0.200 0.345 0.927 1.672 1.378 5.081 0.473
14 0.100 0.345 0.124 0.100 1.802 3.036 0.961
Catch 102.741 134.003  125.851 95.882 64.682 86.998 92.896

200

ON\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc




Table 7.2.1 Icelandic summer spawners. Weight at age (g). Age in years is number of rings+1.

Rings/Year 1979 1980 1981 1982 1983 1984 1985
1 75 69 61 65 59 49 53
2 145 115 141 141 132 131 146
3 182 202 190 186 180 189 219
4 231 232 246 217 218 217 266
5 285 269 269 274 260 245 285
6 316 317 298 293 309 277 315
7 334 352 330 323 329 315 335
8 350 360 356 354 356 322 365
9 367 380 368 385 370 351 388
10 368 383 405 389 407 334 400
11 371 393 382 400 437 362 453
12 350 390 400 394 459 446 469
13 350 390 400 390 430 417 433
14 450 390 400 420 472 392 447

Rings/Year 1986 1987 1988 1989 1990 1991 1992
1 60 60 75 63 75 74 63
2 140 168 157 130 119 139 144
3 200 200 221 206 198 188 190
4 252 240 239 246 244 228 232
5 282 278 271 261 273 267 276
6 298 304 298 290 286 292 317
7 320 325 319 331 309 303 334
8 334 339 334 338 329 325 346
9 373 356 354 352 351 343 364
10 380 378 352 369 369 348 392
11 394 400 371 389 387 369 444
12 408 404 390 380 422 388 399
13 405 424 408 434 408 404 419
14 439 430 437 409 436 396 428

Rings/Year 1993 1994 1995 1996 1997 1998 1999 2000*
1 74 67 69 78 62 78 64 70
2 150 135 129 140 137 147 143 134
3 212 204 178 166 197 184 211 197
4 245 249 236 208 234 213 236 251
5 288 269 276 258 270 246 268 272
6 330 302 292 294 299 286 300 297
7 358 336 314 312 323 314 318 323
8 373 368 349 324 342 341 349 337
9 387 379 374 360 358 351 347 360
10 401 398 381 349 363 354 377 373
11 425 387 400 388 373 350 359 388
12 387 421 409 403 412 372 403 400
13 414 402 438 385 394 400 408 410
14 420 390 469 420 429 437 445 425

* Predicted
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Table 7.2.2 Icelandic summer spawners. Proportion mature at age.
Age in years is number of rings+1.

Rings/Year 1979 1980 1981 1982 1983 1984 1985
1 0.000 0.000 0.000 0.020 0.000 0.000 0.000
2 0.070 0.050 0.030 0.050 0.000 0.010 0.000
3 0.650 0.920 0.650 0.850 0.640 0.820 0.900
4 0.980 1.000 0.990 1.000 1.000 1.000 1.000
5 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8 1.000 1.000 1.000 1.000 1.000 1.000 1.000
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000
10 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 1.000 1.000 1.000 1.000 1.000 1.000 1.000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Rings/Year 1986 1987 1988 1989 1990 1991 1992
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.030 0.010 0.045 0.060 0.000 0.013 0.020
3 0.890 0.870 0.900 0.930 0.780 0.720 0.930
4 1.000 1.000 1.000 1.000 1.000 1.000 1.000
5 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8 1.000 1.000 1.000 1.000 1.000 1.000 1.000
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000
10 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 1.000 1.000 1.000 1.000 1.000 1.000 1.000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Rings/Year 1993 1994 1995 1996 1997 1998 1999 2000*
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.049 0.054 0.157 0.049 0.160 0.265 0.074 0.166
3 0.999 1.000 0.982 0.990 0.925 0.935 0.879 0.913
4 1.000 0.992 0.998 1.000 0.989 0.995 0.977 0.987
5 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
6 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
8 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
10 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
11 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

* Predicted (mean of 97-99)
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Table 7.3.1 Acoustic estimates (in millions) of the Icelandic summer spawning herring, 1974-2000.
The surveys are conducted in October-December or January. The year given is the
following year, i.e. if the survey is conducted in the season 1973/1974, then 1974 is

given.
Rings/Year 74 75 76 17 78 79 80 81 82 83 84 85 86 87
1 - - - - - - - 625 - - - - 201 -
2 154 5 136 - 212 158 19 361 17 - 17 28 652 -
3 - 137 20 - 424 334 177 462 75 - 310 67 208 -
4 - 19 133 - 46 215 360 85 159 - 724 56 110 -
5 - 21 17 - 19 49 253 170 42 - 80 360 86 -
6 - 2 10 - 139 20 51 182 123 -39 65 425 -
7 - 2 3 - 18 111 41 33 162 - 15 32 67 -
8 - - 3 - 18 30 93 29 24 - 27 16 41 -
9 - - - - 10 30 10 58 8 - 26 17 17 -
10 - - - - - 20 - 10 46 - 10 18 27 -
11 - - - - - - - - 10 - 5 9 26 -
12 - - - - - - - - - - 12 7 16 -
13 - - - - - - - - - - - 4 6 -
14 - - - - - - - - - - - 5 6 -
15 - - - - - - - - - - - 5 1 -
5+ - 25 33 - 204 260 448 482 415 - 214 538 718 -

Rings/Year 88 89 90 91 92 93 94 95 96 97 98 99 2000
1 406 370 - 710 465 1418 183 - 845 266 1629 - 1069
2 126 725 178 805 745 254 234 - 98 792 237 - 527
3 352 181 593 227 850 858 533 - 165 65 716 188 740
4 836 249 177 304 353 687 860 - 515 139 100 790 296
5 287 381 302 137 273 160 443 - 316 459 116 240 606
6 53 171 538 176 94 99 55 - 361 280 240 101 99
7 37 42 185 387 81 87 69 - 166 410 161 73 71
8 76 23 - 40 210 44 43 - 110 150 130 47 164
9 25 30 - 10 32 92 86 - 52 101 97 77 108
10 21 16 - 2 11 39 55 - 29 50 35 47 98
11 14 10 18 - - - 2 - 16 35 15 10 15
12 17 9 - - 17 - - - 27 15 11 10 44
13 8 5 - - - - - - 19 65 43 - 5
14 6 3 - - - - - - 8 32 8 22 13
15 3 2 - - - - - - 2 - 15 - 7
5+ 547 692 1043 752 718 521 753 - 1105 1597 870 627 1230

Table 7.4.1 Icelandic summer spawners. Stock abundance and catches by age group (millions) and
fishing mortality rate. F,. is the F calculated from the acoustic survey estimates for 1-4
ringers in 1999. Foo is the F in 1999 and F, is the exploitation pattern in 1999 (used in prognosis).

Rings in Year class Acoustic Catch F. Foo Fpoo
1999 estimate 1999/2000
Dec. 99
1 1997 527 0.629 0.001 0.001 0.048
2 1996 740 43.537 0.054 0.049 0.219
3 1995 296 65.871 0.191 0.185 0.661
4+ 1994 1230 264.843 0.186 0.185 1.000
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Table 7.4.2 Icelandic summer spawners. Fishing mortality at age. Age in years is number of rings+1.

Run title : Herring summer-spawn (run: SVPAGB08/\V08)
At 28/04/2000 17:35

Traditional vpa wusing file input for terminal F

Table 8 Fishing nortality (F) at age

YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,
AGE
1, . 0131, . 0027, . 0020, . 0071, . 0009, . 0001, . 0002, . 0001, . 0018, . 0116,
2, . 0697, . 0217, . 0257, . 1164, . 1008, . 0308, . 0077, . 0058, . 0165, . 0532,
3, . 1648, . 0979, . 1589, . 2576, . 2174, . 1749, . 0957, . 0480, . 0878, . 1087,
4, . 2833, . 1229, . 2999, . 2293, . 3599, . 1988, . 2241, . 2193, . 1290, . 2117,
5, . 3255, . 2483, . 2206, . 2461, . 1748, . 3406, . 2640, . 2797, . 3728, . 3403,
6, . 2019, . 3186, . 3904, . 1535, . 1072, . 1595, . 5242, . 3835, . 5046, . 3718,
7, . 2431, . 1701, . 5658, . 2157, . 0865, . 1064, . 3463, . 6040, . 7445, . 2970,
8, . 3663, . 1736, . 2123, . 3066, . 0811, . 0615, . 2707, . 4800, 1.0113, . 4443,
9, . 1233, . 4114, . 3361, . 1544, . 1402, . 1043, . 2974, . 5720, . 7997, . 5786,
10, . 5732, . 0870, . 5759, . 1728, . 0949, . 16186, . 3132, . 6018, . 9785, . 7428,
11, . 5576, . 7254, . 2599, . 3332, . 0179, . 1825, . 4197, . 8052, 1.0751, . 9613,
12, .0017, 2.1832, 1.5429, . 0805, . 0331, . 1012, . 3472, . 6895, 1.3869, . 5267,
13, . 5094, . 2034, 1.9670, 1.1594, . 0445, . 0725, . 4320, . 8815, 1.8326, . 4898,
14, . 3220, . 5340, . 7310, . 3220, . 0760, . 1190, . 3690, . 6270, 1.0420, . 5520,
+gp, . 3220, . 5340, . 7310, . 3220, . 0760, . 1190, . 3690, . 6270, 1.0420, . 5520,
FBAR 4-14, . 3189, . 4707, . 6456, . 3067, . 1106, . 1462, . 3461, . 5585, . 8979, . 5015,
W Ave 4-14 . 297 . 246 . 366 . 224 . 255 . 228 . 360 . 379 . 294 . 313

Table 8 Fishing nortality (F) at age

YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, FBAR 97-99
AGE
1, . 0124, . 0320, . 0163, . 0010, . 0174, . 0222, . 0008, . 0179, . 0159, .0010, . 0116,
2, . 0475, . 1233, . 0831, . 0551, . 1579, . 0852, . 0646, . 0220, . 0841, .0490, . 0517,
3, . 1649, . 2121, . 2300, . 2282, . 1921, . 3188, . 1860, . 1186, . 1484, . 1850, . 1507,
4, . 1785, . 3624, . 2534, . 2105, . 2880, . 2290, . 2776, . 1589, . 2354, .1850, . 1931,
5, . 3017, . 2359, . 3696, . 2023, . 3133, . 2997, . 2595, . 1754, . 1375, . 1850, . 1660,
6, . 4481, . 3205, . 4589, . 2929, . 2687, . 4042, . 3790, . 1809, . 1647, .1850, . 1768,
7, . 4655, . 5952, . 3227, . 3302, . 3171, . 3365, . 3251, . 1846, . 1510, . 1850, . 1736,
8, . 5267, . 2086, . 4592, . 3312, . 6009, . 3194, . 3437, . 2844, . 2976, . 1850, . 2557,
9, . 6235, . 4067, . 2956, . 2312, . 3874, . 5476, . 23186, . 3286, . 2735, .1850, . 2624,
10, . 7104, . 8380, . 40086, . 1623, . 3933, . 3094, . 4535, . 1748, . 2918, .1850, . 2172,
11, 1.0211, . 6680, . 3878, . 2385, L1721, . 2648, . 0763, . 3126, .1298, .1850, . 2091,
12, 1.0059, . 5176, . 1937, . 3148, . 6608, . 1826, . 2205, . 4204, .3000, .1850, . 3018,
13, . 8042, . 5297, . 3498, . 1684, . 6330, 1.0997, . 1693, . 0943, . 5907, .1850, . 2900,
14, . 7010, . 5110, . 3580, . 2590, . 4290, . 4330, . 2750, . 2480, . 2750, .1850, . 2360,
FBAR 4-14, .6170, L4721, . 3499, . 2492, . 4058, . 4023, . 2737, . 2330, . 2588, .1850,
WAv. 4-14 . 364 . 388 . 356 . 238 . 313 . 300 . 298 . 193 . 206 . 185
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Table 7.4.3 Icelandic summer spawners. VPA stock size (thousands) and SSB (tonnes).
Age in years is number of rings+1.

Run title :

Herring sumer-s

At 28/ 04/2000 17:35

Tabl e 10

YEAR,

TOTAL,
TOTSPBI O,

Tabl e 10

YEAR,

AGE
1
2
3
4
5
6
7
8
9

10
11
12
13
14

AGE

Tabl e 10

YEAR, 1998,

-

1

i

i

1
2
3
4
5
6
7
8,
9,
10,
11
12,
13
14

1

TOTAL,
TOTSPBI O,

i

i

1

2
3
4
5
6
7
8,
9,
10,
11,
12,
13
14

1

TOTAL,
TOTSPBI O

Tradition

pawn (run:

al vpa

SVPAGB08/ V08)

using file input

Stock nunber at age (start of year)

1980,

253928, 8
223687, 2
143422, 1
258031, 1
246414, 1
66211, 1
45117,
66405,
16254,
3509,
1708,
637,
288,
301,
1325916, 18
212878, 1

1981,

80322,
26772,
88766,
10060,
75870,
61016,
48955,
32013,
41656,
13001,
1790,
885,
576,
157,
81842,
86411,

1982,

237989,
794378,
200791,
154869,
88069,
124148,
105943,
37366,
24349,
24979,
10783,

1804966,
192941,

784,
90,
425,

1983,

219458,
214910,
700543,
154992,
103824,
63911,
76027,
54437,
27344,
15743,
12706,
7524,
152,

1651586,
220003,

1984,

492441,
197171,
173086,
489928,
111501,
73449,
49599,
55443,
36251,
21202,
11984,
8239,
6281,
43,
1726633,
233045,

11,

St ock nunmber at age (start of year)

1990,

939405,
324752,
393534,
220490,
313229,
441289,
90748,
22264,
9988,
8807,
4100,
2014,
1925,
1265,
2773812,
354334,

1991,

1198188,
839542,
280213,
301938,
166898,
209614,
255081,

51552,
11897,
4845,
3916,
1336,
667,
779,

3326468,
300645,

1992,

782587,
1050069,
671542,
205096,
190157,
119286,
137661,
127279,
37865,
7168,
1896,
1817,
721,
355,
3333503,
350420,

1993,

875073,
696700,
874335,
482800,
144032,
118899,
68215,
90210,
72765,
25494,
4345,
1164,
1354,
460,
3455850,
465239,

St ock nunmber at age (start of year)

1073908,
491921,
1155753,
214179,
162385,
209271,
168985,
133471,
62936,
19891,
18964,
4384,
11911,
13239,
3741202,
486172,

1999,

661299,
956347,
409205,
901560,
153150,
128059,
160604,
131469,
89680,
43318,
13443,
15071,
2938,
5970,
3672119,
506709,

2000,

0

597770,
823959,
307728,
677986,
115171,
96302,
120777,
98867,
67440,
32576,
10110,
11333,
2210,
2966722,

GWST 47-97

299287,
255681,
190034,
129705,
81355,
48131,
28089,
15060,
8362,
4707,
2459,
1365,
713,
305,

for termnal F

Nurmber s*10**- 3

1985, 1986, 1987, 1988, 1989,
1230086, 634245, 337358, 507855, 363082,
445178, 1112921, 573793, 305226, 458690,
161293, 390578, 999243, 516201, 271658,
126012, 122531, 321166, 861772, 427807,
309302, 93463, 88614, 233387, 685384,

84709, 199077, 64948, 60618, 145458,

59702, 65345, 106639, 40047, 33115,

41158, 48568, 41822, 52744, 17212,

46259, 35021, 33524, 23416, 17359,

28512, 37712, 23537, 17120, 9523,

17447, 21950, 24948, 11667, 5822,

10651, 13153, 13054, 10090, 3603,

7213, 8710, 8411, 5927, 2281,

5436, 6070, 5117, 3152, 858,
2572968, 2789349, 2642176, 2649224, 2441855,
250175, 262054, 368104, 427213, 393316,

Nunber s*10**- 3

1994, 1995, 1996, 1997,
378998, 355041, 1444230, 553452,
790971, 337014, 314209, 1305748,
596604, 611171, 280028, 266515,
629695, 445490, 402067, 210370,
353933, 427194, 320588, 275631,
106456, 234118, 286438, 223781,
80265, 73627, 141404, 177418,
44366, 52893, 47584, 92438,
58614, 22012, 34776, 30534,
52252, 36002, 11519, 24962,
19613, 31905, 23908, 6622,

3097, 14941, 22153, 20044,

769, 1447, 11263, 16078,

1036, 369, 436, 8604,

3116672, 2643227, 3340607, 3212202,
480888, 464402, 378565, 377899,
Nunber s*10**- 3

AVST 47-97

420713,

364662,

279775,

200830,

138785,

90142,
55203,
31799,
19665,
12895,
8152,
5399,
3507,
2152,
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Yl ELD/ SSB,

. 3772,
. 5598,
. 0709,
. 1135,
. 1787,
. 1321,
. 1313,
. 0884,
. 1610,
. 1231,
. 1631,
. 1697,
. 1286,
. 1766,
. 2906,
. 4177,
. 5865,
. 5175,
. 9572,
L7271,
. 8528,
. 6939,
1.2724,
. 8014,
. 8442,
. 0300,
. 0089,
. 0278,
. 1136,
. 1327,
. 2175,
. 2125,
. 2272,
. 2504,
. 2124,
. 2929,
. 2679,
. 2160,
. 1973,
. 2500,
. 2050,
. 2174,
. 2569,
. 2969,
. 3643,
. 3098,
. 2210,
. 2786,
. 2708,
. 2533,
. 1704,
. 1789,
. 1832,

. 3094

Table 7.4.4 |lcelandic sunmrer spawners.
Run title : Herring summer-spawn (run: SVPAGB08/\V08)
At 28/04/2000 17:35
Tabl e 17 Summar y (with SOP correction)
Traditional vpa wusing file input for terminal F
RECRUI TS, TOTALBI O, TOTSPBI O LANDI NGS,
Age 1
1947, 179506, 172244, 126736, 47800,
1948, 68007, 134015, 101459, 56800,
1949, 77472, 93518, 76142, 5400,
1950, 197367, 162383, 119850, 13600,
1951, 116475, 129882, 88394, 15800,
1952, 323928, 117213, 79459, 10500,
1953, 197295, 215685, 134014, 17600,
1954, 167414, 165084, 124396, 11000,
1955, 191196, 162663, 127308, 20500,
1956, 469184, 236683, 165691, 20400,
1957, 791378, 247235, 139749, 22800,
1958, 369217, 328224, 197382, 33500,
1959, 555110, 374149, 272138, 35000,
1960, 712881, 231612, 161362, 28500,
1961, 531006, 349041, 254629, 74000,
1962, 525297, 295216, 222430, 92900,
1963, 467070, 307439, 222164, 130300,
1964, 585838, 229302, 167159, 86500,
1965, 507385, 217451, 128389, 122900,
1966, 99675, 147522, 80319, 58400,
1967, 39216, 94098, 79386, 67700,
1968, 178055, 41548, 24212, 16800,
1969, 46316, 42715, 16436, 20913,
1970, 33782, 31099, 20521, 16445,
1971, 70414, 24573, 14014, 11831,
1972, 89707, 31556, 12350, 370,
1973, 417963, 73483, 28577, 254,
1974, 131875, 121521, 45931, 1275,
1975, 198506, 162809, 116938, 13280,
1976, 554241, 224953, 129361, 17168,
1977, 436184, 257809, 132997, 28925,
1978, 195464, 266135, 175673, 37333,
1979, 248188, 273647, 198404, 45072,
1980, 253928, 267903, 212746, 53268,
1981, 880322, 293234, 186196, 39544,
1982, 237989, 330396, 192990, 56528,
1983, 219458, 317633, 219753, 58867,
1984, 492441, 300338, 232855, 50304,
1985, 1230086, 396822, 250236, 49368,
1986, 634245, 473238, 262035, 65500,
1987, 337358, 528572, 368062, 75439,
1988, 507855, 543828, 426969, 92828,
1989, 363082, 496606, 393197, 101000,
1990, 939405, 498375, 354010, 105097,
1991, 1198188, 534775, 300516, 109489,
1992, 782587, 574452, 350204, 108504,
1993, 875073, 652547, 464826, 102741,
1994, 378998, 634114, 481015, 134003,
1995, 355041, 551754, 464696, 125851,
1996, 1444230, 552822, 378526, 95882,
1997, 553452, 586057, 377922, 64395,
1998, 1073908, 660915, 486207, 86999,
1999, 661299, 718006, 507085, 92896,
Arith.

Mean 437577, 299526, 205548, 53775,
Units, (Thousands), (Tonnes), (Tonnes), (Tonnes),
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. 9923,
. 9343,
. 9479,
. 3783,
. 0075,
. 7904,
. 2380,
. 8459,
. 7515,
. 9754,
L7770,
. 9887,
. 9781,
. 6234,
. 8878,
L7173,
. 8319,
. 8833,
. 8198,
. 9593,
. 8889,
. 8833,
. 9925,
. 0422,
. 0780,
. 1927,
. 9975,

0009,
0000,
0000,
0000,
0000,
0001,

. 9994,
. 9988,
. 0003,
. 9989,
. 9992,
. 0002,
. 9999,
. 9999,
. 9994,
. 9997,
. 9991,
. 9996,
. 9994,
. 9991,
. 0003,
. 0006,
. 9999,
. 0001,
. 0001,
. 0007,

FBAR 4- 14,

. 3916,
2.1742,
. 0882,
. 1742,
. 2071,
. 3858,
. 3833,
. 1406,
. 1194,
. 2495,
. 2522,
. 2422,
. 2493,
. 0406,
. 3056,
. 4133,
. 7999,
. 8644,
1.2481,
. 8179,
1. 3970,
. 8007,
. 9695,
1. 4174,
1. 6255,
. 1959,
. 0541,
. 0379,
. 1176,
. 1808,
. 2940,
. 4073,
. 2502,
. 3189,
. 4707,
. 6456,
. 3067,
. 1106,
. 1462,
. 3461,
. 5585,
. 8979,
. 5015,
. 6170,
L4721,
. 3499,
. 2492,
. 4058,
. 4023,
. 2737,
. 2330,
. 2588,
. 1850,

. 4725,



Table 7.4.5 Icelandic summer spawners. Input data for the RCT3 program.

I cel and Herring: VPA and acoustic survey data

3212
"Yearcl'
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

' VPAage2'

254
880
238
219
492
1230
634
337
508
363
939
1198
783
875
378
355
1444
553
-11
-11
-11

"Surv4' ' Surv3' ' Surv2'

75

-11
310
67

208
-11
352
181
593
227
850
858
533
-11
165
65

716
188
740
-11
-11
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361
17

-11
171
28

652
-11
126
725
178
805
745
254
234
-11
98

792
237
-11
527
-11

-11
625
-11
-11
-11
-11
201
-11
406
370
-11
710
465
1418
183
-11
845
266
1629
-11
1069
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Table 7.4.6 Icelandic summer spawners. Input data for the RCT3 program.

Anal ysis by RCT3 ver3.1 of data fromfile :
adhi ghf . dat

I cel and Herring: VPA and acoustic survey data

Data for 3 surveys over 21 years : 1978 - 1998
Regression type = C
Tapered tinme weighting applied
power = 3 over 20 years
Survey wei ghting not applied
Fi nal estimtes shrunk towards nean
M ninmum S. E. for any survey taken as .20
M ni mum of 3 points used for regression
For ecast/ H ndcast variance correction used.
Year class = 1996
R Regression---------- I Prediction--
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std
Series cept Error Pts Val ue Val ue Error
Surv4 .75 2.05 . 38 . 699 15 6. 61 7.03 . 467
Surv3
Surv2 . 96 . 65 . 48 . 553 10 7.40 7.76 . 695
VPA Mean = 6.43 . 546
Year class = 1997
[ R Regression---------- N LR Prediction--
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std
Series cept Error Pts Val ue Val ue Error
Sur v4
Surv3 . 84 1.71 .59 . 491 15 6. 27 6. 99 . 715
Surv2
VPA Mean = 6. 45 . 540
Year class = 1998
[ R Regression---------- N LR Prediction--
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std
Series cept Error Pts Val ue Val ue Error
Surv4
Surv3
Surv?2 .94 .76 .47 . 576 10 6.98 7.34 . 649
VPA Mean = 6. 46 . 536
Year Wi ght ed Log I nt Ext Var VPA Log
C ass Aver age WAP Std Std Ratio VPA
Predi ction Error Error
1996 1075 6.98 .32 .34 1.14
1997 768 6. 64 .43 . 26 . 37
1998 912 6.82 .41 .43 1.08
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WAP
Wi ght s

. 458
. 207

. 336

WAP
Wi ght s

. 363

. 637

WAP
Wi ght s

. 405

. 595



Table 7.5.1

The SAS System 14: 51 Saturday, April 29, 2000
I cel andi ¢ summer - spawni ng herring (Division Va)
Single option prediction: |Input data

Year: 2000
St ock Nat ur al Maturity Prop.of F Prop.of M Wi ght Expl oit. Wi ght
Age si ze nortality ogi ve bef.spaw. bef.spaw. in stock pattern in catch
1 912. 000 0. 1000 0. 0000 0. 0000 0. 5000 0. 070 0. 0089 0. 070
2 694. 929 0. 1000 0. 1660 0. 0000 0. 5000 0.134 0. 0405 0.134
3 825. 125 0. 1000 0.9130 0. 0000 0. 5000 0. 197 0.1223 0. 197
4 307.728 0. 1000 0. 9870 0. 0000 0. 5000 0. 251 0. 1850 0. 251
5 677.986 0. 1000 1. 0000 0. 0000 0. 5000 0. 272 0. 1850 0. 272
6 115. 171 0. 1000 1. 0000 0. 0000 0. 5000 0. 297 0. 1850 0. 297
7 96. 302 0. 1000 1. 0000 0. 0000 0. 5000 0. 323 0. 1850 0.323
8 120. 777 0. 1000 1. 0000 0. 0000 0. 5000 0. 337 0. 1850 0. 337
9 98. 867 0. 1000 1. 0000 0. 0000 0. 5000 0. 360 0. 1850 0. 360
10 67. 440 0. 1000 1. 0000 0. 0000 0. 5000 0. 373 0. 1850 0. 373
11 32.576 0. 1000 1. 0000 0. 0000 0. 5000 0. 388 0. 1850 0. 388
12 10. 110 0. 1000 1. 0000 0. 0000 0. 5000 0. 400 0. 1850 0. 400
13 11. 333 0. 1000 1. 0000 0. 0000 0. 5000 0. 410 0. 1850 0. 410
14 2.210 0. 1000 1. 0000 0. 0000 0. 5000 0. 425 0. 1850 0. 425
Uni t M11lions - - - - Ki | ogr ans - Ki | ograns
Year: 2001
Recruit- Natural Maturity Prop.of F Prop.of M Wi ght Expl oi t. Wi ght
Age ment mortality ogi ve bef.spaw. bef.spaw. in stock pattern in catch
1 650. 000 0. 1000 0. 0000 0. 0000 0. 5000 0. 070 0. 0089 0. 070
2 0. 1000 0. 1660 0. 0000 0. 5000 0.134 0. 0405 0.134
3 0. 1000 0. 9130 0. 0000 0. 5000 0. 197 0.1223 0. 197
4 0. 1000 0. 9870 0. 0000 0. 5000 0. 251 0. 1850 0. 251
5 0. 1000 1. 0000 0. 0000 0. 5000 0.272 0. 1850 0.272
6 0. 1000 1. 0000 0. 0000 0. 5000 0. 297 0. 1850 0. 297
7 0. 1000 1. 0000 0. 0000 0. 5000 0. 323 0. 1850 0. 323
8 0. 1000 1. 0000 0. 0000 0. 5000 0. 337 0. 1850 0. 337
9 0. 1000 1. 0000 0. 0000 0. 5000 0. 360 0. 1850 0. 360
10 0. 1000 1. 0000 0. 0000 0. 5000 0.373 0. 1850 0.373
11 0. 1000 1. 0000 0. 0000 0. 5000 0. 388 0. 1850 0. 388
12 0. 1000 1. 0000 0. 0000 0. 5000 0. 400 0. 1850 0. 400
13 0. 1000 1. 0000 0. 0000 0. 5000 0. 410 0. 1850 0. 410
14 0. 1000 1. 0000 0. 0000 0. 5000 0. 425 0. 1850 0. 425
Uni t M11ions - - - - Ki | ogr ans - Ki | ogr ans
Year: 2002
Recruit- Natural Maturity Prop.of F Prop.of M Wi ght Expl oit. Wi ght
Age ment nortality ogi ve bef.spaw. bef.spaw. in stock pattern in catch
1 650. 000 0. 1000 0. 0000 0. 0000 0. 5000 0. 070 0. 0089 0. 070
2 0. 1000 0. 1660 0. 0000 0. 5000 0.134 0. 0405 0.134
3 0. 1000 0.9130 0. 0000 0. 5000 0. 197 0.1223 0. 197
4 0. 1000 0. 9870 0. 0000 0. 5000 0. 251 0. 1850 0. 251
5 0. 1000 1. 0000 0. 0000 0. 5000 0. 272 0. 1850 0.272
6 0. 1000 1. 0000 0. 0000 0. 5000 0. 297 0. 1850 0. 297
7 0. 1000 1. 0000 0. 0000 0. 5000 0.323 0. 1850 0.323
8 0. 1000 1. 0000 0. 0000 0. 5000 0. 337 0. 1850 0. 337
9 0. 1000 1. 0000 0. 0000 0. 5000 0. 360 0. 1850 0. 360
10 0. 1000 1. 0000 0. 0000 0. 5000 0. 373 0. 1850 0. 373
11 0. 1000 1. 0000 0. 0000 0. 5000 0. 388 0. 1850 0. 388
12 0. 1000 1. 0000 0. 0000 0. 5000 0. 400 0. 1850 0. 400
13 0. 1000 1. 0000 0. 0000 0. 5000 0. 410 0. 1850 0. 410
14 0. 1000 1. 0000 0. 0000 0. 5000 0. 425 0. 1850 0. 425
Uni t M11ions - - - - Ki | ogr ans - Ki | ogr ans
Not es: Run name . SPRAGB02

Date and time: 29APROO: 14: 53
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Table 7.5.2

The SAS System 14: 51 Saturday, April 29, 2000
I cel andi ¢ summer - spawni ng herring (Division Va)

Single option prediction: Detail ed tables

Year: 2000 F-factor: 1.1890 Ref erence F: 0.2200 1 January Spawni ng tinme

Absolute Catch in Catch in St ock St ock Sp.stock Sp.stock Sp.stock Sp.stock

Age F nunber s wei ght si ze bi onass si ze bi onass si ze bi onass
1 0. 0106 9116 636 912000 63658 0 0 0 0
2 0. 0482 31118 4170 694929 93120 115358 15458 109732 14704
3 0. 1454 106388 20937 825125 162385 753339 148257 716598 141027
4 0. 2200 57928 14546 307728 77271 303728 76266 288915 72546
5 0. 2200 127628 34677 677986 184209 677986 184209 644920 175225
6 0. 2200 21680 6448 115171 34252 115171 34252 109554 32581
7 0. 2200 18128 5855 96302 31106 96302 31106 91605 29589
8 0. 2200 22736 7669 120777 40738 120777 40738 114887 38751
9 0. 2200 18611 6708 98867 35632 98867 35632 94045 33894
10 0. 2200 12695 4732 67440 25135 67440 25135 64151 23909
11 0. 2200 6132 2382 32576 12653 32576 12653 30987 12035
12 0. 2200 1903 760 10110 4039 10110 4039 9617 3842
13 0. 2200 2133 874 11333 4643 11333 4643 10780 4417
14 0. 2200 416 177 2210 940 2210 940 2102 894
Tot al 436615 110570 3972554 769779 2405197 613326 2287894 583414

Uni t - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 2001 F-factor: 1.1890 Ref erence F: 0.2200 1 January Spawni ng tinme

Absolute Catch in Catch in St ock St ock Sp.stock Sp.stock Sp.stock Sp.stock

Age F nunber s wei ght si ze bi onmass si ze bi onmass si ze bi onmass
1 0. 0106 6497 454 650000 45370 0 0 0 0
2 0. 0482 36564 4900 816545 109417 135546 18163 128936 17277
3 0. 1454 77261 15205 599222 117927 547089 107667 520407 102416
4 0. 2200 121526 30515 645569 162102 637177 159995 606101 152192
5 0. 2200 42066 11429 223464 60715 223464 60715 212566 57754
6 0. 2200 92680 27563 492336 146421 492336 146421 468325 139280
7 0. 2200 15744 5085 83634 27014 83634 27014 79555 25696
8 0. 2200 13164 4440 69932 23588 69932 23588 66521 22438
9 0. 2200 16510 5950 87705 31609 87705 31609 83428 30067
10 0. 2200 13515 5037 71795 26758 71795 26758 68293 25453
11 0. 2200 9219 3581 48973 19021 48973 19021 46585 18094
12 0. 2200 4453 1779 23656 9451 23656 9451 22502 8990
13 0. 2200 1382 566 7342 3008 7342 3008 6984 2861
14 0. 2200 1549 659 8230 3500 8230 3500 7828 3329
Tot al 452131 117163 3828402 785901 2436879 636910 2318031 605847

Uni t - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes
(cont.)
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Table 7.5.2 (Continued)

The SAS System

14: 51 Saturday, Apri

I cel andi ¢ summer - spawni ng herring (D vision Va)

(cont.)

Single option prediction: Detailed tables

29, 2000

Year: 2002 F-factor: 1.1890 Ref erence F: 0.2200 1 January Spawni ng tinme
Absolute Catch in Catch in St ock St ock Sp.stock Sp.stock Sp.stock Sp.stock
Age F nunber s wei ght si ze bi omass si ze bi onmass si ze bi onmass
1 0. 0106 6497 454 650000 45370 0 0 0 0
2 0. 0482 26060 3492 581967 77984 96607 12945 91895 12314
3 0. 1454 90782 17866 704088 138565 642832 126509 611481 120339
4 0. 2200 88254 22161 468825 117722 462730 116191 440162 110525
5 0. 2200 88249 23977 468796 127372 468796 127372 445932 121160
6 0. 2200 30547 9085 162274 48260 162274 48260 154360 45907
7 0. 2200 67302 21739 357522 115480 357522 115480 340085 109848
8 0. 2200 11433 3856 60733 20485 60733 20485 57771 19486
9 0. 2200 9560 3445 50783 18302 50783 18302 48306 17410
10 0. 2200 11989 4468 63689 23737 63689 23737 60583 22579
11 0. 2200 9814 3812 52135 20249 52135 20249 49593 19262
12 0. 2200 6695 2674 35563 14207 35563 14207 33829 13515
13 0. 2200 3234 1325 17178 7038 17178 7038 16340 6695
14 0. 2200 1004 427 5331 2267 5331 2267 5071 2157
Tot al 451419 118781 3678885 777038 2476174 653044 2355409 621195
Uni t - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes
_______________________________________________________________________________________________ U
Not es: Run nane SPRAGB03
Date and tine © 29APRO0: 15: 29
Conputation of ref. F. Wighted nean, age 4 - 14
Predi ction basis F factors
The SAS System 14:51 Saturday, April 29, 2000
I cel andi ¢ summer - spawni ng herring (D vision Va)
Single option prediction: Summary table
---------- é
1 January
Spawni ng time
Year F Reference Catch in Catch in St ock St ock Sp.stock Sp.stock Sp.stock Sp.stock
Fact or F nunber s wei ght si ze bi omass si ze bi omass si ze bi omass
2000 1.1890 0. 2200 436615 110570 3972554 769779 2405197 613326 2287894 583414
2001 1.1890 0. 2200 452131 117163 3828402 785901 2436879 636910 2318031 605847
2002 1.1890 0. 2200 451419 118781 3678885 777038 2476174 653044 2355409 621195
Uni t - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes
___________________________________________________________________________________________________________ U

Not es: Run name
Date and tine
Conput ati on of ref.
Predi ction basis

SPRAGB03

: 29APROO0: 15: 29

F: Wighted nean, age 4 - 14
F factors
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Table 7.5.3 The SAS System

I cel andi ¢ sumer - spawni ng herring (D vision Va)
Prediction with nanagenent option table

14:51 Saturday, April 29, 2000

wei ght

St ock
bi omass

845813
840553
835336
830163
825032
819944
814898
809894
804931
800009
795128
790287
785486
780725
776003
771320
766675
762069
757500
752969
748476
744019
739599
735215
730867
726555
722278
718036
713829

Sp. st ock
bi omass

685783
680841
675939
671079
666260
661480
656741
652041
647381
642759
638176
633632
629125
624655
620223
615828
611469
607147
602861
598610
594394
590214
586068
581957
577879
573836
569826
565849
561905

Year: 2000 Year: 2001
F Reference  Stock Sp.stock Catch in F Reference  Stock Sp. st ock
Fact or F bi omass bi omass wei ght Fact or F bi omass bi omass
1.1890 0. 2200 769779 583414 110570 0. 5000 0. 0925 785901 605847
0. 5500 0.1018 605847
0. 6000 0. 1110 605847
0. 6500 0.1203 605847
0. 7000 0.1295 605847
0. 7500 0.1388 605847
0. 8000 0. 1480 605847
0. 8500 0. 1573 605847
0. 9000 0. 1665 605847
0. 9500 0.1758 605847
1. 0000 0. 1850 605847
1. 0500 0.1943 605847
1. 1000 0. 2035 605847
1. 1500 0.2128 605847
1. 2000 0. 2220 605847
1. 2500 0.2313 605847
1. 3000 0. 2405 605847
1. 3500 0. 2498 605847
1. 4000 0. 2590 605847
1. 4500 0. 2683 605847
1. 5000 0. 2775 605847
1. 5500 0. 2868 605847
1. 6000 0. 2960 605847
1. 6500 0. 3053 605847
1. 7000 0. 3145 605847
1. 7500 0. 3238 605847
1. 8000 0. 3330 605847
1. 8500 0. 3423 605847
1. 9000 0. 3515 605847
- - Tonnes Tonnes Tonnes - - Tonnes Tonnes
_______________________________________________________________________________________________________________________ U
Not es: Run nane MANAGB04

Date and tine
Conput ati on of
Basi s for 2000

29APR00: 15: 37
Wi ght ed nmean
F factors

ref. F; age 4 - 14
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Table 7.5.4

The SAS System 14: 51 Saturday, April 29, 2000
I cel andi ¢ summer - spawni ng herring (D vision Va)

Yield per recruit: Input data

______________________________________________________________________________________ ¢
Recruit- Natural Maturity Prop.of F Prop.of M Wi ght Expl oit. Wi ght

Age ment nortality ogi ve bef.spaw. bef.spaw. in stock pattern in catch

1 650. 000 0. 1000 0. 0000 0. 0000 0. 5000 0. 066 0. 0310 0. 066

2 0. 1000 0. 0560 0. 0000 0. 5000 0.139 0. 2210 0.139

3 0. 1000 0. 8760 0. 0000 0. 5000 0. 196 0. 6220 0. 196

4 0. 1000 0. 9970 0. 0000 0. 5000 0. 235 0. 8250 0. 235

5 0. 1000 1. 0000 0. 0000 0. 5000 0. 269 1. 0000 0. 269

6 0. 1000 1. 0000 0. 0000 0. 5000 0. 300 1. 0000 0. 300

7 0. 1000 1. 0000 0. 0000 0. 5000 0. 325 1. 0000 0. 325

8 0. 1000 1. 0000 0. 0000 0. 5000 0. 345 1. 0000 0. 345

9 0. 1000 1. 0000 0. 0000 0. 5000 0. 365 1. 0000 0. 365

10 0. 1000 1. 0000 0. 0000 0. 5000 0. 376 1. 0000 0. 376

11 0. 1000 1. 0000 0. 0000 0. 5000 0. 393 1. 0000 0. 393

12 0. 1000 1. 0000 0. 0000 0. 5000 0. 408 1. 0000 0. 408

13 0. 1000 1. 0000 0. 0000 0. 5000 0. 410 1. 0000 0. 410

14 0. 1000 1. 0000 0. 0000 0. 5000 0. 425 1. 0000 0. 425
Uni t M11lions - - - - Ki | ograns - Ki | ograns
_______________________________________________________________________________________ U

Not es: Run name : YLDAGB02

Date and tinme: 29APROO: 16: 27
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Figure 7.4.1 Icelandic summer spawners. Sum of squares used for fitting VPA to acoustic data, as a function of
terminal fishing mortality.
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Figure 7.4.2 Icelandic summer spawners. Trend in acoustics and VPA stock numbers.
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Figure 7.4.3 Icelandic summer spawners. Acoustic estimates vs VPA stock numbers (at the 1* of January).
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Figure 7.4.4 Retrospective plots
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Figure 7.4.5 Fish stock summary. Herring Icelandic Summer-spawning (Fishing Area Va)
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Figure 7.5.1 Fish stock summary. Herring Icelandic summer spawners (Fishing area Va). 2-5-1999
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8 OTHER
8.1 Distribution of Blue Whiting in the Barents Sea

NEAFC has requested that ICES validate information concerning the distribution of blue whiting in the Barents Sea. In
the letter from NEAFC it was stated that “During the meeting of the Blue Whiting Working Group of NEAFC on 5 and
6 April 2000, Russia presented a scientific paper dealing with the distribution of blue whiting in the Barents Sea. In
order to further discuss the management of the Blue Whiting stock within NEAFC, ICES is requested to validate this
information at its forthcoming ACFM meeting, ...”

The Northern Pelagic and Blue Whiting Fisheries Working Group at its meeting in April-May 2000 considered the
request. The basic information given in the Russian paper (WD by Anon-2) was:

1) It is claimed that when massive spawning occurs on northern spawning grounds (the Hebrides) and the North
Atlantic current is strong the likelihood of influx of larvae into the Barents Sea is greater than when spawning
occurs on southern spawning grounds (the Porcupine Bank) and the North Atlantic current is weak. According to
the paper 1983, 1990 and 1991 were the years when the highest number of 0-group blue whiting were caught in
Russian waters.

2) Figure 2 in the WD by Anon-2 shows a map of the distribution of 0-group blue whiting in the Barents Sea,
aggregated for the years 1976-1998. The map is based on the ICES-reports of the international 0-group surveys
in the Barents Sea and adjacent waters in August-September 1976-1996 and the joint Norwegian-Russian 0-
group surveys in the Barents Sea in August-September 1997 and 1998.

The map shows occurrence of 0-group blue whiting in the south-eastern Barents Sea, and one occurrence at 71°N
41°E.

3) The WD by Anon-2 claims that juvenile blue whiting of ages 1-3+ occur regularly in bottom trawl catches with
sizes ranging from 15 to 25 cm, and refers to four series of Russian cruises in the Barents Sea and adjacent
waters. Material from those cruises has been used to draw maps of the distribution of juvenile blue whiting by
quarter of the year, and the result is given in Figure 3 in the WD by Anon-2, aggregated for the years 1977-1998.

The aggregated maps show occurrence of juvenile blue whiting in the south-eastern part of the Barents Sea in all
quarters of the year. The paper claims that the catch of blue whiting varied from a few tens of fish to hundreds of
kilogrammes. The maps for the four quarters of the year are aggregated into one map in Figure 4 in the WD by
Anon-2.

4) According to the WD by Anon-2 Russia conducted a blue whiting fishery in the "grey zone'l':1 in the late 70's and
although only 539 t were fished the question of how far east fishable aggregations of blue whiting move still
remains open. A report of this fishery was submitted to the NEAFC Workshop on Mackerel and Blue Whiting in
Torshavn in February 1999.

In order to validate the claims in the Russian paper (WD by Anon-2), the Working Group considered other available
information (WD by Gjesa®ter; WD by Fossum; WD by Monstad; WD by Anon-1; Bjerke 1983; Giaver and Stien,
1998; Whitehead et al. 1986), which are attached as Appendixes I - VII. In addition the Working Group considered
Russian trawl sampling data on electronic media supplied by S. Belikov. The claims are addressed in the order listed
above.

1) According to Bjerke (1983), WD by Fossum, and Gizver and Stien (1998) there is some spawning by blue
whiting along the continental slope northern Norway. This could be the origin of blue whiting larvae in the
Barents Sea. Blue whiting larvae drifting into the Barents Sea from spawning areas west of the Hebrides or on
the Porcupine Bank will have passed from the larval stage to 0-group by the time they reach the Barents Sea.
There may be uncertainty to which extent the 0-group blue whiting found in the Barents Sea originate from the
spawning areas west of the British Isles. However, the Working Group agrees that the presence of blue whiting
0-group in the Barents Sea may be related to the amount of Atlantic water entering the Barents Sea that year.

? Area related to "Agreement dated 11 January, 1978, between Norway and the Soviet Union on provisional practical
arrangements for fishing in an adjacent area of the Barents Sea."
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2) In the WD by Monstad the spatial distribution of blue whiting during the international and Norwegian-Russian 0-
group surveys in the Barents Sea is shown by year, and the paper also gives information of the numbers of blue
whiting recorded in the trawl hauls. It is shown that during the observation period 1965-1999, 0-group blue
whiting were observed in 1977, 1983-1986, and in 1988-1993. In most of these years, only a few specimens of
blue whiting were recorded, and only in the south-western part of the area. Only in three years observations exist
from areas east of 30°E.

3) The WD by Monstad also gives data from Norwegian bottom trawl surveys during the period 1980 to 1999 by
year and quarter. The data confirm findings of juvenile blue whiting in the Barents Sea but again, the presence
and probably the abundance of this species in the area varies much from year to year. In most years in the period,
scattered observations exist for the areas east of 30°E. Only in seven years were dense concentrations (> 100
specimens caught per trawl haul) observed east of 30°E. The most eastern blue whiting observation is, according
to these data, approximately 45°E.

A third data source explored was the joint Russian-Norwegian cod stomach content database, consisting of about
125 000 cod stomachs sampled during the period 1984-1999 (WD by Gjesater). All instances of blue whiting as
prey for cod recorded in this database were plotted at the position of the trawl haul where the sample was taken.
The results show that blue whiting is very rare as prey for cod, and only about 80 occurrences of blue whiting
were found. About 90% of these were found in the area west of 30°E.

4) The Working Group reviewed maps from Anon-1 showing the Russian fishery for blue whiting in the Northeast
Atlantic during 1977-1997. The report shows Russian catches of blue whiting in the south-western part of the
"grey zone" in the years 1977-1980.

General

According to Whitehead et al. (1986) blue whiting is distributed from the western Mediterranean, across to the western
North Atlantic, up to Iceland, Greenland, the North Sea, Eastern Norwegian Sea toward Spitsbergen and the western
Barents Sea. On the map accompanying the article the distribution area in the Barents Sea extends to the Cap Kanin
area (about 45°E.).

Conclusion

It may be concluded that larval and juvenile blue whiting is found in the Barents Sea. Its distribution mainly covers the
area to the west of 30°E, but occasionally this species is recorded in the southeastern Barents Sea, east to about 45°E.
The presence and probably the abundance varies from year to year, and is probably related to the amount of Atlantic
water entering the Barents Sea.

The data available were not quantitative, and therefore the relative importance of the Barents Sea as a nursery area for
blue whiting could not be determined.

8.2 Salmon post-smolts by-catch in pelagic fisheries
NASCO requested the Working Group to update what is known on salmon by-catch in the fisheries dealt with.
8.2.1 Post-smolt surveys

Post-smolt sampling cruises have been undertaken by the Institute of Marine Research (IMR), Norway since 1990 with
the primary aim of describing the post-smolt distribution in the Northeast Atlantic. Similar cruises were undertaken by
Fisheries Research Services Scotland in 1996 and 1997. The results of these surveys were reported to the Working
Group in 1998 (ICES C.M.1998/ACFM:18) and 1999 (ICES C.M.1999/ACFM:18). In summary, a surface trawl
technique was developed and proved successful in capturing post-smolts. Over 1,000 hauls were undertaken covering
an area from the south west of Ireland (50°N) to the east of Bear Island (75°N), and in the order of 1,000 post smolts
and 25 1SW salmon were caught. The highest concentrations of post-smolts catches were found within the strong north-
east running slope current along the north-west European continental shelf edge. In the central and northern Norwegian
Sea post-smolts have been fond in varying concentrations. In 1999 for the first time some post-smolts were caught in
the Barents Sea (ICES C.M.2000/ACFM:13).
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Analyses of the hydrographical regimes at the capture sites show a strong concentration of the captures to the 9.0-
10.9°C temperature interval and in salinities of >35 000 ppm, indicating a preference for the warm, saline, productive
Atlantic water masses over the colder and less saline Arctic water in the north west and the warmer but less saline
waters of the Norwegian coastal current in the east.

8.2.2 Estimates of post-smolt by-catch in pelagic fisheries

Only one country (Faroe Islands) implemented dedicated sampling of post-smolts in its pelagic fisheries and reported
that no by-catch of salmon was found (ICES C.M.2000/ACFM:13).

The Fishery Laboratory of the Faroes and the Russian Polar Institute (PINRO) have initiated a bilateral collaboration on
the by-catch of salmon post-smolts north of the Faroes, but to date no joint report is available.

Observing post-smolts in large herring and/or mackerel catches is extremely difficult due to their resemblance both in
size and coloration with the target species. To be certain of the absence of post-smolts in such catches and due to their
seemingly low occurrences the whole catch must be screened. Assessment of by-catches on board commercial fishing
vessels may prove too time consuming to be carried out in practice, however, efforts should be made to arrange
screening of whole catches at landing sites.

Although some preliminary investigations have been carried out, the Working Group was unable to provide estimates of
the by-catch of post-smolts in pelagic fisheries. While observations on catch on pelagic fishing vessels is a possibility,
in reality this is likely to provide only a qualitative assessment of post-smolt by-catch. An alternative approach would
be to carry out directed research fisheries with similar gear, locations and time as commercial fishing boats or carry out
co-operative fishing with a commercial fishing vessel.
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APPENDIX |

Observations of Blue Whiting in The Russian-Norwegian Stomach database

WD to the WGNPBW 2000 meeting Copenhagen 26 April to 4 May 2000

By Harald Gjesater, Institute of Marine Research, Bergen Norway

The map below shows all occurrences of blue whiting in the stomachs of cod (approximately 125 000 stomachs) during
the period 1984-1999. Relatively few occurrences of blue whiting was found in the undisputed Russian EEZ and in the
Grey zone.
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APPENDIX 11

Working document to the ICES-WG, Northern Pelagic and Blue Whiting, Copenhagen 26 April-
4 May 2000

Observations of egg, larvae and juvenile blue whiting in Norwegian Waters
by

Petter Fossum

Institute of Marine Research, Bergen, Norway

Blue whiting spawning products have been reported from Norwegian waters on several occations.
Bjarke (1983) report that blue whiting eggs and newly hatched larvae (2-6mm) were found south
of 66’N on the Norwegian shelf sampled with Juday nets on a survey for postlarvae in June/J uly
in 1982. Eggs and larvae were also recorded on herring larvae cruises in the same area in April
during the period 1976-1982. In addition to this Bjprke( 1983) report that eggs and larvae of blue
whiting were registered on fixed oceanographic stations at Bud and Sognesjoen in the period
1976-1981. Bjorke (1983) concludes that spawning seems to take place in fjords and over deeper
parts of the continental shelf from April to June with a peak in May. Coombs and Pipe (1980)
report findings of eggs and larvae in Norwegian fjords, young blue whiting north of Norway and
in the Barents Sea, and spawning adults in the Norwegian Sea. I addition to this Zilanov (1968)
report that 5-33 mm long larvae and juvenils were found outside R@st. Blue whiting eggs were
also found off Mere on a cruise in 1985 Bjerke (pers. comm.) and Nedreaas (pers. comm.) report
that he identified some blue whiting eggs on the Norwegian shelf between Stad and Lofoten in
May 1988.

Institute of Marine Research in Bergen carried out surveys for larvae and juvenils in June/July
during the period 1976-1991. This survey was primarely aimed against estimating the abundance
and distribution of juvenile cod outside northern Norway, however, some years the sampling were
carried out as far south as Stad (62"N). The sampling was carried out by pelagic traw| (Harstad
trawl) stepvise from the surface to &0 m depth with 30 minutes hawls. A summing up figure from
these investigations with the trawl stations where blue whiting larvae and juveniles (below
40mm) were found during the period 1976-1991 is shown in Figure |.

There is evident from all these observations that all or a significant part of the 0-group entering
the Barents Sea comes from blue whiting spawning along the Norwegian shelf,
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APPENDIX 111

Working Document

for

The Morthern Pelagic and Blue Whiting Fisheries Working Group,
Copenhagen, 26 April - 4 May 2000

BLUE WHITING OBSERVATIONS
IN THE BARENTS SEA

by

Tesje Monstad
MR, Bergen, Norway

INTRODUCTION

The “oceanic” part of the blue whiting stock in the North-east Atantc has its feeding
area in the Norwegian Sea. The geographical distnbution varies from year to year
depending on, among other factors, the hydrographical conditions and stock
abundance Concentrations of biue whiting may extend northwards along the slope
west of Spitzbergen and also eastwards into the Barents Sea. The limits of the
distnbution in these areas are, however, rather unclear tewards north as well as
rowards east.

O-group

Since 1965 Norway and Russia have conducted annual joint O-group surveys in the
Barents Sea and adjacent areas The surveys take place during August/September and
cover a large area extending from Lofoten Isles to the north of Spitzbergen and
eastwards to the coast of Novaya Zemlya, The main objectives are to map the area
distribution of the O-groups of commercial fish species and obtain their density
mdices.

The common cruise repoerts from these surveys have been presented at the annual
scientific meetings of ICES up to 1996, The text about blue whiting observations in
these reports is given in Appendix [, and the maps of the blue whiting distributions
presented, 1.e. for the vears 1983, 1984, 1986, 1988, 1989 and 1990, gven in Figure |

During these investigations O-group blue whiting was for the first time observed in

177, when a few specimens were caught on some of the trawl stations {[CES
1577/H: 45). Thereafter no new observations were made until 1983 when O-group
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blue whiting was recorded in an area limited to south of 75° N between 20° and 35° E.
A total number of 761 specimens were caught that year, with lengths from 25 to 100
mm and a mean length of 65.6 mm (ICES 1983/G: 35).

The following years, minor numbers of 0-group blue whiting were observed every
year up to 1993, except for 1987. Thereafter no observations have been made up to
1999 (Appendix I). In 1984 a number of 95 specimens of blue whiting were caught,
also in an area south of N 75° as in 1983, but somewhat more to the west. The lengths
were from 30 to 105 mm with a mean of 58 4 mm (ICES 1984/H: 36).

The recordings of 0-group blue whiting are rather modest in the Barents Sea. The
observations are made mostly off the Finnmark Coast between E 15° and E 30°
(Figure 1).

By-catches

Only few and modest acoustic observations have been made of blue whiting in the
Barents Sea. During pelagic fish surveys in the Norwegian Sea in summer and
autumn, blue whiting have for a number of years been acoustically recorded eastwards
to the western slope of the Barents Sea, and no limit of distribution observed in the
area. That clearly indicates further extension of blue whiting concentrations eastwards
into the Barents Sea, as described for example in Monstad and Holst (1999).
Examples of acoustic recordings of blue whiting in the Barents Sea can be shown,
however, as in Figure 2 when observations were made during a bottom trawl survey in
October 1981 (Randa and Smedstad, 1982).

The main observations of blue whiting in the Barents Sea have been obtained when
the species appears in the catches during trawl surveys on other target species. That is
as by-catches especially in bottom trawl surveys for cod, which Norway has
conducted for many years. From the database of IMR, Bergen, these by-catches of
blue whiting have been collected for the years 1980 — 1999 and used as basis for the
maps shown in Appendix II. The geographical distributions presented for 1% and 3™
quarter of the year, are based on numbers of blue whiting caught per trawl station of

all the surveys conducted in the respective quarter of the year.

The catches have consisted of individuals older than 0-group, notable parts being
juveniles. The older blue whiting represented has usually been caught in the more
western and northern part of the sea.

The results for 1991 and 1995 are shown in Figure 3 and 4 as examples of the number
of trawl stations conducted and the numbers of blue whiting caught.

The distribution of blue whiting in the Barents Sea is mostly confined to the western
part. The eastward extension, however, might vary in accordance with the
hydrological conditions and stock abundance, and hence in some years stretches more
eastwards than usual. This is especially the case for 1984 and 1985 when parts of
abundant year-classes entered the Barents Sea (Appendix II).
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The observations of blue whiting east of latitude 30° E are shown in greater detail in
Appendix III, where the stations holding catches of blue whiting are presented with
numbers caught and symbols indicating the amount.

Based on genetic analysis it has been demonstrated that a self-recruiting population of
the blue whiting stock exists in the Barents Sea and Spitzbergen area (Jarle Mork,
pers. com). During the feeding period in summer and autumn it mingles with blue
whiting of other populations, i.e. blue whiting which in winter and early spring
migrates southwards to spawn west of The British Isles. The main spawning location
of the blue whiting populatlon in the Barents Sea has, however, not yet been clearly
defined.
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Figure 1. Observations of 0-group blue whiting based on trawl_catches. '
From the ICES-reports on The joint Norwegian-Russian 0-group surveys in the
Barents Sea and adjacent areas. (See Appendix I).
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Figure 2. Recordings of blue whiting Sept./Oct. 1981. Integrated echo intensity in deflection
of mm/nautical mile. From Randa and Smedstad (1981).
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Figure 3. Blue whiting 1991. Trawl stations worked and numbers of specimens caught on
surveys during 1* quarter (upper) and 3™ quarter (lower) of the year.
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Figure 4. Blue whiting 1995. Trawl stations worked and numbers of specimens caught on
surveys during 1% quarter (upper) and 3" quarter (lower) of the year.
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Appendix I

O-GROUP BLUE WHITING IN THE BARENTS SEA

From the ICES-reports of the International 0-group surveys in the Barents Sea and
adjacent waters in August — September, the following is reported about blue whiting
observations since 1977:

1977: Other species
Small numbers of 0-group mackerel, saithe catfish and blue whiting were

caught on a few trawl stations during the survey.
(CM 1977/H: 45). (No Figure presented).

1978: (CM 1978/H: 33). (No observations of blue whiting) .
1979: (CM 1979/H: 65). (No observations of blue whiting)
1980: (CM 1980/H: 53). (No observations of blue whiting)
1981: (CM 1981/G: 78). (No observations of blue whiting)
1982: (CM 1982/G: 44). (No observations of blue whiting)

1983: Blue whiting (Fig. 19) /
0-group blue whiting was recorded south of N 75° and between E 20° and E
35°. This is the first year O-group blue whiting has been recorded during the 0-
group survey in the Barents Sea. As for saithe no index of abundance has
been calculated. (CM 1983/G: 35)

1984: Blue whiting (Fig. 19)
0-group blue whiting was recorded in the same area as in 1983, -south of N75

and between E 20 and E 35. No index of abundance has been calculated.
M 1.984/H: 36).

1985: Blue whiting
: 0-group blue whiting was only recorded on four stations within a small area
south of N 70° 50’ and between E 15° and E 19° . The catches and the area of
distribution were smaller than in 1983 and 1984. No abundance index has been
calculated. (CM 1985/G: 75) (No Figure presented).

1986: Blue whiting (Fig. 18)
~ This map is included only to show the distribution and no indices are given.
(CM 1986/G: 78).

1987: Blue whiting
No blue whiting is found this year. (CM 1987/G: 38).

1988: Blue whiting (Fig. 21)
Only some scattered catches of blue whiting were taken. No abundance index
has been calculated. (CM 1988/G: 45). '
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1989:

1990:

1991:

1992:

1993:

1994:
1995:
1996:
1997:
1998:

1999:
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Appendix |

Blue whiting (Fig. 23)
Only a few catches of blue whiting were obtained and these are shown in tha
map. No index has been calculated. (CM 1989/G: 40).

Blue whiting (Fig. 20)

The blue whiting was located in a limited area from the coast of Finnmark to
the central part of the Barents Sea. Only low numbers were caught per haul,
but more frequently than in previous year. (CM 1990/G: 46).

Blue whiting
Only a few specimens of blue whiting were caught this year. (CM 1991/G: 50)

(No Figure presented).

Blue whiting, sandeel and catfish.
Only a few specimens of these species were caught this year.

(CM 1992/G: 82). (No Figure presented)

(Positions of blue whiting catches: N 77° 50 E 08° 04°: 1 no. 50 mm
N 76°50° E 11°12’: 1 no. 60 mm
N 76°00° E 14° 11°: 1 no. 55 mm)

Catfish (Fig. 26) and blue whiting
Only a few specimens of catfish and blue whiting were caught.
(CM 1994/G:3) (No Figure presented).

(CM 1995/G: 3) (No observations of blue whiting).

(CM 1996/G: 30) (No observations of blue whiting).

(CM 1996/G: 31) (No observations of blue whiting).

(Cruise report, IMR, Bergen + PINRO, Murmansk) (No observations of blue
whiting).

(Cruise report, IMR, Bergen + PINRO, Murmansk) (No observations of blue
whiting).

(Cruise report, IMR, Bergen + PINRO, Murmansk) (No observations of blue
whiting).

Not correct. 0-group blue whiting was recorded for the first time in 1977
(remarks by T. Monstad)
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Appendix IT (1980-81)

Distribution of BLUE WHITING. Hatched area based on nos./trawl station.

Double hatched: > 100. Full line: surveyed area.
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Appendix II (1982-83)

Distribution of BLUE WHITING. Hatched arza based on nos./trawl station.

Double hatched: > 100. Full line: surveyed area.
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Appendix II (1984-85)

Distribution of BLUE WHITING. Hatched area based on nos./trawl station.
Double hatched: > 100. Full line: surveyed area.
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Appendix II (1986-87)

Distribution of BLUE WHITING. Hatched area based on nos./trawl station.
Double hatched: > 100. Full line: surveyed area.
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Appendix II (1988-89)

Distribution of BLUE WHITING. Hatched area based on nos./trawl station.
Double hatched: > 100. Full line: surveyed area.

~ .

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

N el e

.....

S
o"\‘ \ ] %‘
UGN

‘4‘_-__‘____,_____,_____
T
P
PERY AN
- &

NN
2 i
» \\\\\%ﬁ, §§ l
' E TN

= ——
v

w
6o Beneid T -

ON\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 247



Appendix IT (1990-91)

Distribution of BLUE WHITING. Hatched area based on nos./traw] station.
Double hatched: > 100. Full line: surveyed area.
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Appendix II (1992-93)

Distribution of BLUE WHITING. Hatched area based on nos./trawl station.
Double hatched: > 100. Full line: surveyed area. ' '
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Appendix II (1994-95)

Distribution of BLUE WHITING. Hatched area based on nos./trawl station.
Double hatched: > 100. Full line: surveyed area.
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Appendix II (1996-97)

Distribution of BLUE WHITING. Hatched area based on nos./traw] station.
Double hatched: > 100. Full line: surveyed area. '
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Appendix II (1998-99)

Distribution of BLUE WHITING. Hatched area based on nos./trawl station.
Double hatched: > 100. Full line: surveyed area.
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Year= 1880 Ouarter= 1

Appendix [IT (1980)
Trawl stations (circles) with numbers of blue whiting caught

g g = ©n ® =& 8 = 3
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Yoar= 1884 Cuanai= 1

Trawd stations (circles) with numbers of blue whiting caught, Appendix 11 (1984)
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Year= B85 Ouartar= 3

= 1006 Cuaree=1
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Appendix III {1586)

Trawl stations (circles) with numbers of blus whiting caught.
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Appendix III (1987)

Trawl stations (circles) with numbers of blue whiting caught.

Year= 1987 Quarter= 1

258 0:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc



Ve = 980 Cuariar= 1

Appendix I11 (1988)

Trawi stanions (circles) with numbers of blue whiting caught
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Appendix II (1989)

Trawl stations (circles) with numbers of blue whiting caught.
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Appendix T (19907
Trawl stations (circles) with numbers of blue whiting caught.
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Appendix 111 (1991)

Trawl stations (circles) with numbers of blue whiting caught.
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Appendix ITI (1992)
Trawl stations (circles) with numbers of blue whiting caught.
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. : Appendix [T (1994)
Trawl stations (circles) with numbers of blue whiting caught.
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Year= 1995 Quarter

Year= 1995 Quarter= 1

Appendix III (1995)

Trawl stations (circles) with numbers of blue whiting caught.
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Appendix III (1996)
Trawl stations (circles) with mumbers of blue whiting caught.
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Year= 1997 Quarter=3

1

Year= 1997 Quarter

Appendix ITT (1997)

Trawl stations (circles) with numbers of blue whiting caught.
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Appendix III (1998)
Trawl stations (circles) with numbers of blue whiting caught.
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Year= 1999 Quarter=3

Year= 1999 Quarter=1

Appendix III (1999)

Trawl stations (circles) with numbers of blue whiting caught.
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APPENDIX IV

REPORT OF THE NEAFC WORKSHOP ON MACKEREL AND
BLUE WHITING - TORSHAYN, FEBRUARY 1999
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Figure 3.7,14 Blue whiting catch 1977.
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Figure 3,7.15 Blus whiting catch 1978,
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Figure 1.7.16 Blue whiting catch 1979.
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Figure 3.7.17 Blue whiting caich 1980,

276 O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc



Figure 3.7.18 Blue whiting catch 1981.
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Intemational Council for C.H. 1983/H:35
the Exploration of the Sea Felagic Fish Commirres

SPAWNING OF BLUE WHITING (MICROMESISTIUS POUTASSOU)

IN NORWEGIAN WATERS
by

Herman Bjerke
Institute of Marine Research
Box 1870, N-3011 Bergen, Norway

ABSTRACT

From two permanent oceanographic scations 956 eggs of blue
whiting were recorded in the period March-July. Half of -hese
were recorded in May indicating a peak in spavning this menth.
During a survey covering the area Stad-Bear Island (62-74%M)
in June/July eggs and newly hatched larvae were found as far
norcth as to Trana (669N), indicating spawning south of chis
area. Surveys in April from Sctad to Lofoten (68°N) in rhe
period 1976-1982 and in June/July from Trama to Bear Island in
the period 1977-1982 confirm cthis. Spawning seems to take
place in the fjorda and over the deeper paced of the continen=-
tal shelf. A maximum of 30 eggs and 50 larvae per m’ surface
was recorded. Most of the recordings were from the M#re area.

INTRODUCTION

The mailn spavning area of blue whiting is west of cthe Bricish
Isles. and the spawvning lascts from March to late April with a
peak in April (Anon. 1979). The existance of subsidiary spawn-
ing areas outside rthis area is suggested by Coombs and Pipe
(1980 referring to findings of eggs and larvae Ln the flords
on the vest coast of Norway, of young blue whiting found to the
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north of Norway and in the Barents Sea, and of spawning Mm
taken in the Norweglan Sea. The evidence indicates thac sp
ing in the Norwegian Sea is from late May through June, and u'
location of the spawning grounds in che Norwegian Sea appe
to be mostly adjacent to the edge of the continencal shelf

they do to the west of the British Isles (Coombs and Hh
1980).

In Horwegian waters larvae of blue whiting are recorded .
Wordfjord and off Svine, B-13 mm long, (Anon. 1976) and :,;;
Resc, 5-33 mm long (Zilanov 1968), Monstad and Tangen (pery.
comm.) found 64 larvae in some fjords in the area from %%
to 62°W. The length of the larvae varied frem 1l ro 3] g4
and they were sampled with a pelagic trawl in June. Eggs and/s
larvae are recorded in Masfjorden and Fensfjorden (Lopes 13y
and from Stad to Trena (Bjerke 1981).

MATERIALS AND METHODS

Parts of this material were derived from herring larvae survew
made in April from Stad to Lofoten in the period 1976-1941.
The area was covered twice and samples taken with a Gulf [III-
samples, (Zijlstra 1970). The samples are taken as double
oblique hauls from 60 m te the surface and the staction grid is
nearly the same each year. The station grid for 1980 L
indicated in Fig. 1.

Another part of the material was derived from a postlarvat
survey in June/July 1982 (Fig. 2). Vertical hauls were tsken
with a lLll2 Juday ner from 20-0 m and from 200 m, or bottom
i{f shallower, to surface, Mesh size was 180 micron.

The rest of this material was derived from permanent cceanofTa”
phic scations at the entrance of Sognefjorden {Sognesj#en) and
off Bud (Fig. 2). Vertical hauls from 300 to 0 m and from 25t
ks 0 m, from Scgnesjgen and Bud respectively, were taken withi
0.1m’ Juday net at intervals from one week to one month (Wibori
1978). The samples included are from the period 1976-1979 ant
from 1976-1981 from Sognesjeen and Bud respectively. Seaton ant
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Bailey (1971) and Russel (1976) were used for identification
purposes,

RESULTS AND DISCUSSION

Seasonal distribution

Table 1 shows the recordings of eggs and larvae of blue whiting
at Sognesjgen. Eggs and/or larvae are recorded from March to
July with a small maximum in May. The length of the larvae
varied from 2.0 to 5.3 mm. Off Bud five eggs were recorded
from April to July in the period 1976-1981; three of these in
May in different years. (Bjorke 1983). Spawning of blue
whiting in Norwegian waters have thus been recorded from March
to July with an indicacion of a peak in May.

Vertical distribution

During the postlarvae survey most of the eggs were found in the
deepest hauls, while the larvae were more evenly distributed
(Table 2). The length of the larvae varied from 2.0 to 6.4 mm.

Highest recordings of eggs in deeper hauls is in correspondence
with findings by Cocmbs, Pipe and Mitchell (1981) West of the
British Isles they found the highest number of eggs between 250
and 450 m. They also found larvae most frequently in the upper
100 and 40 m, depending on length. This might explain the
relatively high number of larvae (40) compared to eggs (14)
recorded during the postlarvae survey.

Horizontal distribution

In the present material, eggs of blue whiting were found from
Sognefjorden (61°10'N) to Trmna (66°20'N) (Fig. 1). Findings
of egg and larvae are also reported from Fensfjorden and
Masfjorden (60°50'N) (Lopes 1979). Monstad and Tangen (pers.
comm.) found larvae from 11 to 31 mm in length in Botnafjord.
Osterfjord, Sognefjord, Sunnfjord and Nordfjord.
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Although vertical zooplanktonhauls were taken off the COay
in the fjords from 67°N and 5°E north to 74°N and t.
during postlarvae surveys in the period 1977-1982, no Eiu:
of eggs or newly hatched larvae were recorded north of T

The northern limits of spawning seems thus to be foung ut‘t
area (66°N). The distribution of eggs and small larvae . -
to indicate spawning in Norwegian fjords and over the dl
parts of the continental shelf. It should be noted thar
edge of the continental shelf suggested as spawning Erﬂ'und:
Coombs and Pipe (1980), was not investigated in the ares :
of Trena during the surveys in April and June, Most nfhj:c
recordings were from the Mere area. b
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Table 1. Mumbers of eggs and larvae In vertical haulas with

0.1 m2 Juday net from Sognesiden.

Eggs Larvaes

Year March April May June July March April May June July

1976 1 8 2 9

1977 B 5 2 7
1978 1 9 1 2 1
1979 3 3 -] | 2 11 &
1976-

1979 11 2r 1l -2 | 9 22 12

Table 2. MHumbers of eggs and larvae
in different hauls with 0.1 uz Juday
net sampled durinmg the postlarvae
survey in June/July 1982, Deptha are
rounded off to the nearest hundred
meter when the depths were less than

200 m.

Depth Eggs Larvae
ilo m

20=0 E| 12
100<0 1 L1
200=0 10 Ly
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Fig. 1. Station grid for 1980 and recordings of
eggs and larvae of blue whiting in April 1976-1981.
1. Stations without recordings. 2. Egge. 3. Larvae.
Depth comtours in hundred meters.
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Fig. 2. Station grid from the postlarvae survey in
June/July 1982 and recordings of eggs and larvae of
blus whicing. 1. Stations without recordings.
2. Eggs ). Larvae. Depth contours im hundred

mefers.
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APPENDIX VI

Jowrnal of Fish Biology (1998) 52, 7T82-793 @

Population genetic substructure in blue whiting based on
allozyme data

M. Grever®* axp . STiENt
Biological Starion. Byneswn 46, 7018 Trondheim. Norway

(Received 5 April 1997, Accepred 25 November 997}

The genstic populatios sirscture of the pelagc gadoid biue whating Micromeninivg powrassou
throughout its east Atdannc distribution range was explored using polymarphisms at the Lissue
engymie loci IDHP-2* and PGM-/*. The study inclided 5025 individuals from &5 locations i
ihe esst Atlante and the Medsterranean. Significamt geographic helerogeneity m allele
frequencies was demonstrated at beth loa (JDHP-2%: P=00M, PGM-I* P=000%). The
degree of penetic differentiation (Fop=1-1%) in Blue whining appears to be at the same level as
fior the demersal gadoids cod and haddock. Several separase reproductive units were mdicated
at the fringes of the dssissbution range, 1. n the Barents Sea, and in one MNarwegian Gord
{Romsdalsfjord). © P98 The Fatces Socery = the Brisab Bries

Key words: Blue whiting: Micramesisiive pourassou; population genetscs, populsian structare:
isorymes, allele freguencass.

INTRODUCTION

The marine teleost blue whiting Micromesistius poutassow (Risso) lives
pelagically at depths of 200-700 m along the continental slopes of the North
Atlantic. In the north-west Atlantic it is found patchwise from West Greenland
to south-east of Newfoundland (40" N), while in the east Atlantic it is distributed
continuously from Spitsbergen (82° N) to the Canary Islands (26° N). It is also
relatively common in the Mediterranean. In the Barents Sea blue whiting has
been observed east to 45" E in warm vears (Zilanov. unpublished). In terms of
biomass the blue whiting 1s one of the most abundant 1eleosts in the North
Atlantic, and its economic significance has been increasing since commercial
exploitation began in the 1970s.

In the east Atlantic, the main spawning areas are located along the continental
slopes and banks west of the British Isles. Local spawning aggregations have
been reported also in the Mediterranean, in the Norwegian Sea and in some
Norwegian fjords (Zilanov, 1966; Lopes. 1979; Froglia & Gramitto, 1981,
Bailey. 1982: Bjorke, 1984). Spawning time depends on lattude, starting in
January in the south but as late as in June in the Norwegian Sea (Zilanov, 1966)
The eges and larvae are pelagic. Based on considerations of ocean current
transport and egg and larval development stage, local blue whiting spawning
has been suggested 10 take place also in Icelandic waters (Sveinbjernsson.
unpublished; Magnusson er al., 1965; Bailey, 1982). There are also reports of
the occurrence of larvae, post-larvae and O-group blue whiting off northern

*Authar 1o whom correspondence should be addressed. Tel. +47 731598340, fax: +47 73501 597; emasl

maranne. glaver@vm ntnu ne
#Present address: NFH, UiT, Bresvika, 919 Tromse. Norway.

B2
OOZ2-11 1298040782 + §4 525 D0)H970627 (" 1998 The Fishenes Socicy of the Brtsh [sles
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BLUE WHITING POPULATION CGEMETIC STRUCTURE T8}

Norway (Zilanov, 1968), and in the Barents Sea {Boldovski. 1939). The nursery
areas appear 10 be intermediate water layers at the shallower fringes of the adult
population’s distribution range (Bailey, 1982).

Several approaches to blue whiting stock struciure have been adopled.
Andersen & Jikupsstova (unpublished) reporied morphological differences in
blue whiting from north of 72° N and south of 61" N, In accordance, Schuliz
¢l al. (unpublished), considered it probable that blue whiting {rom the
Spitsbergen area rarely or never participate in spawning migrations to the British
Isles. Bussmann (1984) compared blue whiting caught at Spitshergen, lceiand,
the Faroes, and west of Ireland by means of morphometrics and electrophoretic
patterns of eye lens protzms. She concluded that blue whitng form separate

tions in these four areas. Zilanov ( 1984) suggested four scparate stocks of
blue whiting: (1) the Mediterranean, (2) the west Atlantic, (3) the Bay of Biscay,
and i(4) the Hebndo-Norwegian stock. The latter stock is the larpest. It spawns
west of the British Isles and conducts feeding migrations northwards into the
Norwegian Sea. Zilanov's model was modified later by lsaev & Seliverstov
(1991). Based on morphometric and menstic studies, they suggested that the
Hrebnido-Norwegian stock component consisted of two separate stocks which
th  aamed after their respective spawning areas; the Hebndean stock and the
Porcupine stock. They suggesied that the Porcupine stock migrates 1o the wesl
¢ north-west to feed, while the Hebridean stock conducts feeding migrations
inte the Norwegian Sea. Karasev (1990) compared parasite types and infestabion
rates in blue whiting from differemt parts of the North Atlantic, He concluded
that there were separate glocks in three arcas: (1) the Barenis Sea. Spitshergen
and lceland, (2) the Norwegian Sea, Faroes and Hebnides, and (3) the Porcupine
Bank. Celtic Sea. Bay of Biscay and areas near Shetland.

Pravinus population penetic studies of blue whiting are few. Maller & Navdal
i1969) described a haemoglobin polymorphism and its aliele frequencies atl one
location in the MNorth Sea. In Bussmann's (1984) study a penctic basis for the
electrophoretic variation was not established.

The object of the present study was to explore the genetic population structure
of the blue whiting. As a first approach to this species’ genetic population
structure on a large geographical scale, allozymes were used as genetic markers.
Preliminary results have been reported previously (Mork & Giever, 1993
Gimver & Mork, unpublished).

j MATERIALS AND METHODS

“'ue whiting were collecied by trawl encept for the Trondhemmafjord sample
t#muhnhnd:ﬂlmluﬂﬂﬂrulmth:m in the
north-cant Atlantc and the Madnerrancan (Fig 1) Samples represcnting large
spawming agpicgabons west of the Brituh libes were obtiimed during the spawning
season, in the of 1992 Extensive samphng was performed i the Sed
i late summer 1995, dunng a cruise where -spawning blue whiting were followed on
their feeding migration from the British inte the Norwegian Sea. The northward
exienalon of these feeding migrations shows annual varations (from ¢ 65" N w0 72" N
Isaev er al.. unpublished). Therefore, in order to obtain samples of ble local
popilations in nafth-easiern areas, samples ware collected i the Barents regson
off the coast of norhern Morway both i the winter and summer of 1992, and again in
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collecied in the pericd 1590 1543

late summer 1995, Also samples were collected in several MNorwegin [orde.
was obtained near Iceland, and vwo m the Mediterranean (Table 1)

Body length, weight and sex were recorded for each specmen '““:. =
collected for age determimanon. Gonad maturity stage was recorded i & e
the spawning arcas west of the Brtsh lsles and in select samples 11 o
material  Tisswe samples (muscle and Liver) for electrophoresis were cul ““:..ﬁrl'
cateh and frozen in individually numbered plastic bags. The s
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= &X C unil analyvin. Personned 51 ibe Imstitute of Manne Rescarch in Berpen, Norway
petformed the cialith readings.

Tuisue extracts were prepared by mincing equal amounis of musche and liver ssue i
an equal amount of distilled water. The homogenate was centrifuged at 10000 g for
i0 min and the supernatant used for electrophoresis. Care was taken 10 keep sample
LT ure below 4'C at all stages of prepanition. Starch gel elecirophoresis was

ormed according to Alendorf er al (1977), using the buffer system described by
Ridgway o1 al. (19709, The pH of the staming buffer was 340 (Mork, 1990).

The selection of genetic markers for the present study was based on an introductory
study of penstic vanation m blug whiting (Mork & Guever, 1995), showing low
polvmorphism (P=00 | Y three out of 25 IDOH-2*, IDNP-2*, and PGM-1*). IDDH-2*
could not be penotyped relably in routing analysis, and was omitied from this study,

Each of the 65 samples described in Table | consist of blue whiting caught in one
trawl haul In several cases the samples were small (<50 spoamens). Therefore, in
1o imerease the power of statistical tests and the accuracy of allele frequency estimates,
some samples were pooled into Inrtlr entities (called areas). When pooling samples
several precautions wiere Laken. The blue whiting has a large migratory potential, which
makes b possible that shoals from different populations maght overlap in distnbution
Hence & specific area may hosi different populations st different dmes. A § COBISYRENCE.
only wamplcs canghi af nearby locabons withm a restngisd tmme perod were consdered
T poohng. Samples wiith different age or sex distribuirons were nol pooled. Abuo i was

scked that penetically heterogeneous samples were not pooled, and that the pooling did
nol ingrease any imbalance relative to H-I-Td;—wii]'lh pr ions,

Staigraphics Plus (STSC Inc.). Biosys | M&:& & . 1981, the Monte
~arke type exact tests Chibw and Chirxe (Zaykin & Pudovion, 1993), and vanous
in-house software for pensctic analysis (Mork, unpoblnhed) were used in the analyss of
the biokogical and genetic data. The exaci tests were emploved for Hardy-We
poodness-of-fit and »* & * C tests i cases where the data did not meet the cell size
assumplions for ordinary ¢’ tests. In cases where no ¢* values are listed, © values refer 1o
output from the exact 1e4s by Zayvkin & Pudovkin (1993},

RESULTS

The sex ratios in the samples varied significantly. Extremes were sample 46
(males only) and sample 52 (96:(0% females). There was, however, no obvious
geographic pattern in sex ratios. In the total material, all year classes from 1976
to 1995 except 1978 and 1979, and all age groups from 0 o 18 except 17 were
represented. Females dominated in fish older than 6 years. Among 68 indi-
viduals older than 11 years, only one male was present. Year class 1989 was by
far the most abundant (35-%% of total), but also 1988 (8-2%), 1990 (14-8%), 1991
(11-6%) and 1995 (9 3%) were well represented. The age composition in

vidual samples vaned substantially. Young fish (one- and two-year-olds)

nated the 1992 Barents Sea samples (1-11) and samples from the

* “ithernmost areas (62-65), while the age composition of the other samples was

voonder. Mature blue whiting caught duning spawning west of the British Isles

were mostly 3 years or older, although in the Celtic Sea a few maturing 1- and
2-year-old speomens were observed.

Of the 5025 blue whiting tssue samples which were analysed by
electrophoress. 997 showed sufficient enzyme activity to allow genotyping for
POGM-I* and 9% for IDHP-2*. Three alleles (*/00, *78 and *139) were
recorded ar JDHP2® und five (*/00, =78, *8%, *110 and *]/8) at PGM.I*.
Calculated sample allele frequencies, and observed and expected helerozygosities
at both loci are piven m Tabile |
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TRE M, GIEVER amD 1, 5TIEN

Tance [1. Results of y~ tests performed 10 venfy genetc homogeneity betwesn blue
whiring samples subject 1o pooling

3 : IDHE-§* PO
e Designation -
P (catch time} Aldlele Crenolype Allele Cienotvpe
distiibution  distribution distribution  distnbubion
| =6 Barents Sea 1 Fr=540] P=0-84T7 P=Ta7 F={-ZR1
{wanier 1992 da.f.=3
F=0-360
-9 Barenis Sea 2 =088 P=0-435 P=0-958 P=i-740
(summer 194932) df=2
P=I.'.I 4
12-14 Baremis Sea 5 ,rr--lil (Es FPaa4y F=0-111 P={-i75
(summer 1995) dl=2
.P'iﬂ Gsh
15-164 Bear [sland F=0-Ti4 P=09 P=ED6 FP=0-400

(summer 1%95])

Winare H-ﬂ_,:" values &re listed, the P values refer to autpal from 1he exact 1esis by Zaykim & Pudavkin
11903,

Genotypic distributions conformed with Hardy-Weinberg equilibrium values.
Mo significant correlation was observed between genotype and sex. age or gonad
maturity stage in any sample. Also, sample allele distribution appeared
independent of these factors. Length at age appeared to vary independently of
penotvpe, and no significant linkage disequilibnom was observed n any
sample.

In the Barents Sea remon the cabculated allele frequencies were affected by
small sample size {<50). To reduce the allele frequency variance, and hence
increase the power of statistical tests, samples were pooled according to the
criteria described above (Table I}, The tests of genetic heterogeneny performed
prior to pochng are summarized in Table 11, The pooling of samples resulted in
areas Barents Sea | (samples 1-6, winter 1992), Barenis Sea 2 (samples 7-9,
summer 1992), Barents Sea 5 (samples 12-14, summer 1995), and Bear Island
(samples 15-16, summer 1995). Some Norwegian Sea samples were also small
(37, 39, 40, and 42). Nevertheless these were not pooled because. due 1o sample
location and/or time, 1t was not obvious with which samples to pool them. Also,
the Norweman Sea was well represented with samples large enough 1o provide
sufficient accuracy n local allele frequency estimates, The resulis reported below
are thus based on allele frequencies m 55 samples (four pooled areas and 51
single samples).

Fgp analysis indicated that 1-1% {average over two loci) of the total genetic
varition was due to between-sample vanation, Single locus resulls were
|'3% for JDHP-2* and 0-8% for PGM-I* 7 tesis of heterogeneity of allele
frequencies revealed significant heterogeneity between the 33 samples al both
FDHP2* (P=0-030) and POGM-/* (P=0-005), suggesting that more than one
breeding unil 18 represented in the matenal. In 7 tests in which rare alleles wers
pooled {two allele groups: */i8 and mor*J0N), significant heterogeneily among
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samplés was observed a1t JDHP2* only (JDHP-2* r=112687, df =54
P£0-001; PGM-I™ y*=67863, 4.1 =54, P=04R7)

THE CENTHAL FARTS OF THE DISTRIBLUTION RANGE

In the areas near the British [sles, including the main spawming grounds. blue
whiting from the different locations showed quite similar genetic characteristics
at IDHP-2* and PGM-/* The Porcupine Bank and areas near the Hebrides
have been postulated 10 host separate spawning populations (lsacv &
Selversiov, 1991). MNevertheless, we were not able 1o distinguish blue whiting
from those areas using TDHP-2* and PGM-I* as genetic markers. The PGM-I*
allele frequencies in the two areas were very similar (Table 1). At JDHP-2* the
Porcupine area showed a somewhat higher frequency of the 'IEEHIHE but the
difference [rom the Hebridean area was not statistically significant (y*=1-720,
d.f.=1, P=l-190).

The samples collecied in the Norwegian Sea showed allcle frequencies similar
1o those of the samples collected on the main spawning grounds by the British
Teleg (DM P2 P=irI3], PGM-I* P=0-346). Alo, the allcle frequencies of the
«elandic sample (53 Table 1) resembled those of the main spawning areas (7'
tests: JOHP.2*, P=0-06T. PGM-/*, P=0-290).

THE BARENTS SEA
In the Barents Sea. samples were collected in winter 1992 (Barents Sea 1),
summer 1992 (Barents Sea 1-4), and in summer 1995 (Barents S¢a § and Bear
Island}. Genetic heterogeneity within the north-¢astern region was observed
i Table 111}, Par-wise #° tests of heterogeneity in allele frequencies between these
samples showed a change in allele frequencies (rom 1992 1o 1995: Barents Sea 3
(1992} differed in PGM-!* frequencies from Barents Sea 5 and Bear Island (both
from 1998, P=0001 and P=0-002, respectively), Thirty such pair-wise tests were
performed. and as many as 10 resulied in P values less than 0-05. This happened
not only i the between vear lesis, but also when sampies collecied within the
same vear and season were compared. Howewer, only the between-year differ-
ences menhioned above were formally significant when the significance level was
adjusted for the number of tests performed (0-0530=0002) Hierarchical
F-statistics showed that 75V of the between sample component of the observed
genetic variation within the Barenis Sea region was due 10 between-year
Pifferences (Fuumpte 1o =0008, Fruny 1ciu=0006, Frampte 10 =0002). As com-
pared 10 the blue whitimg of the central pants of the distinbution anea, it was the
1992 Barenis S5ea samples which contamed the genetically most deviating blue

whiting ( Table V).

HMORWEGIAN FIORDS

Two Norwegian ford samples, Vigsfjord (20) and Romsdalsfjord (51), stood
oul by having low [DHP-2* 0 freguencies. However, the Vigsfjord sample did
ool differ ngnificantly from the Norwegian 5ea samples at cither IDNP-2=
iP=0-125) or PGM-]1* (P=0-343) The Romadalifjord sample from mad-
Norway showed, as the only sample from this region, a bow TDHP-2* 100 and 2
high PGA-1*100 allele frequency. Comparisons with the allele lrequencies of
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TanLk IV, Results from »* contingency table tests of differences in
allelic proporiions between the Morwegan S2a and samples from
the Barenis Sea region

JDHP- 2 PG
Sniles teyiad «: tests results  test results
the Morwegian 5ea 0P P
Barents Sea | jwamier 1992} <{-{1 i 544
Barents Sea 2 (summer [92) (W13 0062
Barents Sea 3 (summer 1992) 0015 -0
Barenis Sea 4 (summer [992) 0-00f (-ank
Barents Sea 8 [summer [9935) 0ike (1)
Bear |sland [surmnmer [995) 0754 D-255

F values reler 1o exacl lests by faykin & Podovin (19931 Formal
wgnificance level: D00

the Norwegian Sea samples showed that the difference in JDHP-2* frequencics
5 sgmficant (P=0003) while POM-I™ frequency difference was  mot
= 0rd3d),

FHE MEDITERRANEAM

The sample from Greece (63; Table 1) showed the lowest heterozygosity of the
63 samples. It had higher frequencies of the most commoen allele than the
Gibraltar sample (64; Table I} at both loci. but not significantly so (FDHP-2*:
7 =2214, df.=1, P=0-137; PGM-1* P=0-255). The Gibraliar sample allele
frequencies resembled those of the samples from west of the British [sles
(IDHP-2% - =0-039, d.L.=1, P=0-84d, PGM-1* P=0-328). The Greek sample
showed a higher [OHP-2%1iW} frequency than the British [sles samples, but the
difference was not formally significant (TDHP-2% »=3-380, d.f.=1, P=0-066,
POM-I™ P=0290),

DISCUSSION

Marne species with a pelagic way of life, shoaling behaviour and extensive
migrations c¢an be difficult study subjects for population structure descrip-
tons, In blue whiting. the problems in obtaining representative samples from

pulations were emphasised by Bailey (1952), who noted that the shoal affinity

blue whiting might depend on factors like age, size and sex. Although in this
report most conclusions are based on observations in refatively large sampies, the
<onclusions drawn still depend on whether the samples are representative of
the populations invelved.

The use of only two pelymorphic loct puts restrictions on the level of detail in
genetic differentiation that can be revealed by the present material, Mevertheless,
the present analyses of fDAP-2* and POGM-1* revealed a clear genetic
substructure within the species.

The level of genetic substructure indicated in blue whiting by the present
material (Fer=1-1%) is moderate but stll. perhaps. higher than might be
expected on the basis of cenain traits in the biology of the species. Large
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population sizes {c.g. billions of individuals on the spawmng grounds west of the
Britssh lsles). pelagc eggs and larvae, exiensive feeding and spawning migra-
tions, and a pelagc way of life are factors which would be expected to mhibit
genetic differentiation due to solation and genetic drift, unless severe population
bottlenccks have been an important feature of the recent evolutionary history of
the species. Nevertheless, the blue whiting shows levels of genetic differentiation
which are of the same magnitude as those of non-shoaling, demersal gadoids on
comparabic peographic scales: cod Godis morhua L. Fgp=21% (Mork er af,
1985), and haddock Melanoprammus geglefima (L), Fgr=00% (Guever et af.
unpublished).

THE CEMTRAL DISTRIBUTION AREA

The blue whiting in the central parts of the distribution range appeared
genetically homogeneous at JDHP-2* and PGM-I* over large geographic arcas.
According 10 the hypothesss of Isaev & Seliverstov (1991) on blue whiting
population structure, one would expect the blue whiting collected in the
Norwegian Sea duning summer (o represent the Hebndean stock unit, rather
than the Porcupine. Using IDHP-2* and PGM-/* as genetic markers. it was
nol possible 1o verify the conclusion of lsaev & Seliverstov (1991) of separate
populations on the Porcupine Bank and in the Hebridean area, However, that
does not exclude the possibility that those areas host separale populations with
similar allele frequencics at JDHP-2* and PGAM-1*

Based on current knowledge of blue whiling migration routes. and on the
observed genetic umilarity between the samples from the Bnitish Isles and the
Norwegian Sea, the blue whiting in the present Norwegian Sea samphes might be
regarded as representative of the blue whiting that spawn west of the Brntish
Isles. This justifies compansons between Norwegian Sea allele frequencies and
those of adjacent areas (i.e. Norwegian fjords or the Barents Sea region) to reveal

possible genetically deviating local populations

The samples that showed the geneucally most deviatung blue whiting were
collected off the coast of noth-east Morway in 1992 (Barents Sea |-4; Table [).
Both winter and autumn samples in these areas in 1992 were characterized by
significantly lower JDH P-2* 100 frequencies than those in the central distribution
arca, and indicate the existence of one or more separate reproductive units in the
north-cast. The deviating genetic characienstics of the 1992 Barents Sea blue
whiting became formally ugmificant only once small Barents S¢a samples were
pooled. Based on the comparisons of sample caich time and locabon, age and
sex composition. and noting intnnsic genetic homogeneity, 11 was considered
likely thut the vanous samples which were pooled. contained blue whiting from
the same population. I this assumption is correct, conclusions based on allele
frequency estimates in pooled samples will be more realistic than those based on
small sungle samples. However. also when the north-sasiern samples were nol
pooled. a drop n fDHP-2* 100 frequencies could be seen north of 70° N (Fig. 2)

There are several reports on the presence of adult biue whiting off the coast of
northern Morway and in the Barents Sea during and shonly after the main
spawning events west of the British Isles. Lahn-Johansen (1968) found adult
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BLUE WHITING POPULATION GEMETIC STRUCTURE 193

L ] .f *
* -
08 - e

'i
*

a7y r - z
]

L

L

06

AR P-2 " 1)

0%

04

| 1 ! | ! | |
0 10 M) bl i a0 LK T &0
Latitude (*24}

Fiz X Plat of blue whiling FHP-2* {00 (reguesey v sample [ecation ktitude in 65 samples from the ez
Atlaniic and the Mediberrarssan

0.3

*he whiting along the northern Norwegian coast from March to December, and
.nrhage & Schine (unpublished) and Schultz er al. (unpublished) observed
adult blue whiting near Bear Island in early and late winter. From observations
on blue whiting larvae in the Vesterdlen area in June, Zilanov (1966, 1968) stated
that it was likely that the blue whiting of the northern Norwegian Sea do not
participate in spawning migrations 1o the west of the British lsles, bul spawn
locally slong the continental slope of nerthern Morway. Early development
stage larvae have been reported also in the Barents Sea proper (Boldovski, 1939).
The present results indicate the existence of separate reproductive units of biue
whiting in the north-eastern Atlantic, and offer genetic support to previous
studies which have postulated such units based on biological observations.

After spawning wesl of the British Isles in March-Apnl, large masses of blue
whiting migrate into the Norwegian Séa 1o feed. In the course of the present
study, preliminary results showed a genetically deviating stock component in the
north-east. To investigate its southern and western extension, and in order 1o
detect a possible transition ared. the Norwegian Sea was sampled extensively in
1995, on a cruise where post-apawning blue whiting were followed on their
F-jg migration from west of the British Isles into the Norwegian Sea. The
fu-tnward limit of this migration varies and may in some, but not all years, be
Far enough to the north and east to have influenced the present autumn samples

the north-eastern areas.

Such annual variability could explain the observed heterogeneities within the
north-eastern region, where in 1995 the autumn Barents Sea samples were
similar 1o the Norwegian Sea samples while in 1992 they were not. Thus the
present results indicate that the areas off the coast of northern Norway and in
the Barents Sea host a local blue whiting population which seems 1o have its
own genetic substructure, and in addition a variable annual visit by hiue
whiting on feeding migration from the south-west. [saev & Seliversiov
{unpublished) suggested that blue whiting in northern areas spawn in June along
the continental slope west of Morway.
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FIORD POPLULATIONS

The results from the allele frequency analvsis suggested the exisience of a
separate reprodective unit in the Romsdalsfjord (20; Table [). Thess
observations lend genetic support lo previous suggestions |Bailey, 1982, and
references therein) that Jocal populations of blue whiting exist and reproduce in
some Morwegian [ords. The analysis did not reveal genetically differentiated (at
IDHP-2* and PGM-1*) fjord populations in any of the other fjords represented
in the present study.

THE MEDITERRAMEAN

The Greek sample showed a low level of genetic vamability in terms of
heterozygosity, and had relatively high frequencies of the most common allele at
both loci. However, the Mediterranean blue whiting has not been studied
extensively and little is known currently about its stock structure, spawning areas
and migration routes, The present data do not permit firm conclusions on blue
whiting stock structure in the Mediterranean.

CONCLUSIONS

Crenetically isolated blue whiting reproductive units appearsd to exist in the
north-east Atlantic and in the Romsdalsfjord. Norway. The allele frequencies
of the 1992 Barents Sea samples of blue whiting were consistently and very
significantly different from those taken at other locations, including post-
spawning biue whiting in the Norwegian Sea. Furthermore, there were
indications of & substructure within the Barents Sea area that would justify
further study. The present material [rom Greek waters was too small as a basis
for conclusions about the inner Mediterranean blue whiting.

Usabie allozyme polymorphisms in blus whiting are scarce currently (Mork &
Gizver, 1995), and limit the level of detail thar can be achieved in analyses.
More genetic markers might remedy this problem. and it appears worthwhile to
explore the performance of various DMNA markers (e.r. DNA micro- and
mimsatellines) in further studies of the genetic population structure of blue
whiting,
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Gadidae 101

friburion: European coasts from lceland and south-western Barents
to northern coasts of Portugal, western Baltic to Getland lsland,
ful in western Mediterranean (M, merloegus meriongus), Black
adjacent parts of Azov Sea, Sea of Marmora, Aegean Sea and
jatic (M. merlangus euxinusg).

Subrpecies

Merigngius merlangus merlgngus: no barbel on chin. Pectoral fin 138
15.6% of body length.

Pectoral fin 15.4-18.2% of body length.

Meriangius meriangus suxinus (Nordmann): barbel on chin conspicuous. |

MICROMESISTIUS Gill, 1864

| Lower jaw slightly projecting beyond upper one. No barbel on chin.

% Sensory canals with large pores on head. Coronal fossa on fromtals

- closed in fromt of commissure between supra-orbital canals. First anal
fin long. its base more than preanal distance and its origin i front of
or just behind first dorsal fin origin. Dorsal fins widely spaced,
interspace between second and third fins longer than base length of first
dorsal fin. Lateral line continuous over whole body.

Sec species for biology, etc,

Species 1, in Clofnam area |.

Clofnam 101.8

,'I-f&romsilm poutasson (Risso, 1826)

Commaon synonyms: pone,

Commen names: Blue whiting (En), Poutassou (Fr), Bacaladilla (Sp),
Putassu (Ru).

Dizgmasis; first dorsal finrays 1214, second dorsal finrays 12-14, third
dorsal finrays 23-28; first anal finrays 33-39, second anal finrays 24-
27. Vertebrae 55-58, Gillrakers 27-33. Colowr: bluish-grey on back,
silvery on sides, belly milk white, Size. to 47 cm SL, usually 25-30 cm.

Habitat- mesopelagic, over depths of 160-3,000 m in midwater, 0=
400 m from the surface, also near the bottom at |80-—400 m; immature
hive in shallow waters, occasionally inshore. Behaviowr: in shoals, less
dense in winter, during daylime in desper waler, rising at night. Seasonal
and spawning migrations not exactly known, Food: chiefly small

crustaceans, euphausiids, amphipods, rarely fishes. Reproducrion: from |

February in the south to May in the north, ar 180-360 m, over edge of
continental shell, in water layers at 10-30 m from the bottom,

689

Clofnam 101.8,1
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Gadidae 101

Dhsrribuzion; Morb Adlantic from wewern Barents Sea, Spiizbergen,

leeland ind Greenland, Skagerrak, Kattegal t0 Morpccs, wesiern
Medinerranean, s webern Morh Aflante

POLLACHIUS Nilmon, 1852 Clofnam 1019

Lower jaw projecting beyond upper one, A barbel on chin, minue or
abienl Semiory camaly with large pores on head Coronal fassa om
froatals closed in froal of commamere betwesn Fipra-ortsial canal
First anal Bn long i base more than one-hall of preanal dntance and
it oregn bebow muddie or end of firul dorsal fn base. Dorsal end anal
interspaces ahort. Lateral line coniinuous over whole body, Mo dark
ipat at pectoml fin bas

loshore or offihore waters. from the surfece 1o bottom m mmall
whoals Feed mainly on fish and crmtaceans Spawning from January 1o
ay.

Species 1, both in Clofnam amca

EEY TO SPECIES

ia Lateral ling arched over pecioral fin. Mo barbel om chin. Lesa than

30 plirakers on G pll anch P pollachaa (p. 690)
Ib Lateral lime straight. A barbel on chin, minule of nb-lnli:u

More than 30 gillrakers on et gl arch . | P virems (p, 4900
Pollackini pollackiny (Linnsous, 175K) Clofnam 101.9.1

Common EYRORYIS: None,

Common aames: Pollsck (En). Licu pnene {Fri, Lyur (Rul, Absdcio (Spl

DMagmans: lowed jaw dmuncily projeciing beyond upper ane, Eye Earge,
aboot one and half tmes in snoud length. Pelvie fin leagth about squal

te orbit dlameter. Candal fin lunaie. Firsi doral Snrays 12-13, second
domal fimrays 17-20, third doral Barwys 17-19; firm anal Snrays 27-
M, second ensl Gorays 17-20. Verebrae 51-335. Gallrakers 25-I8.
Calour: dark brown or olive on back, rather nbrupily shading 1o pale
on Bdes and lighter on belly. Size 1o 60-80 cm BL, wsually lessc may |
meach |30 om

Hobitad: msinly inshore, young closer to the shore than the adults,
midwater and demersal fish, near rough grownd end rocks. Sedaviour
sdults [ive in shoals only during spawning peniod. Food” maknly small fish

&30
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Scombridae 156

Scomber japonicus Houttuyn, 1782 Clofnam 156.1.2
Suppl.: 3564
Common synonym: Preumnatophorus colias (Gmelin, | 788).

Common names: Chub mackerel (En), Maquereau espagnol (Fr),
Estornino (Sp).

Diagnosis: first dorsal spines 8-10; space between posterior end of first
dorsal fin groove and origin of second dorsal fin approximartely equal
in length to groove. Swambladder present. Vertebrae 14 + 17, first
haemal spine posterior 1o first inter-haemal process. Colour: belly
usually clearly marked by broken, wavy lines or spotting in the eastern
Atlantee, Size’ to 30 cm fork length, common to 30 cm.

Habirat; epipelagic or mesodemersal in depths to 250-300 m. Schooling
and strongly migratory, Feed: small pelagic fishes such as anchovies,
pilchards, sprats, and silversides; also pelagic invertebrates. Reproduc-
flan: eggs and larvae planktonic,

Distribution: eastern Atlantic from the Canaries and the Azores
commonly north 1o the Bay of Biscay. Occasional individuals reach the
southern parts of the Briush lsles, the Irish Sea, and the coast of Bel-
gium, Frequent in the Mediterranean and the southern part of the Black
Sea. Elsewhere, worldwide in warm and warm-lemperate waters,

Scomber scombrus Linnaeus, 1758 Clofnam 156.1.1
Mg Suppl.: 364

Common synouyms: none.,

Common names: Atlantic mackers! (En), Maguereau commun (Fr),
Makrele (G), Caballa (Sp).

Diagnosis: first dorsal spines 11-13; space between posterior end of firss
dorsal fin groove and origin of second dorsal fin clearly greater than

91
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Scombrigas 156

groove, appraumately 1.5 Iimtll.l-l-nn.. Swimbladder abseni Vertebrae
15+ 1§, Bryi hpemal spine anterior 10 Al iober-baemal proce.
Colowr: belly uamarked. Sise: commonly to 354 om lork lengily
saceptiong] diveluals may reach |8 kg o weight

Haburar: epepelagc or mesodemerial i6 depibn to 200-250 m. Schoolng.
spmetmes i enormous schools. Feod: adults car wast quantidies of
pelage crustageans, chiefly copepods and ruphausivds. but wlso crab
larvae, smphipods, arrow wormi, asd young clupeoid Bshes. Re-
produstion spawn in shallow wated over (he contimenial shelf in wpring
and carly semmer. Egpy and lrvee plankiosic,

Diprabedion & Bonl Arlssoc wpecen found (hroegsos the sres from
Morway 1o the Afons and Moroooo, the Mednirmiscn and Back Sen
Fminlhlmhhﬁ. m-‘in-h- o

= ape
Hyon l:h-l n-:th-wnl. l:un.-n uJ'.-u'nu

SCOMBERDMORUS Lacrpdde, |80 Cholfinam, 1341

Body elongase and compreseed. Seoul much sharter than rent of head,
esterior part f maailla sxposed, not quite reaching 10 & vemical from
hind margin of eve. Jaw tzeth lerge, inangular and compresied. Gills
rake=rs 1-27 an st arch. I dacsal fim, the firsg wink 12-22 spanes; 6=11
dorsal and 5-12 snal firleis. peciorsl Ao mﬂ" Fildf-pebic

i
:

Epipelagie, waually in coastal walers Schooling, pecies
migratory. Feeding chaefly on small schoolng fishes such as clupsoids.
Pelage egpy and larvae,

Speciey 1E; in Clofnam area 1
Recemi mevmion: Colletie & Rumo (19790 s adp Collens (1953)

KEY TO SPECIEE

la Lateral line gradsally carving dovwn toward caudal reche, walh-
ol § sharp dip under second doral B wial gllrakers on fira

arch 13-14 & tritor (p. #9030
ib m#-uﬂhuﬁﬁ“whw
pliraken on e wrch 3-8 . 5. compniein (p. ¥
Scomberomprun commeries | Laospede, 1H03) Clofnam 158.1.3

iCamman synarym: C i commérneal | Lacepede, | B0}
Commion peme: Narrow-barred Spanish mackere! (Enl
71
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