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1 INTRODUCTION

1.1 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) assess the status of and provide catch options for 2001 for the Norwegian spring-spawning herring stock;
b) assess the status of and provide catch options for the 2000–2001 season for the Icelandic summer-spawning herring

stocks;
c) assess the status of capelin in Sub-areas V and XIV and provide catch options for the summer/autumn 2000 and

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

in 2001;
e) assess the status of and provide catch options for 2001 and 2002 for the blue whiting stock;
f) 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).

g) 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.

h) 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.

i) 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 Gjøsæter 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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Webjørn Melle Norway
Brian Nakashima Canada
Ingolf Røttingen Norway
Sveinn Sveinbjornsson Iceland
Sigurd Tjelmeland Norway
Dmitri Vasilyev Russia
Hjalmar Vilhjalmsson Iceland
Jonathan White 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 10C 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 0C 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 0-group survey in autumn 1999.

In 1999 the ice coverage  was significantly less than previous years. The ice edge  was north of 750N 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 0-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: 180-1000µm, 1000-2000µm and above 2000 µm. 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.
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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 (Gjøsæter, 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

2.2.1 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 Svinøy section which runs NW from 62.37o N at the
Norwegian coast, 2) the Gimsøy section which also runs NW from the Lofoten Islands and 3) the Sørkapp section
which is a zonal section at 76.33o 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: Svinøy, Gimsøy and Sørkapp. 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 Sørkapp section. In 1999 the temperature
decreased in the southernmost sections while it increased slightly in the Sørkapp section.

Figure 2.2.1.4 shows time series of temperature and salinity during the spring in the Svinøy and Gimsøy 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 Svinøy 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.
• 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-2) 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.
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In July the total zooplankton biomass (g dry weight m-2) 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:

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

• 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-2 (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 (NAO), 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-2 (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:

• 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-2 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.

2.3.4 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
et al. 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
68oN. In early July these herring were located between 14o30’W and 16oW 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 68oN, 18oW 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).

2.3.5 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

Cod Haddock Redfish Others Total

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 9 3 220 406 2743
1989 816 243 133 585 3 32 8 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
consumption

Harp seal consumption
(low capelin stock)

Harp seal consumption
(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-2, from bottom-0 m, mean values for the whole Barents Sea,
from 1994-99.



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 13

Tø
rr

ve
kt

 (
gm

-2
)

Tø
rr

ve
kt

 (
gm

-2
)

Tø
rr

ve
kt

 (
gm

-2
)

Tø
rr

ve
kt

 (
gm

-2
)

Tø
rr

ve
kt

 (
gm

-2
)

Tø
rr

ve
kt

 (
gm

-2
)

Tø
rr

ve
kt

 (
gm

-2
)

Område 2, bunn-0m

0

5

10

15

20

89 90 92 93 95

180-1000µm

1000-2000µm

>2000µm

Område 6, bunn-0m

0

5

10

15

20

89 90 91 92 93 94 95 96 97 98 99

Område 3, bunn-0m

0

5

10

15

20

90 91 93

Område 7, bunn-0m

0

5

10

15

20

87 89 90 91 92 93 94 95 96 97 98 99

Område 4, bunn-0m

0

5

10

15

20

88 89 90 91 92 93 94 95 97 98 99

Område 8, bunn-0m

0

5

10

15

20

88 89 90 91 92 93 94 95 96 97 98 99

Område 5, bunn-0m

0

5

10

15

20

87 88 89 90 91 92 93 94 95 96 97 98 99

Figure 2.1.2.2. Mean values of size separated zooplankton biomass, gm-2, from bottom-0 m in the regions 2-8 during the
period 1987-1999.
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Figure 2.2.1.1. Main surface currents of the Nordic and Barents Seas. Standard sections A: Svinøy NW, B: Gimsøy
NW, C: Sørkapp, D: Fugløy-Bear Island, E: Vardø N, F: Kola.
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Figure 2.2.1.2. Winter (December-March) North Atlantic Oscillation index (NAO).
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Figure 2.2.1.3. Temperature (ºC) and salinity observed during July/August, in the core of Atlantic Water beyond the
shelf edge in the sections Svinøy - NW, Gimsøy - NW and Sørkapp - W, averaged between 50 and 200 m depth and
horizontally over three stations across the core.
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Figure 2.2.1.4. Temperature and salinity in the sections Svinøy – NW and Gimsøy  - NW, observed during March/April,
in the core of Atlantic Water near the shelf edge, averaged between 50 and 200 m depth and horizontally over three
stations across the core.
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Figure 2.2.2.1. Distribution of chlorophyll a at 10 m depth during the year at Weather Station Mike in 1997, 1998 and
1999.

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 1.4ºE). B: Atlantic water (salinity >35). B: Norwegian Coastal water (salinity <35, west of 1.4ºE). 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.



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc20

1995 1996 1997 1998 1999
0

5

10

15

20

25

0.76

0.78

0.80

0.82

0.84

0.86

0.88
Z

o
o

p
la

n
kt

o
n

 b
io

m
as

s 
in

 M
ay

 (
g

 m
-2

)

H
er

ri
n

g
 c

o
n

d
it

io
n

 in
d

ex

Year

Herring

Zooplankton

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+1)
(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 n+1) 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

3.1.1 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

3.1.2.1 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 Møre 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 68oN, between 1oE and 1oW.
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 66o30’N, 2oW. In the last week of May, large
fishable herring concentrations were located in the area from 68oN and 68o30’N, between about 1oW and 3oW, mainly
in the Jan Mayen EEZ. Of the May catch of about 55 000 t, some 47 000 t were taken north of 68oN, 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 73oN, 4oE. 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 68oN, and about
9 000 t in international waters north of 72o30’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 650 N) and Langrunnen Bank  (approximately 620 N) in the beginning of



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc24

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
Fugløy 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 t in 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:
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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 58oN to approximately 69oN.

3.3.2 Wintering areas

The wintering area was surveyed acoustically in December 1999 (WD by Røttingen). 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.

3.3.4 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.

3.3.5 Herring larval survey 2000

The larval survey in 2000 started on the inner stations of the Fugløya-Bjørnøya 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-2 were found
on the banks outside Senja, Vesterålen and at the Røstbank. These larvae were in the later yolksac stages, and in the
first post yolksac stage. Farther south there was an area without larvae (660-680N), and in contrast to the period 1993-
1994 few larvae were found between 640-660N. 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 Frøyabank (620-640N) 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 600-
680N is shown in Table 3.3.5.1 and was calculated to be 19.8x1012, 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.

3.4 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.

3.5 Stock assessment

3.5.1 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 Høst 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.

3.5.2.1 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).
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3.5.3 Implementation of acoustic surveys and tagging data in the assessment model

3.5.3.1 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.

3.5.4 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.
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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.

3.5.4.1 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
3.5.4.2.1).

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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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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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 5221.3 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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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 F5-14 weighted by
the population number (hereafter denoted as F5-14,w) as the reference F for this stock. The F5-14,w  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
F0.1=0.22 (based on ages 3-16+), while Fmax 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 Østvedt (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 1 250 000 t in 2000 is taken, this will cause the fishing mortality
(F5-14,u) to increase from 0.19 in 1999 to 0.21 in 2000. The effects of different levels of F5-14,u 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 Bpa

Item 3) in the agreement on long time management (Section 3.8) considers management action in case the SSB falls
below the agreed Bpa 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 Bpa 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 Bpa 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 Bpa 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 Bpa 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 Bpa in 2 to 5
years for different harvest control rules. However, the number of years the SSB is below Bpa 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 Bpa.

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

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

Catch ceiling None 1.5 million t
Value of Bpa 5.0 million t As requested
Value of Blim 2.5 million t As requested
Time range 5 and 10 years As requested
Fishing mortality for F
below Bpa

Ensure a probability in the range
of 50 to 80% of restoring the
SSB to above Bpa within 2 to 5
years in case where the SSB is
below Bpa

Linear decrease in F from 0.125
at Bpa to 0.05 at Blim (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
Bpa

Measure of stability of
catches

average percentage change in
catches from year to year

As requested

Yield average catches over the same
ten year period

Average annual yield (tonnes)
of the time range for the
simulation run (5 or 10 years).

Risk Probability that SSB will fall
below Bpa and Blim in a 5 and
10 year period

As requested, risk to fall below
Bpa and Blim within the time
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 Bpa and Blim 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 Bpa, 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 Bpa 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 Bpa 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 Blim= 2.5 million tonnes in the coming 10-year period is almost doubled

when a reduction in F at SSB levels below Bpa=5.0 million tonnes is not applied. Probability of falling below Blim
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 Bpa =5.0 million tonnes with a
linear reduction to F=0.05 at Blim= 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
above
Bpa

Strategy
below Bpa

CV P (SSB
< Blim,
during 5
years)

P(SSB <
Blim,
during

10
years)

P(SSB<
Bpa,

during 5
years)

P(SSB <
Bpa,

during
10

years)

Yield
(average
in first 5
years)

Yield
(average
in first

10
years)

Average
no. years

with
SSB <
Bpa

Av %
annual
change,
10 years

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.

to F=0.05
at Blim

0.3 0.00 0.04 0.38 0.64 0.50 0.50 2.3 38

F=0.10 Linear red.
to F=0.05
at Blim

0.3 0.00 0.05 0.46 0.71 0.60 0.58 2.8 38

F=0.125 Linear red.
to F=0.05
at Blim

0.3 0.00 0.10 0.55 0.79 0.71 0.66 3.3 39

F=0.125 Linear red.
to F=0.05
at Blim

0.4 0.00 0.11 0.58 0.80 0.71 0.66 3.6 51

F=0.15 Linear red.
to F=0.05
at Blim

0.3 0.00 0.14 0.65 0.85 0.80 0.72 3.9 39

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 Bpa. A plan for reduction in F at
levels below Bpa 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 B1 C D Total Total catch as
used by the

Working Group
1972 - 9.895 3,2662 - 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 71,1223 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
19975 0 - 1,426,507 1,426,507
19986 0 - 1,223,131 1,223,131
19996 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)

1 Includes also by-catches of adult herring in other fisheries
2 In 1972, there was also a directed herring 0-group fishery
3 Includes 26,000 t of immature herring (1983 year class) fished by USSR in the Barents Sea
4 Preliminary, as provided by Working Group members
5   Details of distribution of 1997 and catches by fishery and ICES area given in ICES 1999
6   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.

Year Norway
USSR/
Russia Denmark Faroes Iceland Ireland Nether-

lands
Greenland UK Germany France Sweden Total

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
19991

13,161
7,017
7,619

13,713
10,436
22,706
19,824
12,864
18,577
13,736
16,655
23,054
53,532

167,272
199,256
108,417
115,076

88,707
74,604
73,683
91,111

199,771
380,771
529,838
699,161
860,963
743,925
740,640

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

2,600
26,000
18,889
20,225
15,123
11,807
11,000
13,337
32,645
74,400

101,987
119,290
168,900
124,049
157,328

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

30,577
60,681
44,292
35,519
37,010

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

2,911
57,084
52,788
59,987
68,136
55,527

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

21,146
174,109
164,957
220,154
197,789
203,381

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

19,541
11,179
2,437
2,412

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

7,969
19,664
8,694

12,827
5,871

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

2,500
-
-
-
-

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

881
46,131
25,149

15,9711
9,207

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

556
11,978
6,190
7,003

-

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

1,500
605

-

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

22,424
19,499
14,863
14,057

13,161
7,017
7,619

13,713
10,436
22,706
19,824
12,864
18,577
13,736
16,655
23,054
53,532

169,872
225,256
127,306
135,301
103,830

86,411
84,683

104,448
232,457
479,228
905,501

1,220,283
1,426,507
1,223,131
1,235,433

1 Preliminary, as provided by Working Group members.
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Table 3.2.3 

Record No Country Ouarter /Ve a Sampled Oflicial WG No. of No. fish No. fish CN CN CN CN CN CN CN CN C

N.-J 
Catch Catch Catch samples aged measured o 1 2 3 4 5 6 7 

o 16 1999 
1 Norway 1 lia 232731 203958 203958 138 5847 9665 o o 1æ 9950 3782 38936 108649 385449 
2 Norway 211a 11983 11943 11943 39 2286 2546 o o 240 !03 259 1æ1 3745 17876 
3 Norway 311a 105056 105026 105026 52 892 3793 o o 1385 33826 6720 11627 39905 132484 
4 Norway 4 lia 390870 390853 390853 61 3103 7999 o o 1194 50868 15848 49766 145491 524004 
5 Norway 1 IVa o 28773 28773 o o o o o o o o o o o 
6 Norway 2 IVa o 40 40 o o o o o o o o o o o 
7 Norway 3 IVa o 30 30 o o o o o o o o o o o 
8 Norway 4 IVa o 17 17 o o o o o o o o o o o 
9 Russia 1 lia o 72404 72404 o o o o o o o o o o o 

10 Russia 2 lia o 7096 7æ6 o o o o o o o o o o o 
11 Russia 3 lia o 76870 76870 o o o o o o o o o o o 
12 Russia 4 lia o 143 143 o o o o o o o o o o o 
13 Russia 2 IVa o 16 16 o o o o o o o o o o o 
14 Russia 2 Vb o 799 799 o o o o o o o o o o o 
15 Denmark 2 lia o 33491 33491 o o o o o o o o o o o 
16 Denmark 2 llb o 3519 3519 o o o o o o o o o o o 
17 lceland 2 lia 203381 203381 203381 66 2616 2806 o o o o o 3061 32113 169079 
18 Sweden 2 lia o 14057 14057 o o o o o o o o o o o 
19 Germany 2 lia o 6996 o o o o o o o o o o o o 
20 Nelherland 1 lia o 380 o o o o o o o o o o o o 
21 Netherland 2 lia 5871 6149 5871 2 50 50 o o o o o 372 o 5204 
22 Netherland 3 lia o 7528 o o o o o o o o o o o o 
23 UTcoll 

1 lia o 1214 1214 o o o o o o o o o o o 
24 UK Scot 2 lia o 1031 1031 o o o o o o o o o o o 
25 UK Scot 3 lia o 16962 16962 o o o o o o o o o o o 
26 UK Scol 4 lia o 1529 o o o o o o o o o o o o 
27 lreland 2 lia o 2412 2412 o o o o o o o o o o o 
28 Faroes 1 lia o 9704 9704 o o o o o o o o o o o 
29 Faroes 2 lia o 19909 19009 o o o o o o o o o o o 
30 Faroes 3 lia o 18517 18517 o o o o o o o o o o o 
31 Faroes 4 lia o 1023 1023 o o o o o o o o o o o 
32 Faroes 311b o 395 395 o o o o o o o o o o o 
33 Faroes 2Va o 286 286 o o o o o o o o o o o 
34 Faroes 3Va o 418 418 o o o o o o o o o o o 
35 Faroes 3 XIVa 5979 5275 5275 1 85 85 o o o o o o o 1794 
39

N CN CN CN CN CN CN CN CN 
8 9 10 11 12 13 14 15 16 

220112 53671 18739 2880 1389 o 9596 o 16036 
10299 3118 1727 15 494 o 2069 o 2192 
83632 13542 4673 668 668 o 4099 o 6022 

356381 80730 25474 1462 2198 o 15379 o 8803 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 

227809 75593 29606 5935 23924 5542 34327 o 7460 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 

6691 2619 1026 206 829 192 1189 o 258 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 

4893 652 978 o 1794 o o o 3751 
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a ble 3.2.4 

ecord ~o Country Qua~er Area Sampled Official WG No. of No. fish No. fish CW CW CW cw cw cw cw cw cw cw cw cw cw cw cw cw CW = Catch Catch Catch samples aged measured o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
o o 16 1999 

1 Nooway 1 lia 232731 203958 203958 138 5847 9666 0.000 0.000 0.094 0.110 0.179 0.233 0.237 0.263 0.277 0.309 0.330 0.351 0.369 0.000 0.372 0.000 0.376 
2 Nooway 211a 11983 11943 11943 39 2286 2546 0.000 0.000 O.Q78 0.143 0.205 0.243 0.243 0.255 0.273 0.295 0.321 0.298 0.361 0.000 0.364 0.000 0.377 
3 Nooway 3 lia 105056 105026 105026 52 892 3793 0.000 0.000 0.091 0.182 0.238 0.288 O.:ll5 0.320 0.320 0.369 0.388 0.437 0.440 0.000 0.421 0.000 0.428 
4 Nooway 4 lia 390870 390853 390853 61 3103 7999 0.000 0.000 0.120 0.179 0.237 0.280 0.290 O.:ll5 0.316 0.343 0.390 0.379 0.379 0.000 0.424 0.000 0.428 
5 Nooway 1 IVa o 28773 28773 o o o 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
3 Norway 2 IVa o 40 40 o o o 0.000 0.000 0.000 0000 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 Norway 3 IVa o 30 30 o o o 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 
3 Norway 4 IVa o 17 17 o o o 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 
3 Russia 1 lia o 72404 72404 o o o 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 

1J Russia 2 lia o 7096 7096 o o o 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 
11 Russia 3 lia o 76870 76870 o o o 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 
12 Russia 4 lia o 143 143 o o o 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 
13 Russia 2 IVa o 16 16 o o o 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 
14 Russia 2 Vb o 799 799 o o o 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 
15 Denmark 2 lia o 33491 33491 o o o 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 
13 Denmark 2 llb o 3519 3519 o o o 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 
17 lceland 2 lia 203381 203381 203381 66 2616 2806 0.000 0.000 0.000 0.000 0.000 0.282 0.301 0.307 0.323 0.343 0.361 0.368 0.396 0.396 0.402 0.000 0.41 2 
13 Sweden 2 lia o 14057 14057 o o o 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 
13 Germany 2 lia o 6996 o o o o 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 
2J Netherland 1 lia o 380 o o o o 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 
21 Netherland 2 lia 5871 6149 5871 2 50 50 0.000 0.000 0.000 0.000 0.000 0.309 0.000 0.285 0.304 0.343 0.361 0.368 0.396 0.396 0.402 0.000 0.412 
22 Netherland 3 lia o 7528 o o o o 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.310 0.000 0.000 0.000 0 000 0.000 0.000 0.000 
23 UK(Scot) 1 lia o 1214 1214 o o o 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 
24 UK(Scot) 2 lia o 1031 1031 o o o 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 
25 UK(Scot) 3 lia o 16962 16962 o o o 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 
23 UK(Scot) 4 lia o 1529 o o o o 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
27 lreland 2 lia o 2412 2412 o o o 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 
23 Faroes 1 lia o 9704 9704 o o o 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 
23 Faroes 211a o 19909 19909 o o o 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 
3J Faroes 311a o 18517 18517 o o o 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 
31 Faroes 4 lia o 1023 1023 o o o 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 
32 Faroes 311b o 395 395 o o o 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 
33 Faroes 2 Va o 286 286 o o o 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 
34 Faroes 3 Va o 418 418 o o o 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 
35 Faroes 3 X!Va 5979 5275 5275 1 85 85 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.349 0.408 0.423 0.466 0.000 0.503 0.000 0.000 0.000 0.459 
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Table 3.2.5

Summary of Sampling by Country
------------------------------

AREA : IIa
----------

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Denmark 0.00 33491.00 0 0 0 0.00
Faroes 0.00 49153.00 0 0 0 0.00
Germany 0.00 6996.00 0 0 0 0.00
Iceland 203381.00 203381.00 66 2806 2616 99.99
Ireland 0.00 2412.00 0 0 0 0.00
Netherlands 5871.00 14057.00 2 50 50 101.61
Norway 740640.00 711780.00 290 24003 12128 99.91
Russia 0.00 156513.00 0 0 0 0.00
Sweden 0.00 14057.00 0 0 0 0.00
UK(Scot) 0.00 20736.00 0 0 0 0.00

Total IIa 949892.00 1212576.00 358 26859 14794 99.94

Sum of Offical Catches : 1212576.00
Unallocated Catch : -16711.00
Working Group Catch : 1195865.00

AREA : IIb
----------

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Denmark 0.00 3519.00 0 0 0 0.00
Faroes 0.00 395.00 0 0 0 0.00

Total IIb 0.00 3914.00 0 0 0 0.00

Sum of Offical Catches : 3914.00
Unallocated Catch : 0.00
Working Group Catch : 3914.00

AREA : IVa
----------

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Norway 0.00 28860.00 0 0 0 0.00
Russia 0.00 16.00 0 0 0 0.00

Total IVa 0.00 28876.00 0 0 0 0.00

Sum of Offical Catches : 28876.00
Unallocated Catch : 0.00
Working Group Catch : 28876.00

AREA : Va
---------

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Faroes 0.00 704.00 0 0 0 0.00
Total Va 0.00 704.00 0 0 0 0.00

Sum of Offical Catches : 704.00
Unallocated Catch : 0.00
Working Group Catch : 704.00

AREA : Vb
---------

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Russia 0.00 799.00 0 0 0 0.00
Total Vb 0.00 799.00 0 0 0 0.00

Sum of Offical Catches : 799.00
Unallocated Catch : 0.00
Working Group Catch : 799.00
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Table 3.2.5 (Continued)

AREA : XIVa
-----------

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Faroes 5979.00 5275.00 1 85 85 99.98
Total XIVa 5979.00 5275.00 1 85 85 99.98

Sum of Offical Catches : 5275.00
Unallocated Catch : 0.00
Working Group Catch : 5275.00

PERIOD : 1

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Faroes 0.00 9704.00 0 0 0 0.00
Netherlands 0.00 380.00 0 0 0 0.00
Norway 232731.00 232731.00 138 9665 5847 100.05
Russia 0.00 72404.00 0 0 0 0.00
UK(Scot) 0.00 1214.00 0 0 0 0.00

Period Total 232731.00 316433.00 138 9665 5847 100.05

Sum of Offical Catches : 316433.00
Unallocated Catch : -380.00
Working Group Catch : 316053.00

PERIOD : 2

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Denmark 0.00 37010.00 0 0 0 0.00
Faroes 0.00 20195.00 0 0 0 0.00
Germany 0.00 6996.00 0 0 0 0.00
Iceland 203381.00 203381.00 66 2806 2616 99.99
Ireland 0.00 2412.00 0 0 0 0.00
Netherlands 5871.00 6149.00 2 50 50 101.61
Norway 11983.00 11983.00 39 2546 2286 100.00
Russia 0.00 7911.00 0 0 0 0.00
Sweden 0.00 14057.00 0 0 0 0.00
UK(Scot) 0.00 1031.00 0 0 0 0.00

Period Total 221235.00 311125.00 107 5402 4952 100.03

Sum of Offical Catches : 311125.00
Unallocated Catch : -7274.00
Working Group Catch : 303851.00

PERIOD : 3

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Faroes 5979.00 24605.00 1 85 85 99.98
Netherlands 0.00 7528.00 0 0 0 0.00
Norway 105056.00 105056.00 52 3793 892 99.24
Russia 0.00 76870.00 0 0 0 0.00
UK(Scot) 0.00 16962.00 0 0 0 0.00

Period Total 111035.00 231021.00 53 3878 977 99.28

Sum of Offical Catches : 231021.00
Unallocated Catch : -7528.00
Working Group Catch : 223493.00

PERIOD : 4

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Faroes 0.00 1023.00 0 0 0 0.00
Norway 390870.00 390870.00 61 7999 3103 100.07
Russia 0.00 143.00 0 0 0 0.00
UK(Scot) 0.00 1529.00 0 0 0 0.00

Period Total 390870.00 393565.00 61 7999 3103 100.06

Sum of Offical Catches : 393565.00
Unallocated Catch : -1529.00
Working Group Catch : 392036.00
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Table 3.2.5 (Continued)
Total over all Areas and Periods
--------------------------------

Country Sampled Official No. of No. No. SOP
Catch Catch samples measured aged %

Denmark 0.00 37010.00 0 0 0 0.00
Faroes 5979.00 55527.00 1 85 85 99.98
Germany 0.00 6996.00 0 0 0 0.00
Iceland 203381.00 203381.00 66 2806 2616 99.99
Ireland 0.00 2412.00 0 0 0 0.00
Netherlands 5871.00 14057.00 2 50 50 101.61
Norway 740640.00 740640.00 290 24003 12128 99.91
Russia 0.00 157328.00 0 0 0 0.00
Sweden 0.00 14057.00 0 0 0 0.00
UK(Scot) 0.00 20736.00 0 0 0 0.00

Total for Stock 955871.00 1252144.00 359 26944 14879 99.94

Sum of Offical Catches : 1252144.00
Unallocated Catch : -16711.00
Working Group Catch : 1235433.00

DETAILS OF DATA FILLING-IN
--------------------------

Filling-in for record : ( 5) Norway 1 IVa
Using Only
>> ( 1) Norway 1 IIa

Filling-in for record : ( 6) Norway 2 IVa
Using Only
>> ( 2) Norway 2 IIa

Filling-in for record : ( 7) Norway 3 IVa
Using Only
>> ( 3) Norway 3 IIa

Filling-in for record : ( 8) Norway 4 IVa
Using Only
>> ( 4) Norway 4 IIa

Filling-in for record : ( 9) Russia 1 IIa
Using Only
>> ( 1) Norway 1 IIa

Filling-in for record : ( 10) Russia 2 IIa
Using Only
>> ( 2) Norway 2 IIa

Filling-in for record : ( 11) Russia 3 IIa
Using Only
>> ( 3) Norway 3 IIa

Filling-in for record : ( 12) Russia 4 IIa
Using Only
>> ( 4) Norway 4 IIa

Filling-in for record : ( 13) Russia 2 IVa
Using Only
>> ( 2) Norway 2 IIa

Filling-in for record : ( 14) Russia 2 Vb
Using Only
>> ( 2) Norway 2 IIa

Filling-in for record : ( 15) Denmark 2 IIa
Using Only
>> ( 17) Iceland 2 IIa

Filling-in for record : ( 16) Denmark 2 IIb
Using Only
>> ( 17) Iceland 2 IIa

Filling-in for record : ( 18) Sweden 2 IIa
Using Only
>> ( 17) Iceland 2 IIa

Filling-in for record : ( 19) Germany 2 IIa
Using Only
>> ( 17) Iceland 2 IIa
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Table 3.2.5 (Continued)

Filling-in for record : ( 20) Netherlands 1 IIa
Using Only
>> ( 21) Netherlands 2 IIa

Filling-in for record : ( 22) Netherlands 3 IIa
Using Only
>> ( 21) Netherlands 2 IIa

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

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

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

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

Filling-in for record : ( 27) Ireland 2 IIa
Using Only
>> ( 17) Iceland 2 IIa

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

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

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

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

Filling-in for record : ( 32) Faroes 3 IIb
Using Only
>> ( 17) Iceland 2 IIa

Filling-in for record : ( 33) Faroes 2 Va
Using Only
>> ( 35) Faroes 3 XIVa

Filling-in for record : ( 34) Faroes 3 Va
Using Only
>> ( 35) Faroes 3 XIVa

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

Ages IIa IIb IVa Va Vb XIVa Total
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 4998.52 0.00 15.04 0.00 16.00 0.00 5029.57
3 136319.59 0.00 1246.25 0.00 60.54 0.00 137626.41
4 35331.73 0.00 471.39 0.00 17.27 0.00 35820.39
5 129857.02 58.91 4824.32 0.00 72.75 0.00 134813.00
6 415098.34 618.00 13467.72 0.00 249.71 0.00 429433.78
7 1550921.38 3253.87 47797.99 211.24 1191.93 1582.76 1604959.13
8 1126999.13 4384.11 27300.40 576.13 686.71 4316.87 1164263.38
9 282422.16 1454.76 6657.40 76.77 207.90 575.23 291394.22
10 102015.55 569.76 2327.25 115.16 115.15 862.84 106005.73
11 14052.47 114.22 356.38 0.00 1.00 0.00 14524.08
12 37579.21 460.41 174.32 211.24 32.94 1582.76 40040.88
13 7095.38 106.65 0.00 0.00 0.00 0.00 7202.03
14 86601.92 660.61 1197.88 0.00 137.96 0.00 88598.38
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 57947.55 143.57 1994.91 441.66 146.16 3309.34 63983.18
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Table 3.2.5 (Continued)

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

Ages IIa IIb IVa Va Vb XIVa Total
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 19961 19972 19983 19993

Age
1 4.4 24.3 32.6 102.7 6.6 0.5 0.1 2.6 9.5 49.5
2 5.2 14.0 25.8 59.2 7.7 0.25 0.04 4.7 4.9
3 5.7 1.5 18.0 8.0 1.8 0.4 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

1 Average of Norwegian and Russian estimates
2 Combination of Norwegian and Russian estimates as described in 1998 WG report.
3 Russian estimate
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Table 3.3.4.2 Norwegian spring spawners. Acoustic abundance (TS = 20 logL - 71.9) of 0-group herring in
Norwegian coastal waters in 1975–1999 (numbers in millions).

Year Area Total
South of 62oN 62°N-65°N 65°N-68°N North of 68°30'

1975 164 346 28 538
1976 208 1 305 375 1 888
1977 35 153 19 207
1978 151 256 196 603
1979 455 1 130 144 1 729
1980 6 2 109 117
1981 132 1 1 134
1982 32 286 1 151 1 469
1983 162 2 276 4 432 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 1 274
1989 575 263 2 052 2 890
1990 75 146 788 1 009
1991 80 299 2 428 2 807
1992 73 1 993 621 2 891
1993 290 109 140 288 827
1994 157 452 323 6 168 7 101
1995 0 27 2 0 29
1996 0 20 114 8 800 8 934
1997 208 69 544 5 244 6 065
1998 424 273 442 11 640 12 779
1999 121 658 271 6 329 7 379
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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*10-12)

Year Index 1 Index 2 Year Index 1 Index 2
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

0.3
0.7
2.5
1.4
2.3
1.0
1.3
9.2
13.4
18.3

4.0
25.5
28.7
29.2

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

8.6
6.3
24.7
19.5
18.2
27.7
66.6
42.4
19.9
19.8

23.5
27.8
78.0
48.6
36.3
81.7
147.5
138.6
73.0
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

Year 
Screened 

billion
Num ber 

tagged
87 

release
88 

release
89 

release
90 

release
91 

release
92 

release
93 

release
94 

release
95 

release
96 

release
97 

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

Year
Screened 

billion
Num ber 

tagged
93 

release
94 

release
95 

release
96 

release
97 

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

Year
Screened 

billion
Num ber 

tagged
94 

release
95 

release
96 

release
97 

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

Year
Screened 

billion
Num ber 

tagged
95 

release
96 

release
97 

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

Year
Screened 

billion
Num ber 

tagged
96 

release
97 

release
1996 8417
1997 8353
1998 0.020695 7
1999 0.023790 4 9

Tagging data for the 1993 year class
Recapt.

Year
Screened 

billion
Num ber 

tagged
97 

release
1997 976
1998
1999 0.008046 0

Recaptured

Recaptured

Recaptured

Recaptured

Recaptured
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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 Catch numbers at age Numbers*10**-4
YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959,

AGE
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 numbers at age Numbers*10**-4
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,

AGE
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 numbers at age Numbers*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)

Table 1 Catch numbers at age Numbers*10**-4
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,

AGE
0, 690, 830, 2260, 12700, 3386, 2857, 1381, 1385, 1549, 712,
1, 80, 110, 110, 468, 170, 1315, 138, 633, 279, 193,
2, 40, 1190, 20, 168, 249, 20722, 309, 3577, 911, 2520,
3, 641, 417, 1382, 318, 448, 2150, 53979, 1978, 6292, 289,
4, 581, 459, 789, 2119, 539, 1550, 1759, 50139, 2506, 362,
5, 228, 860, 451, 952, 6154, 1650, 1450, 1867, 55037, 565,
6, 817, 220, 626, 618, 1820, 13000, 1550, 350, 945, 2429,
7, 1584, 451, 196, 682, 1264, 5900, 10500, 706, 368, 347,
8, 44, 828, 508, 129, 1561, 5500, 7500, 2800, 596, 80,
9, 1, 35, 605, 460, 722, 6300, 4200, 1200, 1458, 68,
10, 0, 10, 12, 733, 1634, 1000, 7700, 950, 887, 330,
11, 269, 11, 4, 14, 648, 3100, 1947, 450, 282, 138,
12, 0, 96, 4, 4, 0, 5000, 6600, 783, 336, 68,
13, 0, 0, 12, 14, 0, 0, 8000, 650, 268, 32,
14, 0, 0, 0, 86, 0, 0, 0, 700, 157, 26,
15, 0, 0, 0, 0, 165, 0, 0, 45, 54, 0,
+gp, 0, 0, 0, 0, 0, 264, 247, 0, 0, 0,

0 TOTALNUM, 4975, 5518, 6978, 19466, 18760, 70309, 107260, 68213, 71925, 8158,
TONSLAND, 18577, 13736, 16655, 23054, 53532, 169872, 225256, 127306, 135301, 103830,
SOPCOF %, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100,

Table 1 Catch numbers at age Numbers*10**-4
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,

1999,

AGE
0, 102, 10, 163, 657, 43, 0, 0, 0, 0, 0,
1, 40, 337, 15, 13, 2, 0, 0, 0, 0, 0,
2, 1554, 333, 134, 724, 810, 113, 3014, 2182, 8289, 503,
3, 1863, 844, 1259, 2841, 3250, 5759, 3437, 13045, 7032, 13763,
4, 266, 278, 3310, 10687, 11009, 34646, 71363, 27095, 24237, 3582,
5, 1188, 141, 498, 8727, 36392, 62281, 157100, 179578, 36831, 13481,
6, 1085, 1470, 119, 863, 16480, 63784, 94058, 199362, 176032, 42943,
7, 22628, 887, 1198, 365, 1558, 23109, 40628, 76121, 126375, 160496,
8, 129, 21885, 575, 2960, 814, 1551, 10341, 32649, 38148, 116426,
9, 152, 250, 22568, 1863, 3733, 1585, 568, 6087, 12997, 29139,
10, 204, 46, 248, 41011, 3566, 6975, 737, 2002, 4250, 10601,
11, 242, 9, 64, 0, 64541, 8374, 6609, 3241, 2534, 1452,
12, 65, 69, 25, 0, 283, 91188, 1757, 9052, 348, 4004,
13, 18, 10, 124, 0, 46, 407, 83655, 1912, 11260, 720,
14, 59, 26, 0, 0, 10, 25, 0, 37033, 563, 8860,
15, 17, 53, 0, 0, 207, 0, 0, 30, 10852, 0,
+gp, 31, 1, 0, 0, 0, 45, 0, 0, 0, 6398,

0 TOTALNUM, 29641, 26648, 30300, 70711, 142742, 299842, 473266, 589388, 459749, 412369,
TONSLAND, 86411, 84683, 104448, 232457, 479228, 905501, 1220283, 1426507, 1223131, 1235433,
SOPCOF %, 100, 100, 100, 100, 102, 100, 101, 100, 100, 100,

1



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc52

Table 3.5.2.2

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

Table 2 Catch weights 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 weights at age (kg)
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,

AGE
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, 1.0003, .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 weights at age (kg)
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979,

AGE
0, .0080, .0110, .0110, .0060, .0060, .0090, .0070, .0110, .0120, .0100,
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 SOPCOFAC, 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, .0100, .0100, .0110, .0090, .0090, .0070, .0100, .0080, .0100,
1, .1010, .0820, .0870, .0900, .0470, .0220, .0770, .0750, .0620, .0600,
2, .2020, .1630, .1590, .1650, .1450, .0220, .0970, .0910, .0750, .2040,
3, .2660, .1960, .2560, .2170, .2180, .2140, .0550, .1240, .1240, .1880,
4, .3990, .2910, .3120, .2650, .2620, .2770, .2490, .1730, .1540, .2640,
5, .4490, .3410, .3780, .3370, .3250, .2950, .2940, .2530, .1940, .2600,
6, .4600, .3680, .4150, .3780, .3460, .3380, .3120, .2320, .2410, .2820,
7, .4850, .3800, .4350, .4100, .3810, .3600, .3520, .3120, .2650, .3060,
8, .4720, .3970, .4490, .4260, .4000, .3810, .3740, .3280, .3040, .3090,
9, .6180, .4360, .4480, .4350, .4130, .3970, .3980, .3490, .3050, .3910,
10, .6450, .4500, .5060, .4440, .4050, .4090, .4020, .3530, .3170, .4220,
11, .6080, .4920, .4930, .4680, .4260, .4170, .4010, .3700, .3080, .3640,
12, .5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340, .4290,
13, .5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340, .4290,
14, .5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340, .4290,
15, .5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340, .4290,
+gp, .5940, .4810, .4990, .4610, .4150, .4350, .4100, .3850, .3340, .4290,

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

Table 2 Catch weights at age (kg)
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999,

AGE
0, .0070, .0070, .0070, .0070, .0070, .0070, .0070, .0070, .0070, .0070,
1, .0780, .0150, .0750, .0300, .0630, .0630, .0630, .0630, .0630, .0630,
2, .1020, .1040, .1030, .1060, .1020, .1020, .1360, .0890, .1110, .0960,
3, .2300, .2080, .1910, .1530, .1940, .1530, .1360, .1670, .1500, .1730,
4, .2390, .2500, .2330, .2430, .2390, .1920, .1680, .1840, .2160, .2280,
5, .2660, .2880, .3040, .2820, .2800, .2340, .2060, .2070, .2210, .2620,
6, .3050, .3120, .3370, .3200, .3170, .2830, .2620, .2320, .2490, .2740,
7, .3080, .3160, .3650, .3300, .3280, .3280, .3090, .2770, .2770, .2920,
8, .3760, .3300, .3610, .3650, .3560, .3490, .3370, .3050, .3160, .3070,
9, .4070, .3440, .3710, .3730, .3720, .3560, .3660, .3310, .3380, .3350,
10, .4120, .3720, .4030, .3790, .3900, .3740, .3600, .3280, .3740, .3620,
11, .4240, .3540, .3650, .3800, .3790, .3660, .3610, .3440, .3720, .3710,
12, .4280, .3980, .3940, .3850, .3990, .3930, .3670, .3430, .3660, .3990,
13, .4280, .3980, .4040, .3900, .4030, .3870, .3790, .3970, .3960, .3960,
14, .4280, .3980, .4060, .3950, .4050, .4000, .3790, .3570, .3770, .4000,
15, .4280, .3980, .4080, .4000, .4070, .4000, .3790, .5100, .4060, .4000,
+gp, .4280, .3980, .4100, .4050, .4050, .4000, .3790, .5100, .4060, .4040,

0 SOPCOFAC, .9992, 1.0015, 1.0024, .9981, 1.0192, 1.0000, 1.0075, .9996, .9995, 1.0020,

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, .0010,
1, .0080, .0080, .0080, .0080, .0080, .0080, .0080, .0080, .0080, .0080,
2, .0470, .0470, .0470, .0470, .0470, .0470, .0470, .0470, .0470, .0470,
3, .1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000,
4, .2040, .2040, .2040, .2040, .2040, .1950, .2050, .1360, .2040, .2040,
5, .2300, .2300, .2300, .2300, .2300, .2130, .2300, .2280, .2420, .2520,
6, .2550, .2550, .2550, .2550, .2550, .2600, .2490, .2550, .2920, .2600,
7, .2750, .2750, .2750, .2750, .2750, .2750, .2750, .2620, .2950, .2900,
8, .2900, .2900, .2900, .2900, .2900, .2900, .2900, .2900, .2930, .3000,
9, .3050, .3050, .3050, .3050, .3050, .3050, .3050, .3050, .3050, .3050,
10, .3150, .3150, .3150, .3150, .3150, .3150, .3150, .3150, .3150, .3150,
11, .3250, .3250, .3250, .3250, .3250, .3250, .3250, .3250, .3300, .3250,
12, .3300, .3300, .3300, .3300, .3300, .3300, .3300, .3300, .3400, .3300,
13, .3400, .3400, .3400, .3400, .3400, .3400, .3400, .3400, .3450, .3400,
14, .3450, .3450, .3450, .3450, .3450, .3450, .3450, .3450, .3520, .3450,
15, .3620, .3620, .3620, .3620, .3620, .3620, .3620, .3620, .3600, .3550,
+gp, .3650, .3650, .3650, .3650, .3650, .3650, .3650, .3650, .3650, .3600,
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 Table 3.5.2.3 (Continued)

Table 3 Stock weights at age (kg)
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,

AGE
0, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010,
1, .0080, .0080, .0080, .0080, .0080, .0080, .0080, .0080, .0080, .0080,
2, .0470, .0470, .0470, .0470, .0470, .0470, .0470, .0470, .0470, .0470,
3, .1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000,
4, .2040, .2320, .2190, .1850, .1940, .1860, .1850, .1800, .1150, .1150,
5, .2700, .2500, .2910, .2530, .2130, .1990, .2190, .2280, .2060, .1450,
6, .2910, .2920, .3000, .2940, .2640, .2360, .2220, .2690, .2660, .2700,
7, .2930, .3020, .3160, .3120, .3170, .2600, .2490, .2700, .2750, .3000,
8, .3210, .3040, .3240, .3290, .3630, .3630, .3060, .2940, .2740, .3060,
9, .3180, .3230, .3260, .3270, .3530, .3500, .3540, .3240, .2850, .3080,
10, .3200, .3220, .3350, .3340, .3490, .3700, .3770, .4200, .3500, .3180,
11, .3440, .3210, .3380, .3410, .3540, .3600, .3910, .4300, .3250, .3400,
12, .3490, .3440, .3340, .3490, .3570, .3780, .3790, .3660, .3630, .3680,
13, .3700, .3570, .3470, .3410, .3590, .3870, .3780, .3680, .4080, .3600,
14, .3790, .3630, .3540, .3580, .3650, .3900, .3610, .4330, .3880, .3930,
15, .3750, .3650, .3580, .3750, .4020, .3940, .3830, .4140, .3780, .3970,
+gp, .3800, .3700, .3580, .3750, .4020, .3940, .3830, .4140, .3780, .3970,

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

At 2/05/2000 18:23

Table 3 Stock weights at age (kg)
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979,

AGE
0, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010,
1, .0080, .0150, .0100, .0100, .0100, .0100, .0100, .0100, .0100, .0100,
2, .0470, .0800, .0700, .0850, .0850, .0850, .0850, .0850, .0850, .0850,
3, .1000, .1000, .1500, .1700, .1700, .1810, .1810, .1810, .1800, .1780,
4, .2090, .1900, .1500, .2590, .2590, .2590, .2590, .2590, .2940, .2320,
5, .2720, .2250, .1400, .3420, .3420, .3420, .3420, .3430, .3260, .3590,
6, .2300, .2500, .2100, .3840, .3840, .3840, .3840, .3840, .3710, .3850,
7, .2950, .2750, .2400, .4090, .4090, .4090, .4090, .4090, .4090, .4200,
8, .3170, .2900, .2700, .4040, .4440, .4440, .4440, .4440, .4610, .4440,
9, .3230, .3100, .3000, .4610, .4610, .4610, .4610, .4610, .4760, .5050,

10, .3250, .3250, .3250, .5200, .5200, .5200, .5200, .5200, .5200, .5200,
11, .3290, .3350, .3350, .5340, .5430, .5430, .5430, .5430, .5430, .5510,
12, .3800, .3450, .3450, .5000, .4820, .4820, .4820, .4820, .5000, .5000,
13, .3700, .3550, .3550, .5000, .4820, .4820, .4820, .4820, .5000, .5000,
14, .3800, .3650, .3650, .5000, .4820, .4820, .4820, .4820, .5000, .5000,
15, .3910, .3900, .3900, .5000, .4820, .4820, .4820, .4820, .5000, .5000,

+gp, .3910, .3900, .3900, .5000, .4820, .4820, .4820, .4820, .5000, .5000,

Table 3 Stock weights at age (kg)
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,

AGE
0, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010,
1, .0100, .0100, .0100, .0100, .0100, .0100, .0100, .0100, .0150, .0150,
2, .0850, .0850, .0850, .0850, .0850, .0230, .0850, .0550, .0500, .1000,
3, .1750, .1700, .1700, .1550, .1400, .1480, .0540, .0900, .0980, .1540,
4, .2830, .2240, .2040, .2490, .2040, .2340, .2060, .1430, .1350, .1750,
5, .3470, .3360, .3030, .3040, .2950, .2650, .2650, .2410, .1970, .2090,
6, .4020, .3780, .3550, .3680, .3380, .3120, .2890, .2790, .2770, .2520,
7, .4210, .3870, .3830, .4040, .3760, .3460, .3390, .2990, .3150, .3050,
8, .4650, .4080, .3950, .4240, .3950, .3700, .3680, .3160, .3390, .3670,
9, .4650, .3970, .4130, .4370, .4070, .3950, .3910, .3420, .3430, .3770,
10, .5200, .5200, .4530, .4360, .4130, .3970, .3820, .3430, .3590, .3590,
11, .5340, .5430, .4680, .4930, .4220, .4280, .3880, .3620, .3650, .3950,
12, .5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760, .3760, .3960,
13, .5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760, .3760, .3960,
14, .5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760, .3760, .3960,
15, .5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760, .3760, .3960,
+gp, .5000, .5120, .5060, .4950, .4370, .4280, .3950, .3760, .3760, .3960,
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Table 3.5.2.3 (continued)

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

AGE
0, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010, .0010,
1, .0080, .0110, .0070, .0080, .0100, .0180, .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,
+gp, .4400, .4250, .4500, .4000, .4100, .4470, .3980, .3910, .3750, .4070,
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Table 3.5.2.4

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

At 2/05/2000 18:23

Table 5 Proportion mature at age
YEAR, 1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959,

AGE
0, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
3, .0000, .0000, .0000, .0000, .0000, .0800, .0800, .0000, .0800, .0800,
4, .1000, .1000, .1000, .1000, .1000, .2200, .2200, .0000, .2200, .2200,
5, .3000, .3000, .3000, .3000, .3000, .3700, .3700, .5000, .3700, .3700,
6, .6000, .6000, .6000, .6000, .6000, .8500, .8500, .6000, .8500, .8500,
7, .9000, .9000, .9000, .9000, .9000, 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,
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
13, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
15, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

Table 5 Proportion mature at age
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,

AGE
0, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
3, .0800, .0400, .0000, .0400, .0200, .0000, .0100, .0000, .0000, .6200,
4, .2200, .3500, .1100, .0300, .0600, .3400, .1500, .0100, .0000, .8900,
5, .3700, .6800, .6700, .3200, .2800, .3500, 1.0000, .2300, .0100, .9500,
6, .8500, .9400, 1.0000, .9000, .3200, .7600, .9600, 1.0000, .7600, 1.0000,
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,
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
13, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
15, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

1

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

Table 5 Proportion mature at age
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979,

AGE
0, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .1000, .1000, .1000, .1000, .0000, .0000, .0000,
3, .0600, .1000, .0000, .5000, .5000, .5000, .5000, .7300, .1300, .1000,
4, .1300, .2500, .1000, .9000, .9000, 1.0000, .9000, .8900, .9000, .6200,
5, .3100, .6000, .2500, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, .9500,
6, .1700, .9000, .6000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
7, 1.0000, 1.0000, .9000, 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,
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
13, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
15, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
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Table 3.5.2.4 (continued)

Table 5 Proportion mature at age
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,

AGE
0, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
3, .2500, .3000, .1000, .1000, .1000, .1000, .1000, .1000, .1000, .1000,
4, .5000, .5000, .4800, .5000, .5000, .5000, .2000, .3000, .3000, .3000,
5, .9700, .9000, .7000, .6900, .9000, .9000, .9000, .9000, .9000, .9000,
6, 1.0000, 1.0000, 1.0000, .7100, .9500, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
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,
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
13, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
15, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

Table 5 Proportion mature at age
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999,

AGE
0, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
1, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
3, .4000, .1000, .1000, .0100, .0100, .0000, .0000, .0000, .0000, .0000,
4, .8000, .7000, .2000, .3000, .3000, .0100, .0100, .3000, .3000, .3000,
5, .9000, 1.0000, .8000, .8000, .8000, .8000, .4500, .9000, .9000, .9000,
6, .9000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
7, .9000, 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,
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
13, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
14, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
15, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,

1
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Table 3.5.4.1.  Exploratory tuning series - Norwegian spring spawning
h i

Run number Explanation

1 Pooling older than 13, tags 2 years in sea,

2 No tuning 1993 yearclass,

3 One extra year of tag mixing,

4 Larvae production index,

5 Larvae index,

6 One extra year of tag mixing, larvae index,

7 Previous year, present model, no tagging,

8 Previous year, previous model, no tagging,

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8

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 10.45

SSB 1998 8.13 7.61 8.34 8.50 8.32 8.53 8.72 10.03

SSB 1997 8.84 8.43 9.04 9.16 9.03 9.22 9.47 10.73

SSB 1996 5.01 4.82 5.04 5.11 5.09 5.12 5.24 5.91

Total log-likelihood -334.68 -322.33 -314.95 -396.43 -384.62 -364.81 -100.27 -96.41

Log-likelihood acoustics per term -1.66 -1.68 -1.66 -1.66 -1.66 -1.66 -1.67 -1.61

Number acoustic terms 79.00 71.00 79.00 79.00 79.00 79.00 60.00 60.00

Log-likelihood tags per term -2.01 -2.01 -1.94 -2.02 -2.01 -1.94

Number tag terms 101.00 101.00 95.00 101.00 101.00 95.00 0.00 0.00

Log-likelihood larvae per term -4.40 -2.93 -2.93

Number larvae terms 0.00 0.00 0.00 14.00 17.00 17.00 0.00 0.00

Catchability spawning grounds 0.74 0.80 0.74 0.74 0.74 0.74 0.72 0.63

Catchability Ofoten December 0.49 0.49 0.49 0.48 0.48 0.48 0.46 0.41

Catchability Ofoten January 0.80 0.84 0.79 0.78 0.78 0.78 0.74 0.65

Catchability Norwegian Sea 0.94 1.05 0.93 0.91 0.92 0.91 0.99 0.86

TerminalF83 0.26 0.30 0.26 0.25 0.25 0.25 0.21 0.14

TerminalF90 0.21 0.22 0.21 0.20 0.20 0.20 0.18 0.15

TerminalF91 0.19 0.20 0.18 0.18 0.19 0.18 0.14 0.12

TerminalF92 0.16 0.17 0.15 0.15 0.15 0.15 0.11 0.10

TerminalF93 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 0.37

Catchability larvae production 11.43

Catchability larvae index 3.83 3.81

TaggingSurvival 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

Analysis by RCT3 ver3.1 of data from file :

c:\npel99\nssh\recruit\nsshrcrt.txt

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

Data for 6 surveys over 26 years : 1973 - 1998

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

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

Forecast/Hindcast variance correction used.

Year class = 1993

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

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

BS 0-g .05 5.84 1.68 .624 20 75.00 9.39 1.940 .020
BS 1-g 1.10 -1.68 .74 .612 3 8.79 8.01 2.690 .010
BS 2-g .87 1.21 .28 .932 4 8.95 9.00 .493 .303
Spawn
Dec 3 1.44 -1.62 .21 .961 4 8.01 9.88 .337 .650
Jan 4

VPA Mean = 7.81 2.060 .017

Year class = 1994

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

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

BS 0-g .05 5.90 1.68 .622 20 28.00 7.21 1.941 .030
BS 1-g 1.10 -1.67 .74 .612 3 6.22 5.18 5.567 .004
BS 2-g .87 1.21 .29 .932 4 5.53 6.02 1.090 .097
Spawn .72 4.20 .40 .962 4 5.95 8.47 .668 .258
Dec 3 1.44 -1.63 .21 .961 4 6.50 7.70 .531 .407
Jan 4 .89 2.44 .60 .875 6 7.57 9.14 .805 .177

VPA Mean = 7.93 2.042 .028
Year class = 1995

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

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

BS 0-g .05 5.99 1.66 .623 20 16.00 6.72 1.970 .038
BS 1-g 1.10 -1.65 .75 .611 3 4.62 3.42 7.581 .003
BS 2-g .87 1.21 .29 .931 4 3.71 4.44 1.511 .065
Spawn .72 4.21 .41 .962 4 5.82 8.38 .689 .314
Dec 3 1.44 -1.63 .21 .961 4 6.09 7.12 .637 .367
Jan 4 .89 2.41 .61 .874 6 5.30 7.12 .922 .175

VPA Mean = 8.07 2.012 .037
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Table 3.5.5.2 (Continued)

Year class = 1996

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

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

BS 0-g .04 6.10 1.62 .627 20 65.00 9.02 1.947 .074
BS 1-g 1.10 -1.62 .76 .611 3 7.86 7.00 3.910 .018
BS 2-g .87 1.21 .29 .931 4 8.46 8.57 .581 .835
Spawn
Dec 3
Jan 4

VPA Mean = 8.22 1.970 .073

Year class = 1997

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

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

BS 0-g .04 6.23 1.56 .637 20 39.00 7.93 1.911 .397
BS 1-g 1.09 -1.58 .78 .611 3 9.16 8.43 2.650 .207
BS 2-g
Spawn
Dec 3
Jan 4

VPA Mean = 8.36 1.915 .396

Year class = 1998

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

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

BS 0-g .04 6.39 1.48 .653 20 59.00 8.86 1.863 .497
BS 1-g
BS 2-g
Spawn
Dec 3
Jan 4

VPA Mean = 8.52 1.852 .503

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

Prediction Error Error

1993 14010 9.55 .27 .25 .82
1994 2905 7.97 .34 .35 1.09
1995 1561 7.35 .39 .41 1.11
1996 5144 8.55 .53 .15 .08
1997 3655 8.20 1.20 .16 .02
1998 5908 8.68 1.31 .17 .02
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Table 3.5.6.1

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

Traditional vpa using screen input for terminal F

Table 8 Fishing mortality (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 mortality (F) at age
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,

AGE
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
Traditional vpa using screen input for terminal F

Table 8 Fishing mortality (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, .0103,
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)

Table 8 Fishing mortality (F) at age
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,

AGE
0, .0068, .0116, .0148, .0006, .0045, .0007, .0035, .0013, .0009, .0001,
1, .0002, .0027, .0038, .0076, .0000, .0043, .0001, .0039, .0006, .0003,
2, .0006, .0089, .0012, .0144, .0101, .0060, .0025, .0055, .0140, .0140,
3, .0210, .0110, .0182, .0340, .0701, .1654, .0277, .0285, .0170, .0078,
4, .0110, .0178, .0247, .0333, .0705, .3436, .1875, .0308, .0435, .0011,
5, .0179, .0193, .0207, .0357, .1211, .3000, .5875, .2929, .0407, .0117,
6, .0272, .0205, .0166, .0339, .0841, .3781, .4797, .2553, .2236, .0289,
7, .0426, .0179, .0216, .0214, .0853, .3991, .5624, .3946, .4372, .1131,
8, .0920, .0268, .0238, .0169, .0592, .5933, 1.2624, .2676, .6414, .1497,
9, .0333, .0916, .0233, .0257, .1171, .3356, 1.2486, .6434, .2055, .1275,
10, .0025, .6964, .0399, .0338, .1136, .2228, .8276, 1.0630, 1.4616, .0619,
11, .0553, .3917, .5462, .0575, .0359, .3073, .8219, .0924, 1.0588, .9170,
12, .0173, .0240, .1999, 2.2586, .0005, .3953, 2.0562, .9048, .0876, .7529,
13, .0158, .0205, .0035, 3.2773, .2937, .0006, 2.1502, 1.5336, .8806, .0102,
14, .0232, .0186, .0243, .0298, .2407, .5035, .0007, 1.4985, 4.7159, .1734,
15, .0581, .0276, .0221, .0290, .0698, .3792, 1.3962, .4168, .3809, .0897,
+gp, .0581, .0276, .0221, .0290, .0698, .3792, 1.3962, .4168, .3809, .0897,

0 FBAR 5-14, .0327, .1327, .0920, .5791, .1151, .3436, .9997, .6946, .9753, .2346,

Table 8 Fishing mortality (F) at age
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, FBAR 97-99

AGE
0, .0000, .0000, .0000, .0001, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
1, .0000, .0001, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
2, .0056, .0004, .0001, .0002, .0002, .0001, .0086, .0096, .0081, .0007, .0061,
3, .0183, .0054, .0025, .0033, .0014, .0021, .0050, .0674, .0556, .0240, .0490,
4, .0084, .0032, .0248, .0254, .0152, .0176, .0305, .0466, .1629, .0344, .0813,
5, .0044, .0052, .0067, .0801, .1072, .1056, .0979, .0948, .0783, .1215, .0982,
6, .0266, .0063, .0052, .0137, .2018, .2615, .2172, .1644, .1201, .1168, .1338,
7, .0240, .0260, .0060, .0186, .0293, .4514, .2500, .2587, .1411, .1452, .1817,
8, .0531, .0277, .0200, .0176, .0500, .0350, .3523, .3078, .1888, .1769, .2245,
9, .4384, .1310, .0342, .0791, .0263, .1230, .0153, .3409, .1827, .2038, .2425,
10, .6363, .2163, .1762, .0763, .2019, .0596, .0733, .0650, .3995, .2106, .2250,
11, .0559, .0455, .4904, .0001, .1565, .9287, .0700, .4893, .1040, .2174, .2702,
12, 1.6749, .0193, .1664, .0012, .3500, .3249, .4707, .1224, .0824, .2242, .1430,
13, .4237, 1.6296, .0413, .0009, .9446, 1.1850, .5246, 1.3926, .2083, .2310, .6106,
14, .0220, 1.9531, .0483, .0000, .1000, 4.0282, .0007, .4387, 6.9098, .2378, 2.5288,
15, .1527, .0238, .0286, .0592, .1000, .0000, .3033, .2616, .2083, .2446, .2382,
+gp, .1527, .0238, .0286, .0592, .1000, .0000, .3033, .2616, .2083, .2446,
FBAR 5-14, .3359, .4060, .0995, .0288, .2168, .7503, .2072, .3675, .8415, .1885,
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Table 3.5.6.2

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

Traditional vpa using screen input for terminal F
Table 10 Stock number at age (start of year) Numbers*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,

Table 10 Stock number at age (start of year) Numbers*10**-5
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,

AGE
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

Traditional vpa using screen input for terminal F
Table 10 Stock number at age (start of year) Numbers*10**-5
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979,

AGE
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)

Table 10 Stock number at age (start of year) Numbers*10**-5
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,

AGE
0, 15393, 10919, 23297, 3184150, 114033, 600835, 60562, 166920, 254118, 795332,
1, 50355, 6216, 4388, 9333, 1293797, 46154, 244105, 24538, 67779, 103221,
2, 10064, 20468, 2520, 1777, 3766, 526008, 18684, 99237, 9937, 27540,
3, 3325, 4089, 8248, 1024, 712, 1516, 212582, 7577, 40126, 3984,
4, 5699, 2803, 3481, 6971, 851, 572, 1106, 177969, 6339, 33954,
5, 1382, 4851, 2370, 2923, 5804, 683, 349, 789, 148534, 5223,
6, 3277, 1168, 4096, 1998, 2428, 4426, 435, 167, 507, 122746,
7, 4086, 2745, 985, 3467, 1662, 1921, 2610, 232, 111, 349,
8, 54, 3370, 2321, 830, 2921, 1314, 1109, 1280, 135, 62,
9, 3, 42, 2824, 1951, 702, 2370, 625, 270, 843, 61,
10, 4, 2, 33, 2375, 1636, 538, 1458, 154, 122, 591,
11, 538, 4, 1, 28, 1976, 1257, 370, 549, 46, 24,
12, 1, 438, 2, 0, 22, 1641, 796, 140, 431, 14,
13, 1, 1, 368, 2, 0, 19, 951, 88, 49, 339,
14, 0, 1, 0, 316, 0, 0, 17, 95, 16, 17,
15, 0, 0, 0, 0, 264, 0, 0, 14, 18, 0,
+gp, 0, 0, 0, 0, 0, 90, 35, 0, 0, 0,

0 TOTAL, 94183, 57118, 54937, 3217144, 1430576, 1189342, 545793, 480020, 529111, 1093458,

Table 10 Stock number at age (start of year) Numbers*10**-5
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, GMST, AMST
AGE 50-97 50-97

0, 1367503, 3708531,4433418,1113236, 323168, 210382, 937253, 659480, 0, 0, 0, 231709,850520,
1, 323314, 555979,1507776,1802483, 452567, 131388, 85535, 381058,268125, 0, 0, 81866,330393,
2, 41955, 131447, 226023, 613015, 732834, 184000, 53418, 34776,154927,109011, 0, 24727,121856,
3, 11042, 16962, 53422, 91886, 249189, 297898, 74802, 21533, 14004, 62478, 44290, 8298, 49210,
4, 3402, 9331, 14521, 45864, 78824, 214177, 255870, 64064, 17325, 11402, 52500, 5838, 41024,
5, 29191, 2904, 8005, 12192, 38485, 66824, 181134, 213617, 52631, 12670, 9482, 3884, 32950,
6, 4444, 25015, 2486, 6844, 9685, 29756, 51751, 141360,167237, 41889, 9658, 2514, 24055,
7, 102644, 3724, 21394, 2129, 5811, 6813, 19719, 35848,103229,127651, 32080, 1614, 17730,
8, 268, 86250, 3123, 18303, 1799, 4857, 3734, 13218, 23822, 77157, 95021, 1036, 13121,
9, 46, 219, 72208, 2635, 15479, 1473, 4037, 2259, 8362, 16976, 55642, 631, 10538,

10, 46, 25, 165, 60059, 2095, 12977, 1121, 3422, 1383, 5995, 11918, 417, 8938,
11, 478, 21, 18, 119, 47896, 1474, 10524, 896, 2760, 798, 4180, 267, 7382,
12, 8, 389, 17, 9, 103, 35254, 501, 8446, 473, 2141, 553, 171, 6779,
13, 6, 1, 329, 13, 8, 62, 21925, 269, 6432, 375, 1473, 93, 6209,
14, 289, 3, 0, 271, 11, 3, 16, 11168, 58, 4495, 256, 53, 4787,
15, 13, 244, 0, 0, 233, 8, 0, 14, 6198, 0, 3050, 26, 3968,
+gp, 24, 5, 0, 0, 0, 0, 0, 0, 0, 3166, 2134,
TOTAL,1884671,4541049,6342907,3769059,1958188,1197346,1701338,1591429,826965,476205,322236,
1
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Table 3.5.6.3

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

Traditional vpa using screen input for terminal F
Table 12 Stock biomass at age (start of year) Tonnes*10**-1

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

AGE
0, 74737, 14391, 9390, 8358, 3970, 2375, 2747, 2365, 2781, 40534,
1, 20989, 240568, 46001, 23894, 24396, 7836, 5244, 6356, 5292, 4511,
2, 66837, 44389, 552634, 83883, 42731, 38396, 10726, 6910, 6234, 5047,
3, 108558, 54134, 35944, 470458, 68991, 31748, 30092, 5554, 4649, 1618,
4, 81936, 185391, 94927, 62369, 812060, 110983, 54252, 33756, 9311, 7832,
5, 114323, 75574, 171727, 90828, 59530, 701456, 106781, 46624, 43345, 9482,
6, 219285, 104712, 68046, 149653, 84290, 54480, 658633, 94478, 47236, 37412,
7, 219789, 189613, 93007, 59690, 129854, 72230, 46685, 534524, 87831, 37980,
8, 56926, 182615, 158259, 78927, 51977, 104703, 60469, 39420, 460663, 71477,
9, 85474, 49285, 148313, 132523, 68313, 43434, 87023, 48982, 33650, 385239,
10, 100863, 73395, 41561, 120818, 108642, 54899, 36121, 69653, 39829, 27850,
11, 83905, 86272, 62687, 34524, 95412, 83235, 42936, 28146, 57231, 31669,
12, 185821, 70672, 72246, 52166, 28286, 69326, 63717, 31472, 22562, 43124,
13, 208988, 158658, 59283, 60675, 43388, 22302, 55083, 47924, 24451, 16315,
14, 32827, 170756, 130466, 48363, 49985, 34680, 17603, 42893, 37841, 18574,
15, 92923, 27421, 142548, 111573, 40366, 40685, 28485, 13788, 34139, 30517,
+gp, 207790, 177966, 172778, 268794, 217113, 188878, 153848, 102182, 92867, 54738,

0 TOTALBIO,1961972, 1905812, 2059817, 1857495, 1929304, 1661649, 1460445, 1155027, 1009911, 823918,

Table 12 Stock biomass at age (start of year) Tonnes*10**-1
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,

AGE
0, 19134, 7328, 1771, 16464, 9056, 793, 4535, 358, 464, 961,
1, 123056, 55928, 20804, 3988, 51187, 27680, 1489, 12833, 958, 678,
2, 5308, 254985, 88390, 38094, 3777, 114396, 55302, 1732, 5262, 1087,
3, 2442, 2291, 202893, 70081, 20760, 1959, 81610, 37672, 1075, 2275,
4, 2555, 2283, 3685, 291492, 103368, 31261, 1590, 92389, 22540, 43,
5, 8252, 2275, 2247, 3477, 272374, 83911, 26492, 1121, 29718, 256,
6, 8726, 6922, 2235, 1869, 2993, 215104, 68842, 16450, 477, 300,
7, 32312, 7112, 6008, 1793, 1682, 2208, 144762, 39622, 3905, 76,
8, 32772, 26148, 5986, 4769, 1675, 1607, 1685, 69240, 6428, 1113,
9, 58128, 26191, 22275, 4839, 3807, 1292, 863, 416, 13116, 2435,
10, 315187, 44585, 21854, 17816, 4145, 2583, 940, 331, 102, 2614,
11, 23357, 237588, 36024, 17486, 12729, 2706, 1660, 241, 52, 23,
12, 25257, 17392, 190266, 28236, 12704, 8363, 1061, 460, 59, 13,
13, 34841, 17957, 13504, 141538, 19225, 8908, 3706, 514, 125, 24,
14, 12553, 24268, 13851, 10527, 99253, 12471, 3576, 926, 151, 15,
15, 14692, 8492, 18513, 10732, 7221, 64121, 5655, 811, 97, 39,
+gp, 38387, 15234, 24467, 22192, 45879, 16313, 26900, 5113, 818, 193,

0 TOTALBIO, 756960, 756978, 674773, 685393, 671834, 595675, 430668, 280231, 85347, 12145,
1

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

At 2/05/2000 18:23

Traditional vpa using screen input for terminal F

Table 12 Stock biomass at age (start of year) Tonnes*10**-1
YEAR, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979,

AGE
0, 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, 0, 3, 3, 4, 0, 1, 1,
+gp, 104, 0, 0, 0, 3, 3, 4, 0, 1, 1,

0 TOTALBIO,7599, 10532, 6977, 10000, 15283, 29448, 35506, 42318,57164, 62781,
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Table 3.5.6.3 (continued)

Table 12 Stock biomass at age (start of year) Tonnes*10**-1
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,

AGE
0, 154, 109, 233, 31842, 1140, 6008, 606, 1669, 2541, 7953,
1, 5036, 622, 439, 933, 129380, 4615, 24411, 2454, 10167, 15483,
2, 8555, 17398, 2142, 1511, 3201, 120982, 15881, 54581, 4969, 27540,
3, 5819, 6952, 14022, 1586, 997, 2243, 114794, 6819, 39324, 6135,
4, 16128, 6278, 7102, 17359, 1737, 1337, 2278, 254496, 8557, 59420,
5, 4795, 16301, 7180, 8886, 17122, 1810, 925, 1901, 292612, 10917,
6, 13174, 4416, 14541, 7352, 8206, 13809, 1258, 466, 1403, 309320,
7, 17204, 10623, 3773, 14008, 6250, 6647, 8848, 694, 350, 1064,
8, 251, 13752, 9167, 3519, 11539, 4861, 4082, 4045, 456, 227,
9, 12, 168, 11664, 8524, 2858, 9361, 2443, 924, 2892, 230,
10, 23, 11, 151, 10354, 6758, 2135, 5570, 529, 439, 2121,
11, 2871, 20, 4, 136, 8339, 5380, 1437, 1986, 167, 96,
12, 3, 2242, 11, 2, 98, 7023, 3143, 527, 1619, 54,
13, 3, 3, 1862, 8, 0, 82, 3757, 329, 183, 1344,
14, 2, 3, 2, 1562, 0, 0, 65, 359, 61, 69,
15, 1, 2, 2, 2, 1152, 0, 0, 54, 69, 0,
+gp, 1, 2, 2, 2, 1, 383, 137, 0, 0, 0,

0 TOTALBIO, 74033, 78902, 72299, 107586, 198778, 186677, 189636, 331833, 365811, 441975,

Table 12 Stock biomass at age (start of year) Tonnes*10**-1
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,

1999,

AGE
0, 13675, 37085, 44334, 11132, 3232, 2104, 9373, 6595, 0, 0,
1, 25865, 61158, 105544, 144199, 45257, 23650, 15396, 68591, 48262, 0,
2, 20138, 48635, 67807, 153254, 183209, 46000, 13355, 8694, 38732, 27253,
3, 24181, 24934, 68380, 74428, 186892, 196613, 56849, 20671, 10363, 63727,
4, 6737, 19595, 32527, 92187, 119024, 295565, 301926, 75596, 25468, 17104,
5, 75313, 7085, 23696, 32308, 97753, 153695, 340531, 371694, 91577, 28254,
6, 12797, 75044, 8130, 22107, 30799, 88078, 135070, 323714, 362904, 100534,
7, 317169, 12066, 75949, 7536, 21559, 23572, 62311, 102526, 249814, 336998,
8, 1147, 289799, 10775, 65525, 6241, 18846, 12919, 42694, 66225, 218355,
9, 170, 750, 265003, 10039, 63775, 5345, 15098, 8360, 25421, 53475,
10, 186, 97, 563, 221618, 8004, 53077, 4371, 12935, 4287, 20684,
11, 1850, 77, 64, 472, 194936, 6101, 41042, 3460, 9908, 3081,
12, 37, 1654, 74, 37, 421, 148771, 1924, 30405, 1608, 8264,
13, 24, 6, 1544, 47, 33, 255, 87263, 1059, 22125, 1447,
14, 1273, 13, 1, 1093, 44, 11, 65, 43667, 222, 17170,
15, 55, 1035, 2, 1, 957, 34, 0, 55, 22500, 0,
+gp, 105, 19, 2, 1, 0, 0, 0, 0, 0, 12885,

0 TOTALBIO, 500723, 579053, 704396, 835982, 962134, 1061717, 1097494, 1120714, 979418, 909231,
1
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Table 3.5.6.4

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

Traditional vpa using screen input for terminal F
Table 13 Spawning stock biomass at age (spawning time) 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 TOTSPBIO,1398444, 1244019, 1148177, 1061326, 944504, 1022278, 1173981, 1012876, 928037, 734992,

Table 13 Spawning stock biomass at age (spawning time) Tonnes*10**-1
YEAR, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969,

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, 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 TOTSPBIO, 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

Traditional vpa using screen input for terminal F

Table 13 Spawning stock biomass at age (spawning time) 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, 0, 0, 0, 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 Spawning stock biomass at age (spawning time) Tonnes*10**-1
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,

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, 1430, 2052, 1379, 156, 98, 217, 11277, 670, 3867, 604,
4, 7935, 3087, 3350, 8522, 850, 637, 440, 74981, 2518, 17558,
5, 4574, 14424, 4941, 6019, 14997, 1557, 773, 1637, 258377, 9668,
6, 12943, 4342, 14300, 5125, 7615, 13099, 1182, 447, 1352, 303837,
7, 16876, 10446, 3709, 13770, 6105, 6292, 8240, 657, 331, 1036,
8, 245, 13511, 9009, 3460, 11300, 4513, 3545, 3880, 422, 220,
9, 12, 164, 11464, 8375, 2783, 8917, 2124, 854, 2791, 224,
10, 22, 10, 148, 10166, 6582, 2056, 5051, 469, 373, 2077,
11, 2813, 19, 4, 133, 8186, 5140, 1304, 1938, 148, 87,
12, 3, 2203, 11, 2, 96, 6650, 2521, 474, 1581, 50,
13, 3, 3, 1834, 5, 0, 81, 2985, 278, 166, 1323,
14, 2, 3, 2, 1534, 0, 0, 64, 304, 38, 67,
15, 1, 2, 2, 2, 1127, 0, 0, 51, 65, 0,
+gp, 1, 2, 2, 2, 1, 364, 118, 0, 0, 0,

0 TOTSPBIO, 46861, 50269, 50156, 57271, 59740, 49523, 39624, 86640, 272028, 336750,

Table 13 Spawning stock biomass at age (spawning time) Tonnes*10**-1
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998,

1999,

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, 9511, 2455, 6734, 733, 1841, 0, 0, 0, 0, 0,
4, 5305, 13508, 6393, 27175, 35122, 2907, 2965, 22237, 7405, 5037,
5, 66743, 6976, 18662, 25258, 76216, 119853, 149487, 326436, 80559, 24748,
6, 11316, 73880, 8005, 21748, 29734, 84527, 130201, 313696, 353233, 97887,
7, 280528, 11855, 74773, 7410, 21176, 22196, 59867, 98420, 242647, 327195,
8, 1124, 284694, 10593, 64436, 6117, 18500, 12286, 40783, 64019, 211332,
9, 160, 729, 260166, 9811, 62660, 5201, 14851, 7959, 24589, 51616,
10, 172, 94, 545, 216659, 7727, 51976, 4274, 12660, 4058, 19952,
11, 1812, 76, 60, 465, 189053, 5478, 40149, 3246, 9660, 2970,
12, 31, 1626, 72, 36, 400, 141871, 1809, 29587, 1571, 7960,
13, 23, 5, 1515, 46, 29, 223, 81571, 907, 21346, 1393,
14, 1251, 11, 1, 1077, 43, 7, 64, 41170, 109, 16517,
15, 54, 1017, 2, 1, 934, 34, 0, 53, 21708, 0,
+gp, 102, 19, 2, 1, 0, 0, 0, 0, 0, 12386,

0 TOTSPBIO,378131, 396946, 387523, 374857, 431054, 452773, 497524, 897155, 830905, 778995,
1
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Table 3.5.6.5

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

At 2/05/2000 18:23

Table 16 Summary (without SOP correction)

Traditional vpa using screen input for terminal F

, RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, FBAR 5-14,
, Age 0

1950, 747374656, 19619720, 13984440, 933000, .0667, .0536,
1951, 143907888, 19058122, 12440190, 1278400, .1028, .0623,
1952, 93898752, 20598168, 11481773, 1254800, .1093, .0673,
1953, 83577056, 18574948, 10613262, 1090600, .1028, .0646,
1954, 39702936, 19293042, 9445040, 1644500, .1741, .1083,
1955, 23753764, 16616486, 10222784, 1359800, .1330, .0928,
1956, 27474770, 14604452, 11739808, 1659400, .1413, .1202,
1957, 23650588, 11550268, 10128764, 1319500, .1303, .1009,
1958, 27810502, 10099109, 9280374, 986600, .1063, .0960,
1959, 405342656, 8239182, 7349922, 1111100, .1512, .1333,
1960, 191338608, 7569599, 5817149, 1101800, .1894, .1393,
1961, 73282680, 7569780, 4229869, 830100, .1962, .0904,
1962, 17712448, 6747726, 3464778, 848600, .2449, .1121,
1963, 164640160, 6853931, 2635414, 984500, .3736, .1697,
1964, 90556040, 6718337, 2795131, 1281800, .4586, .2374,
1965, 7932618, 5956750, 3067464, 1547700, .5046, .4594,
1966, 45349292, 4306677, 2595274, 1955000, .7533, .9968,
1967, 3582245, 2802309, 1145466, 1677200, 1.4642, 1.3567,
1968, 4638550, 853466, 219013, 712200, 3.2519, 1.6790,
1969, 9607348, 121451, 77541, 67800, .8744, .6100,
1970, 620670, 75989, 30718, 62300, 2.0281, 1.3720,
1971, 209800, 105320, 8231, 21100, 2.5633, 1.4276,
1972, 907351, 69767, 1854, 13161, 7.0991, 1.3812,
1973, 12701698, 100002, 74400, 7017, .0943, .6185,
1974, 8500675, 152834, 85341, 7619, .0893, .2015,
1975, 2942588, 294481, 91377, 13713, .1501, .0741,
1976, 10018746, 355060, 145980, 10436, .0715, .0333,
1977, 5039343, 423184, 283511, 22706, .0801, .0582,
1978, 6133163, 571644, 354752, 19824, .0559, .1088,
1979, 12434718, 627810, 385577, 12864, .0334, .0242,
1980, 1539331, 740332, 468611, 18577, .0396, .0327,
1981, 1091881, 789022, 502691, 13736, .0273, .1327,
1982, 2329740, 722993, 501560, 16655, .0332, .0920,
1983, 318415008, 1075859, 572712, 23054, .0403, .5791,
1984, 11403318, 1987779, 597396, 53532, .0896, .1151,
1985, 60083496, 1866773, 495227, 169872, .3430, .3436,
1986, 6056173, 1896358, 396241, 225256, .5685, .9997,
1987, 16692028, 3318327, 866396, 127306, .1469, .6946,
1988, 25411758, 3658107, 2720279, 135301, .0497, .9753,
1989, 79533192, 4419749, 3367504, 103830, .0308, .2346,
1990, 136750272, 5007226, 3781308, 86411, .0229, .3359,
1991, 370853120, 5790529, 3969456, 84683, .0213, .4060,
1992, 443341728, 7043957, 3875228, 104448, .0270, .0995,
1993, 111323584, 8359822, 3748570, 232457, .0620, .0288,
1994, 32316820, 9621340, 4310537, 479228, .1112, .2168,
1995, 21038196, 10617174, 4527734, 905501, .2000, .7503,
1996, 93725248, 10974940, 4975237, 1220283, .2453, .2072,
1997, 65948036, 11207135, 8971548, 1426507, .1590, .3675,
1998, 0, 9794176, 8309052, 1223131, .1472, .8415,
1999, 0, 9092314, 7789946, 1235433, .1586, .1885,

Arith.
Mean , 81649915, 6370271, 3978850, 634407, .4863, .3938,

0 Units, (Thousands), (Tonnes), (Tonnes), (Tonnes),
1
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Table 3.5.6.6 Summary

                   Traditional vpa using screen input for terminal F                             
 

            RECR     TOTALBIO    TOTSPBIO    LANDINGS   YIELD/SSB   FBAR  5-14 FWEI 5-14
              Age 3

1950 10855814 17994092 13984440 933000 0.0667 0.0536 0.0584
1951 5413445 16064644 12440190 1278400 0.1028 0.0623 0.0696
1952 3594390 14517919 11481773 1254800 0.1093 0.0673 0.0728
1953 47045816 17413606 10613262 1090600 0.1028 0.0646 0.0663
1954 6899106 18582072 9445040 1644500 0.1741 0.1083 0.1124
1955 3174835 16130418 10222784 1359800 0.133 0.0928 0.0783
1956 3009160 14417274 11739808 1659400 0.1413 0.1202 0.1099
1957 555352 11393960 10128764 1319500 0.1303 0.1009 0.1026
1958 464887 9956042 9280374 986600 0.1063 0.096 0.0787
1959 161775 7738261 7349922 1111100 0.1512 0.1333 0.1129
1960 244166 6094614 5817149 1101800 0.1894 0.1393 0.1359
1961 229051 4387368 4229869 830100 0.1962 0.0904 0.1046
1962 20289260 5638075 3464778 848600 0.2449 0.1121 0.1458
1963 7008123 6268470 2635414 984500 0.3736 0.1697 0.2525
1964 2076012 6078144 2795131 1281800 0.4586 0.2374 0.2271
1965 195852 4528063 3067464 1547700 0.5046 0.4594 0.2803
1966 8160987 3693424 2595274 1955000 0.7533 0.9968 0.7002
1967 3767195 2653075 1145466 1677200 1.4642 1.3567 1.5170
1968 107482 786631 219013 712200 3.2519 1.679 3.4499
1969 227478 94191 77541 67800 0.8744 0.61 0.5949
1970 16366 43788 30718 62300 2.0281 1.372 1.3236
1971 7864 12172 8231 21100 2.5633 1.4276 1.5203
1972 406549 64847 1854 13161 7.0991 1.3812 1.4875
1973 7657 85230 74366 7017 0.0944 0.6185 1.1639
1974 927 87292 84835 7619 0.0898 0.2015 0.1138
1975 24303 79951 75163 13713 0.1824 0.0741 0.1899
1976 847581 215420 135212 10436 0.0772 0.0333 0.1059
1977 562941 336967 283511 22706 0.0801 0.0582 0.1105
1978 192132 405272 354752 19824 0.0559 0.1088 0.0439
1979 668978 520800 385577 12864 0.0334 0.0242 0.0241
1980 332522 602892 468611 18577 0.0396 0.0327 0.0345
1981 408937 607737 502691 13736 0.0273 0.1327 0.0217
1982 824830 694852 501560 16655 0.0332 0.092 0.0202
1983 102350 733004 572712 23054 0.0403 0.5791 0.0294
1984 71228 650571 597396 53532 0.0896 0.1151 0.0910
1985 151564 550717 495227 169872 0.343 0.3436 0.3793
1986 21258166 1487385 396241 225256 0.5685 0.9997 1.0613
1987 757721 2731292 866396 127306 0.1469 0.6946 0.3986
1988 4012640 3481340 2720279 135301 0.0497 0.9753 0.0454
1989 398407 3909985 3367504 103830 0.0308 0.2346 0.0289
1990 1104164 4410442 3781308 86411 0.0229 0.3359 0.0205
1991 1696172 4321744 3969456 84683 0.0213 0.406 0.0229
1992 5342191 4867102 3875228 104448 0.027 0.0995 0.0258
1993 9188598 5273975 3748570 232457 0.062 0.0288 0.0607
1994 24918866 7304371 4310537 479228 0.1112 0.2168 0.1212
1995 29789822 9899636 4527734 905501 0.2 0.7503 0.2003
1996 7480189 10593705 4975237 1220283 0.2453 0.2072 0.1625
1997 2153250 10368342 8971548 1426507 0.159 0.3675 0.1500
1998 1400440 8924235 8309052 1223131 0.1472 0.8415 0.1294
1999 6247771 8819785 7789946 1235433 0.1586 0.1885 0.1556

 
 Arith.
   Mean   4877106 5530305 3978299 634407 0.4871 0.3938
0 Units    (Thousands     (Tonnes)     (Tonnes)     (Tonnes)
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Table 3.6.1.1.

The SAS System 14:20 Thursday, May 4, 2000
Norwegian spring-spawning herring

Prediction with management option table: Input data

+--------------------------------------------------------------------------------------+
¦ Year: 2000 ¦
+--------------------------------------------------------------------------------------¦
¦ ¦ Stock ¦ Natural ¦ Maturity¦Prop.of F¦Prop.of M¦ Weight ¦ Exploit.¦ Weight ¦
¦ Age ¦ size ¦mortality¦ ogive ¦bef.spaw.¦bef.spaw.¦ in stock¦ pattern ¦ in catch¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ 3 ¦4627400.0¦ 0.1500¦ 0.0000¦ 0.1000¦ 0.1000¦ 0.119¦ 0.0240¦ 0.173¦
¦ 4 ¦5250000.0¦ 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 ¦3208000.0¦ 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¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ Unit ¦Thousands¦ - ¦ - ¦ - ¦ - ¦Kilograms¦ - ¦Kilograms¦
+--------------------------------------------------------------------------------------+
+--------------------------------------------------------------------------------------+
¦ Year: 2001 ¦
+--------------------------------------------------------------------------------------¦
¦ ¦ Recruit-¦ Natural ¦ Maturity¦Prop.of F¦Prop.of M¦ Weight ¦ Exploit.¦ Weight ¦
¦ Age ¦ ment ¦mortality¦ ogive ¦bef.spaw.¦bef.spaw.¦ in stock¦ pattern ¦ in catch¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ 3 ¦ 13171000¦ 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 ¦ . ¦ 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 ¦ . ¦ 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 ¦ . ¦ 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¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ Unit ¦Thousands¦ - ¦ - ¦ - ¦ - ¦Kilograms¦ - ¦Kilograms¦
+--------------------------------------------------------------------------------------+
+--------------------------------------------------------------------------------------+
¦ Year: 2002 ¦
+--------------------------------------------------------------------------------------¦
¦ ¦ Recruit-¦ Natural ¦ Maturity¦Prop.of F¦Prop.of M¦ Weight ¦ Exploit.¦ Weight ¦
¦ Age ¦ ment ¦mortality¦ ogive ¦bef.spaw.¦bef.spaw.¦ in stock¦ pattern ¦ in catch¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ 3 ¦3679000.0¦ 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 ¦ . ¦ 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 ¦ . ¦ 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 ¦ . ¦ 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¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ Unit ¦Thousands¦ - ¦ - ¦ - ¦ - ¦Kilograms¦ - ¦Kilograms¦
+--------------------------------------------------------------------------------------+
Notes: Run name : MANBJA03

Date and time: 04MAY00:14:23
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Table 3.6.2.1

The SAS System 14:20 Thursday, May 4, 2000
Norwegian spring-spawning herring

Prediction with management option table

+-----------------------------------------------------------------------------------------------------------------------+
¦ Year: 2000 ¦ Year: 2001 ¦ Year: 2002 ¦
+-------------------------------------------------+-------------------------------------------------+-------------------¦
¦ F ¦Reference¦ Stock ¦ Sp.stock¦ Catch in¦ F ¦Reference¦ Stock ¦ Sp.stock¦ Catch in¦ Stock ¦ Sp.stock¦
¦ Factor ¦ F ¦ biomass ¦ biomass ¦ weight ¦ Factor ¦ F ¦ biomass ¦ biomass ¦ weight ¦ biomass ¦ biomass ¦
+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ 1.0950¦ 0.2064¦ 8316747¦ 6852013¦ 1249999¦ 0.0000¦ 0.0000¦ 8376044¦ 6134679¦ 0¦ 9027549¦ 6996368¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.0500¦ 0.0094¦ .¦ 6129081¦ 59944¦ 8970045¦ 6935504¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.1000¦ 0.0189¦ .¦ 6123488¦ 119359¦ 8913063¦ 6875264¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.1500¦ 0.0283¦ .¦ 6117901¦ 178251¦ 8856597¦ 6815643¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.2000¦ 0.0377¦ .¦ 6112319¦ 236624¦ 8800642¦ 6756632¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.2500¦ 0.0471¦ .¦ 6106742¦ 294483¦ 8745194¦ 6698226¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.3000¦ 0.0566¦ .¦ 6101171¦ 351833¦ 8690247¦ 6640418¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.3500¦ 0.0660¦ .¦ 6095605¦ 408680¦ 8635796¦ 6583201¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.4000¦ 0.0754¦ .¦ 6090044¦ 465028¦ 8581838¦ 6526569¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.4500¦ 0.0848¦ .¦ 6084489¦ 520881¦ 8528366¦ 6470516¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.5000¦ 0.0943¦ .¦ 6078939¦ 576246¦ 8475376¦ 6415035¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.5500¦ 0.1037¦ .¦ 6073395¦ 631125¦ 8422863¦ 6360121¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.6000¦ 0.1131¦ .¦ 6067856¦ 685525¦ 8370823¦ 6305767¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.6500¦ 0.1225¦ .¦ 6062322¦ 739449¦ 8319252¦ 6251967¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.7000¦ 0.1320¦ .¦ 6056794¦ 792902¦ 8268144¦ 6198715¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.7500¦ 0.1414¦ .¦ 6051271¦ 845889¦ 8217494¦ 6146006¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.8000¦ 0.1508¦ .¦ 6045753¦ 898414¦ 8167300¦ 6093833¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.8500¦ 0.1602¦ .¦ 6040241¦ 950482¦ 8117555¦ 6042190¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.9000¦ 0.1697¦ .¦ 6034734¦ 1002097¦ 8068257¦ 5991073¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.9500¦ 0.1791¦ .¦ 6029232¦ 1053263¦ 8019399¦ 5940474¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.0000¦ 0.1885¦ .¦ 6023735¦ 1103985¦ 7970979¦ 5890389¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.0500¦ 0.1979¦ .¦ 6018244¦ 1154266¦ 7922991¦ 5840813¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.1000¦ 0.2074¦ .¦ 6012759¦ 1204112¦ 7875432¦ 5791739¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.1500¦ 0.2168¦ .¦ 6007278¦ 1253526¦ 7828298¦ 5743162¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.2000¦ 0.2262¦ .¦ 6001803¦ 1302513¦ 7781584¦ 5695077¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.2500¦ 0.2357¦ .¦ 5996333¦ 1351076¦ 7735286¦ 5647479¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.3000¦ 0.2451¦ .¦ 5990868¦ 1399220¦ 7689400¦ 5600362¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.3500¦ 0.2545¦ .¦ 5985409¦ 1446948¦ 7643923¦ 5553722¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.4000¦ 0.2639¦ .¦ 5979955¦ 1494265¦ 7598849¦ 5507552¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.4500¦ 0.2734¦ .¦ 5974506¦ 1541175¦ 7554176¦ 5461848¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.5000¦ 0.2828¦ .¦ 5969063¦ 1587680¦ 7509900¦ 5416606¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.5500¦ 0.2922¦ .¦ 5963624¦ 1633787¦ 7466015¦ 5371819¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.6000¦ 0.3016¦ .¦ 5958191¦ 1679497¦ 7422520¦ 5327484¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.6500¦ 0.3111¦ .¦ 5952763¦ 1724815¦ 7379410¦ 5283595¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.7000¦ 0.3205¦ .¦ 5947341¦ 1769745¦ 7336680¦ 5240147¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.7500¦ 0.3299¦ .¦ 5941924¦ 1814290¦ 7294329¦ 5197137¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.8000¦ 0.3393¦ .¦ 5936512¦ 1858454¦ 7252351¦ 5154558¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.8500¦ 0.3488¦ .¦ 5931105¦ 1902241¦ 7210743¦ 5112407¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.9000¦ 0.3582¦ .¦ 5925703¦ 1945654¦ 7169502¦ 5070679¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.9500¦ 0.3676¦ .¦ 5920307¦ 1988697¦ 7128625¦ 5029369¦
¦ . ¦ . ¦ .¦ .¦ .¦ 2.0000¦ 0.3770¦ .¦ 5914915¦ 2031373¦ 7088106¦ 4988473¦
+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ - ¦ - ¦ Tonnes ¦ Tonnes ¦ Tonnes ¦ - ¦ - ¦ Tonnes ¦ Tonnes ¦ Tonnes ¦ Tonnes ¦ Tonnes ¦
+-----------------------------------------------------------------------------------------------------------------------+
Notes: Run name : MANBJA03

Date and time : 04MAY00:14:23
Computation of ref. F: Simple mean, age 5 - 14
Basis for 2000 : TAC constraints
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Q1 Q2

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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Q1 Q2
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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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Q1 Q2

Q3 Q4

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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Q2

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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Fig. 3.10.1. SSB percentiles - Norwegian spring-
spawning herring. F=0.125 above Bpa, linear 

reduction to F=0.05 at Blim, CV=0.3
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Fig. 3.10.2. Yield percentiles Norwegian Spring-
spawning herring. F=0.125 above Bpa, linear 

reduction to F=0.05 at Blim, CV=0.3
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Fig. 3.10.3. SSB percentiles, F=0
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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 Blim 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 0-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 Gjøsæter 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 36.5·1012 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 Gjøsæter (1998)
found these indices to be well correlated (r2 = 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 r2 was reduced to 0.66. Based on
this regression, (ln 1group estimate = -2.27 + 1.26 · ln 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.

4.3.2 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 Gjøsæter). 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 Gjøsæter,
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.

4.5 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 Blim (SSBlim) management approach was suggested for this stock.
However, the choice of a Blim 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 Blim.  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” (Gjøsæter 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
Bpa 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 Blim set equal to the modelled density distribution of the spawning stock in 1989 was not adopted. Rather,
ACFM set a Blim 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 Blim 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 Blim-based rule. The Blim 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 SSBtarget that in the long run gives the highest mean yield might be well above Blim.
The present inconsistencies in the data and assumptions have precluded a simulation analysis to find SSBtarget. New
information now available (e.g. Bogstad and Gjøsæter (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
SSBtarget for capelin could be based on bootstrapping the historic spawning stock biomass and recruits. For each
bootstrap replicate a SSBtarget can be found. During management-related probabilistic forecasts each trajectory can be
based on one historic replicate giving one value of SSBtarget and one value of Blim 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 SSBtarget and the probability of exceeding Blim 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 Gjøsæter 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
(Norway)

178 11667 6407

Acoustic survey 1999
(Russia)

72 9743 3632

Norwegian bottom trawl
survey winter 2000

248 9172 1910

Russian investigations
winter 2000

24 1471 640

Norwegian fishery winter
20001

109 12336 700

Russian fishery winter
2000

28 11240 1087

                                                          

1 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 1 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 (1012) 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 3.3 43
1994 0.1 58
1995 0.0 43
1996 2.4 291
1997 6.91 522
1998 14.11 428
1999 36.5 722

1 Is an 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 σ = 5.0 ⋅ 107 ⋅ L1.91.

                Age/Year class
Length (cm) 1 2 3 4 5+ Sum Biomass Mean

1998 1997 1996 1995 1994 (106) (103 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
10.5 - 11.0 24778 93 24871 110.1 4.4
11.0 - 11.5 16489 1864 18353 97.2 5.3
11.5 - 12.0 13911 4687 18598 114.3 6.1
12.0 - 12.5 8732 6934 49 15715 114.4 7.3
12.5 - 13.0 3215 10071 28 13314 112.5 8.5
13.0 - 13.5 1269 10713 97 12079 122.5 10.1
13.5 - 14.0 933 12527 232 13692 160.3 11.7
14.0 - 14.5 763 12455 332 13550 178.9 13.2
14.5 - 15.0 462 12580 576 13618 204.7 15.0
15.0 - 15.5 388 11835 1767 13990 241.7 17.3
15.5 - 16.0 107 7717 2211 31 10066 195.5 19.4
16.0 - 16.5 4528 3379 58 7965 174.8 22.0
16.5 - 17.0 2805 3931 141 6877 169.9 24.7
17.0 - 17.5 1301 4580 132 6013 164.3 27.3
17.5 - 18.0 466 3527 227 4220 131.8 31.2
18.0 - 18.5 426 2923 202 3551 123.5 34.8
18.5 - 19.0 200 1900 32 2132 81.6 38.3
19.0 - 19.5 81 652 41 774 33.9 43.8
19.5 - 20.0 315 315 14.8 46.9
20.0 - 20.5 45 45 2.4 52.3
20.5 - 21.0 3 3 0.2 55.0

TSN (106 ) 15592
1

101480 26544 867 284812

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 (106 ) 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 σ = 5.0 · 10-7  · L1.91
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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:109) and stock and maturing stock biomass (unit:103 tonnes) are given
at 1. October.

Year Stock in numbers (109) 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



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 97

Table 4.4.1 Barents Sea CAPELIN. Estimated stock size in numbers (unit:109) 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 25.3 6.4 1.6 2.2 2.2 12.1 27.9
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:109) 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 35.3 43.4 33.5 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:109) 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 2.2 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 15.3 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 (Mimm), used for the
whole year, and for mature fish (per season) (Mmat) used January to March, by age group and average for
age groups 1-5.

 1990 1991 1992 1993 1994
Age 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 Mimm Mmat Mimm Mmat Mimm Mmat Mimm Mmat Mimm Mmat

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:109) 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 33.3 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 1342.8 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:109) 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.

Year
Stock

biomass
Recruit-

ment Age 1

Spawning
stock

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

5.1.1 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.

5.1.2 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

5.3.1 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 Vilhjálmsson 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. Vilhjálmsson 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
Vilhjálmsson). The distribution of the stock was fairly wide and more or less continuous, reaching from 26oW,
northwest of the NW-peninsula of Iceland, across the outer part of the northern shelf to 10o30'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 * 109 fish, belonging to
age groups 1 and 2 respectively. The estimated total fishable/spawning stock abundance was 19.7 * 109 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 Vilhjálmsson). 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 * 109 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 * 109 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 * 109 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
Vilhjálmsson). 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 (1 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.

5.5 Stock Prognoses

5.5.1 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 (N2mat) is a part of the survivors of the 1-group of the previous autumn
(N1), 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 (N2mat) and the autumn
acoustic estimates of the same year classes at age 1 (N1). 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 (N2imm) 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 (N2tot) 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 (N2tot and N3mat, 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.

5.5.2 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 R2 = 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 * 109 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 1 285 000 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 * 109 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.

5.5.3 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 (N1) on the backcalculated abundance of
mature 2-group fish (N2mat) gives y = 0.572x +19.6; R2 = 0.84, p <0.05. Similarly for the older stock component, where
N2tot is regressed on N3mat, gives y = 0.286x – 6.9; R2 = 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 R2 = 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 * 109 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 Blim, 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

Autumn survey 1999
53 5125 5100

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 Iceland

Nor-
way Faro

es

Green-
land

Season
total Iceland

Nor-
way Faroes

Green-
land EU

Season
total Total

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 - 24.3 573.5 259.7 - - - 259.7 833.2
1978 468.4 - 36.2 504.6 497.5 154.1 3.4 - 655.0 1,159.6
1979 521.7 - 18.2 539.9 442.0 124.0 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 - - - - 133.4 - - - 133.4 133.4
1984 439.6 - - 439.6 425.2 104.6 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 - 391.8 552.5 149.7 65.4 5.3 772.9 1,164.7
1987 500.6 59.9 - 560.5 311.3 82.1 65.2 - 458.6 1,019.1
1988 600.6 56.6 - 657.2 311.4 11.5 48.5 - 371.4 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 12.3 686,8 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 - 621.1 213.4 65.3 18.9 0.5 298.1 919.2
1993 489.1 - - 0.5 489.6 450.0 127.5 23.9 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 539.4 - - 0.4 539.8 175.5 28.0 - 2.2 205.7 745.5
1996 707.9 - 10.0 5.7 723.6 474.3 206.0 17.6 15.0 60.9 773.8 1,497.4
1997 774.9 - 16.1 6.1 797.1 536.0 153.6 20.5 6.5 47.1 763.6 1561.5
1998 457.0 - 14.7 9.6 481.3 290.8 72.9 26.9 8.0 41.9 440.5 921.8
1999 607.8 14.8 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 - 133.4 548.5 919.7 772.9 458.6 371.4 121.0

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 33.4 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 3.4 17.8 30.7 18.4 12.3 38.4 45.8 28.9 5.7
Total weight 111.2 56.0 298.1 611.6 324.1 205.7 773.7 763.6 440.5 102.4

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 - 3.4 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 34.9 22.8 27.2 24.8 35.7 41.0 26.1 39.2 42.0
Total weight 202.4 621.1 489.6 567.1 539.8 723.6 797.6 481.3 658.9 830.3
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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 5.2
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 (109) 155 286 31 71 101 147 111 36 50 87 33 85 189 138
Mean length (cm) 10.4 9.7 10.2 9.5 9.1 8.8 10.1 10.4 10.7 9.7 9.4 9.0 9.8 9.3
Mean weight (g) 4.2 3.6 3.8 3.3 3.0 2.6 3.4 4.0 5.1 3.4 3.0 2.8 3.4 2.9

1997 1998 1999

Number (109) 143 87 55
Mean length (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 (10-9) BIOMASS (10-3t)
(Age) Year class  Avgwt (Age) Year class

Length
(cm)

(1) 1998 (2) 1997 (3) 1996 Total (g) (1) 1998 (2) 1997 (3) 1996 Total

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 3.4 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 52.3 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 3.4 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 37.3 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 34.2 4.3 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 5.8 323.3 312.9 18.3 654.6
Average length (cm) 10.1 14.3 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 (10-9) BIOMASS (10-3t)
(Age) Year class Avgwt (Age) Year class

Length (cm) (2) 1998 (3) 1997 (4) 1996 Total (g) (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 2.2 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 20.3 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 0.364 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 2.901 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

Corrected
total

1.460 51.511 3.481 56.453 18.8 18.8 961.6 81.7 1062.2
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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 (10-9) BIOMASS (10-3t)
(Age) Year class Avgwt (Age) Year class

Length (cm) (2) 1998 (3) 1997 (4) 1996 Total (g) (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 2.2 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 20.3 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 0.364 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 2.901 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 20.3 0.000 180.5 112.8 293.3
Corrected
total

1.217 52.526 7.701 61.444 19.1 15.7 981.8 180.9 1178.4

* 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 Látrabjarg, NW-Iceland, 24/02-02/03 2000.

NUMBERS (10-9) BIOMASS (10-3t)

(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 2.3 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 4.3 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 48.9 146.4 124.2 250.5 98.9 156.2 144.0
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 35.4 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 52.6 161.4 166.7 291.4 198.9 185.6 181.2
Number mature 111.4 101.7 46.2 42.5 19.4 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 63.9 117.5 132.9 162.9 144.3 224.1 197.3 191.2 165.4
2 immature 24.0 10.3 10.1 9.7 16.6 20.1 35.2 45.1 28.7 35.2
2 mature 70.3 42.8 31.9 67.7 70.7 86.9 59.8 102.2 100.7 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 0.4 + + + + 0.2 - + + +
Number immat. 104.8 74.2 127.6 142.6 179.5 164.7 259.2 242.4 219.9 200.6
Number mature 95.2 58.6 38.7 74.4 77.1 98.0 73.0 125.1 130.3 109.3
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 *175.2 *158.2
2 immature 19.2 *29.2
2 mature 89.5 85.9 **70.9
3 mature 23.2 12.6 **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 55.3 41.2 123.7 105.0 211.6 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 44.2 136.3 140.7 245.9 167.1 157.5 151.3
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 98.9 111.6 124.6 121.3 188.1 165.2 160.0 *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 5.3 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 *24.5
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 34.2
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 N1 N2mat N2imm N2tot N3tot

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 23.2
1996 128.5 89.5 6.3 108.0 12.6
1997  121.0 85.9 5.0 **91.3
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 39.4
Age 3 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 94-93 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 23.3
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 109) 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-
ment

Total stock
biomass

Landings Spawning
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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Figu re 5.5.3.1. The relationship between the neasured num bers of immature 1-group eapelin in autumn aeoustie surveys 
and the numbers ofmatur ing eapelin on l August of the following year (left figure) and between the 
measured total numbers of2-group eapelin and the numbers ofmaturing 3-group eapelin in the following 
year (right figure) 
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Figure 5.5.3.2. The relationship between the mean weight ofmaturing 2-group capelin in autumn and the total numbers 
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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 109 individuals). The spawning stock, estimated at 7.8 million tonnes (89.8 x 109 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.O.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. “Árni Fridriksson” Iceland
14 - 28 July R.V. “Árni Fridriksson” Iceland
21 July - 22 August R.V. “G.O.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, F3-7, 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 F3-7 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 F3-7 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:

           ΣΣΣΣ [LnC(a,y)-LnCest(a,y)] = 0       for every year y, and

          ΣΣΣΣ [LnC(a,y)-LnCest(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)-LnCest (a,y)]2 },   a=1,...,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,



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 123

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 mln.t.)  (Anon., 1999, page 124). Calculated value of spawning biomass for 1998 (4.6 mln.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 Fmult = 1 the model gives a high (greater than 10% in every year) probability that the SSB will fall below Blim
(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 Fmult = 0.8 the model again gives a high (10 – 14% throughout) probability that the SSB will fall below Blim
(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 Fmult = 0.5 the model again gives a low (5% or less in 6 of the 10 years) probability that the SSB will fall
below Blim (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 Fpa = 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 Bpa and Fpa, 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 (14119*106) for SSB above
Blim, and with a linear decline towards 0 below Blim ('Ockhams razor'). The recruitment was drawn according to R =
Rexpect*exp(ε), where ε has a normal distribution with a standard deviation (σ = 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 ε 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 Blim = 1500 thousand
tonnes. The HCR's consider 3 levels of the current SSB, below Blim, between Blim and Bpa and above Bpa, 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(Bpa) and Bpa-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(Bpa) ranging from 0.15 to 0.40 and Bpa 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 Blim at least once in the 10 years period.

Simulations with catch ceilings

Such simulations were done for combinations of F(Bpa) in the range 0.2 - 0.4, Bpa 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 Blim and Bpa relate to the true model values only) in Table 6.6.2.2 are:

• Percent probability of reaching Blim from above at least once in the 10 years period.
• Percent probability of reaching Bpa 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 Blim and Bpa 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.

Bloss = 1.5 million tonnes was chosen as Blim, and Bpa was calculated to be 2.25 million tonnes by the formula
σ645.1

limeBBpa = , where σ  was set to 0.25. This Bpa was used in the PA software.

Historic SSB against Fbar with stock recruitment, historic recruitment and historic yield against Fbar 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(3-7) 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 Fpa (0.32) in year 2001 the
predicted SSB in 2002 will be 2.2 million t., which is at the Bpa 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 Blim increases and reaches about 40 % by the end of the period. To obtain a risk of about 5 % that the SSB will
fall below Blim 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
II, Division Va, XIVa and XIVb) 1986–1999, as estimated by the Working Group.

Country 1986 1987 1988 1989 3) 1990 1991 1992 1993 1994 2) 1995 3) 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 - - - 4,977 - - - - - 369 302 10,464 64,8634 99,092
Netherlands - - - - - - - - - 72 25 - 63 435
Norway - - - - 566 100 912 240 - - 58 1,386 12,132 5,455
Poland - 56 10 - - - - - - - - -
UK (Eng.&Wales) - - - - - - - - - - - -
USSR/Russia 1) 156,404 112,686 55,816 35,250 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
1) From 1992 only Russia
2) Includes Vb for Russia.
3) Icelandic mixed fishery in Va.
4) 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 19981 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 5,263 4,073 1,699 349 1,307 91 - 6,310 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) 3,482 3,315 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 2) 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
1) Including some directed fishery also in Division IVa.
2) 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 IIIa, IVa 1986–1999, as estimated by the WG.

Country 1986 1987 1988 1989 1990 1991 1992 1993 3) 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 5,678 7,051 492 3,325 5,281 355 705 1,522 1,794 - 6,068 6,066 296 265
Germany  1) - 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 28,814 48,338
Sweden 8,532 2,013 1,229 3,062 1,503 1,000 2,058 2,867 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

4
119,359 65,091 94,881 106,60

9
1) Including directed fishery also in Division IVa.
2) Including mixed industrial fishery in the Norwegian Sea
3) 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
VIIg-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 - - - - - - 101

Norway - 4 - - - - - - - - - -
Portugal 8,116 9,148 5,979 3,557 2,864 2,813 4,928 1,236 1,350 2,285 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
1) Directed fisheries in VIIIa
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Table 6.2.5 Landings (tonnes) of BLUE WHITING from the main fisheries, 1986–1999, as estimated by the
Working Group.

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

Norwegian Sea

Fishery

(Subareas I+II

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 IIIa) 99,580 62,689 45,143 75,958 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 29,400 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

ALL COUNTRIES
Length Quarter Quarter Quarter Quarter All year DIRECTED Fishery
(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

ALL COUNTRIES
Length Quarter Quarter Quarter Quarter All year MIXED Fishery
(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

ALL COUNTRIES
Length Quarter Quarter Quarter Quarter All year SOUTHERN FISHERY
(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 I and II, Divisions Va, 
and XIVa+b, Vb, Via+b, VIIbc and VIIg-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
4 696.2 709.1 243.9 510.4 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 4,054.4 3,711.0 2,031.8 2,770.2 2,640.6 2,587.5 2,828.9 3,372.8 5,306.8 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 IIIa, 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 33.5 11.8 11.4 75.1 97.3 36.7 11.0 71.3 14.0 47 168
5 24.1 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 11.4 45.4 5.1 4 5
7 5.9 4.9 6.2 6.7 8.3 1.2 1.8 32.6 3.7 3 5
8 2.1 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 3,554.9 2,498.6 1,014.7 1,438.0 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

134
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Table 6 .3 .2.5 BLUE W HITING Disaggregated Fis heries A s sessment Data from Directed fisheries. (DISFA D file) 

Røcord No Country 

Slue whiting 
1 D enmark 
2 D enmark 
3 Denmark 
4 Denmark 
5 Denmark 
6 Denmark 
7 Denmark 
8 Danmark 
9 Denmark 

10 F aroe Islands 
11 Faro e Islands 
12 Faroe Islands 
13 Faroe Islands 
14 Faroe Islands 
15 Faroe Islands 
16 Faroe Islands 
17 F rance 
18 France 
19 France 
20 GERMANY 
21 GERMANY 
22 lceland 
23 lceland 
24 lceland 
25 lceland 
26 lceland 
27 lceland 
28 lceland 
29 lceland 
3J lceland 
31 lceland 
32 lceland 
33 lceland 
3 4 lreland 
35 lre land 
36 Netherlands 
37 Netherlands 
38 Netherlands 
39 Netherlands 
40 Netherlands 
41 Netherlands 
42 Netherlands 
43 Netherlands 
44 Netherlands 
45 Netherlands 
46 Netherlands 
47 NORWAY 
48 NORWAY 
49 NORWAY 
50 NORWAY 
51 NORWAY 
52 NORWAY 
53 NORWAY 
54 NORWAY 
55 NORWAY 
56 NORWAY 
57 NORWAY 
58 NORWAY 
59 NORWAY 
60 NORWAY 
61 Russia 
62 R uss ia 
63 Russia 
64 R ussia 
6 5 Russia 
66 Russia 
67 Russia 
68 Russia 
69 Russia 
70 Russia 
71 Russia 
72 Russia 
73 Russia 
7 4 Russia 
75 Russia 
76 Scotland 
77 Scotland 
78 Scotland 
79 Scotland 
80 Scotland 
81 Scotland 
82 Scotland 
83 Scotland 
84 Scotland 
85 Scotland 

Quar1ør Arøa 

15 
1 lia 
2Vb 
2 Vh 
3 V1• 
4 V1• 
1 V1b 
1 Vllb.c 
2 Vllb.c 
1 Vllh 
3 v . 
4 v . 
2 Vb 
4Vb 

1999 

2 Vla +VIb 
4 Vla +VIb 
1 Vllb,c 
1 Vli.Vb.Vl 
1 Vlllabd 
1 Vlllc 
1 V1• 
2 V1• 
2 lia 
3 lia 
4 lia 
2 v. 
3 v. 
4 v. 
2Vb 
3 Vb 
4 Vb 
2 V1• 
1 V1b 
2 V1b 
1 Vla+Vllb,c 
2 Vla+Vllb,c 
2 lia 
2 IVa 
2 V1• 
2 V1b 
1 Vllb 
1 Vllc 
2 Vllc 
1 Vllh 
4 Vlllb 
1 Vllj 
2 Vllj 
1 lia 
2 lia 
3 lia 
2 IVa 
1 Vb 
2Vb 
4Vb 
1 V1• 
2 V1• 
1 V1b 
2 V1b 
1 Vllb.c 
2 Vllb.c 
1 Vllg,k+XII 
1 lia 
2 lia 
3 lia 
4 lia 
1 IVa 
2 IVa 
1 Vb 
2Vb 
4Vb 
1 V1b 
2 V1b 
3 V1b 
4 V1b 
1 Vllb,c 
1 Vllk 
4 IVa 
1 Vb 
2Vb 
4Vb 
1 V1• 
2 V1• 
1 V1b 
2 V1b 
1 Vllb ,c 
1 Vllg,k +XII 

Samplød WG 
C:atch C:atch 

19410 
21851 
19370 

793 
31810 

o 
o 
o 
o 
o 

69) 
16590 
6550 

o 
63665 

8007 
o 

4489 
30979 

o 
o 
o 

18830 
16410 

o 

o 
772 

2313 
260 

25761 
3487 

34731 
2627 
4374 

116363 
129335 

15921 
13 7748 

651 
4006 

o 
6815 

o 

o 
61746 

o 
o 
o 
o 
o 
o 
o 

15 
3085 
9560 

10 
1240 
350 

3400 
1820 

160 
7797 
3710 

19410 
2 1851 
19370 

793 
31810 

6519 
122 

21 
174 

2996 
69) 

16590 
6550 
3510 

63665 
8007 

1711 7 
4489 

30979 
239 

6750 
1864 

18830 
16410 

435 
16 

26470 
401 
573 

2044 
5622 

6 
3 

67 
212 
772 

2313 
260 

25761 
3487 

34731 
2627 
4374 

116363 
129335 

15921 
137748 

651 
4006 
5986 
6815 

34527 
18604 

3311 
1968 

20480 
61746 
14471 
2806 
3565 

156 
20 

342 4 
300 

6 
678 

4862 
1483 

11661 
49461 

8364 
198 

11679 
10461 

N o . of No. fish 
s:am~ les :aged 

o 
o 
o 
o 
o 
o 
2 
5 

5 
o 
o 
o 
o 
o 
2 
5 

o 
17 

9 
o 
5 

12 
o 
o 
o 
5 
2 

16 

o 
o 
o 
o 
o 
5 
5 
3 

11 
2 
6 
1 

49 
6 

58 

21 

o 
o 
o 
o 
o 
o 

200 
500 
100 
100 
500 

o 
o 
o 
o 
o 

50 
250 
100 

o 
598 
250 

o 
150 
250 

o 
o 
o 

298 
137 

o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
110 
240 
250 
100 
260 
250 
200 
200 
300 
360 
100 
555 
100 
300 

o 
231 

o 

o 
50 
o 
o 
o 
o 
o 
o 
o 

No. fish 
me:asured 

o 
o 
o 
o 
o 
o 

552 
1101 
234 
234 

1149 
o 
o 
o 
o 
o 

150 
250 
278 

o 
969 
597 

o 
326 
780 

o 
o 
o 

743 
137 

o 
o 

2121 
309 

o 
494 
602 

o 
o 

o 
o 
o 
o 
o 

560 
750 
200 
400 

1000 
1910 
350 

2310 
350 
850 
310 

4451 
1869 
5656 

6457 
50 
o 
o 
o 
o 
o 
o 
o 

CN 
o 

3240 
o 

119 

17213 
o 

593 
1 4162 

o 
o 
o 
o 
o 

172 
22 
o 
o 
o 

1130 
o 

10258 

o 
o 

2957 
o 
o 
o 
o 
o 
o 

CN 
1 

4783 
34681 

o 
1276 

o 
o 
o 
o 
o 
o 
o 

1 15 4 
3417 

o 
1610 4 

4748 
o 

2963 
20063 

o 
o 
o 
o 
o 

o 
2069 
3216 

832 
43454 

835 
o 

3729 
o 

4419 
o 
o 

1 18 3 
o 
o 

1836 
10250 
29494 

117495 
1 169 
3320 
7230 

121231 
30895 

o 
o 
o 
o 

29 
o 

CN 
2 

108856 
43476 

2253 
1600 

54995 
o 
o 
o 
o 
o 

131 
10387 

8543 
o 

59047 
5045 

o 
7704 

38945 
o 
o 
o 

8494 
7377 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

5094 
5786 

642 
37152 
10429 
19928 

6442 
5593 

82584 
41683 

4403 
68142 

167 
1787 

18197 
6549 

71 447 
63285 

5249 
2838 

32467 
75769 
44972 

904 
986 
43 

6 
169 4 

134 
o 
o 
o 
o 
o 
o 
o 
o 
o 

CN 
3 

124248 
87793 

109J67 
3230 

210985 
o 
o 
o 
o 
o 

3286 
59435 
23352 

o 
167299 

16025 
o 

24001 
139258 

o 
o 
o 

108585 
92955 

o 
1858 

10332 
1324 

119633 
16291 

112727 
7911 

261 19 
4413(E2 
665992 
96523 

756415 
4 12 1 

20437 
38623 
30796 

233292 
33009 
17076 
9139 

105619 
333385 

45569 
14449 
2 1613 

946 
121 

18802 
1530 

o 

CN 
4 

o 
o 
o 
o 
o 
o 

28867 
16708 
64613 

615 
42311 

o 
o 
o 
o 
o 

3023 
62898 
18226 

o 
245134 

21961 
o 

8889 
70809 

o 
o 
o 

67496 
76725 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

870 
37 14 
133 

72223 
7685 

111264 
1921 

15405 
344800 
432385 

69585 
434046 

2691 
13180 
10632 
20708 
23874 

3358 
9393 
5517 

58101 
227308 

8157 
9381 

15581 
682 
87 

10789 
987 

o 
o 
o 
o 
o 
o 
o 
o 
o 

CN 
5 

5031 
2045 

12439 
75 

6771 
o 
o 
o 
o 
o 

131 
9233 
17æ 

o 
38470 

4748 
o 

296 
7081 

o 
o 
o 

20186 
17700 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

393 
1 129 

6 
5248 
1731 

21613 
565 

1250 
26601 
45069 
5415 

50550 
163 

1903 
1275 
4745 

o 
1394 
1553 

401 
9604 

o 
1 166 

9 78 
1213 

53 
7 

1257 
142 

o 
o 
o 
o 
o 
o 
o 
o 
o 

CN 
6 

735 
766 

5707 
28 

2568 
o 
o 
o 
o 
o 
o 

577 
1139 

o 
6263 
2671 

o 
o 

3540 
o 
o 
o 

7751 
2951 

o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
138 
189 

o 
4797 
399 

13867 
226 
775 

43919 
23631 

2642 
10260 

195 
256 
574 
558 

o 
511 
288 
366 

1778 
o 

493 
513 
591 
26 

3 
255 

19 
o 

CN 
7 

o 
o 
o 
o 
o 
o 
o 
o 

923 
o 

1 167 
o 
o 
o 
o 
o 
o 

577 
579 

o 
895 

1187 
o 
o 

1 180 
o 
o 
o 

1690 
2951 

o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
47 
34 
o 

2822 
151 

13299 
226 
254 

37590 
12139 
3698 

16776 
1æ 
587 

o 
o 
o 

1001 
179 
216 

1 110 
o 

565 
263 
828 

36 
5 

417 
44 

CN 
8 

o 
o 
o 
o 
o 
o 
o 
o 

8052 
o 

995 
o 
o 
o 
o 
o 
o 
o 
o 
o 

895 
297 

o 
o 
o 
o 
o 
o 

525 
o 

o 
o 

69 
o 

7562 
164 

19396 
2 26 
508 

52340 
3399 

o 
89J4 

o 
370 

o 
o 
o 

368 
42 

578 
257 

o 
361 

74 
o 
o 
o 

221 
28 

CN 
9 

1157 
o 

8865 
o 

820 
o 
o 
o 
o 
o 
o 
o 
o 
o 

895 
297 

o 
o 
o 
o 
o 
o 

1763 
1476 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

47 
34 
o 

3950 
114 

6015 
o 
o 

26351 
o 
o 
o 

65 
o 
o 
o 
o 

44 
302 
271 

o 
o 
o 
o 
o 
o 
o 
o 

CN 
10 

1293 
o 

o 
o 
o 
o 

2257 
310 

5588 
113 
444 

37013 
5018 
1585 

12567 
65 

455 
o 

547 
o 

388 
100 
172 
670 

o 
204 
1æ 
355 

16 
2 

312 
3 4 
o 

CN 
11 

o 
o 
o 
o 
o 
o 

308 
o 

1727 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

2196 
113 

o 

3154 
o 

92 
o 
o 
o 

o 
o 

577 
o 
o 
o 
o 

78 
7 

CN 
12 

o 
19 
34 
o 
o 

205 
3514 

o 
444 

1105 
7284 
1057 
3928 

22 
211 

o 
723 

o 
o 

2 19 
o 

1353 
o 
o 

158 
237 

10 
1 

98 
16 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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Table 6 .3 .2.5 (cont.) 

R e cord Ho Country Quarte r Area S a mpled WG 

Blue .....t-.iting 
--::----.

1
.-
5 
__ ~1999=,!C'"'atch Catch 

1 Denmark 
2 D enmark 
3 Denmark 
4 Denmark 
5 Denmark 
6 Denmark 
7 Denmark 
8 D e nmark 
9 Denmark 

10 Faroe Islands 
11 Faroe Islands 
12 Faroe Islands 
13 Faroe Islands 
14 Faroe Islands 
15 Faroe Is lands 
16 Faroe Islands 
17 Fra nce 
18 France 
19 Fra nce 
20 GERMANY 
2 1 G ERMANY 
22 lcelan d 
23 lceland 
24 lceland 
25 lceland 
L'6 lcelan d 
27 lcelan d 
28 lcelan d 
29 lceland 
30 lceland 
3 1 lcelan d 
32 lcelan d 
33 lcelan d 
34 lreland 
35 lreland 
36 Netherlands 
37 Netherlands 
38 N etherlands 
39 Netherlands 
40 N etherlands 
4 1 N etherlands 
42 Netherlands 
43 N eth e rland s 
44 NP.fhRrl;mrl~ 
45 N eth e rland s 
46 N ethe rlands 
47 NORWAY 
48 NORWAY 
49 NORWAY 
50 NORWAY 
5 1 NORWAY 
5 2 NORWAY 
53 NORWAY 
54 NORWAY 
55 NORWAY 
56 NORWAY 
57 NORWAY 
58 NORWAY 
59 NORWAY 
60 NORWAY 
6 1 Russia 
62 Russia 
63 Russia 
6 4 Russia 
65 Russia 
66 Russia 
67 Russia 
68 Russia 
69 Russia 
70 Russia 
7 1 Russia 
7 2 Russia 
73 Russia 
74 Russia 
75 Russia 
76 Scotl .. nd 
77 Scolland 
78 Scolla nd 
79 Scotland 
80 Scotland 
8 1 Scotland 
82 Scolland 
83 Scolland 
84 Scolland 
85 Scotland 

1 lia 
2 Vb 
2 VIa 
3 VIa 
4 VIa 
1 Vlb 
1 V llb,c 
2 Vllb ,c 
1 Vllh 
3 Va 
4 Va 
2 Vb 
4 Vb 
2 VIa +V1b 
4 VIa+ V1b 
1 Vllb ,c 
1 VII,Vb,\11 
1 Vlllabd 
1 VIlle 
1 VIa 
2 VIa 
2 lia 
3 lia 
4 lia 
2 V a 
3 Va 
4 Va 
2 Vb 
3 Vb 
4 Vb 
2 VIa 
1 Vlb 
2 Vlb 
1 Vla+VIIb,c 
2 Vla+VIIb,c 
2 lia 
2 !Va 
2 VIa 
2 Vlb 
1 Vllb 
1 Vllc 
2 Vllc 
1 Vllh 
4 Vlllh 
1 Vllj 
2 Vllj 
1 lia 
2 lia 
3 lia 
2 !Va 
1 Vb 
2 Vb 
4 V b 
1 VIa 
2 VIa 
1 Vlb 
2 Vlb 
1 Vllb ,c 
2 Vllb ,c 
1 Vllg ,k +X II 
1 lia 
2 lia 
3 lia 
4 lia 
1 !Va 
2 !Va 
1 Vb 
2 V b 
4 Vb 
1 Vlb 
2 Vlb 
3 Vlb 
4 Vlb 
1 Vllb ,c 
1 Vllk 
4 tv,. 
1 Vb 
2 Vb 
4 Vb 
1 VIa 
2 VIa 
1 Vlb 
2 Vlb 
1 Vllb ,c 
1 Vllg ,k +X II 

o 
o 
o 
o 
o 
o 

19410 
21851 
19370 

793 
31810 

o 
o 
o 
o 
o 

690 
16590 
6550 

o 
63665 

8037 
o 

4 489 
30979 

o 
o 
o 

18830 
164 10 

o 

n 
o 
o 

772 
2313 

260 
25761 

3487 
34731 

2627 
4374 

11 6363 
129335 

15921 
137748 

651 
40CI6 

o 
6815 

o 
o 
o 
o 
o 

61746 
o 
o 
o 
o 

15 
3085 
9560 

10 
1240 

350 
3400 
1820 
160 

7797 
3710 

19410 
21851 
19370 

793 
31 810 

6519 
122 

21 
174 

2996 
690 

16590 
6550 
3510 

63665 
8037 

17117 
4489 

30979 
239 

6750 
1864 

1ffi30 
16410 

435 
16 

26470 
401 
573 

2044 
5622 

6 

' 67 
212 
772 

2313 
260 

25761 
3487 

34731 
2627 
4374 

116363 
129335 

15921 
137748 

651 
40CI6 
5986 
6815 

3 4527 
18604 

3311 
1968 

20480 
61746 
14471 
2803 
3565 

156 
20 

3424 
DJ 

G 
678 

4862 
1483 

11661 
49461 
8364 

198 
11679 
10461 

Ho. of No. fis h 
s amples aged 

17 
9 
o 
5 

12 
o 

o 
16 

11 
2 
6 

49 
6 

58 
o 
o 

21 
1 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

200 
500 
100 
100 
500 

o 
o 
o 
o 
o 

50 
250 
100 

o 
598 
250 

o 
150 
250 

o 
o 

298 
137 

o 

o 
1 10 
240 
250 
100 
260 
250 
200 
200 
300 
360 
100 
555 
100 
DJ 

o 
231 

o 
o 
o 
o 

50 
o 
o 
o 
o 

No. fis h 
measured 

o 
o 
o 
o 
o 
o 

552 
1101 
234 
234 

1149 
o 
o 
o 
o 
o 

150 
250 
278 

o 
969 
597 

o 
326 
780 

o 
o 
o 

743 
137 

o 
o 

2121 
309 

o 
49 4 
602 

o 
n 
o 
o 
o 
o 
o 
o 

560 
750 
200 
400 

1000 
1910 
350 

2310 
350 
850 
310 

4451 
1869 
5656 

o 
o 

6457 
50 
o 
o 
o 
o 

cw 
o 

0000 
0000 
0.000 
0.000 
0 000 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0.051 
O.OOJ 
0.051 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0 _033 
O.OOJ 
0.039 
0 .037 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
n fYY1 
O.OOJ 
O.OOJ 
O.OOJ 
0.030 
0.036 
O.OOJ 
O.OOJ 
O.OOJ 
0.034 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0.037 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0.039 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 

cw 
1 

O.OOJ 
O.OOJ 
0 .000 
0 .000 
0000 
0000 
0000 
0 .000 
0 .000 
0 .000 
0000 
0 _034 
0 .095 
0 .000 
0 .095 
0000 
0 .000 
0 .000 
0 .000 
0000 
0000 
0000 
0 .077 
0 .083 
0 .000 
0 _079 
0000 
0 .000 
0 .081 
0 .076 
0000 
0000 
0 .000 
0 .000 
0 .000 
0000 
0000 
0 000 
0 .000 
0 .000 
0 .000 
0000 
0 000 
n fYY1 
0 .000 
0000 
0 _038 
0 .005 
0.070 
0 .051 
0 .0 40 
0000 
0 .000 
0 .000 
0 .050 
0000 
0000 
0 _047 
0 .000 
0 .000 
0038 
0 _047 
0 _075 
0 .062 
0 .038 
0 .051 
0 _038 
0 _054 
0 .000 
0 .000 
0 .000 
0000 
0000 
0 .047 
0 .000 
0000 
0000 
0000 
0 .000 
0 .000 
0 .000 
0000 
0000 
0 .000 
0 .000 

cw 
2 

O.OOJ 
O.OOJ 
O.OOJ 
0.000 
0000 
0000 
O.OOJ 
O.OOJ 
0 .000 
0 .000 
0000 
0_069 
0.11 4 
0.058 
0.11 4 
0_078 
O.OOJ 
O.OOJ 
0.000 
0000 
0000 
0_071 
0.089 
0.095 
0000 
0_085 
0_091 
O.OOJ 
0.090 
0 .091 
0000 
0000 
O.OOJ 
0.058 
0.047 
0000 
0000 
O.OOJ 
O.OOJ 
0.000 
0000 
0000 
O.OOJ 
nnm 
0000 
0000 
0_061 
0.073 
0.087 
0 .057 
0.067 
0_064 
0 .097 
0.064 
0 .068 
0.076 
0.060 
0_073 
0.060 
0.070 
0 .071 
0_076 
0_092 
0.092 
0.071 
0.057 
0.071 
0_076 
0 .095 
0.0 76 
0 .060 
0.060 
0.060 
0 .073 
0.070 
0000 
0000 
0000 
O.OOJ 
0.000 
0000 
0000 
0000 
0.000 
0.000 

cw 
3 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0 .000 
0 000 
0000 
0 .075 
0 .130 
0 .071 
0 .130 
Oæ9 
0000 
0000 
0000 
0 000 
0000 
0 .106 
0. 108 
0 . 107 
0000 
0 .107 
0 .110 
0000 
0 . 102 
0 .104 
0000 
0000 
0000 
0 .0 73 
0 .069 
0000 
0000 
0000 
0000 
0000 
0 000 
0000 
0000 
n nm 
0000 
0 000 
0 .083 
0 .096 
0 .097 
o.æo 
0 .082 
0 .073 
0 .120 
0 .074 
0 .077 
0 089 
0072 
0 .084 
0 .0 72 
0 .083 
0 .085 
0090 
Oæ9 
0. 113 
0 .084 
o.æo 
0 .084 
0 .082 
0 .119 
0 .089 
0 .072 
0072 
0072 
0 .084 
0 .083 
0000 
0000 
0000 
0000 
0000 
0 000 
0000 
0000 
0 000 
0000 

cw 
4 

0000 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0_100 
0.177 
o.æ4 
0 .177 
0.140 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0000 
0_107 
0.119 
0.120 
O.OOJ 
0.129 
0_133 
O.OOJ 
0.1 16 
0 .127 
O.OOJ 
0000 
O.OOJ 
O.æ9 
0.087 
O.OOJ 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0000 
O.OOJ 
n fYY1 
O.OOJ 
O.OOJ 
0.117 
0.118 
0.1 17 
0 .101 
0.107 
0.096 
0.163 
0.095 
0 .100 
0 .11 3 
o.æ2 
0.11 1 
o.æ1 
o.1æ 
0 .105 
0.098 
0 .114 
0.157 
0.108 
0.101 
0 .108 
o_æ7 
0.156 
0.1 13 
o .æ2 
o.æ2 
o.æ2 
0.11 1 
o.1æ 
0000 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0000 
O.OOJ 
O.OOJ 
O.OOJ 

cw , 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0 .14 1 
0.248 
0.136 
0.248 
0.176 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0_106 
0 .138 
0.170 
O.OOJ 
0 .161 
0_173 
O.OOJ 
0 .131 
0.156 
O.OOJ 
O.OOJ 
O.OOJ 
0.115 
0.095 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
n nm 
O.OOJ 
O.OOJ 
0_172 
0. 156 
0 .175 
0.132 
0.166 
0 .128 
0.202 
0.135 
0.135 
0.155 
0.131 
0 .154 
0.126 
0.153 
0.131 
0.132 
O.OOJ 
0 .205 
0 .156 
0.132 
0 .156 
O.OOJ 
0.204 
0 .155 
0.131 
0.131 
0 .131 
0.154 
0.153 
0000 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
0.000 
0000 
O.OOJ 
O.OOJ 
O.OOJ 

cw 
6 

0000 
0000 
0.000 
0.000 
0000 
0000 
0000 
0.000 
0.000 
0.000 
0000 
0.219 
0.259 
0.167 
0.259 
0.200 
0000 
0.000 
0.000 
0000 
0000 
0000 
0.208 
0.232 
0.000 
0.195 
0.217 
0.000 
0.000 
0.154 
0000 
0000 
0.000 
0.163 
0.165 
0000 
0000 
0000 
0.000 
0.000 
0000 
0000 
0000 
nnm 
0.000 
0000 
0_192 
0.136 
0.000 
0 .153 
0.154 
0.157 
0.287 
0.148 
0.160 
0200 
0.131 
0.200 
0.14 4 
0.207 
0 .113 
0.155 
0000 
0.277 
0.131 
0.153 
0.131 
0000 
0.281 
0.200 
0 .131 
0.131 
0.131 
0.200 
0.207 
0000 
0000 
0000 
0.000 
0.000 
0 .000 
0000 
0000 
0.000 
0.000 

cw 
1 

0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
OOOJ 
0000 
0 .245 
0000 
0. 192 
O.OOJ 
0000 
0000 
0000 
0000 
OOOJ 
0 .299 
0 .330 
0000 
0. 199 
0 .337 
O.OOJ 
0000 
0 .281 
0000 
OOOJ 
O.OOJ 
0 .220 
0 .1 17 
0000 
0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
OOOJ 
nnm 
0000 
0000 
0 .272 
0 .272 
0000 
0 .1 90 
0.222 
0.176 
0 .249 
0 .1 69 
0 .1 90 
0 .221 
0. 177 
0 .233 
0 .1 68 
0 .233 
0000 
0000 
OOOJ 
0 .246 
0 .220 
0 .1 90 
0 .220 
OOOJ 
0 .245 
0 .221 
0 .1 77 
0 .1 77 
0. 177 
0 .233 
0 .233 
0000 
0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
OOOJ 
O.OOJ 
0000 

cw 
8 

O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0 .000 
0 .000 
0000 
0000 
0 .000 
0 .175 
0000 
0 .300 
O.OOJ 
O.OOJ 
0 .000 
0000 
0000 
O.OOJ 
O.OOJ 
0 .000 
0000 
0 .240 
0 _302 
O.OOJ 
0 .000 
0 .000 
0000 
0000 
O.OOJ 
0 .236 
0 .000 
0000 
0000 
O.OOJ 
O.OOJ 
0 .000 
0000 
0000 
O.OOJ 
nnm 
0000 
0000 
O.OOJ 
0 .260 
0 .000 
0 .173 
0.223 
0 .185 
0 .404 
0 .212 
0 .184 
0 .21 4 
0000 
0 _232 
O.OOJ 
0 .235 
0000 
0000 
O.OOJ 
0 .298 
0 .223 
0 .173 
0.223 
0000 
0 .298 
0 .215 
0 .000 
0000 
0000 
0 .232 
0 .235 
0 .000 
0000 
O.OOJ 
O.OOJ 
0 .000 
0 .000 
0000 
O.OOJ 
O.OOJ 
0 .000 

cw 
9 

0000 
O.OOJ 
O.OOJ 
O.OOJ 
0 .000 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
O.OOJ 
0000 
0 . 180 
O.OOJ 
0.196 
0000 
0 _267 
O.OOJ 
O.OOJ 
O.OOJ 
0 .000 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
0.000 
0 .261 
0 _3 15 
O.OOJ 
O.OOJ 
O.OOJ 
0000 
0000 
O.OOJ 
0 . 183 
0 .271 
0000 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
0 .000 
0000 
O.OOJ 
n fYY1 
O.OOJ 
0000 
0.272 
0.272 
O.OOJ 
0.175 
0.239 
0 . 167 
O.OOJ 
O.OOJ 
0 . 191 
0000 
0000 
O.OOJ 
0 .193 
O.OOJ 
0 .000 
0000 
O.OOJ 
O.OOJ 
0 .239 
0 . 175 
0 .239 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
0000 
0000 
O.OOJ 
O.OOJ 
0000 
0000 
O.OOJ 
O.OOJ 
O.OOJ 
0 .000 
0000 
O.OOJ 
O.OOJ 
O.OOJ 

cw 
10 

0000 
0000 
0.000 
0.000 
0.000 
0000 
0000 
0.000 
0.000 
0 .000 
0000 
O.OOJ 
0.000 
0.161 
0000 
0000 
0 .000 
0.000 
0 .000 
0000 
0000 
0000 
0.000 
0.000 
0.000 
0000 
O.OOJ 
0.000 
0.000 
0 .000 
0000 
0000 
0 .000 
0.000 
0.000 
0000 
0000 
0000 
0.000 
0 .000 
0 .000 
0000 
0000 
nnm 
0.000 
0000 
0000 
0.000 
0.000 
0 .255 
0.235 
0.216 
0 .267 
0.21 1 
0 .236 
0.235 
0.198 
0 .255 
0.198 
0.252 
0 .000 
0.159 
0000 
0.267 
0.236 
0.255 
0.236 
O.OOJ 
0.267 
0.235 
0 .198 
0. 198 
0.198 
0 .255 
0.252 
0000 
0000 
0000 
0.000 
0.000 
0 .000 
0000 
0000 
0.000 
0 .000 

cw 

" 
0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
0 .202 
O.OOJ 
0 .180 
0000 
0000 
O.OOJ 
O.OOJ 
0000 
0000 
0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
0000 
O.OOJ 
O.OOJ 
0000 
0000 
0000 
OOOJ 
O.OOJ 
0000 
0 000 
0000 
OOOJ 
n nm 
0000 
0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
0.233 
0 .403 
O.OOJ 
0000 
0000 
0000 
0 .238 
O.OOJ 
0 .235 
0 000 
0000 
OOOJ 
O.OOJ 
0000 
0000 
0000 
0000 
0 .403 
O.OOJ 
0 000 
0000 
0000 
0 .238 
0 .235 
0000 
0000 
OOOJ 
O.OOJ 
0000 
0 000 
0000 
OOOJ 
O.OOJ 
0000 

cw 
12 

0000 
0000 
0 .000 
0 .000 
0 .000 
0000 
O.OOJ 
0000 
0 .000 
0000 
0000 
O.OOJ 
0 .000 
0000 
0000 
0000 
0000 
0 .000 
0 .000 
0000 
0000 
0000 
0 .000 
0 .000 
0000 
0000 
O.OOJ 
0000 
0 .000 
0000 
0000 
0000 
0000 
0 .000 
0 .000 
0000 
0000 
0000 
0 .000 
0 .000 
0000 
0000 
0000 
nnm 
0000 
0000 
0 _351 
0 .351 
0 .000 
0000 
0 .316 
0 .272 
0000 
0 .234 
0.280 
0 .257 
0 .273 
0 _276 
0 .267 
0 .267 
0000 
0 .315 
O.OOJ 
0000 
0 .315 
0000 
0 .315 
0000 
0000 
0 .257 
0.274 
0 .274 
0 .274 
0 .276 
0 .267 
0000 
0000 
0000 
0 .000 
0 .000 
0 .000 
0000 
0000 
0000 
0 .000 
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Table 6.3 2 .6 BLUE WHITING Disaggregated Fisheries Assessment Data from Mixed lndustrial fish eries. (DISFAD file) 

Record No Country Quarter Area Sampled WG No. of No. fish No. fish CN CN CN CN CN CN CN CN CN CN CN CN CN 
Catch Ca tch measured o 1 2 3 4 5 6 7 8 9 10 11 12 

Blue whiting o 15 1999 
1 NORWAY 1 lia 171 171 6 200 1323 o 152 544 740 255 43 12 21 22 4 4 o 9 
2 NORWAY 2 lia 777 777 12 350 2010 o 1245 1872 2973 1900 261 104 44 84 20 26 o o 
3 NORWAY 3 lia 124 124 14 350 1055 o 373 292 531 207 o o o o o o o o 
4 NORWAY 4 lia 1038 1038 3 200 300 3036 11æ 2979 3768 582 42 19 o o o o o o 
8 S\NEDEN 1 llia o 277 o o o o o o o o o o o o o o o o 
5 Denmark 2 llla o 173 o o o o o o o o o o o o o o o o 
9 S\NEDEN 2 llia o 1118 o o o o o o o o o o o o o o o o 
6 Denmark 3 llia o 2519 2 o 73 o o o o o o o o o o o o o 

10 S\NEDEN 3 llia o 9159 o o o o o o o o o o o o o o o o 
7 Denmark 4 llia o 1204 o o o o o o o o o o o o o o o o 

11 S\NEDEN 4 llia o 958 o o o o o o o o o o o o o o o o 
12 Denmark 1 IVa o 17310 o o o o o o o o o o o o o o o o 
16 F a roe Is lar 1 IVa o 265 o o o o o o o o o o o o o o o o 
17 NORWAY 1 lYa 10489 10489 4 200 763 o 9302 33397 45419 15635 2647 726 1270 1319 242 242 o 581 
13 Denmark 2 IVa o 1986 1 o 42 o o o o o o o o o o o o o 
18 NORWAY 2 lYa 18397 18397 9 350 1820 o 29479 44333 70384 44982 6100 2453 1044 1983 470 626 o o 
21 S\NEDEN 2 lYa o 769 o o o o o o o o o o o o o o o o 
14 Denmark 3 lYa o 12052 1 o 79 o o o o o o o o o o o o o 
19 NORWAY 3 lYa 9830 9830 8 350 130 o 29587 23141 42060 16435 o o o o o o o o 
22 S\NEDEN 3 lYa o 712 o o o o o o o o o o o o o o o o 
15 Denmark 4 IVa o 9769 1 o 46 o o o o o o o o o o o o o 
20 NORWAY 4 lYa 7512 7512 3 200 300 21971 7979 21558 27270 4210 306 139 o o o o o o 

Record No Country Quarter Area Sampled WG No. of No. fish No. fish cw cw cw cw cw cw cw cw cw cw cw cw cw 
Catch Ca tch samples aged measured o 1 2 3 4 5 6 7 8 9 10 11 12 

Blue whiting o 15 1999 
1 NORWA Y 1 lia 171 171 6 200 1323 0.000 0.043 0072 0.002 0.129 0.184 0.215 0211 0 .217 0.270 0.270 0.000 0.327 
2 NORWAY 2 lia 777 777 12 350 2010 0.000 0.047 0 .066 oæ o 0.1 14 0.170 0.201 0 .218 0 .248 0.243 0.331 0.000 0.000 
3 NORWAY 3 lia 124 124 14 350 1055 0.000 0 .064 0 .002 0.007 0.120 0.000 0 .000 0 .000 0.000 0.000 0.000 0.000 0.000 
4 NORWAY 4 lia 1038 1038 3 200 300 0.034 0 .083 0 .099 0.118 0.155 0.212 0 .236 0000 0.000 0.000 0.000 0.000 0.000 
8 S\NEDEN 1 llia o 277 o o o 0.000 0.000 0000 0.000 0.000 0.000 0000 0000 0.000 0.000 0.000 0.000 0.000 
5 Denmark 2 llia o 173 o o o 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 S\NEDEN 2 llia o 1118 o o o 0.000 0.000 0000 0.000 0.000 0.000 0 000 0000 0.000 0.000 0.000 0.000 0.000 
6 Denmark 3 llia o 2519 2 o 73 0.000 0.000 0000 0.000 0.000 0.000 0000 0000 0.000 0.000 0.000 0.000 0.000 

10 S\NEDEN 3 llia o 9159 o o o 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 llia o 1204 o o o 0.000 0 .000 0000 0.000 0.000 0.000 0000 0000 0.000 0.000 0.000 0.000 0.000 

11 SWEDEN 4 llla o 958 o o o 0.000 0 000 0000 0000 0.000 0.000 0000 0000 0000 0000 0 000 0.000 0 000 
12 Denmark 1 lYa o 17310 o o o 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 F a roe Is lar 1 lYa o 265 o o o 0.000 0 .000 0000 0.000 0.000 0.000 0 000 0000 0.000 0.000 0.000 0.000 0.000 
17 NORWA Y 1 lYa 10489 10489 4 200 763 0.000 0.043 0072 0.002 0.129 0.184 0.215 0 .211 0.217 0.270 0.270 0.000 0.327 
13 Denmark 2 lYa o 1986 1 o 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 lYa 18397 18397 9 350 1820 0.000 0.047 0 .066 o.æo 0.1 14 0.170 0.201 0218 0 .248 0.243 0.331 0.000 0.000 
21 S\NEDEN 2 lYa o 769 o o o 0.000 0.000 0000 0.000 0.000 0.000 0000 0000 0.000 0.000 0.000 0.000 0.000 
14 Denmark 3 lYa o 12052 1 o 79 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 
19 NORWAY 3 lYa 9830 9830 8 350 130 0.000 0 .064 0 .002 0.007 0.120 0.000 0000 0000 0.000 0.000 0.000 0.000 0.000 
22 S\NEDEN 3 lYa o 712 o o o 0.000 0.000 0000 0.000 0.000 0.000 0000 0000 0.000 0.000 0.000 0.000 0.000 
15 Denmark 4 lYa o 9769 1 o 46 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 NORWAY 4 lYa 7512 7512 3 200 300 0.034 0.083 0 .099 0.118 0.155 0.212 0.236 0000 0.000 0.000 0.000 0.000 0.000 
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Tahle 63.2.7 BLUE WHITING Disaggregated Fisheries Assessment Data from Southem Fisheries 

Record No Country Quarter Area Sampled WG No. of No. fish No. fish CN CN CN CN CN CN 
Catch Catch samples ag!.!L... measured o 1 2 3 4 5 

Slue whitir o 15 1999 
1 Portugal 1 IXa 1075 1075 69 739 7337 o 16821 4951 2941 410 77 
2 Portugal 2 IXa 242 242 21 340 1817 o 1798 1108 371 33 8 
3 Portugal 3 IXa 949 949 66 528 6500 1436 8446 1815 131 56 3 
4 Portugal 4 IXa 359 359 53 615 5415 5209 3086 241 36 53 o 
5 Spain 1 Vlllc+IXa 6729 6729 86 273 7395 o 11751 27510 30506 14877 10841 6
6 Spain 2 Vlllc+IXa 7175 7175 88 89 8172 o 3564 26255 39386 22435 14949 4
7 Spain 3 Vlllc+IXa 5243 5243 86 109 7089 940 3316 10813 32844 11267 6913 1
8 Spain 4 Vlllc+IXa 4630 4630 90 341 7263 10167 7996 9564 24190 8263 2472 3

Record No Country Quarter Area Sampled WG No. of No. fish No. fish cw cw cw cw cw cw 
Catch Catch samples ag!.!L... measured o 1 2 3 4 5 

Slue whitir o 15 1999 
1 Portugal 1 IXa 1075 1075 69 739 7337 0.000 0.043 0.047 0.044 0.047 0.042 0
2 Portugal 2 IXa 242 242 21 340 1817 0.000 0.053 0078 0.081 0.086 0.098 0
3 Portugal 3 IXa 949 949 66 528 6500 0.036 0078 0.081 0.096 0.089 0.119 0
4 Portugal 4 IXa 359 359 53 615 5415 0.037 0.045 0.072 0.090 0.104 0.000 0
5 Spain 1 Vlllc+IXa 6729 6729 86 273 7395 0.000 0.038 0.048 0.056 0.069 0.085 0
6 Spain 2 Vlllc+IXa 7175 7175 88 89 8172 0.000 0.042 0.057 0.059 0.066 0.072 0
7 Spain 3 Vlllc+IXa 5243 5243 86 109 7089 0.038 0.042 0.065 0.072 0.087 0.096 0
8 Spain 4 Vlllc+IXa 4630 4630 90 341 7263 0.034 0.039 0.062 0075 0.093 0.106 0
CN CN CN CN CN CN CN 
6 7 8 9 10 11 12 

o o o o o o o 
o o o o o o o 
1 o o o o o o 
o o o o o o o 

299 1222 478 584 32 o o 
310 589 104 573 13 o o 
292 1179 229 20 o o o 
524 373 2 8 1 o o 

cw cw cw cw cw cw cw 
6 7 8 9 10 11 12 

.000 0.000 0.000 0.000 0.000 0.000 0.000 

.000 0.000 0.000 0.000 0.000 0.000 0.000 

.133 0.387 0.000 0.285 0.000 0.000 0.000 

.000 0.000 0.000 0.000 0.000 0.000 0.000 

.124 0.123 0.144 0.108 0.328 0.000 0.000 

.100 0.108 0.134 0.099 0.309 0.000 0.000 

.114 0.111 0.132 0.267 0.000 0.000 0.000 

.123 0.100 0.310 0.257 0.322 0.000 0.000 
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Table 6.3.2.8 BLUE WHITING. Allocations files in the directed fisheries and in 
the rnixed industrial fisheries 

DIRECTED FISHERIES MIXED INDUSTRIAL FISHERIES 

Re c ord no. samples type alloc Re c ord no. samples type alloc 
l 2 c 47,61 8 l c 17 
2 3 c 12,52,68 5 c 18 
3 c 55 9 c 18 
4 c 15 6 c 19 
5 c 15 lO c 19 
6 2 c 56,70 7 c 20 
7 3 c 16,58,74 Il c 20 
8 c 59 12 c 17 
9 c 60 16 c 17 

lO c 26 13 c 18 
Il l c 27 21 c 18 
17 3 c 16,58,74 14 c 19 
18 c 60 22 c 19 
19 c 60 15 c 20 
20 c 54 
21 c 55 
25 c 26 
31 c 55 
32 2 c 56,70 
33 2 c 57,71 
36 3 c 22,48,62 
37 2 c 50,66 
38 c 55 
39 2 c 57,71 
40 3 c 16,58,74 
41 3 c 16,58,74 
42 c 59 
43 c 60 
44 c 60 
45 c 60 
46 c 60 
75 c 60 
76 c 50 
77 2 c 51,67 
78 3 c 12,52,68 
79 4 c 13,30,53,69 
80 l c 54 
81 c 55 
82 2 c 56,70 
83 2 c 57,71 
84 3 c 16,58,74 
85 c 60 



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc140

140

fable 6.3.3.1 Slue Whiting. Mean weights at age for the total catch 1982·1999. 

Age 1982 1983 1984 1985 1986 1987 1988 1989 1930 1991 1992 1993 199
o 0.018 0.020 0026 0.016 0.030 0.023 0.031 0.014 0.034 0.036 0.024 0028 0.03
1 0.045 0.046 O.D35 O.D38 0.040 0.048 0.053 0.059 0.045 0.055 0.057 0.066 0.061
2 0.072 0.074 0078 0.074 0.073 0.086 0.076 0.079 0.070 0.091 0.083 0.082 0.08
3 0.111 0.118 0.089 0.097 0.108 0.106 0.097 0.103 0.1J6 0.107 0.119 0.109 0.10
4 0.143 0.140 0.132 0.114 0.130 0.124 0.128 0.126 0.123 0.136 0.140 0.137 0.13
5 0.156 0.153 0.153 0.157 0.165 0.147 0.142 0.148 0.147 0.174 0.167 0.163 0.16
6 0.177 0.176 0.161 0.177 0.199 0.177 0.157 0.158 0.138 0.190 0.193 0.177 0.18
7 0.195 0.195 0.175 0.199 0.209 0.208 0.179 0.171 0.175 0.206 0.226 0.200 0.20
8 0.200 0.200 0.189 0.208 0.243 0.221 0.199 0.203 0.214 0.230 0.235 0.217 0.21
9 0.204 0.204 0.186 0.218 0.246 0.222 0.222 0.224 0.217 0.232 0.284 0.225 0.24

10+ 0.231 0.228 0.206 0.237 0.257 0.254 0.260 0.253 0.256 0.266 0.294 0.281 0.25
4 1995 1996 1997 1998 1999 
3 0.022 0.018 0.031 0.033 0.035 
 0.064 0.041 0.047 0.048 0.063 

7 0.091 0.080 0.072 0.071 0078 
8 0.118 0.102 0.102 0.094 0.088 
7 0.143 0.116 0.121 0.125 0.109 
4 0.154 0.147 0.140 0.148 0.142 
9 0.167 0.170 0.166 0.178 0.17 
7 0.203 0.214 0.177 0.183 0.199 
7 0.206 0.230 0.183 0.188 0.193 
7 0.236 0.238 0.203 0.221 0.192 
4 0.256 0.279 0.232 0.248 0.253 
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Table 6.4.1.1.1. SLUE WHITING Biomass estimata (million tonnes) in the spawning area. 

Faroes Combined Combined 
Year 

1983 
1984 2.4 2.2 
1985 6.4 1.7 
1986 2.6 2.0 
1987 4.3 4.1 
1988 7.1 6.8 
1989 7.0 6.1 
1990 6.3 5.7 
1991 5.1 4.8 4.7 4.4 
1992 4.3 4.2 4.6 4.3 
1993 5.2 5.0 5.1 4.9 
1994 4.1 4.1 
1995 6.8 6.0 6.7 6.1 6.9 6.1 
1996 7.1 5.8 5.1 4.5 
1997 
1998 5.5 4.7 
1999 8.9 8.5 
2000 8.3 7.8 

Mean 4.8 4.4 5.5 5.0 4.4 2.0 5.3 4.9 
• 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. Árni 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 20.9 4.9 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 6 723.4 723 2185 473 58 26 5 8 14 7 4228
Mean weight 32 59.0 86 100 119 150 174 187 245 235 259 89
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Table 6.4.2 .1 

Kg/ha ul 

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

Number/haul 

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

Stratifie d m ean catch (Kg/haul and Numberlhau1) and standard error ofBLUE "INHITING in b o tt om 
traw1 s urveys in Spanish waters (Divisions VIII c and IXa north). A U surveys in Sept ember-O ctober . 

30-100 m 101-200 m 201-500 m TOTAL 30-50 0 m 
M e an SD M e an SD Mean SD M ean 
9.50 5 .87 119.75 45.99 68.18 13 .79 92.83 
9 .74 7 .13 45.41 12.37 29.54 8 .70 36.93 

- - - - - - -
2 .90 2 .59 154.12 38.69 183.07 141.94 143.30 
14.17 12.03 76.92 17.08 18 .79 6.23 59 .00 
6 .25 3 .29 52.54 9 .00 18.80 4.99 43.60 

64.59 34.65 126.41 26.06 46.07 18 .99 97.10 
6 .37 2 .59 44.12 6 .64 29.50 6.16 34.60 
1.06 0 .63 14.07 3 .73 51.08 22.02 22.59 
8 .04 5 .28 37.18 8 .45 25.42 5.27 29.70 
19.97 13.87 36.43 4 .82 15.97 4.10 28.52 
7 .27 3 .95 49.23 7 .19 92.54 17.76 54.52 
7 .60 4 .44 44.21 10.61 60.18 17 .54 44.01 
5 .29 1.92 41 .09 7 .64 73.80 24.06 44.48 

31.41 7 .28 108.46 17.24 150.24 39.53 108.12 

30-100 m 101-200 m 201-500 m TOTAL 30-50 0 m 
M e an SD M e an SD Mean SD M ean 

267 18 1.71 3669 1578.86 1377 262.98 2644 
368 237.56 2486 1006.67 752 238 .87 1763 

- - - - - - -
83 7 1.74 6112 1847.36 7276 6339.88 5694 

629 537.29 3197 876.75 566 213.11 24 12 
220 115 .48 2219 426 .46 578 18 5.43 1722 

2922 1645.73 5563 1184.69 1789 847.33 42 14 
124 50.81 1412 233 .99 845 199.12 1069 
14 8 .61 257 69.61 894 427.77 401 

346 234.12 2002 456.50 997 245.91 1487 
1291 864.97 2004 341.48 485 137.81 1493 
147 8 2 .71 1167 167.20 20 97 38 5 .23 1263 
224 121.69 1425 359.12 1254 330 .37 1228 
123 44.12 1442 334.24 18 23 592.92 1347 
795 218.58 3996 697.66 5279 1521.62 3861 

SD 
28 .24 
7 .95 

-
45.84 
11.68 
6 .60 
17.16 
4 .23 
6 .44 
5 .19 
3.66 
6.36 
8 .00 
7 .82 
14.62 

SD 
963.20 
616.40 

-
2086 .00 
599.00 
276.00 
780.88 
146.87 
124.53 
689.00 
240.37 
142.30 
234.50 
251.37 
576.10 
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Table 6A.2.2 BLU E "INHITING. Stratified mean catch(Kglhaul ) and standard error of in bottom 
tra'Wl surveys in P o rtuguese 'Wat ers (Division IXa ) . 

20-100 m 100-200 m 200-500 m 500-750 m 

Year 
1979 

1980 

1981 

1982 

1983 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

Month 
June 
Oct./Nov. 

March 
May/June 

October 

March 
June 

AprilJMay 
September 

March 
June 

June 
October 

June 
October 

October 

October 

July 
October 

July 
October 

Juiy 
October 

F ebruary 
July 
October 

F ebruary 
July 
November 

October 

July 
October 

October 

June 
October 

July 
October 

July 
October 

y sy 
o o 
5 

o 
1 
4 

o 
o 
o 

o 
o 
4 

4 

2 

3 

4 

o 
7 

2 
11 

8 

7 

o 
o 
o 
o 
o 

18 

25 

o 
2 

o 

o 

5 

o 
3 
3 

o 
o 
o 

1 

o 
o 
3 

o 
2 

o 
4 

2 
5 

l 
5 

7 

o 
o 
o 
o 
o 

15 

24 

o 

o 

y 
33 
17 

178 
4 

10 

24 
4 

3 
85 

14 
23 

194 
133 

59 
357 

297 

165 

42 
70 

153 
90 

140 
83 

43 
29 
22 

19 
3 

90 

374 

18 
103 

12 

3 
54 

8 
384 

60 
70 

sy 
23 

8 

173 
2 
4 

17 
2 

3 
42 

10 
8 

146 
8 4 

19 
144 

6 4 

47 

2 1 
26 

103 
28 

40 
18 

3 5 
18 

7 

14 
3 
o 

30 

14 
2 1 

2 

3 
20 

5 
87 

y 
86 

103 

5 
45 

.587 

186 
178 

136 
271 

2 59 
177 

405 
3 41 

196 
6 50 

747 

457 

3 23 
306 

2 42 
762 

268 
2 59 

2 49 
2 16 
208 

105 
151 
189 

283 

130 
3 28 

36 

116 
77 

105 
427 

66 
78 

sy 
35 
48 

18 
306 

113 
25 

39 
123 

96 
47 

162 
39 

3 1 
111 

229 

106 

143 
84 

42 
234 

38 
53 

2 1 
43 
44 

3 1 
28 
43 

32 

20 
9 1 

6 

42 
13 

17 
101 

y 

79 
24 

50 
42 

64 
121 

73 
27 
80 

36 
55 

6 

49 

52 
3 1 

25 

45 
7 

38 
20 

25 
18 

sy 

36 
2 

5 
10 

18 
27 

3 
5 
3 

o 
5 
1 

7 

3 
12 

7 

12 
2 

3 
2 

TOTAL: 20-500 m 
y 

3 1 
28 

72 
11 

117 

42 
34 

26 
86 

54 
42 

159 
120 

65 
276 

263 

155 

sy 
12 
9 

69 
4 

58 

22 
4 

7 
29 

18 
9 

68 
35 

10 
63 

50 

28 

TOTAL: 20-750 m 
y 

78 
79 

96 
153 

98 
91 

68 
47 
54 

42 
34 
86 

174 

35 
94 

22 

27 
32 

25 
212 

37 
4 1 

sy 

24 
16 

35 
35 

1.5 
11 

12 
9 
7 

10 
4 
9 

11 

5 
16 

8 

7 
8 

3 
36 

n!a 
n!a 
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Tab le 6.4.4.1 Tuning data for the blue wtliting assessment w ith input values fra med 

Table 6.4.4.1. Tuning data for the blue wtliting assessment 

BLUE WHITING-COMBINED 

107 

Norway Spawning koustic 1981-90 

1981 1990 

0.17 0.25 

10 

1 2372 7583 3253 3647 4611 4638 

1 -1 -1 -1 -1 -1 -1 

1 297 2108 2723 651 1 3735 3650 

1 15767 1721 1616 1719 1858 1128 

1 -1 -1 -1 -1 -1 -1 

1 1003 5829 4122 624 228 203 

1 4960 6417 22589 4735 282 417 

1 9712 9090 12367 20392 7355 723 

1 6787 22270 9973 10504 7803 933 

1 14169 12670 11228 5587 6556 3273 

Norway Spawning koustic 1991-2000 

1991 2000 

0.17 0.25 

10 

1 11147 6340 8497 7407 4558 2019 

1 1232 26123 4719 1574 1386 8 10 

1 4489 3321 26771 2643 1270 557 

1 1603 2950 4476 11354 1742 1687 

1 8538 9874 7006 6861 9467 1795 

1 8781 7433 8371 2399 4455 4111 

1 -1 -1 -1 -1 -1 -1 

1 18218 34991 4697 1674 279 407 

1 19034 60309 26103 1481 316 72 

3654 2591 1785 

-1 -1 -1 

3153 2279 1182 

567 440 348 

-1 -1 -1 

250 137 170 

385 159 27 

599 326 398 

293 177 46 

516 183 108 

545 96 16 

6 16 257 19 

426 108 22 

908 770 207 

1083 482 149 

1202 459 162 

-1 -1 -1 

381 351 86 

153 14 1 o 
8613 31011 41332 6843 898 427 228 139 115 

Russian spawning acoustic 1982-91 

1982 1991 

0.17 0.25 

10 

540 2750 1 ~40 1æJ 1570 2350 173:1 129] 

233) 293) 9~00 :mJ 1970 1370 700 660 

1100 4200 2200 1200 1700 1200 

1 13220 93:1 =oo 1100 æJ 610 500 540 

1 18750 23100 ~40 610 620 750 640 710 

4400 19170 51:60 1070 500 810 æJ 670 

3710 4550 ff10 41 3:1 1270 400 250 260 

1 11910 7120 6E70 6970 4500 2750 1æ:J 810 

9740 12140 5740 2500 1470 220 00 10 

1 103JJ 5350 513:) 263:1 1770 870 3JJ 220 

Russian spawning acoustic 1992-93 

1992 1993 

0.17 0.25 

10 

1 20010 6700 1 ~50 440 39J 170 

4728 12337 5~04 2249 1316 621 

-1 -1 -1 -1 -1 -1 

1 12657 10028 8S42 2651 1003 400 

1 15285 10029 4E97 6940 1482 653 

CPUE Spanish PairTraw!ers 

1983 1999 

71!:6 16392 9~1 1 7476 6326 1718 

1 13710 27293 14E45 4833 1755 1750 

1 14573 23823 14126 6256 1232 217 

3721 14131 14745 7113 1278 505 

1 25328 13153 6E64 2933 1029 166 

7778 21473 18433 6391 1::0:1 781 

1 15272 184æ 17160 8374 3760 1003 

1 21444 19407 5194 1003 1357 451 

1 15924 15370 4~89 2329 1045 440 

1 1(((17 24235 9:71 4316 1194 462 

4033 13991 22493 7979 1354 659 

543 fffi6 15~ 17 7474 299J 1055 

009) 14400 6E33 4551 1900 623 

3005 14557 14449 3931 3339 1834 

8742 15875 11134 3398 1046 450 

5884 13233 9::D3 10044 5229 1153 

2048 10268 20~42 9833 6287 3J47 

300 

-1 

131 

85 

150 

-1 

14 

Norwegian Sea acoustic 1981-90 

1981 1990 

11 

368 

828 

186 

225 

504 

319 

876 

2043 

o 
o 
o 
2 

6 

o 
2 

o 
o 
o 

0.6 0.75 

182 728 4542 

184 460 1242 

22356 396 468 

30380 13916 833 

5969 23876 12502 

2324 2380 7224 

8204 4032 5180 

4992 2880 2640 

1172 1125 812 

-1 -1 -1 

Norwegian Sea acoustic 1991-99 

1991 1999 

0.6 0.75 

11 

o -1 -1 -1 

o 792 1134 6939 

o 830 125 1070 

o -1 -1 -1 

o 6974 2811 1999 

o 23464 1057 899 

o 30227 25638 1524 

o 24244 47815 16282 

o 14367 9750 23701 

Spanish Surv-ey (Bottomtrawl) 

1985 1998 

067 0.75 

3874 2678 

4715 3611 

756 1404 

392 539 

658 423 

6944 1876 

5572 1204 

3480 912 

379 4 10 

-1 -1 

-1 -1 

766 247 

6392 1222 

-1 -1 

1209 1622 

649 436 

779 300 

556 212 

9754 1733 

1 17484 503.3 266.4 104 11.4 3.5 

1 1572.8 26.7 67.5 63.2 28.7 

-1 -1 -1 

1 4979.6 368.7 344.9 37.3 7.2 

2834 2964 

3128 2323 

576 468 

539 343 

188 235 

952 336 

224 168 

120 96 

212 22 

-1 -1 

-1 -1 

172 90 

489 248 

-1 -1 

775 173 

505 755 

407 260 

100 64 

466 79 

05 

2.6 0.2 

-1 

0.3 

1 1923.3 163 51.2 28.6 3.8 2.8 0.7 0.2 

1525 74.9 46.1 10.7 10.4 2.4 0.1 0.5 

1 4003.2 95.2 49.6 24.5 17.9 5.1 1.5 0.8 

2998 428.2 233.3 77 20.4 6.9 2.3 0.9 

115.7 107.5 150.8 19.4 5.5 1.6 0.2 0.2 

1 1415.4 3:1.9 4.8 16 13.5 5.1 0.9 0.3 

13)9 58.5 93.1 17.3 10.2 4.4 0.6 0.2 

271 257.9 599.1 116.1 12 4.4 2.3 0.3 

503.8 564.5 100.3 10.2 3.6 0.4 0.1 0.1 

568.1 351.6 352.0 æ .9 22.8 5.4 0.1 o.o 

Portuguese Surv-ey (Bottomtra-wl) 

1985 1997 

0.75 0.83 

719 1467 303 129 18 

-1 -1 -1 

4757 1100 366 110 26 19 

158 218 27 4018 

835 

1935 

69J 318 143 45 41 

519 270 262 271 87 

1445 144 154 169 124 55 

100 164 120 200 147 59 

43 134 431 127 59 23 

2677 1595 12 34 59 31 

2405 200 342 79 57 42 

251 72 96 

2428 3235 770 

4143 1201 14 

15 

27 

11 

2756 2054 

1679 874 

432 324 

49 49 

14 1 376 

308 140 

56 84 

24 48 

32 -1 

-1 -1 

-1 -1 

11 18 

58 88 

-1 -1 

61 1 

69 4 1 

137 123 

10 255 

48 91 

1300 

414 

216 

49 

14 1 

196 

28 

-1 

8 

-1 

-1 

1 

71 

-1 

15 

50 

105 

27 

34 

1092 

253 

108 

49 

47 

56 

28 

- 1 
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T able 6 4 4 2 Blue Wh~ing 

Comparison ofiCA Runs #1 #2 #3 #4 #5 #6 #7 
No of years for separable constraint ............................. 5 6 4 5 6 4 4 

Reference age for separable constraint 5 5 5 5 5 5 5 

Constant selection pattern model (y hl) .......................... y y y y y y y 

Sto be fixed on last age ........................................................... 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

. E!~~ .. ~~~ .. ~.~.~ .. ~.9.~.~ .. !~~·g·~·lg.~.~.~!~~.g.!..~~!~~~~~~ .. ~ .... 3-7 3-7 3-7 3-7 3-7 3-7 3-7 

Use def au~ weighting (Y IN) .................................................. N N N N N N N 

Weight on catches of age O ................................................... 0.1 0.1 0.1 

Weight on catches of age 1 .................................................... 0.5 0.5 0.5 

Weight on catches of age 2+ ................................................ 
. ~~~~! .. !g.~:: .. :: .. ~~~Y.~Y...~.~~ .. ~ .. ~.9.~.~ .. ~.~ .. ~n.~ .. ~.~~ .. i.~ .. ~g .. ~~ .. ~.~~ .... L L L L L L L 

Fil a stock recruit relationship (Y IN) ................................ N N N N N N N 

Enter lowest feasible F 0.05 0.05 0.05 0.05 0.05 0.05 0.05 ....................................................................................................................... 
Enter highest feasible F ............................................................. 
. §.~.~Y.~.Y. .. ~~!~!:!!.in.9 .. ~g .. ~~ .. ~.~n.~.~.~ .. ~~ .. ~.~~~~.iY.~ .. ~~~.L. M M M M M M M 

.!?.g .. Y.~~.::·~~.~.~.!~ .. ~.~.~.i.~.~.!~~ .. !.in.~.l .. !!~~!~~ .. ~g.~~!~.Y.JY.~L. N N N N N N N 

Estimate historical assessment uncertain N N N N N N N 

Comment: In run 7 the 0-group in the catches in 1995 is downweighted by 0.01 

Diagnostics 

Range of year residuals ........................................................... -1.5to 1.5 -1.2to 1.6 -0.90to 0.8 -0.35to 0.1 -0.34 to 0.22 -0.30 to 0.04 -0.3to 2.1 

Range of age residuals ............................................................. -0.56 to 0.04 -0.18 to 0.08 -0.18to 0.1 -0.57 to 0.05 -0.22 to 0.05 -0.21 to 0.08 -0.7to 2.3 

Selection pattern smooth smooth satisfactory smooth very smooth satisfactory smooth 

Variance 

T atal for model 

Catch at age 

Resutts 

spawning stock biomass (in mill. t) 2.9 3.0 3.0 2.9 3.1 3.1 3.1 

total biomass (in mill t) 5.0 5.1 5.4 4.7 5.1 5.3 5.3 
F (3-7) 0.47 0.48 0.43 0.52 0.52 0.45 0.45 
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Table 6.4.4.3. Blue Whiting. Stock summar~ table 
Recruits Total Spawning Landings Yield Mean F 
Age O Biomass Biomass /SSB Ag es 

Year thousands 000 t. 000 t. 000 t. ratio 3-7 
1981 5.57 4854 3661 910 0.25 0.23 
1982 24.37 3961 2750 576 0.21 0. 18 
1983 24.26 3535 1846 570 0.31 0.21 
1984 13.86 3417 1593 642 0.40 0.26 
1985 12.32 3453 1847 696 0.38 0.32 
1986 11 .16 3772 2154 827 0.38 0.48 
1987 9.15 3282 1827 664 0.36 0.39 
1988 11 .97 3006 1553 553 0.36 0.48 
1989 28.80 3101 1488 625 0.42 0.50 
1990 11 .39 3386 1446 562 0.39 0.44 
1991 7.85 3922 1921 370 0.19 0.23 
1992 6.19 3971 2519 474 0. 19 0. 16 
1993 8.03 3736 2412 481 0.20 0.18 
1994 10.63 3717 2327 459 0.20 0. 19 
1995 35.21 4037 2068 579 0.28 0.24 
1996 48.82 4487 1936 638 0.33 0.30 
1997 21 .89 5763 2167 634 0.29 0.29 
1998 8.55 5889 2818 1125 0.40 0.44 
1999 11 .59 5354 3007 1256 0.42 0.43 
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Table 6.4.4.4 Output file from final ICA run on standalone PC (#8)

Output Generated by ICA Version 1.4
------------------------------------

BLUE WHITING,2000 WG,ANON,COMBSEX,PLUSGR
----------------------------------------

Catch in Number
---------------

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
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
------+--------------------------------------------------------------------------------

x 10 ^ 6

Catch in Number
---------------

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

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

x 10 ^ 6

Predicted Catch in Number
-------------------------

------+--------------------------------
AGE | 1996 1997 1998 1999
------+--------------------------------

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

------+--------------------------------
x 10 ^ 6
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Table 6.4.4.4 (Continued)

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

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
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
------+--------------------------------------------------------------------------------

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

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

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

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

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
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 6.4.4.4 (Continued)

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

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

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

Natural Mortality (per year)
----------------------------

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
0 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
1 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
2 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
3 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
4 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
5 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
6 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
7 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
8 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
9 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
10 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
------+--------------------------------------------------------------------------------

Natural Mortality (per year)
----------------------------

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

0 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
1 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
2 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
3 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
4 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
5 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
6 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
7 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
8 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
9 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000

10 | 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
------+------------------------------------------------------------------------
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Table 6.4.4.4 (Continued)

Proportion of fish spawning
---------------------------

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
0 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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 0.4000
3 | 0.8200 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 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
------+--------------------------------------------------------------------------------

Proportion of fish spawning
---------------------------

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

0 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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
------+------------------------------------------------------------------------

AGE-STRUCTURED INDICES
-----------------------

Norway Spawning Area/Acoustic 1981-90
-------------------------------------

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
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.
------+--------------------------------------------------------------------------------
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Table 6.4.4.4 (Continued)

Norway Spawning Area/Acoustic 1991-1999
---------------------------------------

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

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.
------+------------------------------------------------------------------------

Russian Spawning Area/Acoustic 1982-91
--------------------------------------

------+--------------------------------------------------------------------------------
AGE | 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
------+--------------------------------------------------------------------------------
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.
------+--------------------------------------------------------------------------------

Russian Spawning Area/Acoustic 1992-99
--------------------------------------

------+----------------------------------------------------------------
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
------+----------------------------------------------------------------

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.
------+----------------------------------------------------------------

CPUE Spanish Pair Trawlers
--------------------------

------+--------------------------------------------------------------------------------
AGE | 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
------+--------------------------------------------------------------------------------
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.

------+--------------------------------------------------------------------------------
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Table 6.4.4.4 (Continued)

CPUE Spanish Pair Trawlers
--------------------------

------+--------------------------------------------------------
AGE | 1993 1994 1995 1996 1997 1998 1999
------+--------------------------------------------------------

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.

------+--------------------------------------------------------
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Table 6.4.4.4 (Continued)

Norwegian Sea acoustic - 1981-90
--------------------------------

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
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. 539. 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.
------+--------------------------------------------------------------------------------

Norwegian Sea acoustic - 1991-99
--------------------------------

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

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.
------+------------------------------------------------------------------------

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

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
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)
----------------------------

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

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

Population Abundance (1 January)
--------------------------------

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
0 | 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.
------+--------------------------------------------------------------------------------

x 10 ^ 6

Population Abundance (1 January)
--------------------------------

------+--------------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
------+--------------------------------------------------------------------------------
0 | 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.
------+--------------------------------------------------------------------------------

x 10 ^ 6
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Table 6.4.4.4 (Continued)

Weighting factors for the catches in number
-------------------------------------------

------+--------------------------------
AGE | 1996 1997 1998 1999
------+--------------------------------

0 | 0.1000 0.1000 0.1000 0.1000
1 | 0.5000 0.5000 0.5000 0.5000
2 | 1.0000 1.0000 1.0000 1.0000
3 | 1.0000 1.0000 1.0000 1.0000
4 | 1.0000 1.0000 1.0000 1.0000
5 | 1.0000 1.0000 1.0000 1.0000
6 | 1.0000 1.0000 1.0000 1.0000
7 | 1.0000 1.0000 1.0000 1.0000
8 | 1.0000 1.0000 1.0000 1.0000
9 | 1.0000 1.0000 1.0000 1.0000

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

Predicted Age-Structured Index Values
--------------------------------------

Norway Spawning Area/Acoustic 1981-90 Predicted
-----------------------------------------------

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
2 | 2543. 999990. 2194. 7111. 999990. 4797. 4271. 4157. 3409. 4513.
3 | 7816. 999990. 3010. 3660. 999990. 14443. 8581. 7819. 7103. 5880.
4 | 6870. 999990. 4260. 2623. 999990. 7922. 11408. 7568. 6870. 5149.
5 | 5323. 999990. 5353. 3321. 999990. 2060. 4255. 6764. 5395. 4800.
6 | 4623. 999990. 3788. 3401. 999990. 1070. 939. 1774. 2872. 2560.
7 | 4127. 999990. 1977. 2503. 999990. 994. 543. 519. 541. 1167.
8 | 4964. 999990. 1719. 1069. 999990. 1115. 439. 258. 270. 187.
9 | 3423. 999990. 1082. 644. 999990. 643. 404. 122. 86. 95.

10 | 2515. 999990. 467. 310. 999990. 428. 222. 54. 38. 97.
------+--------------------------------------------------------------------------------

Norway Spawning Area/Acoustic 1991-1999 Predicted
-------------------------------------------------

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

2 | 12157. 5396. 3537. 2913. 3663. 5030. 999990. 21961. 9483.
3 | 8821. 20757. 9022. 6079. 5128. 6125. 999990. 23432. 34334.
4 | 5939. 8904. 20086. 9069. 6067. 4837. 999990. 7337. 19006.
5 | 2332. 2804. 4041. 8676. 4239. 2642. 999990. 2195. 2564.
6 | 1623. 1151. 1570. 2175. 4312. 2071. 999990. 950. 975.
7 | 624. 958. 693. 951. 1301. 2332. 999990. 669. 423.
8 | 322. 439. 818. 550. 714. 940. 999990. 669. 353.
9 | 32. 199. 262. 559. 332. 390. 999990. 726. 267.

10 | 12. 15. 24. 44. 47. 72. 999990. 53. 89.
------+------------------------------------------------------------------------
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Table 6.4.4.4 (Continued)

Russian Spawning Area/Acoustic 1982-91 Predicted
------------------------------------------------

------+--------------------------------------------------------------------------------
AGE | 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
------+--------------------------------------------------------------------------------
3 | 3689. 2380. 2894. 8789. 11418. 6783. 6181. 5615. 4648. 6495.
4 | 5879. 3625. 2232. 2571. 6741. 9707. 6440. 5846. 4381. 4285.
5 | 4844. 4568. 2834. 1626. 1758. 3632. 5773. 4604. 4097. 2878.
6 | 3312. 4025. 3613. 2053. 1137. 997. 1885. 3052. 2720. 2942.
7 | 3294. 2312. 2928. 2322. 1162. 635. 608. 633. 1365. 1391.
8 | 3312. 2272. 1414. 2040. 1474. 580. 341. 356. 247. 666.
9 | 4432. 2262. 1346. 810. 1343. 845. 255. 180. 198. 76.

10 | 3427. 1095. 727. 736. 1003. 522. 126. 89. 227. 47.
------+--------------------------------------------------------------------------------

Russian Spawning Area/Acoustic 1992-99 Predicted
------------------------------------------------

------+----------------------------------------------------------------
AGE | 1992 1993 1994 1995 1996 1997 1998 1999
------+----------------------------------------------------------------

3 | 27606. 12000. 999990. 6820. 8146. 999990. 999990. 999990.
4 | 10152. 22900. 999990. 6917. 5515. 999990. 999990. 999990.
5 | 3523. 5077. 999990. 5325. 3319. 999990. 999990. 999990.
6 | 1189. 1621. 999990. 4454. 2140. 999990. 999990. 999990.
7 | 770. 557. 999990. 1046. 1874. 999990. 999990. 999990.
8 | 257. 480. 999990. 419. 551. 999990. 999990. 999990.
9 | 999990. 132. 999990. 167. 197. 999990. 999990. 999990.

10 | 999990. 33. 999990. 64. 999990. 999990. 999990. 999990.
------+----------------------------------------------------------------

CPUE Spanish Pair Trawlers Predicted
------------------------------------

------+--------------------------------------------------------------------------------
AGE | 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
------+--------------------------------------------------------------------------------
1 | 10361. 12159. 6744. 5796. 5746. 4646. 6207. 14000. 6094. 4053.
2 | 6485. 20684. 25442. 14460. 12973. 12523. 10185. 13649. 31727. 13952.
3 | 4188. 4993. 14729. 19651. 11971. 10946. 9324. 8068. 11602. 26969.
4 | 3702. 2227. 2563. 6126. 9199. 6468. 5764. 4218. 4398. 6522.
5 | 2696. 1632. 926. 921. 1940. 3020. 2495. 2315. 1627. 2046.
6 | 1229. 1060. 585. 321. 289. 449. 808. 735. 890. 638.

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

CPUE Spanish Pair Trawlers Predicted
------------------------------------

------+--------------------------------------------------------
AGE | 1993 1994 1995 1996 1997 1998 1999
------+--------------------------------------------------------

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 | 2909. 6107. 2976. 1872. 1383. 1504. 1761.
6 | 875. 1209. 2335. 1107. 711. 486. 500.

------+--------------------------------------------------------
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Table 6.4.4.4 (Continued)

Norwegian Sea acoustic - 1981-90 Predicted
------------------------------------------

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
1 | 1193.1 1559.5 5325.2 6275.1 3478.4 3021.0 2982.0 2428.1 3223.7 *******
2 | 1528.1 1000.1 1262.9 3989.3 4968.1 2849.6 2568.3 2466.7 1996.2 *******
3 | 2777.5 1683.8 1067.3 1257.4 3644.0 4940.7 3055.4 2799.9 2294.4 *******
4 | 2266.8 2201.8 1376.7 816.9 939.5 2123.2 3269.8 2381.3 2098.7 *******
5 | 1488.9 1710.0 1593.5 950.6 536.0 507.1 1080.1 1659.9 1401.3 *******
6 | 1118.8 786.1 965.1 812.3 440.0 240.9 219.8 303.6 581.7 *******
7 | 1007.9 704.1 462.7 617.9 474.5 214.8 118.8 118.9 107.7 *******
8 | 924.8 478.3 304.2 185.6 293.1 194.3 65.7 43.2 46.5 *******
9 | 1141.0 729.1 347.8 200.9 120.8 194.4 124.1 36.9 ******* *******

10 | 788.4 472.6 141.2 91.0 92.0 121.6 64.3 ******* 10.6 *******
------+--------------------------------------------------------------------------------

Norwegian Sea acoustic - 1991-99 Predicted
------------------------------------------

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

1 | 999990. 3870. 3144. 999990. 5467. 15891. 24384. 10655. 4151.
2 | 999990. 2517. 1673. 999990. 1725. 2353. 6769. 10060. 4350.
3 | 999990. 6320. 2774. 999990. 1557. 1814. 2473. 6622. 9732.
4 | 999990. 1604. 3548. 999990. 1074. 817. 942. 1156. 3008.
5 | 999990. 616. 869. 999990. 876. 554. 410. 436. 511.
6 | 999990. 278. 382. 999990. 1001. 471. 303. 201. 207.
7 | 999990. 192. 135. 999990. 248. 414. 193. 109. 69.
8 | 999990. 27. 55. 999990. 43. 53. 86. 34. 18.
9 | 999990. 25. 33. 999990. 41. 46. 55. 79. 29.

10 | 999990. 7. 12. 999990. 23. 35. 74. 24. 40.
------+------------------------------------------------------------------------

Fitted Selection Pattern
------------------------

------+--------------------------------------------------------------------------------
AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
0 | 0.0339 1.4147 0.1360 0.2053 0.4123 0.0150 0.0856 0.0075 0.1758 0.0271
1 | 0.2952 0.3015 1.0986 0.5987 0.5296 0.1485 0.2190 0.1198 0.2329 0.2853
2 | 0.3532 0.9761 1.3032 1.0677 0.6573 0.2233 0.2003 0.2253 0.3521 0.3819
3 | 0.5690 1.0431 1.1186 1.0047 1.2416 0.4346 0.3175 0.2552 0.8282 0.7162
4 | 0.3996 1.5329 1.0648 1.0219 0.8914 1.0048 0.8462 0.3807 0.6304 1.2118
5 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
6 | 1.1080 1.8299 1.3641 1.4667 1.6447 0.8403 0.7808 1.8763 1.5759 2.1048
7 | 1.0301 1.9622 2.5837 1.1531 1.2500 0.9929 1.0716 0.7629 1.6566 2.4495
8 | 1.1612 2.2468 2.9631 2.0673 1.0616 0.8447 1.6264 0.9862 1.1203 4.4133
9 | 1.0841 1.9502 2.5956 1.9303 1.6700 0.9236 0.9796 0.9125 1.2663 1.8376

10 | 1.0841 1.9502 2.5956 1.9303 1.6700 0.9236 0.9796 0.9125 1.2663 1.8376
------+--------------------------------------------------------------------------------
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Table 6.4.4.4 (Continued)

Fitted Selection Pattern
------------------------

------+------------------------------------------------------------------------
AGE | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

0 | 0.0774 0.0240 0.1466 0.0165 0.3981 0.0381 0.0381 0.0381 0.0381
1 | 0.1093 0.5247 0.3146 0.2051 0.1401 0.3164 0.3164 0.3164 0.3164
2 | 0.2412 0.7310 0.3885 0.1169 0.2989 0.3974 0.3974 0.3974 0.3974
3 | 0.3845 1.1028 0.7183 0.4456 0.5920 0.8867 0.8867 0.8867 0.8867
4 | 0.4724 1.2545 1.1678 0.4423 0.7838 1.3037 1.3037 1.3037 1.3037
5 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
6 | 0.7981 1.3895 0.9474 0.7143 1.0142 1.3372 1.3372 1.3372 1.3372
7 | 1.1800 1.0515 1.0831 0.9208 0.9516 1.6832 1.6832 1.6832 1.6832
8 | 0.8326 2.0843 0.6547 0.9992 1.3483 2.0327 2.0327 2.0327 2.0327
9 | 0.8355 1.7612 1.1910 0.8170 1.0220 1.5000 1.5000 1.5000 1.5000

10 | 0.8355 1.7612 1.1910 0.8170 1.0220 1.5000 1.5000 1.5000 1.5000
------+------------------------------------------------------------------------

STOCK SUMMARY

¦ Year ¦ Recruits ¦ Total ¦ Spawning¦ Landings ¦ Yield ¦ Mean F ¦ SoP ¦
¦ ¦ Age 0 ¦ Biomass ¦ Biomass ¦ ¦ /SSB ¦ Ages ¦ ¦
¦ ¦ thousands ¦ tonnes ¦ tonnes ¦ tonnes ¦ ratio ¦ 3- 7 ¦ (%) ¦

1981 5569840 4854205 3661020 909556 0.2484 0.2312 98
1982 24365720 3960656 2750374 576419 0.2096 0.1799 93
1983 24262540 3535229 1846270 570072 0.3088 0.2105 101
1984 13858930 3417205 1593195 641776 0.4028 0.2617 101
1985 12316360 3452963 1846795 695596 0.3767 0.3242 99
1986 11157460 3772340 2153930 826986 0.3839 0.4759 97
1987 9145630 3282468 1827131 664434 0.3636 0.3940 100
1988 11973760 3006328 1553366 553413 0.3563 0.4815 99
1989 28802190 3100704 1488014 625433 0.4203 0.5018 95
1990 11393140 3385577 1445960 561610 0.3884 0.4449 100
1991 7853630 3921868 1921361 369525 0.1923 0.2266 99
1992 6193610 3970879 2518900 474245 0.1883 0.1639 99
1993 8025530 3735655 2412205 480672 0.1993 0.1848 99
1994 10630140 3717057 2326988 459414 0.1974 0.1868 100
1995 35212960 4037414 2067503 578693 0.2799 0.2381 100
1996 48818510 4486675 1936417 637825 0.3294 0.3015 100
1997 21886860 5763250 2166679 634206 0.2927 0.2926 98
1998 8551880 5889092 2818263 1125149 0.3992 0.4435 99
1999 11590350 5354342 3007355 1256328 0.4178 0.4342 99

-----------------------------------------------------------------
No of years for separable analysis : 4
Age range in the analysis : 0 . . . 10
Year range in the analysis : 1981 . . . 1999
Number of indices of SSB : 0
Number of age-structured indices : 7

Parameters to estimate : 85
Number of observations : 553

Conventional single selection vector model to be fitted.

-----------------------------------------------------------------
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Table 6.4.4.4 (Continued)

PARAMETER ESTIMATES

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

1 1996 0.2427 18 0.1699 0.3468 0.2023 0.2912 0.2468
2 1997 0.2356 18 0.1651 0.3361 0.1965 0.2824 0.2395
3 1998 0.3570 18 0.2481 0.5138 0.2965 0.4299 0.3632
4 1999 0.3495 22 0.2266 0.5391 0.2802 0.4360 0.3582

Separable Model: Selection (S) by age
5 0 0.0381 60 0.0115 0.1258 0.0207 0.0701 0.0459
6 1 0.3164 30 0.1750 0.5718 0.2339 0.4279 0.3311
7 2 0.3974 23 0.2492 0.6336 0.3132 0.5042 0.4088
8 3 0.8867 22 0.5736 1.3705 0.7100 1.1073 0.9088
9 4 1.3037 20 0.8664 1.9615 1.0584 1.6058 1.3323

5 1.0000 Fixed : Reference Age
10 6 1.3372 20 0.8956 1.9966 1.0899 1.6407 1.3655
11 7 1.6832 19 1.1421 2.4806 1.3810 2.0515 1.7165
12 8 2.0327 18 1.4106 2.9291 1.6870 2.4492 2.0683

9 1.5000 Fixed : Last true age

Separable model: Populations in year 1999
13 0 11590358 115 1209404 111076517 3658630 36717669 22532879
14 1 6907114 39 3168082 15059026 4640796 10280183 7475426
15 2 12987222 26 7689026 21936191 9939645 16969211 13460058
16 3 21380188 21 14055048 32523007 17260881 26482566 21875502
17 4 8717195 19 5937058 12799182 7165920 10604290 8886186
18 5 1733553 19 1179316 2548262 1424218 2110074 1767364
19 6 851649 18 593180 1222742 708143 1024237 866273
20 7 422440 19 286091 623771 346264 515373 430874
21 8 300952 21 195657 462912 241595 374892 308302
22 9 226753 24 139063 369738 176691 290998 233919

Separable model: Populations at age
23 1996 320730 29 179065 574472 238227 431804 335229
24 1997 382778 25 232954 628962 297104 493159 395265
25 1998 619321 22 395056 970897 492373 778999 635831

Age-structured index catchabilities
Norway Spawning Area/Acoustic 1981-90

Linear model fitted. Slopes at age :
26 2 Q .6684E-03 32 .4899E-03 .1742E-02 .6684E-03 .1277E-02 .9735E-03
27 3 Q .1665E-02 32 .1220E-02 .4339E-02 .1665E-02 .3180E-02 .2425E-02
28 4 Q .2122E-02 32 .1555E-02 .5529E-02 .2122E-02 .4053E-02 .3090E-02
29 5 Q .2401E-02 32 .1759E-02 .6257E-02 .2401E-02 .4586E-02 .3496E-02
30 6 Q .2248E-02 32 .1648E-02 .5859E-02 .2248E-02 .4294E-02 .3274E-02
31 7 Q .2250E-02 32 .1649E-02 .5864E-02 .2250E-02 .4298E-02 .3277E-02
32 8 Q .2222E-02 32 .1629E-02 .5791E-02 .2222E-02 .4245E-02 .3236E-02
33 9 Q .1578E-02 32 .1156E-02 .4112E-02 .1578E-02 .3014E-02 .2298E-02
34 10 Q .4588E-03 32 .3363E-03 .1196E-02 .4588E-03 .8765E-03 .6682E-03
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Table 6.4.4.4 (Continued)

Norway Spawning Area/Acoustic 1991-1999

Linear model fitted. Slopes at age :
35 2 Q .7840E-03 32 .5720E-03 .2073E-02 .7840E-03 .1512E-02 .1149E-02
36 3 Q .1787E-02 32 .1306E-02 .4706E-02 .1787E-02 .3438E-02 .2615E-02
37 4 Q .2502E-02 32 .1829E-02 .6581E-02 .2502E-02 .4809E-02 .3659E-02
38 5 Q .1660E-02 32 .1213E-02 .4366E-02 .1660E-02 .3190E-02 .2427E-02
39 6 Q .1317E-02 32 .9627E-03 .3463E-02 .1317E-02 .2531E-02 .1926E-02
40 7 Q .1181E-02 32 .8624E-03 .3112E-02 .1181E-02 .2273E-02 .1729E-02
41 8 Q .1420E-02 32 .1036E-02 .3759E-02 .1420E-02 .2741E-02 .2083E-02
42 9 Q .1369E-02 33 .9951E-03 .3657E-02 .1369E-02 .2659E-02 .2016E-02
43 10 Q .2750E-03 32 .2006E-03 .7272E-03 .2750E-03 .5305E-03 .4031E-03

Russian Spawning Area/Acoustic 1982-91

Linear model fitted. Slopes at age :
44 3 Q .1316E-02 27 .1013E-02 .2952E-02 .1316E-02 .2272E-02 .1795E-02
45 4 Q .1805E-02 27 .1389E-02 .4049E-02 .1805E-02 .3116E-02 .2462E-02
46 5 Q .2049E-02 27 .1577E-02 .4595E-02 .2049E-02 .3536E-02 .2794E-02
47 6 Q .2388E-02 27 .1838E-02 .5357E-02 .2388E-02 .4123E-02 .3257E-02
48 7 Q .2632E-02 27 .2025E-02 .5903E-02 .2632E-02 .4542E-02 .3589E-02
49 8 Q .2937E-02 27 .2260E-02 .6588E-02 .2937E-02 .5069E-02 .4005E-02
50 9 Q .3297E-02 27 .2537E-02 .7396E-02 .3297E-02 .5691E-02 .4496E-02
51 10 Q .1076E-02 27 .8279E-03 .2413E-02 .1076E-02 .1857E-02 .1467E-02

Russian Spawning Area/Acoustic 1992-99

Linear model fitted. Slopes at age :
52 3 Q .2377E-02 43 .1569E-02 .8562E-02 .2377E-02 .5650E-02 .4025E-02
53 4 Q .2853E-02 43 .1883E-02 .1028E-01 .2853E-02 .6781E-02 .4830E-02
54 5 Q .2085E-02 43 .1376E-02 .7511E-02 .2085E-02 .4957E-02 .3531E-02
55 6 Q .1361E-02 43 .8979E-03 .4901E-02 .1361E-02 .3234E-02 .2304E-02
56 7 Q .9490E-03 43 .6259E-03 .3425E-02 .9490E-03 .2259E-02 .1608E-02
57 8 Q .8331E-03 43 .5488E-03 .3019E-02 .8331E-03 .1988E-02 .1415E-02
58 9 Q .6904E-03 50 .4238E-03 .3109E-02 .6904E-03 .1909E-02 .1306E-02
59 10 Q .3776E-03 61 .2102E-03 .2299E-02 .3776E-03 .1280E-02 .8374E-03

CPUE Spanish Pair Trawlers

Linear model fitted. Slopes at age :
60 1 Q .7397E-03 18 .6188E-03 .1283E-02 .7397E-03 .1073E-02 .9065E-03
61 2 Q .2214E-02 18 .1855E-02 .3818E-02 .2214E-02 .3199E-02 .2707E-02
62 3 Q .2575E-02 18 .2159E-02 .4432E-02 .2575E-02 .3716E-02 .3146E-02
63 4 Q .2045E-02 18 .1715E-02 .3518E-02 .2045E-02 .2950E-02 .2498E-02
64 5 Q .1337E-02 18 .1121E-02 .2300E-02 .1337E-02 .1929E-02 .1633E-02
65 6 Q .8195E-03 18 .6872E-03 .1410E-02 .8195E-03 .1182E-02 .1001E-02

Norwegian Sea acoustic - 1981-90

Linear model fitted. Slopes at age :
66 1 Q .4051E-03 32 .2975E-03 .1050E-02 .4051E-03 .7707E-03 .5884E-03
67 2 Q .4617E-03 32 .3391E-03 .1196E-02 .4617E-03 .8785E-03 .6707E-03
68 3 Q .6994E-03 32 .5136E-03 .1812E-02 .6994E-03 .1331E-02 .1016E-02
69 4 Q .8094E-03 32 .5944E-03 .2097E-02 .8094E-03 .1540E-02 .1176E-02
70 5 Q .8400E-03 32 .6169E-03 .2176E-02 .8400E-03 .1598E-02 .1220E-02
71 6 Q .6902E-03 32 .5068E-03 .1788E-02 .6902E-03 .1313E-02 .1003E-02
72 7 Q .6901E-03 32 .5068E-03 .1788E-02 .6901E-03 .1313E-02 .1002E-02
73 8 Q .5288E-03 32 .3884E-03 .1370E-02 .5288E-03 .1006E-02 .7682E-03
74 9 Q .6651E-03 34 .4793E-03 .1826E-02 .6651E-03 .1316E-02 .9915E-03
75 10 Q .1819E-03 34 .1311E-03 .4994E-03 .1819E-03 .3599E-03 .2712E-03
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Table 6.4.4.4 (Continued)

Norwegian Sea acoustic - 1991-99

Linear model fitted. Slopes at age :
76 1 Q .7411E-03 37 .5151E-03 .2275E-02 .7411E-03 .1581E-02 .1163E-02
77 2 Q .4211E-03 37 .2942E-03 .1272E-02 .4211E-03 .8885E-03 .6558E-03
78 3 Q .6422E-03 37 .4495E-03 .1929E-02 .6422E-03 .1350E-02 .9978E-03
79 4 Q .5372E-03 37 .3760E-03 .1614E-02 .5372E-03 .1129E-02 .8346E-03
80 5 Q .4275E-03 37 .2994E-03 .1282E-02 .4275E-03 .8979E-03 .6637E-03
81 6 Q .3820E-03 37 .2674E-03 .1147E-02 .3820E-03 .8031E-03 .5934E-03
82 7 Q .2784E-03 37 .1945E-03 .8415E-03 .2784E-03 .5879E-03 .4338E-03
83 8 Q .1110E-03 37 .7711E-04 .3408E-03 .1110E-03 .2368E-03 .1742E-03
84 9 Q .2090E-03 38 .1445E-03 .6519E-03 .2090E-03 .4507E-03 .3304E-03
85 10 Q .1722E-03 37 .1197E-03 .5289E-03 .1722E-03 .3676E-03 .2704E-03
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Table 6.4.4.4 (Continued)

RESIDUALS ABOUT THE MODEL FIT
------------------------------

Separable Model Residuals
-------------------------

------+--------------------------------
Age | 1996 1997 1998 1999
------+--------------------------------

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

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

AGE-STRUCTURED INDEX RESIDUALS
-------------------------------

Norway Spawning Area/Acoustic 1981-90
-------------------------------------

------+--------------------------------------------------------------------------------
Age | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
2 | -0.069 ******* -2.000 0.796 ******* -1.565 0.150 0.849 0.689 1.144
3 | -0.030 ******* -0.356 -0.755 ******* -0.907 -0.019 0.151 1.143 0.768
4 | -0.748 ******* -0.448 -0.484 ******* -0.653 0.683 0.491 0.373 0.780
5 | -0.378 ******* 0.196 -0.658 ******* -1.194 0.107 1.103 0.666 0.152
6 | -0.003 ******* -0.014 -0.604 ******* -1.546 -1.203 1.422 0.999 0.940
7 | 0.117 ******* 0.613 -0.797 ******* -1.588 -0.263 0.331 0.545 1.031
8 | -0.306 ******* 0.606 -0.635 ******* -1.495 -0.131 0.843 0.083 1.018
9 | -0.279 ******* 0.745 -0.381 ******* -1.546 -0.933 0.983 0.722 0.660

10 | -0.343 ******* 0.928 0.115 ******* -0.922 -2.109 2.002 0.191 0.110
------+--------------------------------------------------------------------------------

Norway Spawning Area/Acoustic 1991-1999
---------------------------------------

------+------------------------------------------------------------------------
Age | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------
2 | -0.087 -1.477 0.238 -0.597 0.846 0.557 ******* -0.187 0.697
3 | -0.330 0.230 -0.999 -0.723 0.655 0.194 ******* 0.401 0.563
4 | 0.358 -0.635 0.287 -0.706 0.265 0.548 ******* -0.446 0.317
5 | 1.156 -0.578 -0.425 0.269 0.482 -0.097 ******* -0.271 -0.549
6 | 1.033 0.186 -0.212 -0.222 0.786 0.766 ******* -1.226 -1.127
7 | 1.174 -0.168 -0.219 0.573 0.322 0.567 ******* -0.497 -1.770
8 | 0.526 0.339 -0.652 0.502 0.416 0.246 ******* -0.563 -0.836
9 | 1.109 0.258 -0.885 0.320 0.374 0.163 ******* -0.727 -0.637

10 | 0.285 0.263 -0.091 1.559 1.160 0.805 ******* 0.481 -4.488
------+------------------------------------------------------------------------
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Table 6.4.4.4 (Continued)

Russian Spawning Area/Acoustic 1982-91
--------------------------------------

------+--------------------------------------------------------------------------------
Age | 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
------+--------------------------------------------------------------------------------
3 | -1.922 -0.021 0.002 0.408 0.496 -0.415 -0.511 0.752 0.740 0.461
4 | -0.760 -0.213 -1.026 -1.017 1.235 0.680 -0.347 0.197 1.019 0.222
5 | -1.285 0.721 -0.946 -1.031 0.368 0.478 0.400 0.371 0.337 0.578
6 | -0.876 -0.037 0.150 -0.143 -0.623 0.070 0.785 0.826 -0.053 -0.112
7 | -0.741 -0.160 -0.286 -0.993 -0.629 -0.239 0.737 1.979 0.074 0.241
8 | -0.343 -0.506 -0.164 -1.207 -0.676 0.333 0.343 2.043 -0.114 0.267
9 | -0.941 -1.065 0.233 -0.334 -0.742 0.018 -0.020 2.348 -0.905 1.369

10 | -0.977 -0.507 0.501 -0.309 -0.345 0.250 0.724 2.207 -3.122 1.542
------+--------------------------------------------------------------------------------

Russian Spawning Area/Acoustic 1992-99
--------------------------------------

------+----------------------------------------------------------------
Age | 1992 1993 1994 1995 1996 1997 1998 1999
------+----------------------------------------------------------------

3 | -0.322 -0.931 ******* 0.618 0.629 ******* ******* *******
4 | -0.416 -0.619 ******* 0.371 0.656 ******* ******* *******
5 | -0.959 0.044 ******* 0.518 0.389 ******* ******* *******
6 | -0.994 0.327 ******* -0.519 1.177 ******* ******* *******
7 | -0.680 0.860 ******* 0.044 -0.235 ******* ******* *******
8 | -0.415 0.258 ******* -0.027 0.169 ******* ******* *******
9 | ******* 1.073 ******* -0.245 -0.839 ******* ******* *******

10 | ******* 1.511 ******* -1.522 ******* ******* ******* *******
------+----------------------------------------------------------------

CPUE Spanish Pair Trawlers
--------------------------

------+--------------------------------------------------------------------------------
Age | 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
------+--------------------------------------------------------------------------------
1 | -0.364 0.120 0.770 -0.443 1.483 0.515 0.900 0.426 0.960 0.904
2 | 0.927 0.277 -0.066 -0.023 0.014 0.539 0.596 0.352 -0.725 0.552
3 | 0.799 1.090 -0.042 -0.287 -0.586 0.521 0.610 -0.440 -0.844 -1.026
4 | 0.703 0.775 0.892 0.149 -1.141 -0.012 0.373 -0.850 -0.636 -0.413
5 | 0.853 0.073 0.285 0.327 -0.634 -0.843 0.410 -0.534 -0.443 -0.539
6 | 0.335 0.501 -0.991 0.452 -0.554 0.553 0.216 -0.488 -0.704 -0.323

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

CPUE Spanish Pair Trawlers
--------------------------

------+--------------------------------------------------------
Age | 1993 1994 1995 1996 1997 1998 1999
------+--------------------------------------------------------

1 | 0.206 -2.037 0.469 -1.450 -1.072 -0.647 -0.759
2 | 0.416 -0.237 0.413 0.111 -0.859 -1.445 -0.860
3 | 0.646 0.690 0.027 0.614 0.044 -1.087 -0.746
4 | -0.600 0.100 0.035 0.144 -0.057 0.785 -0.267
5 | -0.765 -0.714 -0.402 0.665 -0.279 1.246 1.273
6 | -0.285 -0.136 -1.321 0.505 -0.457 0.864 1.808

------+--------------------------------------------------------
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Table 6.4.4.4 (Continued)

Norwegian Sea acoustic - 1981-90
--------------------------------

------+--------------------------------------------------------------------------------
Age | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
------+--------------------------------------------------------------------------------
1 | -1.880 -2.137 1.435 1.577 0.540 -0.262 1.012 0.721 -1.012 *******
2 | -0.741 -0.777 -1.160 1.249 1.570 -0.180 0.451 0.155 -0.573 *******
3 | 0.492 -0.304 -0.824 -0.412 1.233 0.380 0.528 -0.059 -1.039 *******
4 | 0.536 0.761 -0.599 -0.734 -0.356 1.185 0.533 0.379 -1.712 *******
5 | 0.587 0.747 -0.127 -0.567 -0.237 1.308 0.109 -0.599 -1.229 *******
6 | 0.929 1.381 -0.516 -0.410 -0.850 1.374 0.019 -0.928 -1.009 *******
7 | 1.079 1.194 0.011 -0.589 -0.703 0.448 0.347 -0.214 -1.588 *******
8 | 1.092 1.256 0.351 -1.332 -0.732 0.461 -0.160 -0.587 -0.373 *******
9 | 0.588 0.181 -0.071 -1.411 1.136 -0.328 -0.391 0.263 ******* *******

10 | 0.500 -0.132 0.425 -0.619 0.427 0.477 -0.831 ******* -0.280 *******
------+--------------------------------------------------------------------------------

Norwegian Sea acoustic - 1991-99
--------------------------------

------+------------------------------------------------------------------------
Age | 1991 1992 1993 1994 1995 1996 1997 1998 1999
------+------------------------------------------------------------------------

1 | ******* -1.587 -1.332 ******* 0.243 0.390 0.215 0.822 1.242
2 | ******* -0.797 -2.594 ******* 0.488 -0.800 1.332 1.559 0.807
3 | ******* 0.093 -0.953 ******* 0.250 -0.702 -0.484 0.900 0.890
4 | ******* -0.739 0.589 ******* 0.118 -0.230 -0.190 -0.732 1.176
5 | ******* -0.914 0.341 ******* 0.617 -0.239 -0.311 -0.722 1.220
6 | ******* -0.479 0.247 ******* -0.256 0.070 0.296 -0.699 0.810
7 | ******* -0.758 0.604 ******* -0.359 0.600 0.296 -0.530 0.134
8 | ******* -0.906 0.054 ******* 0.354 0.260 0.469 -1.224 0.977
9 | ******* -0.313 0.987 ******* -3.702 -0.111 0.804 1.175 1.141

10 | ******* -2.005 1.745 ******* -0.445 0.359 0.351 0.133 -0.157
------+------------------------------------------------------------------------

PARAMETERS OF THE DISTRIBUTION OF ln(CATCHES AT AGE)
-----------------------------------------------------

Separable model fitted from 1996 to 1999
Variance 0.0396

Skewness test stat. -1.7515
Kurtosis test statistic 0.3998
Partial chi-square 0.0468
Significance in fit 0.0000
Degrees of freedom 15

PARAMETERS OF THE DISTRIBUTION OF THE AGE-STRUCTURED INDICES
------------------------------------------------------------

DISTRIBUTION STATISTICS FOR Norway Spawning Area/Acoustic 1981-90

Linear catchability relationship assumed

Age 2 3 4 5 6 7 8 9 10
Variance 0.1526 0.0546 0.0456 0.0593 0.1287 0.0808 0.0773 0.0946 0.1643
Skewness test stat. -0.9739 0.3719 0.0421 -0.1773 -0.1346 -0.8550 -0.5325 -0.5734 -0.1347
Kurtosis test statisti -0.4899 -0.5325 -1.0312 -0.4340 -0.7617 -0.2784 -0.3920 -0.6664 -0.1218
Partial chi-square 0.1315 0.0432 0.0365 0.0506 0.1231 0.0805 0.0852 0.1156 0.2377
Significance in fit 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Number of observations 8 8 8 8 8 8 8 8 8
Degrees of freedom 7 7 7 7 7 7 7 7 7
Weight in the analysis 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111
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Table 6.4.4.4 (Continued)
DISTRIBUTION STATISTICS FOR Norway Spawning Area/Acoustic 1991-1999

Linear catchability relationship assumed

Age 2 3 4 5 6 7 8 9 10
Variance 0.0659 0.0417 0.0283 0.0403 0.0821 0.0887 0.0368 0.0521 0.3961
Skewness test stat. -0.8931 -0.6655 -0.5647 0.9851 -0.3467 -0.9057 -0.5946 0.0736 -2.2103
Kurtosis test statisti -0.1935 -0.6638 -0.8902 -0.2382 -0.7412 0.0434 -0.9098 -0.6152 1.3374
Partial chi-square 0.0541 0.0320 0.0220 0.0356 0.0795 0.0984 0.0415 0.0785 0.6392
Significance in fit 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0012
Number of observations 8 8 8 8 8 8 8 8 8
Degrees of freedom 7 7 7 7 7 7 7 7 7
Weight in the analysis 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111

DISTRIBUTION STATISTICS FOR Russian Spawning Area/Acoustic 1982-91

Linear catchability relationship assumed

Age 3 4 5 6 7 8 9 10
Variance 0.0814 0.0826 0.0727 0.0350 0.0919 0.0945 0.1520 0.2675
Skewness test stat. -1.7774 0.1842 -1.0848 0.1353 1.5561 1.4686 1.3876 -0.8031
Kurtosis test statisti 0.7829 -0.8132 -0.7206 -0.3229 0.5803 0.8360 0.0570 0.2517
Partial chi-square 0.0873 0.0890 0.0811 0.0406 0.1218 0.1333 0.2503 0.4802
Significance in fit 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Number of observations 10 10 10 10 10 10 10 10
Degrees of freedom 9 9 9 9 9 9 9 9
Weight in the analysis 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250

DISTRIBUTION STATISTICS FOR Russian Spawning Area/Acoustic 1992-99

Linear catchability relationship assumed

Age 3 4 5 6 7 8 9 10
Variance 0.0729 0.0468 0.0559 0.1146 0.0524 0.0112 0.1197 0.5750
Skewness test stat. -0.2509 0.0346 -0.7187 0.1941 0.3553 -0.5797 0.2913 -0.0062
Kurtosis test statisti -0.6558 -0.7326 -0.3710 -0.5814 -0.4382 -0.4326 -0.5330 -0.5773
Partial chi-square 0.0237 0.0153 0.0204 0.0458 0.0243 0.0058 0.0476 0.1512
Significance in fit 0.0010 0.0005 0.0008 0.0026 0.0010 0.0001 0.0235 0.3026
Number of observations 4 4 4 4 4 4 3 2
Degrees of freedom 3 3 3 3 3 3 2 1
Weight in the analysis 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250

DISTRIBUTION STATISTICS FOR CPUE Spanish Pair Trawlers

Linear catchability relationship assumed

Age 1 2 3 4 5 6
Variance 0.1541 0.0679 0.0819 0.0597 0.0825 0.0976
Skewness test stat. -0.8752 -1.3083 -0.2163 -0.3008 0.8997 0.7364
Kurtosis test statisti -0.4948 -0.2178 -1.1248 -0.7046 -0.8585 0.0785
Partial chi-square 0.2799 0.1084 0.1397 0.1128 0.1726 0.2387
Significance in fit 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Number of observations 17 17 17 17 17 17
Degrees of freedom 16 16 16 16 16 16
Weight in the analysis 0.1667 0.1667 0.1667 0.1667 0.1667 0.1667

DISTRIBUTION STATISTICS FOR Norwegian Sea acoustic - 1981-90

Linear catchability relationship assumed

Age 1 2 3 4 5 6 7 8 9
10
Variance 0.1947 0.0889 0.0526 0.0832 0.0611 0.0962 0.0790 0.0740 0.0571 0.0287
Skewness test stat. -0.5390 0.6362 0.1767 -0.6861 0.2009 0.5821 -0.3421 0.1046 -0.4965 -0.5131
Kurtosis test statisti -0.7867 -0.6237 -0.5522 -0.4045 -0.4823 -0.8742 -0.4332 -0.6527 -0.0559 -0.8057
Partial chi-square 0.2010 0.0905 0.0541 0.0881 0.0714 0.1247 0.1131 0.1060 0.0771 0.0449
Significance in fit 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Number of observations 9 9 9 9 9 9 9 9 8 8
Degrees of freedom 8 8 8 8 8 8 8 8 7 7
Weight in the analysis 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000

DISTRIBUTION STATISTICS FOR Norwegian Sea acoustic - 1991-99

Linear catchability relationship assumed

Age 1 2 3 4 5 6 7 8 9
10
Variance 0.1128 0.2183 0.0551 0.0486 0.0583 0.0265 0.0303 0.0615 0.3019 0.1259
Skewness test stat. -0.6175 -0.7044 0.0596 0.5847 0.3968 0.1491 -0.1939 -0.5957 -1.7110 -0.3768
Kurtosis test statisti -0.6007 -0.3944 -0.7881 -0.4526 -0.5816 -0.5222 -0.8204 -0.5379 0.6001 0.0678
Partial chi-square 0.0810 0.1645 0.0398 0.0380 0.0553 0.0292 0.0348 0.1104 0.4878 0.3355
Significance in fit 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0020 0.0007
Number of observations 7 7 7 7 7 7 7 7 7 7
Degrees of freedom 6 6 6 6 6 6 6 6 6 6
Weight in the analysis 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
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Table 6.4.4.4 (Continued)

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

Unweighted Statistics

Variance
SSQ Data Parameters d.f. Variance

Total for model 365.4308 553 85 468 0.7808
Catches at age 1.8351 40 25 15 0.1223

Aged Indices
Norway Spawning Area/Acoustic 1981-90 54.0410 72 9 63 0.8578

Norway Spawning Area/Acoustic 1991-199 52.4154 72 9 63 0.8320

Russian Spawning Area/Acoustic 1982-91 63.1883 80 8 72 0.8776

Russian Spawning Area/Acoustic 1992-99 15.0068 29 8 21 0.7146

CPUE Spanish Pair Trawlers 52.2053 102 6 96 0.5438

Norwegian Sea acoustic - 1981-90 64.3842 88 10 78 0.8254

Norwegian Sea acoustic - 1991-99 62.3546 70 10 60 1.0392

Weighted Statistics

Variance
SSQ Data Parameters d.f. Variance

Total for model 5.8470 553 85 468 0.0125
Catches at age 0.5934 40 25 15 0.0396

Aged Indices
Norway Spawning Area/Acoustic 1981-90 0.6672 72 9 63 0.0106

Norway Spawning Area/Acoustic 1991-199 0.6471 72 9 63 0.0103

Russian Spawning Area/Acoustic 1982-91 0.9873 80 8 72 0.0137

Russian Spawning Area/Acoustic 1992-99 0.2345 29 8 21 0.0112

CPUE Spanish Pair Trawlers 1.4501 102 6 96 0.0151

Norwegian Sea acoustic - 1981-90 0.6438 88 10 78 0.0083

Norwegian Sea acoustic - 1991-99 0.6235 70 10 60 0.0104
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Table 6.4.4.5. Blue Whiting. Log-file from final ICA run (#8)

Integrated Catch at Age Analysis
--------------------------------

Version 1.4 w

K.R.Patterson
Fisheries Research Services

Marine Laboratory
Aberdeen

15 April 1998

Enter the name of the index file -->combbw.ndx
CombbwCN.DAT
CombbwCW.DAT
Stock weights in 2000 used for the year 1999

CombbwSW.DAT
Natural mortality in 2000 used for the year 1999

CombbwNM.DAT
Maturity ogive in 2000 used for the year 1999

CombbwMO.DAT
Name of age-structured index file (Enter if none) : -->combbw.tun
Name of the SSB index file (Enter if none) -->

No indices of spawning biomass to be used.
No of years for separable constraint ?--> 4
Reference age for separable constraint ?--> 5
Constant selection pattern model (Y/N) ?-->y
S to be fixed on last age ?--> 1.500000000000000
First age for calculation of reference F ?--> 3
Last age for calculation of reference F ?--> 7
Use default weighting (Y/N) ?-->n

Enter relative weights at age
Weight for age 0--> 0.100000000000000
Weight for age 1--> 0.500000000000000
Weight for age 2--> 1.000000000000000
Weight for age 3--> 1.000000000000000
Weight for age 4--> 1.000000000000000
Weight for age 5--> 1.000000000000000
Weight for age 6--> 1.000000000000000
Weight for age 7--> 1.000000000000000
Weight for age 8--> 1.000000000000000
Weight for age 9--> 1.000000000000000
Weight for age 10--> 1.000000000000000

Enter relative weights by year
Weight for year 1996--> 1.000000000000000
Weight for year 1997--> 1.000000000000000
Weight for year 1998--> 1.000000000000000
Weight for year 1999--> 1.000000000000000

Enter new weights for specified years and ages if needed
Enter year, age, new weight or -1,-1,-1 to end. -1 -1 -1.000000000000000
Is the last age of Norway Spawning Area/Acoustic 1981-90 a plus-group (Y/N)-->n
Is the last age of Norway Spawning Area/Acoustic 1991-1999 a plus-group (Y/-->n
Is the last age of Russian Spawning Area/Acoustic 1982-91 a plus-group (Y/N-->n
Is the last age of Russian Spawning Area/Acoustic 1992-99 a plus-group (Y/N-->n
Is the last age of CPUE Spanish Pair Trawlers a plus-group (Y/N) ?-->n
Is the last age of Norwegian Sea acoustic - 1981-90 a plus-group (Y/N) ?-->n
Is the last age of Norwegian Sea acoustic - 1991-99 a plus-group (Y/N) ?-->n

You must choose a catchability model for each index.
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Table 6.4.4.5 (Continued)

Models: A Absolute: Index = Abundance . e
L Linear: Index = Q. Abundance . e
P Power: Index = Q. Abundance^ K .e

where Q and K are parameters to be estimated, and
e is a lognormally-distributed error.

Model for Norway Spawning Area/Acoustic 1981-90 is to be A/L/P ?-->L
Model for Norway Spawning Area/Acoustic 1991-1999 is to be A/L/P ?-->L
Model for Russian Spawning Area/Acoustic 1982-91 is to be A/L/P ?-->L
Model for Russian Spawning Area/Acoustic 1992-99 is to be A/L/P ?-->L
Model for CPUE Spanish Pair Trawlers is to be A/L/P ?-->L
Model for Norwegian Sea acoustic - 1981-90 is to be A/L/P ?-->L
Model for Norwegian Sea acoustic - 1991-99 is to be A/L/P ?-->L
Fit a stock-recruit relationship (Y/N) ?-->n
Enter lowest feasible F--> 5.0000000000000003E-02
Enter highest feasible F--> 1.000000000000000

Mapping the F-dimension of the SSQ surface

F SSQ
+--------+-------------------

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 SSQ is 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
Number of indices of SSB : 0
Number of age-structured indices : 7

Parameters to estimate : 85
Number of observations : 553

Conventional single selection vector model to be fitted.

-----------------------------------------------------------------
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Table 6.4.4.5 (Continued)

Survey weighting to be Manual (recommended) or Iterative (M/I) ?-->M
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 2--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 3--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 4--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 5--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 6--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 7--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 8--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 9--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1981-90 at age 10--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1991-1999 at age 2--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1991-1999 at age 3--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1991-1999 at age 4--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1991-1999 at age 5--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1991-1999 at age 6--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1991-1999 at age 7--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1991-1999 at age 8--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1991-1999 at age 9--> 1.000000000000000
Enter weight for Norway Spawning Area/Acoustic 1991-1999 at age 10--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1982-91 at age 3--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1982-91 at age 4--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1982-91 at age 5--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1982-91 at age 6--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1982-91 at age 7--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1982-91 at age 8--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1982-91 at age 9--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1982-91 at age 10--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1992-99 at age 3--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1992-99 at age 4--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1992-99 at age 5--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1992-99 at age 6--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1992-99 at age 7--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1992-99 at age 8--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1992-99 at age 9--> 1.000000000000000
Enter weight for Russian Spawning Area/Acoustic 1992-99 at age 10--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 1--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 2--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 3--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 4--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 5--> 1.000000000000000
Enter weight for CPUE Spanish Pair Trawlers at age 6--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 1--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 2--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 3--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 4--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 5--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 6--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 7--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 8--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 9--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1981-90 at age 10--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 1--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 2--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 3--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 4--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 5--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 6--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 7--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 8--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 9--> 1.000000000000000
Enter weight for Norwegian Sea acoustic - 1991-99 at age 10--> 1.000000000000000
Enter estimates of the extent to which errors
in the age-structured indices are correlated
across ages. This can be in the range 0 (independence)
to 1 (correlated errors).
Enter value for Norway Spawning Area/Acoustic 1981-90--> 1.000000000000000
Enter value for Norway Spawning Area/Acoustic 1991-1999--> 1.000000000000000
Enter value for Russian Spawning Area/Acoustic 1982-91--> 1.000000000000000
Enter value for Russian Spawning Area/Acoustic 1992-99--> 1.000000000000000
Enter value for CPUE Spanish Pair Trawlers--> 1.000000000000000
Enter value for Norwegian Sea acoustic - 1981-90--> 1.000000000000000
Enter value for Norwegian Sea acoustic - 1991-99--> 1.000000000000000
Do you want to shrink the final fishing mortality (Y/N) ?-->N
Seeking solution. Please wait.
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Table 6.4.4.4 (Continued)

Aged index weights
Norway Spawning Area/Acoustic 1981-90
Age : 2 3 4 5 6 7 8 9 10
Wts : 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111

Norway Spawning Area/Acoustic 1991-1999
Age : 2 3 4 5 6 7 8 9 10
Wts : 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111

Russian Spawning Area/Acoustic 1982-91
Age : 3 4 5 6 7 8 9 10
Wts : 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125

Russian Spawning Area/Acoustic 1992-99
Age : 3 4 5 6 7 8 9 10
Wts : 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125

CPUE Spanish Pair Trawlers
Age : 1 2 3 4 5 6
Wts : 0.167 0.167 0.167 0.167 0.167 0.167

Norwegian Sea acoustic - 1981-90
Age : 1 2 3 4 5 6 7 8 9 10
Wts : 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100

Norwegian Sea acoustic - 1991-99
Age : 1 2 3 4 5 6 7 8 9 10
Wts : 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100

F in 1999 at age 5 is 0.349527 in iteration 1
Detailed, Normal or Summary output (D/N/S)-->D
Output page width in characters (e.g. 80..132) ?--> 90
Estimate historical assessment uncertainty ?-->n

Succesful exit from ICA
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Year 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

1993 
1994 
1995 
1996 
1997 
1998 
1999 

Table 6.4.5.1. 

Recruits Total Spawning Mean F 
Age o Bi om ass Bi om ass Ag es 
(min.) (th.t.) (th.t.) (3- 7) 

12391.87 5691.73 4333.50 0.211 
3310.48 4418.49 3431.11 0.278 

15329.41 3686.85 2711.51 0.315 
12596.1 4 3000.26 2026.1 4 0.381 
17041.44 2868.1 9 1763.1 8 0.417 
11097.33 3173.96 1888.86 0.482 
16682.68 3108.75 1700.62 0.508 
l 4679.45 3088.11 1566.84 0.51 o 
23571.74 3125.63 1604.77 0.504 
12541.98 3373.34 1698.52 0.449 
11050.02 3855.58 2062.69 0.281 

7076.02 3788.95 2493 .1 4 0.244 

6323.36 3552.61 2434.89 0.245 
8759.65 3424.61 2390.90 0.288 

55710.57 4077.19 2062.55 0.292 
82670.48 5372.85 1927.98 0.286 
23011 .92 7594.79 2641.18 0.321 
1 2503.26 7976.89 4242.92 0.449 
2458.84 6860.35 4844.61 0.372 

Blue Whltlng. Resul ts of stock assessment 
(ISVPA on fi ltered catch-at-age data) 
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Year\ age o l 2 3 4 5 6 7 8 9 10+ 
1981 12391.87 7009.62 5469.79 9016.90 7653.83 2323.88 2042.87 1851.94 1367.80 1948.50 4921.83 
1982 3310.48 9754.94 5414.43 4115.33 6510.04 5289.45 1542.49 l 301 .63 1123.75 752.73 1783.75 
1983 15329.41 2577.65 7412.19 3975.99 2862.94 4273.05 3288.03 906.66 714.82 536.41 796.27 
1984 12596.14 11867.30 1941.64 5373.11 2711.33 1827.23 2562.10 1847.81 470.60 313.94 519.84 
1985 17041.44 9656.18 8807.49 1376.62 3539.50 1647.55 l 027.75 1328.38 865.28 176.42 491.32 
1986 11097.33 12997.61 7111 .28 6172.37 890.40 2095.01 895.16 509.82 587.29 295.70 676.37 
1987 16682.68 8391.73 9447.75 4886.17 3868.93 503.54 l 071.21 410.47 203.08 l 68.1 4 318.32 
1988 14679.45 12572.50 6068.16 6440.50 3024.21 2147.75 251 .11 475.36 156.42 53.70 81.36 
1989 23571.74 11059.79 9087.53 4134.02 3982.17 1676.30 1068.89 111.14 180.48 41.09 62.45 
1990 12541.98 17774.63 8004.62 6203.35 2564.26 2217.71 839.59 477.04 42.68 48.40 170.30 
1991 11050.02 9524.95 13004.99 5554.78 3950.25 1483.92 1169.40 400.72 200.45 13.40 25.22 
1992 7076.02 8600.04 7232.54 9540.40 3858.36 2587.27 919.88 685.00 21 9.1 2 95.08 34.77 
1993 6323.36 5540.27 6589.36 5377.01 6763.82 2600.20 1663.38 563.64 396.13 11 2.67 51.75 
1994 8759.65 4949.88 4243.57 4896.48 3809.32 4553.58 1669.52 l 017.57 325.30 203.12 78.68 
1995 55710.57 6809.72 3752.13 3105.14 3387.78 2481.28 2802.91 969.43 550.36 l 51.85 l 06.32 
1996 82670.48 43284.25 5157.45 2742.00 2144.12 2200.56 1521.87 1620.32 521.41 254.82 213.64 
1997 23011.92 64292.08 32829.21 3777.06 1899.62 1399.18 1357.73 886.28 879.58 244.71 396.98 
1998 12503.26 17798.17 48360.67 23748.22 2567.33 1206.88 833.99 757.39 455.74 380.92 153.26 
1999 2458.84 9495.51 13022.12 33559.38 15122.47 1485.66 636.37 398.03 318.23 143.08 291.94 

Table 6.4.5.2. Bl ue Whiti ng stock abundance estimat es (ISVPA) 
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Year\Age o l 2 3 4 5 6 7 8 9 10+ AqeSUM 
1981 6.02E-01 5.31 E-01 2.04E-01 -7.36E-01 -9.71 E-01 1.17E-01 1.05E-01 1.80E-02 1.28E-01 -1.39E-17 -1.08E-17 1.09E-05 
1982 2.22E•OO 3.03E-01 1.99E-01 -1.41 E-01 -1.04E•OO -1.15E•OO -1.03E-01 -9.98E-02 -2.00E-01 -6.11 E-17 -6.51 E-18 9.39E-06 
1983 4.17E-01 1.94E•OO 2.12E-01 2.48E-02 -3.12E-01 -1.13E•OO -1.08E•OO -6.01 E-03 -7.35E-02 9.84E-17 1.95E-17 9.19E-06 
1984 4.14E-01 3.68E-01 1. 77E•OO -5.02E-02 -1.48E-01 -3.40E-01 -9.86E-01 -9.94E-01 -3.12E-02 -7.33E-17 3.04E-18 9.63E-06 
1985 -5.24E-02 3.37E-01 1.98E-01 1.56E•OO -1.39E-01 -7.60E-02 -1.35E-01 -8.29E-01 -8.67E-01 6.94E-17 5.38E-17 9.66E-06 
1986 -1.44E-01 -3.92E-01 5.24E-02 -4.68E-02 1.46E•OO -1.14E-01 -1.19E-02 -7.88E-02 -7.24E-01 4.21 E-17 -4.60E-17 9.30E-06 
1987 -7.38E-01 -1.99E-01 -5.25E-01 -6.95E-02 -2.17E-02 1.45E•OO -5.27E-02 7.94E-02 7.35E-02 -7.07E-17 -5.38E-17 9.37E-06 
1988 -6.00E-01 -6.91 E-01 -1.69E-01 -4.98E-01 2.18E-02 8.91 E-02 1.61 E•OO 6.13E-02 1.71E-01 8.67E-18 4.03E-17 1.00E-05 
1989 -7.25E-01 -3.69E-01 -5.28E-01 -3.56E-02 -3.60E-01 2.07E-01 1.73E-01 1.61 E•OO 2.72E-02 -1.34E-17 -3.62E-17 1.15E-05 

1990 -3.50E-01 -7.21 E-01 -3.27E-01 -4.90E-01 1.43E-02 -2.26E-01 3.30E-01 2.12E-01 1.56E•OO -4.25E-17 4.73E-17 1.22E-05 
1991 -2.14E-01 -9.96E-02 -4.96E-01 -4.95E-02 -1.86E-01 3.22E-01 3.60E-02 4.66E-01 2.21 E-01 -3.09E-17 6.22E-17 1.66E-05 
1992 3.09E-01 -1.81 E-01 4.28E-02 -3.55E-01 5.93E-02 -1.31 E-01 2.45E-01 -1.60E-01 1.71E-01 -2.15E-17 -7.81 E-18 1.64E-05 
1993 5.04E-01 2.46E-01 -1.26E-01 -3.60E-03 -3.56E-01 5.77E-02 -1.62E-01 1.58E-01 -3.19E-01 -3.45E-17 -5.07E-17 1.53E-05 
1994 4.73E-01 4.77E-01 9.33E-02 -2.7 4E-01 -1.54E-01 -4.68E-01 -4.26E-02 -2.19E-01 1.15E-01 -3.56E-17 3.69E-17 1.37E-05 
1995 -7.47E-01 5.61 E-01 5.09E-01 1.98E-01 -1.46E-01 4.55E-03 -4.05E-01 9.83E-02 -7.39E-02 9.24E-17 6.51E-17 1.25E-05 
1996 -1.25E•OO -8.55E-01 7.04E-01 7.61 E-01 4.77E-01 2.38E-02 1.32E-01 -2.30E-01 2.37E-01 -1.47E-17 -1.99E-17 1.06E-05 
1997 -2.15E-01 -1.17E•OO -7.66E-01 9.01 E-01 9.43E-01 5.42E-01 -5.44E-04 8.64E-02 -3.19E-01 7.37E-18 -1.34E-17 8.26E-06 
1998 9.11 E-02 -8.82E-02 -1.05E•OO -7.00E-01 8.54E-01 8.16E-01 3.41 E-01 -1.7 4E-01 -9.32E-02 -7.11 E-17 4.77E-18 5.80E-06 
1999 -5.20E-18 -1.43E-17 4.55E-17 8.67E-17 5.46E-17 5.64E-18 -7.37E-17 5.42E-17 5.77E-17 -7.81 E-18 -3.99E-17 1.63E-16 

YearSUM: 9.86E-06 9.68E-06 8.82E-06 9.12E-06 9.30E-06 9.18E-06 9.27E-06 9.02E-06 1.27E-04 -1. 73E-16 4.77E-17 

Table 6.4.5.3. Res i dual in l ne. (ISVPA on fi lterd catch-at -age data) 



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 175

Table 6.5.1 Input data for the deterministic short-term prediction

09:21 Thursday, May 4, 2000
Blue whiting combined stock (Sub-areas I-IX, XII & XIV)

Prediction with management option table: Input data

+--------------------------------------------------------------------------------------+
¦ Year: 2000 ¦
+--------------------------------------------------------------------------------------¦
¦ ¦ Stock ¦ Natural ¦ Maturity¦Prop.of F¦Prop.of M¦ Weight ¦ Exploit.¦ Weight ¦
¦ Age ¦ size ¦mortality¦ ogive ¦bef.spaw.¦bef.spaw.¦ in stock¦ pattern ¦ in catch¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ 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 ¦12838.000¦ 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¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ Unit ¦ Millions¦ - ¦ - ¦ - ¦ - ¦Kilograms¦ - ¦Kilograms¦
+--------------------------------------------------------------------------------------+

+--------------------------------------------------------------------------------------+
¦ Year: 2001 ¦
+--------------------------------------------------------------------------------------¦
¦ ¦ Recruit-¦ Natural ¦ Maturity¦Prop.of F¦Prop.of M¦ Weight ¦ Exploit.¦ Weight ¦
¦ Age ¦ ment ¦mortality¦ ogive ¦bef.spaw.¦bef.spaw.¦ in stock¦ pattern ¦ in catch¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ 0 ¦14119.000¦ 0.2000¦ 0.0000¦ 0.2500¦ 0.2500¦ 0.033¦ 0.0133¦ 0.033¦
¦ 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 ¦ . ¦ 0.2000¦ 0.8600¦ 0.2500¦ 0.2500¦ 0.118¦ 0.4557¦ 0.118¦
¦ 5 ¦ . ¦ 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 ¦ . ¦ 0.2000¦ 1.0000¦ 0.2500¦ 0.2500¦ 0.188¦ 0.7106¦ 0.188¦
¦ 9 ¦ . ¦ 0.2000¦ 1.0000¦ 0.2500¦ 0.2500¦ 0.205¦ 0.5244¦ 0.205¦
¦ 10+ ¦ . ¦ 0.2000¦ 1.0000¦ 0.2500¦ 0.2500¦ 0.242¦ 0.5244¦ 0.242¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ Unit ¦ Millions¦ - ¦ - ¦ - ¦ - ¦Kilograms¦ - ¦Kilograms¦
+--------------------------------------------------------------------------------------+

+--------------------------------------------------------------------------------------+
¦ Year: 2002 ¦
+--------------------------------------------------------------------------------------¦
¦ ¦ Recruit-¦ Natural ¦ Maturity¦Prop.of F¦Prop.of M¦ Weight ¦ Exploit.¦ Weight ¦
¦ Age ¦ ment ¦mortality¦ ogive ¦bef.spaw.¦bef.spaw.¦ in stock¦ pattern ¦ in catch¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ 0 ¦14119.000¦ 0.2000¦ 0.0000¦ 0.2500¦ 0.2500¦ 0.033¦ 0.0133¦ 0.033¦
¦ 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 ¦ . ¦ 0.2000¦ 0.8600¦ 0.2500¦ 0.2500¦ 0.118¦ 0.4557¦ 0.118¦
¦ 5 ¦ . ¦ 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 ¦ . ¦ 0.2000¦ 1.0000¦ 0.2500¦ 0.2500¦ 0.188¦ 0.7106¦ 0.188¦
¦ 9 ¦ . ¦ 0.2000¦ 1.0000¦ 0.2500¦ 0.2500¦ 0.205¦ 0.5244¦ 0.205¦
¦ 10+ ¦ . ¦ 0.2000¦ 1.0000¦ 0.2500¦ 0.2500¦ 0.242¦ 0.5244¦ 0.242¦
+------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ Unit ¦ Millions¦ - ¦ - ¦ - ¦ - ¦Kilograms¦ - ¦Kilograms¦
+--------------------------------------------------------------------------------------+

Notes: Run name : MANMM05
Date and time: 04MAY00:19:49
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Table 6.5.2 Prediction with management option table

09:21 Thursday, May 4, 2000
Blue whiting combined stock (Sub-areas I-IX, XII & XIV)

Prediction with management option table

+-----------------------------------------------------------------------------------------------------------------------+
¦ Year: 2000 ¦ Year: 2001 ¦ Year: 2002 ¦
+-------------------------------------------------+-------------------------------------------------+-------------------¦
¦ F ¦Reference¦ Stock ¦ Sp.stock¦ Catch in¦ F ¦Reference¦ Stock ¦ Sp.stock¦ Catch in¦ Stock ¦ Sp.stock¦
¦ Factor ¦ F ¦ biomass ¦ biomass ¦ weight ¦ Factor ¦ F ¦ biomass ¦ biomass ¦ weight ¦ biomass ¦ biomass ¦
+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ 1.0000¦ 0.4342¦ 4762068¦ 2755821¦ 1135781¦ 0.0000¦ 0.0000¦ 4174256¦ 2476166¦ 0¦ 4799559¦ 2966404¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.1000¦ 0.0434¦ .¦ 2452567¦ 107526¦ 4684131¦ 2839608¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.2000¦ 0.0868¦ .¦ 2429212¦ 211096¦ 4573003¦ 2719039¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.3000¦ 0.1303¦ .¦ 2406100¦ 310873¦ 4465998¦ 2604370¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.4000¦ 0.1737¦ .¦ 2383228¦ 407016¦ 4362944¦ 2495289¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.5000¦ 0.2171¦ .¦ 2360594¦ 499672¦ 4263678¦ 2391503¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.6000¦ 0.2605¦ .¦ 2338193¦ 588984¦ 4168044¦ 2292737¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.7000¦ 0.3040¦ .¦ 2316025¦ 675091¦ 4075893¦ 2198727¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.8000¦ 0.3474¦ .¦ 2294087¦ 758121¦ 3987081¦ 2109227¦
¦ . ¦ . ¦ .¦ .¦ .¦ 0.9000¦ 0.3908¦ .¦ 2272375¦ 838201¦ 3901473¦ 2024002¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.0000¦ 0.4342¦ .¦ 2250888¦ 915449¦ 3818938¦ 1942831¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.1000¦ 0.4777¦ .¦ 2229622¦ 989980¦ 3739351¦ 1865506¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.2000¦ 0.5211¦ .¦ 2208577¦ 1061904¦ 3662593¦ 1791828¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.3000¦ 0.5645¦ .¦ 2187748¦ 1131325¦ 3588548¦ 1721611¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.4000¦ 0.6079¦ .¦ 2167134¦ 1198344¦ 3517109¦ 1654677¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.5000¦ 0.6514¦ .¦ 2146733¦ 1263055¦ 3448170¦ 1590859¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.6000¦ 0.6948¦ .¦ 2126542¦ 1325551¦ 3381632¦ 1529999¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.7000¦ 0.7382¦ .¦ 2106559¦ 1385920¦ 3317397¦ 1471947¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.8000¦ 0.7816¦ .¦ 2086781¦ 1444246¦ 3255376¦ 1416560¦
¦ . ¦ . ¦ .¦ .¦ .¦ 1.9000¦ 0.8251¦ .¦ 2067207¦ 1500609¦ 3195479¦ 1363705¦
¦ . ¦ . ¦ .¦ .¦ .¦ 2.0000¦ 0.8685¦ .¦ 2047834¦ 1555086¦ 3137623¦ 1313255¦
+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------¦
¦ - ¦ - ¦ Tonnes ¦ Tonnes ¦ Tonnes ¦ - ¦ - ¦ Tonnes ¦ Tonnes ¦ Tonnes ¦ Tonnes ¦ Tonnes ¦
+-----------------------------------------------------------------------------------------------------------------------+

Notes: Run name : MANMM05
Date and time : 04MAY00:19:49
Computation of ref. F: Simple mean, age 3 - 7
Basis for 2000 : F factors
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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 4.91E+05 4.23E+05 3.89E+05 3.33E+05 3.29E+05 2.81E+05

25th %ile 1.01E+06 8.66E+05 7.79E+05 7.51E+05 6.61E+05 6.10E+05 6.00E+05 5.81E+05 5.68E+05 5.59E+05
50th %ile 1.20E+06 1.01E+06 9.28E+05 8.82E+05 8.01E+05 7.50E+05 7.53E+05 7.43E+05 7.33E+05 7.30E+05
75th %ile 1.44E+06 1.17E+06 1.10E+06 1.07E+06 9.80E+05 9.70E+05 9.60E+05 9.61E+05 9.51E+05 9.25E+05
95th %ile 1.95E+06 1.57E+06 1.42E+06 1.42E+06 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 4.51E+05 4.31E+05 4.22E+05 4.21E+05 4.30E+05 4.09E+05

25th %ile 9.55E+05 6.17E+05 6.18E+05 6.44E+05 6.15E+05 5.84E+05 5.98E+05 6.08E+05 5.89E+05 5.85E+05
50th %ile 1.19E+06 7.24E+05 7.38E+05 7.76E+05 7.22E+05 7.04E+05 7.18E+05 7.26E+05 7.21E+05 7.15E+05
75th %ile 1.45E+06 8.62E+05 8.87E+05 9.29E+05 8.85E+05 8.78E+05 8.77E+05 9.02E+05 8.80E+05 8.73E+05
95th %ile 1.94E+06 1.13E+06 1.21E+06 1.36E+06 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 4.21E+05 4.13E+05 4.22E+05 4.27E+05 4.12E+05 4.20E+05

25th %ile 9.59E+05 4.57E+05 4.93E+05 5.30E+05 5.38E+05 5.31E+05 5.37E+05 5.42E+05 5.46E+05 5.54E+05
50th %ile 1.18E+06 5.47E+05 5.94E+05 6.45E+05 6.31E+05 6.36E+05 6.55E+05 6.58E+05 6.70E+05 6.56E+05
75th %ile 1.43E+06 6.59E+05 7.07E+05 7.77E+05 7.69E+05 7.81E+05 8.17E+05 8.29E+05 8.50E+05 8.33E+05
95th %ile 1.85E+06 8.21E+05 9.39E+05 1.07E+06 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 0.11 0.11 0.11 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 0.22 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 1.1 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<Blim 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 19.5 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 2500

0.2 1 1 1 0.2 1 1 1
0.25 1 1 1 0.25 2 2 1
0.32 1 1 1 0.32 3 2 2
0.4 1 1 1 0.4 3 3 2

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 2500

0.2 4 8 12 0.2 6 13 19
0.25 5 9 13 0.25 11 18 24
0.32 6 10 14 0.32 14 20 26
0.4 6 10 14 0.4 16 22 29

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 2500

0.2 488 483 474 0.2 573 568 561
0.25 500 493 483 0.25 602 594 586
0.32 500 500 492 0.32 620 609 597
0.4 500 500 500 0.4 629 617 608

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 2500

0.2 4081 4102 4138 0.2 3521 3549 3589
0.25 4041 4080 4106 0.25 3371 3405 3466
0.32 4016 4051 4082 0.32 3292 3347 3388
0.4 4015 4036 4054 0.4 3257 3308 3353



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc182

Table 6.6.2.2 cont.

Risk of true B<Blim at least once in 10 years

Catch ceiling 800 No catch ceiling

Bpa=> Bpa=>
F at B>Bpa 2000 2250 2500 F at B>Bpa 2000 2250 2500

0.2 1 1 1 0.2 1 1 1
0.25 2 2 1 0.25 3 3 2
0.32 5 4 3 0.32 11 11 9

0.4 7 6 5 0.4 26 26 24

Risk of true B<Blim at least once in 10 years

Catch ceiling 800 No catch ceiling

Bpa=> Bpa=>
F at B>Bpa 2000 2250 2500 F at B>Bpa 2000 2250 2500

0.2 8 17 26 0.2 10 22 35
0.25 16 27 36 0.25 26 43 58
0.32 25 36 45 0.32 52 69 79

0.4 30 40 48 0.4 74 84 86

Median average catch years 2-10

Catch ceiling 800 No catch ceiling

Bpa=> Bpa=>
F at B>Bpa 2000 2250 2500 F at B>Bpa 2000 2250 2500

0.2 614 608 603 0.2 639 636 632
0.25 660 651 643 0.25 701 696 689
0.32 697 685 672 0.32 759 748 740

0.4 716 702 688 0.4 796 788 778

Median SSB in year 10

Catch ceiling 800 No catch ceiling

Bpa=> Bpa=>
F at B>Bpa 2000 2250 2500 F at B>Bpa 2000 2250 2500

0.2 3263 3285 3331 0.2 3051 3081 3112
0.25 3015 3050 3108 0.25 2691 2739 2777
0.32 2795 2859 2938 0.32 2348 2411 2468

0.4 2706 2775 2848 0.4 2114 2177 2245
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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.

Year International Jan Mayen Norway Iceland Greenland Faroes EU Total (t)

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

19982

1999

136,504
(24 %)

614,734
(55 %)

567,693
(54 %)

168,681
(19 %)
22,993

(4 %)
15,203

(3 %)
18,407

(3 %)
38,978

(6 %)
20,665

(3 %)
103,535

(17 %)
65,172
(12 %)

137,093
(22 %)

88, 509
(16 %)
51,950
(12 %)
47,786

(9 %)
69,213
(14 %)
68,926
(15 %)
82,784

(14,0 %)
34,788

(5,7 %)
46,961
(7.9%)
271,873

( 24.7 %)
276,256
(24,8%)

-

-

-

123,000
(14 %)

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-
-

-

4,770
( 0.4 % )

+

67,391
(12 %)
75,545

(7 %)
152,095

(14 %)
215,004

(24 %)
130,435

(23 %)
109,675

(20 %)
150,603

(25 %)
114,785

(17 %)
187,768

(24 %)
109,201

(18 %)
38,449

(7 %)
68,817
(11 %)
39,160

(7 %)
72,309
(17 %)
66,333
(13 %)
47,917
(10 %)
36,933

(8 %)
98,034

(17,0 %)
67,977

(11,3 %)
53,592
(8.5%)

105,674
( 9.6 % )

73,623
(6,6%)

26,444
(5 %)

15,117
(1 %)
4,562
(0 %)
7,751
(1 %)
5,797
(1 %)
7,000
(1 %)

105
(0 %)

-

-

-

-

4,977
(1 %)

-

-

-

-

-

369
(0 %)

302
(0 %)

10,464
(1.6%)
90,649

( 8.2 % )
111,504
(10,0%)

6.580
(1 %)

204
(0 %)
8,757
(1 %)

-

-

-

-

-

116
(0 %)

-

-

-

-

-

-

-

-

-
-
-
-
-

-
-
-
-

195,361
(34 %)

224,202
(20 %)

164,342
(16 %)

174,801
(20 %)

125,072
(22 %)
91,804
(17 %)

124,905
(21 %)

196,003
(29 %)

171,074
(22 %)

135,980
(22 %)

157,368
(30 %)

101,177
(16 %)

115,308
(21 %)
99,268
(24 %)

135,294
(27 %)

112,773
(24 %)

133,678
(29 %)

107,483
(19,0 %)
111,627
(18,6 %)
151,791
(23.9%)
129,799

( 11.8 %)
224,588
(20,3%)

136,421
(24 %)

191,564
(17 %)

160,361
(15 %)

203,223
(23 %)

279,474
(50 %)

325,816
(59 %)

313,591
(52 %)

335,162
(49 %)

408,338
(52 %)

267,045
(43 %)

265,182
(50 %)

318,033
(50 %)

318,710
(57 %)

197,522
(47 %)

253,754
(50 %)

249,094
(52 %)

218,303
(48 %)

290,010
(50,0 %)
387,209
(64,4 %)
368,398
(58.1%)
498,399

( 45.2 % )
426,557
(38,3%)

568,701

1,121,365

1,057,810

892,460

563,771

549,498

607,611

684,928

787,961

615,761

526,171

630,097

561,687

421,049

503,167

478,997

457,840

578,680

601,903

634,206

1,101,670

1,112,624

                                                          

2 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.



                                                                                                                                                                                                

Table 6.10.1 SLUE WHITING. Sampling in fishery during 1999. 

Country No. of No. fish No. fish 
am11les age 

DIRECTED FISHERIES 
F a roe Islands 14 1400 3270 
lreland 61 2083 4230 
Netherlands 21 3526 
Norway 51 2625 8680 
Russia 136 281 18793 

MIXED INDUSTRIAL FISHERIES 
Denmark 5 240 
Norway 59 2200 7701 

SOUTHERN FISHERIES 
Portugal 209 2222 21069 
Spain 350 812 29919 

Country No. of No. fish No. fish 

TOTAL 906 11623 97428 
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Figure 6.4.2.1 - Mean catch rates in the bottom trawl surveys from the southern area.
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Figure 6.4.4.1.  Diagnostic plots from ICA run 3 (I).
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Figure 6.4.4.2.  Diagnostic plots from ICA run 3 (ii).
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Figure 6.6.1.2. Run 2
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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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Figure 6.7.1

a) Historic SSB against Fbar with precautionary and limit reference points indicated. B)Stock recruitment plot. C) Historic Recruitment. D) Historic yield against Fbar.
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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).



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 197

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 Fac.  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 Halldórsson et al. (1986)
and Stefánsson (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:

Wy+1 - Wy = -0.1976 * Wy + 81.9884 (g)

where Wy and Wy+1 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 F0.1=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 F0.1. Exploiting the stock at a fishing mortality rate of F0.1=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 F0.1 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 F0.1 has been successful in the
past. Thus the Working Group agreed in 1998 with the SGPAFM on using Fpa=F0.1=0.22, Bpa=Blime1.645σ=300 000 t
where Blim=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 Fpa=0.22. Furthermore, the spawning stock is 507 000 t compared to Bpa=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 Fhigh, Fmed and Flow.

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
1999/2000*

87.0
92.9

87.0
92.9

90.0
                   100.0

*Preliminary

Table 7.1.2  Icelandic summer spawners.  Catch in tonnes by Icelandic squares, ICES rectangles and months.

Icelandic
squares

ICES
rectangels

September
1999

October
1999

November
1999

December
1999

January
2000

363 30 40
365 10
366 1230 620
367 55 D2 830
373 56 C6 110
412 57 D7 625 870 350 241 2326
413 57 D6 2332              5318 70
414 57 D5 200
424 57 C5 3620 843
425 57 C4 4025 89
426 57 C3 710
461 304
462 58 D7 226 2200 228 628
463 1535
473 58 C6 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 2.918 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
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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 77 78 79 80 81 82 83 84 85 86 87
1 - - - - - - - 625 - - - - 201 -
2 154 5 136 - 212 158 19 361 17 - 171 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.  Fac is the F calculated from the acoustic survey estimates for 1-4
                      ringers in 1999.  F99 is the F in 1999 and Fp99 is the exploitation pattern in 1999 (used in prognosis).

Rings in
1999

Year class Acoustic
estimate
Dec.  99

Catch
1999/2000

Fac F99 Fp99

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 using file input for terminal F

Table 8 Fishing mortality (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, .1616, .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 mortality (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, .2316, .3286, .2735, .1850, .2624,
10, .7104, .8380, .4006, .1623, .3933, .3094, .4535, .1748, .2918, .1850, .2172,
11, 1.0211, .6680, .3878, .2385, .1721, .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, .4721, .3499, .2492, .4058, .4023, .2737, .2330, .2588, .1850,
W.Av.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 summer-spawn (run: SVPAGB08/V08)

At 28/04/2000 17:35

Traditional vpa using file input for terminal F

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989,

AGE
1, 253928, 880322, 237989, 219458, 492441, 1230086, 634245, 337358, 507855, 363082,
2, 223687, 226772, 794378, 214910, 197171, 445178, 1112921, 573793, 305226, 458690,
3, 143422, 188766, 200791, 700543, 173086, 161293, 390578, 999243, 516201, 271658,
4, 258031, 110060, 154869, 154992, 489928, 126012, 122531, 321166, 861772, 427807,
5, 246414, 175870, 88069, 103824, 111501, 309302, 93463, 88614, 233387, 685384,
6, 66211, 161016, 124148, 63911, 73449, 84709, 199077, 64948, 60618, 145458,
7, 45117, 48955, 105943, 76027, 49599, 59702, 65345, 106639, 40047, 33115,
8, 66405, 32013, 37366, 54437, 55443, 41158, 48568, 41822, 52744, 17212,
9, 16254, 41656, 24349, 27344, 36251, 46259, 35021, 33524, 23416, 17359,
10, 3509, 13001, 24979, 15743, 21202, 28512, 37712, 23537, 17120, 9523,
11, 1708, 1790, 10783, 12706, 11984, 17447, 21950, 24948, 11667, 5822,
12, 637, 885, 784, 7524, 8239, 10651, 13153, 13054, 10090, 3603,
13, 288, 576, 90, 152, 6281, 7213, 8710, 8411, 5927, 2281,
14, 301, 157, 425, 11, 43, 5436, 6070, 5117, 3152, 858,
TOTAL, 1325916, 1881842, 1804966, 1651586, 1726633, 2572968, 2789349, 2642176, 2649224, 2441855,

TOTSPBIO, 212878, 186411, 192941, 220003, 233045, 250175, 262054, 368104, 427213, 393316,

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997,
AGE
1, 939405, 1198188, 782587, 875073, 378998, 355041, 1444230, 553452,
2, 324752, 839542, 1050069, 696700, 790971, 337014, 314209, 1305748,
3, 393534, 280213, 671542, 874335, 596604, 611171, 280028, 266515,
4, 220490, 301938, 205096, 482800, 629695, 445490, 402067, 210370,
5, 313229, 166898, 190157, 144032, 353933, 427194, 320588, 275631,
6, 441289, 209614, 119286, 118899, 106456, 234118, 286438, 223781,
7, 90748, 255081, 137661, 68215, 80265, 73627, 141404, 177418,
8, 22264, 51552, 127279, 90210, 44366, 52893, 47584, 92438,
9, 9988, 11897, 37865, 72765, 58614, 22012, 34776, 30534,
10, 8807, 4845, 7168, 25494, 52252, 36002, 11519, 24962,
11, 4100, 3916, 1896, 4345, 19613, 31905, 23908, 6622,
12, 2014, 1336, 1817, 1164, 3097, 14941, 22153, 20044,
13, 1925, 667, 721, 1354, 769, 1447, 11263, 16078,
14, 1265, 779, 355, 460, 1036, 369, 436, 8604,
TOTAL, 2773812, 3326468, 3333503, 3455850, 3116672, 2643227, 3340607, 3212202,

TOTSPBIO, 354334, 300645, 350420, 465239, 480888, 464402, 378565, 377899,

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1998, 1999, 2000, GMST 47-97 AMST 47-97

AGE
1, 1073908, 661299, 0, 299287, 420713,
2, 491921, 956347, 597770, 255681, 364662,
3, 1155753, 409205, 823959, 190034, 279775,
4, 214179, 901560, 307728, 129705, 200830,
5, 162385, 153150, 677986, 81355, 138785,
6, 209271, 128059, 115171, 48131, 90142,
7, 168985, 160604, 96302, 28089, 55203,
8, 133471, 131469, 120777, 15060, 31799,
9, 62936, 89680, 98867, 8362, 19665,
10, 19891, 43318, 67440, 4707, 12895,
11, 18964, 13443, 32576, 2459, 8152,
12, 4384, 15071, 10110, 1365, 5399,
13, 11911, 2938, 11333, 713, 3507,
14, 13239, 5970, 2210, 305, 2152,

TOTAL, 3741202, 3672119, 2966722,
TOTSPBIO, 486172, 506709,
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Table 7.4.4 Icelandic summer spawners.

Run title : Herring summer-spawn (run: SVPAGB08/V08) ,

At 28/04/2000 17:35

Table 17 Summary (with SOP correction)

Traditional vpa using file input for terminal F

RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, SOPCOFAC, FBAR 4-14,
Age 1

1947, 179506, 172244, 126736, 47800, .3772, .9923, .3916,
1948, 68007, 134015, 101459, 56800, .5598, .9343, 2.1742,
1949, 77472, 93518, 76142, 5400, .0709, .9479, .0882,
1950, 197367, 162383, 119850, 13600, .1135, 1.3783, .1742,
1951, 116475, 129882, 88394, 15800, .1787, 1.0075, .2071,
1952, 323928, 117213, 79459, 10500, .1321, .7904, .3858,
1953, 197295, 215685, 134014, 17600, .1313, 1.2380, .3833,
1954, 167414, 165084, 124396, 11000, .0884, .8459, .1406,
1955, 191196, 162663, 127308, 20500, .1610, .7515, .1194,
1956, 469184, 236683, 165691, 20400, .1231, .9754, .2495,
1957, 791378, 247235, 139749, 22800, .1631, .7770, .2522,
1958, 369217, 328224, 197382, 33500, .1697, .9887, .2422,
1959, 555110, 374149, 272138, 35000, .1286, .9781, .2493,
1960, 712881, 231612, 161362, 28500, .1766, .6234, .0406,
1961, 531006, 349041, 254629, 74000, .2906, .8878, .3056,
1962, 525297, 295216, 222430, 92900, .4177, .7173, .4133,
1963, 467070, 307439, 222164, 130300, .5865, .8319, .7999,
1964, 585838, 229302, 167159, 86500, .5175, .8833, .8644,
1965, 507385, 217451, 128389, 122900, .9572, .8198, 1.2481,
1966, 99675, 147522, 80319, 58400, .7271, .9593, .8179,
1967, 39216, 94098, 79386, 67700, .8528, .8889, 1.3970,
1968, 178055, 41548, 24212, 16800, .6939, .8833, .8007,
1969, 46316, 42715, 16436, 20913, 1.2724, .9925, .9695,
1970, 33782, 31099, 20521, 16445, .8014, 1.0422, 1.4174,
1971, 70414, 24573, 14014, 11831, .8442, 1.0780, 1.6255,
1972, 89707, 31556, 12350, 370, .0300, 1.1927, .1959,
1973, 417963, 73483, 28577, 254, .0089, .9975, .0541,
1974, 131875, 121521, 45931, 1275, .0278, 1.0009, .0379,
1975, 198506, 162809, 116938, 13280, .1136, 1.0000, .1176,
1976, 554241, 224953, 129361, 17168, .1327, 1.0000, .1808,
1977, 436184, 257809, 132997, 28925, .2175, 1.0000, .2940,
1978, 195464, 266135, 175673, 37333, .2125, 1.0000, .4073,
1979, 248188, 273647, 198404, 45072, .2272, 1.0001, .2502,
1980, 253928, 267903, 212746, 53268, .2504, .9994, .3189,
1981, 880322, 293234, 186196, 39544, .2124, .9988, .4707,
1982, 237989, 330396, 192990, 56528, .2929, 1.0003, .6456,
1983, 219458, 317633, 219753, 58867, .2679, .9989, .3067,
1984, 492441, 300338, 232855, 50304, .2160, .9992, .1106,
1985, 1230086, 396822, 250236, 49368, .1973, 1.0002, .1462,
1986, 634245, 473238, 262035, 65500, .2500, .9999, .3461,
1987, 337358, 528572, 368062, 75439, .2050, .9999, .5585,
1988, 507855, 543828, 426969, 92828, .2174, .9994, .8979,
1989, 363082, 496606, 393197, 101000, .2569, .9997, .5015,
1990, 939405, 498375, 354010, 105097, .2969, .9991, .6170,
1991, 1198188, 534775, 300516, 109489, .3643, .9996, .4721,
1992, 782587, 574452, 350204, 108504, .3098, .9994, .3499,
1993, 875073, 652547, 464826, 102741, .2210, .9991, .2492,
1994, 378998, 634114, 481015, 134003, .2786, 1.0003, .4058,
1995, 355041, 551754, 464696, 125851, .2708, 1.0006, .4023,
1996, 1444230, 552822, 378526, 95882, .2533, .9999, .2737,
1997, 553452, 586057, 377922, 64395, .1704, 1.0001, .2330,
1998, 1073908, 660915, 486207, 86999, .1789, 1.0001, .2588,
1999, 661299, 718006, 507085, 92896, .1832, 1.0007, .1850,

Arith.
Mean , 437577, 299526, 205548, 53775, .3094 .4725,
Units, (Thousands), (Tonnes), (Tonnes), (Tonnes),
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Table 7.4.5  Icelandic summer spawners.  Input data for the RCT3 program.

Iceland Herring: VPA and acoustic survey data
3 21 2
'Yearcl' 'VPAage2' 'Surv4''Surv3''Surv2'
1978 254 75 361 -11
1979 880 -11 17 625
1980 238 310 -11 -11
1981 219 67 171 -11
1982 492 208 28 -11
1983 1230 -11 652 -11
1984 634 352 -11 201
1985 337 181 126 -11
1986 508 593 725 406
1987 363 227 178 370
1988 939 850 805 -11
1989 1198 858 745 710
1990 783 533 254 465
1991 875 -11 234 1418
1992 378 165 -11 183
1993 355 65 98 -11
1994 1444 716 792 845
1995 553 188 237 266
1996 -11 740 -11 1629
1997 -11 -11 527 -11
1998 -11 -11 -11 1069
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Table 7.4.6  Icelandic summer spawners.  Input data for the RCT3 program.

Analysis by RCT3 ver3.1 of data from file :

adhighf.dat

Iceland Herring: VPA and acoustic survey data

Data for 3 surveys over 21 years : 1978 - 1998

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

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

Forecast/Hindcast variance correction used.

Year class = 1996

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

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

Surv4 .75 2.05 .38 .699 15 6.61 7.03 .467 .458
Surv3
Surv2 .96 .65 .48 .553 10 7.40 7.76 .695 .207

VPA Mean = 6.43 .546 .336

Year class = 1997

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

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

Surv4
Surv3 .84 1.71 .59 .491 15 6.27 6.99 .715 .363
Surv2

VPA Mean = 6.45 .540 .637

Year class = 1998

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

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

Surv4
Surv3
Surv2 .94 .76 .47 .576 10 6.98 7.34 .649 .405

VPA Mean = 6.46 .536 .595

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

Prediction 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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Table 7.5.1

The SAS System 14:51 Saturday, April 29, 2000
Icelandic summer-spawning herring (Division Va)

Single option prediction: Input data

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

---------------------------------------------------------------------------------------
Stock Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight

Age size mortality ogive bef.spaw. bef.spaw. in stock pattern in catch
---------------------------------------------------------------------------------------

1 912.000 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

---------------------------------------------------------------------------------------
Unit Millions - - - - Kilograms - Kilograms

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

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

Recruit- Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

---------------------------------------------------------------------------------------
1 650.000 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

---------------------------------------------------------------------------------------
Unit Millions - - - - Kilograms - Kilograms

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

Year: 2002
---------------------------------------------------------------------------------------

Recruit- Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight
Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch

---------------------------------------------------------------------------------------
1 650.000 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

---------------------------------------------------------------------------------------
Unit Millions - - - - Kilograms - Kilograms

---------------------------------------------------------------------------------------
Notes: Run name : SPRAGB02

Date and time: 29APR00:14:53
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Table 7.5.2

The SAS System 14:51 Saturday, April 29, 2000
Icelandic summer-spawning herring (Division Va)

Single option prediction: Detailed tables

----------------------------------------
Year: 2000 F-factor: 1.1890 Reference F: 0.2200 1 January Spawning time
-----------------------------------------------------------------------------------------------

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

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

-----------------------------------------------------------------------------------------------´
Total 436615 110570 3972554 769779 2405197 613326 2287894 583414

-----------------------------------------------------------------------------------------------´
Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

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

----------------------------------------
Year: 2001 F-factor: 1.1890 Reference F: 0.2200 1 January Spawning time
-----------------------------------------------------------------------------------------------

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

-----------------------------------------------------------------------------------------------´
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

-----------------------------------------------------------------------------------------------
Total 452131 117163 3828402 785901 2436879 636910 2318031 605847

-----------------------------------------------------------------------------------------------
Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

-----------------------------------------------------------------------------------------------
(cont.)
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Table 7.5.2 (Continued)

The SAS System 14:51 Saturday, April 29, 2000
Icelandic summer-spawning herring (Division Va)

Single option prediction: Detailed tables
(cont.)

----------------------------------------
Year: 2002 F-factor: 1.1890 Reference F: 0.2200 1 January Spawning time
-----------------------------------------------------------------------------------------------

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size biomass

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

-----------------------------------------------------------------------------------------------´
Total 451419 118781 3678885 777038 2476174 653044 2355409 621195

-----------------------------------------------------------------------------------------------´
Unit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

-----------------------------------------------------------------------------------------------Ù

Notes: Run name : SPRAGB03
Date and time : 29APR00:15:29
Computation of ref. F: Weighted mean, age 4 - 14
Prediction basis : F factors

The SAS System 14:51 Saturday, April 29, 2000
Icelandic summer-spawning herring (Division Va)

Single option prediction: Summary table

------------------------------
----------¿

1 January
Spawning time

-----------------------------------------------------------------------------------------------------------´
Year F Reference Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock

Factor F numbers weight size biomass size biomass size biomass
-----------------------------------------------------------------------------------------------------------´
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

-----------------------------------------------------------------------------------------------------------´
Unit - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

-----------------------------------------------------------------------------------------------------------Ù
Notes: Run name : SPRAGB03

Date and time : 29APR00:15:29
Computation of ref. F: Weighted mean, age 4 - 14
Prediction basis : F factors
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.5.3                                                      The SAS System                         

landic summer-spawning herring (Division Va)
Prediction with management option table

-----------------------------------------------------------------------------------------------------------
Year: 2000 Year: 2001 Year

-----------------------------------------------------------------------------------------------------------
F Reference Stock Sp.stock Catch in F Reference Stock Sp.stock Catch in Stock

Factor F biomass biomass weight Factor F biomass biomass weight biomass
-----------------------------------------------------------------------------------------------------------
1.1890 0.2200 769779 583414 110570 0.5000 0.0925 785901 605847 52120 845813
. . . . . 0.5500 0.1018 . 605847 57096 840553
. . . . . 0.6000 0.1110 . 605847 62030 835336
. . . . . 0.6500 0.1203 . 605847 66924 830163
. . . . . 0.7000 0.1295 . 605847 71777 825032
. . . . . 0.7500 0.1388 . 605847 76589 819944
. . . . . 0.8000 0.1480 . 605847 81361 814898
. . . . . 0.8500 0.1573 . 605847 86094 809894
. . . . . 0.9000 0.1665 . 605847 90788 804931
. . . . . 0.9500 0.1758 . 605847 95442 800009
. . . . . 1.0000 0.1850 . 605847 100058 795128
. . . . . 1.0500 0.1943 . 605847 104636 790287
. . . . . 1.1000 0.2035 . 605847 109175 785486
. . . . . 1.1500 0.2128 . 605847 113678 780725
. . . . . 1.2000 0.2220 . 605847 118142 776003
. . . . . 1.2500 0.2313 . 605847 122570 771320
. . . . . 1.3000 0.2405 . 605847 126961 766675
. . . . . 1.3500 0.2498 . 605847 131316 762069
. . . . . 1.4000 0.2590 . 605847 135635 757500
. . . . . 1.4500 0.2683 . 605847 139919 752969
. . . . . 1.5000 0.2775 . 605847 144167 748476
. . . . . 1.5500 0.2868 . 605847 148379 744019
. . . . . 1.6000 0.2960 . 605847 152558 739599
. . . . . 1.6500 0.3053 . 605847 156701 735215
. . . . . 1.7000 0.3145 . 605847 160811 730867
. . . . . 1.7500 0.3238 . 605847 164886 726555
. . . . . 1.8000 0.3330 . 605847 168929 722278
. . . . . 1.8500 0.3423 . 605847 172937 718036
. . . . . 1.9000 0.3515 . 605847 176913 713829

-----------------------------------------------------------------------------------------------------------
- - Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes

-----------------------------------------------------------------------------------------------------------
tes: Run name : MANAGB04

Date and time : 29APR00:15:37
Computation of ref. F: Weighted mean, age 4 - 14
Basis for 2000 : F factors
 14:51 Saturday, April 29, 2000

---------¿
: 2002
----------´
Sp.stock
biomass

----------´
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

----------´
Tonnes

---------Ù
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Table 7.5.4

The SAS System 14:51 Saturday, April 29, 2000
Icelandic summer-spawning herring (Division Va)

Yield per recruit: Input data

--------------------------------------------------------------------------------------¿
Recruit- Natural Maturity Prop.of F Prop.of M Weight Exploit. Weight

Age ment mortality ogive bef.spaw. bef.spaw. in stock pattern in catch
---------------------------------------------------------------------------------------´

1 650.000 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

---------------------------------------------------------------------------------------´
Unit Millions - - - - Kilograms - Kilograms

---------------------------------------------------------------------------------------Ù
Notes: Run name : YLDAGB02

Date and time: 29APR00:16:27
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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 1st 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 71oN
41oE.

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"3 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 Gjøsæter; WD by Fossum; WD by Monstad; WD by Anon-1; Bjørke 1983; Giæver 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 Bjørke (1983), WD by Fossum, and Giæver 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.

                                                          

3 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 Gjøsæter). 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 I

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 Gjøsæter, 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 II

Workmg documem: to rite ICES-\VG. Nottltern Pd.u.g•c :!nd Blue Whiring,, Cupt:nh~gr;n 26 April-
4 Mil)' :!000 

Obsen•ati.ons or egg" larvae and juvenile blue wtnting in Norwegian \Varer-s 

by 

iPener Fossum 

lnstitute of Marine Reseill'Cil, Bergen, Norwily 

lB lue whiling spawning producrs htwe been report~d from Norv.·cgiar:t waters on se~·e~al oceations. 
Bjørke ( l983) report that !>lue whiling eggs and newly ha.tched lar-.·.u.e (2-6mm) were found somh 
uf 66~ on Lhe Norwegian shtM samplcd with Jud~y nets on a survey ror postlarv~~ in JuneJJuly 
in L982. Eg.gs. a.nd Larva.e. were also recorded on hemng Larv~ cruises. in the s.amc area in AprH 
durmg lhc period 1976-198.2 ln addition to this Bj-ørke( 1983} report that eggs and lru-,•ae of blue 
whiring were re~istc:red on fi:ted oetanographit: stations. .:11. Bud and SognesJøen Jn 1he period 
1976--198 • Bjørk:e ( L 983) conclud.es th.at spilwning seems to [liKe pla.ce jn fjords. and over de:cpcr 
parts ,of the continental shclf from AprH to June with a peak in May. Coornbs and pjpe (1980) 
report findings of eggs and larva.e in ~o[",,,o·egian fjords, young bh!le whiting north of N~JTWay and 
in the B are-nts Sea. and s.pawning aduhs. in the Norwegian Sea. 1 addition ro this Z~lanoY ( 1968) 
report thar 5-33 mm long larvae .:~.nd ju\·enil~ wen= found outs1dc Røst. Blu.e whitmg eggs. were 
also foond off Møre on a crulse in L98S Bjø-rke (pers. con1m.) and Nedreaas (pets. cornm.) report 
that he 1dcntaticd some bluc whlting eggs on the Norwegian sne.lrbetween Stad and Loforen in 
May 1988. 

Insti tute of M:mno Rc:search m Bcrg~n c:.u-rie1J out s.urveys. for Jarvae and juvenils in June/Ju~y 
during rhe per:iod 1976- L'191. This Sl)rvey was primarcly a.imed agillns.t esllmatmg the- abundanc-e 
and dhanbution of JU'o'cndc cod gutside northern Norv.o·ay. however, oome years the sampling were 
c.arried out as far søurh as Stad (62DN)_ The sdRlpling was carritd out by pelagic tmwl (H.u.rstarl 
trawl) stepvise fromme surface to 60 m depuh WLth 30 rnlnmes hawls. A summing up figure from 
these in vc:sugations wilih the l:raw~ stati ons. wherc: bl ur:: whiung lar.,. ar; anrl JUVem les (he low 
40mm) were found during. lhe (kri od 1976- l 991 i~ shown in Figun= l. 

There is e'"·ickmt from aU tlrlese obs.erval]ons ahat all or a signitlcant part of the 0-group entering 
the Ban:nts. Sta comes from bl ue w h1ting spawni ng al ong the: Norv.·egi an shcl f. 
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APPENDIX III

\Vorking Documcnt 

for 

The ~orthern Pelagic and Blue \\t'hiting Fisheries Workmg Group, 
Copcnhagen. 26 April • 4 May 2000 

BLUE WHITING OBSER VATIONS 
IN THE B ... o\R.ENTS SEA 

by 

Terje Mon-stad 
LVI.R. Bergel'l, Norv.·.ay 

lNTRODUCTlON 

The ··oceenic" p1111 of the blue wbiting srock in tbt: L'otth.-eas.t j\t]amk bas its fe~jing 
are-a in the Norv.·egian Se.<l.. The geogtapruca1 rustribution varies from ye31 ro yeat 
dept:l'liling 01t ama-ng mh.er fa.cto.rs, lhe hydrographic:aJ conditions and scock. 
abund:nlee Concentrations of bLue wbiting rnay extend oortlw.·llflis .along the s.lope 
west of Sp1Ubcrgr:::n and .also cas.t'.varrls mt<J the Hanmts Sea The hmit!i of the 
dJsmbutmn in thcse are4'5. are, howe.,.·c:r, ratber uodear towil.tds north ils v•dl .u. 
[0\0\o'il.rds easm_ 

0-1zmup 

Sinct 1965 Notwa)' a.nd Russia ba.ve wnducred annuaijoim ().group surveys m tbe 
Bareru11 S.ea and adja.cent a.reas The s.ur'.·eys rake place d'unng AugusVScptember .and 
cover a large area c~e11ding from Lofoten l sl~ to ~he n<!rth of S pitzbergcn and 
ea.s~ards tG the CO.B$t of No .... aya Zcmtya.. The ma.in obj~:cti .. •cs are ru map the arc:a 
di$tnbuoon of the 0-groops of comrnercial fish s.pec:ies il.Dd cbta.in dte.Jr deru.icy 
mdices. 

The cornmon cmisc repor..s from t.Bc:se sun,.C}'·s ha-..·~: br:en pJeserJred ~~the illlnurtl 
:scu:nu:fic metrtings of ICES up w 19116 Ttte tc:xt abour blue wMing observatJon!i m 
tbese relJOrts i..s gi.'.' en in AppeadL'< l, iUJd the ma:ps of the blu.e: v.•hrhng distnbu[]ons 
pre:;em~d. J. e. fonhe yean 198 3, l t;; ~~. 1986, ~ 9 88, l 989 e.nd L 990, givt.'fl m Fi1:rure L 

Dunns ~th~sc mvcstlg;atJODs 0-group blm: 'o!t'hiting wills for tbe first time obs.-er. ed .n 
l977, ,.,..hen a fl!'.,.. specirr.tm .".·::en: c:augitt en !>Ome of the trawl snmons ( lCES 
~ 977/FI -15). Tnen:a.fter t"lO i'le~\r obse1VilUOi'lS were made 1.1 nttl l 981 wher~ O-gro up 
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blue whiting was recorded in an area limited to south of 75° N between 20° and 3 5° E. 
A total number of761 specimens were caught that year, with lengths from 25 to 100 
mm and a mean length of65.6 mm (ICES 1983/G: 35). 

The following years, min or 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 of95 specimens ofblue whiting were caught, 
also in an area south ofN 75° as in 1983, but somewhat more to the west. The lengths 
were from 30 to 105 mm with a mean of58.4 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° andE 30° 
(Figure 1). 

By-catches 

Only few and modest acoustic observations have been made ofblue whiting in the 
Barents Sea. During pelagic fish surveys in the Norwegian Sea in summer and 
autumn, blue whiting have for a num ber of years been acoustically recorded eastwards 
to the western slepe of the Barents Sea, and no limit of distribution observed in the 
area. That clearly indicates further extension ofblue whiting concentrations eastwards 
into the Barents Sea, as described for example in Manstad and Holst (1999). 
Examples of acoustic recordings ofblue 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 ofblue 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 ofiMR, 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 Il. The geographical distributions presented for l stand 3rd 

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 ofblue 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 Il). 
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The observations ofblue whiting east oflatitude 30° E are shown in greater detail in 
Appendix III, where the stations holding catches ofblue 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 
migrat~s southwards to spawn west of The British Isles. The main spawning location 
of the blue whiting population in the Barents Sea has, however, not yet been clearly 
defined. 
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Figure l. 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 1). 
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Figure 2. Recordings ofblue whiting Sept./Oct. 1981. Integrated echo intensity in deflection 
ofmm/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 l st quarter (upper) and 3rd quarter (lower) of the year. 
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Figure 4. Blue wbiting 1995. Trawl stations worked and nwnbers of specimens caught on 
surveys during 151 quarter (upper) and 3rd quarter (lower) ofthe year. 
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Appendix I 

0-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 O-gro up mackere~ 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 ofblue whiting) 
1979: (CM 1979/H: 65). (No observations ofblue whiting) 
1980: (CM 1980/H: 53). (No observations ofblue whiting) 
1981: (CM 1981/G: 78). (No observations ofblue whiting) 
1982: (CM 1982/G: 44). (No observations ofblue whiting) 

1983: Blue whiting <Fig. 19) 
0-group blue whiting was recorded south ofN 75° and between E 20° andE 
35°. This is the first year 0-group blue whiting has been recorded during the 0-
group survey in the Barents Sea.1

> 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 ofN 75 
and between E 20 andE 35. No index ofabundance has been calculated. 
(CM 1984/H: 36). 

1985: Blue whiting 
0-group blue whiting was only recorded on four stations within a small area 
south ofN 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 distnbution 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 ofblue whiting were taken. No abundance index 
has been calculated. (CM 1988/G: 45). , 
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Appendix I 

1989: Blue whiting (Fig. 23) 
Only a few catches ofblue whiting were obtained and these are shown in tba 
map. No index has been calculated. (CM 1989/G: 40). 

1990: 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). 

1991 : Blue whiting 
Only a few specirnens ofblue whiting were caught this year. (CM 1991/G: 50) 
(No Figure presented). 

1992: Blue whiting, sandeel and catfish. 
Only a few specimens ofthese species were caught this year. 
(CM 1992/G: 82). (No Figure presented) 
(Positions ofblue whiting catches: N 77° 50' E 08° 04': l no. 50 mm 

N 76° 50' E 11° 12': l no. 60 mm 
N76°00' E 14° Il': l no. 55 mm) 

1993: Catfish æig. 26) and blue whiting 
Only a few specimens of catfish and blue whiting were caught. 
(CM 1994/0:3) (No Figure presented). 

1994: (CM 1995/G: 3) (No observations of blue whiting). 
1995: (CM 1996/G: 30) (No observations ofblue whiting). 
1996: (CM 1996/G: 31) (No observations ofblue whiting). 
1997: (Cruise report, IMR, Bergen+ PINRO, Murmansk) (No observations ofblue 

whiting). 
1998: (Cruise report, IMR, Bergen+ PINRO, Murmansk) (No observations ofblue 

whiting). 
1999: (Cruise report, IMR. Bergen+ PINRO, Murmansk) (No observations ofblue 

whiting). 

l) Not correct. O-gro up blue whiting was recorded for the first time in 1977 
(remarks by T. Monstad) 
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Appendix Il ( 1980-81) 

Distribution ofBLUE WHITING. Hatched area based.on nos./trawl station. 
Double hatched: > l 00. Full line: surveyed area. 
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Appendix Il (1982-83) 

Distribution ofBLUE WIDTING. Hatched area based on nos./trawl station. 
Double hatched: > l 00. Full line: surveyed area. 
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Appendix II ( 1984-85) 

Distribution ofBLUE WHITING. Hatched area based.on nos./trawl station. 
Double hatched: > l 00. Full line: surveyed area. 
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Appendix Il (1986-87) 

Distribution ofBLUE WHITING. Hatched area based on nos./trawl station. 
Double hatched: > l 00. Full line: surveyed area 
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Appendix Il (1988-89) 

Distribution ofBLUE WHITING. Hatched area based on nos./trawl station. 
Double hatched: > l 00. Full line: surveyed area. 
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Appendix Il (1990-91) 

Distribution ofBLUE WHITING. Hatched area based on nos./trawl station. 
Double hatched: > l 00. Full line: surveyed area. 
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Appendix Il (1992-93) 

Distribution ofBLUE WIDTING. Hatched area based on nos./trawl station. 
Double hatched: > 100. Full line: surveyed area. 
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Appendix li (1994-95) 

Distribution ofBLUE WIDTING. Hatched area based on nos./trawl station. 
Double hatched: > 100. Full line: surveyed area. 
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Appendix li (1996-97) 

Distribution ofBLUE WIDTING. Hatched area based .on nos./trawl station. 
Double hatched: > l 00. Full line: surveyed area. 

: '~~~-::-:-~ ----?\ 
, .. 

,,'' .-·-·-·~·:·.,..-. 

. '· ....... _, ... 

' '·' 

'·, 

........ 

·-·-·­ ·-·-·-·-·-·1 

. .... _ ·-·-·-·1 



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc252

Appendix II (1998-99) 

Distribution ofBLUE WHITING. Hatched area based on nos./trawl station. 
Double hatched: > l 00. Full line: surveyed area. 
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Appendix ill ( 1980) 
Trawl ).lations (dreies) v.ith nl!mbers ofbluc .".·hiting c~ughr 
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Append1x ill ( l9&4) 
Trawt mtioms (eircl~) .",..]rb ~mmbt:1s cfblue wr.:ilin& caugbt. 

11 

'' 

.,a 

.. ~ 

.-

,+ 

. ~ 

i 

-

~ ~ 
l ----

~ ~ . 
• t 

r. 
~ 



O
:\A

C
FM

\W
G

R
EPS\W

G
N

PB
W

\R
EPO

R
TS\2000\report.doc

256 Year= 1985 Quarter= 1 

n 

76 l / 
75 

74 

l 

73 -1 ·. . · .. ... o 
» .... o7'0_ ~ . o, ...... ""'\ o~n. 

72 . 

71 ~ ·--::-:·~ • <.!)_ :o. . • .. ~ _j ·. 
10 

·. Il 
70 li>'<'\ ~ ~ ·2~ 

, l ... ,• .. 

:j 
.. 

l 

l ' • ' i i. l' i i . i. i. i i i' ' l i li i li.'' i · l i i ••• i i . 

30 32 34 36 36 40 

longitude 

Year= 1985 Quarter= 3 

n 

l 76 

75. 

74 

73 

i 

l 71 

l 70 

l 
69 

68 
l i' i i i l 

42 44 30 ~ ~ 36 36 40 

longftudø 

42 44 

~ 

~ 
~ 
~ a· 
::s 
V> 
r--. 
(") 
:::;· 
(") 

~ 
~ 

~-.-+ ::r 

l 
~ 
V> 

o ...., 
o­c 
Cl> 

~ 
2": .... 
~-
(") 

~ 

~ 
.6'-
'0 g 
&. 
;.< 

s ,......_ ,__, 
1.0 
00 
Vl 

'--' 



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 257

~ • 
i o 
~ 
' ~ 

" ~ 

Tnwt .nations (circlcs) with r.umbers ofblue whiting caugbt. 
Appendix rn (1986) 
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Trawl stations (circles) with numhers ofblue whiting caught. 
Appendix ill (1987) 
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Appendn m ( 1988) 
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Trawl stations (circles) with numbers ofblue whiting caught. 
Appendix ID (1989) 
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Appendix Ill (1990) 
Trawl swions (circles) with nurobers ofblue whitiag eaught. 
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Appemf.tx III ( l99 2) 
Tra.wl ~atioas (eitel~) •.1/ith. nuntbm of ~lue wt.ltmg caught. 

;:- ~ . 

~ ~ 

~ 

~ . 
c -

("] 

tl c. fl 

i o i 
l fl 

J 

! 
;li 

[ R 

':: --
:.. Ill 

! 

«"'11'1 

~----------------------------------------~ ; 

"' 
... 

~ ~ ~ 
i .-

! d 

! - " -- -
l -
~ 

-
,ø \ ,. a O"• . .. 

:. ~ ". ' 
~ ~ l [ . ... o .. 

l i . ~~~ 

- -.~ 1 • ; . 
-·:1 

0 t0 ; .,.... . . 
t 

.,. 
q. l "! ";! c: _" ol-. ;1; .- :J 
.ø 

r;~ ' -,..;-..- . 
- ~ 

' :.! "' .. ;;! !:! ~ ~ : ... ,_ ... 
• "''aa"l 



O
:\A

C
FM

\W
G

R
EPS\W

G
N

PB
W

\R
EPO

R
TS\2000\report.doc

265

Year= 1993 Quarter= 1 Year= 1993 Quarter= 3 

n n 

76 

o 
l 

76 

>-'l .... 
g_ 

75 
75 

"' .... 
l» .... a· 
::J 

"' ".......... 

74 D. .... 
(') 

n-
U) 

731 . 
"' 

l 

~ 
~ 

~ u 
2 o o 

72 . • l l 

0 1 o' ·, -, .. 
30 " o 

l o f1 o 

7H ~ ' ·, 2 

o • . • • c:::::l o l 

·o .. • ·, 
70 ~ 

• c ·, ·, ·, 
l • 

·, 
j 

69 

73 

i 
72 

71 

70 ~ 
2 

69 

._" 

§. .... 
::r 
E 
~ 
!!l 
U) 

o ....... 
cr' 
c 
(l) 

~ a: .... s· 
(IQ 

681, l l'' l i l . i l' l i l l i j 'l i l l i. i i i l i i l l i i l l i i i i l l i l l . l i l i i l.' i' l i i i i l i' l j l , l 66 l i l l i i i i i 'l i. i l i i . ' l 

(') 
l» c 
og. 

30 32 34 36 36 40 42 

LongHude 

44 30 32 34 42 44 
;l> 

"' "' 
40 36 38 

Longitude 

~ ::s 
p.. 
;;;: · 
s ,.......,. 
........ 
\0 
\0 
w ..__, 



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc266

Trawl station.s (circles) with numbcrs ofblue whitir.g caught. 
Appendix Ill (1994) 
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Trawl stations (circles) with numbers ofblue whiting caught. 
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APPENDIX IV

' REPORT OF THE NEAFC WORKSHOP ON MACKEREL AND 
BLUE WBITING- TORSHAVN, FEBRUARY 1999 
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APPENDIX V
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Thi1 • er noe to be cired withoue rtor r ference to the aucho~s 

International Council for 
the t.ploratlon of the Sea 

C.H. 1983/HllS 
Pelaalc Fleh Commiccee 

SPAWHlNC OF BLUE WMlTtNC (HlCROMEStStlUS POUTASSOU) 
IN NORWLCtAN WATERS 

ABSTUCT 

by 

Herman Bjørke 
Institut e of Marine Reteareh 

Box 1870 , N•5011 Beraen, Norwey 

Frøa cvo pera.an.enc oce•nog-raphic: u:acton• 56 
~ltl~l vere recorded in the period Karch-July. 

l&&• of blue 
Kal.f of :.hese 

vere recorded in "-Y lndicatin& a peak tn epewntna thl• .onth. 
Ourina a 1u.rvey covertng the area Stad .. aear tahnd (62-74~> 
in JW~e/July eaa• end nevly hatcbed hrvae vere found •• far 
non:l\ •• to Trana C66~). indicacina •pavnina eouth of thh 
area. Surveye in April from Stad to Lofoten (68°N) in the 
perlod 1976-1981 and in June/July fro. Tr.na to 8ear ltland tn 
the perlod 1977-1982 confirm thia. Spawnln& teem-t to take 
place lB tbe fjords and over the deeper paret of the cont~nen­
tal the U. A cna.xi:mum of 30 •as• and 50 larvae per m2 turhce 
wa1 rtcorded. Moat of the recordtnat were from the M•re area. 

INT\I.ODUCTION 

The m.t.1n apa'lntna area of blue vhit.in& 11 vett of the 8r1tish 
Itlet and the tpawn1n& lasta from Harch to late Aøril vith a 
peak :.n A.prU (Anon. 1979). The exhtance of tubddlary tpavn­

tna anaa ouul.de thit area it auaa••t.•d by Co-o-ba and Pipe 
(1980! referrin& to findirtgs of •&a• and larvae ln the f~ords 
on t.h• wett coatt. of Norway. of youna blue whittna found t.o th~ 
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north of Norway and in the Bartnts Sta, and of spawning 1~. 
··l~ taken in the Norweaian Sti. The tvidence indicatet that ap 

ing in the Norwegian Sea is from latt May through June, and~· 
location of the spawning arounde in the Norwegian Sta appt t 

"• the •die of the contintntal sht lt to be mostly adjacent to 
they do to the weat of 
1980). 

•• the Brltlsh Ialeo (Coombt and P!~ 

In NoNegian watera larvae of blue vhitin& are rtcordtd ~ 
Nordfjord and off Svin•, 8- 13 11111 lons. (Anon. 1976) and o!f 
Røst, 5·33 a:rn long (Zilanov 1968). Monstad and Tengen (per, 
comm.) found 64 larvae in so:e fjorda in the area froa s,, 
to 62ØW. Tht length of the larvae v.t~ri•d f"rocø. 11 to )l Ql 

and they wert tampltd with a pelagic trev l in Junt. Eggs ancl}c:r 
l arvae are rec:ordtd in M.atfjordtn and Ftnafjordtn (Lopea 1919) 

and from Stad to Trena (Bjørke 1983). 

MATERIALS AND HETRODS 

Parts of thia uteri.el vert dtrivtd fro• htrring larvae aurvrys 
made in April f r om Stad to Lofoten in the period 1976-198!. 
the area was eovertd tviet and tam.plea taktn with a Gulf llt· 
tamplea. (Zijlatra 1970). The aampltt art taktn as doubh 

oblique bault from 60 m to t he 
nearly the eame each year. 
indlcattd In Fig. l. 

aurface a nd the station grid i.~ 

tht atatlon srld for 1980 !J 

Another paTt of tht ma.ttrial waa dtrlved from a posthrva.t 
aurvey i n Junt/July 1982 (Fig. 2). Vtrtical bault were u.kn 

with a 0.1~:a2 Juday nec from 20 .. 0 m and froaa 200 Gl, or bottoa 

it shallower, co surface, Mtsh tize waa 180 micron. 

The rtat of this material was dtrived from permanent oceanogra· 
phic atationa at tht entrance of Sognefjorden (Sognesjøen) acd 

of f Bud (Fig. 2). Vertical haula from 300 ~o Om and from 25t 
co Om, from Sogneaj•en and Bud reapectively, were caken with ~ 
0.1m2 Juday net at intervall fra. one vttk to one .ønth (Wibo~ 
1978). The aamples includtd art from the ptriod 1976- 1979 ••' 
from 1976-1981 from Sogne•J•en and Bud rtsptcttvely. Seaton aod 
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Bailey (1971) and Ru.ss~ l (197 6) were u sed for identi.fication 
purposes. 

RESULTS ANn j!SCUSSlON 

Seasonal di~tribu~ion 

Table 1 shows the ~ecordinge of egge and larvae of blue whiting 
ac Sogn~sjøen. Eggs and/or larvae are recorded f~om March to 
Jul y wi th a. small maximum in Hay. The length of th~ larvae 
v.aried fro-m ~.O to 5. 3 1r.m. Off Bud five eggs wer~ re-c.ord~di 

from April to July in the pe~iod 1976-1981: thr~e of ~hese itt 

May in different years.. fBj ørk,e 1983) . Spawning of blu!­
wbiting in Norwegian waters have chue be~n re~orded froc March 
to July with an indicacion of a peak in May. 

Vertical diat~ibution 

During the postlarvae survey most of ~he ~ggs were found in the 
deep~s ~ hauls, while the larvae were more evenly dis cributed 
(Tabl~ 2). The length of che la.rvae varied from 2.0 ~o 6.4 mm . 

Rlghest reco~dings of eggs in deeper hauls is in correepondenee 
with findings by Coombs, Pipe and Mitchell (1981) West of the 
5ri~ish Isles they found the highest numb@r of eggs be~ween 250 
and 450 m. They also found larvae moat freque-ntly in the uppe~ 
100 and 40 mi depending on length. This might ex.plain the 
re latively high numbe-r of larv'a~ ( 40) eompared 1:0 e-gg ø ( 14) 

recorded during the poetlarvae survey. 

Horizontal distribution 

ln the preeent material. eggs of blue whiting we~e found from 
Sognefjorden (61°10 1 N) to 'Træna (66°20' N) (Fig. l>. Findings 
of egg and 1a.rvae are als o reported from Fe-ns fjorden and 
Mas fjorden (60°50 • N) (tope-s 1979). Monøtad and Tangen (pers. 
comm.) found larvae from 11 to 31 mm ·in lengt~ in Botnafjord, 
Osterfjord, Sognefjord~ Sunnfjord and No~dfjord. 



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 281

Although vertical zooplanktonhauls were taktn off the coa 
o o -'t~. i~ the fjords from 67 N and 5 ! north to 74°N and 

1
• 

durin& poat1arvae surveys in the period 1977-1982, no f!~. 
of egg• or newly hatc:hed larva.e v ert rtcordtd north of tth. 

The northern limics of spawning seema thua to be found in ~ 
6 o <\ arta ( 6 Nl. The distribution of •as• and amall lorv

10 •• to indicato spawning i~ Norwegian fjordo and over the do 

parts of the continental sholf. It ohou1d bo noted thae · 

edge of the continenta l she1f sugge stod u apawning ground, > 
Coomba and Pipe (1980), was not inveatigated in the area , · 

'"~ of Trana duri ng the surveys in April and June. Most of 
{~ recordings were from the Møre area. 
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hble l. Numbers of eggs and l arvae in vert ical hauls with 
2 O . l m Juday nct from Sognesj•en. 

Ye.ar 

1976 

1977 

1978 

1979 

1976-

1979 

Egss tarvae 

Mareh April May Junc Jul y Mar cb April May 

l 8 2 3 9 

6 ; 2 4 

9 l 2 

3 ; 8 l 2 Il 

Il 27 Il 2 l 9 22 

Table 2. Num.bers of egga and larvae 

in different hauls with O.l m2 Juday 

net S4mpled during tbe postlarvae 

survey in J une/July l982. Oept hs are 

rounded off to the nearest hundred 

meter vhen tbe deptht vere lesa t han 

200 m. 

20-0 

100-0 

200-0 

Eggs 

l 

l 

lO 

Larva c 

12 

l l 

17 

Junc July 

7 

l 

4 

12 
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vr-----~--------~----------~----~ 

. ' • 2 ., 

F1a. 1. Stat1on arld for 1980 and rtcordina• of 
•ca• and larvae of blue vbitlna in April 1976-1982. 

1. Statloa• vitbout recordin&•· 2. !a&• · l. Larvae. 

Oeptb contour·.s 1a ht..1a.dnd aUfl· 
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P1J. 2. Stet ion arid fro. tbe poetlarvaa turvey lo 

June/July 1982 and recordlna• of •sa• and l arva• of 

blua vbittq. l. Suttoae vitbout recordb&•· 

2. Eaga 3. Larvae. Oepth contour1 to buodred 

uters. 
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APPENDIX VI

Population genetic substructure in hJue ~·biting base<! on 
a11ozyme data 

M. GJÆVEII.. A"D J. STIE:Nt 
Bloohttcal Srmw;z B.Hlr.nn. 46 ifJUi Tronfi"llc!'lflf. 1'-'urv.u_l 

Ille øent'IIC pt~~~ul.tr!O'!I Sit turt c.or ~he 1JC".l.PC ~:adotd blue "'"" ••~nø .w .. .,.",_'Tslna pt~l<r.il-<~"11 
Lhrouphour IU eut II.UJ~u: d1smbo .. 11oln u i'IK~ ... o npi!IRd us1r ~ polpn.ar1~usms •1 Lttr 1 "~uc 
mLlnl' loc1 JDIIP·~· aod I'G.'tf.J• The stu~ lnt:h....1C>-1 ~Olj mliJvtLioals frDIII ~ loaLoiiM 1 
ll'lt- Cl\f 1\lltfllt;, and thr MIELIIrrr~n=. SJ1i:mfxlln1 øenø:raptuc l!tltr!J1.1Cm::ll"!l n 01L'C!Ie 
freq..omc~e1 t,r,.a.s de:moom~1ed lit tw·~" >on IIDHP·1 1 • 1'-00J~ f'GM-l" P=D("I"l~t Thr 
dr~r ol ~~llC" dl~l'.Tellll3!1DO lin= 1· 1'.-.. IJ"'I "'lue ....,,,,,,.,. llppr;t.B Lo ~ ar the 501~ lhel ... 
rN Iht d~mCntl!lildcmb oocl 4nd haddod:. Se-\l!rilllZpgr.Ht repri!411C11"•t lmllh wr:n: ll::lliU:Ited. 
on the fnn~1 of the ~ll'llhU•• eo'l rl'ln.&C. 1 111 m the Barenu Sea, .md Lll one !'IOJ'11o~IIJH~ fJOrd 
1 Roms.:hlsljDC'dl- C , ,_, l loe hu~!........,.,, fl' ot• In o .. ~ Jk<. 

K<) wnr,ft, blue wlto1t,.J1. ,\fk rfPTirs.«tnH po11fas.soll; popul;:nion ~ne1..:~ 1"'-)l'~l&l;.on slru~u~. 
JSOZ)mei.. al~le tre:qucnc.e• 

1:--rrRODUCilO N 

The marine teleos• blue whi tmg M icrome:rist1w. ptJUiawut .:R1::.so) lt .. ·cs 
~lag~caJiy al dcptbs of 200-700 m along lhe continental s lopes of the onh 
/Hlanti.; [n tht nortb-wes• Atlan•lC· tt is found pat.chv.i'O from We:st Grc:enland 
to south-easE of NewFoundland ( 40• Nl, wbdc: m th.e e-ns l At lan L æ ir i~ di stri bu ted 
wnlinuousJy rrom Spi tsbergen 482. N. to the- Canary b lands. 126" :N). Jt is also 
rclativcly common il'J 'lhe Meditt:rranean. in the- Ba.rem,. Sea bl\!.~ whiting h.as 
bce-n obscn·cd east to 45· E in w:~rm years (Zilano\'. unpubhshed). ln terms or 
b10111<1~::. the blue whitmg 1s onc of rhc mosr abundant h:le<hts m the North 
Atlantic, and .,,. economic :u~mtlcanoc: has boen mcrcasm~ smce comnu:n·~.al 
e~ploi tauon bc:gan in the- 1970s. 

In tlte east Atlantic, tbr:: rnain spawmng a.r~s are- loca te<l :lkm~ thr: contmcntal 
slopes a nd banks W(:!it oF the Bri•ish hles. local spawnmg a~rcgation h<•"'·c 
been rcporteu illso m the Mcditerrancan. in the l"or\l.el!!lån SC'a and m s.omt 
Norwegian fjord' (Zilano."·. 1%6; Lopcs. 1979; Frogha &: Gram.rw. 1981. 
Baih:::y. 1982; .BJørke. L984l. Sp3wning !nne depc:nd!> on ldtltude, starting Ul 

Jan u:~, ry i 11 •be )() uth bu t as late as m June m the N orv. egll.l.ll Sea (ZiJ..mo' . 19661 
The eggs and larvae are pelag.c. Ba~d on cons1deratsons of oct?.:tn curn:nt 
'lraruport and egg and larva! dcvclopmem s•ag,e. Jocal blm: wh••mg spawnin[! 
ha~ becn wø~tt:d lo take pl11c:c also tn lcelandic water lS .. ~tnbJornsson. 
u npublt.Shed: M agnu!\s.:;m n al.. 196.5: B~j]r:)'· 19Sh Th.crc an: als o repo Jl s or 
•he occurn:nr;c or larvac. post-lar.·ae and 0-g,ro(.Jp hluo:: whtlmg off nortnem 

•A.,1hor lo whorn oorrnponde-nre sh.ould ~~dd.renal T~l +4" -J~'id40. r11:~~ -r47 :'JS'll.!19'. em 
1'1'1.1-~nnoe fhA ... tl a \li' IIIIIU no.> 

tP~sem .t.ddren . Nr H. lit l Bre:.~ rlA , 9111 ~ Ttnm•u. " or-- il)'. 
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IL\.: l \\ HITI~O POP\.. LA TIO' 0[-..UIC SU.liCT\faE ~SJ 

!'O,...ll) (l&l.anov, 1968). and m the &rcftts Su (Boklovs.kl. 1939). The: nurwt) 
1ttU appear lO be mtermcdiate ""Il« II)Crl IU the: $hallo\\ er rnngtS or <he: adult 
populo111on's d1smbut1on range (8a•ley. 1982) 

Se'·eral approaches to blue wh111n1 Stock struc-turc: have bcen adop<cd 
Andersen & Jåkupsstova (unpubhshed) reponed morphologtcal difTeren<:c:l 1ft 

bluc wluuna rrom north or n• N and south of 6)' N In accordancc, Sc:huhz 
t1 Q/, {Unpublis.hed), COOSldC:Ted Il pr0b11.ble tlul t bluc: whitlng rrom lhe 
Sp1t1beraen area rardy or nevtr pan.apatc '" spa,.•n.na m•grallons 10 the Bri11sh 
ts.les Bussmann (1984) compared btue .,.,.huma caught at Sp•ts);)(rgc:n. tc:c•and. 
the t-aroes.. and ,..es1 of lrcland by mc:.anJ of morphomc:uics and c:lcclrophorettC 
panmu of qe kns pro1ems. She cond~ that blut wtutmg form sc::part~tc 
populauoos lD tbesc: four arcas Llanov (19$4) JUUe$ttd four separate stocls of 
bluc: -.tuliOJ.. (l) 1M Mednc:mnea.ø. (2) the •uc. Alla.rluc. (3) the: Bay of Bucay. 
and (4) tbt Hc:bodo-Nor,..,.~ stock The laner s1oct i5 the: b..rgnt. It 1pa,.m 
""'eSI or the 8t1t1sh Isles and cond\KU fec:c:hnc mtarauons nonh•·ards tnto the 
No,...c:atan Sea LJanov•s model was modt6td later by Jsaev &. Sc:li .. ef1tO\ 
(1991) 6ased on morpbomecnc and mcnn•c stud1es, tbey suggested chat the 
Hr.,'ldo-Norwc:Jian stoc.k component con1bted or two separa te stocks wh.ch 
ch namcd after their respeeth"'t spawmna area.s: the Hebridean stoc:k and the 
Porcupine S1oc:k. They sugges-ted thnt the Po~upine stock. mi.grates 10 the west 
c nonh-wc:st to reed. wbile the Hcbndcan stock conducts roediog migrauons 
1nto the Norwepan Sea. Kara sev ( 1990) eompared pa rast te types and infcnauon 
ratc:s tn blue wbtting rrom dilfc:rent parts or the Nonh Atlantic. He concluded 
tb.Jt ~ben were separate stoc:k.s 1ft three lrui (l) the: Ba.rcnts Sea. Sp!tsbc:faø 
aod lcdaod. (2) tb< No,..qjan Sea. Faroø and Hd>Od<s. and (3) the Por<upu•< 
&ut. Cc:h.c Sea. Bay of 8rSCa) and aras ntat Sbcdand. 

Prt-"'"""-' popubuoa eeneoc: u\ldtØ ofbluc: -.bmna •~ r~. ~tøDer & N~ndal 
(1969) dc:5cnbcd a hacmotlobtn polymorplusm a.od tlS alkk frcqumaes It ont 
locahon'" the: ~orth Sta ln Buumann's {1984) study a gcnc-oc: basis f<w t.he 
tltctrophorcttc ,·ariauon •-as not cstabhshcd 

'The obp:t of the present study was to explore the pebc populalion Structurt 
O( lhc bluc whtting. As a first approach to thJS spccs.c:s' genetic popul:auon 
mucture on a large geog.raphi<:al scak, allozymes 'tlicre used as gene.tic markcrs. 
Prchmmary results ha"e bec:n reportcd previously (Mork & Giæ"cr, 199$: 
01e"cr & Mork. unpublished). 

) ~IATERIALS AND MIITHODS 

"''• •twna •U"C coiWttrd by m•1 fU' (v.cacpt roe tbt TroødheuNI'JOI"d wnpk 
• .h •&J talm by rod atld lllftj at 6S b::IUOM thtoqJiloul the specx$ raap: Ill tht 
non~ Al.l&lltJc ød tbt \ fednnn.na.a (ft.t- l) Sampb tq~CU~C'OII._I tbc bfF 
~J~a••a aørcpbOOl 1t.'CSt ol tht Bnusta hS. •ttt obu.loed dUI'lq dw: lfll"'ftllil 
ICUOft. 111 tllc s;prma ol199l. El.ttM...-e ampb'-1 •at pttformcd m the Sorw~tPU Sø 
••late IUmiiiC'r 199~. dunng a cruiSe •-titre poR·•pa•A•tl& blue •·bitmg •~re lol~ltd Oil 
fhC'•r («dJIII rrupat10n from tM 8ntt5h 11kl ~nto tbt N01'A<tpao Sea The tlorth•ard 
U:tCtiJIOD or the5C f'eed•ns tniyauoos ah~J &tltlll.ll) \anauoos (from ( 6$. N tO n· N. 
lucv •• 411., unpubhshed). Tbe~forc, tn ordrr to obtun samples o( pQU1ble loeal 
populllllons m nOrth.eastctn areas.. s;Amplc:s ·~re colkcted ut the Baren l$ Sea repøn and 
off the: CO.i.l or nonhem Norway both m the wtnter and summer of' 1991. and agam tn 
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F.e 1 Bh,;e wh•un.c $lm$)hnt $UtS u~ 1M us1 Alb.ntx and lhe M«1!!etrannfl 
coUcc1W 1n the pcrlod 1990-IIJt$ 

late summer 1995. Also s;&mplc:~ "'~~ ool~ttd in scvcral Norwt:gi:.n ,,,,r.h. 
was obtajned ncar lccland. a flod two 1n the Mcditerranean (Ta ble l) 

Body lcng1h. we1ght <1nd &ex ..... e.re rtOOrded for cach speClmen. ·'"' ' 
oolbectcd for age dcternunauon Oonad maturily sta.ge was r«:ordcd Ill ,,u 
tlbe spawnin$ areas v.~st or 1he Rnti.Sh Isles and 10 sdcct sampk ' ' " 
material Tiss:I)C samples (musc.:lc 1:1nd li\-er) for ckctrophorcs•s wcn: ~o·IJI re 
eateh artd frottn 10 l.nd•v~uall)' numi:X'rtd plastic bags. ~ u~,·-·• 111~ 
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- 8Y C unui.JJLIJ~",_~ Pnwnttd at the ln~omuc.e of Man.nc RCSC"~rcb tn Bttp. l'<-or-a) 
perfotm<d the otohth rt<~dmp. 

Tuwe utraC1S ...,'trt prtp~red by mmcmJ equ.alamount1 of musde und ~~~~~ IJl.Sue m 
an equ.1l amoum of d1111Ued wattt The homot~emuc WILS ttn~rifuJed at 10 0001 for 
10 "''" and ti)( superno~tant llSCd for clc~topbomtS Ca~ •...s takt11 to kftp Mtl'lplt 
tcmprnture bdo- "' C at .U su,n of prep;m.UOII S&ucb td ~ • ..., 
prrlonncd ~ to o\tlomdod t1 til (1977~ !AIIt!J &he bulltt S)11tm &scnbod b) 
Rtdt••)' n of (19701 The pH of the '-lllnlnJ butrer "''*' ~ (~Ofk, 1990). 

The to<lecuon or ttn~.c marktts for the present atud}' was bastd on •n tmroductory 
study of geneuc ''altlll!on m blue whmna (Mork &. 0~&\~t. 1995), s.ho...,·inJ low 
pol}morpluw (P-=0 1~. thrtt out o( U IDDH-r. JDIIP-za. and PGM-r). IDDH·1• 
could not be fet~CX)pcd tdAbl) 10 rout•nc iulysd.. and •-u omitud (roratl'lis stud) 

U.:lrl ot tbt 6S s.aii\S)tn dna1bcd • T .ablc l toatøt ol btue •·lul.q eaucf'Jtm oae .... p 
tr.•t hl ut 111 Stlott.J ca ~C~ the: sa.mpkt • ·tte smaU(< 50 iopeatnta5). l"hC'n:fc:m., 10 onkr 
10 rnc.:~ue the pov.C1 of -.LaiJSliCIIItHU 111ld lhe aot'\lt-.e)' of all~l~ freq~~rncy tSt1m11~. 
some fllmplcs wcr~ pooh:d mto lllrtcr c:nt1tleS (caUed areas). Whcn poolin~ umplco-S 
se'~r-al prccauuons ~~o-tre lllkc:n. The bl~ote ~~o·hiting hu 11 llltJC m.iøratOf)' poteouaJ. wtl.c:h 
makn 11 possi.blc: th.;tl ~b from dJtl'crrnt popul.auons rm:cht o.,"t:tbp ID distnbulJOft 
Het~tt • spca6c :uea NI) host ddkruu populatiolu at. dllfnat waa. Ai a coetSequeru~ 
onl) .a•pks caopc at fiQtb) locauoo• •1Wo • ra&t'IC'cd ume pmod wtf"C oons.4ctcd 

pooltnl SampJtt"llh dlli~m~t•• or tex distribuuons were not pooled. Abo '' .,._. 
.dr.c:d that ge:nc:ucølly helc:roFDtOUI Nmpks ~~.~re not pooled. and thlll the poolina dld 

not incruse any imbal;ancc rcl.itJ\'e to J~hlrd)'-Weinbera propomons. 
SutJrJph.Ks Plus ISTSC tru; ). Ølot)t. l 1 (S~~o'Otrord A Sc:W.dtr. 198l). tbt Montc 

... atlo t)pt cuct eau Cluh-w aød Chu~ (Zaybll A ~·Ul, 1991). atld \2-00W 
U.·holatc Mlftv.-u"t b ftiiiCllt .uWpø C Mort. upubi..W) ~ 1Øed •• Iht aulpit. ol 
the: btolopgJ &nd JIC!W.'UC cb.U. Tbc U~ tCSU "'Tl~ cmploycd (Of ltltdy-WtinbtrJ 
,goodnc.~-of-fit and r R .. c t~s lO casa whCTC l.he dllll did not mffl the tttl U.tc 
anumphons for ordmar) i tc::.m. In ca~ ~~o·hcrt not \'llucs art listcd, P val~ rtcfer 10 
output from the c.xacl lfi!S by Zayk.1n A P~ovkrn (1993). 

RESULTS 

The sex ra110s tn the samplcs \11ned sigmti<:antly. Exuemes were samplc 46 
(male• onty) and sample 52 (96·0% fe-males). Tb~rc was, howeV<r, no ob\·ious 
geoarapluc pauern tn Jt.ll ratiO$ In the total mat.c:nal. a!J yeat C'la.sses from 1976 
to 199S ~l.cepc 1978 aod 1979, aod all a~ poupt from O to 18 c.cqM. 17 "'Cfe 

rtptømttd. Ft:mab dom1nattd 1n fish older lhln 6 )UfS Amon& 68 tndl• 
nduat~ older than 11 )·tars.. only one male was present. Year elan 1989 "''IS by 
far the most abundnnt {35·91'.4 of total). but also 1988 (8· 2%). 1990 ( 14·8"/,), 1991 
U l 6•1n) and 1995 (9· lo/,, were wtll reprc:scnced The a&e eomposition '" 
~"!dual samplcs \'lfKd substa.nt&all). Youna ftJ.h (OM· and tw~year-oldJ) 

..J'rmnatcd th< 1992 Bamtts Sea wnplcs (l-Ill and AJ~~pl<s frem lh< 
• ·•themmost arus (62~5). wbJtc: the age: compotahon o( the other samples .,.,.., 
.... ",ader Mature bluc whitjng cauaht during spawning Wt$1 o( the Briush Isles 
were mostly 3 yean or older. ahhough in the Celuc Sea a f~w maturing l· and 
2·ye .. r·Oid Spcclmt'RS v.·ere obsc:n~ 

()( the S025 bluc •hiuna 11s.we sampln •tuch "'fff anal)'5Cd b) 
dectrophoresu .• 99'" 'ho~o:t suffiac-:nt enzyme actt\tl) to aUow cmotypu'l& for 
PGM·J• and 91'1• for IDHP.r. Three alleles c•JOO. •78 a nd •tJ9) were 
rerorded a1 TDIIP-r and five (•Joo. •Js. •sa. •JJO and •JI6) at PGM·t-. 
Cak:u1aued sample .tllelc frequencld. and obscned and cxpc:cled het~fOZ)'JOSiht1 
at bodt loa are IJ"eft *" Ta ble l 
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T.,.llt.F. l L Results of i teits pcrformed to venfy i(ntUC homogtneuy betwQ;n blue 
whning, sampl($ sub)Cct to poolmg 

IDHP·r P(j,\f.J• 

Samplcs Dcs.ignaLion 
Allcle Genolype Allek Genotypc (ca~eh time} 

d1Sin but10n d•stnbution d istribucion d•;tnbuuon 

1- 6 Sa rent$ $ø l x'=S·401 P=0·$4 1 P=~m P=O·l81 
(1.'.1nter 1992) d.f.=S 

P=0·369 
7-9 BarentS Sea 2 x" • 0·880 P =0·4J5 P=l>-958 p ;;;() 740 

(summer 1992) d .f.=2 
P=0·644 

12- 14 Batcms Se3 5 x'=O·OSS 
(summer 1995) d .f.=l 

J>• 0·649 P= O· Ill P=~76 

P•0·9S8 
15- 16 Bear lsland P=0·711A P>o-999 P• 0·806 P=0·400 

(summer 1995) 

Wlwtt 1\0 l \ ~lut$ are llned.. lllt P v.aJun rekr lo ou1.,.1 rrom the uat"' •~u by ZA)k•n A f'\14ovk.m 
(199J). 

Genotypic distributions conformed with Hardy-Weinberg equilibrium vatues. 
No significant corrclation was observed between geootype and se:<. age or gonad 
malurity stagc in any sample. Al.so. sample a llele distribution appeared 
inde.pende-nt of tbesc factors. Length at age appeared to var)' independently of 
genotype. and no significant linkagc d isoquJiibrium was observed in any 
sample. 

In the Barents Sea region the cakulated allclc frequencies were affected by 
small sample size (<50). To reducc: the allclc frequency variance. and hence 
increase the powc:r o f statistica.l tests, samples v.-ere pooled aocording to the: 
criteria described above (iable 1). The tests of gcnctic heterogeneity performed 
prior to pooling are summarizcd in T able 11. The pooling of samples resuhed in 
areas Barents Sea 1 (samples 1-6, wintcr 1992), Barents Sea 2 (sampks 7-9. 
summer 1992). Barents Sea 5 (sampks 12- 14, summer 1995). and Bror Island 
(samples 15-16. summer 1995). Some Norwegian Sea samples v.ere a lso small 
(37. 39. 40. and 42). Nevenhcless these were not poolcd because. due to sampk 
location a nd/or time. it was not ob\'ious w11h which samples to pool them. Also. 
the Norv.·egia n Sea was wd l represc-nted wnh samplcs !argt enough to provide 
sufficient aocurat:y in local a !leie frequency estimates. The resuhs reported below 
are thus based on allek frequenc1es m 55 samples (four pooled <m~as and Sl 
single samples). 

Fn a nalysis tndicated that l·l~o (averaee over two loci) of the total genwc 
\'ariation was due to bc:twoen-sample \'ariation. Sin,gle locus rtsults werc 
l ·lo/• for IDI/P-1• a nd 0·8-/o for PGM-J• , X: ltSIS of hetero~~nelly of allelc 
frequencits rtveakd significant heterogcneity bctween the .55 .;.;,~mples at bolh 
IDHP-1"' cP=0·030) and PGAJ-J• {P=0·005). $Ugaes1ing 1hat rnore than one 
breeding unit is rtprescnted in the matcnal. In ;? 1CS1-S in v.hu:h r,1re alleles wcre 
pooled (two allele groups: • J(J() and non•JQO), significant he~ero~(neity among 



O:\ACFM\WGREPS\WGNPBW\REPORTS\2000\report.doc 293

OLUE WIIITINO P0PULA.TI0N CiENfTIC SUUCTURI! i89 

U;mplts was obscf\'Cd .tl IDHP·r onty CIDHP-r: l=112687, d(.=$4. 
P•IHlOI . PG\1-1": /=67 863. dJ =54. P=0~71 

THE CENTRAL PARTS OF TIIE OISTRIBVI"IO~ RANGE 
fn the arc.as nc.u the Brn•.sb hles. u.cludmJ th< mam spawmns, ~erounds. blue 

..-."hi ung from the diiTerent locauons showed qu1tc: stm•lar genene charactensucs 
~1 IDIIP·J• and PG,\f.t• The Porcuptnt B.ank and areas near the: Hebndes 
ha\·c b«n postulated 10 heKt separate spa..-.·n•na populahons (l~cv & 
Sdl'\ast~. 199U. ~tnhe~ w.e V.U"t not abk to dJsnngutsh blue •hrung 
from ti'Jo"e areu W.lØI IDHI'·J· and PG.\1·1 • as ,metK" marken. The PG.\1-P 
allck frcquencacs m the l\loO arc;as ·Hrc "Cf'Y s1malar (Tablc 1). At IOHP·.'· the 
Porcupme IUCa showed a SOmtwhat hJj,htr frequency Q( tbe • l()().alklt, but the 
dlffcrcnoe from the Hebndcan area was not stat1St1cally s•gnificant (x:= 1·720. 
d.f.=l. P• O 190) 

The samplcs collot1ed '" the Norwee-an Sa s;hOYt'flJ aJkJe frequenaes s1mdar 
to lhoic of the w.mpies coUccud on the: nwn 'Pl"' nma ground:s bt t~ Bnush 
'de~ (II>HP.r P=D-181. PG.\f./• P=D-5-&6)_ Abo. tht aJkk frtqutnac'S ohbc­
.\.-c-land~ samplc (Sl: Tabk l) rcttmbf!Cd thosc: or tht mam spav.nana an:u tt 
"'"' IDHP-1". P=0·067; PGM·f" . P=G-290) 

THE BAR L" TS SEA 
ln the B.trcnts Sea. sampks v.cre oo11ccted an •inter 1992 (Barc:nu Sea l). 

sum.mtr 1992 (8arealS Sea 2-4), aod in summer 1995 (lbnnts Sta S and Bc:ar 
lslaodJ. ~ hcretottnC1t)' •11hin tM north-castem rcpon ""aJ ob'Scr\ul 
(Tabk fli ). Palf•'AISC: i tests o( hc:terogcnell) 1ft allc:k (~uencies bct~toccn thcse 
samplø shoYtcd a changc 1n i'lllcle (rcqucncles from 1992 to 199S Barc:nts Sea l 
( 1992) d1fTcred in PGM·f• fl'(qucnc-ies from Bnrtnts Sea Sand Bear h l.and (both 
from J99S, P;OOOI and P=0·002. respecm·dy). Th1rty such pa1r-whe te.sts were 
petfonnC'd. and as man)' as lO re~uhc:d m P vaJues 1eu than 0>05 nm happcned 
Ml onJ)' an lht bet•--etn )'at tnts.. but also •hen sampks coUectcd ••thm the: 
satnt )C.1f and sason "c~ comp.uut. H<rAC'\tr, onJ) the bct•tm•)CJr d1ffct· 
enc.:s mcnt1ontd abo\e ~~ocn: (ormall)· Slgmficant Yth~tn tht Slgndkaft« lnd was 
adjusted for the numbc:r of tem JXrformcd (00Sil0 =0·002) H1crarthlcal 
F-staUSIIC' shov,.ed that 7S'Y. or the bctwetn sample oomponcnt or the obscr.·cd 
genene vo~mwon \lilthm tM Barents Sea resion was due to btt'A'etn-yc:ar 
~tlfctc"ntn fF .... ....,.,_ .ooa~=OOOS, f,_, ,.,..1=0·006. F,...,p. >'"'=O OOl) Ar. com· 

pared to tht blut \lhlUag of tM central parts of Iht dJStnbuhon area, 11 •u the 
J992 lbrtniS Sea sampks •hiCh coawned the acnctKalJ> mose. de\t&hlll blue 
""blttng CTtblc IV). 

'IQRWEGIAI\ l JORDS 
Two Nc.>rwegutn fjord samp1C1, VApfjord (lO) and Romsdalsl}ord U l). stood 

out bt ha\ln,low IDHP·J• J(){) fn:qucncies Howe\cr. the Vtgsf,.ord iimpk dtd 
not d1t!'l'r \IJnlficantJ) from 1hc ~on-'t:IJan Sea s.ampb at cnhcr IDHP·r 
1P=IH2SI ot PG.It-1" IP•Ol<S) The Rom>d•bf)O<d 53mpk from nud· 
~or.,., a) ~ho• cd. as the onl) umpk: from th•s n:pon, .t IO'A IDHP-~•J(JI) and a 
high PG \I·J•I()() allde frcqutnC). Companson$ \\ilh the allek frcqucnCICS ;:,f 
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T A8U.IV, ResullS from X! conungcncy ca ble temof differt-n~ in 
;.llelu: proporuons bc-1wcxn the Norwepan Sea and samplcs from 

the Barent.s Sea re,ion 

S.ampks teS!cd l, IDHP·r PG.\1·1" 
te.m ttsults ltSl rcsuh.s 1hc :"--ol'\l.eg:ian Sea 

<Pl IP) 

Batems Sea l ,.,.,,titer 1992) <0·001 0$46 
BareniS Sea 2 (Summer 1992) 0·00) 0·062 
IJ..i1rents Se;a 3 (summer 1992) O·OlS 0·069 
Barems Sea* (summer 1991) 0·008 0·468 
Batems Ses 5 (summer 1995) 0·)16 0·090 
Aear l ~:lnd (Summa 199$) 0·7S4 0·2S5 

J> 'alucs refcr lo uac1 «'SU by Ur}an & Puc:IO"Ot.1n (199)), F.ol'l!)ll 
t~Jtufic4.nt\' k• t l O 01)1 

the Norwegian Sea samples showcd that the differcnce in /DH P·Z· frequencies 
1S sig.nificanl (P=O 003). while PGM-J• frequency d1fferencc: was not 

\r'=0·434}, 

fHE !\l EDiiERRANEAN 
The sam ple from Oroece (65~ Tablc l) showed the lowest heteroz:ygosity or the 

6S samples. It had h1gher frequencies of the most common aJiele than the 
Gtbra ltar sample (64; Tablt l} at bo1h loci. bu1 no1 sigoHic::anll)' so (IDHP.J-; 
xz=2·2 14. d.f.= l. P=0·1 37; PGM·J •: P=0·255}. Tile G ibrnllar s.1.mple allele 
frequencies resembled those of the samplcs from west of 1he British ls.les 
(/DIIf>-2": z'=0-039. d.f.=l. P=0·$44. PGM·J•: P=03l8). The Greek sample 
showed a higher IDHP-ri(JO frequency tha n the British Isles s3mples. but the 
differente was no1 fonnally stgnificam ( /DHP-1•: i=J-380. d.C.= l , P =0·066. 
PGM-J•: 1'=0·190). 

DISCUSSION 

Marine spe1:ies with a pelagic way of hfe. shoahng behaviour and exumsive 
mig:rations can be difficuh stud)' subjects for populatton Slructure dcscrip· 
tions. In blue whiting. the problems in obtaming representa1ivc sample.s from 
' lpulations were emphasisc:d by Bailey ( 1982). who noted that the shoal affinny 
~ blue whiting miglu depend on factors like age. size and sex. Ahhough in this 
report most conclusions are based on observauons in relativety large $.Bmples, the 
.ondusions drawn still depend on whethe-r the samples a~ rcpresema ii \'C of 
the popula1ions in"olved. 

The use: or on ly two polymorphic loci puu restnct1ons on the le\·el o( de1ail in 
gene1tc dilferentialion that can be re"e.aled by the present matenal. Neven he les-s. 
the presem anal)'ses of IDHP·r and PGM·J• ~veakd a clear geneuc 
substructure .,., it hin the species. 

The leve! of genetic substructure indicated in blue whiting by the present 
mate nal <F:rr= 1· 1%} is moderate but still. perhaps. h1gher than m1gh1 be 
expccted on the basis of cenain ltaits m the bioiO!!)' of the Spc"Cles. Larg.e 
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populahon StU$ (e-s.. bdhons of mdf\~u3ls on the spaYt-n.tn_g &rounds west of tbt 
Bn11Jh l.sld). pela_pc ttP ind lat\"3t:. e.xttml\~ fttchng 1.nd \P'I'41UnJ nugra· 
tJOR.J. and a pelap: ••> of ltfe are racton \\hKh .,.,oukJ tit' up«ted •o rn.htbu 
gene11C d•fferentiatton due to •solaoon and ;c nette drlft, unl~s SC\ottt populauon 
boulencd:.s have been an amportant fe:lture of the recen1 evohJttonary history of 
the spcc•cs. Ne.,.enheless. the blue whnini shows le\·els of genene dlffercmiat1on 
.,.,h,ch are of the same magn•tude as thosc of non·shoaling. demerul J.ado1ds on 
eompan~bk geographK .ab; c:od WduJ mo,Ju~a L .• Fn =2 t•', <'-iorlc " of. 
19SS~ and haddod: """"""- tNf"fun<< !l-~ FST=06 . IG~·~ "of, 
Ul'IP"'bhthcd). 

THE CENTRAL DISTRIOUTION AREA 
TM blue whitin& m the central pam of the djsuibuiiOn run_Jt appeared 

gtnellcally bomogeneou1 ttiDJif.)• and PGM·I" O\'tf 1arge &COiraphic areu. 
AC:COrdlnl to the h)·pothcut of lsae" &. Sc-h,erttO\ (1991) on blue whtlln_g 
populatJOn struetun. onc woWd ('(petl tbc bh..e vo!'UU!'IJ c:oll«t:cd zn thr 
N~·epan Sea du.nns summtr to l'q)~t the Hebndean stoek unat. rathrt 
than the Poreupint. Ustna IDHP·J• and PGM·J • as genctte marken, 11 was 
not pos.stbk to \'enfy the condusion or I$11CV &. Seli\'Crsto\' ( 1991) of separate 
populøtions on the Porcupine BMk and in the Hebridcan arcu. Howe\'cr. that 
does not c.x.clude the poss1bility that th<* 1reas hOS-t separate populauons with 
samdar aUclr frequencies at IDHP-J• and PGM·J • 

Bascd on curreru kno-·k<l&e of blue w.1utJn& migration rou1cs. and on tht 
obsmcd gmetie SJmib.nt) bet•"C~en the sampaø from tM Bnttsb bks and t.hr 
Nol"'loq:t<ln Sea. the blue ~hJttng tn the present NONo'Cgian Sea 'htmpk$ mzght bc­
regardcd " rcpresenlatt\'t of the blue whmn.a thou $pawn ~tsl of the Bnnsh 
Isles. Thtll ius.tifies compan,ons betwten Norwegian Sea a !lete frtqucnctc:s and 
those or ldJa.cent arca.s (t.c. NoN-ta,ian fjords or the Barcn1s Sc.1 ICIJIOn) to rcvcal 
pontblc gcnc:tica.Uy de\'lltmaloeal popu1auons 

NORTtf.t;AST AREAS 
The samples that sho""cd the geneucally most dC\'13tmc bl~ott -.tuung •nt 

collcctcd off the coast or noth-cast Noi"AJ)' tn 1992 (Barenu Sc.a l -4, Table l) 
8oth .....-Inter and autumn ~llmples in thcsc area.$ in l992 wcrc ch:tractcnzcd by 
s.igmticantly lower IDH p.J• 100 frequenc•es than those in the a:ntrill dmnbullon 
a.rea. and tndicatc the umence of onc or more separate reprodu'u'e umts m !he 
nonh<UR. Tbe Oe\UU.nJ JeOCUC dlaracttniUC1 of the 1941 8.trt'ft1S $e.a bhte 
~h111n1 bca.mt formill) 11pufje:ant onty onc:c small &rrots ~ s.ampks ~nt 
pooled Bascd on the «Nnp;tnJOnS of S3mplc cateb ume and løuuon. age and 
se" compo~llllOn. and notm~: Lntnnsic senene homog.encn). 11 .,as considered 
hkely thal tht \'anous sampl~ whteh wcrt pooled. «tntamed blue wh1ttng from 
1hc same populauon Jf thtll a~o.sumption IS eorroet. conclusion~ b.lscd on alkle 
frequency cstmtttes m poolcd samples v.ill be more reahstK thoin l~ basC'd on 
)offiJII '•n,gk sampk1 HO\tol:'cr. also •hen the nonh.astem tamf'lcs •ett nol 
pookd. "drap tn IDHP·!·IOO frcquman coukS bt $«13 nonh oc "'" 'tf"rt. 21 

The-re 1uc: loC'eral tcporu on the prtSC"nce o( .adult bluc .,hlllnJ olf the roa.st or 
nonhern r"-or.,·a> Olnd m the Barents Sea dur1n1 and shortl) Jfter the matn 
S~'lwmnt; e'ents west of tht Bntish Isles Lahn·Johsnsen ( 1963) found aduh 
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"'1ue whiting along the. northem Norwegian eoas1 from March to Decem ber. and 
.h.rhage & SchOnc (unpublished) and Sehultz t t al. (unpublishcd) observed 

adult blue wh1ting near Bear hland in eatly and l au~ winter. F'rom observations 
on blue whiting larvae in the Vesterålen area in June, Zilanov (1966. 1968) stated 
that it was likdy !hat the blue whitjng of the northern Norwegian Sea do not 
partic:ipale in spawning mjgrations to tbe \JitSt of the British lsles, bul spawn 
locally along the continental slope of northern Norway. Early de\•elopment 
stagc larvae ha,·e been reported also in the Bartnts Sea proper (Boklovski. 1939). 
The present rt'!ults indicate the e~iSten« of separate reproductive units of blue 
whitmg m the north..castem Atlantic, and offer genene support to pre,•ious 4 

studies which ha\'e postulated s~h units based on biological observations. 
After spawning west of the British Isles i.n March- Apnl, large mas:ses of blue 

whiting migrate into the Norwegian Sea to feed. In the oourse of the present 
study, preliminary resuhs showed a genetjcally deviating stock component in the 
north·east. To investigate its southem and western extension, and in order to 
detect a poss1ble transition area. the NoNo-egian Sea was sampled extensivel)· in 
1995. on a cruise where post·Spawning blue whiting were followed on tbeir 
f• ~~ migration from wes1 or the Sritish Isles mto the Norwegian Sea. The 
nv.ofnward limit of this migration varies and may in some, but not aU y-ears. be 
r ... , enough to the north and ea$t to have inftuenccd the prese-nt autumn samples 

the notth·eastem areas. 
Such annua! variability ooukl explain the observcd heterogeneiti.c:s witbin the 

north.eastem region, where in 1995 the autumn Ba.rents Sea samples were 
similar to the NoN-egian Sea samples while in 1992 they were not. Thus the 
present resuhs indicate that the areas off the coast or northern Norway and in 
the Barents Sea host a local blue whiting popula1ion which seems to have its 
own genetic substructure, and 10 addition a variable annua) visit by blue 
whiting on feeding m•gration from the south·west. fsaev & Seliverstov 
(unpublished) sugsested that blue whltlng in northem areas spawn in June along 
the continemal s.lope west o( Norway. 
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FJORD POPULATIONS 
The resuhs from the allele frequency analysis suggestcd the existenoe or a 

separate reproductive unit in the Romsdalsfjord (20; Table l). These 
obscrvations- lend genetic support to previous sugges1ions (Ba1lcy. 1982; and 
rderenoes lherein) that locaJ popu)ations or blue whuing exist and reproduce in 
some Norwegian fjords. The anal)•sis did not reve.al genettcally difl'erentiauxJ (at 
IDHP-r and PGM·J•) fjord populations in any ot 1he other fjords represemed 
in the present study. 

THE MEDITERRANEAN 
The Greek sample showed a low levr-1 of grnrtic variabibty in terms of 

heterozygosity, and had relatively high frequencies or the most common alle le at 
both loci. Howe .. ·er, the Mediterranean blue whuing has not been s1udied 
extensively and linJe is known currently about its stod. s truc.ture, spawning areas 
and migration routes. The present data do not pennn firm conclusions on blue 
whiting stock SlrUC:ture in the Mediterranean. 

CONCLUSJONS 
Genetically isolated blue whiting reproductivc units appeared to extst in the 

north 4 east Atlantic Md in the Romsdalsfjord. Norv,cay. The alkle (requencies t 
of the 1992 Bartnts Sea samples of blue whiting v.""Cre consistently and very 
significantly different from tbose taken at othcr locations. including post· 
spawning blue wh.iting in lhe Norv.·egian Sea. furthcrmore, there were 
ind icat ioos of a substrueture within the B.arcnts Sea area that would jwufy 
funher study. Tbe present maleria! from Groek waters was too small as a basis 
(or conclus-ions about the inner Moditenanean blue whiting. 

Usable allo:eyroe polymorphis:ms in b)ut whiting are scarce cumntty (Mork & 
Gurver, 1995), and limit the level of delaiJ that can be acbieved in analyses. 
More genetic markers migbt remedy this problem. and it app(--ars worthwhile to 
explore the performance or various DNA markers {e.g. DNA micro· a nd 
mtnisatellites) in funher studies: or the genetie popul.ation strucwre of btuc 
whiting. 

We thank J . Mort ror U$1:-fllllldV~Ce throlltz,bout the c.oursc of this study. We also w•sh 
to thank T. Monuad ltnd collc<&gues.. J.·E. Eliassen and collcagucs. O. R. Godo. 
A. Aglen, C. Pt~()'teoratan!IO\I and colkagtte$. S. Emarsson. A. Garcia. O. Cendrero. 
P. O. Pcdetsen. J. K. 8. Forthun. ~ond O. Vaagan for collecuon and analys.-.s of bluc 
wb1ting; and A. Ryan for c<>nechni the l~ongua~. The study was supponcd by gran u 
from the Nol'\lo~g.ian Fi$herie$ Resc;~rch Board (NFFR) prOJCCI no 1.3000.309.018. the 
Nol'\lo~gJan Reseatch Council, Jl'fOJCCt no. 1080931110. and the 01rectorate for Nature 
Managcmtnt (ON), Norway, prOJ«l oo 610 931104. 
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ltcrJW\Itlf4iiT: Europeao CDll515 rroJC J~;~~od aM .SDI,ltll-~estem 8al"eetS 
rvu"tnl'!lm (!Oirul of PortUJal, wem:m Ba.lttr; to Gotland fs.land. 

io ""~'cm MedtterraJ.ran (M 1t1trlmrg~ rttoeTltrn,fw), Rlosck 
parti or Az!J,,. Sea. Su of ~011rmar~. Atgr:an Sn and 

(M. m~tiQII:JlU ~JJTW). 

Jtlrr/allfJIJ.I lf'lti/QJtKta ""'fø.otr~: no b;.rbcl oc c;h.io. E'ectoraJ fm [),g.... 
t.S.6" .... oC bod)' kn,5Li'!. 

,\lukPJJilu lfff"i~ l'llXIJf!U (Nordm:1nM. barbcl on d!Jil comptr:J;~OIH. 
po;t.Qr;sl lin l ' 4-l 8.2 .,.. or bod}' h:n flh. 

MICR0 ... 1ESJSTWS GiD, 1864 

Loowcr jaw 5lig)uly proj~ti1111: lq·ooo uppe.r OJlt. No ba~! on ch.lo. 
StllSOI')' c;anals wtlh largt po.-es 011 M:id. C~roc:Ll (OS,Sa 0111 frOIU8b 
c:loscd r1 froo• of a;~mmiS!u~ bet'A'Ctfl supr1-orl:u1a.l r;:;ll\1!!. Fil"5t a11a.l 
ful Jon)'. i1s base more t.ha.n p~l ciisu.n~ and Ll.s oricio m froDL of 
or ju~ bdliru:l. flr.sc doi'UII fin ori111111. Dorul fins; widcty spac:cd. 
iBIC1~p;~ce bet:\\ ten JC~;QOd a.nd tbird tln,longcr Lh.ln lbosR Jcngeh of lin-l 
do rP l fin l..attr..t.l hr>e ooottauo1,1r. ow:r wftolc bod)·. 

S~ 5.p«iC5 for biolOg)', eie, 

Sp«~a 2. io Oofn:a.m atc. l. 

Common. :S)>"'lOJl)IDS.. n.o:u::. 

Commoo cOLm:s: Slue wt itinc (En).. P<n~~a.nou (Fr), Ba.ea!.tdiDa. (Sp), 
Pul.USLI (Ru). 

Dicgrmnr fi~L dom!] linn)"!! 12-14, sccond dorul fin~YJ 12-l4, dnrd 
d.on01l finrays. ll-:ul> fim l!Jla.] lirua.ys. lJ-~9. stcooo aDII firtr.rYJ 24-
27 Vencbra~ ss-~. Gillra.kcn 27-33. Colf.lilf.' btu:ish-crey en ba"· 
SJLo,o~:ry on ~idu, bdl~ nulk wbitc. Sru. lo ~7 cm SL. 1,1~all:y 15-JO cm. 

HabJ'Iat· mesopela8Jc. o~r ckptln of L60-J,OOO m m mtdwaur. 36-
400 m from t.h~ iwf~r;c, also 111!.ar the bouom ;sJ 180-400 m.; imma1ure 
bve· in ~h.allow v,·.aterJ, OCC"-.dionally ioillort" Btl!tmnr: 10 ~nom, LO!U 
derm: Il WlnlCt, tlurinc daytuoe in d~per water, risio,g at mghl. ScaSOitill 
a.nd spa•'I\JOg. mljfilitiom 110~ c:xacll~ iloown. FotNJ: cl:ir:Oy s.mall 
crust~c;eal\S, cuph.zJ.micb-• .u:~phipods, rarti)' 6}.;,~ Rtpl1ducl14rt: ftom 
Februllf}' i111 d'lt: south co Ma.y 10 t~ north., ar 180-JotiO m. over edac or 
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