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1.1

INTRODUCTION

Terms of Reference

The Northern Pelagic and Blue Whiting Fisheries Working Group [WGNPBW] (Chair: Dr J. Carscadden, Canada)
will meet at ICES Headquarters from 27 April to 5 May 1999 to:

a)

b)

c)

d}

e)

g)

h)

»

assess the status of and provide catch options for 2000 for the Norwegian spring-spawning herring stock;

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

assess the status of and provide catch options for the 19992000 season for the Icelandic summer-spawning
herring stocks;

assess the status of capelin in Sub-areas V and XIV and provide catch options for the summer/autumn 1999
and winter 2000 seasons;

assess the status of and provide catch options for capelin in Sub-areas I and II (excluding Division Ila west
of 5°W) in 2000,

assess the status of and provide catch options for 2000 and 2001 for the blue whiting stock;
update the information on the spatial and temporal distribution of the stock and fisheries on blue whiting;
review progress in determining precautionary reference points;

describe the timing of pelagic fisheries in ICES areas I; Ha,b; IVa,b; Va; Vbl,2; VIa,b; VIIa,b, the gear used
in those fisheries and catch per ICES statistical rectangle per month in the relevant areas; for blue whiting
the following Divisiens ITla, VIIc, VIIg-k, VIII and IX should also be considered.

propose, in consultation with NWWG, a Scientific Steering Group for the planned Symposium on “Capelin -
What Are They Good For? Biology, Management and the Ecological Role of Capelin”.

The above Terms of Reference are set up to provide ACFM with the information required to respond to requests for
advice/information from NEAFC and EC DGX1V,

k)

The coastal states of the Norwegran spring spawning herring (European Union, Faroes, Iceland, Norway and
Russia) have requested ICES to provide catch options for the Norwegian Spring-spawning herring stock for
the year 2000 based on fishing mortality in the range F=0.100, F=0.125, F=0.150 and F=0.175. Keeping these
exploitation rates constant and introducing catch ceilings in the range of 1.0-1.5 m.t,, ICES is requested to
provide medium term consequences in terms of yield, year-to-year stability in yield and the risk that SSB
should fall below a By, of 5.0 m.t. and By, of 2.5 m.t. Such consequences should be evaluated in a 5 and 10
year period.

NASCO has requested the Working Group to provide reviews of what is known on salmon by-catch in the
fisheries dealt with.

WGNPBW will report to ACFM at its May 1999 meeting.

1.2 Participants

Jim Carscadden (Chair) Canada
Sergei Belikov Russia
Bjarte Bogstad Norway
Are Dommasnes Norway
Petter Fossum Narway

Harald Gjgsater Norway



Asta Gudmundsdottir Iceland
Kjellrun Hiis Hauge Norway

Jan Arge Jacobsen Faroe Islands
Per Kanneworff Greenland
Manuel Meixide Spain
Webjgrn Melle Norway
Terje Monstad Norway
Ingolf Rgttingen Norway
Alexandra Silva Portugal

Per J. Sparre Denmark
Sigurd Tjelmeland Norway
Hjalmar Vilhjalmsson Iceland

2 ECOLOGICAL CONSIDERATIONS
2.1 Barents Sea

2.11 Climate

Barents Sea is characterised by large year-to-year fluctuations in heat content and ice coverage caused by variations in
heat influx from Atiantic water, There was a period of warming up in the western Barents Sea from 19389 to 1995
(Figure 2.1.1.1). This period was followed by cooling in 1996-1997. In winter and spring 1998 the temperature
increased to the long term mean, however, during autumn 1998 there was a strong increase in temperature, and in
January 1999 the temperature was 1°C above the long term mean, the highest temperature measured in January since
1983, During winter and spring 1999 the temperature decreased to 0.36° above the long termm mean. The high
temperatures during winter 1998/99 may be looked upon as a strong pulse of warm water entering the Barents sea. In
the central and south-eastern parts of the Barents Sea the temperature was 0.2-0.3 °C below the long term mean in 1993,
The temperature is expected to increase in 1999 due to the puilse of warm water that entered the sea last winter. The
pulse will also move the front between cold Arctic water and warm Atlantic waterme.sies east and northward in the
Barents Sea during 1999. A long term prognosis predicts a cold period in the Barents Sea 2000-2005 {Loeng et al.
1999).

Conclusions:
e Temperatures above the long term mean is predicted for the western part of the Barents Sea in 1999.
e Temperatures are predicted to increase above the long term mean in the central and south-eastern parts in 1999.

¢ A long term prognosis predict a cold period in the Barents Sea from 2000-2005.

21.2 Zooplankton

The standing stock of zooplankton in the Barents Sea has been monitored during the annual O-group and capelin
surveys in August-September. At this time of the year most of the production has taken place and the zooplankten
abundance can be regarded as an overwintering population. The samples are taken with WP-II nets and Mocness and
are divided into the following three categories: 180-1000pum (early stage copepodites), 1000-2000pum (later stages of
copepodites and adult copepeds) and above 2000um (krill and amphipods). As Figures 2.1.2.1 and 2.1.2.2 show there
has been a marked reduction in zooplankton biomass in the Barents Sea since the very good year 1994, This trend was
reversed in 1997 and the biomass of all calegories was higher than the previous year. In 1998 the biomass of
zooplankton was slightly reduced again compared to the previous year., This reduction was most significant in the
central and western parts of the Barents Sea. In the south-eastern parts the zooplankton biomass was constant while the
zooplankton biomass in the north-eastern parts increased.

In 1999 a pulse of warm water is predicted to intrude into the eastern parts of the Barents Sea and larger areas will be
opened for plankton production. In the western parts of the Barents Sea the zooplankton biomass and thus feeding
conditions for pelagic fish is to a great extent dependent on the zooplankton biomass in the watermasses that enter the
Barents Sea frem the Norwegian Sea. The zooplankton biomass in the Norwegian Sea is predicted to go down in spring
1999 due to a reduction of the overwintering population of zooplankton (Section 2.2.5). The implication of this is that



the feeding conditions for pelagic fish in the western parts of the Barents Sea are expected to deteriorate in spring and
summer 1999.

Conclusions:

» Decreased abundance of zooplankton biomass in the Barents Sea in 1998 compared to 1997,
¢ Reduced feeding conditions for pelagic fish predicted for the western parts in 1999,

* Improved feeding condition is expected for the northern and eastern parts of the sea in 1999,
2.1.3 Consumption of capelin and herring by cod, harp seals and minke whales

Bogstad ef al. (1999) 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 1984-1998 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 er al. 1999) and by harp seal (Nilssen ef al. 1999) 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). The
consumption by harp seal is calculated both for situations with high and Jow capelin stock, while the consumption by
minke whale 1s 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), 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.

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 hetring (Bogstad and Mehl 1997).

22 Norwegian Sea
2.21 Hydrography and climate

The oceanographic conditions in the Nordic Seas (Norwegian, Icelandic and Greenland Seas) have during the past
25-30 years been characterised by increasing influence of Arctic waters, mainly carried into the Norwegian Sea by the
East Icelandic Current, although to some extent also via the Jan Mayen Current (Figure 2.2.1.1). This trend is driven by
atmospheric forcing and as a consequence, the lateral distribution of the Norwegian Allantic Current (NAC) is highly
correlated with the wind conditions as expressed by the North Atlantic Oscillation index (NAQ).

Although the NAC has shown a progressive narrowing since about [970, its waters have during the same period been
gradually warming. The trend since the 1970s has therefore been toward higher temperatures and lower salinities, These
trends are demonstrated in Figures 2.2.1.2— 2.2.1.5 which show time series of temperature and salinity in the core of
Atlantic Water just beyond the shelf edge where both temperature and salinity normally show the highest values. The
time series are from three standard sections in the Norwegian Sea which have been observed almost regularly since
1978. These are the section Svingy - NW, the Gimsgy, also toward NW, and a zonal section along 76.33°N near
Se¢rkapp at Svalbard (Aure ef al. 1999). The values which are entered in the time series are all «box means», in all
sections averaged vertically between 50 and 200 m depth and horizontally over 3 stations situated in the core of the
Atlantic Water. In the section Svingy - NW this is between the positions 63.19°N, 03.40°E and 63.45°N, 02.82°E, in the
section Gimsgy - NW between 68.90°N, 12.80°E and 69.13°N, 11.95°E, and in the Sgrkapp section between 08.25°E
and [2.15°E.

The similarities in trends during the period since the late 1970s are clear, with increasing temperatures and declining
salinities since about 1980. During the late 1970s saltnities were very low during the so called Great Salinity anomaly.
As shown in Figure 2.2.1.4, the temperature rise has been increasing northward. Although the temperatures of the
inflowing water have been rising since the mid 1970s, this shows that local effects are also important. A principal, but
not the only component in this mechanism is reduced winter cooling.

Shorter term variability shows much larger deviations in both temperature and salinity than the trend which covers the
whole observational period. Furthermore, this shorter term variability shows less similarity between spring and late
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summer. While the already mentioned Great Salinity Anomaly in the late 19705 was clearly observed throughout
several years, Figure 2.2.1.2 shows that in the section Svingdy - NW there was an anomaly also in the 1990s which was
mainly observed in the time series based on the sections from March/April. When this peaked in 1994, the salinities
were at about the same level as in the late 1970s and the temperatures were much lower. The deviation from the trend
line reached 1.2°C and 0.12 salinity units in 1994, This anomaly also occured in the Faroe - Shetland Channel, but was
not particularly large. Further it was clearly observed at Ocean Weather Station «M» at 66°N, 2°E in the Norwegian
Sea, but as seen in Figure 2.2.1.3 it was weakly observed in the section Gimsgy - NW. This anomaly clearly derived
from the East Icelandic Current as its effects increase toward NW in the Svingy - NW section. This anomaly was
considerably less prominent in the time series from the July/August sections,

Figure 2.2.1.3 shows a local salinity anomaly in the section Gimsgy - NW during 1997. This was possibly deriving from
the Norwegian Coastal Current since salinities were particularly low near the surface and also decreased gradually
toward the coast. Off Svingy there were no indications of similar effects although the salinity in 1997 was also
relatively low there. In this section there has been a decreasing tendency after very high temperature values in 1996 and
the core temperature in March 1999 was lower than in March 1997 when feeding conditions for the herring stock
developed to become rather meagre during the grazing season. In contrast, the section off the Lofoten Islands shows
steadily increasing temperatures since 1995.

In the long term prognosis for the ocean climate in the Norwegian Sea, the increasing temperatures over the last years
are now seen as an episodic event, rather than the start of a warm period. The increase is expected to culminate in 1999.
This is also reflected in the temperature prognosis for the Barents Sea, where statistical models predict temperatures to
be low towards 2003 and thereafter increase rapidly (Loeng et al. 1999),

We lack experience that may enable us to say anything about the forthcoming phytoplankton dynamics in the
Norwegian Sea, based on the observations in the standard sections in March. Quite likely, the development of the mixed
layer during April-May is more decisive for plankton productivity than a temperature difference of the magnitude
which occurred between 1997 and 1999 in the section Svingy - NW. Furthermore, neither 1997 nor 1999 had
particularly low temperature in March compared with the whole period since 1978.

It has been observed that zooplankton biomasses were higher in 1998 than in 1997. Although the temperatures in the
southern Norwegian Sea were somewhat higher in 1998 than in 1997, it seems likely that the development in the
surface mixed layer was of larger importance. At least there were considerable differences between the two years with
regard to this. Figure 2.2.1.6 indicates the areas where a well developed mixed layer was not observed (hatched areas)
during April-May in 1997 and 1998. Obviously, there were much larger areas without a mixed layer in 1997 than in
1998, particularly in the southern Norwegian Sea. An example of the difference in the vertical profiles of temperature,
salinity and density are shown in Figure 2.2,1.7. This figure shows the profiles at a station from May 1997 and a station
from about the same area in April 1998, The figure shows that in 1998 there was a well developed transition layer in all
three variables at about 40 m depth while there were only low gradients above 160 m depth in 1997, It may further be
noted that at these stations the mixed layer temperature was higher in 1997 than in 1998, although temperatures were
generally higher in 1998 than in 1997.

The reason for the difference in mixed layer development between the two years may possibly be differences in the
atmospheric conditions. The most important difference is possibly that there were stronger winds over the southern
Norwegian Sea during January - March in 1997 than in 1998. And furthermore, there was low mean sea level pressure
over theNorthern Nordic Seas/Barents Sea both in January and April 1997, which is favourable for increased surface
water transport from the Greenland and Iceland Seas into the Norwegian Sea. During April 1998 there was a weak low
pressure over the British Isles and high pressure over the Greenland Sea, favouring relatively weak north easterly winds
over the southern and central Norwegian Sea. Although data for cloudiness are not at hand, it is still likely that the
situation in 1997 with more westerly winds was associated with a denser cloud cover over the Norwegian Sea,

Conclusions:

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

e  Temperatures as measured in July-August continued (o increase in 1998,

¢  The temperature increase is expected to culminate in 1999, and the start of a colder period is expected thereafter.



* A deep mixed layer in May 1997 compared to 1998 was possibly related to atmospheric conditions favourable for
increased transport of Arctic surface water into the Norwegian Sea in 1997.

2.2.2 Phytoplankton

The development of phytoplankton in the Atlantic water is closely related, first to the increase of incoming solar
irradiance during March and then to the development of stratification in the upper mixed layer due to warming.
Although there exist several investigations on phytoplankton in the Norwegian Sea, few of them cover the seasonal
development of phytoplankton in the area and even fewer cover long-term changes. The Institute of Marine Research
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. Since 1995 a yearly coverage in May has been carried out between about 62 and
72°N where in addition to hydrography, zooplankton and herring studies, observations on nutrient and phytoplankton
biomass have been obtained. Also during 1997 and 1998 extensive seasonal cover of two hydrographic sections,
Svingy-NW and Gimsgy-NW has provided the possibility of looking at interannual changes in the biology of the
region.

The seasonal development of phytoplankton has been followed at OWS Mike since 1990. Figure 2.2.2.1 shows this
development for 1997 and 1998, years with 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 same figure shows also two distinct phases, similar for all the
years since 1990, in the development of phytoplankton pricr to the spring bloom. The first phase from day 1 to about
day 50 is characterised by extremely low phytoplankton biomass expressed as chiorophyll a. This is the winter season
where phytoplankton growth is mainiy 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
peried 1991-1998. In a “normal” year the winter season extends to about March 2 and in the whole period the extension
of this phase remained inside one standard deviation. The pre-bloom phase extended in average from the March 2 to
April 17 and also in this period, with the exception of 1994, the year to year variations remained inside one standard
deviation. The spring bloom itself starts normally on April 17 and reaches its maximum on May 22, but the year to year
variations are much larger than those of the previous phases. With the exception of 1996, it seems that since 1991 the
spring bloom has taken place earlier for each year. The causes for this variation are not yet clear and work is being done
to clarify this especially in relation to the physical conditions prevailing in the area during the season prior to the
stratification,

Probably one of the most important factor in determining the rate of growth of the phytoplankton population before the
bloom is the rate at which the deep winter mixed upper layer gets shallower. Figure 2.2.2.3 shows the horizontal
distribution of nitrate at 10 meter depth for the Norwegian Sea during April-May 1997 as an indicator of the
development of phytoplanktorn. Both in a restricted area close to the western coast of Norway and in a larger area
extending far out from the northwest of the Lofoten Islands, the reduction of nitrate is remarkably large, coinciding with
areas with shallower mixed upper layer. Similar observations obtained during April-May 1998 (not shown) indicate that
the development of the upper mixed layer has occurred earlier 1n relation to 1997 and hence the nitrate concentrations
were lower in 1998 than in 1997. Another important factor in regulating the development of the spring bloom in the
Norwegian Sea is the degree of grazing that the zooplankton population exerts on the phytoplankton. This is an aspect
still under study with the data set for the years 1995-1998.

Conclusions:
e The phytoplankton bloom in 1998 peaked about one month earlier than in 1997,

*  The shallow upper mixed layer observed in May 1998 may be the reason for the early bloom this year compared to
1997,

2.2.3 Zooplankton

Zooplankton biomass distributions in the Norwegian Sea presented here are mapped annually in May (since 1995) and
July (since 1994) during cruises covering major parts of the Norwegian and Icelandic Seas. Zooplankton samples for
biomass estimation were caught by vertical net hauls (WP2) or oblique net hauls (MOCNESS). In the present report



results from the upper 200 m are presented. Total zooplankton biomasses (g m™} in May were averaged over sampling
stations within three geographical regions. Zooplankton biomass distributions in May varied considerably between
consecutive years within regions (Figure 2.2.3.1). Over the years 1995 to 1998 a general trend was found in the central
Norwegian Sea (5°W-10°E), showing decreasing biomasses from 1995 to 1997 and an increase in 1998. In the water
masses east of 10°E which includes the Norwegian continental shelf and slope waters, influenced by Norwegian coastal
water, the trend was somewhat different with generally low biomasses from 1995 to 1997 and a marked mcrease in
1998. In the westernmost region, west of 5°W, biomasses decreased steadily from 1995 to 1998, This region is an
Arctic region strongly influenced by the East Icelandic Current.

In July the total zooplankton biomass (g m™) in the upper 200 m was calculated as area integrated biomass within a
fixed region in the central and eastern Norwegian Sea (the same for all years), standardised by surface area of the region
to one squared meter surface. In May zooplankton biomass in the 0-200 m depth layer represents the whole Calanus
finmarchicus population, and this depth layer also includes the main feeding depths of the herring at that time. In July a
major part of the C, finmarchicus population has descended from the upper 204 m towards its wintering depths. The
biomass left may still be representative for the total population, and is the best estimate available for the time being.

Zooplankton biomasses in July showed a trend different from that observed in May (Figure 2.2.3.2). Zooplankton
biomass decreased from 1994 to 1996, then increased in 1997 before it decreased again in 1998. The high biomasses
observed in 1997 came as a surprise as biomasses were low in May that same year. This may be related to the timing of
the production cycle of the zooplankton (mainly C. fimmarchicus ) ot the timing of the predator’s and prey’s seasonal
cycles.

Conclusions:

*  Average zooplankton biomass in the central Norwegian Sea in May 1998 was about the double that in 1997.
¢ Higher zooplankton biomass in May 1998 may in part be due to the early phytoplankton bloom this year,

+  Zooplankton biomass in July 1998 was lower than in 1997, and at the level measured m 1995 and 1996.
224 Herring feeding success and zooplankton biomass

For the Norwegian spring spawning herring, the 1990s have been characterised by both high growth, during 1990 and
1991, and low growth during the 1997 feeding season. The condition factor of the herring moving into the present
wintering areas in Norwegian wintering fjords in [998 was higher than after the 1997 feeding season. However, the rise
was not very large and the condition of the herring after the 1998 feeding season was below that of the 1996 feeding
season (Figure 2.2.4.1). The low condition of the herring returning from the feeding migration in the Norwegian Sea in
1997, accentuated the discussion on how prey availability may vary between years within the feeding area. This was to
some extent confirmed by the zooplankton biemass in the Norwegian Sea in May 1997 which was 45% lower than in
1998 (Holst er al. 1998).

Since 1994, when the large scale migration pattern of the hetring have been mapped by at least two annval cruises (e.g.
Misund ez al. 1998, Monstad er al. 1998), the herring have been feeding most heavily between 10°E and 5°W. When
average zooplankton hiomass ofthe 5°W to 10°E longitudinal region (Figure 2.2.3.1B} is plotted against the herring
condition index obtained after the feeding period in the Norwegian Sea (Figure 2.2.4.1), a close relationship is found
(Figure 2.2.4.2). Although the time series is short, the existence of a strong relationship between zooplankton biomass
and herring feeding success is indicated.

Such a relationship would have implications for herring management. The indicated relationship between measured
zooplankton biomass in May and herring condition in the autumn will give early information on the number of
individuals taken out of the population given a catch quota in tons. There are also indications that low condition leads to
low fecundity due to a high percentage of atresia (ICES 1998/Assess:18). Therefore, knowledge about feeding
conditions in May could indicate what the fecundity will be almost one year later.

Conclusions:

e There is a strong direct relationship between zooplankton biomass in May and herring condition in the autumn
during the years 1995-1993.



2.2.5 Prediction for the 1999 feeding season

The most obvious parameter related to zooplankton biomass in one year is the spawning stock, or the size of the
population starting the wintering the previous year. Zooplankton biomasses in July may represent the coming wintering
population. Thus, by relating the biomass in July to the biomass in May the following year such a relationship was
tested (Figure 2.2.5.1). A linear relationship explains 85% of the total variation. The time series is short, but the low
biomass in July 1998 indicates a low biomass in May 1999 (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 low herring condition index
can be expected for the autumn 1999.

The size of the zooplankton biomass is not just related to the overwintered population, nor is the growth of the herring
related to measured zooplankton biomass alone. Based on the major trends in the long term growth data (Holst 1996}, 5
to 6 years is typically needed to move from periods of low growth to periods of high growth. There is also a lag
between the rise in temperature and the herring condition. From the herring condition index time series a maximal
herring condition is not expected for 1999, The temperature, which influences growth of the herring directly and has
implications for zooplankton growth as well, has shown a general increasing trend over the last decades at the Svingy
section during summer. Shorter cycles indicate a local minimum in temperature around 1995, and an increase thereafter.
This may indicate that we are moving towards a period with generally higher growth success of the herring.

Conclusions:

s 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 1998.

» If July zooplankton biomass is indicative of the size of the overwintering population, this indicates a strong
relationship between spawning stock and recruitment in zooplankton.

# The relationship can be used to predict herring condition in the autumn the following year from zooplankton
biomasses in July.

» From this relationship feeding conditions are predicted not to be optimal in 1999, and the herring condition in the
autumn to be low.

2.3 Icelandic Waters
231 Hydrography and climate

Due to the proximity to the boundary between warm and cold currents, e at the oceanic Polar Front in the northern
North Atlantic, hydrographic conditions in the sea area north of Iceland are highly variable. Consequently, changes in
intensitiy of the influx of Atlantic water and/or variable admixture of polar waler to the surface layers north of Iceland
may lead to marked fluctuations in temperatures and salinities, hoth in space and time. Thus, time and again large
displacements of the location of the Polar Front have been recorded and as a result, changes in the distribution of the
various water masses. Off the south coast, however, where Atlantic water predominates, year to year fluctuations are
normally much smaller.

Climatic conditions in the North Atlantic improved suddenly around 1920 and remained good until the mid-1960s when
they deteriorated suddenly. In the area north and east of Iceland sea temperature and salinity declined suddenly in 1965
and these severely cold conditions lasted until 197 1. Since then climatic conditions of the area north and east of Iceland
have improved again, but have been variable and warm years have alternated with cold ones.

Since the early 1950s annual measurements of temperature and salinity have been made along a section off the central
north coast of Iceland, from the coast north to 68"N. The results of these measurements are iltustrated in Figure 2.3 1a
and b, which clearly shows the variability just described for the duration of the observation period (1952-1998).

Continuous time series of observations of the warm Atlantic water south of Iceland is much shorter. However, since the
early 1970s periods of low salinity and temperature have alternated with periods of higher values of these parameters,
but the variability has been much smaller than north and east of Iceland. With the exception of 1997, synchronous
variability has been observed in the Atlantic water south of Iceland since 1971,



After the very cold spring of 1996 there was a marked increase in temperature and salinity south and west of Iceland.
These conditions have prevailed since and in 1997-1998 salinity south and west of Iceland was in fact greater than
recorded at any time since before the mid-1960s (>35.20),

23.2 Zooplankton

Zooplankton abundance in Icelandic waters has been monitored annually in May/June for more than 30 years. These
investigations began as part of a programme to search for migrations of the Norwegian spring spawning herring,
arriving in their feeding area north of Iceland in spring, and monitor their movements and behaviour in the following
months. Synchronous unbroken time series are available from the Siglunes section off the central north coast of Iceland,
beginning in 1962, and from Selvogsbanki off the western south coast since 1971.

Long term changes in zooplankion 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 extremely variable north of Iceland, with the highest and lowest values differing by a factor of about 24.

Although inter-annual changes of the observed zooplankton biomass at Iceland may in part be explained by variable
hydrographic conditions and timing of the phytoplankton spring bloom, comparison to other data from the northern
North Atlantic shows that observed zooplankton biomass in spring is descriptive of the mean copepod biomass in that
year. Recent research also shows that the variation of zooplankton biomass in the Icelandic area is in tune with long
term variability of zooplankton abundance over a much larger area, i.e. in the northern North Atlantic in general
{Astthorsson and Gislason 1993),

During the most recent years there has been a downward trend in zooplankton production in Icelandic waters after the
high values observed in 1993 and 1994.

2.3.3 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 and Ulltang 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 and
is near the pre-1965 level at present.

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 prier to the mide-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 Icetand since 1996, Norwegian spring
spawning herring reappeared in the waters east and northeast 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 ef 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).

It seems therefore, that due to the improvement of the marine climate in the last two years, the herring have been able to
migrate considerably farther west and enter the area to the northeast of Iceland. However, it is equally clear that the
herring only stayed in these waters over a limited period and then resumed their migrations to the northeast again.

234 General summary

The increased intensity, heat content and salinity of the Irminger Current has, through its eastern branch, resulted in
some 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 has apparently hindered to some extent the eastward flow of Atlantic water



off the norih coast of Iceland thereby augmenting the branch flowing west across the northern Irminger Sea towards
Greenland and, further, caused fluxes of cold, low salinity water into the near-surface layer north and east of Iceland.
Nevertheless, in 1997 and 1998 the temperatures of the East Icelandic Current were higher, its southern and western
boundary displaced farther offshore and to the north as compared to most recent years.

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 and 1998 have enabled the
Norwegian spring spawning herring to migrate farther west than they had during more than three decades.



Table 2.1.3.1 The Northeast Arctic cod stock’s consumption in 1000 tonnes of main prey species in 1984-1993.

Prey species

Year Amphipod Krill Shrimp  Capelin  Herring Pelarcod Cod  Haddock  Redfish Others Total
1984 27 112 439 734 77 15 23 b3 370 511 2359
1985 168 57 154 1618 180 3 33 47 226 1153 3637
1986 1213 106 140 827 132 140 83 109 312 658 3721
1987 1060 65 188 224 32 200 24 4 s 668 2781
1988 1232 308 128 330 ) 90 9 2 220 406 2734
1989 821 238 129 578 3 32 10 228 725 2772
1990 136 85 19 1593 7 6 20 16 238 1555 1846
1991 T0 31 191 2885 8 12 26 20 314 1109 4715
1992 103 165 3589 2531 323 100 53 105 191 1065 5028
1993 269 736 332 316l 169 2860 288 75 101 827 6244
1994 621 781 571 1180 162 664 234 53 83 T35 5084
1995 1065 369 397 689 127 277 429 127 212 930 4821
1996 690 1247 368 610 55 119 608 78 111 733 4621
1997 434 584 344 1041 7 147 435 49 50 550 3681
1998 679 745 456 987 75 50 208 28 15 650 3892
Table 2.1.3.2  Annual consumption 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 fro... 1990-1996. 1000 tonnes (wet

weight). For harp seals, the most conservative estimates in Nilssen er al. (1999) are used.
Prey Minke whale Harp seal consumption Harp seal consumption

consumption (low capelin stock) (high capelin stock)

Capelin 142 23 812
Herring 633 394 213
Cod 256 208 101
Haddock 128 47 *
Krill 602 350 605
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 Parathemisto.
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Figure 2.2.1.2, Temperature and salinity in the section Svingy - 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
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Atlantic Water near the shelf edge, averaged between 50 and 200 m depth and horizontally over three stations across the
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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.
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Figure 2.3.1. Varations of temperature (a), salinity (b) and zooplankton biomass {(c)

north of Iceland in May/Tune 1952-1998
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3 NORWEGIAN SPRING-SPAWNING HERRING
i1 The Fisheries
3.1.1 Management agreements for 1998

At a meeting in Oslo in October 1997 the coastal states of the Norwegian Spring-Spawning herring reached an
agreement to limit their total catch to 1.3 million tonnes in 1998, and on the allocation of this TAC. The agreement
included allowances for the parties to take part of their quotas in the Exclusive Economic Zones (EEZs) of other parties
that have joined the agreement. An agreement, similar to that for 1997, was made through the North East Atlantic
Fisheries Commission (NEAFC) on a TAC for 1998, and on an allocation, for the fishing areas outside national
Jurisdiction in the Norwegian Sea.

312 The fisheries
3121 Description of the fisheries in 1998

Denmark: The Danish fishery was carried out in spring (30,000 t), summer (10,000 t), and autumn (3,500 t), mainly in
the international areas in the Norwegian Sea.

The Faroes: The Faroese fishery started in the Faroese EEZ in April. In May the fishery also took place in international
waters and in the Jan Mayen EEZ. The summer fishery terminated in late June. The autumn fishery took place in the
Norwegian EEZ, west of Lofoten, during September.

France: No information was received on the French fishery.
Germany: No information was received on the German fishery.

Iceland: The fishery started in late April and followed the part of the stock that migrated south-west and west into the
Faroese EEZ. By mid-May no more catches could be made in that area du to the scattered condition of the herring. The
Icelandic vessels then shifted the fishing area to a more northerly part of the stock, which was then migrating in a north-
westerly direction towards the Jan Mayen area. By the end of May approximately 75,000 tonnes had been fished. From
the later part of May to the later part of June the fishery took place in the border areas between the international, Jan
Mayen and Icelandic waters. The catches taken within the Icelandic EEZ, to the east and north-east of Langanes, during
the latter half of June, most likely derive from herring migrations northward from Faroese waters. In autumn,
approximately 7,000 t was caught in Norwegian EEZ on herring returning to the winlering areas.

Ireland: The Irish fishery decreased in 1998 compared to earlier years, and only a few vessels participated in this
fishery. A catch of 2,313 t was taken in February. Only 124 t were taken in the Norwegian Sea in spring, bringing the
total to 2,437 t.

Netherlands: The Dutch fishery took part 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
occurs in easily available concentrations in the period September until March. The fishery is carried out by many size
categories of vessels. In 1998 approximately 169,000 t were canght in the wintering area in Northern Norway, and
126,000 t in the spawning season. Less than 10,000 t were caught in the spring/summer fishery in the Norwegian Sea,
approximately 441,000 t in auturnn on the herring migrating to, and wintering in, the wintering areas in Northern
Norway.

Russia: In 1998 the Russian fishery in spring started in the beginning of February within the shelf area of the
Norwegian EEZ, in the area near Sklinna and Langrunnen Bank (approximately 65°N-62°N), and terminated on the
Tren Bank (approximately 64°N} in late March. In February-March the caich was 82,497 ¢. In May-June a fishery was
carried out in the Faroese EEZ where 5,000 t were caught. In the international area in the Norwegian Sea the Russian
catches in July-September were 4,500t. At the beginning of September the fishery started within the Norwegian EEZ, in
the area near Andgdy and Malangen Banks (approximately 69°N-71°N). In September the catch was 31,552 t. All of the
Russian catch was used for human consumption.

Sweden: No information was received on the Swedish fishery.
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UK (Scotland): The decreasing trend in the UK fishery continued in 1998, the catch totalled 15,978 .
3122 Timing of the fisheries in ICES areas in 1998

Table 3.1.2.2.1 gives an general overview of the timing of the fisheries in the ICES areas, and Figure 3.1.2.2.1 shows
the main migration routes in 1998, together with dates {(months) which are placed in the general area where the fisheries
took place at that time.

3.1.23 Gear used in the fisheries
Table 3.1.2.3.1 gives an overview of the gear used in the national fisheries for Norwegian spring spawning herring.
3.1.24 Catch per ICES statistical rectangle in 1998

The catch per ICES statistical rectangle per quarter and for the whole year is shown in Figures 8.1.1.1 - 8.1.1.5. Data
from France, Ireland and Netherlands were not available on statistical rectangles.

313 Management agreements for 1999

At a meeting in Reykjavik in October 1998 the coastal states of the Norwegian Spring-Spawning herring agreed to limit
their catches to 1.302 million tonnes in 1999, and on the allocation of this TAC. Further, NEAFC decided for 1999 to
prolong the agreement regarding fishing on Norwegian spring-spawning herring outside the waters of national
jurisdiction in the Norwegian Sea.

32 Catch Statistics

The total annual catches of Norwegian spring-spawning herring for the period 1972--1998 (1998 preliminary) are
presented in Tables 3.2.1 (by fishery) and 3.2.2 (by couniry).

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 1998 to obtain the total international catch-at-age
and weight-at-age was done using the computer programme described by Patterson (WD, 1999), The official catch,
sampled catch and catch as used by the Waorking 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
little information oo the non-sampled fisheries was available). The Working Group noted, with frustration, that almost
half of the nations participating in the fishery for Norwegian spring-spawning herring in 1998, did not sample their
catch (Table 3.2.3).

Some countries provided age distributions with a younger plus-group than used by the Working Group (Faroes 11+,
Denmark: 12+). These catches were distributed on older age groups according to the age distribution found from the
international acoustic survey in the Norwegian Sea in 1998 (Table 3.3.3.1), Totally, the 1992 year class dominates in
the catches. It was noted that the 1991 year class appeared as the most numerous in the Icelandic catches. However, the
Icelandic age distributions were included as reported.

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 (3,228 samples representing 407,752 t or 55% of the total Norwegian
catch in 1998) 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 acouslic survey was carried out on the spawning area in the time period 15.02-21.03 1999 (Working Document by
A. Slotte and A. Dommasnes). The abundance estimate is given in Table 3.3.1.1. The spawning area in 1999 stretched
along the Norwegian coast from 58°N to approximately 69°30N.

3.3.2 Wintering areas

The wintering area was surveyed acoustically in December 1998 and in January 1999 (Working Document by K. Foote
and L. Rgttingen). The abundance estimates obtained during these surveys are given in Tables 3.3.2.1 and 3.3.2.2.

333 Feeding areas

The feeding area in the Norwegian Sea was surveyed acoustically during the ICES co-ordinated multinational survey in
April - May 1998 (Holst er al. 1998). The abundance estimate is given in Table 3.3.3.1.

334 Nursery area

The nursery area of the Norwegian spring-spawning herring is Norwegian fjord and coastal areas, and the southern part
of the Barents Sea. Since 1988, when the 1983 year class spawned for the first ime, 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 1998 (Holst er al. 1998) are given in Table 3.3.4.1.

Table 3.3.4.1 includes information on juvenile herring back to 1990, but such estimates exist back to 1984. There is
reason to believe that estimaltes of juvenile herring obtained with the old analogue equipment is not comparable with the
estimates obtained with the digital equipment. The change to digital equipment was completed by 1991. The working
group in 1998 therefore decided to use only the estimates obtained by the present digital equipment (ICES 1998).

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

335 Herring larval survey

The larval survey 1999 started off Northern Norway at April 11. The sampling equipment was Gulf-III during daytime
{0600-2200 hours) and dipnets during nighttime (2200-0600 hours). At every third station nutrient composition,
chlorophyll content and zooplankton hiomass were measured. Herring larvae were found from the start of the survey.
Between 10 and 100 larvae/m® were found on the banks at approximately 68° -69°N (Fig. 3.3.5.1). These larvae were in
the [ater yolksac stage (1d), and in the first post yolksac stage {2a). Farther south there was an area with somewhat
fewer larvae (66°-68°IN), but between 62°-66°N high concentrations of large larvae were found. More than 100
larvae/m* were found all along the coast, and more than 1000 larvas/m” were found at the Haltenbank (65°N). Most of
these larvae were in stage 2a, when the yolksac is resorbed and the dorsal fin start to develop. At this stage they have
started to grow and are beyond the most critical stage for starvation. The composition of the zooplankion community
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and the high sea temperature indicates early spring bloom in 1999 with high zooplankton growth rates. In such
situations only larvae hatching early in the season will find suitable food (copepod eggs and early naupliar stages) for
first feeding,

Very few larvae were found south of 62°N, however, more than 100 larvae/m® were found in an area south of Karmgy.
These larvae were newly hatched and in the earlier yolksac stages, The larval index estimated for 1999 in the area 60°-
68°N was found to be 19.9*10", a significant reduction compared to the previous years (Table 3.3.5.1.).

34 Tagging Experiments

The Norwegian tagging experiments on herring have continued. No herring will be tagged in 1999, but recovery of tags
from supervised detector plants has continued, as well as from the standard magnets in the production line of fish
processing plants and from individuals (Working Document by A. Dommasnes).

Efforts to find and correct errors in the Norwegian tagging data from previous years have continued. All records of
recovered tags have been checked, and two types of error have occurred:

1) It has been found that a few records of recovered tags have been mislaid or placed in the wrong category (age
group, year of release, year of recovery). This has resulted in a few small changes in the number of tags
recovered.

2) There are a number of changes in the number of fish of each year class that have been screened at the
processing factories. This is due to two causes:

(a) The size of the catch that has gone through the tag detectors has been checked against existing records, and in
many cases the recorded catch has been found to be incorrect. In some cases this is because only part of the caich
has passed through the detector, and the rest has been put on a different conveyor belt or been delivered at
another factory.

(b) The catch in tonnes has been converted to number of fish screened using a .ength sample from the catch. In
addition, age samples from this catch or from another catch in the same area and time period have been used to
distribute the number of fish screened on age groups. The distribution of number of fish on age groups has been
done in a spreadsheet, and a number of errors have been found and corrected in the spreadsheets. As a by-
product, there also now exist good records of which samples have heen used.

During the tagging process, the total length of the herring is measured. For each catch that is used for tagging, a sample
of 100 fish is taken (o 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.

For stock assessment purposes, tags are used only from tag detectors with known efficiency, which are supervised in
order to recover the tagged herring for biological analyses. In 1998, 36 tagged herring of the year classes 1983+, 1986-
89, 1990, 1931 and 1992 were recovered from such detectors in two Norwegian factories. Magnet efficiency for the
detectors was tested to be 100%, and a total of 30 million herring (13,420 t) were screened. All the tagged and
recovered herring were measured, weighed, and aged.

A preliminary analysis (WD, A. Dommasnes) indicates that herring of the year classes 1983+ are well mixed with the
population being fished 2 years after tagging, while herring of the year classes 1986 and younger need 3 years to mix
well with the population that is being fished and delivered to the factories with supervised tag recovery plants. This may
be due to structural changes in the Norwegian herring fishery. Traditionally most of the fishery for Norwegian spring
spawning herring, as well as the recovery of tags, was in the spawning areas, In recent years the dominating fishery has
taken place in the wintering area. In addition, the fishery now targets larger size groups for human consumption, which
give a higher price.

For the year classes 1984 - 1987 both the number of fish tagged and the number of tags recovered are low. In order to
use some of the recovered tags from these year classes, data from the year classes 1986-89 have been pooled, thus
creating an aggregated group of year classes. The corrected table of tagging data for year class 1983+, for the year
classes 1986 - 89 aggregated, and for the year classes 1990, 1991 and 1992 is given in Table 3.4.1.
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35 Stock assessment
3.5.1 Models for stock assessment

Because of the inherent instability of the stock assessments made the previous two years, where different plausible
assumptions yielded very different results, the WG at its 1998 meeting allocated to two of its members the task of
investigating by correspondence topics related to the error structure.

Norwegian spring spawning herring is a case study at the ICES Comprehensive Fishery Evaluation WG (Comfie). At its
January 1999 meeting the error structure of the tuning was investigated in more detail, were it was found that by
changing the probability distribution of the surveys from gamma with constant variance 1o gamma with constant CV the
perceived stock was halved (ICES CM 1999/D:1). With respect to the latter estimate using a log-normal distribution the
perceived stock was again almost halved (WD by S. Tjelmeland),

Further work (WD by S. Tjelmeland) has shown that the cause of the problem may be the rigid model for the F at age in
the last year of catch data. Due to over-simplification or random errors in the catch at age in the last year this model
may generate bias in the back-calculated cohorts. Different probability distributions will weight smalfl and large
numbers differently which in turn will cause differences in the perceived stock. Since the relative error in the catch at
age the last year may be large for small year-classes, including small vear-classes in the tuning without including a
separate F in the last year may generate large errors in the assessment.

The WG concluded that the F in the last year should be a parameter to be estimated for all the year-classes that
constitute the bulk of the stock and that only terms from these year-classes should be used in the likelihood function.
Using the log-normal distribution the survey measurements are shown not to be log-normally distributed (WD by S.
Tjelmeland). Since it is unreasonable to assume that measurements of age groups that are small originate from
probability distributions that have the same variance as measurements from age groups that are large, the WG chose the
gamma distribution with constant CV as the most appropriate model among the models considered.

The tuning software was changed this year, from a Fortran-based package to Mathematica notebooks. The latter can be
viewed by the program MathReader, as can the Mathematica notebooks that document the actual runs in more details
than given in this report.’

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. For VPA calculations the fishing mortality at the
last true age is calculated as the population-weighted mean fishing mortality from ages 8 to 13. M i1s set equal to 0.15
for ages 3 and older and 0.9 for ages O to 2 in all years. The proportion of FF and M before spawning is set to 0.1,

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

A VPA run for the period 1907-1997 was presented (WD by @stvedt and Toresen). In the working document there also
is an analysis on recruitment success correlated with climatic variations (North Atlantic Oscillation). The VPA applied
in the WD differs in some respects from the formal ICES VPA run:

— The weight at age in the caich is revised by incorporating catch weights from the Icelandic summer/autumn
fishery.

- The VPA in the WD is calculated by applying Pope’s approximation. However, the results differ little from
the formal VPA which runs back to 1950.

! The software documentation and run documentation is found in the directory
acfm\wgnpbwi1999\Report\TuningDocumentation in the ICES computer system.
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The Working Group regards this WD as an important step in the process of extending the time-series on the biological
data for the Norwegian spring spawning herring stock. However, due to time constraints, the working group could not
in full evaluate the new weight data, or discuss what relevance the climatic variations or changes of spawning area has
on the stock recruitment relation. The working group therefore decided for the time being not to change the weights at
age in the catch or to increase the stock/recruitment relation with pre-1950 data as a basis for the medium-term
projections.

3521 Survey data

The same surveys as used at previous WG meetings were also used 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
in the December survey and age 5 in the other surveys. At last year’'s meeting some points were considered outliers and
are as a rule excluded also in the tuning runs made this year. Table 3.5.2.1.1 shows the input file to the tuning
procedure, where also the data points that are considered as outliers are given.

With the exception of the international survey in the Norwegian Sea there was a considerable increase in numbers for
all year-classes in all surveys as compared to the survey estimates in the preceding year. The increase occurs for all age
groups and thus the assumption of identical independent distributions fails to some extent.

The surveys were compared to the VPA at the time of the survey, i.e. the appropriate fraction of the total mortality was
applied to the VPA before the contribution to the likelihood function was calculated. For the surveys in 1999, the same
mortality as in 1998 was applied, a simplification that is justified when the change in catch from one year to the next is
not large.

3.5.22 Tagging data

In addition to the tagging data for the 1983 year-class that were used at previous WG meetings, data for the 1986-1989
(as one group), 1990 and 1991 year-classes were also included into the likelihood function (data in Table 3.4.1). The
first recoveries used for the 1983 year-class are those (wo years after the release and the first recoveries used for
younger herring are those three years after the release (WD by A. Dommasnes).

3523 Larvae index

This yeat also a larvae index series (WD by P. Fossum) was included as a possible tuning series, where the larvae index
is predicted from the spawning stock biomass using the same distribution form as used for the surveys, although always
with a separate variance parameter. (Table 3.3.5.1).

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

The survey structural relationship is unchanged from the assessment made in 1998. However, in this meeting the
variance was supposed proportional to the expectation value. i.e. a constant CV was assumed.

Instead of using a selection pattern in the last year of data determined with two parameters, F-values the last year of
data for selected year-classes that constitute the bulk of the spawning stock were used as tuning parameters. Only the
selected year-classes were entered into the likelihood function. For other year-classes the F-value in the last year of data
were interpolated between the estimated F-values.

The WG considers it a weakness of the assessment procedure that correlation of errors between age groups in the
surveys are not accounted for. For instance, some points were by previous WG meetings excluded as outliers, and this
agsumpltion has also heen used this year. However, for instance, if some points are high-end outliers and the reason lies
with imperfect biclogical sampling, other points will be measured too low. Investigations into the statistical properties
of the surveys with the aim of providing an age-specific probability disiribution should be encouraged.

3532 Probability of tag recovery

The assumption on probability distribution of tag returns is unchanged from last year, i.e. a Poisson distribution was
assumed.
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3.5.4 Stock assessment

The equations for fitting the VPA to the survey data were described in the report from the 1998 meeting of this WG,
The difference from the tuning made at that meeting is that now a constant CV rather than a constant variance is used in
the gamma distribution, and that the probability density values are not explicitly calculated, rather a built-in procedure
in the Mathematica software is used.

The parameters estimated were:
1 Catchability (Catl) of the survey on the spawning grounds.
2 Catchability (Cat2) of the December survey in Ofoten.
3 Catchability (Cat3) of the January survey in Ofoten.
4 Catchability (Cat4) of the international survey on the spawning grounds.
5 CV of the survey probability distributions.
6 F in the last year of catch data for the 1983 year-class.
7 Fin the last year of catch data for the 1990 year-class.
8 Fin the last year of catch data for the 1991 year-class.
9 Fin the last year of catch data for the 1992 year-class.
10 Survival of tagged fish in the tagging year.
The following exploratory runs, summarised in Table 3.5.4.1 were made:

Run 1. All surveys with a common CV and the tagging series for the 1983 year-class were used. The year-classes in the
tuning and in the likelihood were 1983, 1990, 1991 and 1992,

Run 2, With respect to Run 1 all tagging series were included.

Run 3. With respect to Run 1 the larvae index series predicted by the spawning stock was included.

Run 4. With respect to Run 3 all the tagging series were included.

Run 5. With respect to Run 4, the points that by the WG meeting 1998 were perceived as outliers were relained.

Run 6. With respect to run 1, only the age structure is used, i.e. the relative number by age for each year are used For
both the VPA and the surveys in the likelihood terms. The reason for performing this run is the large increase for all
year-classes in the last year of data in all cruises except the international cruise in the Norwegian Sea. Using only the
age structure each year in effect removes all year effects.

Run 7. With respect to Run 2, the last year of acoustic data is excluded, except for the international survey in the
Norwegian Sea.

Run 8. With respect to Run 5, the 1993 year-class was included.

Figure 3.54.1 shows the histogram from Run 2 of cumulative density function values in bins of 0.1 from 0.0 to 1.0 for
the survey measurements with expectation values taken from the VPA. Each bar is divided in two: The upper part
shows the number of points in each bin originating from the 50% smallest survey values and the lower part shows the
number of points in each bin originating from the 50% largest survey values. If the assumption of a gamma distribution
with constant CV that is used in the tuning were met by the data, the histograms should tend to be flat, Some clustering
is observed, so the chosen probability function is not fully appropriate. Viewed as a group, the histogram seems
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reasonably flat. However, the larger points tend to cluster in the middle and the smaller points to the ends. The
assumption on the probability distribution of the surveys may not be correct, or there could be problems elsewhere in
the tuning procedure. Problems connected to the choice of distributional assumptions should be studied further for this
stock.

Figure 3.5.4.2 shows the value of the log-likelihood function when cach parameter is varied 50% to each side from the
maximum likelihood estimate. The curves are fairly flat around the maximum, so the parameters, especially the F-
values in the latest year of catch data, are not very welt estimated. Perhaps more importantly, the curves are skewed,
with the likelihood falling off faster towards smaller than towards larger parameter values than the maximum likelihood
estimate. Even if the estimated values of the parameters correspond to the maximum probability of observing what has
been actually observed, the expected values of the parameters will be larger than the maximum likelihood estimate.
Therefore, the expected value of the stock size the latest year will be smaller than the value corresponding to the
maximum likelihood estimate of the parameters. This is consistent with the Bayesian estimate of the spawning stock
made at this WG in 1998 (ICES CM 1998/ACFM:18), where the maximum likelihood estimate of the spawning stock in
1997 was 10 million tonnes and the expectation value of the Bayesian posterior distribution was ¢ million tonnes,

This observation suggests that making the probabilistic medium-term forecasts using symmetric stock distributions in
the starting year may give an overly optimistic picture. A more correct approach would be to make the medium-term
forecast based on a Bayesian posterior distribution. In view of the importance of the possibility of using the medium-
term spreadsheet also outside of this WG, it would be useful to convey the asymmetry and correlations in the Bayesian
posterior to the spreadsheet.

In all runs except for Run 6 the spawning stock biomass in 1997 is about 2.5 million tonnes larger than was estimated
this meeting in 1988. Run 6 which uses the same trend in the acoustic data as was used at that meeting shows an
increase of less than 10%. The larger value of the spawning stock in 1997 perceived this year is therefore largely due to
the inclusion of the anomalous survey data for the Norwegian coast surveys.

The difference between runs is smaller than previously, which indicates that the new tuning assumptions give more
rebustness to the tuning,

Figure 3.5.4.3 shows the herring larvae index together with the corresponding catchability times the spawning stock
from Rund. There is a very large reduction during the two last years that is not compatible with the development of the
spawning stock for any realistic parameter combination and which therefore largely must be considered due to random
fluctuations in the data. The uncertainty in this series is thus large during the latest years even if the series as a whole
seems to follow the genera} trend of the spawning stock. The WG feels that more years should be added to this series
before it is used for assessment purposes, but will also underline the importance of bringing more sources of
information into the assessment process.

The WG recommends that Run 2 be adopted. However, caution should be observed since the large increase of all year-
classes observed for the cruises along the Norwegian coast might be spurious, which could be caused by as yel
unknown environmental conditions leading to changed behavior of the herring that in turn affects the target strength. In
that case these data points should be considered outliers and run 7 is the more appropriate. If the increase in these
surveys is a result of normal variations, combined with the survey estimates from previous years being on the average
too small due to a combination of chance fluctuations, the resulting increase of the estimated spawning stock is part of
an inevitable variance in the assessment methodology. The change in the assessment induced by the latest data falls
within the error range of the assessment previously adopted by this WG (CV on log-scale of 0.4), so the WG feels that
the increases observed are not large enough for the data to be excluded as ouiliers. The result of the international survey
in the Norwegian Sea in May 1999 may shed more light on this issue.

Investigations tnto possible causes of the recent increases in the acoustic estimates should be encouraged.
355 Assessment of the 1994 and younger year classes

The RCT3 program was used for predicting the abundance of the 1994-1998 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)
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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)

Ags last year, the acoustic survey of O-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
Tablte 3.5.5.1 and the results of the analysis are given in Table 3.5.5.2. The year class strength of the 1994-1998 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 1999 WG 1998 WG
1994 2.905 2.481
1995 1.561 0.396
1996 5.144 3.724
1997 3.655 2.771
1998 5.908 -

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 1998 from the Working Group’s best estimate (Run 2)
described in Section 3.5.4 for the 1992 and older year classes. The fishing mortalities for the 1994-1996 year classes in
1998 were adjusted so that the abundance at age 3 of those year classes are the same as those predicted by RCT3. The
fishing mortality of the 1993 year-class was set to the average of the fishing mortality of the 1992 and 1994 year-
classes. 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 Fy_y
weighted by the population number (hereafter denoted as Fs y4,,) as the reference F for this stock. The Fs 14, 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 1999 (Table 3.6.1.1) gave an estimate of
Fy1=0.20 (based on ages 3-16+), while F,,, was not defined. Yield per recruit vs. F is plotted in Figure 3.5.7.1.

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, 1999, was taken from the final VPA for the year
classes 1996 and older. For the 1997 and 1998 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 1999 was set equal to the weight at age obtained from
biological samples taken during the December 1998 survey. The maturity at age in 1999 and 2000 was set equal to that
observed for 1998 during the December 1997 survey. The weight at age in the stock in 2000 was set equal to the
average of the 1998 and 1999 value, while the weight at age in the catch in 1999 was set equal to the average of the
1997 and 1998 values, except for ages 15 and 16+, where the 1998 value was used. 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. .15 on ages 3 and older. The exploitation pattern in 1999 and later
years was set equal to 1998 exploitation pattern.
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3.6.2 Resulis of the short-term prediction

Assuming that the internationally agreed TAC of 1,302,000 t in 1999 is taken, this will cause the fishing mortality (Fs.
l4n} to increase from 0.11 in 1998 to 0.12 in 1999. The effects of different levels of Fs. 14, on the catch in 2000 and on
the stock and SSB in 2001 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 12.0 million tonnes in 1997 to 10.7 million
tonnes in 1999, and will decrease further to 9.0 million tonnes in 2000. From 2000 to 2001, the spawning stock biomass
will decrease for all values of F. With a status quo TAC in 2000, the Fs. 14, will increase from 0.12 in 1999 10 0.13 in
200Q. The fishing mortality in 1999 of 0.12 is somewhat lower than the value of 0.17 obtained in last year's assessment.
The differences between the spawning stock biomass given here and those given for run 2 in Table 3.5.4.1, is due to the

use of Pope’s approximation in the assessment model and due to differences in the size of the 1993 and younger year
classes,

3.7 Bayesian Stock Assessment and Estimation of Uncertainty
No Bayesian analysis was carrjed out this year due to time constraints.
38 Progress in determining precautionary reference points

The progress in this area is described in a review by [ Rgttingen (WD, 1999) which gives a chronological list of
relevant statements and actions:

ACFM, May 1996

Special comments: There is considerable uncertainty regarding the actual level of the stock and especially
regarding the possible future development of the stock under management strategies. Preliminary medium-term
analysis indicates that there is a high probability of SSB falling below MBAL within 10 years with management
regimes implementing fishing mortalities above 0,15 or catch levels above 1,500,000 t. This is the result of the low
probability of several years of strong recruitment within a I0-year period for this stock. There are no accumulated
long-term gains from increasing the fishing mortality above the level of 1395, The utilisation of the strong vear
classes, which are currently present in the population, can be extended over a considerable time period without
overall losses in which case they would also contribute to the spawning stock over a longer period.

The Coastal States of the Norwegian spring spawning herring, December 1996 (The coastal states are EU. Faroes,

Iceland, Norway and Russia)

At a meeting in Oslo in December 1996 the coastal states agreed on a TAC for 1997 of 1.5 million t. The basis for
this decision was the catch control rule outlined in the ACEFM May 1996 report, 1.e. a fishing mortality of 0.15 and a
catch ceiling of 1.5 million t,

ACFM, May 1897

The headings “Management objectives” and “Advice on management” were introduced in 1997 as part of the new
format for the ACFM report, and for Norwegian spring spawning herring the following statements were given:

Management objectives: Management agencies have adopted a strategy for 1997 based on F=0.15, with a catch
cetling of 1.5 million tonnes and a minimum SSB of 2.5 million tonnes. The same strategy in 1998 gives a catch of
1.2 million tonnes. If the same strategy is continued after 1998, the catches will decrease further due to poor
recruiting year classes.

Advice on management: ICES advises that the present harvest control rule should not be exceeded. It is important
that the management agencies consider possible modifications of the catch control rule, as soon as possible, to
incorporate a reduction in F towards very low levels in the event of the stock biomass declining towards MBAL.
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The Coastal States of the Norwegian spring spawning herring, October 1997

Although the agreed TAC was set to 1.3 million ¢ for 1998, the discussions on TAC for 1998 were based on the
catch control rule given above,

ICES Study Group on the Precautionary Approach to Fisheries Management, February 1998

In the chapter on Reference points in the report from the February 1998 meeting the following is stated:

The SG suggests By,=MBAL=2,500,000 1, F,,=0.15, indicated by medium-term simulations and adopted by the
Working Group, together with a catch constraint of 1.5 mill. tonnes. No By, or Fy,, are suggested. Since this is a
stock which is dominated by a few outstanding year classes, management discussions have concentrated on how fast
it is advisable to deplete the present year classes, rather than on harvest control rules that require a certain By, as
trigger for special actions.

WGNPBW, April-May 1998

Spawning stock biomass values calculated in assessments made since 1990 in the Assessment Quality Control
Diagram indicated that a CV of 0.4 would be appropriate for this stock. Applying the relation B,,
=By *exp(sigma*1.643} (ICES 1998) gives a B,, of approximately 5 million !,

The Working Group did not find Fy,, to be a relevant reference point for this stock.

ACFM, May 1998

In the section on “Management objectives” ACFM repeated that the management agencies have since 1997 adopted
a strategy based on F=0.15, with a catch ceiling of 1.5 million t and a minimum SSB of 2.5 mulilion t. In addition the
following statements were given:

Advice on management: ICES advises that the harvest control rule above should not be exceeded, and this
corresponds to | 203 thousand ¢ in 1999, In order to comply with the precautionary approach it is important that
the management agencies consider possible modifications to the catch control rule as soon as possible to
incorporate a reduction in F towards very low levels when SSB is below 5 million t, to show the reduction in S5B
towards By,

Proposed reference points: Examination of the stock recruitment data suggests that the probability of poor
recruitment increase at SSBs below 2.5 million t, which defines By, In order to take into account uncertainty in
estimating biomass, a B,, =5.0 million 1 is proposed. Simulations indicate that F,,=0.15 is adequate when used in
conjunction with a catch ceiling.

Medium-term simulations indicate that the probability of SSB fulling below B, can be almost halved when a
reduction in F at SSB levels below B,, = 5.0 million t is applied. An example of such a reduction would be to reduce
the F linearly to 0.05 as the S58 falls from 3.0 million t to 2.3 million 1.

The Coastal States of the Norwegian spring spawning herring, October 1998

It was agreed to set the TAC for 1999 to 1.3 million t. The basis for this TAC was the catch control rule described in
the ACFM May 1998 report. (i.e. F=0.15 and catch ceiling of 1.5 million t). The coastal states did not discuss in
detail, or did not decide, on any pre-agreed measures on reduction in F below the SSB level of By,= 5.0 million t
proposed by ACFM.

The present status regarding precautionary reference points for the Norwegian spring spawning herring can be summed
up as follows:

Fe: A value of 0.15 had been suggested by ACFM and seems to be adopted by the management agency.
Bim: A value of 2.5 million t has been suggested by ACFM. This value seems also to be adopted by the

management agency,
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B,y A value of 5.0 million ¢ has been proposed by ACFM. The adoption of this value into a practical international
fishery agreement has so far not been discussed by the management agency.

Fii: WGNPBW did not find this to be a relevant precautionary reference point for this stock.

The Working Group is of the opinion that the following precautionary reference points are relevant for the management
advice on Norwegian spring spawning herring, and should therefore be maintained in the advice from ACFM:

Fpa =0.15
Bim = 2.5 million t
B, = 5.0 million t

Further, the Working Group is of the opinion that ACFM should reiterate its advice from May 1998 which stated that in
order to comply with the precautionary approach it is important that the management agencies consider possible
modifications to the catch control rule as soon as possible to incorporate a reduction in F towards very low levels when
S5B is below 5 million t, in order to slow the reduction in SSB towards By,. An example of such a reduction would be
to reduce F linearty to 0.05 as the SSB falls from 5.0 million t to 2.5 million t.

39 Harvest Control Rule

At present, despite the uncertainty in the stock estimate, the spawning stock seems to be at a high level. However, due
to reduced recruitment, the spawning stock is now declining (Table 3.6.2.1). Many countries participate in the fishery
for Norwegian spring-spawning herring (Section 3.1.2), and the stock is exploited by highly efficient purse seine and
pelagic trawler fleets. This stock has a known vulnerability to collapse at high levels of exploitation. In the mid 1960s
the condition of this stock changed very rapidly, from record catches in 1966-67 to a depleted stock in £1969. If, in the
future, the spawning stock decreases toward the precautionary reference point, rapid relevant management action will
be required to prevent a further decline. The best condition for doing so is through pre-agreed management measures to
reduce inF at low spawning stock levels.

In the UN agreement on “Straddling fish stocks and highly migratory fish stocks”, it is stated that the Management
Strategies for this kind of stocks should include measures which can be implemented when the precautionary reference
points are approached. In the ACEM reports from both May 1997 and May 1998 the importance of pre-agreed measures
to act appropriately if the stock reaches low levels is stressed. In the section on “Advice on management” ACFM stated
in May 1998: "In order to comply with the precautionary approach it is important that the management agencies
consider possible modificalions to the catch control rule as soon as possible to incorporate a reduction in F towards very
low levels when SSB is below 5 million t, to slow the reduction in SSB towards By,,”. Further, in the section “Proposed
reference points” ACFM in May 1998 suggested how such a reduction could be implemented in the management of the
stock: “An example of such a reduction would be to reduce F linearly to 0.05 as the SSB falls from 5.0 to 2.5 million t.”

The F-reduction suggested by ACFM is augmented by incorporating F=0.05 at SSB levels lower than 2.5 million t
(ICES 1998) to the harvest contrel rule which is illustrated in Figure 3.9.1, and used as a basis in responding to the
request on medium-term simulations from the Coastal States for Norwegian spring spawning herring. The request does
not point to any preferred way of reducing the F at low SSB values. However, in order to clarify the effect of reducing F
at S5Bs lower than 5.0 mill. t. runs are also made with the following F's below B,

e [F=0.15, ie noreductionin F
» Fis decreased linearly from F=0.15 at SSB=5.0 million t to F=0.0 at S5B at 3.75 million t.

The results are given in Section 3.10.
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310 Medium-Term Projections

The framework for the range of vatues for the biological parameters in the medium-term projections is the request from
the coastal states of the Norwegian spring-spawning herring (item k in 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.

Parameter Request from coastal states Performance values
Fishing mortality 0.100, 0.125, 0.150, 0.175 As requested

Catch ceiling In the range 1.0 - 1.5 million t. 1.0, 1.25, 1.5 million t
Value of B, 3.0 million t As requested

Value of By, 2.5 million t As requested

Time range 5 and 10 years As requested

Linear decrease in F from 0.15
at B, to 0.05 at By, (ACEM
1998) (similar decreases were
also made with other requested
F's (0.100, 0.125, 0.175)).

Management action if F
reaches low levels

Not indicated in request

Alternatives using F=0.15:

a) Nodecrease inF at B,

b) Linear decrease from B, to
F=0.0 at 55B at 3.75 m.t.

Average difference of tighest and

Measure of stability of
Jowest yvield in each simulation run

“year-to-year stability in yield”

catches

Yield “in terms of yield” Average annual yield (tonnes)
of the time range for the
stmulation run {5 or 10 years).

Risk Probability to fall below B, and | As requested, risk to fall below

Bim B,, and By, 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 2. (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
vields 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 () was introduced this year to avoid the occurrence of year classes outside
the range observed.

Uncertainty in current stock size was assumed to be adequately reflected by a standard error of 0.4 on a log scale for
ages 4 and older in 1999, taken from the quality control sheets. 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 1o
0.4 at age 4.

The projections started at January 1 1999 and the allocated catch for 1999 was implemented wsing an F of 0.12. 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 514 of these numbers.

1000 simulations were performed for each harvest control rule. For various harvest control rule parameters, the average
yields for the 5- year period 2000-2004 and 10-year period 2000-2009 as a function of harvest control rule parameters is
given in Table 3.10.1 and 3.10.2. The average difference between maximum and minimum yield in each run for the
various harvest control rule parameters for these two periods is given in Tables 3.10.3-3.10.4, The probabilities of SSB
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falling below B,=5.0 million tonnes and below By,=2.5 million tonnes in these two periods (here also the S5B in the
vear after the end of the simulation period {2005/2010) is considered when the probability is calculated) given in Tables
3.10.5-3,10.8.

In order to investigate the effect of various strategies for reducing F when the SSB falls below B, it was attempted to
keep the fishing mortality constant for all SSB values, or to reduce F linearly towards zero at 3.75 million tonnes, in
addition to the strategy for reducing F mentioned above. This was only done for F=0.15 and a catch ceiling of 1.5
million tonnes. The resuits of this analysis are given in Table 3.10.9.

From these tables, the following conclusions can be drawn:

1. Continued fishing using the present harvest control rule illustrated in Fig. 3.9.1, with a catch ceiling of 1.5 million t
gives a high probability of the stock falling below B, in the medium-term (5 years).

2. The probability of S5B falling below Bji,= 2.5 million tonnes in the coming 10-year period is almost doubled when
a reduction in F at 38B levels below B.,=5.0 million tonnes is not applied.

3. The mean catch in the medium-term period is below 1.0 million tonnes.
4. Lowering the catch ceiling will increase the year to year stability of the catches.

Figure 3.10.1 and 3.10.2 show the development of SSB and yield for F=0.15 above B, =5.0 million tonnes with a linear
reduction to F=0.05 at B,;= 2.5 million tonnes and a catch ceiling of 1.5 million tonnes. 5, 25, 50, 75 and 95 percentiles
are given to illustrate the uncertainty in the prognosis.

311 Management Considerations

The tuning model applied in the assessment, compared with last year. seems to be more stable by the incorporation of
new probability distributions of the surveys (Section 3.5.5). The input data have been expanded including series of
tagged herring younger that the 1983 year class (section 3.4). There has further been added one year more of data to the
acoustic survey series.

If the post-summer 1998 acoustic estimates are included in the tuning process, the spawning stock in 1999 is estimated
to 11.67 million t, if they are excluded the spawning stock estimate is 9.70 million t, Given Lthe uncertainties expressed
in Section 3.5.4, the Working Group stresses the uncertainty of the level of stock size.

A lowering of the catch ceiling could decrease the potential year-to-year variability for catch-levels set on the basis of a
fixed F and a perceived stock estimate with a considerable error-range believed to be the case for this stock (Section
3.10).

The management agency should take into account that the assessment of the stock is not considered to be precise, and
that the medium term projections indicate a considerable stock decline (Section 3.10). Further, it ts considered highly
important that the harvest control rule used in the exploitation of this stock should be robust to assessment uncertainty.
At present, an implicit harvest control rule is applied whereby the catch is restricted Lo the lower of the catch for F=0.15
and the maximum catch of 1.5 million tonnes. However, the Working Group notes that in the period from 1950 to 1963,
when the spawning stock was depleted from 14 million tonnes to 2.6 million tonnes, catches only exceeded 1.5 million
tonnes in one year, and fishing mortality only exceeded 0.15 in one year. Although recent selection patterns show a
lower fishing mortality on juvenile fish than in that period, it is not demonstrably the case that the harvest control rule
presently applied is sufficiently cautious to ensure a low probability of stock depletion. Pre-agreed management plans
for remedial action if the spawning stock approaches a precautionary level should be incorporated into the adopted
harvest control rule, as discussed in Section 3.8.

The immatures and adults of this stock form a central part of the ecosystem in the Barents and Norwegian Seas,
respectively (Section 2). The herring has an important role as a transformer of the production of zooplankton biomass
and energy to a form which is available to organisms at a higher level of the food chain, A large stock of herring will
utilise larger quantities of plankton (and over larger areas) than a small stock will do.

The current stock assessment indicates a large spawning stock in 1999, but the level is considered imprecise. However,
the medium term development of this stock is clear. The spawning stock is supported by two sirong year classes (1991
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and 1992) and reached a maximum in 1997. The projections indicate that the spawning stock will continue declining
due to the recruitment of weak year classes (Fig. 3.10.1).

312 New Information on the Present Spatial and Temporal Distribution of Norwegian Spring-Spawning
Herring

Information on the migration pattern up to autumn 1998, mainly based on the ICES PGSPEN international surveys in*
spring/summer of 1998 (Holst et al. 1998) was provided to the ACFM November 1998 meeting, and formed the basis
for the answer to the request from NEAFC.

3121 Wintering areas 1998/1999

The spawning stock this year wintered in the Vestfjorden area as it has done since 1987/1988. However, this year it
seems to have been a two step immigration into Vestfjorden. The herring stopped up in the outer part of the fjord, and
did not start migrating into the inner part of Vestfjorden and to Ofotfjorden before 1. November, almost one month later
that usual. However, by the end of November large amounts of herring were located in the traditional wintering areas.
{WD by Foote and Rgttingen), In January the herring emigrated from the Vestfjorden area.

3.12.2 Spawning season 1999

The spawning in 1999 occurred over a wide area along the Norwegian coast, from Lindesnes in the south (approx.
58°N) to north of Vesterdlen (approx. T0°N). The distribution of herring larvae (Figure 3.3.5.1) indicates the distribution
of the spawning areas.

No major changes have been observed in the spatial and temporal distribution of Norwegian spring-spawning herring in
the wintering season 1998/1999 and in the spawning season 1999 compared to the situation in the previous year.

3123 Feeding areas in 1999

Information on the emigration from the spawning areas and the distribution in the feeding areas in the Norwegian Sea in
spring/fsummer 1999 will be mapped on an ICES co-ordinated survey in May 1999, The results will be made available
in a report to the [CES Annual Science Conference. The autumn ACFM meeting will receive this report together with
information on immigration to the 1999/2000 wintering areas.
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Table 3.1.2.2.1 Timing of fisheries in ICES areas,

ICES Area Timing of fisheries for Norwegian spring spawning herring

| No fishery

IIa Januvary: Large fishery in fjord areas in Northern Norway.
February-March: Fishery on spawning areas on the coastal banks off Western
Norway.
April: Minor international fishery in the Norwegian Sea.
May : Large International fishery in the Norwegian Sea.
June: International fishery in the Norwegian Sea.
July: Minor international fishery in the Norwegian Sea.
August -September: International fishery off Northern Norway.
September-December: Large fishery in fjord areas in Northern Norway.

IVa February-March: Fishery on the spawning areas in coastal waters off Western
Norway. Some calches may be taken in northern areas _in spring.

I'Vb No fishery.

Va June: Fishery mainly by Icelandic and Faroese vessels.

Vbl May: International fishery.

Vb2 No fishery.

Vla-b No fishery.

VIla-b No fishery.

Ila No fishery.

Vllc No fishery.

VIlg-k No fishery.

VIl No fishery.

X No fishery.

XIVa June: One catch by an Icelandic vessel .

Table 3.1.2.3.1

Gear used in the fisheries for Norwegian spring spawning herring.

Nation Gear used

Denmark Mainly purse seine

Faroes Purse seine

France No information

Germany Pelagic trawl

Iceland Purse seine

Ireland Pelagic trawl

Netherlands Pelagic trawl

Norway Mainly purse seine

Russia Pelagic trawl

Sweden Pelagic trawl and purse seine
UK (Scotland) Pclagic trawl and purse seine
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Table 3.2.1  Catches of Norwegian spring spawning herring (tonnes) since 1972.

Year A B! C D Total Total catch as
used by the
Working Group
1972 - 9,895 3,266° - 13,161 13,161
1973 139 6,602 276 - 7,017 7,017
1974 906 6,093 620 - 7,619 7,619
1975 53 3,372 288 - 3,713 13,713
1976 - 247 189 - 436 10,436
1977 374 11,834 408 - 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 - 3,736 13,736
1982 983 10,447 225 - 11,655 16,655
1983 3,857 13,290 907 - 18,054 23,054
1984 18,730 29,463 339 - 48,532 53,532
1985 29,363 37,187 197 4,300 71,047 169,872
1986 71,122° 55,507 156 - 126,785 225,256
1987 62,910 49,798 181 - 112,899 127,306
1988 78.592 46,582 127 - 125,301 135,301
1989 52,003 41,770 57 - 93,830 103,830
1990 48,633 29,770 8 - 78,411 86,411
1991 48,353 31,280 50 - 79,683 84,683
1992 43,688 55,737 23 - 99,448 104,448
1993 117,195 110,212 50 - 227,457 232,457
1994 288,581 190,643 4 - 479,228 479,228
1995 320,731 581,495 0 - 902,226 902.226
1996 462,248 758,035 0 - 1,220,283 1,220,283
1997 0 - 1,426,507 1,426,507
1998° 0 - 1,223,131 1,223,131
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 hy-catch in the capelin fishery (2-group)

Includes also by-caiches of adult herring in other fisheries

In 1972, there was also a directed herring O-group fishery

Includes 26,000 t of immature herring (1983 year-class) fished by USSR in the Barents Sea
Preliminary, as provided by Working Group members

Details of distribution of 1997 catches by fishery and ICES area given in ICES 1993
Details of distribution of 1998 catches by fishery and ICES area given in Tables 3.2.3-3.2.5
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Table 3.2.2 Total catch of Norwegian spring spawning herring {tonnes) since 1972.
Data provided by Working Group members.

USSR/
Year Norway Russia Denmark Farces  Iceland  Ireland  Nether- Greenland UK Germany France Sweden Total
lands
1972 13,161 - - - - - - - - - 13,161
1973 7.017 - - - - - - - - - - 7.017
1974 7.619 - - - - - - - - - - - 7,619
1975 13,713 - - - - - - - - - - - 13,713
1976 10,436 - - - - - - - - - - 10,436
1977 22,706 - - - - - - - - - - - 22,706
1978 19,824 - - - - - - - - - - - 19,824
1979 12,864 - - - - - - - - - - - 12,864
1980 18,577 - - - - - - - - - - 18,577
1981 13,736 - - - - - - - - - 13,736
1982 16,655 - - - - - - - - - - 16,635
1983 23,054 - - - - - - - - - - - 23,054
1984 53,532 - - - - - - - - - - - 53,532
1985 167,272 2,600 - - - - - - - - - 169,872
1986 199,256 26,000 - - - - - - - - 2257236
1987 108,417 18,889 - - - - - - - 127306
1988 115,076 20,225 - - - - - - - - - 135,301
1989 88,707 15,123 - - - - - - - - 103,830
1990 74,604 11,807 - - - - - - - - - 86,411
1991 73,683 11,000 - - - - - - - - 84.683
1992 91,111 13,337 - - - - - - - - 104,448
1993 199,771 32,645 - - - - - - - - 232457
1594 380,771 74,400 - 2911 21,146 - - - - - - 479,218
1995 529,838 101,987 30,577 57084 174,109 - 7,969 2,500 881 356 - - 905,501
1996 699,161 119,290 60,681 52,788 164,957 19,541 19,664 - 46,131 11,978 - 22424 1220283
1997 860,963 168,900 44,292 59987 220,154 11,179 8,694 - 23,149 6,190 1,500 19,499 1,426,507
1998 743,925 124,049 35519 68,136 197,789 2437 12,827 - 15,978 7003 605 14863 1,223,131

! Preliminary, as provided by Working Group members.
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Tabte 3.2.3
Record No |Country  |Quarter |Area Sampled |Official WG MNa. of  |No, hsh [No. fish |CN CN |CN CN CN CN CN CN CN CN CN CN CN CN CN CN ChN
Catch Catch Catch samples |aged measured 1] 1 2 3 4 5 6 7 8 ] 10 i1 12 13 14 15 16
Norwegian Q 16 1998
b 1| Norway 1 lla 294719 266802 268902 20 8207 8566 0 0 685| 3260| 54042| 113120) 572828 332035| 86212 36545| 3358 1486 J93| 17305 439 36699 0
2[Norway 2 lla 7816 7407 7407 21 939 1149 ¥ 0 501 468 1087 1163 12774 8248 2262 1328 378 0 36| 1842 0| 2933 0
3] Norway 3 na 115517 115264 115264 A 806 1523 ¢ 0| 7039 5566| 46573 26183| 130714 99660 32768 13038 3190 0 0] 1558 0| 13963 0
4t Norway 4 Ila z5873 325934 325873 72 3800 6687 Q Q| 10313 B809%2| 66794| 150025! 468345| 320278 84869 31688 4276 352 Q) 14625 Q) 16815 0
5| Norway 1 va 0 25917 a7 o Q 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 o
6] Norway 2 va 0 409 9 o a o o 0 ] 0 o 0 0 0 o o 0 0 i o 0 e 0
7| Norway 3 Iva 0 253 283 0 0 0 0 0 0 Q 0 0 0 Q 0 s 0 0 0 o s} 0 4]
B Russia 1 Ha 82497 85113 82497 21 2180 25497 o 0| 8332 Q 5404 21845| 166235 118394 25192 6843 1101 719 2001| 4338 5038 1420 0
9 Russia 2 lla 3405 3405 3405 17 1117 15610 0 a| 2051 582 991 1835 6208 2226 365 48 54 29 93 93 86 1] 0
10 Russia 3 lla Q 36052 36052 Q Q ] 4] 4] ] 0 0 4] Q 0 0 0 2] Q 0 [*] 0 Q 0
11 Russia 2 Va 452 452 452 1 99 95 )] 1] 272 79 132 244 824 295 48 6 7 13 12 13 0 0
12 Russia 2 Vb 1643 1643 1643 3 248 4241 0 0 990 285 478 886 2995 1074 176 24 26 14 47 45 46 [ 0
13 Denmark 1 la 8910 8910 8910 21 1014 2053 0 0 0 0 553 2802 26051 B13 a87 159 197 316 o 59 0 218 0
14 Denmark 2 Ha 22449 22420 22449 4 238 482 0 0 0 4] 2085 3465 a521¢g 21679 7495 1773] 1451 2579 Q] 1011 0 3744 0
15 Denmark 3 I1a 3428 3426 3426 1 99 a9 0 Q| 6521] 6521 4923 2578 362 0 0 0 352 0 ] ] ] 0 0
16 Denmark 4 lla 705 708 705 1 99 29 0 Q| 1342 1342 1013 531 75 0 0 0 75 0 Q ] Q 0 0
17 lceland 2 lla 183882 184038 183992 6 341 341 4] Q 4] 0 2341 153311| 210327 90442| 25780 4683 15817 0] 64837 0| 12504 0
19 lceland 3 la o} 3131 3N C Q Q Q Q 0 0 0 0 0 o 0 0 [*] 4] o [+] o 4]
19 lceland 4 lla o] 4131 4131 0 0 0 Q 0 0 Q0 0 Q 0 4] o 0 o] o] 0 ] [+] Qo 0
20 lcaland 2 Xiva 0 746 746 0 0 0 0 0 0 ¢ o 0 G 0 0 0 0 Q 0 0 0 Q
21 lceland 2 va 1775 1775 1775 2 132 132 4] 0 0 0 0 0 1427 1834 1019 245 0 122 [t] 571 %) 163 0,
22 lceland 2 Vb1 4014 4014 4014 4 208 209 0 0 0 0 Y 128 3523 5253 1473 576 256 448 0] 1601 0 128 ]
23 France 1 [IE 605 805 4 Q Q 0 4] o 0 0 4] 0 0 ] o] [+] o} 0 0 ]
24 Swedsen 1 Ha 520 520 0 0 0 0 0 0 0 0 0 0 0 0 o] 0 o] 0 0 4] 0 0
25 Sweden 2 lla ] 9778 9778 0 0 0 0 0 0 [+ 4] 0 0 o 0 0 0 1] ] 0 0 4] 0
26 Sweden 3 lla ] 4475 4475 0 9_ 0 0 0 0 o 4] 0 0 O 0 0 0 0 ] 0 0 0 0
27 Sweden 4 lla Q 20 90 0 0 0 0 0 0 0 0o 0 0 0 Q 0 0 a 0 o 0 o Q
28 Germany 2 Ita Q ana 303 ¢ 0 0 0 4] o Q o 0 0 0 o s} 0 4] o o [+ 0 0,
29 Germany 3 tla 0 6699 8700 o 0 ] 0 4] o 0 0 4] 0 0 1] 4] o] 4] a 0 o 0 0
30 Netheranc 2 lla 0 14018 559 0 0 0 0 0 0 0 0 Q 0 0 o Q 0 4] 0 4] Q 0 Q0
31 Netherlant 3 lla Q 100 100 0 0 0 0 0 o} 4] c 0 0 0 Q 0 Q0 0 4] o] 0 Q Q
32 Netherant 2 Iva 0 0 12168 [+ 0 0 0 0 0 0 Qo 0 0 0 o] 0 0 8} 0 o 0 o Q
33 UK(Scot) 2 Hla o} 5609 5608 Q Q Y] 0 4] 0 0 0 0 0 0 o 0 0 3] 0 0 [} 0 0
34 UK(Scot) 3 lla 0 5514 5614 0 0 0 0 0 ¢ 1] 0 ¢} 0 0 [+ 0 0 4] 0 a 0 0 0
35 UK(Scot) 4 la s} 4755 4755 0 0 0 0 0 0 0 0 o Q Q o 0 Q 0 0 0 0 0 0
36 lreland 1 lla 4] 2313 2313 0 4] a Q 0 Q 4] 4] 0 0 0 Q 0 Q Q Q 0 0 o 0
37 Ireland 2 Ita 124 124 124 2 94 289 Q 9] 0 2 67 203 134 46 30 k] 0 Q o o Y 0 0
3B |Faroes 2 Ila 52418 48858 48858 0 11 300 1207 ¢} 4] ] 0 1136 4779 53650 51385 21247 290Q| 17278 ] 0] 2213 0] 8200 0
39| Faroes 2 vb 0 3560 3560 0 0 0 4] G 0 0 o 0 0 e 0 0 0 0 Q Y 0 0
40{Faroes 3 ila ¢} 15717 15717 0 o] 0 o 0 a 0 0 0 0 0 o 0 Q 0 0 4] 0 0 0
| 41| Denmark 2 vb ¢} 30 30 0 0 0 4] 0 0 Q 4 0 0 0 0 Q 0 0 0 0 o 4} a 0,
1 1|




Table 3.2.4
Hecord No|Country  |Quarler |Area Sampled |Official |WG Mo. ol [No.fish |Mo. fish |CW Cw CwW cw CW CwW Cw CwW oW CwW Ccw cwW CW CW W cwW CwW
Catch Catch Catch samples |aged measured a 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Morwegian o 16 1_99_8[ L B
1|Norway 1 lla 294719 268802 268802 90 8207 8566| 0.000| 0.000) 0061 0095 0.72| 0.481] 0.219] 0.245) 0.284] 0.311] 05322 0.393] 0.344| o0.352| 0987 0.374| 0.000
F 2|Norway 2 Ila 7816 7407 7407 21 939 1149 0.000] 0000; 0059 0.095| 0.203) 0196 0.210| 0.228) 0.256| 0201| 0.320! 0320] 0.320| 0.236] 0396 0.343| 0.000
3(Norway 3 lla 119517 115264 115264 31 806 1523 __0.000) 0.000) 0.086] 0.127| 0.269| 0264 0.292| 0.320] 0.357| 0.372] 0.404] 0.398| 0.397| 0.379| 0.396| 0.451] 0.000
4|Norway 4 lla 9325873 325034 325873 72 3800 6687 0.000) 0.000) 0.097, 0,55 0225 0.245 0.269| 0290 0323]| 0350 0.379| 0.298) 0.376] 0.396| 0.3p6] 0.414| 0.000
5|Norway 1 |Va| 0 2007 297 0 o D] 0.000, 90.000| 0.000] 0.000| 0.000[ 0000 0000] 0000 0.000] 0.000( 0.000| 0000 0.000| 0.000] 0.000] 0.000| 0.000
&|Norway 2 |Va] 0 409 402 o 0| G.000] 0.000) 0.000] 0.000] 0000 0.000{ 0.000] 0000 0.000| 0.000] 0.000] 0.000] 0.000] 0.000[ 0.000 0.000] 0.000
7 |Norway 3 |Va| 0 253 253 of o O] 0000 0.000 0000, 0.000] 0.000] 0000 ©000| 0000 0.000| 0.000] ©.000] 0.000| 0.000| 0.000| 0.000! 0.000[ 0.000
8 Russia 1 lla 82497 85113 82497 21 2180) 25497| 0.000) 0.000| ©0.069| 0.000| 0.168| 0.474] 0.208| 0.233] 0.269| 0.313] 0.375| 0.344| 0.371| 0.380] 0.377| 0.407| 0.000
9 Aussia 2 lla 3405 3405 3405 17 1117) 15810) 0.000) 0.000] 0075 ©.432) 0493 0.225] 0.266 0292! 0327) 0.348) 0316/ 0.351] 0.348| 0.366, 0.356) 0000 0.000
10 Russia 3 Ila 0 36052 36052 0 0 0| 0000 QOO0| ©0O00Q] 000D ©0.000] 000G 0.000] 0.000| 0.000] 0.000| 0.000| 0.000( 0.000] 0.000] Oo000| 0.000] 0.000
11 Russia 2 Va 452 452 452 1 99 99| 0.000; ©0000| 0.075| 0.132| 0199) 0.225| 0.266| 0.292| 0.327| 0.348! 0.316] 0.351| 0.348| o0.386] 0.356| 0.000| 0.000
12 Aussia 2 Vb 1643 1643 1643 3 248 4241| 0.000| 0.000| 0075 0132 0.9 0.225| 02866 0.202| 0.327| 0348 0.916] 0.351| 0.348{ 0.366] 0.356) 0.000] 0.000
13 Denmark 1 lla 8910 8910 8910 21 1014 2053| 0.000| 0.000 0.000( 0000 0205 0201 0.216) 0.242| 0.298| 0.317| 0.339| 0370 0.000] 0.386| 0.000| 0.386] 0.000
14 Denmark 2 Nla 22449 22420 22449 4 238 492| 0.000{ 0.000( 0.000| 0.000| 0233 0256 0.255| 0.277] 0.305| 0.333| 0.365| 0.362] 0.000) 0.367| 0.000, 0367| 0.000
15 Denmark 3 lla 3426 3426 3426 1 29 9¢| 0.000| 0.000| 0130 ©0.158| 0.173] 0.208| 0191 0.000| 0.000| 0.000| 0.228)| 0.000] 0.000| 0.000| 0.000( ©.000| 0.000
16 Denmark 4 lla 705 705 705 1 99 99| 0.000] 0.0000 ©130| 0158 0.173] 0.208| 0.191| 0.000( 0.000] 0.000| 0.228| 0.000| 0.000| 0©.000] 0.000( 0.000] 0.000
17 Iceland 2 lla 183992 1B4058 183992 6 341 341} 0000 0.000] 0.000] 0.000] 00600 0253 0.277{ 0.297| 0.331| 0348] 0.331| 0378 0.000] 0.411| 0.000| 0438 0.000
18 Iceiand 3 ila o 313 a1s ° 0| 0| 0o00| 0.000| 0.000)  0.000) 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
19 Ilcetand 4 lia 0 4131 4131 0 o] 0/ 0.000] 0000/ 0000] 0000; 0000, ©0O00] 0000; 0.000] 0.000/ 0O000] 0.000| 0.000/ 0.000) 0000 0.000] 0000; 0.000
20 Iceland 2 Xiva 0 T4G 746 0| [+ 0| 0.000) 0000  0.000( 0000/ 0000 0000, 0000 0000 0000 0.000! 0000 0O000] 0.000] ©€.000 0.000| 0.000[ 0.000
21 Iceland 2 va 1775 1775 1775 2 132 132|_00c0} ©0.000] 0.000| 0.000| ©.000] 0000 0.283] 0.305] 0.343| 0.371] Q.000| 0.446] 0.000| 0.427| 0.000{ 0.443; 0.000
22 |celand 2 Vbl 4014 4014 4014 4 208 209) 0o000] 0.000/ 0.000] 0.0000 0000 0253 0.269| 0.286] 0.303] 0.310) 0331] 0.315 0.000] 0.392] 0.000] 0.417/ 0.000
23 France 1 lia 605 805 0 0 o coool o0.000] 0000 00000 0.000] 0.000] 0.000| 0000 0.000( 0.000) ©G.000| 0.000] 0000| 0000| 0.000 0.000| 0.000
24 Sweden 1 lla o 520 520 0 0 0| 0000| 0000 0.000] 0000 0000 0000 0.000] 0.000 0000 0.000] 0000 0000[ 0.000] 0.000) 0000 0000 0.000
25 Sweden 2 lla o 9778 9778 0 0 0| 0000 0000 ©0.000[ 0000 0.000)] 0000 0.000| 0.000, 0.000| 0000 0.000| 000Q| 0,000 0.000] 0.000 0.000| 0.000
26 Sweden a la 0 4475 4475 o a 0| 0000 0000] ©OUO| ©O000] 0.000] 0.000] 0000 0.600] €000 0000| 0.000) 0000] 0.000] 0.000| 0000) 0000| 0.000
27 Sweden 4 lla 0 20 90 _ 0 0| _ 0] 0.000] C.00G| ©.000{ 0.000| 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
28 Germany 2 E 0 303 3030 0 0] 0.000[ 0.000| 0.065] 0.000| 0.000] ©.000| 0.000| 0.000[ 0000, 0000| 0.000| 0.00p0| 0.000! 0.000) 0©.000| 0.000) 0.000
29 Germany 3 la 0 6699 6700 © 0 _ 0] 0000| 0.000( O0..J| 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] ©0.000] 0000| 0.000/ 0.000] 0.000] 0.000{ 0.000] 0.000
30 Netheranc z lia 0__ 14018 559 5} 0 0| 0.000{ 0.000] 0000 C.O00] 0000 0.000] 0000 0.000| 0.000] ©.000] 0000| 0.000; 0000 0.000[ 0.000] 0.000] 0.000
31 Netherant 3 Na 0 100 100 0 o0 0| 0.000| 0.000 0.000| 0.000 0.000, 0000] 0000 0.000] 0.000( 0000 0.000| 0000 0.000| 0.000] 0000 0.000[ 0.000
32 Netherlanc 2 va 0 0 12168 _0 0 _ 0] 0.000] 0.000) 000 ©0000) 0000 0000] ©.000, 0.000] 0.000| 0.000) 0.000] 0000] 00000 0000] 0.000] 0.000] 0.000
33 UK(Scot} 2 lla o 5609 5609 0 Gl D] 0.000 0000, 0000 0000 0000 0000 0.000] 0000 0.000 0.000} 0.000| 0.000] 0.000] 0.000] 0000 0.000! 0.000
34 UK{Scot) 3 la 0 5514 5614 o o 0[ 0.000] 0.000] ©0.000] 0.000] 0o000| 0.000| 0,000! 0.000| 0000| 0.000| 0.000| 0.000] 0.000| 0.000] 0.000| 0,000/ 0.000
35 UK(Scot) 4 ha ] 4755 4755 0 0 0] 0000 0Q.000{ 0.000] 0.000] 0000| 0.000] 0.000 0.000| 0.000| 0000 0.000] 0.000] 0.000| 0.000] 0.000| 0000 0000
36 Ireland 1 la 2313 2313 0 o 0| 0000 0.000) 0000 0.000 0000 0.000 0.000] 0.000| 0000, 0.000| 0.000] 0.000{ 0.000| 0.000( 0000 0.000| 0000
37 freland 2 lia 124 124 124 2} 94|  289| 0.000| 0.000) 90.000] ©0.197| 0.231| 0239 0249| 0277 0.335| 0.360| 0.000| 0.c00| 0.000| ooool 0000 0.000 0.0@{
38|Faroes 2 la 52418 48858 48858 11l 300[  1207| 0.000) Q.000; 0.000{ 0.000| 0.266| 0.271, 0285 0.306| 0.336] 0.350| 0.413{ 0.000| 0.000| 0.426 0.000] 0426 0.000
38| Faroes 2 vb o 3560 3560 0 o 0| 0.000] 0000 0.000/ 0©.000 0000 ©0.000| 0.000| 0.000| ©O000{ 0.000| 0.000| ©0.000| 0.000] 0.000{ 0.000| 0.000| 0.000
40|Faroes 3 IE} 0 15717] 15717 0 0 0| 000D 0.0D0| 0.000] 0.000| 0.000] 0000 0000 0000| 0000/ 0.000] 0000 ©0.000| 0.000| 0.000| 0000] 0.008) 0.000
41 |Denmark 2 Vb o 30 30 0 o 0| 0.000] 0000, 0000 ©O0CO| 0000 0.000 0.000] 0.000 o.oook 0.000| ©0.000| 0000 000D 0.000] 0000 0.000| 0000
- | 1 ] N
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Table 3.2.5

Summary of Sampling by Country

AREA : IIa
Country Sampled
Catch
Denmark 35490.00
Faroes 52418.00
France .00
Germany 0.00
Iceland 183992.00
Ireland 124.00
Netherlands 0.00
Norway 743925.00
Russia B5902.00
Sweden 0.00
UK {Scot) 0.00
Total ITa 1101851.00

Sum of 0ffical Catches
Unallocated Cakch :
Working Group Catch :

AREA @ IVa
Country Sampled
Catch
Norway 0.00
Russia 452 .00
Total IVa 452.00

sum of 0ffical Catches
Unallocated Catch :
Working Group Catch

AREA Va
Country Sampled
Catch
Iceland 1775.00
Total Va 1775.00

Sum of Offical Catches
Unallocated Catcn :
Working Group Catch

AREA : Vb
Country Sampled
Catech
Denmark 0.00
Faroes Q.00
Russia 1641.00
Total Vh 1643.00

sum cf 0ffical Catches
Unallocated Catch :
Working Group Catch :

Official

Cat
35461.
64575

605.
7002
191320
2437.
14118
717407
124570
14863.
15878
1188236

1188236
-16072
1172164.

pfficial

ch
0o

.00

co

.Co
.00

o0

.00
.00
.00

o] ¢!

.00
.00

.00
.00

o0

Catch

26579.
432,
27031.

27031.
12168.
39195,

Official

00
oo
0o

00
a0
ao

Catch

1775.
1775,

1775.
J.
1775,

Official

00
0o

0o
00
04a

Catch

a0.
3560
1643
5233

5233.
0
5233

00

.00
.00
.oo

00

.00
.00

No. of
samples
27
11

o

No. of
samples
o]
1
1

No. of
samples
2
2

Mo. of
samples
o}

o
3
3

No.
measured

2743

1207

0

0

341

289

0

17925

41107

63612

No.
measured

0

99

99

No.
measured

132

132

No.
measured

4]

1]

4241

4241

No.
aged

1450

o

341
94

13752
3297

19234

No.
aged

9%
99

aged
132
132

S0P

50Pp
0.00

100.06
100.0%

S0P

99.95
85.95

SOP

0.00
0.00
100.11
100.11
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Country Sampled
Catch

Iceland 4014 .00
Total Vbl 4014.00

sum of 0ffical Catches
Unallocated Catch :
Working Group Catch :

AREA XIva
Country Sampled
Catch
Iceland 0.00
Total XIVa 0.00
sum of Qffical Catches
Unallocated Caktch :
Working Group Catch :
PERIOD : 1
Country Sampled
Catch
Denmark 8910.00
France 0.00
Ireland 0.00
Norway 294719.00
Russia B82497.00
Sweden 0.00
Period Total 386126.00
Sum of Offical Catches
Unallocated Catch :
Working Group Catch
PERIOD : 2
Country Sampled
Catch
Denmark 22449 .00
Faroes 52418.00
Germany 0.00
Iceland 189781.00
Ireland 124.00
Netherlands 0.00
Norway 7816.00
Russia 5500.00
Sweden 0.00
UK {Scot} 0.00
Pariod Total 278088.00
Sum of Offical Catches
Unallocated Catch
Working Group Catch
PERIOD : 3
Country Sampled
Catech
Denmark 3426.00
Faroes 0.00
Germany 0.00
Iceland 0.00
Netherlands 0.00
Norway 1155%17.00
Russia 0.00
Sweden 0.00
UK (Scot) 0.00
Period Total 118943.00
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Official

Catch
4014 .00
4014 .00

4014 .00
0.c0
4014.00

Official
Catch
746.00
74€.00

746.00
0.00
746.00

Official
Catch
8910.00
605.00
2313.00
294719.00
85113.00
520.00
392180.00

392180.00
-2616.00
389564.00

official
Catch
22450.00
52418.00
303.00
190593.00
124 .00
14018.00
7816.00
5500.00
§778.00
5609.00
308605.00

308609.00
-1328.00
307281.00

Official
Cateh
3426.00
15717.00
6699.00
3131.00
100.00
115517.00
36052.00
4475.00
5514.00
190631.00

No. of
samples
4
4

No. of
samples

No. of
samples
21

0

0
90
21
o]
132

No. of
samples

11

12

21
21

71

No. of
samples

L
MOoOocorooo o

W

No.
measurad

209

209

No.
measured

0

0

No.
measured
2053
0
0
8566
25497
0
36116

No.
measured

492

1207

4]

682

289

0

1149

19950

[}

Q

23769

No.
measured
g9

aged
209
209

No.
aged

aged
1014

B207
2180

11401

No.
aged

238

300

682
94

939
1464

3717

100.00
100.00

99.

99.

99.

99.

99.
99.

100.
59.

100.
100.

93.

50P

50P

sop



Sum of Offical Catches
Unallocated Catech
Working Group Catch

PERICD : 4
Country Sampled
Catch
Denmark 705.00
Iceland 0.00
Norway 325873.00
Sweden c.0D
UK {Scot) G.00
Period Total 326578.00

Sum of 0ffical Cartches
Unallocated Catch :
Working Group Catch

Total over all Areas and Periods

Country Sampled
Catch

Denmark 35490.00
Faroes 52418.00
France 0.00
Germany 0.00
Iceland 189781.00
Ireland 124.00
Netherlands 0.0a
Norway 743925.00
Russia 875397 .00
Sweden 0.00
UK {Scot} 0.00
Total for Steck 1109735.00

Sum of 0Offical Catches
Unallocated Catch
Working Group Catch :

DETAILS OF DATA FILLING-IN

Filling-in for record : { §)
Using Only

>» { 1) Norway

Filling-in for record : ( @)
Using Only

= { 2) DNorway

Filling-in for record : { 7]
Using Only

>»  { 3) Noxrway

Filling-in for record : { 10)
Using only

>> { 3) Norway

Filling-in for record : { 18)
Using Cnly

»>> ( 3) Norway

Filling-in for record : {( 19)
Using Only

>» { 4) Norway

Filling-in for record : { 2Q)
Using Only

> { 17} Iceland

190631.00
101.00
190732.00

Official
Catch
705.00
4131.00
325934.00
9g.04a
4755.00
335515 .00

335615.C0
-61.00
335554.00

0fficial
Catch
35491.00
68135.00
605.00
7002.00
197855.00
2437.00
141148.040
743286.00
1265665.00
14863.00
15878.00
1227035.00
1227035.00
-3504 .00
1223131.00

Norway
1 IIa
Norway
2 IIa
Norway
3 ITIa
Russia
1 IIa
Iceland
3 IIa
Iceland
4 ITIa
Iceland

2 IIa

No. of
samples
1
0
72
0
0
73

No, of
samples

214
42

308

Iva

Iva

Iva

ITa

IIa

ITa

XIva

No.
measured
99

0
6687
4]
0
6786

No.
measured

2743

1207

0

0

582

289

0

17925

45447

58293

No.
aged
99

3800

3899

99

100

100

.80

.00
.Co
.00
.00

Sop

sop
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for record :

Denmark

for recard :

Denmark

for record :

Denmaric

for record :

Denmark

for record :

Denmark

for record :

Denmark

for record :

Cenmark

for record :

Denmark

for recerd :

Denmark

for record :

Danmark

for record :

Denmark

for record :

Denmark

for record :

Denmark

for record :

Denmark

for record

faroes

for record :

Norway

for record :

Faroes

23)

24}

25)

26)

27)

28)

29}

i)

32)

13

34)

3i5)

40)

41)

France
1 IIa
Sweden
1 IiIa
Sweden
2 Ila
Sweden
3 ITa
Sweden
4 ITa
Germany
2 IIa
Germany
3 Ila
Netherlands
2 ITa
Netherlands
3 ITa
Netherlands
2 Ila
UK {Scot)
2 Ila
UK {Scot)
3 Ila
UK (Scokt}
4 ITa
Ireland
1 ITa
Farcoes
2 IIa
Faroes
3 IIa
Denmark

2 Ila

ITa

IIa

IIa

ITa

IIa

IIla

ITa

ITa

IIa

IVa

IIla

ITa

Iia

ITa

¥h

IIa

Vb



Catch Numbers at Age by Area

Ages

[

@ =] v ln okl W

IIa IVa va vb Vbl XIVa Total
0.00 .00 0.00 0.00 0.00 0.00 0.00

0.00 0.040 0.00 0.00 0.00 0.00 0.00
81527.15 173.87 0.00 §990.00 0.00 g.0q 82891.02
69636.45 402.36 0.00 285.00 6.00 0.00 70323 .91
235630.53 6178.78 0.00 555.80 0.00 0.00 242365.11
354772.19 12187.88 0.00 1213.30 128.00 9.49 3668310.88
1676836.13 71241.78 1427.4Q0 6669.38 3523.00 621.60 1760319.00
1209323.75 41894.01 1834.90 4593.25 5253.00 852.78 1263750.75
365110.91 11881.95 1019.40 1631.16 1473 .00 366.70 381482.72
124544.67 4278.76 245.400 222.61 576.00 1c4.53 129971.56
35903.04 1115.44 0.00 1209.40 256.00 18.99 42502.897
23162.27 1532.74 122.400 14.00 448.00 64.13 25343.14
3381.56 49 .44 0.00 47.00 c.00 0.00 3478.040
107791.00 2181.586 571.400 196.56 1601.00 262.84 112604.01
5535.40 51.60 0.00 46.00 c.00 0.00 5633.00
102171.02 5440.65 163.400 561.60 128.00 50.740 108514.96
0.00 0.00 0.00 0.00 c.00 0.00 0.00

Mean Weight at Age by Area {Kg)

Ages

[+ TR0 s LU U o BT - N PR SO I S ]

BRERERRER
[=2 NN S Al = WU R B T Y e

IIa IVa Va vh vhl XIVa Total
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.40000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.1116 0.0721 0.0000 0.0750 0.0000 0.0000 0.1110
0.1507 0.1032 0.0000 0.1320 0.0000 0.0000 0.1503
0.2173 0.1857 0.0000 0.2084 0.0000 0.0000 0.2164
0.2218 0.193% 0.0000 0.2374 0.2530 0.2530 0.2210
£.2491 0.2294 0.2830 0.2765 0.2680 0.2770 0.2485
0.2774 0.254%5 0.3050 g.3c27 0.2860 0.2570 0.2768
0.3169 0.2915 0.3430 0.3350 .3030 0.3310 0.3163
8.3390 0.3161 0.3710 0.34938 0.3100 0.34€0 0.3382
0.3734 .3528 c.0000 0.410% 0,.3310 0.3310 0.3737
0.3733 0.3648 0.4460 0.3510 0.3150 0.3780 0.3721
0.3670 0.3441 0.0000 0.3480 0.06000 0.0000 0.3664
0.3987 0.3552 0.4270 0.4123 0.3920 0.4110 Q.3260
0.3774 0.3792 ¢.0000 0.3560 G.0000 0.0000 Q,3772
0.4071 0.37082 0.4430 0.4260 0.4170 0.4380 0.4055
2.0000 0.0000 0.0000 0.Q000 0.0000 0.0000 0.0000
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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 1939 1990 1991 1992 1993 1994 1995 199 1997 1998 1999

Age
2 101 183 44 16 407 106
3 255 5 187 59 128 1792 231 1366
4 146 373 0 54 676 7621 7638 381 337
5 6805 103 345 12 1375 3807 11243 1905 1286
6 202 5402 112 354 476 2151 2586 10640 2979
7 182 4489 122 63 322 957 6708 11791
8 146 4148 13 20 471 1280 7534
9 102 140 1 0 434 1912
10 35 124 O 130 568
11 1820 63 165 a9 132
12 2573 0 0 0
13 2024 175 0
14 0 392
15+ 304 437
Total 7408 6166 5462 4895 - - 4742 18474 25756 - 22496 2RB40

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

Age

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

Total 6947 13178 15209 15246 25384 16411 31144

Table 3.3.2.2 Norwegian Spring Spawning herring. Estimates obtained on the acoustic surveys in the wintering areas in
Tanuary. Numbers in millions.

Year 1991 1992 19%3 1994 1995 199 1997 1998 1999

_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
7 156 510 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 le 499
11 128 3679 29 200 4 16
12 4326 38 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.
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Table 3.3.3.1 Norwegian spring spawning herring. Estimates obtained in the international acoustic surveys on the

feeding arcas in the Norwegian Sea in May. Numbers in millions.

Year 1996 1997 1998
Age
3 4114 1169 367
4 22461 3599 1099
5 13244 18867 4410
6 4916 13546 16378
7 2045 2473 10160
8 424 1771 2059
9 14 178 204
10 7 77 183
11 155 288 0
12 0 415 0
13 3134 60 112
14 2472 0
15+ 415
Total 50504 44915 35987

Table 3.3.4.1 Norwegian spring-spawning herring. Acoustic estirnates (biflion individuals) of immature herring in the

Barents Sea in May/June. 1990-1995, Norwegian estimates, for later years, see footnotes.

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

1 44 243 326 1027 6.6 0.5 0.1 2.6 2.5
2 52 140 258 592 77 Q.25 0.04 4.7
3 5.7 1.5  18.0 3.0 1.8 0.4 0.01
4 1.7 i1 0.6 0.35 0.01
5 0.03 0.05 0.00

" Average of Norwegian and Russian estimates
? Combination of Norwegian and Russian estimates as described in 1998 WG report.

* Russian estimate

49



Table 3.3.4.2 Norwegian spring spawners. Acoustic abundance (TS = 20 logL - 71.9) of O-group hetring in
Norwegian coastal waters in 1975-1998 (numbers in millions).

Year Area Total
South of 62°N 62°N-65"N 65°N-68°N North of 68°30'
1975 164 346 28 538
1976 208 1,305 375 1,388
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 2428 2,807
1992 13 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 465 %73 341 11,640 12,719

Table 3.3.4.3 Norwegian spring-spawning herring. Abundance indices for O-group herring in the Barents Sea, 1973

1998,
Year Log index Year Log index
1973 0.05 1986 0.00
1974 0.01 1987 0.00
1975 (.00 1988 0.30
1576 0.00 1589 0.58
1977 0.01 1990 0.31
1978 0.02 1991 1.19
1979 0.09 1992 1.05
1980 0.00 1993 0.75
1981 0.00 1994 0.28
1982 0.00 1995 0.16
1983 1.77 1996 0.65
1984 0.34 1997 0.39
1985 0.23 1998 0.59
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Table 3.3.5.1 The indices for herring larvae for the period 1981-1999 (N*10'%).

Year Index Year Index

1981 0.3 1991 8.6
1982 0.7 1992 4.6
1983 2.5 1993 24.7
1984 14 1994 19.5
1985 1.1 1995 18.2
1986 0.7 1996 277
1987 13 1997 66.6
1988 9.2 1998 42.4
1980 13.4 1999 19.9
1990 18.3
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Table 3.4.1.

Tagging data for the year classes 1983+, 1986-89 aggregated, and for the year classes
1990, 1991 and 1992. For the year classes 1986-89, 1990, 1991 and 1992 the numbers

of tags that were recovered only 2 years after release have been printed on grey background.

and should not be used for stock assessment.

Tagging data for the 19834 year class

Tagging data for the 1990 year class

Y ear

Screened billion

Recaptured

Number
tagged|

94 release 95 release 96 release

1994
1995
1996
1997
1998

0.009009
0.009830
0.002828

10784
3868
6171

Tagpging data for the 1991 year class

RecaEtured

Number|
Year] Screened billio tagged| 95 release 96 release
1995 33993
1996 15683
1997 0.030952
1998 0.012459

Tagging data for the 1992 year class

Recapt,
Number
Year] Screened billion tagged] 06 release
1996 3417
1997
1998 0.020695

52

Recaptured

Number]
Year] Screened billio tagged] 87 release 88 release 89 release 90 release 91 release 92 release 93 release 94 release 95 release 96 release
1987 33067
1988 38152
1989 0.010695 20620 12
1950 0.005489 24585 4 10
1991 0005545 12558 1 7 5
1992 0.001737 15262 4 [¢] 2 2
1993 D.009372 15839 6 13 [ 12 9
1994 0.009474 5364 2 10 7 8 4 1
1995 0.01554 859 a 10 5 15 6 g 7
1996 0.004038 2879 3 2 6 10 2 L 4 3
1997 0.003867 0 3 2 3 p 3 0 0 0
1998 0.000509 1 3 1 1 z 2 0 0 0

Tiging data for the 1986 - B% year classes
Recaptured

Number
Year| Screened hillion tagged] 93 release 94 release 95 release 96 release
1993 14472
1994 R152
1995 0011554
1996 0.004038
1997 Q003867
1998 0000509




Table 3.5.2.1

o}

0

o}

Run kitle

At  4-May-99

10,
11,
1z,
13,
14,
15,
+ap,
TOTALNUM,
TONSLAND,
S0PCOF %,

Table 1
YEAR,

AGE

Wm o WO

14,

15,

+gn,
TOTALNUM
TONSLAND,
SOPCOF %,

Herring Spring-spawn (run: SEPBJAQ2/502)

14:50:40

Catch numbers at age

1350,

511260,
200000,
60000,
27620,
13480,
18550,
54700,
62860,
7950,
4860,
10550,
8690,
19450,
36830,
6640,
1G6700,
23730,
10B7269,
933000,
1qo0,

Catch
15539,

1789628,
138530,
325540,
1510,

12430,
19800,
8850,
7740,
8520,
15070,
2269350,
1111100,
104,

1951,

153550,
760769,
40000,
660,
38380,
17240,
16440,
51560,
60200,
7710,
B270,
10310,
10740,
25350,
34840,
4740,
30510,
1281250,
1278400,
100,

numbers at age

1560,

1288431,
1358073,
39250,
12170,
1830,
2810,
2440,
9520,
7330,
20390,
115300,
8520,
12970,
15350,
5§70,
4720,
12170,
2918041,
1101800,
100,

1952,

l3721e0,
914370,
123230,
3930,
6050,
60230,
13630,
20450,
38020,
37790,
7920,
as570,
10770,
10880,
18650,
25630,
10810,
2703549,
1254800,
100,

12861,

620750,
1607560,
288480,
jLzo,
B1C,
410,
1500,
1540,

3840,
2643849,
830100,
100,

1953,

569720,
505500,
58130,
740140,
46640,
10020,
35560,
8L90,
11080,
31410,
39490,
6170,

1362,

353320,
408110,
104130,
184380,
8qQ0,
3ia,
720,
2020,
11340,
5510,
5260,
117040,
81350,
4420,
5470,
6560,
4670,
1200320,
343600,
100,

Numbers*10**-4

1954,

1067599,
707109,
85540,
26630,
143550,
14290,
23600,
43030,
12810,
13940,
44440,
46070,
B840,
10080,
13300,
l2e8Q,
67640,
2352787,
1644500,
1040,

Numbers*10**-4

1963,

480700,
211920,
204530,
76040,
43580,
530,
180,
3580,
1330,
930,
10770,
9250,
17410,
82370,
7960,
6040,
12490,
1216889,
9845040,
1ac,

Run title : Herring Spring-spawn {(run: SEPBJA02/502)

AL 4-May-99

Table 1
YEAR,

w
7]
5]

o -2 N WO

14,

15,

+ap.
TOTALNUM,
TONSLAND,
SOPCOF &%,

14:50-40

Catch numbers abk age

1369,

56120,
50710,
14190,
18820,
30,
840,
470,
70,
1170,
3360,
3600,

1974,

11930,
5294Q,
3320,
630,
1860,
60,
3340,
i3a,
100,
1340,
2620,
2810,
30,
10,
20,
10.
130,
785130,
62300,
100,

1571,

30350,
429¢,
8510,
182,
102,
124,
36,
111,
113,
36,
441,
691,
545,
o,

2,

12,

a,
18245,
21100,
100,

1972,

34710,
4100,
2040,
3533,

348,
154,

Numbers*10%**-4

1973,

1355,

517560,
287110,
51010,
3300,
27640,
204510,
11430,
18360,
27470,
B53Q,
19344,
295860,
20320,
5874,
8460,
10360,
47700,
1305128,
1359800,
100,

1964,

351300,
272830,
22030,
11460,
39900,
204580,
1370,
150,
3oeq,
24840,
2930,
9560,
8244,
15300,
77280,
4580,
20100,
10634040,
1231800,
100,

1958,

536330,
202374,
62710,
11650,
25160,
31420,
235510,
liooo,
20390,
26420,
13070,
19830,
27280,
16330,
6300,
2390,
47620,
1322340,
1653400,
100,

1965,

230300,
3780940,
285360,

83934,

10050,
10780,
13870,
70400,
17919,
1338540,
1547700,
100,

3060,
3160,
180,
327,

13,
51,
3067,
1,

1957,

500190,
323080,
21950,
2330,
37330,
15380,
22850,
19B530,
7200,
12730,
iB250,
BE4G,
121240,
14830,
131860,
3370,
24770,
1243010,
1319500,
100,

1966,

332650,
£6280,
157400,
204870,
2890,
46660,
130600,
288450,
3730,
1430,
1740,
2620,
1100,
6310,
72140,
9674,
46000,
13804693,
1355000,
100,

1378,

2010,
240,
120,

2325,
544,

0,
6548,
10434,
100,

1558,

966699,
278810,
66640,
1750,
1790,
11090,
34910,
15440,
37350,
7070,
12300,
20090,

9BGEQO0,
100,

1867,

42680,
ag7710,
7040,
139230,
325400,
2660,
42130,
113200,
172080,
890,
570,
is0,
850,
890,
1750,
1430,
9010,
1847871,
1677200,
100,

1877,

4300,
620,

10953,
22706,
100,

1968,

178360,
43700,
38813q,

9910,
188050,
138740,

1420,

9400,

13410,
34510,
200,
110,
80,

1978,

53



Table 3.5.2.1 continued

Table
YEAR,

&
]

Lr R BRI R R S VR LR ]

[Er
AR SR

=
O Wwm-dmuWd Wk e O

el el
oW b

15,

+ap,
G TOTALNUM,
TONSLAND,
SOPCOF %,

Run title

At 4-May-

Tahle
YEAR,

AGE

(=]

=R B T R P N

+gp.
0 SOPCOFAC,

54

1 Catch numbers at age Humbers*10**-4
1979, 1380, 1981, 1982, 1983,
3280, 650, 834, 22640, 12700,
3840, BQ, 110, 110, 468,
190, 10, 1190, a0, 157,
635, 641, 417, 1382, 318,
187, 5B1, 459, 789, 2119,
687, 228, 860, 451, 352,
1122, 817, 220, 626, 618,
33, 1584, 451, 196, 682,
o, 14, 828, 507, 129,
0, 1, 3s, 605, 440,
283, 0, 10, 12, 733,
0, 269, 11, 4, 14,
0, o, g6, 4, 4,
o, 0, o, 12, 14,
o, 0, 0, 0, BE,
0. 0, o, o, 0,
Q. 0, o, 0, o,
8747, 4974, 5318, 6978, 19466,
12864, 18577, 13736, 16655, 23054,
100, 100, 100, 100, 100,
1 Cateh numbers abk age Numbers*10**-4
1983, 1390, 1991, 1932, 1993,
712, 102, 10, 163, §57,
193, 40, 337, 15, 13,
2520, 1554, 333, 134, 724,
289, 1B&3, Ba4, 1259, 2841,
362, 266, 278, 33la, 10687,
565, 1184, 141, 438, A727,
32425, 1085, l47qQ, 119, 862,
347, 22628, Bg7, 1198, 3659,
80, 129, 21885, 573, 2980,
68, 152, 250, 22568, 1863,
330, 204, 48, 248, 41011,
138, 241, 9, €4, o,
8, 63, 69, 25, aQ,
32, 18, 10, 124, o,
26, 59, 28, a, 2,
0, 17, 53, 0. g.
0, 31, 1, a, 0,
38158, 29641, 26648, 30300, 70711,
103830, 86411, 84683, 104448, 232457,
igo, 1qa, 1oa, 100, 100,
Herring Spring-spawn (run: SEPBJAO2/S02}
89 14-30:40
2 Catch weights at age (kg)
13930, 1951, 1952, 1953, 1954,
0o, .0a%a, .0030, L0080, . 2080,
L0250, 02%0. L0260, L0270, L0240,
- 0580, L0580, L0410, 08340, . 0420
1100, .1300,  .1150, 1200, 1170,
1880, L2220, L1374, L2054, 2010,
2110, . 2490, L2210, L2300, 2250,
L2340, 27580, L2450, .2550, .2500,
.2530, .2980, L2650, L2750, L2680,
L2660, .3140, L2790, .2800, . 2B40
L2800, .3300, L2830, L3050, L2930,
L2940, L3440, L3080, L3200, L3130,
L3030, .3570, .3170, L3300, L3230,
L3120, .3640, L3270, .3400, L3330,
L3200, L3770, L3350, .3470, L3410,
.3230, L3810, .333%0, .3510, .3450,
L3310, -3800, .3460, ,3590, .3520,
.3350, -3950, 3510, L3640, .3570,
1.0019, 1.0009, L9983, .9994, 1.0006,

19384,

3386,
170,
249,
448,
539,

6154,

1820,

1264,

1551,
722,

1634,
adg,

0,

0,

0,
145,
o,
1875%,
53532,
100,

1934,

142742,
479228,
102,

1955,

.3580,
L3630,
.9595,

1985,

2857,
1315,

91188,
407,
25,

o,

45,
299842,
905501,
100G,

.3830,
1.0013,

13384,

1381,
138,
308,

53974,

247,
107260,
225258,

100,

1956,

0,
0,

0,
473266,
1220283,
101,

19387,

1385,
633,
1577,
1978,
50139,
1867,
350,
706,
2800,
1z0a,
as0,
450,
783,
650,
700,
a5,

o,
68213,
127306,
100,

19987,

1958,

0080,
0300,
L0700,
.133¢,
2270,
.2550,
.2830,
.3050,
3210,
.3380,
.3%50,
L3660,
.3770,
1860,
.3900,
.3990,
4040,
.9985,

1988,

24237,
16831,
176032,
126375,
18143,
12997,
4250,
2534,
348,
11260,
563,
10852,

459749,
1223131,
140,



Table 3.5.2.1 continued

0

a
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Table
YEAR,

+9p
SQPCOFAC,

Run title

At 4-May-99

Table
YEAR,

o
3]
- o= - - - = ®

= e
MO WoO-Idmld=WDbDe o

=
@ L

15,
+ap.
SCOPCOFAC,

Tahle
YEZAR,

3
7]
[55]

=1 on ok b BT O

+gp.
SQPCOFAC,

2

2

2

Catch weights at age {kg)

1959,

.0050,

.0300,
L0710,
L1350,
, 2310,
L2590,
.2870,
.3100,
L3270,
3440,
,3600,
.3720,
.38130,
.3920,
.3970,
. 4060,
.4110,

1.0004,

1360,

L0080,

1.0014,

1941,

1.0017,

1962,

L0090,

1963,

.0080,
.0260,
.0470,
.Q0980,
L1710,
L2750,
L2680,
.3230,
.3290,
3360,
3410,
3580,
.3850,
.3530,
.3g8lo,
.3860,
.3860,
1 0003,

Herring Spring-spawn (run: SEPBJA02/502)

14:50:40

Catch weights at age (kq)

1389,

.4510,
-4230,
.4230,
1.0038,

1873,
.b1o0,

.25130,
.3530,
4160,
. 4360,
. 4820,
. 4820,
5390,
5530,
5180,
.5180,
,51480,
.5180,
.5180,
.5180,
1.0016,

1970, 1971,
008G, 0110,
0584, 0530,
aB54Q, 1210,
1050, L1770,
17140, .2160,
2560, 2500,
21640, 2770,
2770, L3050,

L2580, .3330,

.304q, .3530,

.1050, 3460,

.3080, .3770,

L3574, .3830,
3480, .3390,
.3570, .4130,
L3670, L4440,
L3760, . 4440,

1.0030, 1.0001,
Catch weights ab age (%kg)

1330, 1981,
0120, o1eoo,
1010, 0820,
2020, L1630,
26560, 1360,
3990, .2910,
4490, .3410,
4600, L3680,
4850, .3800,
4720, L3374,
5180, L4350,
6450, L4300,
S080., .4520,
5940, L4810,
5940, .4810,
5940, L4810,
5940, .4810,
59440, L4814,
2953, 1.0007,

1972,

.3540,
-3650,
.3760,
-3870,
-4060,
L4300,
L4300,
L9935,

1982,

L4480,
5060,
49130,
L4990,
4950,
L4950,
.4950,
.4950,
1.0001,

.2570,
.2570,
L2570,
.2570,
.2570,
1.4001%,

13483,

3370,

.4100,
L4280,
L4350,
.4440,
.4680,
4810,
.4610,
L4610,
.4610,
L4610,
.9881,

1964,

L0030,
0240,
0530,
.1390,
L2180,
L2350,
L2980,
L2954,
L3390,
L3500,
. 3580,
.3510,
3670,

.3520,
L2670,
.3240,
.3240,
3240,
L3240,
.3240,
1.0051,

1384,

4050,

4150,
L4150,
.9999,

1965,

.00%0,
0160,
. 0480,
0890,
L2170,
.2340,
.2620,
.3310,
.3800,
.3670,
.J8860,
.3950,
.3930,
.4040,
.4G10,

. 3395,

4660,
L4650,
4650,
L4650,
4650,
1.0002,

15835,

1366,

.0080,
0170,
.0400,
.0630,
.2460,
L2600,
.26350,
.3010,
.4100,
L4250,
.4560,
L4800,
.4870,
L4460,
.4590,
.46350,
. 4740,
1.0001,

1976,

L0070,
0620,
.1320,
1830,
L2500,
L2800,
.2980,
3230,
.3360,
.3730,
.3980,
3000,
L3640,
L3640,
L3640,
3640,
3640,
1.0004,

19886,

19567,

L4010,
L4080,
. 4390,
.4270,
. 4310,
1.0005,

1977,

.0110,
.091ia,
.1930,
3160,
.3500,
.3980,
.4390,
.4950,
.5110,
5580,
.5830,
L5370,
L5370,
.5370,
.5370,
5370,

5370,
.9991,

1587,

.3280,
.3490,

.3700,
L3850,
.3B50,
-3B50,
.3B50,
-3850,
-9979,

1968,

L0100,
0270,
0430,
0750,
1080,
. 1580,
.3750,
.38130,
.3640,
.3820,
L4410,
.4100,
,4420,
5170,
.4910,
. 4640,
.4870,
9991,

1578,

.012G,
.10400,
L2100,
L2740,
L4240,
-4540,
.4950,
.5240,
.5%60,
L6130,
L6500,
.5200,
.5900,

59040,

5900,
.5900,
.5900,
.9998,

1388,

55
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Table
YEAR,

AGE

@I WN PO

+gp,
SOPCOFAC,

Run tikle

At  4-May-

Table
YEAR,

]
9]
- - [

m e W =O

9,

2 Catech weights at age (kg)
1989, 1990, 1991,
.0100, .0074a, L0070,
.0600, .07830, L0150,
L2040, .1020, .1040,
.1880, .2300, .2680,
L2640, L2390, L2500,
.2600, .2440, .2880,
.2820, L3050, L3120,
.3060, .3080, L3160,
.3090, .3760, L3300,
.3910, .4070, L3440,
.4220, 4120, L3720,
.3640, L4240, . 3540,
.4290, L4280, L3980,
.4290, L4280, 3980,
.4290, L4280, .3980,
.4290q, .42B0O, .3980,
.42390, L4280, .3980,

1.0007, .9992, 1.0015,

1882,

1953,

L0079,
.Q300,
.1060,
,1530,
. 2430,
.2820,
.3200,
.3300,
L3850,
L3730,
L3794,
L38O0,
.3B50,
L3500,
.3950,
L4000,
.4050,
.9981,

Herring Spring-gspawn {(run: SEPBJAQ2/S02)

g2 14:50+40

3 Staock weights at age (kg)
1950, 1351, 1352,
.0010, .0C10, . 0014,
L0080, L0030, 0080,
,0470, L0470, 0470,
L1000, . 1000, 1004,
L2040, -204Q, 2040,
L2300, -2300, 2300,
,2550, L2550, 2550,
.2750, L2750, 2750,
.2300, 2900, 2900,
.3050, L3050, 3050,
L3150, -3150, 3150,
. 3250, .3250, 3250,
.334Q0, L3300, .3300,
.3400, L3400, .3400,
.3450, L3450, .3450,
L3620, .362Q, L3620,
L3850, -3650, L3650,

3 Stock weights at age {kg)
1959, 1960, 1961,
L0014, .Qo1go, L0014,
.0080, L0030, .0080,
.0470, L0470, L0470,

1000, 1000, L1000,
2040, L2040, L2320,
2520, .2700, L2500,
2600, .2910, .25%20,
2300, L2930, .3020,
3000, L3210, .3040,
30540, .3180, L3230,
3150, .3200, L3220,
3250, L3440, .3z1o0,
3300, -3440, .3440,
3400, -31704, L3570,
, 3450, -3730, L3630,
3550, .375Q, L3650,
3&00, - 3800, 3700,

1953,

.o0010,
L0080,
.0470,
.1000,

1962,

0010,
0080,
0470,
.1000,
2190,
.2910,

1354,

.0010,
.Qoso,
.04a70,

1994,

L0070,
L0630,
.1020,
.1340,
.2390,
L2800,
L3170,
.3280,
L3560,
L3720,
.3900,
L3790,
.3990,
.4030,
,4050,
,4070,
.4050,
1.40192,

1555,

.0o01c,
.008Q,
.0470,
.10040,
.1950,
L2130,
L2600,
L2750,
.2900,
.3050,
.3150,
.3250,
.3300,
. 3400,
L3450,
LJE20,
L3850,

1564,

,3830,
.3530,
. 3490,
.3540,
L3570,
L3590,
L3630,
L4020,
L4020,

1995,

L0070,
.0630,
.10z2a,
.153¢,
.1%20,
L2340,
.2830,

.agre,
.4000,
.4000,
.4004Q,
1.0000,

13545,

.0010,
L0080,

. 3940,

1996,

L0074,
L0630,
.1360,
.1360,
.1680,
.2060,
L2620,
.3090,
.3370,
L3660,
L3600,
L3610,
J3670,
.3750,
.3750,
.3790,
.37%0,
1.007%,

1957,

.0010,
L0080,
L0470,
.1000,
L1360,
L2280,
.2550,
L2620,
.2900,
.3050,
.3150,
.3250,
.3300,

3400,

3450,
.3620,
.3630,

L3770,
.3910,
L3790,
L3780,
L3610,
.3B30,
.3B30,

1997,

.a07a,
.0é30,
.08390,
1670,
. 1849,
.207¢,
-2320,
JETTG,
L3050,
L3310,
.3280,
.3440,
.3430,
.3970,
.3570,
L5100,
L5100,
9396,

1948,

.a0lo,

.C4a7o,
.1000,

.3650,

19487,

L0010,
. 0080,
.0470,
.1000,
.1800,
.2280,
. 26%0,
.2700,
2940,
.3240,
.4200,
.4300,
,3660,
3680,
.4330,
.4140,
4140,

1998,

.Qo70,
.0630,
.1110,
.1500,
L2160,
.4210,
.2490,
L2770,
.3ILEQD,
L3380,
L3740,
.3720,
.3460,
.3940,
.3770,
L4060,
L4080,
. 5995,

.0010,
.Qeso,
L0470,
.1a00,
L1150,
. 2080,
L2664,
L2730,
L2740,
L2850,
1500,
.3250,
L3630,
L4080,
.38130,
.3780,
.3780,
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Run title
At 4-May-39

Table
YEAR,

AGE
a,

Table

Table
YEAR,

o
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m
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Herring Spring-spawn {run: SEPBJA02/502)

14:50:40

Stock welghts at age (kg)
1970,

1963,

Stock weights at age (kg)
1930,

1579,

L5000,

Stack weights at age (kg)
19940,

1383,

LI050,

L3770,
L3590,
L3950,
L3960,
.3980,
.1380,
.3980,
L3360,

.0010,
.00BO,
L0470,
.1000,
.2090,
2720,
.2300,
L2950,
3170,
3230,
3250,
.3250,
3800,
3700,
L3800,
.3810,
.3910,

0010,

L0100,
.0as50,
.1750,
.2830,
.3470,
L4020,
.4210,
. 4630,
L4650,
.5200,

5340,
s000,
5000,
5000,

.5000,
.5000,

.0010,
. 0080,
L0480,
,2150,
.1980,
.2580,

2880,

.3020,
L4280,
L3700,
.4030,
.3870,
4400,

4400,

.4400,
L4400,
.4400,

1971,

.6o10,
.01s50,
.0800,
.1000,
.1300,
.2250,
.2500,
.27s0,
.2900,
.3100,
.a2s0,
.3a3s0,
.34s50,
.3550,
.ass0,
.3300,
.3300,

1581,

.oo1a,

L4084,
.31970,
.5200,
.5430,
5120,
.5120,
5124,
.5120,
5120,

1891,

.4250,

1972,

L0010,
.a1o0,
.Q700,
.1500,
L1500,
.1400,
.2100,
.2400,
.2700,
.3000,
.3250,
L3350,
.3450,
.3550,
.3650,
.3900,
.3900,

1982,

1992,

1273,

.eo1aq,
o100,
.0850,
.1700,
.2590,
.3420,
.3840,
.4090,
.4040,
.4610,
.5200,
.5340,
.5c00,
.5000,
.5000,
.5000,
.5000,

1983,

.0C1a,
.010a,
.¢8s0,
L1550,
.243q,
-3040a,
-3580,
.4040,
.424Q,
.4370Q,
436G,
-4934Q,
-4%50,
-4950,
-4950,
-4350,
.4930,

15863,

.0010G,
.0080,
.0250,
L0810,
L2010,
.2650,
.3230,
.3540G,
.3580,
.38l0Q,
-3630,
-3960,
.39130,
.3740,
.4030,
.400G,
-4000,

1974,

L0010,
0100,
.0B5C,
.1700,
.2590,

1984,

.0010,
.0100,
.0850,
.1400,
L2040,
L2850,
.33B0,
.3760,
L3950,
L4070,
.4130,
L4220,
L4370,
.4370,

4370,
.4370,
.4370,

1994,

.0010,
.0100,

0250,
.0750,
.1510,
.2540,
.3180,
L3710,
.3470,
.41z20,
.33z20,
.4070,
.4100,
.4100,
.4100,
L4100,
L4100,

1975,

. 0019,
0100,
,0850,
.1810,
2590,
.3420,
.3840,
.40%0,
.4440,
L4610,
,5200,
.5430,
L4820,

4820,

1985,

Qolo,
Q100,
.0230,
. 1480,
L2340,
L2650,
.3120,
3460,
. 3700,
.3950,
.3970,
.4280,
4280,
4280,
.4280,
.4280,
. 4280,

.4470,

1974,

.0010,
.0100,
.0850,
.1810,

2590,
3420,
,3840,

2090,

4440,
L4610,
.5200,
.5430,
.4az0,

4820,
.4820,
.4820,
.4820,

13as,

.0010,
o100,
.0850,
.0540,
.2060,
.2650,
.2890,
.3330,
.3680,
.3910,
.3820,
,3880,
.3950,
,3330,
.3950,
3930,
.3950,

158¢,

.bole,
.0180,
.0250,
L0780,
-1180,
.18BQ,

-3460,

.3380,

1977,

.oo1io,
L0100,

.3760,

.3760,
i760,

1397,

.0010,
.0180,
.0250,
0960,

1180,

1740,
2290,
.2860,

3230,
.3700,
.3780,
.3860,
3600,
3930,
.3910,
3910,
.3910,

1978,

.aa1o,

1384,

.oolo0,
.01s0,
. 0500,
L0980,
.1350,
.1970,
2770,
.31s50,
3330,
.3430,
3590,
3650,
3760,
L3760,
L3760,
L3760,
1760,

1558,

0010,
L0180,
0250,
0744,
1474,
L1740,
L2170,
2420,
2780,
3040,
3100,
3590,
3400,
L3440,
1850,
.3630,
3750,

57
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Run title

At  4-May-9%

Table
YEAR,

AGE
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9,

Table
YEAR,

AGE
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Ok PR
Wk P oW

15,
+Jp.

Run title

At 4-May-99%

Table
YEAR,

>
H e (%]
s W O -]l Wi om

+apR,

: Herring Spring-spawn {run:
14:50:40
S Proportion mature at age
1950, 1951, 1952,
.good, .0000, .ooo00,
.0000, .0000, .0o0o0,
.0000, .a0oae, .0000,
.0000, .Qoog, .00a0,
.1o000, .1000, .1000,
.3000, 3000, .3q000,
£§000, 6000, .6000,
.9000, .9000, .9qaa0o0,
1.0000, 1 Qoodo, 1.0000,
1 goo0, 1 44ob, 1.0000,
1.0000, 1.C000, 1.0000,
1.0000, 1.0000, 1.0000,
1.09000, 1.,QQ00, 1.0000,
1.0000, 1.,0000, 1.0000,
1.4¢00, 1 0000, 1.0000,
1.0000, 1.0000, 1.0000,
1.0000, 1.0000, 1.000C,
5 Proportion mature at age
1459, 1%60, 1961,
.agoa, L9000, oQoo,
0000, .000q, Qoo0o0,
.0040, .0000, aooo,
.0BQ0G, .0BQQ, 0400,
2200, .22040, 3500,
37040, .31700, 6800,
.8500, .85040, .9400,
1.0000, 1.000G, 1.0000,
1.0000, 1.0004, 1.0000,
1.0000, 1 00400, 1.0000,
1.0000, 1.000G, 1.CQ00,
1.0000, 1.0000, 1.c000,
1.0000, 1.0000, 1.0000,
1.0000, 1.000C, 11,0000,
1 0000, 1.0000, 1.0000,
1.0000, 1.0000, 1.0000,
1.9000, 1.0000, 1.0C00,
Herring Spring-spawn (run:
14:50.40
3 Proportion mature at age
1949, 1370, 1971,
.0000, L0000, .00040,
.Qgao, .0ooo, 0000,
L3000, L0000, .00o0,
L6200, L0600, L1000,
.B9G0, L1300, L2500,
L9500, L3100, .6000,
1.0000, L1700, .2000,
1.0Q00, 1.0000, 1.0000,
1.0000, 1.0000, 1.0000,
1.0000, 1.0000, 1.0000,
1.0000, 11,0000, 1.0000,
1.0000, 1.000G, 1.0000,
1.0000, 1,000C, 11,0000,
1.0000, 1.0000, 1.0000,
1.0000, 1.0000, 1.0000,
1.0000, 1.0000, 1.0000,
1.0000, 1.0000, 1,0000,

SEPBJAQZ2/302)
1353, 1954,
.00040, ,aopaQ,

0000, L2000,
00Qa, .gaoo,
0000, 0Qoo,
1000, .1g000,
3000, 3000,
6000, £000,
.9000, .8goo,
1.0000, 1.QC00,
1.0000, 1.4c00,
1.4000, 1.0000,
1.0000, 1.0000,
1.0000, 1.0000,
1.0000, 1.04QcC0,
1.0000, 1.0000,
1.0400, 1.0000,
1.0000, 1.0000,
1962, 1963,
.00nao, anno,
0onao, o0noo,
.000a, .gooo,
.004aa, . 400,
L1100, 0300,
L6700, 3200,
1.0000, .9000,
1.0000, 1.0000,
1.0000, 1.0000,
1.0000, 1.0000,
1.0000, 1.0000,
1.0000, 1.0000,
1.0000, 1.0000,
1.0000, 1.0000,
1.0000, 1.0000,
1.0000, 1.0000,
1 0000, 1 D004,

SEPBJAOZ/S02)
1872, 1973,
.00Qaa, .0aoo,
.oodaa, .0aQoo,
.00404, . 1000,
.0000, .5000,
.10¢0a, .9000,
L2500, 1.0000,
L6000,  1.0000,
L9000, 1.0000,

1.0000, 1.0000,
1.,0000, 1.0000,
1 0000, 1.0000,
1,0000, 1.0000,
1 0000, 1.0000,
1.0000, 1.0000,
1 0000, 1.0000,
1.,0000, 1.0000,
1.4000, 1.0000,

1935,

.0o0a,
.0000,
L0000,
. 0800,
2200,
L3700,
L8500,
Q000,
.0g000,
.0go0,
.oagaqo,
.geaoo,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,

o e

1964,

.0000,
.0000,
.0000,
.0200,
0600,
2800,
.3200,
, 0000,
. 0000,
. 0000,
. 0000,
.pooo,
0000,
0000,
0000,
0000,
.0000,

e s s =R =N =

1974,

.0a00,
.¢aqga,
L1000,
.5000,
L3000,
.000a,
.0000,
.0boc,
.0004a,
.00090,
.Q000,
.anao,
L3000,
.Qooo,
L0000,
L0000,
.0000,

FRRERRERRRRRERRR

1956,

.Go0g,

1965,

.0goao,
.00QQ,
.000g,
.0000,
.24Q0,
.3500,
L7600,
L0000,
L0000,
L0000,
L0000,
.Q00o0,

0aoo,
.0aoo,

caoo,

0000,
.00ao,

I Y e

1.0000,
1.00400,
1.0000,
1.0000,
1.0000,

1957,

L0000,
L0000,
L0000,
.0000,
.0000,
.5000,
L6000,
1.0000,
1.00Q00,
1.0900,
1.0000,
1.0000,
1.0000,
1.00040,
1.00040,
1.0006,
1.00600,

1966,

.oooa,
.00aq,
.oaqa,
.01Go,
L1500,
1.0Q¢00,
L9600,
1.0000,
1.0000,
.0000,
L0000,
.anoa,
.aooo,
-gaoo,
-aaao,
.0aoo,
.0qoo0,

o e e

1.0000,
1.0000,

1958,

.0Q00,
.0Qo0,
.qoao,
.03qa,
.2200,
L3700,
.8500,
1.004Q0,
.0000,
.0000,
L0000,
L0000,
.gaoo,
.qooo,

HHERRREHHH

1967,

.Q000,
.Qo00,

aqoo,

¢aoo,
.0100,
.2300,
.oaoo,
.Qacao,
L0000,
.0gae,
.00a0,

o000,
.oooa,
.0000,
.0000,
L0000,
.Qa0o,

P s s R

1
1
1
1
1
1
1
1
1
1

el e e e e e ]

1968,

.0000,
0000,
.0000,
L0000,
0004,
0100,
7600,
. 0000,
0000,
0000,
.0000,
.0000,
.0000,
0000,
. 0000,
00Qo,
0000,

1378,

-0004,
-0004,
.00g0,
.1300,
90040,
.Qoono,
.Qo0o,
.aaoo,
.0ao00,
.0000,
L0000,
. 0000,
. 0000,
Qoao,
.Qooa,
.Qogo,
.0aonao,
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Table
YEAR,

5
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Proportion mature at age

1379,

L0000,

Proportion mature

1985,

L0000,
.0000,

1980,

.Q000,

FHEFPPBPEEREREEE
o
o
=]
o

1930,

1

N e e e

1381,

.Qqao,

-000a,

akt age
1991,

.0000,
L0000,
. 0000,
1000,
7000,
0000,
0000,
.opoa,

e T e

HFHEPPRRPBEE PR

1%B2,

. 0000,
-D0Ca,
L0000,
.10040,
.4BOO,
.7000,
L0000,
.000G,
.00Qo,
.aooa,
.oooa,
.aooa,
.gooo,
.gnoo,

. 0000,

1
1
1
1
1
1
1
1
1
1

1

N R

13983,

. 6000,
.0coa,
.0000,
.1000,
.5000,
. 6900,
.7100,
. 0600,
L0000,
0000,
0000,
.0ooo,
0000,
0000,
.0000,
.0000,
0000,

1983,

0000,
. 0000,
0000,
0100,
3000,
8000,
L0009,
.0000,
. 0000,
0000,
0000,
.0000,
. 0000,
.q000,
0000,
.0000,
. 0009,

I el e S =

FRPPRRPRHEPRERRE

1384,

. 0000,
.ocoa0,
. 0000,
.1000,
L5000,
.9000,
.9500,
. 0000,
. 0000,
. 0000,
.0000,
0000,
0000,
0000,

.0goa,

1954,

.0000,
-Q000,
.0000,
.0100,
L2004,
.80040,
L0000,
.00040,
L0000,
.0004,
L0000,
.0ooo,
.0000,
.0Doo,
.0000,
.0000,
.0000,

FHEHRRERREFERERRRE

HERRPREPEPRR R

1985,

. 0040,
.0040,
. 0000,
1000,
.5000,
.90400,
.0000,
0000,
0000,
.0000,
000G,
00040,
. 0000,
0000,
0000,
0000,
0000,

1395,

.Qaoo,
.0000,
Qooo,
Qooo,
.0100,
. 8000,
L0000,
.Qaoo,
L0000,
.0000,
.0000,
Qgoo,
.Qgoo,
Qaoo,
. 0000,
L0000,
.0aoo,

i Sl el e R o

HHEHFRRRRRRBR

1986,

-0000,

aaoo,

1996,

oooa,
. 0000,
aooa,
.000o,
.01a0,
.4500,
. 0000,
. 0000,
.Q000,
.0000,
.G000,
.o0oo0,
.0000,
oooo,
. 0000,
. 0000,
0000,

e e i

13387,

1987,

.00040,
-0aoo0,
-aooo,
.gooo,
.3000,
.9000,
.0000,
.0000,
.00o0o0,
.0000,
.0000,
.0oon,
.0000,
.qoo0,
.gooo,
.Qoao,
.0oa0o,

15848,

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

FHREPHRPERPRPEERER

I N o
=}
=
o
o
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Table 3.5.2.1.1 Survey data used in the tuning procedure, input file. For each cruise in the tuning there is a mask of

0/1 values applied to the survey data when outliers are removed.

(* The year for December refers to the year after (attributed to Jan 1) *)

(*
The system is changed to surveys not named by yearclass at the
WG meeting 1997, Keeps old stuff commented for a while,

*)
(* Numnbers in milions, time of year in months *)
(* Youngest age is 1 year, oldest age is plusgroup *)

(* If fewer age groups than oldest, the rest is measured to 0 *)

acousticSpawn = {
"Spawning grounds”,

{ 1000000, " Unit"},

{2,  "First age in data”},

{5, "Fust age to include in tuning"),
{2.0, "Time of year in months"}

B
{

{1988, { Q. 255, 146, 6B0S, 202)),

{1989, { 101, 5, 373, 103, 5402, 182}],

1990, { 183, 187, 0, 345, 112, 4489, 146 }),

{1991, { 44, 59, 54, 12, 354, 122, 4148, 102}),

{1994, { 16, 128, 676, 1375, 476, 63, 13, 140, 35, 18201},

{1995, { 0, 1792, 7621, 3807, 2151, 322, 20, 1, 124, 63,2573 }},

{1996, { 407, 231, 7638, 11243, 2586, 957, 471, 0, O, 165, 0, 2024 }),

{1998, { 0, 0, 381, 1905, 10640, 6708, 1280, 434, 130, 39, 0, 175, 0,804)],
{1999, { 106, 1366, 337, 1286, 2979, 11791, 7534, 1912, 568, 132, 0, 0,392, 0, 437}}
)

[ (*Mask %)

{1988,{ 0, 0, 0, 0, D}).

{1989,{ ©, 0, 0, 0, 0, 0}},

{19%0,{ o, 0, 0, 0 0, 0, 0]}

(1991,{ o 0, 0 0, 0, 0 L, 0}}

(1994, { o, 0 O, 1, 1, 0, 0. 0, 0, 1]}

(1995, 0 0, 0, 1, 1, 1, 0, 0, 0, 0 11}}

(1996, { 0, 0, 0, 0, 1, 1, I, 0, 0, 0, 0, L}},
(1998, { 0, 0, 0, O, 1, I, kL 1, 0, 0, 0, 0,0 1},
(1999.f ©, 0, O, 0, 1, L 1, 1, | 0 0 0, 0, 0 I})
}

I
acousticDecember = {
"December in Ofoten”,

{ 1O0GO00,"Unut" },

{l,  "First age in data"},

{4, "Birst age to include (o tuning"),

{110, "Time of year in momnths")

b

{

(1992, ( O, 36,1247, 1317, 173, 16, 208, 139,3742, 69 ]},

(1993, { 72. 1318, 2389, 3287, (267, 13, 13, 158, 26,4435 }}),

(1994, { 0, 16,3708, 4124. 2593, 1096, 34, 25, 196, 29 3239 }},

{1995, { 380, 183, 5133, 5274, 1839, 1040, 308. 19, 13, 111, 39, 907 )},

{1996, { 0, 1465, 3008, 13180, 5637, 9%4, 552, 92, 0, 7, 41, 15, 3931},

{1997, { 9. 73, 60l, 1480, 6110, 4458, (843, 743, 66, 0, 0, 126, 0, 842 }{,
{1998, { 65, k207, 441, 1832, 3862, 12051, 8242, 2068, 629, 111, 14, 0, 392, 0, 220}})
}

{ (* Mask *)

{1992.{ 0, 0, 0, 1, 0, 6 0 0 1 0}

{1993,{ 0, 0, 0. 1, 1, 0 O, 0, 0 1}),

{1994, { 0, 0, 0, 1, 1, 1, 0 0, 0 0, 1}

{1995, { 0, 0, 0, 1, 1, 1, 1, 0, 0, 0 ¢ 1]}

(1996,{ ¢, 0, 0, © I, & I I, o 0 0 0 11},
{(197,{0 0 60 0 1, 1 I, 1, 0 0 00 0 L)}
{1998,{ 0, 0, 0, 0, I, L, I, I, 1, 0, 0,0, 0, 0, 1}
!

);
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acousticlanuary = (
"January in Ofoten",
(
{ 1000000, "Unit" },
{2, "Firstage indata"},
{5, ‘"Farst age to include in tuning”),
{0.012, "Time of year in months"}
)
{
{1991, { 94, 220, 70, 20, 180, 150, 5500, 440 }},
{1992, { 0, 410, 820, 260, 60, 510, 120, 4690, 30}}),
{1993, { 0, 61, 1905, 2048, 256, 27, 269, 182, 5691, 128 )1,
{1994, { 73, 642, 3431, 4847, 1503, 102, 29, 161, 131, 3679 }},
{5995, { 0, 47, 3781, 4013, 2445, 1215, 42, 24, 267, 29,4326},
{1996, 0, 315, 10442, 13557, 4312, 1271, 290, 22, 25, 200, 58, 1146 }).
{1998, { 214, 267, 1938, 4162, 9647, 6974, [518, 743, 16, 4, 0, 181, 7,314 1},
{1999, { 0, 1357, 158, 1455, 4452, 12971, 7226, 1875, 498, 15 15, 0,136, 0,220}}
}

{ (* Mask *)
{1991,( 0, 0, 0, 0, 0, 0 1, 0}}
{1se2,( 0, 0, 0, 0, 0, 0O, 0, I, O}),
(1993, ( 0, © 0 1, 0, 0, 0, 0, 1, 0},
{1%%4.( 0, ¢, 0 1, I, 0, O, 0,0 1}],
{1995, ( 0, 0, 0o 1, I, 1, 0, 0, 0 0, 1}},
(1996, ( 0, 0, 0 0 I, 1, 1, 0,0, 0, 0, 1}),
(1998, 0, 0, 0, O, L 1, 1, L 0, 0, O 0,0 F}}
(nese, (0, & 0, 0 I, 1, L, L1, 0 & 00 0 1}}
}
|3
acousticYoung = {
"Young herring in the Barents Sea",
{
(1000000,"Unit"},
(1, "First age in data"},
(1,  "Furst age to include in tuning”},
(5.5, "“Time of year in months"}
8
{

(1984, { 21400 ]},
(1985, [ 0, 19900 }},
(1986, ( 0, 0O, 3000}}.
(1990, { 4400 1),
{1991, { 24300, 5200 }},
(1992, { 32600, 14004, 5700 )},
{1993, { 102700, 25800, 1500 }},
{1994, { 6600, 39200, 18000, 1700 }).
{1995, { 500, 7700, 8000, 1100 }},
{1996, { 0, 210, 910, 280 }),
{1997, { 600, 10, 400, 400, 50 })
}
|5
acousticNerwegian = {
"Hemng in the Norwegian Sea",

{

{1000000,"Unit"}.

{1, “First agen data"),

{3, "Furst age to include in tuning"},
(4.5, "Time of vear in months"}

I
{

[1996,{ 0, 0,4114, 22461, 13244, 4916, 2043, 424, 14, 7,155, 0,3134}],
{1997, 0, 0, 1169, 3599, 18867, 13546, 2473, 1771, 178, 77,288,415, 60,2472 }},
(1998,{24, 1404, 367, 1099, 4410, 16378, 10160, 2059, 804, 183,112, 0, 0, 0,415}}

L

{ * Mask *)

(19%6,{ 6, 0, O, [, 1, 1, 1, 1,0, 0,0 0 1)}
(19972,{ 0, 0, 0, I, 1, 1, 1, I, 1, 0,0 0 Q 1}},
(19¢8.{ 0, 0, O, [, 1, 1, 1, I, L, 1,0 0, 0 0O 1]}
}

b

acousticSurveys = (acousticSpawn.acousticDecember,acousticJanuary,acousticY oung,acousticNorwegian};



Table 3.5.4.1 Summary of tuning runs. Cat1-C4 are estimated multiplicative constants to the VPA that ensures a best
possible fit to the surveys, where survey 1 is on the spawning grounds, survey 2 the December Ofoten survey, survey 3
the January Ofoten survey and survey 4 the international survey in the Norwegian Sea. F&83 and F90-F92 are the
estimated F-values 1n the last year of data for the 1983 and 1990-1992 year classes.

Run no 1 2 3 4 5 6 7 B **
SSB 1999 11.75 11.67 13.15 12.89 12.95 11.59 9.70 13.04
SSB 1998 11.81 11.74 13.10 12.87 12.91 11.65 9.95 12.84
SSB 1997 12.47 12.40 13.69 13.46 13.48 12.27 10.75 13.24
SSB 1996 6.89 6.86 7.50 7.39 7.35 6.73 6.18 721
Total log likelihood -220 -235 -268 -283 -245 -1053* -253 -256
Log likelihood surveys -07 -97 -97 -97 -107 -014* -85 -118
Log likelihood tags -124 -139 -124 -138 -138 -139 -139 -139
Survey variance 2.90 2.88 2.78 2.78 264 | mmomem—- 2.49 251
Catl 0.54 0.55 0.49 0.50 0.48 0.55 0.48
Cat2 0.45 0.49 0.41 0.41 0.42 0.51 0.43
Cart3 0.58 0.58 0.53 0.54 0.54 0.59 0.56
Catd 0.83 0.83 0.75 0.76 0.77 0.95 0.78
F33 0.10 0.10 0.08 0.08 0.09 0.10 0.11 0.09
F90 0.13 0.13 0.11 0.12 0.12 (.13 0.15 0.12
Fo1 0.10 0.10 0.09 0.09 Q.10 0.11 0.12 0.10
F92 0.09 0.09 0.08 0.08 0.08 (.09 0.10 0.08
CV surveys 0.38 0.38 0.37 0.37 (.36 0.38 0.37 0.36
Tagging survival 0.44 0.44 0.46 0.46 0.46 0.43 042 0.45

*) Likelihood based on different data

*#) FO3 estimated at 0.06
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Table 3.5.5.1

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

6,26,2

1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1954
19585
1956
19587
1998

BS O0-gr
BS 1l-gr
BS 2-gr
Spawn 4
Dec 3
Jan 4

848
563
192
669
333
409
807
102
71
152
252432
1059
6576
354
1021
2467
6235
11375
30957
39204
-11
-11
-11
-11
-11
-11

{log index*100)

{million)
(million)
{million)
(million)
{million)

.25
.25

O WbRRP OO WU

.25
.25
0.25
177
34
23
0.25
0.25
3
58
31
119
105
75
28
16
65
39
59

[

-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
~11
-11
-11
24300
32600
162700
6600
500
100
2600
9500
-11

-11
-11
-11
-11
-11
-11
~-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
5200
140040
25800
59200
7700
250
49
4700
-11
-11

-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
54
-11
-11
676
7621
7638
-11
381
337
-11
-11
-11

-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
1247
2389
3708
5133
3008
661
441
-11
-11
-11

-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
-11
70
820
1805
3431
3781
10442
-11
1938
1989
-11
-11
-11
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Table 3.5.5.2

Analysis by RCT2 ver3.l of data frem file

c:i\npeld9\nssh\recruitinsshrert. txt

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

Data for 6 surveys over 26 years : 1973

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.

- 1998

Yearclass = 1993
I-—————————- Regression--------—-- I I--—————- Prediction----————- I
Survey/ Slope Inter- Std Rsguare No. Index Predicted std WAP
Series cept Exror Pts Value Value Error Welghts
BS 0-g .05 5.84 1.68 .624 20 75.00 9.39 1.%40 .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 g8.01 9.88 .337 . 650
Jan 4
VPA Mean = 7.81 2.060 017
Yearclass = 1994
Im-———— = Regression---------- I I-—————--——-- Predicticn-——===w-= I
Survey/ Slope Inter- Std Rsguare No. Index Predicted std WAP
Series cept Error Pts Value Value Error Weights
BS 0O-g .05 5.90 1.68 .622 20 28.00 7.21 1.941 .030
BS l-g 1.10 -1.87 .74 .612 3 .22 5.18 5.587 .004
BS 2-g .87 1.21 .23 .932 4 5.53 6.02 1.090 .097
Spawn .72 4.20 .40 .962 4 5.95 8.47 .668 .258
Dac 3 1.44 -1.63 .21 L9861 4 6.50 7.770 .531 .407
Jan 4 .89 2.44 .60 .875 6 7.57 9.14 .805 LA7T
VPA Mean = 7.93 2.042 .028
Yearclass = 1995
I-—————————- Regression~=r—mm—m-—= I I-———————- Prediction-------—-— T
Survey/ Slope Inter- Std Rsquare No. Index Predicted 3td WAP
Series cept Error Pts Value Value Error Weights
BS 0-g .05 5.99 1.66 .623 20 18.00 6.72 1.970 .038
BS 1-g 1.10 -1.85 .75 .611 3 4.62 3.42 7.581 .003
BS 2-g .87 1.21 .29 L9131 4 3.71 4.44 1.511 . 065
Spawn .72 4,21 L4l . 9812 4 5.82 8.38 L6839 .314
Dec 3 1.44 -1.63 .21 .961 4 6.09 7.12 L6837 .387
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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Yearclass = 1996
IT-————— = Regression-----—--
Survey/ Slope Inter- Std Rsquare
Series cept Error
BS 0-g .04 6.10 1.62 .627
BS 1-g 1.10 -1.62 .76 .611
BS 2-g .87 1.21 .28 .931
Spawn
Dec 3
Jan 4
Yearclass = 1597
I-——-~—————- Regression-------
Survey/ Slope Inter- Std Rsqguare
Series cept Error
B5 0-g .04 .23 1.56 .637
BS 1-g 1.0% ~-1.58 .78 .611
BS 2-g
Spawn
Dec 3
Jan 4
Yearclasgs = 1398
I-————————— Regression-------
Survey/ Slope Inter- 5td Rsquare
Seriesg cept Errar
BS 0-g .04 §.39 1.48 .653
Bs 1-g
BS 2-g
Spawn
Dec 3
Jan 4
Year Weighted Log Int
Class Average WAP s5td
Prediction Error
1593 14010 9.55 .27
1594 2905 7.97 .34
1995 1561 7.35 .39
1936 5144 B8.55 .53
1997 3655 8.20 1.20
1398 5908 8.68 1.31

VFA

VPA

No.
Pts

20

VBA

Ext
std
Error

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

I-——————~-~- Prediction
Index Predicted gtd
Value Value Error
65.00 9.02 1.947
7.86 7.00 3.910
B.46 B.57 .581
Mean = g.22 1.970
I-—— o Prediction
Index Predicted std
Value Value Error
3g.00 7.93 1.911
g.16 8.43 2.650
Mean = 8.36 1.915
I——————————— Prediction
Index Predicted std
Value Value Error
59.04 3.86 1.863
Mean = 8.52 1.852
Var VPA Log
Ratio VPA
.82
1.09%
1.11
.08
.02
.02

WAP
Weights

074

.018
.835

073

WAP
Weights

.397
.207

.396

WAP
Weights

.497

.503
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Tabkle 3.5.6.1

Traditional vpa using screen input for terminal F

1953,

.loe3,
.2894,
.0505,
L0171,
. 0185,
L0279,
.DEMd,
L0415,
. 0448,
. 0810,
L1173,

0645,

age
1962,

L3679,
2658,
.0871,
.1028,
. 0525,
044z,
1097,
1213,
0714,
0974,
0807,
L1258,
L1666,
1302,
1628,
1466,
1468,
1121,

1954,

.4996,
L4172,
.1521,

.a700,
.2443,

1555,

L3874,
L5567,
.0587,
. 03120,
L0537,
.06082,
L0605,
.08oe,
.0854,
L0666,
.1270,
L1325,
.1098,
.1012,
.0949,
L1044,
.1044,
. 0928,

1564,

.0821,
L0665,
L5117,
.gelz,
.0840,
.18886,
L1391,
L0309,
.0725,
L2847,
L3074,
.3334,
L2854,
.3657,
L3634,

31335,
L3195,

2374,

Traditional vpa using screen input for terminal F

1372,

. 7939,
1.7489,
.9309,
0983,
1.2887,
.9578,
1.8090,
1.2502,
2.9484,
1.7610,
0388,
1.5553,
2.0473,
1.1132,
.3301,
2.1062,
2.1062,

[

1973,

Run title : Herring Spring-spawn (run: SEPBJA02/502)
At 4-May-399 14:50:40
Table B8 Fishing mertality (F} at age
YEAR, 1950, 1951, 1952,
AGE
a, .0104, L3174, L2455,
1, L1217, L0350, L2699,
2, .a658, .0661, L0160,
i, L0278, . 0013, .ol18,
4, .Q508, . 04865, .0141,
5, L0410, .0581, .0508,
g, . 0709, . 0440, L0565,
7, . 0834, .0839, L0673,
B, , 04486, L1485, L0779,
9, . 0345, . 0527, L0873,
1o, L0375, .0390, .06E8,
11, . 0369, L0427, .04%0,
1z, 0379, . 0556, .0544,
i3, 0666, L0802, .06B2,
14, 0780, .07487, .0545,
15, 0459, L0897, .07286,
+9p, . 0459, L0697, .07286,
¢ FBAR 5-14, 0536, L0623, .06713,
Table 8 Fishing mortality [F) at
YEAR, 1959, 1960, 1961,
AGE
0. L0683, .1088, _1360,
1, L7073, 1421, L4130,
2, L5911, . 6355, L0835,
3, .1a58, .7587, L1583,
4, L0781, . 1898, .0827,
5, L0769, .lo41, L0457,
6, L1160, .0916, .Q7053,
T, .0990, J493s5, 0828,
g, L1150, .0804, 0802,
8, L0987, .127a, 0675,
10, .1140, . 1357, 1117,
11, 1475, .l449, 1118,
1z, 1777, -21314, 1117,
113, L2207, .1925, .lotz,
14, . 1678, L2032, .106%,
is, L1127, . 1387, .1057,
+Ju, 1127, .1387, L1057,
0 FBAR 5-14, L1333, L1393, .0904,
1
Run title : Herring Spring-spawn (run: SEPBJA02/3502)
At 4-May-92 14:50.40
Table 8 Fishing mortality (F) at age
YEAR, 1969, 1970, 1871,
AGE
o, 0821, .3347, L2441,
1, 1.6537, L2501, .4295,
2, 1.7485, 1.220%, .1204,
3, 2.0408, .5307, .2B35,
4, L2604, 1.4843, L1419,
5, .7590, L2998, L3119,
6, L6023, .6842, L2794,
7, L3507, 1.10886, L4887,
8, L4226, 1.1v726, 1.6241,
9, .6056, 1.182b, 2.5238,
10, .6310, 1.3751, 1.%510,
11, L6261, 1 5563, 2.2737,
1z, .8732, 3.9033, 1.8357,
13, L3927, 1.6255, .2170,
14, .8364, .8120, 2.7742,
15, .5776, 1.4061, 2.0280
+0p, ,5776, 11,4061, 2.0280,
0 FBAR 5-14, L6100, 1.3720, 1.4276,
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1974,

L2118,
L0023,
L0937,
L1233,
L0809,
L1115,
L9654,
T34,
.00846,
.013z,
.0174,
.0351,
L0576,

1956,

.3408,
.5943,
.5132,
- 0426,
-1079,
L0736,
-1097,
-0723,
L1111,
.1049,
L1307,
-1759,
-1647,
.1147,
-1424,
.1285,
.1285,
L1202,

1957,

L3741,
.8301,
.2514,

1366,

L1382,
L7192,
.2389,
L3137,
. 4085,
L5321,
.5982,
75386,
1.3073,
L9790,
L1436,
.0666,
.5451,
L3723,
L4701,
.1880,
.1880,
L9968,

o

[

1976,

L0030,
-0031,
.0013,
L0200,
.3938,
.00zz,
.0005,
L1083,
.0080,
.0083,
L0114,
.Q271,
0244,
L0317,
.0899,
0146,
.0146,
.0333,

[

e o e e

1958,

L6958,
9181,
.2040,
, 0414,
0431,
L0689,
. D612,
. 0728,
. 0689,
.0714,
.1105,
.1330,
.1741,
1244,
.0738,
0820,
.0820,
L0960,

3567,

[l

= s W

1968,

L7997,
.7433,

3620,
L3620,
6780,

1978,

.Q050,
.00ls,
L0011,
L0171,
. 0286,
L0379,
L1147,
.0030,
. 7485,
.0e9a,
L0124,
.0114,
.Dle5,
.0351,
L0350,
L0783,
.0733,
.1088,



Table 3.5.6.1 continued

Table 8 Fishing mortality (F) at age
YEAR, 1979, 1580, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988,
AGE
o, L0041, L0068, L0116, .0148, .a0as5, ,0032, 0004, .0039, .0014, 0008,
1, .0023, .0oo02, .Q6z7, ,0038, L0076, .0000, 0031, L0001, .0044, .ooo7,
2, .0035, .0006, L0090, L0012, .0144, .01o1, L0050, .0018, 0033, .0157,
3, ,0103, L0210, 0110, 0186, .0340, 0701, 1654, 0233, L0203, ,0104,
4, 0124, L0110, .0178, 0247, .0340, L0705, L3436, L1875, .0258, 0307,
5, .0192, .0178, .0193, 0207, 0357, L1241, .3000, .5875, L2929, L0338,
6, 0251, L0272, .0205, .0166, 0339, 0841, .3902, 4797, .2553, L2236,
7, .0544, 0426, 01789, 0216, 0214, L0853, .3991, .59820, L3946, L4372,
8, L0035, L0920, 0268, .g238, 0169, L0582, .5933, 1.2624, .2892, 6414,
9, .0021, 0333, .09ls, L0233, L0257, L1171, 3356, 1.2486, L6434, L2270,
10, .0427, L0025, 6564, L0399, .0338, L1138, L2228, L8276, 1.0630, 1.4616,
11, L0146, .0553, L3917, .54862, .0575, .0389, L3073, .8219, .0924, 1.0588,
12, .0134, L0173, L0240, .1999, 2.258¢, .000s, .3953, 2.0562, .9048, L0876,
13, .0195, . 0158, .0205, 0035, 3.2773, .2937, L0006, 2.1502, 1.533s8, .8806,
14, .0474, .0232, L0186, .0243, .0298, L2407, .5035, L0007, 1,4985, 4.7159%,
15, .0422, .0581, .0278, L0221, L0290, .0698, .37%2, 1.39%62, .4168, .3809,
+gD, .0422, L0581, .0276, .0221, .0290, L0698, L3792, 1.3962Z, .4168, L3809,
0 FBAR 5-14, .0242, 0327, 1327, L0820, 5791, .1154, .3448, 1.0027, 6968, L9768,
Table 8 Fishing mortality (F) at age
YEAR, 1989, 1890, 1991, 1592, 19893, 1994, 1595, 1996, 1997, 1498, FBAR 96-98
AGE
0, L0001, .0000, .0000, .0000, L0001, L0000, .0000, L0000, L0000, .00oQ, .0000,
1, L0002, L0000, L0001, .00oo, .00Q0, .0Q00, .0000, .00o0, L0000, .nooo, 00400,
2, .0151, .0039, L0003, .0001, L0001, L0001, .ooo1, 0064, .0086, .00%9, .0083,
3, .gossg, .0198, .0037, 0022, 0027, L0011, 0016, L0083, . 0495, L0497, .0352,
4, 0007, L0095, L0035, L0170, L0217, L0122, L0141, L0231, .0593, .1160, 0661,
5, .0082, 0027, 0059, .0073, _0539, .0908, L0841, L0778, 07086, L1015, .0833,
6, _(0238, .0185, .0038, .0058, .0148, 1293, L2147, _1671, 1269, 0870, .12790,
7, L1131, .0198, L0179, .00386, L0210, .0318, 2544, L1852, .1875, L1050, .1626,
8, L1497, L0531, .0227, .0137, .0105, 0567, 0381, 1634, 22446, L1280, L1720,
9, .1275, .4384, L1310, L0279, L0533, L0156, L1413, L0167, .1295, L1240, 0801,
10, .0694, 6363, L2163, 1762, 0615, 21297, L0348, . 0856, 0713, L1190, 08920,
11, .9170, 0632, . 0455, .4904, L0001, L1231, 4722, .0388, .6045, 1150, 2531,
12, .7529, 1.674%, L0219, .1l664, .Q012, .3500, .2418, .1588, _0eE7, .1100, L1122,
13, 0102, L4237, 1.6296, .0471, .0Jo9, .94456, 1.1850, L3442, . 2470, .1050, L2321,
14, 1734, L0220, 1,9531, .0483, L0000, J1000, 4.0282, .0007, L2378, 1010, L1131,
15, .0897, 1527, .0238, 02846, .0592, L1152, .00G0, L3033, 2616, .0860, L2203,
+gp, .0897, 1527, L0238, L0286, L0592, 1152, .00Q0, L3033, L2616, 0960,
0 FBAR 5-14, L2345, .3353, .4048, .0987, L0217, L1972, .6695, L1250, .1966, .10%86,

1



Table 3.5.6.2

68

Run title
At  4-May-99

Table 10
YEAR,

AGE

Wwm-dm b RO

Table 10
YEAR,

Run title
Lt 4-May-99

Table 10
YEAR,

AGE

0 =3 o LA e W B P O

TOTAL,

1 Herring Spring-spawn |run:

14:50:40
Traditional wpa

Stoeck number at

SEPBJAQ2/502)

age (start cf year)

1950, 1951, 1952, 1953, 1354,
7473748, 14319078, 938987, B35771, 397029,
262358, 3007097, 575014, 298670, 304349,
142205, 94445, 11758la, 178474, 90917,
108558, 54134, 35944, 470458, 68991,
40165, 20878, 46533, 30873, 398068,
19706, 32858, 74664, 19450, 25883,
B5994, 410864, 26685, 58688, 33055,
79923, £8950, 33821, 21705, 47220,
194630, 62971, 54572, 27216, 17923,
28024, 16159, 48627, 43450, 22398,
32020, 23300, 13194, 38355, 34489,
25817, 26545, 19238, 10623, 29357,
56309, 21418, 21893, 15808, B572,
61487, 46664, 17436, 17846, 12781,
8515, 49494, 37814, 14018, 14438,
25689, 1575, 38378, 3a821, 11151,
564929, 48758, 47336, 73642, 59483,
8558030, 5131338, 3207003, 2205606, 1576738,
Stock number at age |start cf year)

1959, 1980, 1961, 1962, 1953,
4053428, 1313386, 732827, 177123%, 1646403,
56387, 1538203, 699104, 260052, 49347,
10738, 11294, 542530, 188063, B1052,
1618, 24432, 2291, 202882, 70081,
3839, 1253, 984, 1683, 157563,
3703, 3056, 910, 772, 1374,
14389, 29339, 2370, 745, 636,
13096, 11028, 2355, 1901, 575,
23826, 10209, 8601, 1847, 1450,
126308, 18279, 8109, 6833, 1480,
8841, 58496, 138486, g524, 53134,
9744, £790, 74015, 10658, 5128,
13068, 7237, 50586, £69466, 8091,
4739, 9417, 5030, 38392, 41507,
5384, 331z, 668¢, 3913, 2940,
8596, 3918, 2327, 5171, 2862,
15205, 10102, 4117, 5834, 5918,
4373023, 3651422, 2111146, 935870, 2082240,

: Herring Spring-spawn (run:

14 50,40
Traditional vpa

Steck number at

1559, 1970, 1371,
26074, 6207, 2058,
8476, 3ge24, 1806,
2313, 655, 11273,
2215, 154, 73,
37, 254, B3,
177, 25, 50,
111, 11, 16,
25, 52, 31,
364, 15, 15,
791, 205, 1,
B22, 371, 54,
7. 74, a1,
4, 3, 68,

7. 1, 0,
4, 4, 0,
14, 1, 1,
419, 27, a,
111544, 44057, 15664,

SEPBJAD2/502)

aga (start of year)

1872, 1971,
3074, 127017,
668, 1668,
474, 47,
4065, 77,
51, 3172,
62, 1z,
1, 20,
10, i,
16, 3,
3, 1,
0, o,
7, o,
7, 1,
9, 1,
a, 1,
o, o,

0, 0,
14482, 132026,

uging screen input for terminal F

Numbers*10**-5

1955, 1956,
237538, 274748,
97946, 65556,
81693, 22821,
31748, 300932,
56914, 26464,
129323, 46426,
20954, 264511,
26265, 16977,
16105, 20851,
14241, 28532,
17428, 11487,
25611, 13211,
21008, 19308,
6559, 16201,
10052, 5102,
11239, 7869,
51748, 42150,
1076371, 912285,

1957,

216506,
78447,
14702,
5534,
24821,
20449,
37650,
204017,
13593,
16040,
22112,
BEEC,
9537,
14095,
12433,
3809,
27995,

750838,

Numbersg*10**-5

1364, 1965,
905561, 73326,
639834, 345995,

BO36, 243395,

20760, 1953,

53282, 16807,
127875, 42166,

1134, 91148,
531, 849,
461, 443,

1078, 169,

1188, 698,

3596, 752,

3559, z213,

5355, 23102,

27193, 3198,

1796, 14274,

11413, 4140,

1812550, 852032,

using screen inout for terminal F

19686,

453493,
18608,
117663,
81610,
B33,
12097,
310140,
53137,
551,
244,
249,
425,
280,
9840,

Numbers*10**-5

1374, 1975,
85007, 294286,
51461, 34155,

657, 20874,
a, 243,
44, 7.
2497, s,
4, 1922,

4, 1,

i, 2,

1, 1,

1, o,

0, 1,

e, 0,

1, 0,

1, 1,

1, 1,

1, 1,
133688, 86671,

1878,

100187,
11775,
13864,

8476,
179,
5,
22,
1371,
1,

1,

1,
s}
0
Q
a,
1
1
5

13588

1958,

278105,
66148,

1967,

35822,
160413,

196,
1235,
335927,

10367

113573,

1978,

51332,
20224,
16472,
1921,
4641,
5875,



Table 3.5.6.2 continued

Table 10 Stock number at age (start of year) Numbers*10+**-5
YEAR, 197%, 1980, 1981, 1982, 1983, 1984, 1985, 1586, 1987, 1588,
AGE
0, 121686, 15393, 10918, 23297, 3776878, 158922, 982208, 53994, 154504, 368879,
1, 24812, 49273, 62186, 4388, 9333, 1534783, 64404, 399150, 21867, 62731,
2, 8207, 10064, 20028, 2520, 1777, 3766, 623986, 26104, 162278, Bgas2,
3, 6690, 3325, 4089, 8069, 1024, 712, 1516, 252416, 10594, 65757,
4, 1626, 5699, 2803, 3481, 65817, 851, 572, 1106, 212255, 8935,
5, 3881, 1382, 4851, 2370, 2923, 5671, 683, 349, 789, 178044,
6, 4868, 33277, 1168, 4096, 1998, 2428, 4312, 435, 167, 507,
T, 66, 4086, 27445, 985, 3467, 1662, 1921, 2512, 232, 111,
8, 3, 54, 3370, 2321, 830, 2921, 1314, 1109, 11586, 135,
9, 5, 3, 4z, 2824, 1951, 702, 2370, 625, 279, 771,
10, 652, 4, 2, 33, 2375, 1636, 538, 1458, 154, 122,
11, 1, 538, 4, 1, 28, 1976, 1257, 370, 549, 46,
12, 1, 1, 438, 2, 0, 22, 1641, 796, 140, 431,
13, 1, 1, 1, 368, 2, c, 19, 951, 88, 49,
14, o, 0, 1, o, jils, o, 0, 17, 95, 1¢,
15, c, c, 0, o, 0, 264, 0, o, 14, 18,
+gp, o, c, o, o, 0, 0, 90, 35, 0, G,
0 TOTAL, 172500, 93101, 56678, 54758, 3809718, 1716317, 1686829, 741438, 565193, 655403,
Tabkle 10 Stock number at age (start of year) Numbers*10**-5
YEAR, 1989, 1990, 1991, 1992, 1993, 19394, 1995, 19596, 15897, 1998, 1599, GMST 50-%6 AMST LH0-96
AGE
Q, 928154, 1692833, 4606964, 5834210, BBO443, 435030, 234266, 771446, 0, 0, 0, 236400, 931321,
1, 148879, 377315, 688248, 1873052, 2372005, 1357921, 176867, 95246, 313646, 0, 0, 83000, 3619418,
2, 25487, 60925, 153403, 279800, 761%25, 964384, 145520, 719082, 38724, 12751%, o, 25658, 136892,
3, 3543, 10207, 24674, 62348, 113750, 309568, 392039, 59157, 29050, 15610, 51335, 8446, 54999,
4, 56014, 302z, 8613, 21158, 53547, 97642, 266147, 336898, 50598, 23795, 12784, 5794, 452946,
5, 7458, 48179, 25717, 7387, 17305, 45098, 83021, 225864, 283358, 41041, 18238, 3705, 31722,
6, 148145, 6367, 41358, 2205, 6312, 14603, 35447, 65691, 179856, 227258, 31915, 2390, 22991,
7, 349, 124504, 5380, 35461, 1887, 5353, 11044, 24613, 47841, 1356354, 179305, 1561, 18322,
8, 62, 268, 105065, 4548, 30410, 1590, 4463, 7370, 17428, 34138, 105663, 1013, 13870,
9, a1, 16, 2139, 88403, 3861, 25900, 1293, 3698, 5387, 11983, 25852, 624, 11294,
i0, 529, 46, 25, 165, 73498, 3151, 219456, 966, 3i3o, 4074, 9111, 406, 9561,
11, 24, 425, 21, 18, 119, 59892, 2382, 18243, 764, 2509, 3113, 266, 7957,
12, 14, 8, 343, 17, 9, 103, 45577, 1279, 15080, 359, 1825, 161, 6979,
13, 339, &, 1, 289, 13, 8, 62, 30802, 938, 12150, 277, 9z, 6523,
14, 17, 2859, 3, o, 237, 11, 3, 16, 18791, 631, 9415, 47, 4651,
15, G, 13, 244, o, 0, 204, 8, 0, 14, 12751, 451, 27, 4051,
+ap, a, 24, 5, o, 0, o, Q, 0, g, o, 9970,
0 TOTAL, 1320078, 2324476, 5637146, 8209058, 4316021, 2320458, 1420086, 1713196, 1004615, 650170, 459393,



Table 3.5.6.3

0

0
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Run title
At 4-May-29

Tabkle 12
YEAR,

AGE

+gE,
TOTALBIOD,

Table 12
YEAR,

w
(3]
=on

m =l mutds W= O

o
= O owo

B e g
L5 LI Y 6 )

+JE,
TOTALBIOC,

Run title
At 4-May-99

Table 12
YEAR,

AGE

15,
+dP.
TOTALBIC,

Herring Spring-spawn (run: SEPBJR02/S02)

14:50:40

Traditional vpa using screen input for terminal F

Stock biomass ak age (start of year)

1950,

74737,
20908%,
66836,
108558,
81936,
114323,
219285,
21978%,
56926,
85474,
100863,
83905,
185821,
208988,
12827,
92323,
207730,
1961871,

1951,

14391,
240568,
414389,
54134,
185391,
75574,
104712,
189613,
182615,
49285,
73395,
36272,
70672,
153658,
170756,
27421,
177966,
1905812,

1952,

9340,
46001,
552639,
359244,
94927,
171727,
63046,
93008,
158259,
148313,
415861,
62687,
72246,
55283,
1304646,
142548,
172778,
2059817,

1953,

8358,
23894,
B3383,

470458,
62369,
agaze,

149653,
59690,
78926,

132523,

120818,
34524,
52166,
60675,
48363,

111573,

2687%4,

1857483,

1954,

3970,
243946,
42731,
68991,

812061,
59530,
84290,

129854,
51977,
68313,

108642,
95412,
28286,
43188,
49985,
40366,

217113,

1929304,

Stock biomass at age (start of year)

1953,

4052314,
4511,
5047,
1618,
7832,
9482,

3741z,

37930,

71477,

385239,

27450,

31669,

43124,

16315,

18574,

30517,

54738,

323918,

14:50.40

1950,

19134,
123056,
5308,
2442,
2555,
gas52,
8726,
12312,
32772,
58128,
315187,
23357,
25257,
34941,
12553,
14692,
18337,
756960,

1961,

7328,
55928,
254985,
22981,
2283,
2275,
€922,

1962,

1771,
20804,
BB390,

202893,

3685,

2247,

2235,

6008,

59386,
22275,
21854,
36023,

190267,
13504,
13851,
18513,
24467,

674772,

1363,

16464,
1983,
38094,
70081,
291483,
3477,
1869,
1793,
4763,
4839,
17816,
17486,
28238,
141538,
10527,
10732,
22192,
685353,

Herring Spring-spawn (run: SEPBJAQZ2/302}

1955,

2375,
7836,
38396,
31748,
110983,
701457,
54480,
12230,
104703,
43434,
54899,
B3235,
65324,
22302,
346840,
40685,
188878,
1661648,

1964,

90586,
51187,
3777,
20780,
1033838,
272374,
2893,
1682,
1673,
3807,
4145,
12729,
12704,
19225,
99253,
1221,
45879,
671834,

Traditional wpa using screen input for terminal F

Stock bicmags at age

1349,

961,
678,
1087,
2375,
43,
256,
100,
76,
1113,
24135,
2614,
23,
13,
24,
15,
39,
193,
12145,

1970,

52,
2850,
308,
164,
532,
£8,
164,
154,
49,
662,
1207,
1238,
12,
5,
15,
5,
104,
7599,

1371,

1872,

1,
67,
334,
6098,
76,
a7,
56,
25,
a4,

{start of year)

1973,

1974,

850,
5144,
558,
ls,
114,
B538,

1956,

28435,
153848,
1460445,

1565,

793,
27680,
114396,
1959,
31261
83911,
215104,
2208,
1607,
129z,
2583,
2706,
8363,
8308,
12471,
54121,
16313,
595675,

1373,

294,
3416,
17743,
140,
is,
122,
7331,

Wl g LR W] S

25448,

Tonnes*10**-1

1957,

2345,
6356,
6910,
5554,
33756,
46624,
94474,
534523,
39420,
48982,
59654,
28146,
31472,
47924,
42893,
13788,
102182,
1155025,

Tonnes*10**-1

1968,

4304667,

Tonnas*10**-1

1976,

1002,
1178,

92BE7,
1003911,

1967,

358,
12833,
1732,
17672,
92389,
1121,
16450,
19622,
63240,
416,
331,
241,
460,
514,
926,
811,
5113,
280231,



Table 3.5.6.3 continuned

0

0

Table 12
YEAR,

15,
+ap.,
TOTALBIO,

Table 12
YEAR,

AGE
0,
1,
2,

3,

4,

5,

6,

7.
B,
%,
10,
11,
1z,
13,
14,
15,
+gp.

TOTALBIC,

Stock biomass at age (start of year)

1979,

1217,
24B1,
6976,
11908,
3772,
13934,
18744,
278,
14,
28,
1190,

1934,

154,
4327,
8555,
5819,

16128,
4795,
13174,
17204,
251,
12,
23,
2871,
3,

3,
2,
1,
1,
3,

T332

1981,

109,
622,
17024,
6952,
6278,
16301,
4416,
10623,
13752,
158,

20,

1382,

233,
433,
2142,
13718,
7102,
7180,
14541,

2,
71995,

1983,

31769,
933,
1511,
1586,
18975,
8836,
7352,

Stock biomass at age (start of year)

19B%,

282,
22482,
25487,

5456,
98025,
15588,

373325,
1064,
227,
230,
1898,
e,

54,
1344,
63,

o,

o,
554628,

198G,

l1e3248,
30185,
23244,
22354,

1991,

4460742,
73707,
56759,
36271,

1392,

5B342,
131114,
83940,
798406,
47397,
21864,
7210,
125845,
15691,
324437,
B&3,
64,

74,
1358,
1,

2.

2,
497752,

1593,

8804,
189750,
190381,

92138,
107630,
47449,
203848,

6679,

108858,

14712,
273052,
472,

37,

47,

956,

L,

1,
10681374,

1984,

1589,
153478,
3201,
597,
1737,
16731,
8206,
6250,
11533,
2858,
6758,
9339,
98,

o,

a,
1152,
1,
222914,

1994,

4330,
35792,
241094,
232177,
147449,
114549,
46437,
13840,
5517,
106708,
12038,
243761,
421,

33,

44,

B37,

0,
1211059,

Tocnnes*1l0**-1

1383, 1988,
9822, 340,
6440, 39316,

143517, 221384,
2243, 1363405,
1337, 2278,
1810, 925,

13453, 1253,
6647, 851§,
4861, 1082,
9381, 2443,
2135, 5570,
53480, 1437,
7023, 3143,

az, 3757,

a, &5,

a, a,

383, 137,
214495, 232362,

Tonnes*10**-1

1995, 1996,
2343, 7714,
31836, 17144,
36380, 17977,
258744, 44959,
367283, 397539,
190949, 424624,
104523, 171452,
38211, 77778,
17317, 25501,
4694, 13823,
89761, 3769,
9862, 71148,
192334, 4910,
255, 122591,
11, 65,
14, 0,
Q, o,
1344938, 1401002,

1987,

1545,
2187,
99253,
9535,
303525,
1901,
466,
694,
3780,
924,
523,
1986,
527,
1239,
359,
54,

0,
417592,

1937,

a,
56456,
9581,
avgaa,
53704,
433043,
411870,
136824,
56294,
18933,
11331,
2947,
54323,
644,
73472,
59,

a,
1418009,

1384,

g,
452169,

1998,

g,

o,
31880,
11551,
34979,
71411,
493151,
329977,
94903,
36421,
12628,
3006,
1221,
41795,
2428,
16286,

o,
1217644,

71



Table 3.5.6.4

0

0

3}

72

Run title
AE 4-May-99

Table 13
YEAR,

15,
+9p.
TOTSPBIQ,

Table 13
YEAR.,

AGE

= LR B = R R LT SR e |

15,
+gqp,
TCGTSPRIO,

Run title

AL 4-May-99

Table 13
YEAR,

10,
11,
12,
13,
14,
13,
+Jg,
TOTSPBIO,

14:50:40

: Herring Spring-spawn (run: SEPRJAQZ/S02)

Traditional vpa using screen input for terminal F

Spawning stock biomass at age (spawning Lime)

1350,

0,
a,

32087,
91121,
20375%,
1398442,

Spawning stock bilomass at age {spawning time)

1959,

3429,
30565,
37046,
636048,

375774,
27125,
0741,
41734,
15722,
17393,
29728,
53313,

734981,

14.50.40

1951,

18178,
22205,
61620,
146707,
177955,
482986,
72021,
84526,
65234,
155357,
166894,
26825,
174099,
1244018,

1960,

56536,
30e308,
22478,
24355,
334648,
12118,
14274,
37234,
581715,

1952,

1148177,

1961,

Herring Spring-spawn (run.

1953,
o,
0,
0,
0,
§134,
26748,
87861,
52702,
77404,
129497,
117631,
33791,
51061,
59424,
47269,
105058,

262730,
1061325,

1953,

0,
0,
Q,
0,

397,
1476,
2178,
5847,
5854,
21730,
21334,
35044,
184337,
13130,
13425,
1re72,
23752,
346478,

1954,

0,

0,

o,

o,
F9E81,
17484,
49424,
113774,
50734,
66621,
105456,
9zz272,
27539,
42365,
48731,
39250,
211109,
344504,

1963,

0,

o,

0,
2727,
8564,
1091,
1652,
1754,
4630,
4734,
17127,
16859,
27095,
135677,
16021,
10304,
21307,

263541,

SEFBJAQZ/202)

1555, 1956,
g, 0,
G, 0,
0, 0,
2494, 2361,
23924, 11432,
253913, 38628,
45343, 545487,
70582, 45659,
102267, 58310,
42503, 84833,
53359, 35121,
BO917, 41559,
67548, §1743,
21749, 53644,
13841, 17086,
39663, 27700,
184134, 149608,
1022277, 11793980,

1964, 1965,
0, 0,

0, Q.

0, a.
407, a.
6059, 102835,
73724, 28480,
931, 1ls&z291,
1652, 2114,
1634, 1514,
3645, 1243,
3959, 2458,
12126, 2452,
12162, 1710,
18283, B138,
94287, 11543,
6890, 52387,
43775, 15103,
279513, 306746,

Traditienal vpa using screen input for terminal F

Spawning stock biomass at age

19569,

0

1970,

3av2,

1971,

1372,

{spawning Lime)

1873,

7218,
37,

1974, 1975,
g, a,

Q. o,
51, 1621,
8, 213,
100, 13,
8318, 116,
15, 7135,
14, 6,
5, 7.

3, 5,

3, 2,

2. 3,
1, 1,
5, 1,
3, 4,
3, 3,

3. 3,
8534, 3138,

Tormes*10**-1

1957,

o,
0,
o,
0,
0,
22772,
55440,
520778,
385046,
47824,
67342,
27406,
30551,
46643,
41747,
13447,
9965%,
1012876,

Tonnes*10**-1

1966,

3041,
4947,
23531,
259527,

Tonnes*10+*-1

1376,

1459

15630,
1%312,
85895,
450687,
32913,
38804,
55634,
21842,
23788,
37004,
33354,
0738,
928038,

114547,

2835



Table 3.5.6.4 continued

0

Table 13
YERR,

15,
+ap,
TOTSPBIO,

Table 13
YEAR.,

»
3]
¥ 2]

o~ U W R O

15,
+ap.,
TOTSPBIO,

Spawning stock blomass at age {spawning time)

1979,

1980,

1,
46861,

Spawning stock

1989,

28268,
13808,
366850,
1036,

0,
415068,

13490,

434850,

1981,

0,
a,
o,

50269,

1932,

50126,

1983,

1384,

bicmass at age (spawning time)

1951,

1992,

1993,

942,

4868319,

1994,

Bl5,

560471,

1985,

g,

Tonnes*10%*-1

1986,

‘
41411,

Tonnas*10**-1

1985,

1996,

1387,

0,
101135,

1937,

o,
0,
o,

a,
17541,
434056,
400622,
132284,
54224,
19383,
11572,
2733,
53158,
3s43,
70677,
53,

0.
1199848,

l9g8,

309921,
331,
2547,
373,
148,
1581,
1€6,
38,

65,

‘
326839,

1988,

45161,

9,
1114431,

73



Table 3.5.6.5

14:50:41

Summary

: Herring Spring-spawn (run: SEPBJAC2/S02)

{without S0P correction)

Traditional wvpa using screen input for terminal F

Run title
At 4-May-99
Table 16
. RECRUITS,
' Age 0
1950, 747374528,
1951, 143907872,
1952, 938938734,
1953, 83577048,
1954, 3870294¢0,
1955, 23753764,
1958, 27474766,
1957, 23650592,
1958, 27810500,
1952, 405342656,
1960, 1913385786,
1961, 73282688,
1962, 17712450,
1963, 164640160,
15964, 90556040,
1965, 7932618,
15966, 45349292,
1967, 31582244,
1968, 4638550,
1969, 95607348,
1970, 6208670,
1371, 259800,
19272, 907351,
1973, 12701698,
1974, BL00676,
1975, 2942588,
1876, 10018744,
1977, 5039342,
1278, 6133164,
1579, 12168616,
1980, 1539331,
1981, 1091881,
1982, 2329739,
1983, 377687968,
1984, 15832212,
1985, 98220904,
1986, 5339435,
1987, 15450330,
1988, 316887848,
1989, $2815440,
1930, 169283312,
1931, 460696704,
1952, 583420992,
1953, B8044334,
19594, 43503000,
1995, 23426612,
1996, 77144512,
1997, 0,
1998, 0,
Arith.
Mean . 83330848,
g Unitcs, [Thousands) ,
1

74

TOTALBIO,

19619720,
19058122,
20598168,
18574948,
19293044,
16616486,
14604454,
11550270,
10099110,
5235181,
7569599,
7569781,
6747728,
6853931,
6718337,
5956751,
4306677,
2802310,
853466,
121451,
75989,
105320,
69767,
100002,
152834,
294481,
355060,
423184,
571544,
627544,
739250,
785283,
719953,
1131299,
2229345,
2144953,
2325615,
4175923,
45216873,
5545285,
£366928,
7371595,
8977518,
10613738,
12110586,
13449378,
14010032,
14180096,
12176444,

6518475,
(Tonnes},

TOTSPBID,

13984440,
12440130,
11481774,
10613264,
9445042,
10222784,
11739810,
10128768,
9280376,
7349921,
5817150,
4229869,
3464779,
2635414,
2795131,
3067464,
2595275,
1145466,
219013,
77541,
30718,
8211,
1854,
74400,
85341,
91377,
145930,
283511,
354752,
385577,
468611,
502691,
501261,
570824,
593929,
491698,
4141086,
1011349,
3268388,
4150582,
4848499,
5119077,
5016334,
4868385,
5604710,
5948435,
56523656,
11998462,
11144312,

4232028,
(Tonnes) ,

LANDINGS,

933000,
1278400,
1254800,
1090500,
1544500,
1359800,
1559400,
1319500,
986600,
1111100,
1101800,
830100,
848600,
984500,
1281800,
1547700,
1955000,
1677200,
712200,
67800,
62300,
21190,
13161,
7017,
7619,
13713,
10436,
22706,
19824,
12864,
18577,
13736,
16655,
23054,
53532,
169872,
225256,
127305,
135301,
103830,
85411,
84683,
104448,
232457,
479228,
905501,
1220283,
1426507,
1223131,

622141,
{Tonnes) ,

YIELD/SSB,

L0667,
.1028,
.1093,
.1028,
L1741,
.1330,
.1413,
.1303,
.1063,
1512,
.1894,
1962,
2449,
.3736,
4586,
5046,
.7533,

1.4642,

3.2519,
.8744,

2.0281,

2.5633,

7.0991,
.0943,
.0893,
L1501,
.0715,

1801,
0553,
.0334,
.0396,
0273,
.0332,
.0404,
.0901,
.3455,
.5440,
.1259,
.04ALl4,
L0250,
o178,
L0165,
.0208,
L0477,
.0855,
1522,
.1834,
.1129,
.1098,

.4B69,

FBAR 5-14,

0538,
L0623,
L0673,
0646,
.1083,
.0928,
.1z202,
1009,
L0960,
.1333,
,1393,
.0904,
1121,
1697,
2374,
.4594,
.9968,
1.3567,
1.6730,
6100,
1.3720,
1.4278,
1.3812,
6185,
2015,
L0741,
.0333,
0582,
.1084,
.0242,
.0327,
1327,
L0920,
.E791,
1154,
.3448,
1.0027,
.6968,
.9768,
2345,
.3353,
.4048,
.a9a7,
L0217,
.1972,
L6693,
.1250,
1956,
1096,

.3758,



Table 3.5.6.6 Summary
RECRUITS TOTBIO SPBIO

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1932
1993
1994
1995
1996
1997
1998
Mean
0 Units

Age 3
10855816
5413445
3594390
47045816
6899104
3174835
3009160
555352
464887
161775
244166
229051
20289262
7008123
2076012
195852
8160987
3767195
107482
227478
16366
7864
406549
7657
927
24303
847581
562941
192132
668978
332522
408937
806947
102350
71228
151564
25241628
1059403
6575709
354271
1020720
2467439
6234831
11375000
30956850
39203920
5915695
2805020
1560954
5206728

{Thousands’

17994092
16064644
14517918
17413606
18582072
161304138
14417276
11393960
9956042
7738261
6094614
4387368
5638076
6268470
6078144
4528063
3693425
2653075
786631
94191
43788
12172
64847
85230
87292
79951
215420
336967
405272
520800
502892
607737
691812
729171
646663
547160
1699171
3246076
4346440
4973776
5603354
5586236
6243559
6724278
9298202
12743790
13581674
13518722
11857646
5528017
{Tonnes

13984440
12440190
11481774
10613264
9445042
10222784
11739810
10128766
9280376
7349921
5817150
4229869
3464779
2635414
2795131
3067464
2595275
11454686
219013
77541
30718
8231
1854
74366
84835
75163
135212
283511
354752
385577
468611
502691
501261
570824
593929
491698
414106
1011349
3268388
4150682
4848499
5119077
5016334
4868385
5604710
5948435
6652366
11998462
11144312
3890761
(Tonnes

LANDINGS Y/SSB

933000
1278400
1254800
1080600
1644500
1359800
1653400
1319500

986600
1111100
1101800

830100

B48600

984500
1281800
1547700
1955000
1677200

712200

67800
62300
21100
13161

7017

7619
13713
10436
22706
19824
12864
18577
13736
16655
23054
53532

169872

225256

127306

135301

103830

86411
84683

104448

232457

479228

905501
1220283
1426507
1223131

609620

(Tonnes)

0.0667
0.1028
0.1093
0.1028
0.1741
0.1330
0.1413
0.1303
0.1083
0.1512
0.1854
0.1962
0.2449
0.3736
0.4586
0.5046
0.7533
1.4642
3.2519
0.8744
2.0281
2.5633
7.0991
0.0944
0.0898
0.1824
0.0772
0.0801
0.0559
0.0334
0.0326
0.0273
0.0332
0.0404
0.0901
0.3455
0.5440
0.1259
0.0414
0.0250
0.0178
0.0165
0.0208
0.0477
0.0855
0.1622
0.1834
0.1189
0.1098
0.4587

FHﬁH544 FW 5-14

|

0.0536
0.0623
0.0673
0.0646
0.1083
0.0928
G.1202
0.1009
0.0960
0.1333
0.1393
0.0904
01121
0.1687
0.2374
0.4594
0.8968
1.3567
1.6790
0.6100
1.3720
1.4276
1.3812
0.6185
0.2015
0.0741
0.0333
0.0582
0.1088
0.0242
0.0327
0.1327
0.0920
0.5791
0.1154
0.3448
1.0027
0.6968
0.9768
0.2345
0.33563
0.4048
0.0987
0.0217
0.1972
0.6695
0.1250
0.1966
0.1096
0.3855

0.0584
0.0696
0.0728
0.0663
0.1124
0.0783
0.1099
0.1026
0.0787
0.1129
0.1359
0.1046
0.1458
0.2525
0.2271
0.2803
0.7002
1.5170
3.4499
0.5949
1.3236
1.5203
1.4875
1.1639
0.1138
0.1889
0.1058
0.1105
0.0439
0.0241
0.0345
0.0217
0.0202
0.0294
0.0918
0.3831
1.0756
0.4086
0.0379
0.0237
0.0157
0.0174
0.0201
0.0458
0.0830
0.1498
0.1221
0.1097
0.0983

75



Table 3.6.1.1

21:17 Wednesday, May 5,
Herring Norwegian Spring-spawners

76

1599

The SAS System

Prediction with management option table: Input data

Date and time:

05MAYS9:21:18

o e e e e e e e e e e +
1 Year: 1999 !
e e e e e e e e e e e e e e e !
i | Stcck | Natural | Maturity|Prop.of F|Prop.of M| Weight | Exploit.| Weight !
V' Age | size {mortality| ogive |bef.spaw. bef.spaw.| in stock| pattern | in catch!
tFm————— o ————— tm————————— o m—————— e ————— e ————— o o ——— e ———————
! 3 15133500.0] 0.1500] 0.0000 0.1000, 0.1000} 0.102] 0.0497) 15%.000!
I 4 !1278400.5!  ©.1500!)  0.3000!  5.1000)  0.1000! 0.150!  0.1160! 200.00Q!
! 5 11823800.0) 0.1500] 0.9000} 0.1000C] 0.1000} 0.2231 C.1015) 214.000]
| 6 13191500.0} 0.1500} 1.€000; 0.1000! 0.1000} 0.240] 0.0870) 241.000!
I 7 1 17930506!  0.1500!  1,0000!  ©.1000]  0.1000| 0.264! ©.1050! 277.000!
' @ ! 10566300! 0.1500! 1.0000! 0.1000]  0.1000! 0.283]  0.1280! 311.000!
'8 12585200.0!  0.1500!  1.0000! 0.1000}  0.1000| 0.315! 0.1240! 335.000!
{10 !'911100.00!  0.1500! 1.0000! ©0.1000!  0.1000! 0.345! 0.1190] 351.000!
' 11 f311300.00'  9.1500!  1.0000!  ©0.1000!  §.1000! 0.386! 0.1150! 358.000]
' 12 1192500.00!  0.1500!  1.0000!  0.1000)  0.1000! 0.386! 0.1100! 355.000!
' 13 !27700.000! 0.1500! 1.0000!  0.1000!  (.1000! 0.386!  0.1050! 397.000!
' 14 '941500.00! 0.1500! 1.0000! 0.1000!  ©.1000! 0.382!  0.1010] 367.000!
! 15 149100.000] 0.1500 1.0000} 0.1000] 0.1000, 0.382) 0.0960! 406.000)
' 16+ !997000.00! 0.1500)  1.0000! 0.1000! 0.1000) 0.407) 0.0960| 406.000!
tm————— B B e - Fom e mmm L ittt B P
! Unit |Thousands, - ! ! i |Kilograms| ! Grams !
e et e L D D P PP P L +
o e e e e e e e e e e e e e e +
| Year: 2000 !
e e -1
i ! Recruit-| Natural | Maturity!Prop.of Fl!Prop.ef M| Weight | Exploit.! Weight !
| Age | ment |mortality! ogive |bef.spaw.|bef.spaw.| in stock] pattern ! in catch!
tm—————- Ll it tommm tm—m—— - - o= Fm—m————— Te———————— - -1
| 3 13655000.0] 0.1500; 0.0000) 0.1000] 0.1000} D.088] 0.04977 15%.000!
| 4 ! 0.1500] 0.3000! 0.1000¢ 0.1000] 0.149] 0.1160) 200.000!
o5 ! ! 0.1500! 0.89000! 0.1000) 0.1000} £.199!  0.1015! 214.000!
! & ! 0.1500} 1.0000} 0.1000} 0.1Q00; 0.229] 0.0870] 241.000!
P ' 0.1500! 1.0000! ©0.1000!  0.1000! 0.2530  0.1050! 277.000)
! 8 | ! 0.1500, 1.0000) 0.1000) 0.1000/ 0,281, 0.1280! 311.000,
! g H 0.1500) 1.0000C 0.1000} 0.1000} 0.310} 0.1240, 335.000]
P10 | ! 0.1500' 1.0000] 0.1000)  0.1000} 0.328!  0.1180' 351.000!
j 1 1 0.1500, 1.0000] 0.10090} 0.1000) 0.373 0.1150) 358.000]
P12 ! 0.1500} 1.0000) 0.1000] 0.1000] 0.363! 0.1100, 355.000]
o1 ' g.1500!  1.0000'  0.1000)  0.1000! ©.365! ©0.1050! 39%7.000!
To14 | ! 0.1500! 1.0000! ©.1000] ©.1000| 0.384!  0.1010] 367.000!
P15 ! ' 0.1500' 1.0000)  0,1000! 0.1000] 0.373! 0.0960} 406.000|
116+ ! ! 0.1508!  1.00g0!  ©0.1000)  0.1000! 0.3%1! 0.0960! 406.000!
N O . R e om Fo e tommm - e fmm————— Fmmmm 1
! Unit !Thousands! - 1 ! ; IKilograms| \  Grams |
e e e e e E T T E LT +
Fommm e e e - +
{ Year: 2001 !
e e m e e e e el H
! | Recruit-| Natural | Maturity|Prop.of F|Prop.cf M| Weight | Exploit.]| Weight |
booAge | ment |mortality! ogive |bef.spaw. bef.spaw.] in stock] pattern | in catch!
fm————— B ettt e e —————— e ——————— Fmm——————— Fm———————— Fomm—————— o -1
! 3 15908000.0] 0.1500} o.oo000n) 0.1000} 0.1000] 0.0B5) 0.0437) 159.000}
N T . ! 0.1500! 0.3000!  0.1000)  9.1000] 0.14%! 0.1160! 200.000!
L5 ! 0.1500! 0.%000! 0.1000!  0.1000! 0.199! 0.1015! 214.000!
! & | 1 0.1500] 1.0000, 0.1000} 0.1000} 0.229] 0.0870] 241.000]
! T 1 ) 0.1500; 1.0000! 0.1000} 0.16000, 0.253] 0.1050) 277.000!
Ioog ' 0.1500! L1.0000! ©0.1000! ©.1000! 0.281!  0.1280! 311.009!
! a | ! 0.1500} 1.0000] 0.1000] 0.1000] 0.310! 0.1240] 335.000!
bo1p | ! 0.1500! 1.0000! 0.1000C!  0.1000] 0.328!  0.1150! 351.000!
P11 ! 0.1500! 1.0000! 0.1000!  0.1000! 0.373!  0.1150! 358.000!
12 ! 0.1500] 1.0000} 0.1000] 0.1000; 0.363] 0.1100| 355.000!
P13 I 0.1500! 1.0000!  0.1000)  0.1000] 0.365) 0.1050! 397.000!
P14 ! 0.1500] 1.0000, 0.1000/] 0.1000} 0.384! 0.1010) 3&7.000!
115 ! ' p.1500!  1.0000!  0.1000)  0.1000! 0.373} 0.0960! 406.000!
16+ | ! 0.1500} 1.0000) 0.1000) 0.1000] 0.391) 0.0960! 406.000)
fmm————— L fmm————— Fmm——————— Fmm———— Fommm Fomm - R o mm————— .
! Unit |Thousands| - ! ! | IKilograms | | Grams

P e - +
Notes: Run name : MANBJAO4



Table 3.6.2.1

The SAS System

Herring Norwegian Spring-spawners

Prediction with management option table 21:17 Wednesday, May 5, 1999

B e e s T LT T T +
i Year: 199% ! Year: 2000 ! Year: 2001 !
e e e e e B e T e H
| F 'Reference| Stock | Sp.stock| Catch in! F 'Reference! Stock | Sp.stock] Catch in} Stock | Sp.stock)
| Factor | F ! biomass | biomass | weight | FPactor ! F ! biomass | biomass | weight | biomass | biomass |
Fom Fom e — Y Fom B e — e tmm o o o o mm e m
! 1.0920! 0.1196! 11729974 10735840° 130199%] 0.0000!  0.0000! 10039836! 9124506! ¢! 103196729! 9138910!
| { : ! L .Y 0.0500!) 0.0055! Ll 9119039 50694! 10140632! 9079537!
! | 1 o) | ! 0.1000! 0.0110] .1 91134575} 121037} 10084B&67| 9020553
! : ! o ! .4 0.1500!  0.0l64! . 9108114 181030! 10029435 B961958!
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Table 3.10.1 Medium-term simulation output. Average catch in the period 2000-2004, for different
parameters in harvest control rule.

Flevel
Ybar{00-04) 0,100 0.125 150 4175
1 0.75 0.82 0.87 0.90
Maximum catch 1.25 0.80 0.90 0.97 1.03
15 0.82 0.94 1.03 1.11

Table 3.10.2 Medium-term simulation output. Average catch in the period 2000-2008, for different
parameters in harvest control rule.

F level
Ybar(00-09) 0.100 0.125 .150 0.175
1 0.66 0.71 0.75 077
Maximum catch 1.25 0.69 0.76 0.81 0.85
1.5 0.71 0.79 0.84 0.90
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Table 3.10.3 Medium-term simulation cutput. Average difference between maximum and minimum
yield for each run in the pericd 2000-2004, far different parameters in harvest control rule.

F level
Ybar(00-04) 0.100 0.125 0.150 0,175
1 0.48 0.42 0.35 0.30
Maximum catch 1.25 0.64 0.64 0.60 0.55
1.5 0.75 0.82 0.82 0.81

Table 3.10.4 Medium-term simulation output. Average difference between maximum and minimum
yield for each run in the period 2000-2009, for different parameters in harvest control rule.

F level
Ybar{00-09) 0.100 0.125 0.150 0.175
1 0.66 0.64 0.62 0.60
Maximum catch 1.25 0.85 0.88 0.89 0.89
1.5 0.99 1.08 1.12 1.14

Table 3.10.5 Medium-term simulation output. Probability of 53B falling below B,=5.0 million tonnes

in the period 2000-2004.

F level
P(0C-04) 0.100 Q.125 0.150 0.175
1 0.37 0.45 0.48 Q.55
Maximum catch 1.25 0.40 0.51 0.58 0.83
1.5 0.42 0.53 0.65 0.69

Table 3.10.6 Medium-term simulation output. Probability of S3B falling below Bp.=5.0 million tonnes
dunng the period 2000-2009.

F level
P(00-09) 0.100 0.125 0.150 0.175
1 0.72 0.77 079 0.82
Maximum catch 1.25 0.74 0.82 0.85 0.87
1.5 0.75 0.83 0.89 0.91

Table 3.10.7 Medium-term simulation output. Probability of SSB falling below Bum=2.5 million
tonnes in the period 2000-2004.

F level
P{00-04) 0.100 0.125 0.150 0175
1 0.00 0.00 0.00 0.00
Maximurn cateh 1.25 0.00 0.00 0.00 0.1

15 0.00 0.00 0.00 0.1



Table 3.10.8 Medium-term simulation output. Probability of SSB falling below Blim=2.5 million
tonnes in the period 2000-2008.

F level
P(00-09) 0.100 0.125 0.150 0.175
1 0.06 0.13 0.16 0.20
Maximum catch 1.25 0.08 Q.15 0.19 0.23
1.5 0.09 0.14 0.19 0.25

Table 3.10.9 Medium-term simulation output. For the periods 2000-2004 and 2000-2009: Average
catch, difference betwesn maximum and minimum catch and risk of S5B falling below B.=5 million
tonnes and Byn=2.5 million tonnes for various strategies of reducing F at SSB levels below Bp.=5
million tonnes, with F=0.15 and a catch ceiling of 1.5 million tonnes.
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Ybar (00- Ybar(00- P(04)Bin P(09)B), P{04)Bp. P(09)B,, Diff (04)  Diff {09)
04) 04)
No change below Bpa 1.05 0.91 0.03 0.38 0.64 0.88 0.79 1.0
Linearly to 0.05 at 2.5 1.03 0.84 0.00 0.19 0.65 0.89 0.82 1.12
and 0.05 below
Linearly to zero at 3.75 1.01 0.78 0.00 0.03 D.64 0.89 0.88 1.24



Figure 3.1.2.2.1 The migration pattern of Norwegian spring spawning herring {(arrows) during 1998. Dates indicate
the time of year and the general area in which the fishery took place at the time (See also figures
3.1.1.1 - 8.1.1.5),
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Figure 3.3.5.1 Norwegian spring spawning herring, Distribution of herring larvae in April 1999,



Figure 3.5.4.1 Histogram from Run 2 of cumulative density function values for the survey terms in the likelihood
function in 0.1 width bins from 0.0 to 1.0, bin number is stated on the x-axis. The upper part of each bar originates
from the 50% lowest points, lower part from the 50% highest points.

Figure 3.5.4.2 Variation of the log-likelihood function when each parameter is varied 50% to each side of the
maximum likelihood estimate. Parameter numbering as in the beginning of section 3.5.4.
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Figure 3.5.4.3 The herring larvae index as used in some exploratory tuning runs and the prediction of the index from
the spawning stock resulting from Run 4.
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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 |
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.

4.2 Catch Statistics

The international catch by country and season in the years 1965-1399 is given in Table 4.2.1. Following the
recommendation from ACEFM, there was no fishing for Barents Sea capelin during 1998. In its autumn meeting in 1998
ACFM stated that according to the harvest control rule given in Section 4.5 the catch in 1999 would be 79,000 t. ACFM
considered this to be consistent with the precautionary approach and recommended that the harvest control rule be
applied in 1999. ACFM further recommended that if there is a fishery, it should be directed on the spawning stock in
the first quarter of the year. During its autumn 1998 meeting the Mixed Russian Norwegian Fishery Commission
decided to set a quota of 80,001} t on Barents Sea capelin for the winter season 1999, divided by 60% (48,000 t.) to
Norway and 40% (32,000 t) to Russia.

4.3 Stock Size Estimates
43.1 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 Gjgs=ter, 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 estimaltes 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 14.1- 10'* larvae
in the Norwegian EEZ in 1998 is the highest estimate obtained during the period 1981-1998, During the international 0-
group surveys in August an area based index for the amount of O-group capelin is calculated (Table 4.3.1.1), Gundersen

and Gjgszter (1998) found these indices to be well correlated (rl =(.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 is updated
with the survey results from 1995-1998 the parameters in the regression were slightly changed and the r* was reduced to
0.66. Based on this regression, (In lgroup estimate = -2.27 + 1.26 - In O-group index), the 0-group index obtained in
1998 of 428 would comespond to a year class strength of 219 billion one-year-olds in autumn 1999,

4.3.2 Acoustic stock size estimates in 1998

The 1998 acoustic survey was carried out jointly by two Russian and two Norwegian vessels in the period 10 September
to 6 October (WD by Anon.). Also this year the Norwegian vessels had restricted access to the Russian EEZ but since
four vessels were available to the survey of which two could work in the Russian EEZ, the total coverage of the stock
was considered satisfactory. The resuits 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 2.1 mill. tonnes, and was dominated by the 1997 year class
(one-year-olds) which constituted about 70% by numbers and 40% by weight. About 45% (932,000 t) of the stock
biomass consisted of maturing fish (> 14 cm).

4.3.3 Other surveys

During the Norwegian demersal fish survey in February 1992 observations of capelin by acoustics and by pelagic and
demersal trawls were made. No stock size estimate was attempted but the observations confirmed the composition of
the stock as observed during the autumn 1998 capelin survey. Samples of cod stomachs during this period give valuable
information for the modelling of maturing capelin as prey item for cod (WD by Bogstad and Gjgseter). Russian
observations of the capelin were made during demersal fish surveys and during the fishery for capelin 1999 (WD by
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Ushakov and Prozorkeviich). Due to lack of complete biological material and shortage of time the biomass of capelin
was not assessed during those investigations.

4.4 Historical stock development

An overview of the development of the Barents Sea capelin stock in the period 1989-1998 is given in Tables 4.4.1-
4.4.10. The methods and assumptions used for constructing the tables were explained in Appendix A to ICES 1995
Assess:9. In that report, the compiete 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 Tables 4.4.9 and 4.4.10. However, for giving a crude
overview of the development of the Barents Sea capelin stock the tables may be adequate. It should be noted that this
year, the historic stock size estimates of capelin have been adjusted following the revisions proposed by Gj@szter et al.
{1998a and 1998b). The adjustments are minor but will influence most of the estimated quantities in these tables.

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. Fishing
mortality coeflicients by age group for the autumn season and natural mortality coefficients by age group for immature
and mature capelin are shown in Tables 4.44 and 4.4.5. Stock size at 1 January in numbers by age group and total
biomass and the mean weight by age group at 1 Janvary are shown in Tables 4.4.6 and 4.4.7. Proportion of mature stock
by age group at 1 January and spawning stock biomass at 1 April are shown in Tables 4.4.8 and 4.4.9. Table 4.4.10
gives an aggregated summary for the entire period 1973-1998.

4.5 Stock assessment autumn 1998

As decided by the Northern Pelagic and Blue Whiting Fisheries Working Group at its 1998 meeting (ICES
1998/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 1993 meeting (Gjpsater ef
al., WD).

A probabilistic forecast of the spawning stock to the time of spawning at 1 April 1993 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
unceftainty taken into account), data on size and composition of the cod stock (from the Arctic Fisheries Working
Group, ICES 1999/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).

Because of inconsistencies in the data or in the model assumptions, in some years (1974 and 1975, which is 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. Consequently, a fitted Beverton-Holt model gave a vaiue of
the spawning stock at which the recruitment was half the maximum of nearly zero. This implies that there is no positive
lower limit to the spawning stock using a yield-maximisation approach. Therefore, a target spawning stock size
(S5Barger) could not be estimated and a By, (S5By;,,) management approach was suggested for this stock. However, the
choice of a By, should also be based on the above-mentioned SSB/R relationship. To overcome this problem, the
meettng decided to choose the spawning stock size in 1989 as a By, The rationale behind this was that this year, one of
the strongest year classes observed during the period 1972-1998 was produced. It should also be noted that this year is
within the time range for which quantitative stomach content data are available. It can be argued that the SSB in 1989
was sufficiently large to produce a good year class in a “non-herring situation” (Gjgseter and Bogstad, 1998). The
(stochastic) size of the SSB in 1989 was estimated with an expectation value of about 120,000 t.

Probabilistic prognoses for the maturing stock from October 1, 1998 until April 1, 1999 were made, with a CV on the
abundance estimate in the range 0.15-0.30. The probability for the spawning stock to fall below By, was zero for
catches lower than about 100,000 t. The meeting also concluded that capelin recruitment in 1999 would probably not be
influenced to any noticeable degree by young herring.

ACFM at its autumn 1998 meeting (ICES 1995/CRR:229) 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 are not

89



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 Byq
set equal to the modelled density distribution of the spawning stock in 1989 was not adopted. Rather, ACFM set a By
of 200,000 t. (slightly above the expectation value of the modelled SSB in 1989) to be valid in years with low
abundance of herring in the Barents Sea. A B, was defined at 500,000 t. It was stressed that the value of By, should not
be fixed, but should vary with the uncertainty of the estimated stock size. In absolute terms this uncertainty increases
with stock size. In mathematical terms: By, = By, + (median - 5" percentile of predicted SSB). 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 B, with maximum 50% probability and below By, with maximum 5% probability, ACFM advised that a TAC
should not exceed 79,000 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 History of reference points and harvest control rules

In the late 1970s, based on the available knowledge about the spawning stock/recruitment relationship, a target
spawning stock biomass of 500,000 t was accepted as a harvest control rule by the Mixed Norwegian-Soviet Fisheries
Commission, This harvest control rule remained in effect after Hamre and Tjelmeland (1982) had calculated the optimal
yield of the capelin stock and found that it occurred at a spawning stock level of between 400,000 and 500,000 t. A key
assumption in their analysis was that the mortality of mature capelin in the period September-March is the same as the
mortality of immature capelin from September one year to September the next year. The study by Hamre and
Tjelmeland was carried out on data from a period when the mortality of capelin was relatively stable, and when capelin
recruitment was not influenced by herring as the amount of herring in the Barents Sea was negligible.

In the 1980s, the mortality of capelin increased and became more variable. This can probably be connected to the
development of the Northeast Arctic cod stock (Tjelmeland and Bogstad, 1993}. Also, predation by the strong 1983
year class of Norwegian Spring-Spawning herring during its presence in the Barents Sea in 1984-1985 had a large
negative influence on capelin recruitment in those years (Hamre, 1991). The capelin stock collapsed in 1984-1986 and
did not recover to a level where fishing could be recommended until 1991. Although the existing harvest control rule
proved to be an effective rebuilding tool in the late 1980s, it was realised that the o « ‘ogical basis for the harvest control
rule was no longer valid. Consequently, new harvest control rules for capelin would have to take into account both the
predation by cod on mature capelin and the effect of young herring on capelin recruitment. To address this, Tjelmeland
and Bogstad (1993) and Tjelmeland (1997) have attempted to find new harvest control rules for capelin taking these
two factors into account, and including uncertainty in data and models in the analysis. This was done using the
multispecies models Multspec, Capsex and CapTool. The recent development of the harvest control rules was outlined
in Section 4.5.

The concept of harvest control rules has evolved very much in the 20 years since the target spawning stock biomass of
500,000 t was introduced, and so has our knowledge about the capelin stock and its interactions with the cod and
herring stocks. The harvest control rule of leaving a spawning stock biomass of 500,000 t has been applied by the
Mixed Norwegian-Russian Fisheries Commission for more than 2( years. In the future it should, however, be modified
to take into account new biological knowledge and to fit into the recently introduced precautionary framework.

4.7 Future reference points and principles of stock assessment

There is no need to define a By, in order ta ensure that the realised SSB is larger than By, with a given probability. In
CapTool the probability distribution of the spawning stock is calculated for various levels of catch, which in turn gives
the catch that realises the management goal of a certain probabitity for the realised spawning stock to be larger than
Bijim- This is in contrast to F-based assessment where the catch is given as a function of F and the need for a Fy, arises
because the realised F may be different from the F that corresponds to the given catch quota.

There clearly is a need for a target-based harvesting control rule in addition to the Byy-based rule. The B, rule is
intended to be a safeguarding against recruitment failure. However, it is possible that even at higher values of the
spawning stock the recruitment would increase with an increasing spawning stock, especially for moderately good
recruitment conditions. Therefore the value of SSB. that in the long run gives the highest mean yield might be well
above By,. The present inconsistencies in the data and assumptions have yet precluded a simulation analysis to find
SSBuarger

The Capsex model presented to the WG last year that is used to parameterise the maturation function used in CapTool
and which also will be used to cvaluate SSB, is based on input data that are stochastic in nature. Stochastic
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prognostic runs should be based on stochastic historic runs during which parameters to be used in the prognostic part
are estimated. Input data that could be integrated with Capsex and that could be part of a stochastic analysis include the
cod stock assessment, the stomach content data, the evacuation rate model and the trawl-acoustic measurement of the
capelin stock.

In connection with developing S8B,. there seems to be a need for a refined stock-recruitment function, since
exceptionally good recruitment years may give outstanding recruitment from very low spawning stocks. The usual
assumption that all stock-recruitment points belong to the same probability distribution may therefore not be valid.
Treating very good and very poor recruitment conditions separately should thus be considered.

One of the central assumptions made in the models used to calculate the spawning stock biomass of capelin is that in
January-April, all predation by cod on capelin is predation by immature cod on mature capelin. Bogstad and Gjgsater
(Working Document) discussed this assumption. They found that in the period 1993-1998, between 17 and 35 % of the
content of capelin in cod stomachs (averaged over all cod > 25 cm) in January-April consisted of capelin < 13 cm
(when capelin with undetermined length is excluded). Most of this capelin will be considered immature in autumn when
using a maturation function that is not cut-off, as mentioned in Section 4.5. Predation on capelin by cod < 25 cm is
infrequent and can be ignored for management purposes. In some years, mature cod is found in significant amounts in
the Barents Sea. These results should be taken into account in calculations of historical spawning stock biomass.

The WG wants to point out that the perception of the spawning stock in 1989 {(and other years) may change as more
information becomes available, for example about the predation pressure on capelin in the Barents Sea as mentioned
above. Therefore, if By is to be based on a rule (e.g. the spawning stock that produced the 1989 year class) this rule and
not the reatisation of the rule for one particular parameter combination should be implemented in the assessment. The
information presented to the managers would then be the rule that By, is the spawning stock that produced the 1989
year class and the probability for the spawning stock to fall below By, as function of catch. That By, i1s stochastic,
because it is a function of stochastic quantities should not complicate the communication with the managers.

In a recent analysis of the stock-recruitment relationship (Gjgszter and Bogstad, 1998) for capelin it was shown that a
Beverton-Holt function

_ 789SSB
S§SB+113

{SSB in thousand tonnes, recruitment in billion individuals at 1 August) fitted the data quite well (76% of the variation
explained) when all *herring years™ were excluded from the analysis. Herring years were defined as years with more
than about 100,000 tonnes of herring present in the Barents Sea. In the herring years the recruitment was considerably
lower than that predicted by this model.

An alternative approach was to fit a model including two herring terms:

_ R _.5SB
SSB+S,,,+BH,+BH,

where S1,7 is now the spawning stock biomass value which in the absence of herring gives rise to a recruitment which is
half of R, Hy is the logarithmic O-group index for herring (from the internationat 0-group survey in the Barents Sea
in August, Table 3.3.4.3) and Hy, is the biomass (million tonnes) of one year and older herring in the Barents Sea (from
the acoustic surveys on young herring in the Barents Sea during May-June). By was not significantly different from zero
at the 5% level, and consequently the following stock-recruitment relationship for capelin in the Barents Sea was
proposed:

_ 75855B
SSB+74+2797H,

(Equation 4.6.1)
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This model explains 87% of the variation.

A closer analysis of the work by Gjgszter and Bogsiad (1998} indicates that the suggested limit between herring and
non-herring years (100,000 tonnes of 1+ herring in the Barents Sea) is somewhat arbitrary and could be set almost
anywhere in the interval 100,000-450,000 t (see text table below). Part of the reason for this is that the estimate of
young herring in 1984 (311,000 t) is an underestimate (see Section 3.3.4) as that was obtained with the old analogue
echosounder equipment. Given that the 1983 year class of herring was stronger than the 1991-1992 year classes as 0-
group and is about at the same size at age 3 according to the assessment, it is likely that it was at least as strong as the
1991 vear class at age 1. This would imply raising the estimate by at least a factor of 1.5.

Year Biomass  Herring Comment

1+ Herring year

(million

tonnes)
1984 0.311 Yes Underestimate, old equipment
1985 0.869 Yes Underestimate, old equipment
1986 0.255 No Migrated out of Barents Sea in June
1987 0 No
1988 0 No
1939 0.015 No Underestimate, old equipment
1990 0.047 No Underestimate, old equipment
1991 0.487 Yes
1692 1.666 Yes
1993 1.519 Yes
1994 2.864 Yes
1995 0.633 Yes
1996 0.094 No
1997 0.012 No
1998 0.146 ?

Dividing years into herring and non-herring years is, however, a simplification. A more consistent approach would be to
make By, a function of the herring abundance by using equation 4.6.1 and defining By, as the spawning stock biomass
at which the recruitment according to equation 4.6.1 gives a recruitment of e.g. 90 % of the maximum recruitment. By,
will then have to be calculated each autumn based on a prognosis of the biomass of young herring in the Barents Sea the
coming year. A method for predicting the abundance of 1+ herring in the Barents Sea in June, hased on the abundance
of O-group and 1+ herring the previous year. is then needed. This approach could be improved by taking into account
also the degree of spatial overlap between herring and capelin, which, however, is difficult to predict.

Further work should be undertaken to shed light on the recruitment processes, Cannibalism may be an important factor
and on occasions this has been observed in the field (A. Dommasnes, pers. comm., H. Vilhjalmsson, pers. comm.).
However, the information is anecdotal only. It is a possibility that Russian data (WD by Shleinik. Ushakov and
Tjelmeland) may shed some light on this problem.

4.8 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 ACEM
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 1999 ACFM autumn meeting.
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4.9 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 is done on the Norwegian vessels,
Intercalibrations of age readers were made e.g. during the USSR-Norwegian capelin symposium in 1984 {Gjpsater
1983), and the conclusion was reached that no major differences existed between the age readers. However, differences
in the age distribution obtained during the Norwegian and Russian capelin investigations during winter have been
reported recently (ICES 1998/ACFM:18, WD by Ushakov and Prozorkievitch, WD by Gjgszter). During the joint
survey in 1998 a few Russian samples previously found to contain 35% capelin older than 5 years (ICES
1998/ACFM:18) were read independently by 5 Norwegian age readers. The results showed a very high agreement
between the readers and practically very few otoliths were given an age of more than five years. However, Norwegian
age-readers have noted that the capelin otoliths have become more difficult to read during later years. To investigate
this further, and to try to reconcile the differences between Norwegian and Russian age readings, work is now done to
set up a reference material of capelin otoliths, and an age reading workshop will be arranged in Murmansk in autumn
1999,

4.10 Sampling

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

Investigation No. of samples Length measurements Aped individualg
Acoustic survey 1998 130 9327 4831
(Norway)

Acoustic survey 199§ 39 2885 603
{Russia)

Norwegian bottom trawl 162 3694 1328
survey winter 1999

Russian investigations 45 14615 2116
winter 1999

Norwegian fishery 29 2987 789
winter 1999*

Russian fishery winter T4 31394 3750
1999

* 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 g2 319 1149
1975 559 301 43 903 407 129 336 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 B47 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 o 0 0 0 0 0 0 0
1988 v 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
1993 0 0 0 0 0 0 0 0
1999+ 48 32 0 80

s preliminary data



Table 4.3.1.1 Barents Sea CAPELIN. Larval abundance estimate (10'2) in June, and O-group index in August.

Larval O-group
Year abundance index
1981 9.7 570
1982 99 393
1983 9.5 589
1984 3.2 320
1985 8.6 110
1986 - 125
1987 0.3 55
1988 0.3 187
1989 7.3 1300
1990 13.0 324
1991 3.0 241
1992 7.3 26
1993 33 43
1994 0.1 58
1995 0.0 43
1996 2.4 291
1997 6.9' 522
1998 14.1" 428

15 an underestimate, since the vessel was not allowed to work in Russian EEZ



Table 4.3.2.1 Barents Sea CAPELIN. Estimated stock size from the acoustic survey in September-October 19938,
Based on TS value 19.1 log 1. =740 dB, corresponding to 6= 5.0 - 107 . LM,

Age/Year class

Length (cm) 1 2 3 4 5+ Sum Biomass Mean
1997 1996 1995 1994 1993 (109 (10°t) weight (g)
60 - 65 445 445 0.4 0.9
85 - 7.0 577 577 0.6 1.0
70 - 75 1145 1145 1.2 1.0
75 - 80 1516 1516 1.6 1.0
80 - 85 12990 12990 17.3 1.3
85 - 90 9039 9039 19.3 2.1
9.0 - 985 12982 153 13135  35.1 2.7
95 - 100 19353 186 19539  66.3 3.4
10.0 - 105 27427 883 28310 1147 4.1
105 - 11.0 30325 1639 31964  154.9 4.8
1.0 - 115 25852 1588 27440  153.4 5.6
1.5 - 120 22098 3627 25725 165.5 6.4
120 - 125 9486 5527 77 15090 113.8 7.5
125 - 130 4073 6433 75 10581 91.9 87
130 - 135 1171 7570 47 8788 89.2 10.2
135 - . 14.0 417 8056 58 ] 8531 @92 116
140 - 145 79 9015 255 9348  126.5 13.5
145 - 15.0 51 8260 580 8901  137.0 15.4
150 - 155 7117 579 43 7739 135.3 17.5
155 - 16.0 5223 973 9 6205 122.8 19.8
180 - 16.5 3366 1866 135 5367 117.5 21.9
165 - 17.0 2667 2404 35 5106  126.0 24,7
170 - 175 609 1588 156 51 2404 67.2 27.9
175 - 180 574 1113 128 25 1840 56.6 30.7
180 - 185 99 538 75 712 25.0 35.1
185 - 19.0 53 261 28 9 351 13.6 38.9
19.0 - 195 94 94 3.8 40.5
195 - 200 11 11 0.5 41.0
TSN (10°) 179026 72645 10518 620 85 262894
TSB (10° 1) 807.1 9757  254.1 16.8 2.5 2056.2
Mean length (cm) 10.45 13.97 1655 17.18 1756 11.69
Mean weight {g) 45 134 242 271 29.4 7.8
SSN (10°%) 130 36983 10261 620 85 48079

SSB (10°t) 1.9 6566 2535  17.2 2.5 931.8




Table 4.3.2.2 Barents Sea CAPELIN. Stock size in numbers by age, total stock biomass and biomass of the
maturing component. Stock in numbers (unit:10%) and stock and maturing stock biomass

(unit:10° tonnes) are given at 1 October.

Year Stock in numbers (10°) Stock in weight
{000 t)

Age 1 Age2  Age3  Aged Age 5 Total Total Maturing
1973 528 375 40 17 0 961 5144 1350
1974 305 547 173 3 0 1029 5733 07
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 ] 660 3895 1551
1982 528 148 57 2 0 735 Kyl 1591
1983 515 200 38 0 0 754 4230 1326
1934 155 187 48 3 0 393 2964 1208
1985 39 48 21 1 0 109 g6l 285
1936 6 5 3 0 0 14 120 65
1987 38 2 0 0 0 39 101 17
1983 21 29 0 0 0 50 428 200
1989 182 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 6738 5150 2228
1993 2 53 17 2 2 73 796 330
1994 20 3 4 0 0 28 200 94
1995 7 3 2 0 0 17 193 118
1996 32 12 2 0 0 96 503 248
1997 99 39 0 0 140 a11 312
1998 179 73 11 1 0 263 2056 932
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Table 4.4.1  Barents Sea CAPELIN. Estimated stock size in numbers (unit:10°) by age group and total, and biomass
(“000 t) of total stock, by 1 August, back-calculated from the survey in September-Oclober.,

Age 1989 1930 1991 1992 1993 1994 1995 1996 1997 1998
1 194.6 7077 415.0 396.2 3.1 29.5 8.3 88.9 111.8 188.4
2 18.2 1794 601.0 2242 73.0 5.1 9.4 12.5 442 76.5
3 3.5 16.4 36.8 163.1 25.3 6.4 1.6 2.2 22 12.1
4 0.0 0.1 1.4 1.6 3.7 0.3 0.4 0.1 01 0.7
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Sum 216.3 903.7 1034.1 785.1 105.1 41.4 19.7 103.7 158.3 277.8
Biomass 503 2018 4730 3862 729 180 126 309 539 1197

Table 44,2  Barents Sea CAPELIN, Catch in numbers (unit:10%) by age group and total landings (‘000 t) in the
spring season.

Age 1989 1990 1991 1992 1993 1994 1995 1996 1997 1598
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.4 0.3 05 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 24.0 23.8 4.8 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 32 17.3 26.8 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 2.7 2.1 1.4 0.0 0.0 0.0 0.0 0.0
Sum 0.0 0.0 35.3 434 335 0.0 0.0 0.0 0.0 0.0
Landings 0 0 704 891 586 0 0 0 0 0

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

Age 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
1 0.0 0.0 22 0.9 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 9.3 5.8 0.0 0.0 0.0 0.0 3.0 0.0
3 0.0 0.0 3.1 7.9 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.9 0.8 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sum 0.0 0.0 15.5 15.3 0.0 0.0 0.0 0.0 0.0 0.0
Landings 0 0 226 232 0 0 ) 0 0 0

Table 4.4.4  Barents Sea CAPELIN. Fishing mortality coefficients by age group and weighrted average for age
groups 2-4 in the autumn fishing season.

Age 1989 1990 1991 1592 1993 £994 1995 1996 1997 1998
1 0.00 0.00 0.01 0.00 0.00 (.00 0.00 0.0 0.00 0.00
2 0.00 0.00 0.02 0.03 0.00 .00 0.00 (.00 0.00 0.00
3 0.00 (.00 0.10 0.06 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 1.20 0.85 0.00 0.00 0.00 0.00 0.00 0.00
5 (.00 0.00 N/A N/A 0.00 0.00 0.00 0.00 0.00 (.00

Wavr (2-4) (.00 0.00 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00
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Table 44.5  Barenis Sea CAPELIN. Natural mortality coefficients (per month) for immature fish (Mipg), used for
the whole year, and for mature fish (per season) (M,) used January to March, by age group and
average for age groups 1-5.

1989 1950 1991 1992 1993

Age Mo M Munm Mina Munm M Minm Minat Miom Mo

1 0.014 0.042 0.005 0.016 0.015 0.046 0.059 0.178 0.157 0.471
2 0014 0.042 0.065 0.016 0.015 0.045 0.059 0.176 0.157 0471
3 0.158 0474 0.005 0.016 0.051 0.154 0.109 0.326 0.190 0.571
4 0.117 0.350 0.005 0.016 0.051 0.154 0.071 0.212 0.214 0.642
5 0.117 0.350 0.005 0.016 0.051 0.154 0.071 0.212 0.214 0.642
Avr 0.084 0.251 0.005 0.016 0.037 0.111 0.074 0.221 (.186 0.559

Table 4.4.5  (Continued)

1994 1995 1996 1997 1998

Age Mmm . Mumm Mouag Monm Mot Munm M Munm Mina

1 0.201 (0.602 0.073 0.219 0.041 0.122 0.062 0.185 0.026 0.077
2 0.201 0.602 0.073 0.219 0.041 0,122 0.062 0.185 0.026 0.077
3 0.201 0.602 G019 0.058 0.041 0.122 0.062 0.185 0.071 0.212
4 0.282 0.847 0.044 0.133 0.050 0.149 0.014 0.041 0.071 0.212
5 0.282 0.847 0.044 0.133 0.050 0.149 0.014 0.041 0.071 0.212
Avr 0.221 0.700 0.052 0.152 0.043 0,133 0.042 0.127 0.053 0.158

Table 4.4.6  Barents Sea CAPELIN. Estimated stock size in numbers (unit:10%) by age group and total, and biomass
(‘000 t) of total stock, by 1. January.

Age 1989 1990 1991 1992 1993 1694 1995 1996 1997 1998
1 214.7 734.0 462.4 600.1 32 120.3 13.8 1182 172.0 2255
2 19.6 181.4 689.5 382.0 293.7 1.4 10.8 5.7 72.5 322
3 26.8 17.0 174.8 548.4 162.3 333 1.9 6.5 10.2 325
4 0.2 1.6 16.0 257 889 9.8 24 1.4 1.8 1.6
5 0.0 0.0 0.1 0.3 0.5 1.3 0.1 03 0.1 0.1
Sum 261.3 034.0 13428 1556.6 554.6 166.0 28.9 132.2 256.6 3419
Biomass 718 2011 7011 8297 4363 737 156 313 779 1240

Table 4.4.7  Barents Sea CAPELIN. Mean weight (g) by age group and weighted average for the whole stock by 1.
January.

Age 1989 1950 1991 1992 1693 1994 1995 1996 1597 1998
1 1.30 1.52 1.51 1.42 1.38 1.76 2.66 1.16 1.68 1.80
2 3.78 3.57 4.18 4.15 391 3.79 4.83 7.31 3.19 4.62
3 13.48 12.67 16.88 9.66 9.48 9.94 12.36 15.19 20.46 12.65
4
5

18.70 15.86 29.87 21.31 18.54 16.64 18.18 13.43 26.29 25.19
(.00 22.00 22.00 33.18 32.50 20.62 20.30 24.83 29.37 28.82
Avr 275 215 5.22 5.33 7.87 4.44 541 2.36 3.04 3.63

Table 4.4.8  Barents Sea CAPELIN. Estimated proportion of maturing stock by 1. January.

Age 1989 1990 1991 1992 1993 1954 1995 1996 1997 199§
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.00 .00
3 0.41 0.46 0.65 0.16 0.12 0.10 0.44 0.59 0.82 0.37
4 0.68 1.00 1.00 0.89 0.74 0.71 0.86 0.92 0.95 0.95
5 1.00 1.00 1.00 0.86 (.99 0.92 0.87 1.00 1.00 1.00

Avr 0.04 0.01 ¢.10 (.07 0.15 0.07 0.10 0.04 0.04 0.04
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Table 4.4.9 Barenis Sea CAPELIN. Estimated spawning stock biomass (‘000 t) by 1. April.

Age 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
1 0 0 0 0 0 0 0 0 0 0
2 0 2 19 0 0 0 1 3 1 1
3 139 140 1421 915 129 34 15 71 175 217
4 2 37 142 BO 329 60 38 24 49 34
3 0 0 0 0 0 11 1 7 2 2
Sum 141 179 1582 996 458 105 55 105 228 254

Table 4.4.10 Barents Sca CAPELIN. Stock summary table. Recruitment (number of 1 year old fish (unit:10°) and
stock biomass (‘000 t} given at 1. August, spawning stock (‘000 t) at time of spawning (1. April).
Landings (‘000 t) are the sum of the total landings in the two fishing seasons within the year indicated.

Year Recruitment Spawning stock Landings
Age 1 biomass

1965 224
1966 389
1967 409
1968 537
1969 680
1970 1314
1971 1392
1972 1592
1973 1140 1242 1336
1974 737 343 1149
1975 494 90 1439
1976 433 1147 2587
1977 830 890 2987
1978 855 460 1916
1979 551 193 1783
1980 502 87 1648
1981 466 1731 1986
1982 611 546 1760
1983 612 47 2358
1984 183 165 1477
1985 47 88 868
1986 9 12 123
1987 46 16 0
1588 22 11 0
1989 195 141 0
1990 708 179 0
1991 415 1582 929
1992 396 996 1123
1993 3 458 586
1604 30 105 0
1965 ] 55 0
1996 89 105 0
1997 112 228 0
1998 183 254 0

100



5 CAPELIN IN THE ICELAND-EAST GREENLAND-JAN MAYEN AREA
5.1 The Fishery
511 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 «. 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 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
1581 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.

5.1.2 The fishery in the 1998/1999 season

In accordance with a previously determined procedure, ACFM recommended that the preliminary TAC should not
exceed 946,667 t. This is 2/3 of the total TAC predicted for the season, i.e. 1,420,000 tonnes. This advice was accepted
by all parties concerned.

The season opened on 20 June and the fishery began in deep waters near the shelf edge off the eastern north coast and
northeast of Iceland. The fishing grounds gradually shifted to the northwest and for most of July the main fishing area
was located between approximately 68"N and 69"15'N, 18°-22"W. Most of the time, catch rates were comparatively low
during the summer months. Indeed, by early Auvgust the capelin had become so scattered that the fishery was
abandoned. The total catch in June-August 1998 amounted to 359,000 tonnes, almost all of it taken in June and July.

Fishing was not resumed until October. Again, catch rates were low in the October-December period, except off the
eastern north coast of Iceland for a short time around mid-November and in the third week of December. A total of
§1,000 tonnes of capelin was caught during October-December 1998.

The total catch in the 1998 summer and autumn season thus amounted to about 440,000 tonnes, of which almost 80%
was taken in June and July.

Due to stormy weather and scattered condition of capelin east of Iceland, catch rates were low in January and the first
week of February 1999. However, in the second week of February, large schools of adult capelin appeared in the
shallow waters off the eastern south coast. The capelin remained stationary in this general area {east of approximately
18"W) during the second and third weeks of February and were fished intensively.

In the last week of February the capelin resumed their migration west along the south coast of Iceland. However, their
progress was slow and few schools managed to round the Reykjanes peninsula (22°W). The capelin arriving later made
an even slower progress westward and in 1999 practically no capelin spawned on the traditional grounds in Faxafloi and
Breidafjordur on the west coast. This anomalous behaviour was apparently caused by irregularities in the flow of ocean
currents south of Iceland and the condition of the capelin. The main features were a generally strong easterly flow of
Atlantic water of unusually high temperature that reached almost to the coast and a very low weight at age of the
capelin. These small capelin seemed to find it difficult to move against the current, tended to stay in the colder waters
very close inshore for long periods of time and matured quickly whenever they ventured out into the deeper and warmer
waters.

For the fishery, the practical result of the situation just described was that after about 20 February the capelin were only
sporadically available to purse-seining and catch rates became extremely variable, Furthermore, as stated above,
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maturation was accelerated by the high temperatures. Therefore, most of the capelin had spawned by mid-March and
the winter fishery came to a close earlier than usual.

The total catch during the 1999 winter season amounted to about 660,000 t, of which about 50,000 t were taken in
January and the remainder during a 6 week period in February and March.

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.

The total catch in numbers during the summer/autumn 1979-1998 and winter 1980-1999 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 1998 and winter 1999 seasons is given by size groups at age in
Tables 5.2.4 and 5.2.5.

5.3 Surveys of Stock Abundance
531 (-group surveys

The distribution and abundance of 0-group capelin in the Iceland-East Greenland-Fan Mayen area has been recorded
during surveys carried out in August since 1970. The survey methods and computations of abundance indices were
described by Vilhjdlmsson and Fridgeirsson (1976). The abundance indices of O-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 (-group surveys
(e.g. Vilhjdlmsson 1994). Their abundance by number, mean length and weight for the period 19831998 is given in
Table 5.3.1.2.

532 Stock abundance in antumn 1998 and winter 1999

An acoustic survey was carried out by two research vessels in the period 13-30 November 1998 (Working Document by
Hjdlmar Vilhjélmsson). The distribution of the stock was fairly wide and continuous, reaching from 26°W, northwest of
the NW-peninsula of Iceland, across the outer part of the northern shelf to 10"30'W off the northern and central east
coast. The largest and most dense capelin concentrations were recorded near the shelf edge off the western north coast
and north of the NW-peninsula of Iceland.

In general terms, the November 1998 survey was carried out under good conditions. There was not much drift ice in the
Denmark Strait and there was little interference by aeration or sea swell in any part of the area so adjustments for losses
of echo intensity for these reasons were minimal. The capelin were almost exclusively recorded as scattering layers of
varying densities at depths of 50-130 m in darkness but somewhat deeper in the daytime. The distribution and
behaviour of the fish were, therefore, about as favourable as could be for acoustic estimation of total echo abundance.
However, many of the dense concentrations, recorded north of the Vestfirdir peninsula and the western north coast of
Iceland, consisted of a mixture of adults and 1-group juveniles. Due to gear selection, such recordings are difficult to
classify correctly and in all probability the 1-group contribution in that area is somewhat underestimated.

According to the autumn 1998 survey, the immature stock component amounted to 121.0 and 6.2 * 10° fish, belonging
to age groups 1 and 2 respectively, With the qualifications described in the previous paragraph, the estimated total
fishable/spawning stock abundance was 23.8 * 10° fish in late November 1998. The observed mean weight in the
fishable stock was 14.7 g and the fishable/spawning stock biomass, therefore, about 342,000 ¢,

However, because both total adult stock biomass and the contribution of the older age group (13%) were much below
expectations, it was concluded that the autumn 1998 survey must have failed to locate and assess part of the adult
fishable stock. Details of the November 1998 stock estimate are given in Table 5.3.2.1,

In January 1999 a survey of capelin abundance in the traditional distribution area east of Iceland was carried out. The
survey results were inconclusive, mainly due to adverse weather conditions.
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During 6-16 February 1999, the abundance of mature capelin was assessed off the eastern south coast and scutheast of
Iceland. The survey was carried out under favourable weather conditions and near-surface as well as near-shore
schooling, common at later stages of capelin spawning migrations, were not pronounced. Furthermore, the observed
age distribution and total stock by number were not far removed from that predicted by the WGNPBW in May 1998
when natural mortality and the fishery earlier in the season had been accounted for. On the other hand, the lower than
usual biomass of the total number of some 50.5 billton individuals, recorded by the survey, results from the extremely
low mean weight of 16.7 g in the 1999 spawning stock.

Details of the stock estimate obtained in February 1999 are given in Table 5.3.2.2.
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 1991/Assess:17) the abundance estimates of each age group are then projected to the appropriate point in time.
Since natural mortatity 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 1978f79-1998/99 seasons. The results are given in Tables 5.4.1 and 5.4.2 (1 August and | January,
respectively). Table 5.4.2 also gives the remaining spawning stock by number and biomass in March/April 1979-1999.

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

The maturing part of the 3-group in summer corresponds to that part of the year class which did not mature and spawn
in the year before, Unfortunately, the surveys of the immature capelin of age 2 (Najnn) 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 vear class size (Ny,,) i.2. the maturing ratio is a
function of year class abundance. Therefore, the total abundance of age group 2 in autumn should be an tndication 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 (Ny, and Ny, 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 auturnn 1981-1998 (year classes 1978-1996)
is given in Table 5.5.1.2, The above regressions have been updated as new data became available. A comparison of the
predicted TAC updated with data from the autumn surveys is given in Table 5.5.1.3.

55.2 Stock prognosis and TAC in the 1998/1999 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 94.4 and 30.8 billion maturing
2- and 3-group capelin on 1 August 1998,

Since 1989 there has been a general downward trend in weight at age of adult capelin, apparently inversely related to
adult stock abundance in number, Plotting these pairs of data as simple linear regressions results in R*=0.72 and 0.83
for age groups 2 and 3 respectively. Applying the appropriate regression equations, y = -0.027x + 18.8 for the younger
component and y = -0.059x + 28.4 for the older one and using the predicted abundance of age groups 2 and 3 on 1
August 1997 combined, i.e. 114.7 * 10° fish, resulted in estimated mean weights of 15.4 and 20.6 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 1999 assuming a monthly M = 0.035 and a
remaining spawning stock of 400,000 tonnes. This gave a predicted TAC of 1,420,000 tonnes spread evenly over
August 1998-March 1999 (Table 5.5.1.3). Using the same approach as in previous years, f.¢, that the preliminary TAC
be set at approximately 2/3 of the predicted tota for the season, the Working Group recommended that a preliminary
TAC for the 1928/99 capelin fishery be set at 250,000 t.

According to the February 1999 survey, the estimated fishable/spawning stock was 50.6 * 10° fish on 11 February 1999,
At that time the observed mean weight in the fishable stock was 16.7 g and the stock biomass therefore about 835,000 ¢,
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 435,000 t in the time remaining of the 1999 winter fishery. Counting the
catch taken in June 1988-10 February 1999 {765,000 t), this corresponded to a total TAC of some 1,200,000 ¢ for all of
the 1998/99 season as compared to the May 1998 prediction of 1,420,000 t.

Although the contribution of the older age group was somewhat smaller than anticipated, the difference between the
predicted and advised TACs for the 1998/99 season is mainly due to the unusually low mean weight in the stock. Since
about 100,000 t of the allocated TAC remained at the end of the winter fishery, it follows that some 500,000 t of capelin
remained to spawn in 1999,

353 Stock prognosis and assessment for the 1999/2000 season

Calculations of expected TAC for the 1999/2000 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 (Nopa )t gives y = 0.578x +19.3; B~ = 0.83, p <0.05. Simulariy for the older stock component, where
Ny 18 Tegressed on Ny, gives y = 0.294x - 7.0; R? = 0.55, p <0.05. The two regression plots are shown in Figure
5.53.1.

The Working Group decided that the November 1998 estimate of the abundance of 1-group capelin {year class 1997)
was realistic and could be used for predicting the abundance of maturing capelin of the 1997 year class on 1 August
1999,

The predictive figures for the 1997 and 1996 year classes are given in Table 5.5.1,1 These gave an estimate of 89,2 and
23.3 billion mature fish, belonging to the 1997 and 1996 year classes respectively.

During the last ten vears there has been a general downward trend in weight at age of adult capelin, apparently inversely
related to adult stock abundance in number. Plotting these pairs of data as simple linear regressions results in R* = 0.76
and 0.86 for age groups 2 and 3 respectively. These two regression plots are shown in Figure 5.5.3.2. 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 | August 1999 combined, i.e. 112.5 * 10° fish, results
in estimated mean weights of 15.5 and 21.6 g for age groups 2 and 3 respectively.
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Using the predicted mean weight of maturing capelin in autumn instead of the “long-term” average mean weight,
resuits in a predicted TAC of about 1,285,000 t if spread evenly over the period August 1999—March 2000. This
corresponds to a preliminary TAC of 856,667 (. As in previous years, decisions on the final TAC for the 1999/2000
season should be based on surveys carried out in October/November 1999 and/or January/February 2000.

554 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 have been 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, 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 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 >1,500,000 tonnes.

5.6 Precautionary Approach to Fisheries Management

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

The definition of other precautionary reference points is more problematic. However, due to uncertainties inherent in
predicting the abundance of short-lived species and the importance of capelin as forage fish for predators such as cod,
saithe, Greenland halibut, baleen whales and sea birds, extra caution should be taken when stock predictions indicate
TACs <500,000 tonnes and >1,600,000 tonnes. In the former case, the fishery should not be opened until after the
completion of a stock assessment survey in autumn/winter in that season. The latter simply represents a scenario where
predicted stock abundance is beyond the highest historic abundance on record. In such cases the preliminary TAC
should not exceed 1,100,000 ¢.

57 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 usuvally 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 variabie from year to year.
Second, as the food supply diminishes the southern part of the3 feeding area in August, the fishable stock becomes
more scattered and sometimes mixed with juveniles.
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The Working Group recommends that the 1999 summer/autumn season is opened around 20 June. In order to preveni
catches of juventle 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 1978-1998 is given in Table 5.7.1.

58 Sampling

Investigation No. of samples | Length meas. individuals Aged individuals
Fishery 1997 20 2000 1990
Survey 1998 76 7565 7500
Fishery 1999 48 4800 4750
Survey 1999 61 6100 6065

106



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 1986/87-1997/98 seasons.

Season 87/88 88/89 §9/90 90/91 91/92 92/93 93/94 94/95 9596 96/97 97/98 98/59
Prelim. TAC 500 900 900 600 G 500 900 950 800 1100 850 950
Rec. TAC 1115 1063 - 250 740 900 1250 850 1390 1600 1265 1200
Landings 1116 1036 808 314 677 788 1179 842 930 1571 1245 1100
Spawn. stock 400 445 115 330 475 460 460 420 830 550 500 500
Table 5.2.1 The international capelin catch 1964-1999 (thousand tonnes).
Year Winter season Summer and autumn season
Nor- Green- Season Nor- Green- Season Total
Iceland Way Faroes land total Iceland Wy Faroes land EU 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 - - - - - 972
1968 78.1 - - 78.1 - - - - - 78.1
1965 170.6 - - 170.6 - - - - - 170.6
1970 190.8 - - 190.8 - - - - - 190.8
1971 1829 - - 182.9 - - - - - 182.9
1972 276.5 - - 276.5 - - - - 276.5
1973 440.9 - - 440.9 - - - - - 440.9
1974 461.9 - - 461.9 - - - - - 4619
1975 457.1 - - 457.1 3.1 - - - 3.1 460.2
1976 338.7 - - 338.7 114.4 - - - 114.4 453.1
1977 549.2 - 243 573.5 2597 - - - 2597 8332
1978 468.4 - 36.2 504.6 4975 154.1 34 - 6550 1,1596
1979 521.7 - 18.2 5399 4420 124.0 22.0 - 5880 11,1279
1980 392.1 - - 392.1 3674 1187 24.2 17.3  527.6 919.7
1981 156.0 - - 156.0 4846 914 16.2 20.8  613.0 769.0
1952 13.2 - . 13.2 - - - - - 13.2
1983 - - - - 1334 - - - 1334 1334
1984 439.6 - - 4396 4232 1046 10.2 85 5485 988.1
1985 348.5 - - 348.5 644.8 1930 65.9 160 9197 1.2682
1986 341.8 50.0 - 391.8 5525 1497 63.4 53 7729 1,164.7
1987 5006 599 - 560.5 311.3 82.1 65.2 -~ 4586 1,019.1
1988 6006 56.6 - 657.2 311.4 11.5 48.5 - 3714 1,028.6
1989 609.1  56.0 - 665.1 539 527 14.4 - 121.0 786,1
1990 612.0 625 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 5735 476 - 621.1 2134 65.3 18.9 0.5 298.1 919.2
1993 489.1 - - 0.5 4896 4500 1275 239 10,2 611.6  1,101.2
1994 5503 150 - 1.8 567.1 210.7 99.0 12.3 2.1 324.1 891.2
1995 5394 - - 0.4 539.8 175.5 28.0 - 2.2 205.7 745.5
1996 707.9 - 10.0 5.7 723.6 4743 206.0 17.6 150 609 7738 14974
1997 774.9 - 16.1 6.1 797.1  536.0 153.6 205 635 47.1 763.6  1,561.5
1998 457.0 - 14.7 9.6 481.3  290.8 72.9 26.9 30 419 4405 021.8
1999 607.8 148 13.8 2235 658.9
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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) 1979-1998,

Year
Age 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
1 0.6 49 0.6 - 0.6 0.5 0.3 + + 0.3
2 294 17.2 279 - 7.2 9.8 25.6 10.0 277 13.6
3 6.1 54 2.0 - 0.8 1.8 15.4 233 6.7 54
4 - - + - - 0.1 0.2 0.5 + +
Total number 36.1 27.5 30.5 - 3.6 18.2 42.0 338 344 19.3
Total weight 588.0 5276 613.0 - 1334 5485 9197 7729 4586 3714

Year
Age 1989 1990 1991 1992 1993 1994 1995 1996 1997 199§
1 1.7 0.8 0.3 1.7 0.2 0.6 1.5 0.2 1.8 0.9
2 6.0 59 2.7 14.0 249 15.0 9.7 252 334 25.1
3 1.5 1.0 0.4 2.1 5.4 2.8 1.1 12.7 10.2 29
4 + + + + 0.2 + + 0.2 0.4 +
Total number 9.2 7.7 34 17.8 30.7 18.4 12.3 384 45.8 28.9
Total weight 121.0  111.2 560 2981 611.6 3241 2057 7737 7636 4405

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} 1980-1999,

Year
Age 1980 1981 1982 1983 1984 1985 1986 1987 19838 1989
2 1.3 1.7 - - 2.1 0.4 0.1 + + 0.1
3 17.6 7.1 0.8 - 18.1 9.1 9.8 6.9 234 229
4 35 1.9 0.1 - 34 54 6.9 15.5 7.2 7.8
5 - - - - - - 0.2 - 0.3 +
Total number 22.4 10.7 09 - 23.6 14.5 17.0 224 309 30.8
Total weight 3921  156.0 13.2 - 4396 3485 391.8 5605 6572 6651

Year
Age 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
2 1.4 0.5 2.7 0.2 0.6 1.3 0.6 0.9 0.3 0.5
3 24.8 7.4 294 20.1 22.7 17.6 274 29.1 20.4 31.2
4 9.6 1.5 2.8 2.5 39 5.9 1.7 11.0 54 )
5 0.1 + + + + + + + + +
Total number 359 9.4 34.9 22.8 272 24.8 35.7 41.0 26.1 39.2
Total weight 686.8 2024 621.1 4836 3567.1 5398 7236 797.6 4813 658.9
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Table 5.2.4 The total international catch in numbers (millions) of capelin in the Iceland-East Greenland-JTan Mayen
area in the summer/autumn season of 1998 by age and length, and the catch in weight (thousand tonnes)

by age groups.
Total length {cm}) Age | Ape 2 Age 3 Age 4 Total Percentage
3.5 - 15 - - 15 0.1
10 18 - - - 18 0.1
10.5 - - - - - 0.0
11 - 15 - - 15 0.1
11.5 18 252 - - 270 0.9
12 35 964 - - 999 35
12.5 106 1957 24 - 2087 7.2
13 159 3677 122 - 3957 13.7
13.5 194 4299 73 - 4567 15.8
14 265 4907 292 - 5464 18.9
14.5 53 4299 500 - 4852 16.8
15 35 2491 707 - 3233 11.2
15.5 18 1497 548 10 2073 7.2
16 - 563 317 - 880 30
16.5 - 148 195 - 343 1.2
17 - 15 97 - 112 0.4
17.5 - - 24 - 24 0.1
Total number 900 25100 2900 10 28910
Percentage 3.1 86.8 10.0 + 100.0 100.0
Total weight 12.8 371.1 56.5 0.1 440.5
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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 1999 by age and length, and the catch in
weight (thousand tonnes} by age groups,

Total length {cm) Age 2 Age 3 Age 4 Age5 Total Percentage

12 45 49 - - o4 0.2

12.5 227 277 - - 504 13

13 182 1391 17 - 1589 4.1

13.5 38 3270 34 - 3341 85

14 - 4864 143 - 5007 12.8

14.5 - 6068 530 - 6598 16.8

15 - 5970 1145 - 7115 18.1

15.5 - 4799 1448 - 6254 16.0

16 - 2904 1634 - 4587 11.7

16.5 - 1261 1263 - 2523 6.4

17 - 317 758 3 1085 2.8

17.5 - 16 370 - 387 1.0

18 - 3 109 - 118 0.3

18.5 - - - - - 0.0

19 - - - - - 0.0

19.5 - 8 - - 8 0.0
Total number 500 31200 7500 8 39208

Percentage 1.3 79.6 19.1 + 100.0 100.0
Total weight 4.5 496.1 158.1 0.2 658.9

110



Table 5.3.1.1 Abundance indices of 0-group capelin 1970-1998 and their division by areas.

Area Year
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 20 25 19 6 5
East Iceland - + 7 17 7 3 15 3 + 1 + - +
Total 11 19 B9 116 i34 8% 32 43 31 49 40 29 13
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 B 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 3
Total 22 28 31 37 14 52 40 21 54 34 51 94 24
1996 1997 1998
NW-Irminger Sea 2 5 +
W-Iceland 17 14 7
N-Iceland 57 30 34
East Iceland 6 12 3
Total B2 61 46

Table 5.3.1.2 Estimated numbers, mean lengih and weight of age 1 capelin in the August surveys of

1983-1998.
Year

1983 1984 1985 1986 1987 1988 1989 1990 1901 1992 1993 1994 1995 1996
Number (10%) 155 286 31 71 101 147 111 36 50 87 33 B85 189 138
Mean length (con) 104 97 102 95 9.1 88 101 104 107 97 94 90 98 93
Mean weight (g) 42 36 38 33 30 26 34 40 51 34 30 28 34 29

1997 1998
Number (10%) 143 87
Mean length (cm) 9.3 9.0
Mean weight(g) 2.8 2.9
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Table 5.3.2.1 Acoustic assessment of total abundance of capelin age groups 1-3, November 1998.

AgefYear Number Total Mean
class
1 2 3 mature number Weight weight
Length (cm) 1997 1996 1995 (10%) (10%) (10° v (@)
7.5 0.1 0.0 0.0 0.0 0.1 0.2 1.3
8 1.1 0.0 0.0 0.0 1.1 1.7 1.6
8.5 3.8 0.0 0.0 0.0 3.8 7.6 2.0
9 13.4 0.0 0.0 0.0 13.4 31.9 24
9.5 26.5 0.0 0.0 0.0 26.5 75.1 2.8
10 29.4 0.0 0.0 0.0 29.4 98.6 3.4
10.5 23.7 0.0 0.0 0.0 23.7 91.4 3.9
11 12.1 0.0 0.0 0.0 12.1 53.7 4.4
11.5 5.7 0.2 0.0 0.0 5.9 31.1 5.3
12 2.7 0.7 0.0 0.1 3.5 22.3 6.5
12.5 1.0 15 0.0 0.6 286 20.1 7.8
I3 1.1 29 0.0 1.6 4.0 35.0 8.8
135 0.2 3.7 0.1 2.8 4.0 41.1 10.3
14 0.1 4.1 0.0 3.2 4.2 50.3 11.9
14.5 0.0 4.4 03 4.1 4.7 62.1 13.3
15 0.0 4.4 06 46 5.0 75.1 15.0
15.5 0.0 2.9 0.6 3.4 3.4 58.8 17.2
16 0.0 1.1 0.7 1.8 1.8 35.7 19.5
16.5 0.0 0.4 0.6 1.0 1.0 21.4 21.3
t7 0.0 0.1 0.3 0.4 0.4 10.0 245
17.5 Q.0 0.0 0.1 0.2 0.2 4.4 28.0
18 0.0 0.0 o1 0.1 0.1 2.3 30.3
18.5 0.0 0.0 0.0 0.0 0.0 0.4 31.0
Number 121.0 26.4 3.3 23.8 150.8 830.3
(billions)
Weight (thous. t} 429.2 338.3 62.8 341.5 830.3
Mean length 101 14.2 15.8 14.7 10.9
(cm)
Mean weight (g) 3.5 12.8 18.8 14.4 55
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Table 5.3.2.2 Assessment of abundance of adult capelin of age groups 2-4, February 1999.

AgefYear
class
Total Mean
2 3 4 number Weight weight
Length (cnm) 1997 1996 1995 (10% (10° ) ()
12 0.1 0.0 0.0 0.1 0.6 6.3
12.5 0.1 0.0 0.0 0.1 0.8 7.4
13 0.5 0.3 0.0 07 5.8 8.0
13.5 03 1.6 0.0 20 17.9 9.1
14 0.2 3.5 0.0 3.7 38.9 10.5
14.5 0.0 53 0.0 53 63.2 11.8
15 0.1 7.0 03 74 100.0 13.6
15.5 0.0 7.5 1.0 8.5 130.9 15.4
16 0.0 6.7 1.2 79 139.8 17.7
16.5 0.0 39 1.7 56 111.6 19.9
17 0.0 2.2 23 44 99.3 224
17.5 0.0 0.4 23 2.7 66.6 24.6
18 0.0 0.1 1.3 1.5 39.5 27.1
13.5 0.0 0.0 0.5 0.6 17.6 30.3
19 0.0 0.0 0.1 0.1 20 31.6
19.5 0.0 0.0 0.0 0.0 0.5 34.3
Number (billions) 1.2 38.4 10.9 50.6 835.0
Weight (thousand 14.2 502.1 2287 835.0
1)
Mean length (cm) 13.0 14.3 17.2 14.7
Mean weight (g) 11.7 15.4 22.0 16.7
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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 66.1 489 1464 1242 2505 989 1562 144.0
2 immature 15.3 16.4 4.2 37 15.0 42.5 409 1000 29.4 372
2 mature 819 91.3 354 39.7 17.1 53.7 40.7 64.6 35.6 654
3 mature 201 10.1 10.8 2.8 23 9.8 279 270 65.8 20.1
4 mature 0.4 03 + + + 0.1 04 04 0.7 0.1

Number immat. 1792 767 703 526 1614 1667 2914 1989 1856 1812
Number matre 1114 1017 462 425 194 636 690 920 1021 856

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 80.8 639 1175 1329 1629 1446 2240 1969 191.0 +1908
2 immature 24.0 10.3 10.1 9.7 16.6 20.1 35.2 45.1 287 352
2 mature 70.3 42.8 31.9 67.7 70.7 B6.9 59.8 1022 1007 90.3
3 mature 24.5 15.8 6.8 6.7 6.4 10.9 132 23.0 29.6 19.0
4 mature 0.4 + + + + 0.2 - + + +
Number immat. 104.8 742 1276 1426 1795 1647 2592 2420 2197 2254"
Number mature 95.2 58.6 38.7 74.4 77.1 93.0 73.0 1251 1303 1093
Weight immat 438 309 542 702 747 702 1019 1188 985  "010
Weight mature 1663 1173 751 1273 11311 1585 1268 1819 1900 1590
Year

Age/maturity 1998 1999

1 juvenile *130.2

2 immature *35.5

2 mature 895 **g92

3 mature 231 *233

4 mature +

Number immat. <174.7

Number mature 1126 * 1125

Weight immat *842

Weight mature 1576 ** 1687

* -
Preliminary
** Predicted
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Table 5.4.2 The calculated number (billions) of capelin on 1 January 1979-1999 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 1237 105.0 211.6 832 1319 1205
3 immature 12.8 13.8 35 30 12.6 35.7 34.3 83.9 25.6 31.2
3 mature 51.8 534 16.3 8.0 14.3 39.8 252 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 wmature 03 0.2 + + + 0.1 0.3 0.2 0.2 +
Number timmat. 150.4 64.4 58.8 442 1363 1407 2459 167.1 1575 151.3
Number mature 66.9 572 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 10030 1083
Weight mature 1358 980 471 171 315 966 913 1059 1355 993
Number sp.st. 29.0 17.5 7.7 6.8 13.5 216 207 19.6 18.3 18.5
Weight sp. st 600 300 170 140 260 440 460 460 420 400

Year
Agelmaturity 1980 1990 1991 1992 1993 1994 19935 1996 1997 199§
2 juvenile 67.8 539 989 111.6 1246 121.3 188.1 1652  *220.9 *1703
3 immature 20.1 8.6 5.6 8.1 13.9 16.9 29.5 37.9 251 *1.1
3 mature 48.8 31.2 22.3 54.8 46.5 50.5 35.1 75.5 72.4 50.1
4 mature 16.0 12.1 4.5 53 3.5 4.6 8.7 20.1 24.3 79
5 mature 0.3 + + + + + + + + +
Number immat. 879 625 107.5 1197 1385 1382 12176 203.1  *2460 *2114
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 *Q00 891
Weight mature 1298 o004 544 1106 1017 1063 914 1820 1881 1106
Number sp.st. 22.0 55 16.3 25.8 236 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 1599
2 juvenile *116.9
3 immature *29 8
3 mature 332
4 mature 16.0
5 mature +
Number immat. *146.7
Number mature 69.2
Weight immat. *210
Weight mature 1171.3
Number sp.st, 29.5
Weight sp. st. 480

*Preliminary/Predicted
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Table 5.5.1.1The 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 Age3
Acouslics Back-calc. Acoustics Back-calc. Back-calc.
Mature Immature Total Mature
Year
class Ny Nomat Niimm Natgr Nt
1980 237 17.1 1.7 321 98
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
1684 33.8 356 1.4 65.0 20.1
1985 58.0 65.4 54 102.6 24.5
1986 70.2 70.3 6.7 04.6 15.8
1987 439 42.8 1.8 53.1 6.8
1988 20.2 31.9 1.3 420 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 36.9 10.8 107.0 13.2
1992 100.4 59.8 6.9 93.0 240
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 1255 23.2
1996 128.5 89.5 6.3 "102.7
1997 121.0

*

Invalid due to ice conditions.
ek - .
Preliminary

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

Years
1981 1982 1983 1984 1985 1986 1987 1988
Age? 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
Age2 18.0 18.1 16.3 16.5 16.2 16.0 15.3 15.8
Age 3 255 25.5 254 22.6 23.3 23.6 205 20.6
Years
1997 1998
Age2 14.3 13.5
Age3 203 17.5
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Table 5.5.1.3 Predictions of fishable stock abundance and TACs for the 1982/83-1998/99 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  B4/8B5  85/86  B6/87  BT/BE  88/89  BY/O0 9091
Year classes B1-80 82-8]1 83-82 84-B3 B5-84 86-85 87-86 88-87
Age 2 63.0 43.4 67.8 349 555 64.8 43.2 311
Age 3 0.0 26.3 20.2 550 137 25.0 25.5 8.2
Fishable stock 1065 1373 1637 1926 1268 1800 1350 724
Calculated TAC 465 733 963 1215 642 1105 713 170
Advised TAC 573 897 1311 1333 1115 1036 550 265
Season 91/92  92/93  93/94  94/95 95/96  96/97  97/98  08/99
Year classes 39-88. 90-89 9190 9291 9392 64-03 6504 9695
Age?2 394 50.4 93.1 89.6 g2.5 90.0 33,8 94.4
Age 3 3.7 18.3 226 27.0 149 350 309 30.8
Fishable stock 755 1398 2123 2170 1916 2352 2019 2088
Calculated TAC 197 7535 1335 1427 1200 1635 1265 1420
Advised TAC 740 *900 1250 850 1390 1600 1265 1200

* In January 1993, 80,000 t were added to the 820,000 t recommended afier the October 1992 survey
due to an unexpectedly large increase in mean weights.
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Table 5.7.1

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

Year Recruit- Total stock Landings Spawning

ment biomass stock biomass
1978 164 2832 1195 600
1979 60 2135 980 300
1980 66 1130 684 170
1981 49 1038 626 140
1982 146 1020 0 260
1983 124 2070 573 440
1984 251 2427 897 460
1985 99 2811 1312 460
1986 156 3106 1333 420
1987 144 2639 1116 400
1988 g1 2101 1037 440
1989 64 1482 808 115
1990 118 1293 314 330
1991 133 1975 677 475
1992 163 2058 788 499
1993 145 2363 1179 460
1994 224 2287 864 420
1995 197 3174 929 830
1996 263 3310 1571 423
1997 203 3014 1245 423
1993 ¥139 2418 1100 450

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

This topic has been dealt with in previous Working Group reports, and until 1994 the two stocks, i.e, the northern one
and the southern one, have been treated as one for the assessment purpose (ICES 1996/Assess: 14), Russia and Norway
continued the study on the morphology, physiology and genetics. Preliminary results of the genetic analysis indicate
that two main compenents of the blue whiting stock might appear in the spawning area west of the British Isles (Jarle
Mork, pers. comm.). Further genetic and more detailed physiological analysis will, however, be continued.

6.2 Fisheries in 1998

Estimates of the total landings of blue whiting in 1998 from the fisheries by countries are given in Tables 6.2.2 - 6.2.5
and summarised in Table 6.2.1. The total landings from all blue whiting fisheries in 1998 were 1,125,151 tonnes, almost
the double of the landings in 1997 and the highest landings since 1980. It exceeded the TAC of 650,000 tonnes by 73%.

The majority of the blue whiting catches was taken, as usual, in the spawning area and consisted of 827,194 tonnes, L.e.
an increase of 69% from 1997. The spawning concentrations of blue whiting during winter and spring 1998 were
distributed within a larger area and more fo the west than usual, i.e. from the Irish shelf northwards fo the Rockall Bank.
About 50 % were thus landed from international water., Most countries increased their catch in these fisheries, but
Norway was responsible for the bulk of the increase, landing 200,000 tonnes more than in 1997.

The landings in 1998 from the directed fisheries in the Norwegian Sea increased by 64 % from 1997 and consisted of
173,676 ronnes, of which Iceland had the highest increase from some 10,000 tonnes in 1997 to almost 63,000 tonnes in
1998,

Denmark, which together with Norway, is responsible for the majority of the blue whiting landings from the mixed
industrial fisheries, almost doubled its catches in these fisheries to more than 56, (00 tonnes. The total catch, however,
increased by 31% from 1997 and amounted to 94,881 tonnes in 1998.

The fisheries in the southern area, represented mainly by Spain and Portugal, were at an average level in 1998, with a
total of 29,400 tonnes.

6.3 Biological Characteristics
6.3.1 Length composition of catches

Data on length composition of the 1998 commercial catches of the blue whiting stock by ICES divisions and quarter of
the year were presented by Norway, Russia, Spain, Portugal, Ireland, Iceland, Denmark, The Netherlands and Faroe
Islands (Table 6.3.1.1).

The majority of the Norwegian and Russian catches from the directed fisheries in the Norwegian sea consisted of fishes
with length range 21 - 26 cmn. The length compositions from the spawning area in frst 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.

Spain and Portugal caught blue whiting in the areas with length range 13 - 40 cm and modal length of 19 — 20 cm.
Icelandic catches from the directed fisheries consisted of blue whiting with lengths from 19 - 39 cm, mode 25 - 26 cm
and from the mixed fisheries @ - 29 cm with modal lengths of 12 -13 cm and 24 - 25 em,

Compared to last years length compositions for all ICES divisions in question, the 1999 lengths were reduced by 1 -2
cm, except for the catches in the Icelandic zone, which remained as in 1997, Most of the fishes in the catches belonged
to the 1995 - 1997 year classes.
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6.3.2 Age composition of catches

For the directed fisheries in the northern area in 1998, age compositions were provided by Norway, Russia, The Faroes
and Ireland, which together accounted for 78 % of the catches. Appropriate Norwegian and Russian age compositions
were used to allocate the landings of other nations, which had no samples themselves. Russian data were used for
Estonia, and Norwegian data used for Germany, France and Scotland. In addition, Norwegian age-length keys were
used for the Netherlands, Iceland, Sweden and Denmark, which had incomplete length samples. The age compositions
in the directed fisheries are given in Table 6.3.2.1.

Age compositions for the mixed industrial fisheries in 1998 were provided by Norway, which accounted for 30 % of the
catches. For all other nations Norwegian data were used for allocation. The age compositions are given in Table 6.3.2.2.

For the fisheries in the Southern area, Spain and Portugal presented age compositions, which are given in Table 6.3.2.3.

The combined age composition for the directed fisheries in the Northern area, 1.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 from the blue whiting stock. The catch numbers at
age used in the stock assessment are given in Table 6.3.2.4.

633 Weight at age

Data on mean weight at age were available from Norway, Russia, the Faroes, Spain and Portugal. Mean wetght for
length samples converted by Norwegian age-length -weight keys, were given by Iceland and the Netherlands. Landings
from other countries were assumed to have the same weight at age as the sampled catches. Table 6.3.3.1 shows the
mean weight-at-age for the total catch during 1991- 1998 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

In Table 6.5.1 the maturity at age is given together with the other input data for prediction. The values, the same as used
every year since 1994, were obtained by combining the maturity ogive from the southern and the northern areas,
weighted by catch in number by age (ICES 1995/Assess: 7).

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

In 1999 Norway carried out an acoustic survey on the blue whiting stock in the spawning area to the west of the British
Isles. From 24 March - 26 April the R.V. “Johan Hjort” monitored the blue whiting stock in the shelf edge area and the
banks from south of Ireland to the Faroes (WD Monstad et al. 1999). The objectives of the survey were to record the
distribution of the stock and to ascertain the compositions of age, length and maturity, and to estimate the spawning
stock size and study the hydrographic situation in the area. This type of survey has been carried out by one or more
nations since early 1970s,

The area was surveyed from south to north. The shelf edge area from latitude 49°00° N was criss-crossed northwards to
the Shetland-Faroe waters at latitude 61°30°N, including the slope around the Rockall Bank, over the Bill Bailey Bank
and to the Faroe Bank (Figure 6.4.1.1.1).

A 38 kHz echo sounder (Simrad EK 500), which was pre-calibrated and connected to the Bergen Echo Integrator-
system (BEI), was operated throughout the survey. For identification and collection of biological samples, a pelagic
trawl (Akratrdl) with 500m circumference in front and a Rock-hopper bottom trawl with 4 x 18m opening were used.
For the acoustic assessment of biomass and abundance of the blue whiting stock the surveyed area was treated on maps
as 5 subareas, which further were divided into the ICES-rectangle system. The method used for the calculations was the
same as used for previous blue whiting surveys.

Recordings of blue whiting were made along the whole shelf edge area surveyed, i.e. from south of Ireland (49°00°'N) to
the Faroe/Shetland-area (61°30°N), including the Rockall Bank and Bill Bailey Bank (Figure 6.4.1.1.2). The blue
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whiting was concentrated in a narrow “belt” at the slope south of the Porcupine bank with good concentrations at the
western and north-western part of the bank. From 56° N and onwards, however, the concentrations were rather high,
and observed as a 25 m thick layer around 500m depth. The highest concentrations were observed west of St. Kilda,
where the distribution extended westwards almost uninterrupted to the Rockall Bank, where the best recordings were
made at the western slope of the bank. From the slope north-west and north of The Hebrides blue whiting was recorded
over a rather wide area, extending well into the Faroes zone, where the limit of the distribution was not located neither
to the north-west nor to the east.

The observed biomass of blue whiting was estimated at 8.9 million tonnes representing the abundance of 120.2 x 10°
individuals. The immature part of the stock was calculated to be 0.5 mill tonnes or 10.6 x 107 individuals. The spawning
stock size estimated at 8.5 million tonnes or 109.6 x 10° individuals, was almost the double of the last years’ acoustic
estimate (WD Monstad, 1998). '

The length and age distributions for each of the sub-areas {(marked on Figure 6.4.1.1.2} are shown on Figure 6.4.1.1.3.
In the slope area south of Ireland 1 and 2 years olds dominated the stock, which together made up 82% in numbers. In
the Porcupine Bank area 1 - 3 years olds were evenly represented making up most of the concentrations,

The 3 years olds (1996 year-class) were the most prominent ones in the Hebrides area and was first recorded in
significant numbers at approximately 65°N. This subarea contained the highest abundance and biomass of the stock,
which was comprised of mostly 3-year-olds. In the Rockall Bank area, where the largest individuals were found, the
1996 year class dominated.

The total distributions of length and age are given on Figure 6.4.1.1.4, showing the contribution of the 1996 year class
at 50%, while the 1995 and 1997 year classes contributed with 22% and 16% respectively. The year classes from 1994
and older seemed to be more or less out of the stock.

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, with the results published in a common report as Helst ef al, (1998).

In 1998 blue whiting was recorded in the following surveys in the feeding area:

Period Vessel Counfry
a) 21 April-17 May RV “G.0.5ars” Norway
b) 1 - 19 May R.V. *Magnus Heinason”  Faroes
c) 20 May-5 July R.V, “F. Nansen” Russia
d) 17 Tune-27 July R.V. “Arni Eridriksson” Iceland
e) 30 June-29 July R.V. *“Johan Hjort” Norway

a) In April and May the Norwegian R.V. “G.0.Sars” recorded blue whiting distributed over a large part of the
surveyed area (Figures 6.4.1.2.1a and b). As opposed to 1997, blue whiting and herring had a fairly strong overlap
in geographical distribution. The length and age composition of blue whiting samples are shown in Figure 6.4.1.2.2
for the subareas: a) South of 65° N, b) 65° - 68° N and <) North of 68" N. The strong 1996 year-class constituted
most of the blue whiting biomass, reflecting that the adults were out of the area on their southern spawning
migration. Since 1997 much of the strong 1995 year-class had matured and was out of the area at this time of the
year (WD Monstad and Holst, 1999).

h) The survey tracks and stations for the Farcese R.V. “Magnus Heinaseon” in May are shown on Figure 6.4.1.2.3. The
investigations south of the Faroes were an atterupt to map the post spawning migration of blue whiting. The
observations of blue whiting were found to be distinctively different compared to the surveys in 1996 and 97
(Jakupsstovu et al., 1998). The integrated values (S,) allocated to blue whiting were significantly lower compared
to 1997. The total biomass of blue whiting in the area surveyed south of the Faroes was estimated to 297 000
tonnes (Figure 6.4.1.2.4).

c) The survey track with stations of the Russian R.V. “F. Nansen” in June is shown in Figure 6.4.1.2.5. Blue whiting
was found distributed over most of the observed area with the main concentrations to the south of 65°N and
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eastwards from 06° W (Krysov, 1998). The echo recordings were registered mainly as a scattered layer at various
depths from 150 to 300m. The echo density distribution is presented on Figure 6.4.1.2.6. The 1996 year-class
dominated in most of the catches. Only in the north-western part of the observed area older and larger fish was
found. There prevailed 6 and 7 years old fish. The total biomass was estimated to 5.6 mill tonnes and 48.8 x 10°
individuals.

d) Inthe beginning of July an Icelandic research vessel recorded dense concentrations of blue whiting to the southeast
of Iceland between 63° 30" and 64° 00" N. These fish migrated to the north and their biomass was estimated at about
0.5 million tonnes. During the survey conducted by R.V. “Arni Fridriksson” from 17 June-27 July south and east of
Iceland, high concentrations were recorded in a narrow region near the shelf edge along the entire south coast as
well as southeast of Iceland, south of 64° N (Figure 6.4.1.2.7). In the westernmost part of the area, these
concentrations consisted of blue whiting of the 1998 year-class while farther east larger fish of the 1996 year-class
dominated. The biomass was estimated at about ! million tonnes, giving a total biomass estimate of the two
Icelandic surveys in the area west of 8" W of 1.5 million tonnes (Holst er al. 1998).

€) During the survey of the Norwegian R.V. “Johan Hjort” in July, recordings of blue whiting were made over vast
areas in the Norwegian Sea, with echo recordings obtained more or less throughout the whole area surveyed
(Figures 6.4.1.2.8a and b)(WD Monstad and Holst, 1999). The concentraticns, which varied in density, were
mostly observed at depths from 200-400m during daytime. At night it dispersed and in some areas ascended
towards the upper surface layer,

To the west the limit of distribution was found in the polar-front area, i.e. at position 69° N and 07° W and further
north and north-eastwards, while to the east it was only found in the area oif the southern part of the Lofoten Isles.
Highest concentrations were found in the mid part of the southern Norwegian Sea. Rather high values were also
recorded in the northern part of the area surveyed, and the distribution continued eastwards into the Barents Sea.
The biomass was estimated at 6.6 million tonnes with a corresponding abundance of 89,6 x 10 individuals, which
is almost the double the 1997 result.

The age and length distributions for the total recordings are given in Figure 6.4.1.2.9. Young fish predominated the
concentrations, and the 2 year olds (1996 year-class) constituted more than half of the measured abundance. The
relationship between the 3 major year-classes, 1995-97, was rather similar for all sub-areas except for the south-
eastern part. There, in sub-area I, the one-year-olds (1997 year-class) were the most numerous.

6.4.1.3 Discussion

The various acoustic surveys in the Norwegian Sea with special emphasis on Norwegian spring spawning herring in
1998 also gave valuable information on the blue whiting stock in its feeding area. The 1995-97 year-classes have been
rather dominant in these surveys the last few years.

During the July-August survey in 1997, the one-year-olds contributed more than 50% of the total numbers, and hence
this was the first sign of the 1996 year-class’ outstanding strength. Together with the very sirong 1995 year-class, it also
made up greater parts of the blue whiting catch in the mixed industrial fisheries both as 0-group in the autumn of 19964
and as one year old in 1997.

During the spawning area survey in spring 1998, the 1995 vear-class dominated and made up 44% in number of the
total concentrations recorded. As part of the 2-year-olds in the stock also was mature and hence occurred in the
spawning area, the 1996 year-class contributed with 23% of the total. In all the Norwegian Sea surveys that followed in
1998, except for the one in the Farcese waters in May (Jakupsstovu et al., 1998) the abundance of the 1994-year-class
was observed to be abundant. However, in Faroese waters there were greater concentrations of blue whiting on the
eastern post-spawning migration line, and this along with the preliminary salinity analysis showed that the migration
pattern would concentrate in the Shetland Channel, as suggested by Hansen and Jakopsstovu (1992).

In April/May, when most of the adults are in the spawning area or further south, the young ones were found distributed
with its best concentrations in the central part of the Norwegian Sea and off the Northern Norwegian coast. In June the
survey arca was enlarged westward and likewise the blue whiting distribution found over a corresponding larger area,
The estimate of 5,6 mill tonnes, which consisted mainly of the 1996-year-class (Holst et al., 1998), was significantly
higher than earlier estimates in the feeding area, made since 1980.

The Norwegian survey in July confirmed this high abundance of young blue whiting observed in the Norwegian Sea,
estimating the stock at 6.6 mill tonnes or 89.6 x 10°, specimens. This result is almost double the 1997 result when
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Norway measured 3.9 million tonnes, which again was significantly higher than the resulits of 1996 and 1995. It is the
highest value obtained for blue whiting in the Norwegian Sea since 1980 when Norway measured the stock at 9.1 mill
tonnes (Monstad, 1990), and more than half of it consisted of the 1996 year-class. The abundance estimate obtained in
1998 was about 50% higher than that in 1997, and both the overall mean length and mean weight were higher than in
1997.

The two Icelandic surveys in July, observed 1.5 mill tonnes of blue whiting in the Icelandic waters, which resulted in an
industrial fishery off the eastern south coast and in the area south-east of Iceland. Such a fishery also developed in 1989
when the strong 1989 year-class spread into the Icelandic water during the summer.

The combined result of these three surveys gives a total of 8.1 million tonnes in the Norwegian Sea and Icelandic waters
in July 1998 (Holst ef al. 1998).

Estimates of total biomass and spawning biomass of blue whiting in the spawning area since 1983 are given in Table
6.4.1.3.1. The difference in the estimates, which have been discussed several times in previous Working Group reports,
may be caused by differences in the acoustic equipment, bad weather causing poor echo recording conditions, size of
the survey area and timing of the surveys in respect to progress of spawning and hence migration, as well as variation of
the abundance of recruitment of new year-classes to the spawning stock,

The estimates as discussed in earlier reports, do not coincide with the assessment. They are, however, to be taken as
indices, and for most years they present valuable indications of trends in stock size. There has been a downward trend in
the spawning stock size from 1988/89 to 1992, but in 1993 the strong 1989 year class was fully recruited, increasing the
spawning stock. Except for a clear underestimate in 1994, the acoustic survey indicated a spawning stock increase up to
1995. After the very strong 1989 year-class was out of the stock, the spawning stock decreased. The year-classes 1995
and 1996 were rich and by 1998 the spawning stock had increased due to the entrance of the 1993 year class, Further, as
expected from the summer surveys, the 1996 year-clags dominated in the spawning area in 1999,

The abundance and biomass of blue whiting in spring 1999 were the highest recorded by Norway since 1972 when this
stock monitering started. This observation applies to the total stock in the area as well as for the spawning stock, The
highest estimate before that was in 1988, when 7.1 million tonnes were recorded of which 6.8 million tonnes belonged
to the spawning stock biomass.

In spring 1999 the biomass of the 1996 year-class alone amounted to 4.4 million tonnes, which is the same level as the
whole spawning stock measured in 1998 (Monstad, 19938b). However, the estimate 1998 is considered an underestimate,
and in 1999 the area of distribution was found to be notably larger than observed in previous years, especially for the
inclusion of larger parts of the Rockall Bank in the survey.

Both the 1995 and 1996 year-classes are considered very strong year-classes. The first one dominated the stock in the
spawning area last year with 35 x 10° individuals, but is reduced to 26 x 10° individuals observed this year. The
biomass, however, was only slightly reduced due to increased mean weight. The very strong 1996 year-class was
represented in the spawning area in 1998 with a number of 18 x 10° individuals, compared to 60 x 10° in 1999
(ICES1998/ACFM:18). This is due to first time maturity for a great part of this year-class, which was outside the
spawning area iast year and hence not surveyed,

Due to the higher abundance of the stock than usual the latest years, the stock occupied a wider distribution towards the
west and as a result the fleet operated more in international waters. Up to mid April the Norwegian fleet alone had
already landed more than 350 000 tonnes from the Porcupine Bank area, the area west of the Hebrides and also further
westwards to the Rockall Bank. Of these, some 220 000 tonnes were reported landed from international waters. The
observation of rather high concentrations west of the Rockall Bank, which has not been the case earlier, and the
successtul fishery to date in 1999, are generally consistent with the increase of spawning stock biomass recorded in the
acoustic surveys,

6.4.2 Bottom trawl surveys in the southern area

Bottom trawl surveys have been conducted off both the Galician (NW Spain) and Portuguese coast 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 the Spanish waters in Division VIIIc. The area covered
in the Portuguese survey was also extended in 1989 to 750m contour. Stratified mean catch and standard error in
Spanish and Portuguese surveys are shown in Tables 6.4.2.1 and 6.4.2.2. In both areas, the larger mean catch rate is
observed in the 100-500 m depth range. In general, higher mean catch rates were observed prior to 1991 and lower
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catch rates observed afterwards. A satisfactory agreement is observed between the three series although the series from
the Portuguese autumn surveys presents a larger inter-annual variability (Figure 6.4.2.1).

6.4.3 Catch per unit effort

No data on catch per unit of effort were presented to the Working Group in 1999. The overall aggregated CPUE values
across areas in the Norwegian blue whiting directed fishery 1982-1998 and for CPUE for Galician single and pair-
trawlers are shown in last years WG-teport on Figures 6.4.3.1 and 6.4.3.2 respectively (CM 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 survey on the spawning grounds, the Spanish
bottom trawl survey, the Portuguese bottom traw! 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 Last year 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.

It was pointed out in the 1998 Working Group report that the proportion of the fishing mortality rate and natural
mortality before spawning were all set to zero. This is changed in this year’s assessment. All proportion values are set to
0.25.

Last year it was decided by the working group to change assessment toois from XSA to ICA.
ICA-runs

A first run was made with the same options as last year’s final run, but with all fleets and all data points included {run 1
in Table 6.4.4.2). The impression fTom last year was confirmed, several data points made large contributions to the
variance. As last year, the Portuguese and the Spanish bottom trawl survey indices together with a few age groups in the
other index series were excluded. The data used in the following runs (if nothing else is claimed) are shown within the
squares in Table 6.4.4.1.

Several runs were made with different options in the separability model. The reference age and the number of years
with the separability constraint were changed until a satisfactory fit was obtained (Figure 6.4.4.2). The main results
from this tun are shown as run 2 in Table 6.4.4.2. Although the statistics of the run showed an acceptable model fit, the
working group was not content with the results. With a fishing mortality rate (Fy ;) of 0.72 and spawning stock biomass
of 2.2 million tonnes, one would conclude that the stock was in a bad condition. However, the 1999 Norwegian acoustic
survey index on the spawning grounds suggests the stock to be in a good condition, giving one of its highest indices in
this series. The working group made several suggestions on improvements of the assessment:

¢ to split up some of the tuning series because of new equipment

e to include the 1999 data point in the assessment

e remove the 3-year olds from the survey indices on the spawning grounds

*  to use the biomass indices instead of age aggregated indices in some of the tuning fleets

Last year the working group decided to split up the tuning series on the Norwegian Spring Spawning herring where
there had been a change to Simrad EK-300 echo sounder (ICES 1993/ACFM:18). For the same reasons, the Norwegian
survey on the spawning grounds and the Norwegian Sea survey were split, the last series beginning at 1991. The
Russian survey changed echo sounder the following year, thus this series was also split up. The resulting assessment
differed quite a lot, achieving an F of (.52 compared to 0.72 from the run before the split {(run 3 in Table 6.4.4.2).

Two runs were made including the 1999 data points from the Norwegian survey on the spawning grounds. The first run
was based on the split tuning series and gave a higher F of 0.61 (run 4 in Table 6.4.4.2). The other run was based on the
original tuning series and gave an F of 0.77 (run 6 in the same Table).
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It was suggested to remove the 3-year olds from the survey indices on the spawning grounds, because they are not well
represented in that area at that time. A run was made with the split tuning series where these data points were left out.
The F of 1998 resulted in 0.53 (run 7) and didn’t make much of a difference from run 3.

A run was made where the biomass indices of the Norwegian acoustic survey were used instead of the age-aggregated
indices. This series was also split. The differences in the results were small, it was decided not to choose this option nor
present it in the working group report.

For exploratory reasons, a run with the shrinkage option was made with split tuning files. The F was reduced to 0.45
(run 6 in Table 6.4.4.2), However, the WG recognised that it was not appropriate to use shrinkage when new trends in
the stock are expected o have taken place the latest year or two. Since the catch was almost doubled from 1997 to 1998,
the highest catch recorded, it was decided not to go any further with this option,

As Table 6.4.4.2 shows, the total variance is much the same for most of the runs. From the statistical diagnostics, it was
not obvious what run would be the appropriate to choose, except to exclude run 1 where all data points are included.
The further reasoning for choosing was as follows:

s Since the indices before and after the change in echo sounder are not likely to be comparable, it was decided to
choose a run with split index series {run 3, 4 and 7).

» Leaving out the 2-year olds in the Norwegian survey on the spawning stock did not make any considerable change,
which gave no reason to choose this run (run 7).

¢ To include the 1999 indices would change common practise for this stock. The exira data points made the F
increase and the SSB decrease, the opposite of what was expected. It is somewhat uncertain how and how well
these data points are utilised in ICA. Since the working group’s impression is that the indices from the Norwegian
survey on the spawning ground and the Norwegian Sea surveys are closer to the stock level than the ICA-runs
suggest, the run without the 1999 data points were found most reliable (run 4 and 6).

Based on the above reasoning, run 3 with split index series (otherwise the same data points as last year) was chosen to
be the final run, A stock summary is shown in Table 6.4.4.3 and the ICA output in Table 6.4.4.4, Fig. 6.4.4.1 and Fig.
6.4.4.2.

However, it is not a simple task to judge the different runs. The variance is similar for the runs and offers little
discriminatory power. In future assessment, a more thorough examination of the error distribution, e.g. using a gamma
distribution as used for NSS herring, instead of the lognormal distribution, should be explored.

Compared to last year’s results, the final run in 1999 indicates a considerably stronger 1997 year class. The spawning
stock is estimated to be 2.6 million tonnes and the total biomass estimate is 5.2 million tonnes. 1998 fishing mortality
rate is estimated to be 0.5, which is among the highest in the period 1981-1998.

6.5 Short-Term Projection

Based on the final ICA run, a deterministic short-term projection was made, using the TFAP prediction program, with
the input stated in Table 6.5.1. The weight in the stock and catch and the exploitation pattern were taken from the
average of the last three years values, The recruitment in 1999-2001 was set as the geometric mean of the recruitment
values in the period 1988-1997 in the ICA run, because the very low value in 1998 was considered unrealistic, Age 1 in
1999 was derived [rom the same average value, using the appropriate F provided by the ICA run. For ages 2 and older
the output values from the ICA run were used. 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. Continuing fishing at the 1993 level predicts a catch of 1.2 million t. in 1999 and
1.1 million t. in 2000. This exploitation rate implies an increase of SSB to 2.9 million t. in 1999 and a decreasing trend
afterwards, with 2.5 and 2.1 million t. in 2000 and 2001 respectively. The predicted total stock biomass also will
decrease from 5.2 million t. in 1999 to 4.6 and 4.0 million t. in the following years.
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6.6 Medium-Term Projection

Although it was not in the terms of references, an attempt was made to do a medtum term stochastic projection using
the ICP program. Input data were taken from the final ICA-run. Considerable effort was made to accomplish this. Due
to discrepancies between the deterministic and the stochastic output from the ICP program, it was decided not to present
the result in the Working Group report.

6.7 Precautionary Reference Points

Precautionary reference points were estimated using the PA Software (MRAG, 1997). Input data was extracted from the
.SEN and .SUM files derived from the final ICA-run but entered into PASoft as an excel input. The terminal population
was that estimated by ICA for the beginning of 1999. Due to uncertainties in the population numbers at age 0 and age 1
derived from the ICA, the following values were assumed:

Age 0 - a geometric mean of the recruitment from 1988-1997 (assumed also as the 1998 recruitment)
Age | - the latter value projected one year ahead.

The corresponding coefficients of variation were computed from the whele historical data series. In last year's report
(ICES 1998/ACFM:18) Bjg,,=1.5 million tonnes was chosen as By, and By, was calculated to be 2.25 million tonnes by

_ L6450
the formula B, =B e

summarised in Figures 6.7.1, 6.7.2, 6.7.3 and 6.7.4.

., where O was set to .25. This B,, was used in the PA software. The results are

Several cutputs on equilibrium based diagnostics were plotted and given in Figures 6.7.2 and 6.7.3. The estimated
reference points are shown in fig. 6.7.4 (note the strange value of Fy;;). Last year, the working group chose Fy; to be Freg
= 00.32. The recalculated F,4 this year are 0.33 (deterministic) and 0.31 (stochastic estimate). Since the F, calculated
last year was low (0.32), the working group considered F,; not to be appropriate for Fj,,. This year's calculations,
however, result in quite higher Fjg; 0.57 (deterministic) and 0.51 (stochastic estimate). Using the formula

recommended by the PA working group (ICES 1998/Assess:7), we get a suggestion for Fpy
F,=F hm,fi'_]‘(’45cr =0.34, when F is stochastic, and Fy, = 0.38 when Fy, is deterministic.

The Working Group recommends to keep the By,=1.5 million tonnes and B,=2.25 million tonnes calculated last year.
Further, we recommend to use the stochastic estimate of Fy, as Fyy, (=0.51), resulting in an Fy, of 0.34,

As Figure 6.7.4 shows, the stock has had an F higher than 0.34 in almost 40% of the years recorded. Figure 6.7.1 shows
that in 1996, 1997 and 1998 the fishery has not been precautionary according to the chosen reference points.

6.8 Spatial, temporal and Zonal distribution

A description of the monthly distribution of the fisheries for blue whiting by ICES rectangles is given here (Figs
8.1.3.1-12). Figure 8.1.3.13 shows the overall catch distribution in 1998.

January (Fig. 8.1.3.1): The main wintering_concentrations of blue whiting were distributed in the southeastern part of
the Farcese EEZ.

February (Fig. 8.1.3.2): The fishery on the pre-spawning concentrations took place in the Porcupine bank area and in
international waters west of the Irish EEZ.

March (Fig. 8.1.3.3): The spawning concentrations of blue whiting were distributed inside the Irish EEZ and in
international waters along the Irish EEZ.

April (Fig. 8.1.3.4): In the first half of the month, the fishery was based on post-spawning blue whiting which was
concentrated in the Irish and UK EEZs as well as international waters around the Rockall Bank. In the second part of
April, the blue whiting migrated to the southern part of the Faroese EEZ.

May (Fig. 8.1.3.5): The main post-spawning concentrations of the fish were observed in the UK and Faroes EEZs. In
late April, blue whiting were found in Icelandic waters and a fishery in this continued during May. In late May, blue
whiting migrated into the Norwegian EEZ.
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June (Fig. 8.1.3.6): The main fishery was in the Faroes EEZ.

July (Fig. 8.1.3.7): A fishery on feeding blue whiting took place in several areas:
a) The eastern part of the Icelandic EEZ.
b) The northern part of the Faroese EEZ.
¢) In a mixed industrial fishery along the Norwegian coast.

August (Fig. 8.1.3.8): The main catches of blue whiting were taken in the eastern part of the Icelandic EEZ, in
international waters and also in mixed industrial fisheries in the northern part of the North Sea.

September (Fig. 8.1.3.9): Feeding concentrations of blue whiting were observed in the eastern and southern parts of the
Icelandic EEZ, in international waters (up to 72° 30' N ) and in a mixed industrial fishery in the Norwegian and EU
EEZs.

October (Fig. 8.1.3.10): The main catches were taken from the Icelandic, Faroese and Norwegian EEZs.

November (Fig. 8.1.3.11): The fishery was based on wintering concentrations of blue whiting, which were distributed in
the Icelandic, Faroese and Norwegian EEZs. Dense concentrations were also located in the Jan-Mayen EEZ.

December (Fig. 8.1.3.12): The main fishing grounds were located in the Faroes EEZ.

The fishery in the southernmost distribution area (Spain and Portugal) is a coastal fishery where blue whiting are fished
throughout the year by vessels that operate at short distance from the ports were they are located. This fishery has two
main components:

a) Spanish bottom pair trawlers targeted for blue whiting and a fishery which is conducted in the area off Cape
Finisterre (NW Spain).

b} Spanish and Portuguese bottom trawlers, [ishing blue whiting as a by-catch along the Atlantic coast of the Iberian
Peninsula.

One acoustic survey of the spawning area and several surveys of the Norwegian Sea were carried out in 1988 and an
acoustic survey of the spawning grounds was carried out in 1999, These observations of blue whiting as well as the
fishery during 1998/99 indicate that blue whiting were distributed over a wide area, reaching from west of the Rockall
Bank eastward to the spawning grounds and from there north up to 74°N in the Norwegian Sea.

Investigations in 1998 and winter/spring 1999 clearly show that the 1995 and 1996 year classes are very strong (in
particular the 1996 year class) and in the coming years these year classes will constitute by far the largest part of the
spawning stock.

The directed fishery of blue whiting is pursued with pelagic trawls, operating at depths between 200 and 500m. Bottom
trawl is used in the mixed industrial fishery.

The total international catch of blue whiting in 1978-1998, divided on areas within and beyond national fisheries
jurisdiction as defined by NEAFC is given in Table 6.8.1.

6.9 Management consideration

The catch in 1998 was the highest since 1980, reaching 1.1 million tonnes. In correspondence with this, and also the
successful fishery at present (so far up to May 1999), the acoustic estimate of the spawning stock was measured at 8.5
million tonnes, in spring 1999. This biomass is among the highest ever observed in the spawning area, and almost
doubled since 1998, which was, however, considered an underestimate. The acoustic measurements are considered to be
indices, and they indicate trends in the stock size.
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By use of ICA the spawning stock biomass in 1998 was estimated at 2.6 million tonnes and the F = 0.52. Assuming the
same F in 1999 (F-factor =1) the short-term projection shows an increase of the spawning stock size to 2.9 million
tonnes in 1999. The fishing intensity of the stock seems so far in 1999 (May) to be at least at the same level as in 1998,
and hence the chosen F- factor seems appropriate. However, keeping the same F-factor of 1 also in year 2000 the
spawning stock is predicted to decrease to 2.5 miilion tonnes and further decrease in 2001 to 2.1 million tonnes. Fishing
at Fpa (0.34) in year 2000, the spawning stock will remain at the present level.

Although the acoustic measurement of the stock in 1999 was record-high and the stock therefore seems te be in good
shape. Based on the trend in the ICA run results and the short-term projection the Working Group therefore
recommends that the fishing level should be reduced to Fp (0.34). This generates a catch of 800,000 tonnes in year
2000, which should keep the stock at the same level as in 1998-99,

6.10 Sampling

Nine countries reported length samples of blue whiting in 1998, and six of those had also age readings (Table 6.10.1).
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Table 6.2.1 Landings {tonnes) of BLUE WHITING from the main fisheries, 1985-1998, as estimated by the Working Group.

Area

1985

1986

1987

1988

1989

1990 1991 1992 1993

1994

1995

1996

1997

1998

Norwegian Sea
fishery
{Subareas I+1}
and Divisions
Va,XVa-b)

90,742

160,061

123,042 55829 42,615

Fishery in the
spawning area
(Divisions Vb,
Vla, Vib and
Viib-c)

464,265

534,263

445881

421,636

2,106 78,703 82,312 43,240

22,674

23,733

23,447

62,570

173,676

473,165

463,495 218,946 37,237 347,101

378,704

423,282

476,368

488,869

827,194

Industrial mixed
fishery
{Divisions 1Va-c,
Vb and llla)

97,769

99,580

62,689

45,143

75,958

63,192 39,872 65,974 58,082

28,563

104,004

119,359

65,001

94,881

Subtotal northern
fishery

652,776

793,904

631,612

522,608

591,738

528,793 337,521 445523 448,423

429,941

551,019

619,174

616,530

1,095,751

Southern fishery
{Subareas Vill+IX,
Divisions VIld,e,g-k’

42,820

33,082

32,819

30,838

33,695

32,817 32003 28722 32256

29,473

27,664

25,089

30,122

29,400

Grand total

695,596

B26,986

664,431

553,446

625,433

561,610 369,624 474,245 480,679

459,414

578,683

644,273

646,662

1,125,151
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Table 6.2.2 Landings (tonnes) of BLUE WHITING from the directed fisheries in the Norwegian Sea
(Subareas | and Il, Division Va, XIVa and XIVb} 1985-1998, as estimated by the Working Group.

Country 1985 1986 1987 1988 1989 3) 1990 1991 1992 1993 19942) 1995 3) 1996 1997 1998
Faroes - - 9,290 - 1,047 - - - - - - 345 - 44,594
Germany 1,764 3,647 1,010 3 1,341 - - 2 3 32 - 78
Greenland - 10 - - - - - -

Iceland - - 4,977 - 369 302 10,464 64,863 4)
Netherlands - - - - - - - 72 25 - 63
Norway - - - 566 100 912 240 - - 58 1,386 12,132
Poland 56 10 - - - - - - -

UK (Eng.8Wales) - - - - - - - - - - - - -
USSR/Russia 1) 88,978 156,404 112,686 55,816 35,250 1,540 78,603 61,400 43,000 22,250 23,289 22,308 50,559 51,042
Estonia - - - - - - - - - - - 377 161 904
Latvia - 422 - - -

Total 90,742 160,061 123,042 55,829 42,615 2,106 78,703 62,312 43,240 22,674 23,733 23,447 62,570 173,676
1} From 1992 only Russia

2) Includes Vb for Russia.

3) |celandic mixed fishery in Va.

4) include mixed in Va and directed in Vb.

131



Table 6.2.3 Landings (tonnes) of BLUE WHITING from directed fisheries in the spawning area (Division Vb, Vla,b,
Vllb,c. Vilg-k and Sub-aea Xll} 1985 - 1998, as estimated by the Working Group.

Country 1985 1986 1987 1988 1989 1990 1991 1982 1993 1994 1995 1996 1997 1998
Denmark 21,104 11,364 2,655 797 25 - - 3,167 - 770 - 269 5051 1)
Farces 72,316 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
France - - - - 2,190 - - - 1,195 - 720 6,442 12,446 7.984
Germany 7,465 2,750 3,850 5263 4,073 1,699 349 1,307 91 - 6,310 6,844 4,724 17,891
[reland 668 16,440 3,300 245 - - - - - 3 - - 45635
Netherland 1,801 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
Norway 234,137 283,162 191,012 208,416 258,386 281,036 114,866 148,733 198,916 226235 261,272 337,434 318,531 519,622
UK (Scotland) 2 3,482 3,315 5.071 8,020 6,006 3,541 6,849 2,082 4,465 10,583 14,325 33,398 92,383
USSR/Russia 2) 126,772 127,613 165497 121,708 127,682 124,069 72,623 115,600 96,000 94,531 83,91 64,547 68,097 79,000
Japan - - - - - - - 918 1,742 2,574 - -

Estonia - - - - - - - 6,156 1,033 4,342 7754 10,605 5,617 5,416
Latvia - - - - - - - 10,742 10,626 2,160 - -

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

Total 464265 534,263 445881 421636 473,165 463,495 218,946 317,237 347,101 378,704 423282 476,368 488,869 827,194

1) Including some direced fishery also in Division [Va.
2) From 1992 only Russia
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Table 6.2.4 Landings (tonnes) of BLUE WHITING from the mixed industrial fisheries and caught as by-catch
in ordinary fisheries in Divisions Illa, IVa 1985-1998, as estimated by the WG.

Country 1985 1986 1987 1988 1989 1890 1991 1992 1993 3) 1994 1995 1996 1997 1998
Denmark 35,843 57,315 28,541 18,144 26,605 27,0562 15,538 31,189 41,053 19,686 12,439 51,832 26,270 56,472 2)
Faroes 3,606 5,678 7,051 492 3,325 5,281 355 705 1,522 1,794 - 6,068 6,066 296
Germany 1) 52 - 115 280 3 - - 25 g - - - -

Netherland 130 1,114 - - - 20 - 2 46 - - - 793

Norway 54,622 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
Sweden 3,616 8,632 2,013 1,229 3,062 1,503 1,000 2,058 2,867 3,675 13,000 4,000 4,568 9,299
UK - - - 100 7 - 235 8 252 - - 1 -

Total 97,769 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

1) Including directed fishery also in Division IVa.
2) Including mixed industrial fishery in the Norwegian Sea

3) Unprecise 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.
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Table 6.2.5 Landings (tonnes) of BLUE WHITING from the Southern areas (Subareas Vill and IX
and Divisions Vllig-k and Vlid,e) 1985-1998, as estimated by the Working Group.

Country 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Netherlands - - - - - 450 10 - - - - - - 10 1)
Norway - - 4 - - - - - - - - - -

Portugal 6,989 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
Spain 35,828 24965 23644 24847 30,108 29,490 29,180 23,794 31,020 28,118 25379 21,538 27,683 27,490
UK 3 1 23 12 29 13 - - - 5 - - -

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

Total 42820 33,082 32819 30,838 33,695 32817 32003 28722 32256 28473 27,664 25099 30,122 29,400

1) Directed fisheries in Vllla
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Table 6.3.1.1 Length distribution of commercial catches by ICES division and fleet as provided
by Iceland, Norway, Russia, Spain, Portugal, Denmark, Netherland and Ireland.

Country:  Norway

Fleet: Directed Div. lla

Species : Blue Whiting unit: ‘000
Year: 1598
Length Quarter Guarter Quarter Quarter
{cm} 1 2 3 4

10
1
12
13
14
15
16
17
18
19 380 44§
20 2533 32374 329
21 5954 8 928 1425
22 B 740 12797 1 864
23 14 567 20 832 2741
24 12 287 20 088 4 166
25 5700 11755 3727
26 887 2 976 1535
a7 127 1488 987
28 2563 893 658
29 127 149
k) 380 445 329
Kl
a2 127 149 110
33 127 149 110
34 298 219
35 127 149 110
36
37
a8
39
40
41
42
43
44
45

TOTAL 52 315 84 818 18 307

[Cateh {ty [ [ 3 970} 6 582] 1 580]

Country

Species : Blue Whiting

Year:

Norway

1993

Fleet: Directed Div. Va

Unit :

‘000

CGoarter
1

Quarter
2

Chuarter
3

Quarter

204

1030

736

1177

1472

1325

294

147

147

294

7359

2259

[Catch () |

345|

[

203|
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Table 6.3.1.1 continued

Country:  Norway Fleet: Directed Div. Vla

Species | Blue Whiting Unit : '000
Year: 1998

Length Quarter | Quarter | Quarter | Guarter

{cm) 1 2 3 4
10
11
12
13
14
15
18
17
18
19 20
20 13 684
21 199 35579
22 419 123 158
23 558 208 001
24 997 240 844
25 917 131 368
26 379 125 896
27 458 B4 843
28 178 114 948
29 178 106 738
30 239 134 106
3 159| 106 738
32 B0 79 369
a3 B0 38 316
34 40 49 263
35 40 13 684
36 13 684
37 20 8211
as az11
39 20
40
4
42
43
44
45
TOTAL 4 984! 1 636 643
ICatch (t) ] 480] 167 968]
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Country :  Norway Fleet: Directed Div. Vb

Species : Blue Whiting Unit : '000
Year : 1898

Length Quarter Quarter Quarter Quarter

{cm} 1 2 3 4
10
11
12
13
14
15
16
17 818
18
19
20 1970
21 6 566
22 17 729 2 453
23 24 295 11 447
24 33 487 18 805
25 32174 15 535
26 21 668 B 994
27 18 385 10 629
23 12 478 8176
29 8 536 1635
3¢ 19 042 1635
31 16 415 1635
32 17 729
33 B 536
a4 10 506
35 7878
36 3 940
a7 657
38
39 657
40
41
42
43
44
45
TOTAL 262 646 81 762
[Cateh () | [ 27160] 8618




Table 6.3.1.1 Cont.

Countty:  Norway Fieet: Directed Div. Vib

Species : Blue Whiting Unit : 000
Year: 1998

Length Quarter Quarter | Quarter | Quarter

{cm) 1 2 3 4
10
11
12
13
14
15
16
17
18
18 987
20
21 14 505 2 408
22 25 142 9632
23 47 382 24 081
24 93 798 54 182
25 99 600 56 590
26 59 953 54 182
27 45 448 40 937
28 29010 31 305
29 22 241 32 509
30 22 241 26 489
31 27 076 20 469
32 13538 24 081
33 10 637 21673
34 9670 10 836
35 1834 7224
36 2901 2408
37 5802 2408
38 967
38 1934
40
41
42
43
44
45
TOTAL 534 744| 421414
[Catch(t) | 53288] 51509

Country:  Norway Fleet: Directed Div. Vllb,c

Species ;. Blue Whiting Unit : ‘000
Year: 1998

Length Quarter Quarter Quarter Quarter

{em) 1 2 ] 4
10
i1
12
13
14 1185
15 10 189
16 30 092
17 16 349
18 12 32t
19 2 606
20 2224 3 554
21 11 860 4 739
22 57 076 5 687
23 189 017 3 080
24 343 937 2 369
25 295 015 1422
26 200 136 474
27 117 858 474
28 97 844 237
29 82278
30 68 194
31 62 264
32 539 259
33 45 957
34 44 475
35 25 943
36 26 685
37 8154
38 4447
39 4 447
40 1482
4 741
42
43
44
45
TOTAL 1749 333 94 778
[Catch iy | 207 011] 3 059
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Table 3.6.1.1 continued

Country:  Norway Fleet: Mixed Div. lla Country:  Norway Fleet: Mixed Div. IVa

Species : Blue Whiting Unit : 000 Species : Blue Whiting Unit : ‘000
Year: 1998 Year: 1998

Length GQuarter GQuarter Quarter Quarter Length Quarter Quarter Quarter Guarter

{cm) 1 2 3 4 (cm) 1 2 3 4
10 10
11 11
12 12
13 13
14 14
15 15
16 16 3139 6 255
17 17 10 887 13 404
18 18 7 848 19 660 1147 1358
19 19 12 556 25915 4 587 453
20 20 4709 20 553 8 027 1810
21 21 15 685 23 234 5733 5883
22 196 22 14 126 30 383 3173 19 008
23 849 23 3138 16 085 6 880 28 059
24 1110 24 1570 B 936 12 613 21271
25 1 632 25 1570 4 468 5733 14 482
26 2 481 26 6 255 1147 11 767
27 2220 27 894 7241
28 914 28 894 1147 2 263
29 588 23 3139 894 1147 2715
30 392 30 905
31 3 8584 453
32 196 32 905
33 33 453
34 65 34 1358
35 65 33
38 131 36
a7 65 37
38 a8
39 39
40 44
wll 41
42 42
43 43
44 44
45 45
TOTAL 10 803 TOTAL 78 477 178 724 57 332 120 383
ICatch () | { 941} [Catch (| 3 690] 9 778 3585 10 820|
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Table 6.3.1.1 Cont.

Country:  Russia Fleet: Directed Div. lla Country : Russia Fleet: Directed Div. Vb

Species : Blue Whiting Unit : 000 Species ;: Blue Whiting Unit ; ‘000
Year: 1988 Year: 1998

Length Quarter | Quarter | Quarter | Quarter Length Quarter Quarter | Quarter | CQuarier

{cm) 1 2 3 4 (cm) 1 2 3 4
10 10
11 11
12 12
13 13
14 14 468 92
15 15 584 97
16 26 16 1753 2 566
17 281 17 3 506 7241
18 485 320 18 5844 12 007
19 1711 752 320 12 11 104 19798
20 7 202 4137 959 20 24 779 59212
21 12 437 22375 4 583 21 44 899 118 615
22 18 566 48 135 18 547 22 47 570 147 113
23 30774 105 434 31 285 23 32 376 114 482
24 30 338 86 117 35 655 24 24 077 81 485
25 18 643 50 391 24 936 25 12 740 52 D2
26 7 968 9 025 12 258 26 8182 27 498
27 4 061 2 256 5969 27 3857 14 757
28 2222 3 81 28 1887 6 508
29 970 1386 29 468 3758
30 843 959 30 468 4 858
31 460 533 3 s 3483
32 485 586 32 468 3 483
33 638 £93 33 117 3025
34 587 853 34 3 33
35 536 266 35 22971
36 664 693 36 1283
37 306 266 37 550
38 230 53 38 367
392 102 53 39 183
40 153 40 92
4 53 41
42 42
43 43
44 44
45 45
TOTAL 140 690 328 672 145 177 TOTAL 225 897 892 118
iCatch {t) | & 279] 10880 22 365] 11 518] {Caich {t) | 14033]  48150] 14 282]
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Table 6.3.1.1 continued

Country :

Portugal

Species : Blue whiting

¥Year:

1998

Fleet: Southern fishery

Div. IXa
Unit:

‘000

Length
{cm)

CQuarter

1

Quarter
2

Quarter
3

Guarter
4

10

11

12

13

14

H

15

95

42

16

202

92

56

17

183

375

426

18

186

854

3071

18

226

833

6753

20

496

474

3817

21

1431

971

1175

22

1558

502

204

23

638

478

64

24

161

244

16

25

3

68

26

1

27

33

2B

29

30

)]

a3z

33

34

35

36

iy
Fa|~ DR D [D |||

e I RE SN E Y [ N E S Ce R[] [ Vo]

37

338

39

40

H“

-

42

| 43

44

45

Country : Spain Fleet: Southern fishery

Species : Blue whiling Div. Villc+Ixa
Year ; 1998 Unit : ‘000

Length Quarter | Quarter | Quarter | Quarter

(cm) 1 2 3 4
10
11
12
13
14 12 32
15 400 10 228 12
16 2138 99 1173 1011
17 7 860 2944 2722 4 202
18 5737 g 727 6843 14 074
19 2719 13773 11713 19 846
20 3437 11777 17 252 13 866
21 6 B26 12614 16 689 10011
22 13757 12 348 14 762 6278
23 13737 13 990 11 455 6545
24 10 811 8571 7 756 6 967
25 9 2286 5517 5282 6 068
26 4528 2459 3745 3763
27 2374 1278 2 363 2 304
28 842 885 1884 728
29 397 462 953 304
30 130 211 263 116
<k 50 127 174 75
32 33 76 400 861
33 15 28 4 28
34 10 25 78 11
35 7 16 2 2
38 7 8 1 8
37 8 3 1 B
38 2 5 1]
38 1 1
40 1
41
42
43
44
45
TOTAL 85 063 95 955 105 813 96 310
[Cateh (t) | 6 564] 6 792 7 694] 6 385]

140

TOTAL

5215

5541

10 459

15 606

[catch 1) |

275]

297]

577

750|




Table 6.3.1.1 Cont.

Country : Denmark Fleet: Mixed Div. IVa Country : Denmark Fleet: Mixed Div.llla

Species : Blue whiting Unit : '000 Species . Blue whiting Unit : ‘000
Year : 1998 Year : 1998

Length Quarter Quarter | Quarter Quarter Length Quarter Quarter | Quarter | Quarter

(cm) 1 2 a 4 {em} 1 2 3 4
10 10
11 1
12 316 12
13 i3
14 14
15 5490 15
16 32615 4746 16
17 51 891 4 746 17 107
18 34 230 7277 1524 18 H 107
19 15177 2531 2378 19 185
20 15177 3 164 11 892 762 20 216 1175
21 27 448 3 164 52 328 4 573 21 741 3311 65
22 20 344 1898 64 215 20 580 22 1389 6 408 261
23 8719 1898 54 701 24 392 23 2345 8 331 326
24 4 521 633 38 053 26 678 24 1234 8 758 488
25 5167 316 49 945 16 007 25 648 7 156 293
26 4 521 30918 4 573 26 247 4 436 651
27 2 583 316 23783 38 27 185 3738 391
28 969 4 757 4 573 28 62 2 029 163
29 646 2378 762 29 62 1175 98
30 969 4 757 30 31 641 33
31 646 3 1389
32 269 762 32 1175 33
33 323 2378 33 534 33
34 969 34 427 33
35 35 320 33
36 38 320
37 37 320
38 316 38
35 39
40 40 214 33
il 41
42 42
43 43
44 44
45 45
TOTAL 233 474 31 321 342 478 108 997 TOTAL 7 378 52121 2934
[Catch (t) | 10 381] 1326] 28352 8 675 [Cateh () | | 589] 5 709 321|
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Table 6.3.1.1 continued

Country : Netherland Fieet : Pelagic Trawl
Species : Blue Whiting Div. lla, Vla, Vilb,c,j
Year: 1998 Unit : ‘000
Length Quarter Quarter | Quarter | Quarter
{em) 1 2 3 4
10
11
12
13
14 298 1625 19
15 1899 10 358 123
16 1614 8 226 a4
17 472 1,422 17
18 74 406 5
19 56 305 4
20 342 1 8
21 1379 962 7
22 4 429 4 642 13
23 9014 9191 2
24 12673 9340
25 7 498 10 574
26 4013 7578
27 2535 5 287
28 1 690 5111
29 2535 8811
30 1267 10 221
N 37 15 860
32 528 18 680
a3 106 12 336
34 106 10574
35 317 7 402
36 211 6 697
37 3348
38 211 2115
39 2291
40 1234
41 106 1 057
42
43
44
45
46 106 48
TOTAL 53 794 176 409 296
[Catch(y | 4628 | 23058 | 7l
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Country : Ireland Fleet : Directed
Species : Blue whiting Div. Vla, Vilb,c,]
Year: 1998 Unit : ‘000
Length Quarter Quarter | Quarter | Quarter
{em) 1 2 3 4
10
11
12
13
14
15
16
17
18
19
20 12 490
21 35907
22 32 785
23 90 549
24 95 233
25 67 133
26 45 275
27 32785
28 14 051
29 14 051
30 23418
N 15612
32 10928
33 12 490
34 7 BO6
as 10928
36 4 684
a7 624
34
39
40
41
42
43
44
45
45 1 561
TOTAL 528 310
[Catch () | | 45835 |




Table 6.3.1.1 Cont.
Country:  lceland Fleet . Directed Div. Va
Species : Blue Whiting Unit : ‘000
Year : 1998
Length Quarter Quarter Quarter Quarter
{cm) 1 2 3 4
10
11
12
13
14
15
16
17
18
18 2103
20 306 3 304
21 815 8410
22 1935 11 113
23 2750 24 930 7613
24 3 258 47 156 37 433
25 3 665 64 873 54 563
26 2139 52 563 1 723
27 1630 46 856 10 151
28 1426 24 029 5076
29 1222 12915 1269
30 2 546 8 410
3 2444 3905
32 2037 3 304
33 1018 120
34 1120 601
35 1018 300
36 204
37 102
38 300
39 102
46
1
42
43
44
45
TOTAL 29637 316278 147827
[Cateh (t) | | 3123| 33353 15013|

Country:  lceland Flest: Directed Div. Vb
Specigs : Blue Whiting Unit : ‘000
Year : 1998
Length Quarter | Quarter | Quarter | Quarter
{cm) 1 2 3 4
10
11
12
13
14
i5
16
17 |
18
19 104
20 420 163
21 1120 414
22 2 659 5489
23 3779 1229 2 622
24 4 479 2324 12 8
25 4 899 3197 18 790
26 2939 2 590 10 924
27 2239 2 309 3 496
28 1960 1184 1748
29 1680 837 437
30 3499 414
31 3359 192
32 2799 163
33 1400 59
34 1540 30
35 1400 15
36 280
37 140
38 14
39 140
40
41
42
43
44
45
TOTAL 40 730 15 587 50 907
[Catch {f} | | 4 292] 1 644 5170]
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Table 6.3.1.1 continued

Country : leeland Flest: Mixed Div. Va Country : Faroes Fleet: Directed Div. Va

Species : Blue Whiting Unit : ‘000 Speacies : Blue Whiting Unit : '000
Year: 1998 Year: 1998

Length Quarter | Quarter | Quarter | Quarter Length Quarter | Quarter | Quarter | Quarter

{cm) 1 2 3 4 {cm) 1 2 3 4
9 54 9
10 214 10
11 964 11
12 1820 12
13 1767 13
14 375 14
15 107 8 15
186 161 26 16
17 268 56 17
18 696 95 18
19 375 52 19
20 482 47 20 367
21 54 21 367
22 54 4 22 6611
23 589 52 23 17 998
24 2185 255 24 34 527
25 3 266 371 25 47 015
2B 1 660 216 26 56 565
27 482 69 27 48 B51
28 375 35 28 32 323
29 107 9 29 17 631
30 30 15 427
k3 31 7713
32 32 4 040
33 33 1837
34 34 367
35 35 735
326 36
37 37 367
38 38
39 39
40 40
4 41
42 42
43 43
44 44
45 45
TOTAL 16 062 1295 TOTAL 292 741
[Catch () ] | 977] 134] [Catch (t) | [ |  34223]
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Table 6.3.1.1

Country : Faroes

Cont.

Fleet :

Directed Div. Vb

Species : Blue Whiting Unit : 000
Year : 1998
Length Quarter Quarter Quarter Quarter
{cm) 1 2 3 4

9
10
11
12
13
14
15
16
17
18
19
20
21 762 283
22 2 286 1543
23 5333 3 755
24 5485 7 587
25 5181 7 664
26 1676 6 147
27 2438 4295
28 2133 2 495
29 1981 1286
30 1828 592
3 2 590 309
32 2438 283
33 1219 26
34 1067 26
a5 914 51
36 609 26
37 609 26
38 457 26
39 305
40 152 26
41
42
43
44
45

TOTAL 38 463 36 446

[catch (1) | i 4 1034 | 3707|

Country : Faroes Fleet : Directed Div. lia

Species : Blue Whiting Unit: ‘000
Year : 1998

Length Quarter Quarter Quarter Quarter

{cm) 1 2 3 4
9
10
11
12
13
14
15
16
17
18
19 95
20 1330
21 2 660
22 4370
23 7696
24 8076
25 4 750
26 1330
27 475
28 475
29 g5
30 285
31
32 95
33 95
34 95
35 a5
36
37
38
39
40
41
42
43
44
45
TOTAL 32017
[Catch () | [ 2 561]
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Table 6.3.1.1 continued

Country: Faroes

Fleet : Directed Div. Vilc

Country : Faroes Fleet: Directed Div. Vla
Species : Blue Whiting Unit : ‘000
Year: 1998
Length Quarter | Guarter | Quarter | Quarter
(cm} 1 2 3 4
9
10
11
12
13
14
15
16
17
18
19
20 1062
21 2922
22 6375
23 20 452
24 22 577
25 22 577
26 11 687
27 8 499
28 8234
29 10624
30 7 968
31 12 749
32 17 796
33 9 562
34 8234
35 5578
36 5312
37 2922
38 1594
38 797
40
41
42
43
44
45
TOTAL 187 521
[Catch () | 21109]

Species : Blue Whiting Unit : '000
Year : 1998
Length Quarter Quarter Quarter Quarter
{cm) 1 2 a 4
9
10
11
12
13
14
15
16
17
18
19
20
4
22 387
23 484
24 2227
25 1743
26 1259
27 1355
28 1452
29 484
30 968
31 a7
32 2420
33 1452
34 2033
35 1452
36 1075
37 1259
3g 968
39 775
40 290
41 194
42 97|
43
44
45
TOTAL 23 525
[Catch (1) 5219 ]
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Table 6.3.1.1 Cont.

Country ;: Faroes

Species : Blue Whiting
Year:

1998

Fleet: Mixed Div. IVa

Unit :

000

Length
(cm)

Quarter
1

Quarter

Quarter

Quarter

9

10

11

12

13

14

156

16

85

17

170

18

349

19

570

20

561

21

765

22

113

23

774

24

323

25

187

26

102

27

28

29

30

31

32

33

34

35

—
QO[O D000

36

37

38

39

40

41

42

43

44

45

TOTAL

5106

[Catch (t)

296/
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Table 6.3.2,1 BLUE WHITING. Catch in number {millions) by age group in the directed fisheries (Sub-areas | and I, Divisions Va,
IVXa+b, Vb,Vla+b, Vllbc and Viljg-k, 1988 - 19398,

Age 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
0 3.6 36.5 8.4 63.6 - - - 0.7 3.8 167.0 15

1 93.2 86.4 537.8 33.4 82.4 36.8 43.6 99.4 4971 1,351.9 884

2 403.2 359.4 353.1 533.2 52,2 13041 31.2 142.7 3271 1,078.6 3535

3 416.2 11,1767 565.7 384.4 1,508.5 334.5 190.0 337.7 450.5 750.6 321

4 611.2 696.2 709.1 243.9 510.4  1,348.2 361.9 416.2 424.7 526.5 929

5] 1,238.9 785.7 489.2 329.9 200.1 3757 1,2424 565.9 248.4 268.2 346

6 584.9 680.7 562.1 235.3 138.8 196.1 294.2 769.0 429.9 238.0 311

7 77.8 127.2 291.7 149.9 22.0 107.9 201.3 2455 619.4 269.9 298

8 50.7 44.8 75.5 39.9 88.7 59.8 102.5 1541 213.8 391.2 257

9 32.4 23.8 26.6 4.3 84.6 37.9 88.3 57.7 87.8 101.2 209

10+ 48.9 37.0 91.8 14.0 14.5 13.6 32.1 40.0 70.2 163.9 85.0

Total 3,661.0 40544 3711.0 2031.8 27702 26406 25875 28289 33728 53068 10,180.0
Tonnes 477,652 521,415 465,601 297,648 379,549 389,010 401,378 447,015 493,373 545,058 994,709




Table 6.3.2.2 BLUE WHITING. Catch in number (million) by age group in the mixed industrial fisheries (Sub-area IV, Divisions llla, IVb
and Va, 1988-1998.

Age 1988 1989 13880 1991 1992 1993 1994 1985 1996 1897 1998
0 12.3 1871.6 05 24.9 132.2 94.8  3,303.0 811.8 29.4 11.0
1 185.1 578.9 874.8 8.4 158.8 166.9 33.1 100.7 1,334.4 621.0 576
2 84.3 183.7 167.6 387.9 63.9 38.8 20.7 88.3 71.2 268.7 524
3 83.4 70.0 49.5 42.3 167.1 80.8 17.5 28.7 58.4 50.3 259
4 40.2 33.5 11.8 11.4 751 97.3 36.7 11.0 71.3 14.0 47
5 44.0 241 7.0 11.3 25.2 15.0 6.1 6.0 38.8 14.3 6
6 24.0 12.2 3.8 11.2 16.7 6.7 3.0 11.4 45.4 5.1 4
7 3.3 59 4.9 6.2 6.7 8.3 1.2 1.8 32.6 37 3
8 2.1 2.1 0.6 3.4 2.7 - 0.6 2.0 14.3 6.0 4
9 1.0 0.8 0.4 0.7 0.9 - 0.1 1.2 9.0 0.7 4
10+ 0.2 1.0 - 0.2 0.6 - - 0.8 11.4 1.6
Total 455.86 2,783.8 1,120.9 517.8 518.7 556.0 213.8 35548 24886 10147 1,438.0
Tonnes 45,110 75,978 63,195 398,872 66,174 55,215 28,563 104,004 119,359 65,091 101,040
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Table 6.3.2.3 BLUE WHITING. Catch in number (millions) by age group in the Southern area, 1988-1998,

Age 1988 19289 1990 1991 1992 1993 1954 1995 1996 1997 1998
0 30 41 74 70 19 25 13 3 9 11 18
1 147 200 198 181 139 41 12 96 43 118 97
2 233 175 182 182 205 146 56 123 131 143 122
3 114 93 57 70 95 181 149 55 117 86 71
4 32 61 25 39 43 62 72 38 36 26 69
5 10 27 24 17 12 12 27 44 33 8 32
6 9 15 11 8 6 7 9 20 17 4 7
7 3 6 2 3 2 2 5 6 5 3 2
8+ 0 3 2 3 1 1 4 5 3 3 4
Total 578 621 575 573 522 477 347 390 394 402 422
Tonnes 30,838 33,695 32,817 32,003 28,722 32,256 29,468 27,664 25,099 30,122 29,400




Table 6.3.2.4. Blue Whiting. Total catch in numbers at age (millions) 1981-1998,

Age 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1893 1994 1995 1996 1997 1998
0 48 3512 437 584 1174 84 341 46 1949 83 161 19 198 42 3307 824 208 43

1 258 148 2283 2291 1305 650 838 425 865 1611 267 408 263 307 296 1875 2091 1657
2 348 274 567 2331 2044 816 578 721 718 703 1024 654 305 108 354 529 1490 4181
3 681 326 270 455 1933 1862 728 614 1340 672 514 1642 621 368 422 626 887 3541
4 334 548 286 260 303 1717 1897 683 73 753 302 569 1571 389 465 532 567 1045
5 548 264 299 285 188 393 726 1303 837 520 363 217 411 1222 616 320 290 384
6 559 276 304 445 321 187 137 614 708 877 258 154 191 281 800 492 247 323
7 466 266 287 262 257 201 105 84 138 299 159 110 107 174 254 657 277 303
8 634 272 286 193 174 158 123 53 50 78 49 BO 65 80 160 230 399 264
9 578 284 225 154 93 174 103 33 25 27 5 32 38 79 60 97 102 212
10+ 1460 673 334 255 259 358 195 50 34 85 10 12 17 31 42 82 166 86
Total 5914 6843 5578 7515 8051 6680 5771 4630 7460 5418 3Nz 3896 3788 3091 6775 6264 6722 12039

Tonnes 9089556 576419 570072 641776 695596 826986 664434

553413 625433 561610 369525 474245

480672 459414 578693 637825 634206 1,125,149
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Table 6.3.3.1 Blue Whiting. Mean weights at age for the total catch 1981-1998.

Age 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1925 1996 1997 1998
0 0.038 0.018 0020 (©.026 0016 0.030 0023 0.0 0014 0034 0036 0024 0.028 0.033 0.022 0.018 0.031 0.033
1 0.052 0045 0046 0.035 0038 0040 0048 0053 0.058 0.045 0055 0.057 0.066 0.081 0.064  0.041 0.047 0.048
2 0065 0072 0074 0078 0074 0073 0.086 0076 0079 0070 0.091 0.083 0.082 0.087 0.0¢1 0.080 0Q.072 0.071
3 0103 0111 0118 0.082 0097 0.108 0106 0.097 0103 0106 0107 0119 0409 0.108 0118 G102 0102 0.094
4 0125 0143 0140 0132 0114 0430 01424 01428 0426 0123 0138 0140 0437 0437 0143 0116 0.121 0.125
5 0.141 0156 0.153 0153 0157 0.165 (G147 0.142 0948 0147 0174 0467 0163 0164 0154 0147 0140 0.148
6 0.155 0477 0176  0.161 0177 0199 0477 04157 0158 0.168 0190 0193 0177 0.189 0167 0170 0166 0.178
7 0170 0195 0195 04175 0199 0209 0.208 0.179 0.171 0175 0206 0226 0200 0207 0203 0214 0177 0.183
8 0.178 0200 0200 0.189 0208 0243 0.221 0199 0203 0214 0230 0235 0217 0217 0206 0230 0183 0.188
g 0187 0204 0204 0186 0218 0246 0222 0222 0224 0217 0232 0284 0225 0247 0236 0238 0203 0.221
10+ 0.213 0.231 0228 0206 0.237 0257 0254 0260 0253 0256 0.266 0.294 0.281 0.264 0256 0279 0232  0.248
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Table 6.4.1.3.1. BLUE WHITING Biomass estimate (millian tonnes) in the spawning area.

Russia Russia Norway  Norway Faroes Faroes Combined Combined
Year total spawning total spawning total spawnng total spawning
1983 36 3.6 4.7 4.4
1984 3.4 2.7 2.8 2.1 2.4 2.2
1985 2.8 2.7 6.4 1.7
1586 6.4 56 26 20
1887 5.4 5.1 4.3 4.1
1988 3.7 3.1 7.1 6.8
1989 6.3 57 7.0 6.1
1990 5.4 5.1 6.3 57
1991 4.6 4.2 5.1 4.8 4.7 4.4
1992 3.6 a3 43 4.2 4.6 43"
1993 38 37 52 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 45
1997
1998 55 47
1999 8.9 8.5
Mean 4.8 4.4 5.3 4.9 4.4 2.0 5.3 4.9

* with calibration factor 1.38
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Table 6.4.2.1 BLUE WHITING. Stratified mean catch (Kg/haul and Number/haul) and standard error of in bottom
trawl surveys in Spanish waters (Divisions Vilic and IXa north). All surveys in September-October.
Kg/haul 30-100 m 101-200 m 201-500 m TOTAL 30-500 m
Mean Sb Mean SD Mean SD Mean SD
1985 9.50 5.87 119.75 45.99 68.18 13.79 92.83 28.24
1986 9.74 7.13 45.41 12.37 29.54 8.70 36.93 7.95
1987 - - - - - - - -
1988 2.90 2.59 154.12 38.69 183.07 141.94 143.30 45.84
1989 14.17 12.03 76.92 17.08 18.79 6.23 59.00 11.68
1990 6.25 3.29 52.54 9.00 18.80 4.99 43.60 6.60
1991 64.59 34.65 126.41 26.06 48.07 18.99 97.10 17.16
1992 6.37 2,59 44.12 6.64 29.50 6.16 34.60 423
1993 1.06 0.63 14.07 3.73 51.08 22.02 2259 6.44
1994 B.04 5.28 37.18 8.45 25.42 5.27 29.70 5.19
1995 19.97 13.87 36.43 4.82 15.97 410 28.52 3.66
1996 7.27 3.95 49.23 7.19 92.54 17.76 54.52 6.36
1897 6.20 3.63 44.21 10.61 60.18 17.54 42.81 7.78
1998 14.13 417 42.78 B.13 78.88 22.01 47.14 7.58
Number/haul 30-100 m 101-200 m 201-500m TOTAL 30-500 m
Mean SD Mean SD Mean sD Mean sD
1985 267 181.71 3669 1578.86 1377 262.98 2644 963.20
1986 368 237.56 2486 1006.67 752 238.87 1763 616.40
1987 - - - - - - - -
1988 83 71.74 6112 1647.36 7276 6339.88 5694 2086.00r
1989 629 537.29 3197 876.75 566 213.11 2412 589.00
1990 220 115.48 2219 426.46 578 185.43 1722 276.00
1891 2922 1645.73 5563 1184.69 1789 847.33 4214 780.88
1992 124 50.81 1412 233.99 845 199.12 1069 146.87
1993 14 8.61 257 69.61 894 42777 40 124.53
1994 346 234.12 2002 456.50 8997 245.91 1487 689.00
1995 1291 864.97 2004 341.48 485 137.81 1493 240.37
1996 147 82.71 1167 167.20 2097 385.23 1263 142.30
1997 183 99.28 1425 3589.12 1254 330.37 1194 228.06
1998 351 105.96 1463 320.26 2012 590.04 1387 234.82




Table 6.4.2.2 BLUE WHITING. Swratified mean catch (Kg/haul ) and standard error of in botlom
traw! surveys in Portuguese waters (Division IXa ).

20-100 m 100-200 m 200-500 m 500-750 m TOTAL: 20-500 m TOTAL: 20-750 m
Year Month ¥ sy Y 5y ¥ sy Y sy y sy Y sy
1979 June {} 0 33 23 86 35 - - il 12 - -
Oct./Nov. 5 5 17 8 103 48 - - 28 9 - -
1980 March 0 0 178 [73 5 ! - - 72 69 - -
May/June 1 3 4 2 45 18 - - 11 4 - -
Qclober 4 3 10 4 587 306 - - 117 58 - -
1981 March 0 0 24 17 186 113 - - 42 22 - -
June 0 0 4 2 178 25 - - 34 4 - -
982 April/May {} 0 3 3 136 3% - - 26 7 - -
September I | 85 42 271 123 - - 36 20 - -
1983 March | 1 14 10 239 96 - - 54 18 - -
June 0 0 23 8 177 47 - - 42 9 - -
1985 June 0 0 194 146 405 162 - - 159 68 - -
October 4 3 133 84 4] a9 - - 120 35 - -
1986 June 4 1 59 19 196 3l - - 65 10 - -
October 2 | 357 144 650 11 - 276 63 - -
1987 Qctober 3 0 297 64 747 229 - - 263 50 - -
1988 October 4 2 163 47 457 106 - - 155 28 - -
1989 July Q 0 42 21 323 143 79 36 - - 78 24
October 7 4 70 26 306 84 24 2 - - 79 16
1990 July 2 2 153 103 242 42 50 5 - - 96 a5
Qctober 11 5 S0 28 762 234 42 10 - - 153 35
199] July [ 1 140 40 268 38 64 18 - - 98 15
Qctober B8 5 83 18 259 53 121 27 - - 91 13
1992 February 7 7 43 a5 249 21 73 3 68 12
July 1 l 29 18 216 43 27 5 - - 47 9
Oclober ] | 22 7 208 44 B 3 - - 54 7
1993 February 0 ] 19 14 105 31 36 1) - 42 10
July 0 0 3 3 151 2R 55 5 - - 34 4
November 0 0 90 0 189 43 6 | - - 86 9
1994 Oclober 0 1] 374 30 283 32 49 7 - - 174 11
1995 July [} ] 18 14 130 20 52 3 - - s 5
QOctober 18 15 103 21 328 91 31 12 - - 94 16
1996 Oclober 25 24 12 2 36 6 25 7 22 3
1997 June 0 0 3 3 BT 42 45 12 - - 27 7
Dclober 2 1 54 20 77 13 7 2 32 8
1998 July 0 0 8 5 105 17 38 3 25 3
October | 1 384 B7 427 101 20 2 212 36
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Table 6.4.4.1

Table 6.4.4.1. Tuning data for the blue whiting assessment

BLUE WHITING-COMBINED

Tuning data for the blue whiting assessment with input values framed.

107
Norway Spawning Acoustic 1981-90
1981 1990

1 1 0.17 0.25
2 10
1 2372 7583 3253 3647 4611 4638 3654 2501 1785
1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 297 2108 2723 6511 3735 3650 3153 2279 1182
1 15767 1721 1616 1719 1858 1128 567 440 348
1 -1 -1 -1 -1 =1 -1 -1 -1 -1
1 1003 5829 4122 624 228 203 250 137 170
1 4960 8417 22589 4735 282 417 385 159 27
1 9712 9080 12367 20392 7355 723 599 326 393
1 6787 22270 9973 10504 7803 933 293 177 45
1| 14169 12670 11228 5587 6556 3273 516 183 108

Norway Spawning Acoustic 1991-98

1991 1998
1 1 €17 0.25
2 10
1] 11147 6340 B497 7407 4558 2019 545 95 16
1 1232 26123 4719 1574 1386 810 616 257 19
1 4489 3321 26771 2643 1270 557 424 108 22
1 1603 2950 4476 11354 1742 1687 908 770 207
1 8533 9874 7906 6861 adey 1795 1083 482 149
1 8781 7433 8371 2399 4455 4111 1202 458 162
1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1] 1821i8 349931 4697 1674 279 407 381 351 86
1 19034 60309 26103 1481 316 72 153 141 o

Norwegian Sea acoustic 1981-90

1981 1990
1 1 0.6 075
1 10
] 0 182 728 4542 3874 2678 2834 2964 2756 2054 1300
1 3680 184 4680 1242 4715 3611 3128 2323 1679 874 414
1 8280| 22356 396 468 756 1404 576 468 432 324 216
1 1862] 30380 13916 833 382 539 539 343 49 49 49
1 2258 BOBY 23876 12502 658 423 188 235 141 376 141
1 5040 2324 2380 7224 6944 1876 952 336 308 140 196
1 3192 B204 4032 5180 5572 1204 224 168 56 84 28
1 8760 40992 2880 2640 3480 912 120 96 24 448 -1
1 20430 1172 11256 812 379 410 212 22 3z -1 8
1 0 -1 -1 -1 -1 -1 -f 1A -1 -

Norwegian Sea acoustic 1991-98

1991 10398
1 1 0.6 0.75
i 10
1 o] -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 0 792 1134 6935 766 247 172 80 11 18 ]
1 0 830 125 1070 6392 1222 489 248 58 88 71
1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 o] 6874 2811 1993 1209 1622 775 173 61 1 15
1 0] 23464 1057 B9% 649 436 505 755 69 a1 50
1 0| 30227 25638 1524 779 300 407 260 137 122 105
1 0| 24244 47815 16282 556 212 100 64 10 2556 27

1092
253
108

49
47
56
28

-1

o 0 0 o O o w o



Russlan spawning acouslic 1982-91

Table 6.4.4.1 continuéaaf

I T S e e )

=y

1992

P I S T S Y Sy

1983

. T S e S S N Y

1991
1 o017 .25
10
540 2750 1340 1380 1570 2350 1730 1280
2330 2930 9390 3860 1970 1370 780 660
2900 800 1100 4200 2200 120Q 1700 1200
13220 930 580 1780 860 6510 580 540
18750 23180 2540 610 620 750 640 710
4480 19170 5860 1070 500 810 860 870
3710 4550 8610 4130 1270 480 250 280
11910 7120 68670 6970 4580 2750 1880 a0
9740 12140 5740 2580 1470 220 BO 10
10300 5350 5130 2630 1770 B7Q 300 220
Russian spawning acoustic 1992-98
1998
1 0.17 0.25
10
20010 6700 1350 440 390 170 0 O
4728 12337 5304 2249 1316 521 386 150
-1 -1 -1 -1 -1 -1 -1 -1
126587 10028 ag42 2651 1093 408 131 14
16285 10629 4897 6940 1482 653 B85 0
-1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1 -1 -1
CPUE Spanish Palr Trawlers
1998
1 Q 1
&
7196 16392 9311 7478 8326 1718
13710 27288 14845 4836 1755 1750
14573 23823 14126 6256 1232 217
azai 14131 14745 7113 1278 5085
25328 13163 6664 2938 1629 166
7778 21473 18436 8391 1300 781
15272 18486 17160 a3za 3760 1003
21444 19407 5194 1803 1357 451
15924 15370 4989 2329 1045 440
10007 24235 aB71 4316 1194 462
4036 13991 22493 7979 1354 658
543 60668 15617 7474 2990 1055
2090 14409 €833 4551 1930 §23
3905 14557 14449 3931 36392 1834
8742 15875 11134 3698 1046 450
5884 13236 9803 10844 52295 1153

-tk

Spanish Survey (Bottom trawl)

1085

1008
1

7
1748 4
1572.8
1
4979.6
1923 3
1525
4003 2
209.8
115.7
1415 4
1309
271
s08.8
5681

0.67

508.3
26.7
-1
asa.7
163
74.9
95.2
428.2
107.5
30.9
58,5
257.9
564.5
351.6

0.75

266.4
67.5
-1
244.9
512
46.1
49.6
233.3
150 8
4.8
23,1
599.1
106.3
a52.0

Partuguese Survay (Bottom trawl)

1985

[ Y

T A g Yy

1997
1

S
719

4757
4018
835
1935
1445
108
43
2677
2405
251
2429
4143

075

1467
-1
1180
158
690
519
144
164
134
1585
200
72
3235
1201

0.83

06
-1
386
218
318
270
154
120
431
12
342
95
70
14

104
63.2

37.3
28.6
10.7
24.5

red
19 4

16
17.3
116.1
10.2
86.9

129

110
27
143
262
169
200
127
34
79
15
27
11

11.4
287
-1
7.2
3.8
10.4
17.8
204
5.5
13.5
102
12
3.6
228

10
-1
26

45
271
124
147

&9

59

&7

3.5

-1

z.8
2.4
5.1
6.9
1.6
5.1
4.4
4.4
0.4
5.4

-1
19

M
a7
55
59
23
a
42

28
-1

0.7
01
186
2.3
a2
o9
Q.8
23
0.1
0.4

0.5
0.2

-1
0.3
0.2
0.5
o8
0.9
0.2
0a
¥}
03
0.1
oo
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Table 6.4.4.2 Blue whiting. Summary of the main ICA results,

Run No. Survey Data SSB mill t F(3-7y | E(3-7) | Total variance

1997 1998 1997 1998

1998 WG assessment *2.2 0.41 0.015
1 All fleets and age groups included. 4 yrs of separable constraint 1.5 1.4 0.38 0.95

2 1998 WG but 5 yrs of separability and 1998 data included 1.7 2.2 0.41 0.72 0.015

3 (final) |As run 2, but with splitted tuning series 2.0 26 0.32 0.52 0.014

4 As run 3, but with 1999 survey data 1.9 24 0.36 0.61 0.014
5 As run 3, but with shrinkage 1.9 25 0.35 0.45

6 As run 2, but 1999 survey data included 1.6 2.1 0.42 0.77 0.015

7 As run 3, but without 2 yeur olds in survey 20 2.5 0.33 0.33 0.014

* Would have been lower if the same proportion of M and F before spawning as those used in the 1999 assessment had been used in 1998.



Table 6.4.4.3. BLUE WHITING . Stock summary table.

Recruits Total Spawning

Age O biomass biomass Landings MeanF
Year bilions ‘0RO t. 'O00Ht. ‘000 1. Ages 3-7
1981 5.50 4371 2211 910 0.25
1982 24.33 3621 2435 576 0.19
1983 24.05 3373 1701 570 0.22
1984 13.58 3309 1504 842 0.27
1985 11.99 3347 1764 696 0.34
1986 10.60 3637 2058 827 0.49
1987 8.90 3167 1755 564 0.41
1988 11.46 2894 1491 553 0.50
1989 27.07 2954 1408 &e25 0.53
1990 11.28 3184 1342 562 0.49
1991 7.63 3677 1771 370 0.25
1992 5.95 3712 2317 474 0.18
1993 7.83 3490 2220 481 0.21
1994 10.26 3471 2152 459 0.18
1995 31.24 3780 1831 579 0.27
1996 44.F70 4207 1791 638 0.33
1997 18.84 5302 2001 634 0.32
1998 *1.30 5175 2597 1125 0.52

* Gonsidered to be unreliable
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Table 6.4.4.4, BLUE WHITING Final ica-run WG9

Qutput Generated by ICA Version 1.4

160

4.0 3512.0 437.0 584.0 1174.0
25B8.0 148.0 2283.¢ 2291.0 1305.0
348.0 274.0 567.0 2331.¢ 2044.0
681.0 326.0 270.0 455.0 1933.0
334.0 548.0 286.0 260.0 303.0
548.0 264.0 299.0 285.0 188.0
55%.0 276.C 304.0 445.0 321.0
466.0 266.0 287.0 262.0 257.0
£34.0 272.0 286.0 193.0 174.0
578.0 284.0 225.0 154.0 93.0

1460.0 673.0 334.0 255.0 259.0
x 10 ™~ 6

O U P
| 1991 1992 1993 1994 1995
e e
|  161.1 19.0  197.7 42.0 3306.6
266.7  407.7 263.2 307.0 296.1
1024.5 653.8 305.2 107.9  353.9
514.0 1641.7 6&21.1 368.0  421.6
301.6 569.1 1571.2  389.3  465.4
363.2  217.4 411.4 1221.9  §16.0
258.0 154.0 191.2  281.1  g0O.2
159.2 10%.a 107.90 174.3  253.8
49.4 79.7 £4.8 90.4  159.8
5.1 32.0 3B.1 79.0 59.7
9.8 11.7 17.5 30.6 41.8
x 10 ~ 8

o o
| 1994 1995 1998 1997 1998
o e
| 121.1  546.1 944.9 392.4 43.0
229.0 448.7 1834.5 2295.2 1516.4
164.9  317.4  498.2 1466.0 3262.4
357.3  428.0 851.8  826.0 3726.8
502.0  48l.1  445.5 541.6 1035.7
773.5 875.8  421.0 309.3  561.4
282.4  855.5  48C¢.8 277.7  300.9
164.1 304.4 687.4 303.8 254.9
7.1 178.9  242.8 428.5  268.1
80.2 54.2 91.0 95.3 244.2
e o e
x 10 ~ 6



Weights ak aga in

the catches (Kg)

1981 1982
0.03800 0.01B0O0O O
0.05200 0.04500 0
0.06500 0.07200 0
0.10300 0,11100 Q
0.12500 0.14300 Q
0.14100 0.15600 0
0.15500 0.1770C €
0.17000 0.19500 0O
0.17800 0.20000 0
0.18700 0.20400 0
0.2130C 0.23100 @

1583 1984
02000 0.02600 0
04600 0.03500 0
07400 0.07800 0O
11800 0.08900 0
14000 0.13200 0
15300 0.15300 0
17600 0.16100 O
1950C¢ 0.17500 0
20000 0.18300 0
20400 0.18600 O

0. ]

.01600
.03800
-07400
.6B700
.11400
.15700
17700
.19900
.20800
.21800
.23700

0.
.04000
.07300
.14a800
.13000
.16500
.19900
.20%00
.24300
.24500
.25700

03000

[ I B a B Y o o B o B s |

*

.

1953 1994
02800 0.03300 ©
06600 0.06100 Q
08200 0.08B7C0 ©
10900 0.1408C0 ©
13700 0.13700 ©
16300 0.16400 C
17700 0.185%00 €
20000 0.20700 C
21700 0.21700 ©
22500 0.24700 0Q
28100 0.25400 O

the stock (Kg)

1983 1984
02000 0.02600 0O
04600 0.03500 ©
07400 0.07800 0
11800 0.0BSCO O
14000 0.13200 ©
15300 0.15300 ©
17600 D.16100 O
19500 0.17500 ©
20000 0.18%00 0
20400 0.18600 O
22800 0.20600 Q

1993 1994
02800 0.03300 0
06600 0.06100 O
08200 0.08700 0
10900 9.10800 0
13700 0.13700 C
16300 0.16400 C
17700 0.18%00 ©
20000 0.20700 ©
21700 9.21700 ¢

a. 0
a. 0
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Natural Mortality (per year)}

AGE | 1981 1582 1983 1984 1985 1986 1987 1988 1985 1980
______ o o e e
4] 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 ©.200C0 C.20000 0.20000 0.20000
1 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 ©.20000 0.20000 0.20000 0G.20000
2 0.20000 £0.200C0 0.20000 0.20000 0.20000 0.20000 ©.20000 0.20000 0.20000 0.20000
3 0.20000 0.20000 0.20000 0.20000 0.200G0 C.20000 0.20000 0.20000 0.20000 C0.20000
4 0.20000 0.20000 0.20000 0.20000 0.20000 C.20000 0.20000 0.20000 0.20000 0.20000
5 0.20000 ©.20000 0.20000 0.20000 0.20000 0.2000C 0.20000 0.20000 0.20000 0.20000
3 0.20000 ¢.20000 0,20000 0.20000 0.20000 0.20000 0.2000C 0.20000 0.20000 0.20000
7 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.2000C 0.20000 0.20000 0.20000
8 0.20000 ©€.20000 0.20000 0.20000 0.20000 0.20000 Q.20000 0.20000 C¢.2000C 0.20000
9 0.20000 0.20000 £0.20000 0.20000 C.20000C 0.20000 0.20800 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
—————— e e e e e e e N T T T T e M T e e e e e e e ———— -
Natural Mortality {per year)
______ e e e
AGE | 1991 1992 1993 1994 1995 1554 1997 1998
—————— e e e e e e e e e e e e e e e e e e e e e e e e e e e — = ——
o] 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000 0.20000
1 0.20000 Q,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
3 0.20000 Q,20000 0,20000 0.20000 0.20000 £.20000 0.20000 0.200Q0
4 0.20000 0.20000 0.20000 0.20000 0.2000Q 0.20000 C.2000C 0.20000
5 0.20000 Q,20000 0,20000 0.20000 0.20000 C0.20000 0.20000 0.20000
& 0.20000 0.20000 9.20000 0.20000 0.20000 0.20000 0.20000 0.20000
7 0.20000 0,20000 0,20000 04.20000 0.20000 0.20000 0.20000 0.20000
8 0.20000 0.20000 Q.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
10 0.20000 0.20000 0,20000 £0.20000 0.20000 0.20000 0.20000 0.20000
B e S i e T e el e
Proportion of fish spawning
—————— e e e e T e e e e e e e e e e
AGE | 1981 1982 1383 1984 1985 1986 1387 1988 19489 1990
—————— e e e e e e e e e e
0 | ©0.0000 0.0000 0.0000 0.000C 0.0000 0.0000 0.0000 0.00u 0.0000 0.0000
1 | ©o.1100 ©.1100 0.110C 0.11060 ©.1100 0.1100 0.1100 0.1100 0.1100 0.1100
2 | 0.4000 ©.4000 0©.4000 0.4000 0©.4000 0.4000 0.4000 0.4000 0.4000 0.4000
3 | ©.8200 0.8200 ¢.8200 0.8200 0©.8200 0.8200 0.8200 0.8200 0.8200 0.8200
4 | 0.8600 0.8600 0,8600 0.8500 0.8600 0.8600 0.8600 0.8600 0.8600 0.B&00
5 | 0.9100 0.9200 0.9100 0.9100 0.9100 0.9100 @.9100 0.9100 0.9100 0.9100
6 | 0.9400 §.940C 0.9400 0.94040 0.9400 0.9400 0.9400 0.%400 0.9400 0.9400
7 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.00Q0
8 | 1.c000 1.0000 1.0000 1.0000 1.0C000 1.0000 1.0000 1.0000 1.000C 1.00CD
9 | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000C 1.0000
10 | 1.c000 21.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
—————— e e e T e e e e e e e e e e e e e i — — — — ——  ———— — — ———
Proportion of fish spawning
______ U P U
AGE \ 1991 1992 1593 1994 1985 1594 15897 1998
—————— e e e e e e e e e e e e e e e e
0 | ©.0000 0.0000 0.0000 Q.0000 0.0000 0.0000 0.0000 0.0000
1 { ©.1100 ©0.1100 0.1100 §.1100 ©§.1100 0.1100 0.1100 ©0.1100
2 | ©.4000 0.4000 0.4000 0.4000 0.4C00 0.4000 0.4000 0.4000
3 | 0.8200 0.8200 0.8200 (.8200 0.8200 0.8200 0.8200 0.8200
4 | ©.8600 0.8600 0.8500 0©.8600 0.8600 0.8800 0.8600 0.8600
5 | ©.%100 0.9100 0.9100 0.9100 0©.2100 0.9100 0.9100 0.9100
6 | 0.92400 0.9400 0.940C 0.5400 0.9400 0.9400 0.9400 0.92400
7 | 1.0000 1.0000 1.00C0 1.0000 1.0000 1.0000 1.000C 1.00G0
8 | 1.o0000 1.0000 11,0000 1.0000 1.0000 1.0000 1.0000 1.0000
£l | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.C000 1.000C0
10 ! 1.0000 1.0000 1.,0000 1.0000 1.0000 1.0000 1.0000 1.0000
______ e e e e e
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AGE-STRUCTURED INDICES

______ o e
AGE | 1981 1982 1983 1984 1985 1986 1587 1988 198% 1990
______ o
2 | 2372. 999990. 297. 15767. 999990. 1003. 4960. 9712. 6787. 14169,
3 | 7583. 999990. 2108. 1721. 998990. 5829. 8417. 9090. 222Z70. 12670,
4 I 3253. 999990, 2723. 1616, 995990. 4122, 22589, 12367. 9973. 11228.
5 | 31647. 999990. 6511. 1719. 999%90. 624 . 4735. 203%2. 10504. 5587.
[ | 4611. 999990, 3735. 1858. 999990, 228, 282. 7355. 7803. 6556.
7 | 4638. 999990. 3650. 1128. 9999290. 203. 417. 723. 933. 3273.
g i 3654. 999990, 3153. 567. 999990, 250. 385. 599, 293. 516.
9 | 2591. 999990. 2279. 440. 999990. 137. 159. 326. 177. 183.
10 | 1785. 993990. 1182. 348, 999990. 170. 27. 398, 46. 108.
______ o e e e e e e e et m e
Neorway Spawning Area/Acoustic 1991-98
______ e Cmm
AGE | 1881 1992 1993 1994 1995 1996 1997 1998
______ o e e o e e e 2t o b o e o e
2 11147. 1232. 4489 1603. 8538. 8781. 9999%0. 1B218.
3 6340. 26123, 3321. 2950. 9874 . 7433. 999950, 34991.
4 8497. 4719. 26771. 4476, 7906. 8371. 99398590. 4697,
5 7407. 1574. 2643. 11354. 6861. 2399. 95%399%0. 1674,
6 4558. 1385. 1270. 1742. 9467. 4455 . 999990. 279.
7 2019. 810. 557. 1687. 1795. 4111. 9929990. 407.
8 545. 616. 426. 908. 1083. 1202. 999990. 181.
9 96. 257. 108. 770. 482. 459. 929950. 351.
10 16. 14. 22. 207, 149. 162, 999930. 86.
,,,,,, e e e e e e e
Russian Spawning Area/Acoustic 1982-91
______ g
AGE | 1982 1983 1284 1985 1386 1987 1988 1989 1990 1991
______ e e e
3 | 544, 2330. 2900, 13220, 18750. 4480. 3710,  11910. 9740. 10300.
4 | 2750. 2930. 800. 930. 23180. 18170. 4550, 7120. 12140, 5350.
5 | 13440. 939Q. 1100. 584. 2540. 5860. 8610. 6670. 5740, 5130.
6 i 1380, 38840, 4200. 1780. 610. 1070. 4130. 6970. 2580, 2630.
7 | 1570. 1%70. 2200. BED. 620. 500. 1270. 4580. 1470. 1770.
8 | 2350. 1370. 1200. 610. 750. q10. 480, 2750. 2240, 870.
9 | 1730. 780. 1700. 580. 640. g60. 250. 1880. 30. 300.
10 | 1290. 560, 1200. 540. T10. 670. 260. R10. 10. 220.
______ O
Russian Spawning Area/Acoustic 1932-598
uuuuuu U
AGE | 1982 1993 1994 1995 1996 1997 1998
______ e e e e e e e e e e
3 | 20010, 4728, 9399950, 12857. 15285. 999990. 998990,
4 | 6700. 12337. 9399%0. 10028. 10629. 9959%C. 999990.
5 | 1350. 5304. 999990. 8942, 4897. 993950. 999990,
[ | 440, 2249. 999990. 2651. £940. 9959%0. 99%990,
7 | 390. 1316. 9999%0. 1093. 1482. 99999%0. 9599350
8 | 170. 621. 999990. 408. 653. 999990, 999990,
9 | 999990. 386. 9999%0. 131. 85. 99999C. 99%390.
10 | 9%3990. 150. 9999%0. 14. 999990. 9999%0. 999990,
______ o e e e
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CPUE Spanish Pair Trawlers

______ o e e e e e
AGE | 1983 1984 1985 1986 1987 1988 1988 1390 1991 1992
______ o o e e e e e
1 | 7196 13710 14573 3721 25328 7778 15272 21444 15924 10007
2 | 18392 27286 23823 14131 13153, 21473 18446 19407 15370 24235
3 | 9311 14845 14126 14745 6664, 18436 17160 5194 4989 9671
4 | 7476 4836 6256 7113 2938 6391 8374 1803 2329 43186
5 | 65326 1755 1232 1278 1029. 1300 3760 1357 1045 1154
6 | 1718 1750 217 505 166. 781 1003 451 440 462
______ S U VU
CPUE Spanish Pair Trawlers
______ o
AGE | 1983 1994 1985 1396 1987 1598
______ o o e e e
1 | 4036 543 9090 3905 8742 5884
2 | 13991 6066 14409. 14557 15875 13236
3 | 22493 15817 6833, 14449 11134 9803
4 ! 7979 7474 4551, 3831 31698 10844
5 | 1354 2990 1990. 3639 1046 5229
6 I 658 1055 623 1834 4590 1153
—————— g
Norwegian Sea acoustic - Blue Wh. 1981-9
______ O U
AGE | 1981 1982 1983 1984 1985 1286 1987 1988 1989 1920
______ O
1 182. 184. 223%6. 30380. 5569. 2324, 8204. 4992, 1172, 995930,
2 728, 460. 396. 13916. 23874, 2380. 4032. 2880. 1125. 999990.
3 4542, 1242, 468, 833. 1z502. 7224. 5180. 2649, B12. 999990,
4 ig874. 4715. 756. 392, 658. 6944 . 5672, 3480. 379. 999990.
5 2678, 3611. 1404. 53%. 423. 1B76. 1204. g1z, 410. 999530,
6 2834. 3128. 576. 53%. 188. 952. 2z24. 120. 212. 9999%90.
7 2964. 2323, 468. 343. 235. 336. 168. 96. 22. 999590.
8 2756. 1679. 432, 49, 141. 308. 56. 4. 32, 599990.
9 2054, B74. 324. 49. 376. 140. 84. 48, 9939990. 999950.
10 1300. 414. 216. 49, 141. 196. 28. 999990. 8. 999950.
______ o o o o e
Norwegian Sea acoustic - Blue Wh. 1991-9
______ O P UU
AGE | 1591 1992 1993 1594 1985 1996 1997 1998
______ g O P
1 | 959950. 752, 830. 599950. 6974, 23464, 30227, 24244,
2 [ 995990. 1134, 125, 999930, 2811, 1057. 2Z5638. 47815.
k| | 993950, 693%9. 1070. 959990. 19299, B99. 1524, 16282,
4 | 999990, TEE . 6392, 959980, 1209. 645. 779, 556.
5 ] 995990. 247, 1222. 99%990. 1622. 436, 300. 21z,
& | 9992990, 172. 489. 9929990, 775, 505. 407, 100.
7 | 999590. 90. 248. 999990. 173, 755. 260. 64 .
8 | 999590, 11. 58. 9999990, 51. 69. 137. 10.
9 | 999590. 1B. B8. 99%%30. 1. 41. 123. 255,
10 | 999990. 1. T1l. 999980. 15. 50. 105. 27.
______ U U g
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Fishing Mortality (per year)

—————— +
AGE | 1981 1982
—————— +
0 | ©0.0037 0.1729
1 | 0.0843 0.0373
2 0.1006 0.1210
3 0.1652 0.1290
4 0.1191 0Q.1%42
5 0.2955 0.1302
3 0.3367 0.,2379
7 0.3292 0.2652
8 0.3924 0.3257
9 0.3819 0.3055
10 0.3819 0.3055
Fishing
—————— +
AGE | 1991 1992
—————— +
0 | ©0.0236 0.0035
1 | 0.0326 0.0765
2 | 0.0789% 0.1045
3 | 0.1204 0.1698
4 | 0.1462 0.1897
5 | 0.3480 0.1492
6 | 0.2566 0.2433
7 [ 0.4027 0.1648
8 [ 0.3044 0.3614
9 | 0.3183 0.3300
10 | ©0.3183 €.3300
—————— +
Population
—————— +
AGE | 1981 1982
—————— +
0 | 5497 24333
1 | 3517 4457
2 | 4005 2647
3 [ 4920 2965
4 | 3278 3415
5 i 2352 21331
5 | 2146 1433
7 [ 1823 1255
8 | 2141 1074
9 | 1995 1184
10 | 5043 2806
—————— +
x 10 "~ &
AGE | 1991 1992
4] 7628 5947
1 9157 6100
2 15254 7256
3 4991 11565
4 I 2441 3623
5 | 1356 1726
& 1253 784
7 526 794
8 207. 288
9 20. 125
10 i9. 46
x 10 ~ &

10264,
6229,
3735.
3512.
3822.
5128.
163¢9.

825.
316.
393.
150.

3lz242.
8294.
4893.
2909.
2553.
2677.
3502.
1087.
528.
189.
146.

44699
25085,
65386.
3720,
1904.
1658.
1673,
2098.
617.
272.
245.

18844 .
35743
19064.
4779.
2459.
1234.

979.

939.
1101.

283.

114613,
6983.
6289,
4871.
3768.
3229.
1018,

245,
124.
9.
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Weighting factors for the catches in number

AGE | 1994 1595 1996 1597 1998
ﬁﬁﬁﬁﬁﬁ S
0 ¢.1000 0.100Q0 0.1000 0.1000 0.1000
1 0.5000 0.5000 0.5000 0.5000 0.5000
2 1.0000 1.0000 1.0000 1.c0000 1.0000
3 1.0000 1.0000 1.0000 1.0000 1.0000
4 1.0000 1.0000 1.0000 1.0000 1.00C0
5 1.0000 1.0000 1.0000 1.c000 1.0000
6 1.0000 1.00C0 1.0000 1.0000 1.0000
7 1.0000 1.0000 1.0000 1.0000 1.0000
8 1.00600 1.0000 1.0000 1.C000 1.0000
9 1.00600 1.0000 1.0000 1.c000 1.0000

Predicted Age-Structured Index Values

AGE | 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
______ o o e e e e
2 2581. 999990. 2221. 7289. 5999490, 4805. 4244, 4024 . 3395, 4410,
3 7818. 9992990. 3049. 3706. 999990. 14689. 8594. 7765. 6812. 5841.
4 6736. 999990, 4380, 2662, 999390. 28178. 1161h6. 7582, 6810. 4805,
5 5259. 999990, 5303. 3371. 999%90. 2064. 4369. £798. 5332. 4676.
6 4536. 999990. 3710, 3399, 999990. 1086. 938. 1842. 2871. 2501,
7 3949. 99%990. 1968. 2461, 9999940, 102%. 550. 517. 563. 1128.
8 469%. 999990. 1688. 1061. 999930, 1119. 456. 259, 266. 190.
9 3368. 9995990, 1047. 631. 9959990. 651. 4108. 126. BE. g92.
10 2474. 999990, 452, 304, 9999%90. 433, 225. 56. 38. 94 .
______ e e e e e e et e o et e e e
Norway Spawning Area/Acoustic 1991-98 Pradicted
,,,,,, e e e e
AGE | 1991 1992 1593 1594 1995 1396 1997 1998
ﬁﬁﬁﬁﬁﬁ o e e e e e
2 I 10707. 5064, 3248, 2636, 3437. 4470, 993990, 18829,
3 [ 7985, 18335. 8543. 5628. 4605, 5843. 995990. 21B&6.
4 l 5724, 8425, 18371. 2950. 5885. 4553. 999990, 6987.
S [ 2326, 3089, 4340, 9112. 4669, 2857. 999990, 2528,
[3] [ 1936. 1215. 1909. 2558. 5350. 2521. 993990. 1054 .
7 | q0°7. 1280, 754, 1307. 1681. 3191. 99%99Q. 796.
g | 357. 492, 9868. 545. 882. 1010. 999990. 759.
9 | 5. 211, 280, 675. 317. 447, 99959940, B08.
10 ! 23. 27. 45, 89. 85. 141. 999590. 98.
______ e e
Russian Spawning aArea/Acoustic 1982-91 Predicted
______ o e e e e e e e e e e e e e
AGE { 1982 1983 1984 1985 1986 1987 1288 1989 1990 1991
______ o o e e e
3 | 3745 2405 2923 9014 11587 6779. 6125 5373 4608 6315
4 | 5864 3691 2259 2598 6339 9855 6433 5778 4076 4234
5 I 4762 4582 2913 1654 1784, 775 5974 4607 4040 2590
6 [ 3281 3935 3606 2108 1152. 995 1954 3045 2653 2857
7 i 3231 2309 2887 2329 1207. 645 607 661 1323 1317
8 | 3183 2249 1414 2039 1491 608 346 55 2ba 516
9 ! 4273 2203 1328 808 1371 859 266 180 194 73
10 | 3304 1067 718 T35 1023 530 132 29 222 415
______ oot e e e
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Russian Spawning Area/dcoustic 1992-98 Predictad

______ o
AQE | 1992 1993 1994 1995 1996 1997 1958
—————— e — e
3 | 26446, 12322, 999990, 6642, 8428. 999990, 899990.
4 | 10162. 22159. 999990. 7099, 5422 . 999990. 999990.
5 | 3550 4988. 999990, 5367. 3284. 999990, 999990.
6 | 1060. 1665. 999990. 45667, 2200. 959990. 3%99%0.
7 | 798. 496. 999990. 10489, 1991. 999930. 999950.
8 | 248. 497. 999990, 445. 509. 999990. 959990.
9 | 999990 . 133. 999990, 151. 213. 999930, 59993%0.
10 | 9959590. 33. 999990. €3. 9939990. 999990. 599990,
______ o e e e
CPUE Spanish Pair Trawlers Predicted
______ U
AGE I 1983 1984 1885 1986 1987 19838 1989 1990 1991 1982
______ VPR
1 | 11323. 13182. 7218. 6151. 5958. 4942, 648%. 14289. 5602, 4302
] | 6989, 22583. 27520. 15418. 13718. 12884. 10788. 14183. 32171. 150854.
3 | 44867 . 5322, 159%50. 21041. 12618. 11437. 9343, B426. 11891, 26881.
4 ] 3861, 2307. 2651. 6460. 9551. 6609 . 5818. 3973. 4446. 6458 .
5 | 2522. 1565, 880. 868. 1882. 2B56. 2318, 2121, 13448, 1885.
6 ] 1106. 72, 552. 299. 265. 428. T36. 651. 793. 500.
gggggg e e e e e e e
CPUE Spanish Pair Trawlers Predicted
______ o e e e et
AGE | 1993 19594 1995 19%¢ 1997 1998
______ P
i3 [ 3447. 4471 . 5894. 17711. 253249, 10416.
2 | 9763 . 7983 10334 13380 39972, 55524.
3 | 12646. B374. 5738, 9458, 10882. 30539,
2 | 13865. 6928. 4456 . 3399. 4196. 4977 .
s | 2621. 5540. 2767. 1665.  1342.  1395.
& | 798. 1062. 2157. 997. 585. 391.
______ Al
Neorwegian Sea acoustic - Blue Wh. 1981- Predicted
______ S P
AGE | 19581 1982 19893 1584 1885 1988 1987 1983 1989 1990
______ b e e
1 | 1204.3 1575.5 5443.9 6362.5 3480.7 2997.5 2888.9 2415.1 3149.7 *rxerrr
2| 1544.3 1006.7 1271.9 4072.2 5022.9 2839.3 25378 2369.7 1975.4 mekxwss
3| 2763.0 1707.4 1076.9 1267.6 3734.9 5004.8 3046.3 2766.5 2164.8 rrrrrrw
4 | 2201.% 2181.9 1395.4 B21.9  943.8 2175.9 3296.3 2362.5 2054.8 wrrrrrw
5 | 1469.1 1662.7 1583.0 968.2  S40.2 505.9 1112.8 1662.6 1377.5 wriwra-
& | 1080.2 778.5 942.7 808.4 451.9 243.2  218.4  314.3  572.5 *rweisrw
7 | 959.3  689.4 459.3  607.5  474.5  222.7 118.7  117.7  112.0 wrxwexw
B | 88l.z 462.2 300.3 185.1 296.1 19§.7 §8.4 43.6 46.0 *Hwwahx
| 1137.3 710.3  335.9 195.5 119.3 1%6.0 125.1 IB.4 AEEERRR wrEmaaw
10 | 791.4  463.7 137.4 83.2 91.5  123.5 §5.3 wEwwwaw 10,5 *wwxwik
______ o o e
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______ e e e e e e
AGE ! 1991 1992 1993 1994 1995 1996 1297 1998
______ S U U
1 995990. 3270. 2627. 9999290. 4492, 13487. 19204. 7861.
2 998990, 2260. 1469, 999990, 1556. 2009. 6002. B260Q.
3 9959990, 5215. 2468. 9599%390. 1306. 1628. 2096. 5754.
4 999900, 1292. 2748. 959590, 885. 669 . g27. 953,
5 999990. 514. 704. 999990, 735. 438. 327. 355.
[ 999990, 221. 357. 999990, 945, 432, 254, 163.
7 999990, 201. 119. 999990, 240. 439, 197. 97.
8 999990, 22. S0. 999990, 38. 42, 75. 27.
9 999990, 21. 28. 999%90. 30. 41. a4 . 66.
10 999990, B. 13. 999990. 23. 37. 78. 23.
______ o o e e e e
Fitted Selection Pattern
______ P U O
AGE i 1981 1982 1983 1984 1985 1986 1987 1588 19839 19%0
______ S VO
0 | 0.0328 1.3281 0.1313 0.2056 0.4121 0.0152 ©.0873 0.0076 ©.1783 0.0257
1 | 0.2852 0.2865 1.0531 0.5932 0.5263 0.1478 0.22%6 0.1194 0.2320 0.2870
2 | ©0.3405 0.9296 1.2660 1.0499 0.6461 0.2211 0.2057 0.2320 0.345%9 0.3771
3 | 0.5592 0.9911 1.0300 1.0045 1.209% 0.4253 0.3247 0.2568 0.8525 0.5984
4 | 0.4031 1.4914 1.0348 1.0253 0.8870 0.9739 0.8565 ©§.382Z1 0.6289 1.2757
5 1 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 11,0000 1.0000 1.0000
) | 1.1395 1.8267 1.4088 1.5230 1.6412 0.8454 0.8206 1.8473 1.5934 2.1538
7 | 1.1143 2.0367 2.6943 1.2473 1.3160 1.0013 1.1401 0.8059 1.63%85 2.611%
8 | 1.3281 2.5018 3.2819% 2.3228 1.1752 0.9213 1.7644 11,0789 1.2279 4.6580
9 | 1.2925 2.3468 3.1834 2.4019 2.0304 1.0910 1.1931 1.0531 1.5053 2.2163
10 ! 1.2925 2,3468 3.1834 2.4019 22,0304 1.0910 1.1931 11,0531 1.5053 2.2163
______ P o o o e e
Fitted Selection Pattern
______ o e e e e o o e e e
AGE | 1991 1992 1893 1994 19585 1996 1997 1998
______ o e e e e
0 | 0.0677 (0.0237 0.1386 0.0722 0.0722 0.0722 0.0722 0.0722
1 | ©0.0938 0.5129 0.3026 0.2280 (0.2280 0.2280 0.2280 (.2280
2 | ©.2209 0.7006 0,3704 0.2751 0.2751 0.2751 0.2751 0.2751
3 | 0.3458 1.1384 0.6708 0.6549 0.6549 0.56549 (.6549 0.56549
4 I 0.4201 1.2715 1.19%943 0.8606 0.8606 (¢.B606 0.8606 0.B&0O6
5 % 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 21.0000 1.0000
6 ‘ 0.7373 1.6312 (0.9307 1.157% 1.157% 1.1579 1.1%75% 1 1579
7 ‘ 1.1571 1.1048 1.3060 1.3502 1.3602 1.3502 1.3602 1.3602
8 ‘ 0D.8746 22,4228 0.8801 1.7211 1.7211 1.7211 1.7211 1.,7211
9 ‘ 0.9146 2.2121 1.4428 1.4000 1.4000 1.4000 1.4000 2.4000
10 { 0.914s 2.2121 1.442B 1.4000 1.4000 1.400C 1.4000 1.4000
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3 Year

1981
1982
1983
1984
1985
1986
1987
1988
1989
1930
1991
1892
1953
1994
1995
1996
1997
1998

!  Recruits

1

Age

0

STOCK SUMMARY

3
3

1  thousandsg ?

5497210
24332830
24047000
13584230
11892020
10601950

8904470
11463160
27071940
11275910

7627760

5946670

7826350
10263990
31241740
44699160
18843660

1298810

Total
Biomass
fonnes

4371010
3620828
33729399
3309121
334663598
3637055
3166658
2893581
2954111
31943265
3677168
3711594
3490341
3471413
3780125
4207298
5301504
5174843

* Spawning? Landings * Yield ? Mean F 2 SqoP 2

3
a

Biomass
tonnes

3211396
2435411
1700869
15039990
1763954
2058404
1754732
14591376
1407916
1341822
1771474
2316548
2220451
2152484
1830773
1791173
2000522
2597355

3
k)

tonnes

909556
576419
570072
641776
695596
826986
664432
553413
625433
561610
369525
474245
480672
459414
578693
637825
634206
1125149

' /85B
3 ratio

L2832
L2367
L3352
L4267
.3943
.4018
.3787
L3711
L4442
L4185
L2086
.2047
L2185
.2134
L2997
L3561
L3170
.4332

fooe B o B e Y o Y Y o Y Y e Y o o Y o S o Y o S . Y Y v Y ]

»  Ages
3 3-7

L2491
L1913
.2229
L2739
.3352
-49301
.4084
.4993
.5298
.4907
L2548
.1834
L2079
.1827
L2714
.3289
L3240
.5183

DO OC OO0 0C OO0 00

No of years for separable analysis : §
Age range in the analysis : 0
Year range in the analysis

Number of indices of SSB : @
Number of age-structured indices : 7

Parameters to estimate
Mumber of observations

Conventional single selection

87
538

19

81

1958

vector model to be fitted.

PARAMETER ESTIMATES

1Parm.?

¥ No. ?
1 1

Separable model

1

o Word

1994
1995
1996
1997
1998

Separable Model:

6
7
8
9
10

11
12
13

0

(=R BN S

? Maximum ? 3 1 3

? Likelh. ? CV ? Lower ? Upper 3

* Estimate? (%)} 95% CL 7 95% cL ?

F by year

0.1814 17 0.1298 0.2537
0.2696 16 G.1960 0.3709
0.3267 16 0.2364 0.4515
0.3218 17 G. 2281 0.4541
0.5149 21 G.338B5 0.7832
Selection {5) by age
0.0722 50 0.0269 0.1%485
0.2280 25 0.13B0 0.3769
0.2751 20 0.1842 0.4109
0.6549 19 0.4478 0.9577
0.8606 18 0.5964 1.2420
1.0000 Fixed : Reference Age
1.1579 17 0.8184 1.6382
1.3602 17 G.9742 1.8992
1.7211 16 1.2473 2.3749
1.4000 Fixed : Last true age

Separable model: Populations in year 1998
1298816 108
15073520
27193386
14285588
31569001
1526165
732095
552123
496010
518281

14
15
16
17
18
19
20
21
22
23

WO, e WO

37
25
20
18
17
16
17
19
22

7
16
9
2
1

159789
185732
484460
522444
210398
092009
529292
391435
341186
334256

10
31
44
21
4
2
1

557181
619743
859234
431265
543329
132929
012603
778775
721091
803621

0.1529
0.2291
0.2770
0.2700
0.4157

0.0436
0.1765
0.2242
0.5395
0.7137

0.5701
1.1472
1.4604

445925
10329035
21064481
11615176

26265938
1286561

620431

463258

409810

414361

+5.8.

L2153
L3172
.3BE3
.3B36
L6377

[ e B o I o R o]

.1196
L2547
.3376
.75851
.0377

R OoOoOoooO

=

.382z2
6127
.0284

[

3782975
21997311
35105553
17569945

3508419

1810391

863855
658034
600342
648264

3
3

3
(%) 12

98

¥ Mean of *?

Param.

Distrib.?

.1841
L2732
23312
.3268
.5268

Lo Bl B av B we B w )

0.0820
0.2357
C.2809
0.6673
0.8758

1.1762
1.3800
1.7445

2299968
16189684
28094805
14594766

3222982

1548585

742189
560690
505131
531422
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Separable model: Populations at age

24 1994 392711 31 212143 726971 286828 537680 4125890
25 1995 185105 23 118373 299571 149543 239133 194386
26 1996 271557 21 179750 410255 2209007 335186 277642
27 1597 287846 21 190109 435831 232939 355695 2941366

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

Linear model fitted. Slopes at age :

28 2 ¢ .6865E-03 31 _5091E-03 .1726E-02 .6865E-03 .1280E-02 .9839E-03
29 3 Qg .1718E-02 31 .1272E-02 .4313E-02 .1716E-02 .3198E-02 .2459E-02
k1Y 4 ©Q .2199%E-02 31 .1630E-02 .5527E-02 .2193E-02 .4099E-02 .3151E-02
31 5 © .2481E-02 31 .1840E-02 .6237E-02 .2481E-02 .4G25E-02 .3556E-02
32 6 Q .2366E-02 31 .1755E-02 .5%48E-02 .236G6E-02 .4411B-02 .3391E-02
33 7 0 .2421BE-02 31 .1795E-02 .60B6E-02 .2421E-C2 .4513E-02 .3470E-Q2
34 8 O .2485E-02 31 .1843E-02 .6247E-02 .2485E-02 .4633E-02 .3561E-02
35 9 © L.1906E-0Z 31 .1414E-02 .4792E-02 .1906E-02 .3554E-02 .2732E-02
36 10 © .5544E-03 31 .4111E-03 .1394E-02 .5544E-03 .1034E-02 .73946E-03

Norway Spawning Area/icoustic 1951-98

Linear model fitted. Slopes at age :

37 2 Q L.743%E-03 33 .5372E-03 .2030E-02 .7439E-03 .1466E-02 ,1106E-02
38 3 Q .1713E-02 33 .1239E-02 .4652E-02 .1713E-02 .3365E-02 ,2542E-02
39 4 @ .2524E-02 33 ,[1826E-02 .6840E-02 .2524E-02 .4950E-02 .3741E-02
40 S Q .1925E-02 33 .1393E-02 .5215E-02 .,1925E-02 .3775E-02 .Z853E-02
41 & Q .1701E-02 33 ,1231E-02 .4614E-02 .1701E-02 _3338E-02 .2522E-02
42 7 Q .1741E-02 33 .125BE-02 .4739E-02 .1741E-02 .3425E-02 .2586E-02
43 B Q .1922E-02 34 _1385E-02 .5278E-02 .1922E-02 .3803E-02 .2866E-02
44 ¢ Q .1891E-02 34 .1354E-02 .5296E-02 .18B%1E-02 .3792E-02 .2B45E-02
45 10 Q .6564E-03 34 .4731E-03 .1802E-02 .6564E-03 .1299E-02 .9787E-03

Russian Spawning Area/Acoustic 1982-91

Linear model fitted. Slopes at age :
46 1 0 L.1353E-02 26 ,1052E-02 .2944E-02 ,[1353E-0Z .2288E-02 .L_21E-02

47 4 Q .1865E-02 26 .1450E-02 .405BE-02 .18%85E-02 ,3154E-(02 .2511E-02
48 S Q0 .2144E-02 26 .1666E-02 .4664E-02 .2144E-02 .3625E-02 .2885E-02
49 6 Q .2510E-02 26 .1951E-02 .5461E-02 .2510E-02 .4244E-02 .3378E-02
50 7 Q .2840E-02 26 ,2207E-02 .6179E-02Z .2840E-02 .4802E-02 .3823E-02
51 8 1 .3310E-02 2& .2573E-02 .7202E-02 .331L0E-02 .55%7E-02 .4456E-02
52 % Q .4012E-0Z 26 .3118E-02 .8729E-02 .4012E-02 .6784E-02 .5400E-02
53 10 ©Q .1309E-02Z 26 .1017E-02 .2848E-02 .1308E-02 .2214E-Q2 ,1762E-02

Russian Spawning Area/Acoustic 199Z-98

Linear model fitted. Slopes at age

54 3 0 (2471E-02 41 .1654E-02 .8526E-02 .2471E-02 .5706E-02 .4099E-02
55 4 Q .3044E-02 41 .2038E-02 ,1049E-01 .3044E-02 .7025E-02 .5047E-02
56 5 O L(2213E-02 41 .1481E-0Z .7630E-02 .2213E-02 .5107E-02 .3%6%E-02
57 & © .14B4E-02 41 .9932E-03 .5120E-02 .1484E-02 .3427E-02 _2461E-02
58 7 Q .10B8E-02 41 .7265E-03 _.3755E-02 .1086E-02 .2512E-02 .1803E-02
59 8 Q .%691E-03 42 .5469%E-03 .3370E-02 .96%1E-03 .2249E-02 .1613E-02
60 9 0O .9003E-03 49 .5591E-03 .3911E-02 .S003E-03 .24EZ9E-02 ,1672E-02
61 10 ¢ .48B4E-03 5% .2767E-03 .2816E-0Z .4884E-03 .1593E-02 .l1052E-02

CPUE Spanisnh Pair Trawlers

Linear model fitted. Slopes akt age :

62 1 Q .BO9%E-03 18 .6776E-03 .1404E-02 .809S8E-03 .1174E-02 .992:2E-03
63 2 Q@ .2422E-02 18 .2031E-02 ,4170E-02 .2422E-02 .3496E-02 .2960E-02
64 3 Q0 .2796E-02Z 18 .2347E-02 .4B02E-02 .2795E-02 .4030E-02 .3413E-02
65 4 Q .2166E-02 18 .1B18E-02 .3716E-02 .2166E-02 .3119E-02 .2643E-02
65 5 @ .1307E-02 18 ,1098E-02 .2242E-02 .1307E-02 .18B2E-02 .1593E-02
67 65 Q .7959E-03 18 .6679E-03 .1366E-02 .79%959E-03 .1147E-02 ,9713E-03
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Linear model fitted. Slopes at age :
.3082E-03
.3510E-03
.5342E-03
.6194E-03
.64B4E~03
.5424E-03
.5589E-03
.4560E-03
.6157E-03
.1696E-03

68
69
70
71
72
73
74
75
76
T7

Linear model fitted. Slopes at age
.6461E-03
.3B25E-03
.578HE-03
.4640E-03
.3769E-03
.3812E-03
.3234E-03
.1137E-03
.2355E-03
.2361E-03
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4149E-03

.4724E-03
.7191E-03
.B337E-03
.BT27E-03
.7300E-03
.7522E-03
.6138E-03
.B438E-03
.2324E-03

30
30
30
30
30
30
30
30
32
12

39
39
38
38
38
38
35
39
40
39

.4414E-03
.2630E-03
.298BE-03
.3200E-03
.2600E-03
.2627E-03
.2224E-03
.T767TE-04
.1599E-03
.1615E-03

RESIDUALS ABOUT THE MODEL FIT

Norwegian Sea acoustic - Blue Wh. 1%81-

.1037E-02
.1181E-02
.1797E-02
.2084E-02
.2181E-02
.1825E-02
.1880E-D2
.1534E-02
.222%E-02
L6142E-03

4149E-03

.4724E-03
.7191E-03
.B337E-03
.B727E-03
.7300E-03
.7522E-03
.6138E-03
.8438E~03
-2324E-03

.7704E-03

.B772E-03
.1335E-02
.154BE-02
.1621E-02
.1356E-02
.1397E-02
.1140E-02
.16278-02
.44B2E-03

-5931E-03
.6753E-03
.102BE-02
.1192E-02
.1248E-02
.1044E-02
.1075E-02
.8775E-03
-1236E-02
.3406E-03

Norwegian Sea acoustic - Blue Wh. 1991-

.2092E-02
.1214E-02
.1825E-02
.1460E-02
.1184E-02
.1201E-02
.1026E-02
.3676E-03
.1765E-03
.76L5E-03

1
o000 00

o

[%)]

e

1
(=]
o
—
w

-0.138%

*kkkwEX

Eh ok kkh

ko koA k

*ThErREEE

e ke ko

L A K R

* ek ke ok ok e

, ko koW

* ok ek
TER I AT
drd e dr koW
Aok Wk ke ok
Ik ok ek ok ok
Tk kdohkd K
&k k kR TR
*okoh ok ok ok k

Tk kkiTE

.6461E-03
-3825E-03
.5788E-03
L4640E-03
.3769E-03
.3B812E-03
.3234E-03
.1137E-03
.2355E-03
.2361E-03

-1.194%
-1.561
-1.623
-1.499
-1.559
-0.935

.1429E-02
.8348E-03
.1258E~02
.1007E-02
.8170E~-03
.8276E-03
.7056E-03
.2512E-03
.5273E-03
.5209E-03

.104CE-02
.6058E-03
.9138E-03
.7366E-03
.5980E-03
.6055E-03
.5154E-03
.1BZ8E~03
.3B22E-03
.3793E-03
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Norway Spawning Area/Accustic 19591-98
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Russian Spawning Area/Acoustic 1982-91

1992 1993 1594 1995 1986
-0.279 -0.958 ***EwExw 0.645 0.5%85
-0.417 -0.5988 *xawxawx 0.345 0.860
-0.987 0.06L *¥xxwx*x 0.511 0.400
-0,87% LA0QL AwxkwA () 566 1.149
-0.717 LGT7 R eER ke G.041 -0.295
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B9 kxErwkk® ] H(5 FrEEkxH

0
0
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Norwsgian Sea acoustic -~

Blue Wh. 1981-

Blue Wh. 1991-

Ak
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* Kk k
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* ke ok k
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L
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* k&

* %k

%k

ok k

* ok

* &k

* ok

LR

-3.406

Age | 1981 1982 1983
1 -1.8%0 -2.147 1.413
2 -0.752 -0.783 -1.167
3 0.496 -0.318 -0.833
4 0.5865 0.771 -0.613
5 0.600 0.776 -0.119
6 0.955 1.391 -0.493
7 1.128 1.215 0.019
] 1.140 1.280 0.364
9 0.591 0.207 -0.036

10 0.496 -0.113 0.453
Norwegian Sea acoustic -

Age | 1991 1992 1993
1 Fkkxckwx -1 418 -1.152
2 FRkxkEx 0,630 -2_464
3 Rk ek ko 0.286 -0.838
4 Hkbxkex -0 523 0.844
5 Rkaxdkx (0,733 0.551
6 Ik xkex -, 253 0.315
7 Frwwkwex (0 802 G.736
8 FrxxxAF - T12 G.152
9 FrxFekx (0,133 1.155

10 FrEkxxx 3,021 1.718

* ¥ X%

* ok x

-0.441

PARAMETERS OF THE DISTRIBUTION OF 1ln(CATCHES AT AGE)

Separable model fitted from 1994

Variance
Skewness test stat.

Kurtosis kest statistic

Partial chi-square
Significance in fit
Degrees of freadom

a

DO OO

to 1998

L0700
.7808
.4538
L1250
.0000

23

PARMMETERS COF THE DISTRIBUTION OF THE AGE-STRUCTUREDR INDICES

DISTRIBUTION STATISTICS FOR Norway Spawning Area/Accustic 19381-50

Linsar catchakility relationship assumed

Age

Variance

Skewness Lest stat.
Kurtesis btest statisti
Partial chi-square
Significance in fit
Number of chservations
Dagrees of fresdom
Weight in the analysis

2

.1547
L9576
4946
.1334
.0000

B
7

.1111

3

L0573
.3999
L5172
.0454
.0aoo0

8
7

.1111

0.0473
0.083%9

.0187
.03B4
- 0000

S1111

. 0598
.1856
4478
L0510
.00ao

J1111

.1284
L1720
L1662
.1226
.aqgao

L1111

~C.
-0.

-G
-0

G.

* ok

204
.597
224

*hEkx

L0830
.8613%
L2408
0826
Ralelvied

L1111

Q766
.5580
3761
.0842
. 0000

.1111

dek ok k kok
ko gk ok ke
L R
dk ok ok ko
LR LR X
LR AR S 2 0

ko drok ke ok

0.0955
-0.5854
-0.6623

0.1163

0.0000

g.1111

10
0.1640
-0.1835
-0.1442
0.2352
0.0000

0.1111
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DISTRIBUTION STATISTICS FOR Norway Spawning Area/Acoustic 1991-98

Linear catchability relationship assumed

Age

Variance 0.
Skewness test stat. -a.
Kurtosis test statisti -0.
Partial chi-square a.
Significance in fit Q.

Number of observations
bDegrees of freedom

Weight in the analysis 0.

DISTRIBUTION STATISTICS

Linear catchability relationship assumed

Age

Variance

Skewness test stakt, -~
Kurtosis Lest statisti
Partial chi-square
Significance in fir
Number of chservations
Degrees of freedom

(==l =l o

Weight in the analysis 0.

DISTRIBUTION STATISTICS

2
0673 0.
7630 -0.
2032 -0.
0483 0
0000 0

?

a
1111 Q.

3
0415
4121
6752
0293

L0000

7
[
1111

0.
-0.
-0.

0.

Q.

0.

4 5
Q320 0.0452
2812 0.8387
59151 -0.2724
0216 0.0342
als]eli] Q.0000

7 7

é &
1111 0.1111

&
0.0644
-0.6478
-0.3973
3.0526
0.0000
7

&
0.1111

FOR Russian Spawning Area/Acoustic 1982-91

3

,0831 0.
,7425 0.
1666 -0,
.Q8%1 0.
Relthil] 0.
10
E4
1250 0

4
0843
1853
azls
0209
aooo

10

3

1250

.0745 0.0342
.0354 0.0834
. 7495 -0.3304
.0832 0.0397
. 0000 0.0000

10 10
9 3

L1280 0.1250

FOR Russian Spawning Area/Acoustic

Linear catchability relationship assumed

Age

Variance 0.
Skewness test stat. -0.
Kurtosis test statisti -0.
Partial chi-square Q.
Bignificance in fit Q.

Humber of observations
Degreas of freedom

Weight in the analysis Q.

3
0736 0.
2935 a.
6241 -a.
0239 a.
0014a a.

4

3
1250 0.

4
0447
0B23
7243
0146
0005

4

3
1250

5 6
L0566 0.1043
. 7488 0.2821
.3692 -0 5861

.0206 0.0414
L0008 0.0022

.1250 0.1254Q

7
0.0905
1.4704
0.4706
0.1133
g.0040C

10

E]

0.1250

1992-59

0.06449
0.4527
-0.4283
0.0303
¢.0014

0.1250

DISTRIBUTION STATISTICS FOR CPUE Spanish Pair Trawlers

Linear catchability relationship assumed

Age

Variance

Skewness test stat.
Kurtosig test statisti
Partial chi-square
Significance in fic
Number of cbservations
Degrees of freadom
Weight in the analysis

174

1
0.1558
-1.1049
-0.2708
0.2632
0.0000

0.
-1.
0.
0.
G.

2
0605
5567
2089
0896
aoo0o

0.078B8
-0.4120
~-1.0180
0.1258
0.0000
16

15
0.1l667

0.0602
-0.4078
-0.6507

0.1062

0.0000

186
15
0.1667

0.0328
0.4431
-0.4268
0.0287
0 Q000

7

0.1111

.0947
.4804
.8470
.1338
.0000

[= e e R i o]

0.1250

0.0109
-0 3469
-0.58640

0.0056

0.Q001

3
0.1250

5
0.0681
0.9883

-0.6487
0.1348
0.0000

16
15
0.1667

0.0322
-0.8513
-0.5494

0.0294

0.0000

0.1111

0.1516
1.4342
0,0650
0.2515%
0.0000

Q,1250

0 1246
0.1842
-0.5298
0.0430
0.0242

0.1250

6
0.0671
-0.41¢c8
-0.5837
0.1530
0.0000

0.0533
~0.1708
~0.5122

0.0667

0.0000

7

0.1111

10
0.2653
~0.769B
0.2487
0.478%6
¢.0000

Q.1250

10
0.5680
0.0021

-0.5773
0.1497
0.3011

0.1250

10
0.0333
0.3956

~0.5984
00,0492
0.0000

0.1111



DISTRIBUTION STATISTICS FOR Norwegian Sea acoustic - Blue Wh.

Linear catchability relationship assumed

Age 1 2z 3
Variance 0.1946 0.083% 0.0507
Skevness test stak, -0.5571 0.5950 0.2053
Kurtosis test statisti -0.7806 -0 6408 -0.5866¢
Partial chi-square g.2010 0 0901 0.0523
Significance in fit g.ocee ¢.C0000 ¢.0000
Number of observations £} 9 9
Dagraes of freedom 8 B g

Weight in the analysis 0.1i06C o.1c00 o.1cc0

L0825
L6744
L4452
.0874
.oooe

.1occ

0.0817
0.2418
-0.5116
0.c720
0.c000

0.1000

DISTRIBUTION STATISTICS FOR Norwegian Sea accustic

Linear catchability relationship assumed

Age 1 2 3 4
Variance 0.1063 0.2500 0.0500 0.0276
Skewness test stat. -0.53205 -0.3808 0.2488 0.5033
Kurtosis test staristi -0.6938 -0.5145 -0.61B6 -0.4316
Partial chi-squarse 0.0633 0.1580 0.0310 0.0185
Significance in fit 0.C001 0.0005 Q.0000 Q.0000
Number sf observations [ ] & €
Degrees of freedom 5 5 5 5
Weight in the analysis ©0.1000 0.1000 0.1000 0.1000
ANALYSIS OF VARIANCE

Unweighted Statistics
variance

58Q

Total for model 321.2140
Catches at age 6.0425
Aged Indices
Norway Spawning Area/Acoustic 1981-90 54.6355
Norway Spawning Area/Acoustic 1991-98 21.8118
Russian Spawning Area/Acoustic 1982-91 63.2270
Russian Spawning Area/Acoustic 1992-98 15.0540
CPUE Spanish Pair Trawlers 44,1524
Norwegian Sea acoustic - Blue Wh. 1981 64.6817
Norwegian Sea acoustic - Blue Wh. 1991 51.6087
Welghted Statistics

Variance

Ssg

Total for model 6.16561
Catches at age 1.6098
Aged Indices

Morway Spawning Area/Acoustic 1981-%0 0.6745
Norway Spawning Area/Acoustic 1991-98 0.26%3
Russian Spawning Area/Acoustic 1982-91 0.9879
Russian Spawning Area/Acoustic 1992-98 (.2352
CPUE Spanish Pair Trawlers 1.2265
Norwegian Sea acoustic - Blue wWh. 1981 0.6468
Norwegian Sea acoustic - Blue Wh. 1991 0.5161

0.0348
0.1417
-0.6641
0.0274
¢.ocoo

¢.1co0

Data

538

50

72

63

80

29

95

88

50

Data

538

50

72

63

80

29

86

a8

60

a.0%75
0.5683
-0.8811
0.1262
0.0000

0.1l000

Blue Wh,

0.¢l138
0.0021
-0.73225
0.0126
C.co00

G.1000

1981-

.oa18
.3322
L3849
L1157
.00040

.1000

1991~

.0367
.0433
L7518
L0355
.00gn

1000

Parameters d.f.

87
27

10

10

Parameters

87
27

10

10

451
23
63
54
72
21
30
78

50

d. £.
451
23
63
54
72
21
90
78

50

.1793 -0
L6559 -0
0.1098 a

ocoa

=]

0.1430Q0

o

a.0459
-9.6175 -
-0,6936

0.0679

a aaal

0.10048 a

Variance
0.7122
0.2627
0.8672
0.4039
0.87832
0.7169
0.4306
0.B8293

1.0322

Variance
0.0137
0.0700
0.0107
0.0050
0.0137
0.0112
0.0136
0.0083

0.0103

.0768 Q.
-4206
.0825
L0763
.0000 0.

aooRo

0564

0000

.1000

3174

.3316

17839

.4538

44063

1o00

o

10

.Q287
.5117
L1846
.0443
.0000

8

-1000

10
14886

38340

1177
3295
a0z23

1040
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Table 6.5.1 Blue whiting, combined stock. Input data for the deterministic short term prediction
11:00 Wednesday, May 5, 1999

Year: 1999
Stock Natural Maturity | Prop.of F | Prop.of M Weight Exploit. Weight
Apge size mortality ogive bef spaw, | bef.spaw. in stock patter in catch
0 14209 0.2 0.00 0.25 025 0.027 0.037 (.027
1 11209 02 0.11 0.25 0.25 0.045 017 0.045
2 10974 0.2 0.40 025 0.25 0.075 0.142 04075
3 19324 02 0.82 0.25 0.25 0.099 0.337 0.099
4 8348 02 0.86 0.25 0.25 0.121 0.443 0121
3 1666 02 0.91 025 025 0.145 0.515 0.145
] 747 0.2 0.94 015 0.25 0.171 0.596 0.171
7 330 02 1.00 0325 0.25 0.191 0.700 0191
8 224 02 1.00 0.25 0.25 0.200 0.886 0.200
@ 167 02 1.00 0.25 0.25 0.224 0.721 0221
10+ 279 0.2 1.00 0.25 0.25 0.253 0.721 0.253
Unit Millions - - - - Kilograms - Kilograms
Year: 2000
Recrun- Natural Maturity |Prop of F [Prop.of M | Weight Exploit. Weighe
Ape ment morality ogive bef.spaw.  |bef.spaw. in stock pattern in calch
0 14209 0.2 0.00 0.25 0.25 0.027 0.037 0.027
| 0.2 0.11 025 025 0.045 0.117 0045
2 02 0.40 025 0.25 0.075 0142 0.075
3 02 082 0.25 0.25 0.099 0.337 0.099
4 02 0.86 015 0.25 0.121 0.443 0.£21
3 0.2 091 015 0.25 0.145 0.515 0.145
6 0.2 0.94 0125 025 0.171 0.596 0.171
7 02 L 00 025 0.25 0.191 0.700 0.191
8 0.2 L o0 0.25 0.25 0.200 0 886 (.200
9 . 0.2 100 0.25 0.25 0.221 0.721 0.221
10+ . 02 1.00 0.25 0.25 0.253 0.721 0.253
Unit Millions - - - - Kilograms - Kilograms
Year: 2001
Recruit- Natural Matunty  |Prop.of F [Prop.of M | Weight Exploit. Weight
Age ment mortality ogive bef spaw hef.spaw. in stock pattern in catch
0 14209 0.2 000 025 0.25 0.027 0037 0.027
1 02 011 0.25 0.35 0045 0117 0.045
2 0.2 0430 0125 0.25 0075 0.142 0.075
3 0.2 0.82 0.25 025 0.099 0.337 0.099
4 02 0.86 015 0.25 0.121 0443 0121
5 0z 091 0.25 0.25 0145 4315 0.145
6 02 0.94 025 0.25 Q.171 0.596 0171
7 0.2 1.00 0.25 0.25 0.191 G.700 0.191
8 0.2 1.00 023 02s 0.200 0886 0200
o . (132 1.00 025 0.25 0.22] 0.721 022]
L0+ .2 100 025 0,25 0.253 0721 0253
Unit Millions - - - - Kilograms - Kilograms

Moles: Runname  ; MANMMO3
Date and time: 05MAY99:11:02
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Table 6.5.2

Blue whiting, combined stock,

Frediction with management option table.

Year: 1999 Year 2000 Year: 2001
F Reference | Stock Sp.stock | Catchin F Reference | Stock Spstock | Catchin | Steck Sp.stock
Factor F biomass | biomass | weight Factor F biomass | biomass | weight biomass | biomass
1.0 05182 52264911 29i8618] 1237443 0.0 0.0000] 4572479 2825996 0| 5252849 3424042
0.1 0.0518 2796093 137557 5102098) 3260284
02 0.1036 2766338 269444 4957607 3103602
03 0.1555 2737327 395926] 4819085 2959450
04 0.2073 2708456 507254} 4686252 2821316
0.5 0.2591 2679920 633667| 4558846 2690721
06 0.3109 2651716 745389| 4436615 2567216
07 0.3627 2623838 852637| 431932l 2450382
0.8 0.4146 2596284 955615 4206738 2339824
09 0.4664 2569048 1054518 4098650 2235174
1.0 0.5182 2542128 1149529 3994854] 2136086
1.1 0.5700 2515518 1240825 3895153 2042235
1.2 0.6218 2489216) 1328573] 3799363| 1953316
) 0.6737 2463218| 14129321 3707309] 1869045
L4 0.7255 2437519 1494054} 361B821| 1789154
L5 0.7773 2412116] 1572081} 35337421 1713390
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Table 6.8.1 Total catches of BLUE WHITING in 1978-1998 divided into areas within and beyond arcas of national
fisheries jurisdiction of NEAFC contracting parties, as estimated by the Working Group members '

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

1978 136,504 - 67,391 26,444 6.580 195,361 136,421 568,701
(24 %) (12 %) (5 %) (1 %) (34 %) (24 %)

1979 614,734 - 75,545 15,117 204 224,202 191,564 1,121,365
(55 %) (7 %) (1 %) (0 %) (20 %) (17 %)

1980 567,693 - 152,005 4,562 8,757 164,342 160,361 1,057,810
(54 %) (14 %) (0 %) (1%) (16 %) (15 %)

1981 168,681 123,000 215,004 7,751 - 174,801 203,223 892,460
(19 %) (14 %) (24 %) (1%) (20 %) (23 %)

1982 22,993 - 130,435 5,797 - 125,072 279474 563,771
(4 %) (23 %) (1%) (22 %) (50 %)

1983 15,203 - 109,675 7,000 - 91,804 325,816 549,498
3 %) (20 %) (1 %) (17 %) (59 %)

1984 18,407 - 150,603 105 - 124,905 313,591 607,611
(3 %) (25 %) (0 %) (21 %) (52 %)

1985 38978 - 114,785 - - 196,003 335,162 684,928
{6 %) (17 %) {29 %) (49 %)

1986 20,665 - 187,768 - 116 171,074 408,338 787,961
(3 %) (24 %) (0 %) (22 %) (52 %)

1987 103,535 - 109,201 - - 135,980 267,045 615,761
(17 %) (18 %) (22 %) (43 %)

1988 65,172 - 38,449 - - 157,368 265,182 526,171
{12 %) (7 %) (30 %) {50 %)

1989 137,093 - 68,817 4,977 - 101,177 318,033 630,097
(22 %) (11 %) (1 %) {16 %) (50 %)

1990 88, 509 - 39,160 - - 115,308 318,710 561,687
(16 %) (7 %) (21 %) (37 %)

1991 51,950 - 72,309 - - 99,268 197,522 421,049
{12 %) (17 %) (24 %) (47 %)

1992 47,786 - 66,333 - - 135,294 253,754 503,167
(9 %) (13 %) (27 %) (50 %)

1993 69.213 - 47,917 - - 112,773 249,094 478,997
(14 %) (10 %) (24 %) (52 %)

1994 68,926 - 36,933 - - 133,678 218,303 457,840
{15 %) (8 %) (29 %) (48 %)

1995 82,784 - 98,034 369 - 107,483 290,610 578,680
{14,0 %) - (17,0 %) (0 %) - (19.0%) (50,0 %)

1996 34,788 - 67,977 302 - 111,627 387,209 601,503
(5,7 %) {11,3 %) {0 %) - (18,6 %) (64,4 %)

1997 46,961 - 53,592 10,464 - 151,791 368,398 634,206
(7.9%) (8.5%) (1.6%) (23.9%) (58.1%)

1998 " 271,873 4770 105674 90649 - 129799 498399 1,101,670

(24.7 %) (0.4 %) (9.6%) (8.2%) (11.8 %) (452%)

1) 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 Térshavn in 1999, where a database on zonal attachment was developed. The discrepancy
between the total catch and that used in the assessment is due to incoruplete reporting of catch by rectangles.
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Table 6.10.1 BLUE WHITING. Sampling in fishery during 1998.

Number of Length Aged

Country samples mesurements individuals

Denmark 41 1926 0
Iceland 20 1886 0
Ireland 4 342 329
The Netherlands ] 1571 0
Norway 80 6827 4436
Fortugal 248 28977 2314
Russia 116 24323 1089
Faroes 28 3422 1373
Spain 343 34975 1068
Total 889 104249 10619
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Fig. 6.4.1.2.7. Blue whiting distribution as observed by RV Ami Fridiriksson during 17-26/7 1998.
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Fig. 6.4.1.2.8. a) Cruise tracks with fishing stations, RV Johan Hjort 30/6-29/7 1998. B) Distribution of blue
whiting concentrations in 3 various densities, July 1998. Full line indicates the total area surveyed.
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Fig. 6.4.1.2.9. Total length- and agedistribution of blue whiting in the Norwegian Sea July 1998. N x 107,
weighted by abundance.
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Figure 6.7.2

relationship. Some reference points are also indicated.

A stock recruitment plot with a LOWESS smoother as a possible stock recruitment
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Figure 6.7.3 A plot of historical yield against Fbar with an equilibrium curve based on the
LOWESS stock recruitment relationship.
A plot of the time series of stock and recruitment with expected recruits based on
the LOWESS stock recruitment relationship.
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Figure 6.7.4 Reference points. Stochastic output in the form of a table of reference points and a chart summarising the
distributions of some reference points.
2 ;
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Reference point Deterministic Median  95th percentile  80th percentile Hist SSB < ref pt %
MedianRecruits 11446080 11446080 18813613 12523693
MBAL 2250000 77.78
Bloss 1341822
SSB90% R90% Sury 1667161 1750384 2228733 1949344 22.22
SPR %ofVirgin 10.79 11.15 18.37 14.21
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Deterministic Median  5th percentile  20th percentile  Hist F > ref pt %
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Fmax 0.59 0.62 0.35 0.46 0.00
Fo0.1 0.18 0.18 0.07 0.11 100.00
Flow 0.08 0.07 (.00 0.02 100.00
Fmed 0.33 0.31 0.13 0.20 38.89
Fhigh 0.92 0.88 0.43 0.60 (.00
F35%SPR 0.24 0.24 0.16 0.20 72.22
Floss 0.57 0.51 0.28 0.37 0.00

For estimation of Gloss and Floss:

A LOWESS smoother with a span of 0.5 was used.

Stock recruit data were log-transformed

A point representing the origin was included in the stock recruit data,

For estimation of the stock recruitment relationship vsed in equilibrium calculations:
A LOWESS smoother with a span of 1 was used.

Stock recruit data were un-transformed

No point representing the origin was included in the stock recruit data.

Steady state selection provided as input
FBar averaged from age 3to 7

Number of iterations = 1000
Random number seed = -99
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7 ICELANDIC SUMMER-SPAWNING HERRING
7.1 The Fishery

The catches of summer-spawning herring from 1978-1998 are given in Tables 7.1.1, 7.1.2 and 7.1.3. No estimate of
discards was made for the 1998/99 season. The fishery started in September, when 9 200 t were taken off the southeast
coast. The catch in October-January was almost 78 000 t, equally distributed over these four months. The purse-seine
fishery took place off the east coast of Iceland in September and October, but west of Iceland in October -January. The
pelagic trawl fishery started in November and took place both east and west of Iceland. In the 1997/98 season 59% of
the catch was taken by purse seiners, but 78% in 1998/99. The remaining 41% and 22% 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 season and to 72% in 1998/99. 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 after that 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 [celandic summer-spawners for the period 1978-1998 are given in Table 7.1.3.
As usual, age is given in rings where age in years equals the number of rings+1.

In the period 1989-1991, the 1983 year class predominated in the catch. The 1988 year class was also well represented
in the 1991 catches and predominated during the 1992 season. In 1993 the age distribution was dominated by the strong
1589 year class, although the 1988 year class was also well represented. In 1994/95 the catches were distributed on 4
year classes, i.e. those of 1988—1991. The catch in numbers of 2-ringers has never been higher and yielded some 25% of
the total numbers in the 1994/1995 season.

During the 1995/96 - 1997/98 seasons, the catches were again mainly distributed on the 4 year classes from 1988-1991.
The catch in numbers of 2-ringers, 1.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, being almost 40% of the total number.

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 15 October - 5
November 1998, an estimate was obtained of the adult stock in open waters, but no estimates were made of 1 year old
herring in Icelandic coastal waters. The adult stock was located off the east coast of Iceland. The estimated stock size
in that area was only 70 000 t, which is much less than was expected. On 30 October 1998, fishermen reported the
large herring schools in a wide area approximately 70 nautical miles west of the Snzfellsnes peninsula on the central
west coast. An acoustic survey of these herring concentrations was carried out in the beginning of November in the
area between 64°20'N and 65°tO'N, from approximately 24°W to 27°W. The total abundance of herring in this area
was estimated to be 300 000 t. However, due to stormy weather and lack of vessel time it was not possible to attain a
complete coverage of the entire herring distribution west of Iceland. Therefore, stock abundance in autumn 1998 is
believed to be underestimated.

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. There is litile 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 and 1998.
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According to the 1998 acoustic assessment surveys, the abundance of the 1992, 1993 and 1995 year classes is low. On
the other hand, the abundance of the 1994 year class is above average and that of the 1996 year class very high. There
is no assessment available for the 1997 year class.

The results of the autumn 1998 acoustic survey have been used as basis for the present assessment of 4-ringed (5-
ringed on 1 January) and older herring (Table 7.3.1).

Jakobsson et af. (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.

This year the number of 1 ringers (in Table 7.3.1) has been revised according to the modified target strength (see above)
as this calculation had been overlooked in previous years.

7.4 Stt‘)ck Assessment

As in previous years the estimation procedure from Halldérsson er ¢l (1986} was used to obtain stock size in the final
year, based on all available acoustic data for the older part of the stock (5+ ringers on | January cach year). The
procedure minimizes the sum of squares of log-transformed rather than untransformed data, since there is increased
variability in later years concurrent with increasing stock size.

The results are given in Table 7.4.1 as F,.. In this analysis, 5-ringers and older have been grouped for estimating the
fishing mortality for the oldest herring, whereas the fishing mortality on the younger age groups is calculated for each
year class. For F on the oldest age group an average of F for 6-13 ringers was used. When the abundance of juvenile 2—
4 ringed herring has been assessed by acoustic surveys, the resulting abundance estimates have been used in the tuning
process. In cases where no such information is available for the youngest age group (2 ringers) the size of this age group
is set at 400 millions, which is close to the lower quartile of the recruitment observed since 1980.

A series of VPAs was run using varying terminal F’s on 5+ ringers. For each termin.! 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 0.179. The
confidence intervals (0.14, 0.23) for the fitted terminal F values are obtained as described by Halldérsson et al. (1986)
and Stefdnsson {1987) by using the tabled F-distribution to set limits on the SSE and finding the terminal F values
corresponding to these limits (Figure 7.4.1).

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 1979-1998 and stock in numbers at age and spawning stock biomass on | July 1979-1998 are given
in Tables 7.4.2 and 7.4.3 respectively. In addition. another VPA was run, extending backwards to 1947. The standard
stock summary, based on the longer VPA, 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 7.4.2. The resulting stock
trend from VPA is plotted together with the acoustic estimates in Figure 7.4.3 and the relationship between the two
estimates is shown in Figure 7.4.4. In the absence of reliable abundance estimates for the 1995 and 1996 year classes,
the RCT3 programme was used. It estimated the sizes of these year classes as 471 and 974 million respectively (see
Tables 7.4.5 and 7.4.0).

According to the present assessment, the spawning stock biomass was about 493 000 t on 1 July 1998 which is about
13 000 t higher than assumed 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 siock 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).
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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 1988-1998 as starting years. For 1 ringers and 9+ ringers, a simple average of mean
weights at age for the period 1994-1998 was used for the prediction. Weights at age for 2-8 ringers in the catch were
obtained using the relationship:

Wy - Wy =-0.1937 * W, + 79.933 (g)
where W, and W, are the mean weight of the same year class in year y and y+1 respectively.

As a selection pattern, the mean selection pattern of 1994-1997 is used, assuming 1 on 4 ringers and older. In the
ahsence of an estimate for 1 ringers in 1998, a value of 600 million is used, which is a VPA mean of |-ringers for the
years 1977-1996, derived from the RCT3 programme (see Table 7.4.6).

Qutputs of the prediction, assuming catches corresponding to a fishing mortality rate of Fy,=0.22, are given in Table
7.5.2, and projections of spawning stock biomass and catches (thousand tonnes) for a range of values of Fs are given in
Table 7.5.3.

In 1999, it is expected that the largest contribution in numbers (35%}) at age will be herring of the 1994 year class, i.e 4-
ringed herring. In 2000, both the 1996 and the 1994 year classes will contribute equally and will be about 50% of 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 (1979-1998) 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 Fq 1. Exploiting the stock at a fishing mortality rate of Fo ,=0.22 during the 1999/2000 season would
result in a catch of about 100 000 t (Table 7.5.2 and 7.5.3). The spawning stock biomass in 1999 is expected to be 496
000 t and almost 520 000 ¢t in the year 2000, This is due to the very large contribution of the 1994 and 1996 year
classes. Harvesting at higher fishing mortality rates than Fy, would give a correspondingly higher short-term yield, but
would reduce the stock sharply when the effect of the strong year classes presently in the stock has been further
reduced,

The Working Group points out that managing this stock at an exploitation rate at or near Fy | has been successful in the
past. Thus the Working Group agreed last year with the SGPAFM on using F.=F;,=0.22, Bpn:BlimelMS”z?)OO 000 t
where B),=200 000 t.

The present F for this stock is estimated to be 0.18 which is well helow F,=0.22. Furthermore, the spawning stock is
493 000 t compared to B,=300 000 t. Therefore, the stock is in a healthy state and well above any “alarm level”. For
these reasons the WG did not make any medium term projections of the stock development.

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 1947-1995. A stock recruitment relationship is shown in Figure 7.7.1 along with the lines used
to identify the parameters Fuigh, Frned and Figw.

7.8 Sampling
Investigation No. of samples | Length measured individuals | Aged individuals
Fishery 24 2502 2259
Acoustic, wintering area | 15 7416 1898
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7.9

Comments on the Assessment

The XSA was run trying several options regarding:

1.

The ages at which catchability is independent of year class sirength:

This selection was based on a run considering ages < 2 as dependent on stock size. The result from looking at the
regression statistics and the F-table is that all agegroups are independent of year class strength.

The age above which catchability is independent of age:

This selection was based on a run considering caichability independent of ages 2 4. Examining the standard errors
of log catchability indicated that a plus group for ages 10 and older should be used.

F shrinkage:

Since the catch during the last 3 years is much lower than in the years before, it was decided to use 3 years in
shrinkage, rather than 5.

Time series weighting:

By using a tricubic time series tapered over 20 years, the acoustic surveys got the catchability equal to 1.26, F =0.3
and a spawning stock biomass of 364 000 t. On the other hand, by using no time series weights, the catchability of
the acoustic survey amounted to 1.0, with F =0.24 and spawning stock biomass of 414 000 t. Since the catchability
of the acoustic survey was equal to 1, the option of no time series weighting was chosen.

A summary of the results is given in Table 7.9.1. The XSA gives a spawning stock 17% lower in the last 2 years and
about 10% lower in the 3 years before that, than the ADAPT-type of assessment which has been used so far.
Retrospective plots were made and show more consistency using the ADAPT-type of assessment than obtained by the
XSA (Figure 7.9.1), Therefore, it was decided to retain the method used in earlier assessments,
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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 635 65.5 65.0
1987 73.0 73.0 70.0
1988 92.8 928 100.0
1989 97.3 101.0 90.0
1990/1991 101.6 105.1 90.0
1991/1992 98.5 109.5 76.0
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
1998/1995* 87.0 87.0 50.0

*Preliminary

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

Icelandic ICES September Oclober | November December January
squares rectangles 1998 1968 1998 1998 1999
316 55 D3 57
317 55 D2 658
319 55 D0 397
320 55C9 490
324 55Cs 1925
367 55D2 181
371 56 C8 12
373 56 C6 47 1308 4297
374 56 Cs 385
412 57 D7 147 20 501
413 57 D6 9240 23 178
414 57 D5 5438
424 57C5 968
425 57C4 3792 95
426 57C3 7183 1284
462 58 D7 713
472 58C7 69
473 S8 Cé6 948
474 58 CS 11767
475 58C4 25 3591 2
476 38C3 992 180 5267
477 58C2 618
511 59 D8 42
512 59 D7 408 10 432
513 59 D6 839
561 60 D8 294 38 200
562 60 D7 8234 2622 1397 1737
563 60 D6 1843 3837 1859
612 59 D7 168
662 62 D7 26

197



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 1978 1576 1980 1981 1982 1983 1984
1 2.634 0.929 3.147 2.283 0.454 1.475 0.421
p 22,551 15.098 14.347 4.629 16.187 22.499 18.015
3 50.995 47.561 20.761 16.771 28.109 151.718 32,244
4 13.846 69,735 60.727 12.126 38.280 30.285 141.354
5 8.738 16.451 65.328 36.871 16.623 21.599 17.043
6 39.492 8.003 11.541 41.917 38.308 8.667 7.113
7 7.253 26.040 9.285 7.299 43.770 14.065 3916
8 6.354 3.050 19.442 4.863 6.813 13.713 4,113
9 1.616 1.869 1.796 13.416 6.633 3.728 4517
10 0.926 0.494 1.464 1.032 10,457 2,381 1.828
11 0.400 0.439 0.698 0.384 2.354 3.436 0.202
12 0.017 0.032 0.001 0.760 0.594 0.554 0.255
13 0.025 0.054 0.110 0.101 0.075 0.100 0.260
14 0.051 0.006 0.079 0.062 0.211 0.003 0.003
Catch 37.333 45.072 53.268 39.544 56.528 58.867 50.304
Rings/year 1985 1986 1987 1988 1989 1990 1991
1 0.112 0.100 0.029 0.879 3.974 11.009 35.869
2 12.872 8.172 3.144 4.757 22.628 14.345 92.758
3 24.659 33938 44.590 41.331 26.649 57.024 51.047
4 21.656 23452 60.285 99.366 77.824 34.347 87.606
5 £5.210 20.681 20.622 69.331 188.654 77.819 33.436
6 11.903 77.629 19.751 22955 43.114 152.236 54.840
7 5.740 18.252 46.240 20.131 g.116 32.265 109.418
8 2.336 10.986 15.232 32.201 5.897 8.713 9.251
9 4.363 8.594 13.963 12.349 7.292 4.432 3.796
10 4.053 9.675 10.179 10.250 4.780 4.287 2.634
11 2.773 7.183 13.216 7.378 3.449 2.517 1.826
12 0975 3.682 6.224 7284 1.410 1.226 0.516
13 0.480 2918 4723 4.807 0.844 1.019 0.262
14 0.581 1.788 2.280 1,857 0.348 0.610 0.298
Catch 49.368 65,500 75.439 92.828 101.000 105.097 109.489

Rings/Year 1992 1993 1994 1995 1996 1997 1998

I 12.006 0.869 6.225 7411 1.100 9.323 16.161

2 79.782 35560 110.079 26,221 18.723 27.072 37.787

3 131,543 170.106 99.377  159.170 45.304 28.397 151.853

4 43,787 87.363 150,310 86.940 02.943 29451 42.833

5 56.083 25.146 00.824 105542 69.878 42267 19.872

6 41.932 28.802 23.926 74.326 £6.201 35.285 30.280

7 36224 18.306 20.809 20.076 37.447 28.506 22,572

3 44.765 24.268 19.164 13.797 13.207 21.828 32.779

9 9244 14318 17.973 8.873 6.854 8.160 14.366

10 2.259 3.639 16.222 9.140 4.012 3.815 4.802

11 0.582 0.878 2955 7.07% 1.672 1.696 2,199

12 0.305 0.300 1433 2.376 4.179 6.570 1.084

13 0.203 0.200 0.345 0.927 1.672 1.378 5.081

14 0.102 0.100 0.345 0.124 0.100 1.802 3.036

Catch 108.504  102.741 134.003  125.851 95.882 64.682 86.998
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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 1978 1979 1980 1981 1982 1933 1984
1 73 75 69 61 65 59 49
2 128 145 115 141 141 132 131
3 196 182 202 190 186 180 189
4 247 231 232 246 217 218 217
5 295 285 269 269 274 260 245
6 314 316 317 298 293 309 277
7 339 334 352 330 323 329 315
8 359 350 360 356 354 356 322
9 360 367 380 368 385 370 351
10 376 368 383 405 389 407 334
11 380 371 393 382 400 437 362
12 425 350 390 400 394 459 446
13 425 350 390 400 390 430 417
14 425 450 390 400 420 472 392
Rings/Year 1985 1986 1987 19838 1989 1990 1991
1 53 60 60 75 63 75 74
2 146 140 168 157 130 119 139
3 219 200 200 221 206 198 188
4 266 252 240 239 246 244 228
5 285 282 278 271 261 273 267
6 315 298 304 298 290 286 292
7 335 320 325 319 331 309 303
8 365 334 339 334 338 329 325
9 338 373 356 354 352 351 343
10 400 380 378 352 369 369 348
11 453 394 400 371 389 387 369
12 469 408 404 390 380 422 388
13 433 405 424 408 434 408 404
14 447 439 430 437 409 436 396
Rings/Year 1992 1993 1994 1995 1996 1997 1998 1999
1 63 74 67 69 78 62 73 71
2 144 150 135 129 140 137 147 143
3 190 212 204 178 166 197 184 198
4 232 245 249 236 208 234 213 228
5 276 288 269 276 258 270 246 252
6 317 330 302 292 294 269 286 278
7 334 358 336 314 312 323 314 311
8 346 373 368 349 324 342 341 334
9 364 387 379 374 360 358 351 364
10 392 401 398 381 349 363 354 369
11 444 425 387 400 388 373 350 380
12 399 387 421 409 403 412 372 404
13 419 414 402 438 335 394 400 404
14 428 420 390 469 420 429 437 424
* 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 1978 1979 1980 1931 1982 1983 1984
1 0.000 0.000 0.000 0.000 0.020 0.000 0.000
2 0.040 0.070 0.050 0.030 0.050 0.000 0.010
3 0.780 0.650 0.920 0.650 0.850 0.640 0.820
4 1.000 0.980 1.000 0.990 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 1935 1986 1987 1988 1589 1990 1991
I 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.000 0.030 0.010 0.045 0.060 0.000 0.013
3 0.900 0.890 0.870 0.900 0.930 0.780 0.720
4 1.000 1.000 1.000 1.000 1.000 1.000 1.000
5 1.000 1.000 1.000 1.060 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 1.060 1.000 1.000 1.000
8 1.000 1.000 1.000 1.000 1.000 1.000 L.O00
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 1.600 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 1992 1993 1394 1995 1996 1997 1993 1999%
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.020 0.049 0.054 0.157 .049 0.160 0.265 0.158
3 0.930 0.999 1.000 0.582 0.990 0.925 0.935 0.950
4 1.000 1.000 0.992 0.998 1.000 0.989 0.995 0.995
5 1.000 £.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 1.00¢ 1.000
& 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 1.006 1.000 1.000
1 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 1.060 1.000
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000 £.000

* Predicted (mean of 96-98)
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Table 7.3.1 Acoustic estirnates (in millions) of the Icelandic summer spawning herring, 1974-1959,
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 B3 84 B3 86 87
1 - - - - - - - 625 - - - - 21 -
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 - 2t 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 -
3 - - - - - - - - 10 - 5 e 26 -
i2 - - - - - - - - - - 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 30 91 92 93 94 95 96 97 98 99

1 406 370 - 710 465 1418 183 - B45 266 1629 -
2 126 725 178 805 745 254 234 - 98 792 237 -
3 352 181 593 227 B850 858 533 - 165 65 716 188
4 836 249 177 304 353 687 360 - 515 139 100 790
5 287 381 302 137 273 160 443 - 316 459 116 240
6 53 17 538 176 94 99 55 - 361 280 240 101
7 3 42 185 387 81 87 69 - 166 410 161 73
8 76 23 - 40 210 44 43 - 110 150 130 47
9 25 30 - 10 32 92 86 - 52 101 97 77
10 21 16 - 2 11 39 55 - 29 50 35 47
11 14 10 18 - - - 2 - 16 35 15 10
12 17 9 - - 17 - - - 27 15 I 10
13 8 5 - - - - - - 19 65 43 -
14 6 3 - - - - - - 3 a2 8 22
15 3 2 - - - - - - 2 - 15 -
5+ 547 692 1043 752 718 521 753 - 1105 1597 870 627

Table 7.4.1 Icelandic summer spawners. Stock abundance and catches by age group {millions) and
fishing mortality rate. F,. is the F calculated from the acoustic survey estimates for 1.4

ringers in [998. Fog is the F in 1998 and Fgg is the exploitation patiern in 1998 (used in prognosis).

Rings in Year class Acoustic Catch Fi Fos Fros
1998 estimate 1998/1999
Nov. 98
1 1596 1131 16.161 0.017 0.017 0.029
2 1995 362 37.787 0.100 0.100 0.280
3 1994 790 151.853 0.179 0.179 0.760
4+ 1993 240 42.833 0.179 0.179 1.000
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Table 7.4.2 Icelandic summer spawners. Fishing mortality at age M=0.1. Age
in year is number of rings+l.

Run title : Herring Summer-spawn (run: SVPAGBO?/V09)
At 30-Apr-9% 17:37:18

Traditional vpa using file input for terminal F

Table 8 Fishing mortality (F} at age
YEAR, 1979, 198O, 1981, 1982, 19883, 1984, 1985, 1986, 1987, 1988
AGE
1, .0039, .0131, .0027, .0020, .0071, .0Q009, .0001, .0001, .0001, .0019,
2, .0953, .0697, .0217, .0257%, .1163, .1007, .0302, .0076, .0052, .0l6l,
3, L1612, .1648, L0979, .1588, .2574, .2172, .1745, .0934, .0471, .0788,
4, L2379, .2832, ,1l228, .2997, .2291, .3597, .1985, .2235, .2133, 1263,
5, L2117, 3255, L2482, 2204, ,2459, _1746, .34402, .2635, .2787, 3593,
6, .1556, .2019, .3185, .3%01, .1533, .1071, .1593, .5233, .3826, .5021,
7, .3161, .2430, .1701, .5657, .2156, .0864, .1063, _3457, .e022, .7413,
8, .1640, .3662, L1736, .2122, .3064, .0810, .0614, .2704, .4788B, 1.0044,
9, .4086, .1233, L4111, .3360, .1543, .1401, .l042, .2967. .5709, .7858,
10, L2425, .5732, 0870, .5753, .1727, .0948, .1614, .3128, .59%8, .9744,
11, .5022, .557e6, .7254, .2599, .3326, .0179, .1823, .4193, .8034, 1.0687,
12, .1p02, .0017, 2.1832,1.%5429, .0805, .0330, .1011, .3468, .6885, 1.3772,
13, L1574, (5094, .2034,1.9670,1.159%4, .0445, 0723, .4316, .87%5, 1.8222,
14, 2560, .3220, .5340, .7310, .3220, .0760, .1190C, .3680, .6260, 1.0360,
FBAR 4-14, .2502, .31s38, .4707, .64%55, .3065, .1105, .14s60, .3456, .5567, .8914,
W.Av 4-14 .238 .2%94 246 L3686 .224 L2585 . 227 .358% .374 .288
Table § Fishing mortality (F) at age
YEAR, 19289, 1990, 1991, 1992, 1993, 19%4, 1995, 1996, 1987, 1998, FBAR 94-97
AGE
1. .0108, .011e6, .0283, .o172, .0011, .0202, .0180, .0009, .0210, .017s, .0151,
2, .0547, .0441, .1147, .0730, .05B&, .1630, .0999%, .0521, .0261, .l00O0, .0853,
3, L1061, .17pl, .1951, .2112, .1964, .20%%, .3320, .2236, .0S838, .1789, .2138,
4, L1876, .1735, .3772, .2283, .1895, .2381, .2498, .2933, .198s, .1789, ,244%9,
5, .3314, .2576, 2279, .3918, _1778, .273%, _2340, .29%02, .1880, .178&9, L2465,
6, .3526, .4310, .2598, .4371, .3180, .2288, .3352, ,2718, .2084, .1788, L2610,
7. .2948, .4300, .5%579, .2441, .3076, .3850, .2722, .2509, .1213, .1789, ,2498,
g8, .4409, .5208, .1870, .4127, .2291, .5376, .3743, .2581, .2031, .1789, L3433,
9, .5701, .615%, .3995, .2574, .1996, .2366, .4534, _2869, .2246, .1789, L3004,
14, .7351, .6%08, .8158, .3901, .1368, .3234, .1€27, .3382, .2288, .1789, L2633,
11, ,9509, .9955, .6325, .3697, .2300, .1411, .2037, _0364, .2085, .1789, .1474,
1z, L5181, .9774, .4912, .1785, .2944, .6244, .1l446, .159%6, .1754, .1783, 2760,
13, .4B16, .7787, .4992, .3232, .1528, .%692, .%630, .125%0, .0652, .178%, .431s5,
14, .5430, .6800, .4810, .3270, .2330, .3770, .364D, .2160, .1750, .1789, 2840,
FBAR 4-14, .4914, .5955, .4481, .3236, .2244, .3550, .3415, .2300, .1819, .1789,
W.Av 4-14 .295 .338 .364 325 L2112 L2564 .263 .267 .179 179
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Table 7.4.3 Icelandic summer spawners. VPA stock size (thousands) and
(tonnes). Age in vears is number of rings+l.
Run title : Herring Summer-spawn {run: SVBAGB09/V09)
AL 30-Apr-%9 17:37:18
Traditional vpa using file input for terminal F
Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1979, 1980, 1981, 1582, 1983, 1984, 1985, 19846, 1987,
AGE
1, 248295, 254098, 880754, 238201, 219848, 503268, 1253076, 703086, 345124,
2, 174486, 223783, 226925, 794771, 215101, 197524, 454976, 1133724, 636084,
i, 135164, 143537, 188854, 200930, 700898, 173260, 161612, 399443, 1018066,
4, 345495, 258107, 110164, 154948, 155117, 490249, 126169, 122820, 329187,
5, 90458, 246441, 175939, 88163, 103895, 111615, 309592, 53605, 8B875,
6, 58274, 66235, 161041, 124210, 635996, 73514, 84812, 199339, 65076,
7. 100709, 45129, 48977, 105965, 76084, 49576, 59761, 65438, 106877,
8, 21164, 66431, 32023, 373846, 54458, 554494, 41228, 48621, 4190%,
9, 5836, 16254, 41679, 24359, 27361, 36270, 46305, 35085, 33571,
10, 2406, 3509, 13001, 25000, 15751, 21217, 28528, 37753, 23594,
11, 1164, 1708, 1750, 10783, 12725, 11992, 17462, 21965, 24985,
12, 352, 537, B8E, 784, 7524, 8256, 10659, 13164, 13068,
13, 389, 288, 576, 90, 152, 6281, 7228, 8717, 8422,
14, 28, 301, 157, 425, 11, 43, 5436, 5084, 5123,
TOTAL, 1384222, 1326461, 1882770, 1B06017, 1652927, 1738672, 2606852, 28B884%, 2739980,
TOTSBIC 193441, 212811, 186274, 193097, 219903, 233050, 250527, 263%02, 373378,
Table 10 Stock number at age {start of year} Numbers*10**-3
YEAR, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997,
AGE
1, 389913, 1004383, 1352627, 73B043, 849770, 326604, 436290, 1220620, 470558,
2, 446616, 349030, 898337, 1189810, A56395, 768076, 289605, 387726, 1103417,
3, 278016, 382609, 302180, 724735, 1000772, 560136, 590459, 237135, 333034,
4, 478803, 226243, 292055, 224966, 530912, 744058, 412502, 383342, 171572,
5, TG0T93,  35%357, 172102, 181224, 162002, 397453, 530614, 290754, 258700,
g, 152015, 45521%, 251325, 123993, 110826, 122711, 273468, 379962, 1565803,
7, 33328, 95675, 267664, 175377, 72467, 72966, 88327, 176896%, 261969,
8, 17316, 22457, 56906, 138634, 124315, 48210, 16295, 60876, 124597,
9, 17551, 10082, 12071, 42708, 83023, 892454, 25481, 28811, 425532,
10, 9592, 8590, 4930, 7325, 29873, 615249, 653885, 14851, 19568,
11, 5861, 41461, 4072, 1973, 4487, 23574, 40291, 49127, 9453,
12, 3649, 2049, 13981, 1957, 1233, 3226, 18524, 29737, 43863,
13, 2311, 13967, 698, 770, 1482, 831, 1563, 14505, 22939,
14, 8&9, 1292, B17, 383, 505, 1151, 426, 540, 11537,
TOTAL, 2536636, 2924505, 3617179, 3551905, 3628065, 3219982, 2817736, 3274762, 3063567,
TOTSBIC 412070, 371443, 319646, 380532, 522732, 531646, 509239, 414511, 417144,
Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR, 1998, 1959, GMST 79-96 AMST 79-96
AGE
1, 973290, o, 534607, 636584,
2, 416916, B&5304, 433238, 519735,
3, 972677, 341342, 367910, 442798,
4, 274362, 7355343, 291484, 347997,
5, 127288, 207588, 196678, 241307,
6, 193855, 56308, 127023, 157048,
7. 144582, 146750, BO168, 93475,
8, 209962, 109383, 46828, 53704,
9, 92020, 158861, 27069, 33300,
10, 30759, 69624, 15312, 21594,
11, 14085, 23272, 8181, 13880,
12, 6943, 10657, 3550, 7068,
13, 32546, 5254, 1482, 3458,
14, 19447, 246273, 517, 1484,
TOTAL, 3508840, 2809638,

TOTEBIO 493545,

SSE

1988,

494510,
312254,
572563,
878803,
240641,
60854,
40163,
52958,
23492,
17163,
11719,
10124,
5940,
3162,
2724348,
443668,
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Takle 7.4.4

Run title
At 30-Apr-99 17:46:24
Table 17
. RECRUITS,
, Age 1
1247, 179506,
19438, 68007,
1949, 17472,
1250, 197367,
1951, 116475,
1952, 323928,
1953, 197295,
1954, 167414,
1955, 191198,
1954, 469184,
1957, 791378,
1958, 369217,
1959, 555110,
1960, 712881,
1961, 531006,
1962, 525297,
1963, 467070,
1964, 585838,
1965, 507385,
19686, 99675,
1967, 39216,
1968, 178055,
1969, 46316,
1970, 33782,
1971, 70414,
197z, 89707,
1873, 418014,
1974, 131897,
1975, 198545,
1976, 554282,
1977, 436287,
1978, 155604,
1975, 248295,
1980, 254098,
1981, 880754,
1982, 238201,
1983, 219848,
1984, 503268,
1985, 1253074,
1986, 703086,
1987, 345124,
1988, 434511,
1989, 389913,
1990, 1004383,
1991, 1352627,
1992, 738043,
1993, 849770,
1994, 326604,
1995, 436230,
1996, 1220620,
1997, 470558,
1998, 973289,
Arith.
Mean , 431292,
0 Units, {Thousands) ,
1

204

: Herring Summer-spawn (run: SVPAGHL0/V10)

Traditional vpa using file input

Summary

(with SOP correction)

TOQTALBIO,

185806,
145568,
104100,
162385,
129882,
117214,
215686,
165085,
162563,
236683,
247236,
328225,
374149,
231612,
349041,
295216,
307439,
2293032,
217451,
147523,

94098,

41548,

42715,

31099,

24573,

31546,

73514,
121538,
162827,
224980,
257845,
266185,
273717,
267995,
293370,
330579,
317852,
301124,
399784,
482351,
545475,
562675,
516742,
523979,
575552,
6239456,
U581,
£31178,
598976,
582918,
599691,
550837,

2992141,
(Tonnes) ,

TOTSPBIO,

139636,
112448,

85207,
119851,

88394,

79459,
134014,
124397,
127307,
165691,
139749,
197382,
272138,
161363,
254629,
222430,
222164,
167159,
128389,

80319,

79386,

24212,

16435,

20521,

14014,

12354,

28587,

45933,
116948,
129376,
133018,
175699,
198441,
212811,
186274,
193097,
219903,
233050,
250527,
263902,
373378,
443668,
412070,
3171443,
319648,
380532,
522732,
531647,
509239,
414511,
417144,
493545,

207061,
(Tonnes) ,

for terminal F

LANDINGS,

47800,
56800,
5400,
13600,
15860,
10504,
17600,
11000,
20504,
20404,
22800,
33500,
35000,
28500,
74000,
92900,
130300,
86500,
122900,
58400,
67700,
16800,
20913,
16445,
11831,
370,
254,
1275,
13280,
17168,
28925,
37333,
45072,
53268,
39544,
56528,
58867,
50304,
49368,
£5500,
75439,
52828,
101000,
105097,
109489,
108504,
102741,
134003,
125851,
958812,
64395,
86999,

53023,
(Tonnes) ,

YIELD/SSB,

.3427,
L5051,
06286,
.1135,
.1787,
1321,
.1313,
.0884,
.1610,
L1231,
.1631,
.1697,
.128s,
.1768,
L2908,
L4177,
.5865,
.5175,
.9572,
L7271,
.8528,
L6939,
1.2724,
L8014,
.8442,
.0300,
.0089,
.0278,
1138,
.1327,
L2175,
.2125,
L2271,
.2503,
.2123,
.2927,
L2677,
.2159,
.1971,
.2482,
.2020,
.2092,
2451,
.2829,
.3425,
2851,
1985,
.2521,
2471,
L2313,
1544,
1763,

.3061

SOPCOFAC,

=

el e

1

.9923,
.9343,
9479,
.3783,
.0G75,
.7904,
.2380,
.B459,
L7515,
.8755,
L7770,
9887,
.9781,
6234,
L8878,
L7173,
L8319,
.8833,
.8198,
.9593,
. 8889,
.8833,
.9925,
.0422,
L0780,
.1931,
9979,
.0o10,
, 0600,
0000,
0000,
0000,
.0coL,
.9994,
9548,
0003,
9989,
.9992,
.0002,
9999,
9959,
9994,
.8997,
.9991,

593%¢,

.9994,
.9991,
.Qoo3,
.000¢,
.9999,
L2001,
.00o1,

FBAR 4-14,

.3641,
1.6950,
.0799,
.1742,
L2071,
.3858,
3833,
. 14086,
.1194,
2495,
2522,
2422,
.2493,
L0408,
.3058,
4133,
.7999,
8644,
1.2481,
.8179,
1.3%70,
.BOO7,
9695,
1.4174,
1.6255,
.1959,
0541,
L0379,
L1176,
1808,
.2940,
4073,
2502,
3188,
.4707,
. 5455,
3065,
.1105,
1460,
345886,
5567,
.8914,
.4914,
.5955,
.4481,
.3236,
.2244,
.3550,
.3415%,
2300,
.1819,
.1789,

.4604,



Table 7.4.5 Icelandic summer spawners. Input data for the RCT3 program.

Iceland Herring: VPA and acoustic survey data
3 20 2

*Yearcl” fVPRage2’ ‘Surv4d’’Survi’ ‘Survi’
1877 248 462 19 =11
1978 254 75 361 -11
1979 B81 -11 17 &25
1980 238 310 -11 -11
1981 220867 171 -11
1982 504 208 28 -11
1983 1255 ~11 652 -11
1584 705 352 -11 201
1985 346 181 126 -11
1986 495 593 725 406
1987 392 227 178 370
19838 1009 850 805 -11
1989 1362 858 745 710
1980 744 533 254 465
1991 857 -11 234 1418
1992 331 165 -11 183
1993 444 65 98B -11
1994 1247 716 792 845
1985 -11 188 237 266
1996 -11 -11 -11 1629
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Table 7.4.6 Icelandic summer spawners.
Analysis by RCT3 ver3.l of data from file :

adapt .dat

Iceland Herring: VPA and acoustic survey data

Data for 3 surveys over 20 vears : 1977 - 1996
Regression type = C

Tapered time weighting applied

power = 3 over 20 years

Survey weighting not applied

Final estimates shrunk towards mean

Minimum $.E. for any survey taken as .20

Minimum of 3 points used for regression

Forecast/Hindcast variance correction used.

Yearclass = 1995
I-————————— Regression---------- I I-——-——————- Prediction—--=~~=--- I
Survey/ Slope Inter- Std Rsguare No. Index Predicted std WAP
Series cept Error Pts Value Value Error Weights
Survd .81 1.71 .47 .626 15 5.24 5.95 .560 .339
Surv3 .87 1.61 .79 .359 15 5.47 6.38 .924 .124
Surv?2 1.04 .12 .55 .518 g 5.59 5.92 714 .208
VPA Mean = 6.44 .568 .329
Yearclass = 1996
I———m Regression---------- I I-——-——-—-——-- Prediction--------—- I
Survey/ Slope Inter- Std Rsquare No. Index Predicted std WAP
Series cept Error Pts Value Value Error Weights
Surv4d
Surv3
Survz 1.03 .17 .54 .531 9 7.40 7.78 , 814 321
VPA Mean = £.46 .559 .679
Year Weighted Log Int EXt Var VPA Log
Class Average WAP sud std Ratio VPA
Prediction Error Error
1995 471 6.16 .33 .14 .18
1996 974 6£.88 .46 .62 1.80
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Table 7.5.1
The SAS System
12:24 Tuesday, May 4, 1999
Herring Icelandic Summer-spawning (Fishing Area Va!

Single option prediction: Input data

Year: 1999

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

Age size mortalicy ogive bef.spaw. bef.spaw. in stock pattern in catch
1 600.000 4.1000 0.0000 0.0000 0.50040 0.071 0.0052 0.071
2 865_304 0, 1000 0.1580 0.00Q00 0.5000 0.143 0.0502 0.143
3 341.342 0.1000 0.9500 6.0000 0.5000 0.198 0.1360 0.194
4 735.943 0.1000 0.9950 0.003Q 0.5000 0.229 g.1789 0.229
5 207.586 0.1000 1.0000 0.0000 0.5000 0.252 o.178% 0.252
[ 96.308 C.1900 1.0000 0.0000 0.5000 0.278 0.1789 0.278
7 146.750 0.1000 1.0000 0.0000 0.5000 0.311 0.1789 0.311
8 109.393 0.1000 1.0000 0.0000 0.5000 0.334 0.1789 0.334
g 158.861 0,1000 1.0000 D.0000 0.5000 0.364 0.1789 0.364
10 69.624 0.1000 1.0000 0.0000 0.5000 0.369 0.1789 0D.368
11 23.272 0.1000 1.0000 n.0000C 0.5000 0.3B0 0.1789 0.380
12 10.657 0.1000 1.0000 0.0000 0.5000 0,404 0.1789 0,404
13 5.254 0.1000 1.0000 J.0000 0.5000 0.404 0.178% 0.404
14 24,625 0.1000 1.0000 0.0000 0.5000 0.424 0.1789 0.424
Unit Millions - - - - Xilograms - Kilograms

Year: 2000

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

Age ment mortality ogive bef.spaw. bef.spaw. 1n stock pattern in catch
1 600,000 0.106<0 0.0000 c.0000 0.5000 g.071 0.0052 0 071
2 0.1000 0.1580 0.0000 0.5000 ¢g.143 0.0502 0.143
3 00,1000 0.9500 0.0000 0.5000 0,198 0.136Q 0.198
4 0.1000 0.9950 ¢.000D0 0.5000 0.229 0.1789 0.229
5 0.10C0 1.0004 0.0000 0.5000 0.252 0.1789 0.252
é 0.1000 1.0000 0.0000 0.5000 0.278 0.1789 0.278
7 0.1000 1.0000 0.0000 0.5000 0.311 0.1789 0.311
a 0.1000C 1.0000 0.0000 0.5000 0.334 0.17B9 0.334
9 0.1000 1.0000 ¢.0000 0.5000 0.364 2.1789 J.3484
10 0.1500 1.0000 0.0000 0,5000 0.269 0.17389 3.249
11 0.1000 1.0000 0.0000 0.5000 0.380 g.1789 5.340
12 0.1l000 1.0000 g.0000 0.5000 0.404 0.178% C.424
13 0.1000 1.0000 g.0000 0.5000 13.404 0.178% 1 404
14 g.1000 1.9000 ¢ 0000 0.5000 0.424 0D.1789 0.424
Unit Millions - - - - Kilogram - K1lograms
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The SAS System 12:24 Tuesday, May 4, 199%
Herring Icelandie Summer-spawning (Fishing Area Va!

Single option prediction: Input data

{cont.)
Year: 2001
Recruit- Natural Maturity Prop.of F Prop.of M  Weight Exploit. Weight

Age ment mortality ogive bef.spaw. bef.spaw. 1in stock pattern in catch
1 600.000 0.1000 0.0000 0.0000 0.5000 0.071 0.0052 0.071

2 0.1000 0.1580 0.0000Q 0.5000 0.143 0.0502 0.143

3 0.1000 0.9500 0.0000 0.5000 0.198 0.1360 0.198

4 0.1000 0.9950 0.0000 0.5000 0.229 0.1789 0.229

5 0.1000 1.0000 0.0000 0.5000 0.252 0.1789 0.252

6 0.1000 1.0000 0.0000 0.5000 0.278 0.178° 0.278

7 0.1000 1.0000 0.0000 0.5000 0.311 0.1789 0.311

8 0.1000 1.0000 0.0000 0.5000 0.334 0.1789 0.334

9 0.1000 1.0000 0.0000 0.5000 0.364 0.1789 0.364
10 0.1000 1.04Q00 0.0000 0.5000 0.369 0.1745 0.369
11 0.1000 1.0000 0.06000 0.5000 0.380 0.1789 C.380
12 0.1000 1.0000 0.0000 0.5000 0.404 0.1789 0.404
13 0.1000 1.0000 0.0000 0.5000 0.404 0.1749 0.404
14 0.1000 1.0000 0.0000 0.5000 0.424 0.1789 0.424
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
1 600.000 0.1000 0.0000 0.0000 0.5000 0.071 0.0052 0.071

2 0.1000 0.1530 0.0000 0.5000 0.143 0.0502 0.143

3 g.1000 0.9500 0.0000 0.5000 0.198 £.1360 0.198

4 0.1000 (.9950 0.0000 0.5000 0.229 0.1783 0.229

5 0.1000 1.0000 0.0024a0 0.5000 0.252 0.1789 0.252

6 0.1000 1.0000 3.0000 0.5000 0.278 0.178%9 n.278

7 0.1000 1.000Q0 0.06800 0.5000 0.311 0.178%9 0.311

8 0.1000 1.0000 3.0000 0.5000 0.334 0.178% 0.334

g 0.1000 1.0000 0.0800 0.5000 0.364 0.178%9 0.364
10 0.1000 1.0000 0.0000 0.5000 0.369 G.1789 0.369
11 0.1000 1.0000 0.0000 0.5000 D.380 0.1789 0.380
12 0.1000 1.00600 0.0000 0,5000 0.404 0.1789 0.404
13 0.1000 1.6000 0.0000 0.5000 0.404 C.1789 0.404
14 0.1000 1.0000 0.0000 0.5000 0.424 0.1789 0.424
Unic Millions - - - - Kilograms - Kiiograms

Notes: Run name : SPRAGBO1

Date and vime: Q4MAYZ9:12:42
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Table 7.5.2
The $AS System 12:24 Tuesday, May 4, 1
Herring Icelandic Summer-spawning (Fishing Area Va}’

Single option prediction: Detailed tables

Year: 1999 F-factor: 1.2297 Reference F: 0.2200 1 January Spawning time

Absolute Catch in Catch in Stock Stock Sp.stock Sp.stock 8Sp.stock Sp.stock

Age F numbers weight size bicmass size biomass size biomass
1 0.0064 3619 256 600000 42420 0 0 0 o]
2 0.0617 49284 7038 865304 123565 136718 19523 1300590 18571
3 0.1672 50082 9931 341342 676088 324275 64304 308480 61168
4 0.2200 134558 31661 735943 168163 732263 167322 636550 159162
5 D.2200 39083 9845 207586 52291 207586 52291 197462 49741
6 0.2200 18132 5039 96308 26764 56308 26764 91611 25459
7 0.2200 27629 8582 146750 45581 146750 45581 139593 43358
a 0.2200 20596 6869 109393 36483 109393 36483 104058 34703
9 0.2200 29909 108986 158861 57873 158861 57873 151113 55051
10 0.2200 13108 4833 69624 25670 69624 25670 66228 24418
11 £.2200 4381 1664 23272 9839 23272 B839 22137 8408
12 0.2200 2006 B10 10657 4300 10657 4300 10137 4090
13 0.2200 589 400 5254 2122 5254 2122 4998 2018
14 0.2200 4636 1964 24625 10434 24625 10434 23424 4925
Toktal 402014 99786 3394915 672192 20455885 521505 1945822 496071
onit - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes

Year: 2000 F-factor: 1.2297 Reference F: 0.2200 1 January Spawning time
Absclute Catch in Catch in Stock Stock Sp.stock Sp.stock Sp.stock $Sp.stock

Age F numbers weight size biomass size biomass size bilomass
1 0.0064 3619 256 600000 42420 o] Q 0 0
2 0.4617 30725 4388 539462 77035 85235 12172 81078 11579
3 0.1872 108005 21417 736123 145973 699317 138675 665211 131911
4 0.2200 49197 11241 261305 59708 259999 59410 247318 56512
5 0.2200 100614 25345 534404 134616 534404 134616 508341 128051
[ 0.2200 28380 7887 150738 41890 150738 41880 143387 39847
7 0.2200 13187 4090 69934 21721 69934 21721 66523 20662
8 0.2200 200683 6691 106562 35539 106562 35539 101365 33805
9 0.2200 14958 5448 79436 28938 79436 28938 75561 27527
10 0.2200 217159 8008 115357 42532 115357 42532 109731 40458
11 0.2200 9519 3615 50557 18202 50557 19202 48092 13265
12 0.2200 3192 1284 16899 6819 16899 6819 16075 6486
13 0.2200 1457 588 7739 3126 7739 3126 7361 2973
14 0.2200 718 304 3gis 1616 3815 1616 3629 1538
Total 40531¢ 100562 3272331 661136 2179991 546255 2073672 515614
Unit - Thousands Tomnes Thousands Tonnes 'Thousands Tonnes Thousands Tonnes

{cont.)
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The SAS System 12:24 Tuesday, May 4, 1999
Herring Icelandic Summer-spawning (Fishing Area Va)

Single option prediction: Detailed tables

{cont.)
Year: 2001 F-factor: 1.2297 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 nunmbers weight size biomass size biomass zize biomass
1 0.0064 3619 256 6500000 42420 0 Q 0 0
2 0.0617 30725 4388 539462 77035 B5235 12172 81078 11578
3 0.1672 67334 13352 458926 91005 435979 86455 414716 B2238
4 0.2200 1060895 24243 563519 128764 560702 128120 533356 121872
5 0.2200 35724 8999 189747 47797 189747 47797 180492 45466
3 0.2200 73061 20304 388057 137841 388057 107841 369131 102582
7 0.2200 20808 6401 109458 33998 102458 33998 104120 32340
] 0.2200 9561 3189 50782 163936 50782 16936 48306 16110
9 0.2200 14569 5307 77380 28190 77380 28190 736086 26815
10 0.2200 108640 4004 57682 21267 57682 21287 5486% 20230
11 0.2200 15771 5990 83766 31814 83766 31814 739681 30263
12 0.2200 6912 2749 36712 14813 36712 14813 34922 14091
13 0.2200 2310 933 12271 4956 12271 4956 11673 4715
14 0.2200 1058 448 5619 2381 5619 2381 5345 2265
Total 398207 100602 3173382 6459218 2093391 536740 1991295 510563
Unit - Thousands Tonnes Thousands Tornnes Thaousands Tonnes Thousands Tonnes
Year: 2002 F-factor: 1.2297 Reference F: 0.2200 1 January Spawning time
Abzsolute Catch in Catch in Stock Stock Sp.stock Sp.steock Sp.stock Sp.stock
Age F numbers weight size biomass size biomass size bicmass
1 0.0064 3619 256 600000 4242Q 0 o] a o
2 ¢.0617 30725 4388 539462 77035 85235 12172 81078 11578
3 0.1672 67334 13352 458926 91005 435979 °/455 414716 82238
4 0.2200 66144 15114 351318 80276 349562 14875 332513 75979
5 0.2200 77041 19407 409199 163077 409189 103077 389242 98050
] 0.2200 25941 7209 137784 38290 137784 38290 131064 36423
7 0.2200 53053 16478 281787 47523 281787 B7823 268044 B3254
-] 0.2200 14965 4991 79483 26508 79483 26508 75607 25215
9 0.2200 6943 2529 36876 13434 36876 13434 35077 12779
10 0.2200 10579 35040 56189 20717 56189 20717 53449 19707
11 0.2200 78886 2995 41886 15508 41886 15908 39843 15132
12 0.2200 11452 4621 60827 24544 60827 24544 57860 23347
13 0.2200 5019 2027 26658 10767 26658 10767 25358 10242
141 0.2200 1678 711 8911 3775 8911 3775 8476 3591
Total 382378 97578 3089305 635280 2010376 523045 1912328 497535
unit - Thousands Tonnes Thousands Tonmes Thousands Tonnes Thousands Tonnes
Notes: Run name : SPRAGHUL
Date and time : DAMAYS59:12:42
Computation of ref. F: Weighted mean, age 4 - 14
Prediction basis : F factors
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Table 7.5.2 (cont.)
The SAS System 1Z:24 Tuesday, May 4, 1989
Herring Icelandic Summer-spawning (Fishing Area Va}

Single option prediction; Summary table

1 January Spawning time
Year F Reference Catch in Catech in Stock Stock Sp.stock Sp.stock Sp.stock Sp.stock
Factor F numpers welght size biomass size biomass size biomass
19599 1.2297 0.2200 402014 99786 3394919 672192 2045586 521505 1945822 496071
2000 1.2297 0.2200 405319 100562 3272331 661136 2179991 S46255 2073672 519614
2001 1.2297 0.2200 358207 100602 3173382 649218 2093391 S36740 1991295 510563
2002 1.2297 0.2200 382378 97978 3GB9305 635280 2010376 523045 1912328 4397535
Unic - - Thousands Tonnes Thousands Tonnes Thousands Tonnes Thousands Tonnes
Notes: Run name : SFRAGBOL
Date and time : 04MAY99:12:42

Computation of ref. F: Weighted mean, age 4 - 14
Prediction basis - F factor
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Table 7.5.3

The SAS System

12:24 Tuesday,
Prediction with management option table

May 4, 1999

Herring Icelandic Summer-spawning (Fishing Area va)

Year: 199% | Year: 2000 | Year: 2001
F Reference Stock Sp.stock| <Catch in F Reference Stock Sp.stock| Catch in Stock Sp.stock
Factor F Biomass biomass weight Factor F bipmass hiomass weight biomass biomass
1.2327 0.2205 6721892 496071 100000 0.0000 0.0000 660915 519405 9] 754597 610404
0.0500 0.008%9 519405 4487 750266 605935
J.1000 0.0179 51%405 8938 745573 601503
0.15008 0.0268 519445 13353 740917 597107
0.2000 0.0358 5194405 17733 736299 592747
0.2500 0.0447 519405 22077 731719 5884322
0.3000 0.0537 519405 26387 727175 584132
0.3500 0.0626 519405 30662 722668 579877
0.4000 0.0716 519405 34903 718197 575656
0.4500 0.0805 515405 39110 713762 571469
0.5000 0.0894 519405 43283 709363 567317
0.5500 0.0984 519405 47422 705000 563198
0.6000 0.1073 519405 51529 700671 559112
0.6500 0.1163 519405 55602 696378 555060
0.7000 0.1252 519405 59643 692119 551040
0.7500 0.1342 519405 63651 687894 547053
0.8000 0.1431 519405 57628 683703 543098
0.8500 0.1521 519405 71573 679546 538175
0.9000 0.1610 519405 75486 675422 535284
0.5500 0.1700 519405 759368 671331 531424
1.0000 0.1789 519405 83218 567273 527595
1.0500 0.1878 519405 87035 663248 523797
1.1000 0.1968 519405 90828 652255 520030
1.1500 0.2057 519405 94588 655294 516293
1.2000 0.2147 519405 98317 651364 512587
. 1.2500 0.2236 519405 102017 647465 508910
1.3000 0.2326 519405 105687 643600 505263
1.3500 0.2415 519405 109328 639764 501645
1.4000 0.2505 519405 112540 635959 4980546
1.4500 0.2594 519405 116523 632185 494497
1.5000 0.2684 519405 120078 628440 490965
1.5500 0.2773 519405 123604 624726 487463
1.6000 0.2862 519405 127102 621041 483988
1.6500 0.2952 519405 130573 617386 480542
1.7000 0.3041 512405 1340186 613759 477123
1.7500 0.3131 519405 137432 610162 473731
1.8000 0.3220 519405 140820 606594 470367
11,8500 0.3310 519405 144182 603054 467030
1.9000 0.3399 519405 147517 5959542 463720
1.9500 0.3489 519405 150825 596058 460436
. - . 2.0000 0.3578 . 519405 154107 592602 457178
- - Tonnes Tonnes Tonnes - - Tonnes Tonnes Tonnes Tonnes Tonnes

Date and time

212

04MAYS9:13:15

Computation of ref.

P: Weighted mean,

age 4 - 14

Basis for 1999

: TAC constraints



Table 7.5.4

14:50 Sunday.

May 2,

19939

Herring Icelandie Summer-spawning (Fishing Area Va)

Yield per recruit: Input data
Recruit- Natural Maturity Prop.of F Prop.of M Welght Exploit. Weight
Age ment mortality ogive hef.spaw. bef.spaw. in stock pattern in catch
1 600.000 0.1000 0.0000 0.0C00 0.5C00 0.087 0.0330 0.071
2 0.1000 0.0610 0.0000 0.5000 0.140 0.2400 0.143
3 0.1000 C.B&BO 0.0CQ0 0.5000 0.155 0.6730 0.198
4 0.1000 0.9970 0.00Q0 0.5000 0.234 0.8590 0.229
5 0.1000 1.00080 0.0040 0.5000 0.269 1.40000 0.252
6 0.1000 1.0000 0.0000 0.5000 0.2989 1.0000 0.278
7 0.1000 1.0000 0.0000 0.5000 0.325 1.0000 0.311
8 Q.1000 1.0000 0.0000 0.5C00 0.345 1.0000 0.334
9 0.1000 1.0000 0.0000 0.5000 0.365 1.0000 0.364
10 0.1000 1.0000 0.0Q00 0.5000 0.376 1.000C0 0.369
11 0.1000 1.00430 £.0030 0.5040 0.35%3 1.0000 3.380
12 0.1000 1.0000 0.0000 0.5000 0.405 1.0000 0.404
13 0.1000 1.0000 0.00300 0.5000 0.407 1.0000 0.404
14 . 0.1000 1.0000 0.0000 0.5000 0.425 1.0000 0.424
Unit Millions - - - - Kilograms - Xilograms
Notes: Run name : YLDAGBOS
Date and time: 02MAY99:15:05
Tabla 7,5%.1
Run title : Icelandic summer spawning herring in Sa. Plisgrippa 10, 3 4r { shrinkage, tunfil,
At 22/03/19%9 9:05
Table 15§ Summary (without SOP correction)
Terminal Fs derived using XSA (With F shrinkage)
. RECRUITS, TQTALBIQ, TQTSPRIO, LAMDINGS, YIELD/SSE, FBAR 4- 9,
R Age 1
1979, 248284, 255811, 187768, 45072, 0.2400, 0.2473,
1980, 2607946, 248991, 194695, 53268, 0.2736, 0.3001,
1981, 905114, 273144, 165018, 39544, 0.2398, 0.2741,
1982, 235304, 304360, 165702, 56528, 0.3411, 0.47894,
15983, 222893, 294563, 156647, 58867, 0.2994, 0.2925,
1934, 495312, 277171, 210125, 50304, 0.2394, 0.1829,
1985, 1239283, 383210, 236201, 49368, 0.2090, 0.1805,
19846, 630318, 460474, 249274, 65500, 0.2628, 0.3737,
1987, 365383, 541666, 379510, 75439, 0.1988, 0.4055,
13938, 536592, 563419, 439640, 92828, 0.2111, 0.5331,
1989, 417779, 519454, 408557, 101000, a 2472, 0.3409,
1990, 9754043, 518137, 3631732, 105097, 0.2884, 0.4434,
1991, 1224625, 563307, 319675, 109489, 00,3425, 0.3378,
19382, 675154, 598204, 375224, 108504, 0.2892, 0.3334,
1993, 808099, 662814, 492504, 102741, 0.2086, 0.2399,
1994, 292745, 628438, 4859400, 134003, 0.2738, 0.3111,
1985, 299816, 535060, 460628, 125851, 0.2732, 0.2889,
1538, 1144875, 508128, 365054, 95882, 0.2627, 0.2814,
1997, 509088, 520297, 347613, 64385, 0.,1852, 0.21l61l,
1938, 1097433, 498473, 409105, 86959, 0.2127, 0.2440,
Arith.
Mean . 629215, 457761, 322774, 81034, 0.2550, 0._3155,
Q0 Units, {Thousands]), (Tonnes) , (Tonnes) , (Tonnes) ,
1
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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 Fish stock summary. Herring Icelandic Summer-spawning (Fishing Area Va) 3-5-1999
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Figure 7.4.2 (cont.)
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Figure 7.4.3 Icelandic summer spawners. Trend in acoustics and VPA stock numbers.
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Figure 7.4.4 Icelandic summer spawners. Acoustic estimates vs VPA stock numbers (at the 1% of January).
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Figure 7.7.1 Herring Icelandic summer spawners (Fishing Area Va). 4-5-1999
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Figure 7.9.1 Icelandic summer spawners. Results of retrospective analysis.
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3 OTHER
8.1 Spatial and Temporal Distribution of the Pelagic Fisheries in the Northeast Atlantic

The Working Group was asked to “update the information on the spatial and temporal distribution of the stock and
fisheries on blue whiting” and to “describe the timing of pelagic fisheries in ICES areas [; Ila; IVab; Va, Vb1,2; Viab;
VIla,b, the gear used in those fisheries and catch per ICES statistical rectangle per month in relevant areas”. These two
questions are interrelated and were therefore grouped under one heading in the present section. For the pelagic species
dealt with, a short description will be given of the fishery in 1998 accompanied by monthly, quarterly or yearly maps of
the fishery by ICES rectangles.

8.1.1 Spatial and temporal distribution of the fishery for Norwegian spring-spawning herring in 1998

The catch per ICES statistical rectangle per quarter and for the whole year is shown in Figs 8.1.1.1-8.1.1.5. Data from
France, Ireland and Netherlands were not available on statistical rectangles. A description of the herring fisheries in
1998 by country is given below. A general overview of the timing of the fisheries for herring in 1998 is given in Table
$.1.1.1. Figure 3.1.2.2.1 shows the main migration routes in 1998, together with dates (months) which are placed in the
general area where the fisheries took place at that time.

The spawning stock this year wintered in the Vestfjorden area as it has done since 1987/1988. However, this year it
seems o have been a two step immigration into Vestfjorden. The herring stopped up in the cuter part of the fjord, and
did not start migrating into the inner part of Vestfjorden and to Ofotfjorden before 1. November, almost one month later
that usual. However, by the end of November large amounts of herring were located in the traditional wintering areas.
(WD by Foote and Rattingen). In January the herring emigrated from the Vestfjorden area. The spawning in 1998
occurred a wide area along the Norwegian coast, from Lindesnes in the south (approx. 58°N) to north of Vesterilen
(approx. 70°N). By and large no major changes have been observed in the spatial and temporal distribution of
Norwegian spring-spawning herring in the wintering season 1998/1999 and spawning season in 1999 compared to the
situation in the previous year.

Table 8.1.1.2 gives a overview of the gear (purse-seine and pelagic trawl) used in the national fisheries for Norwegian
spring spawning herring. At present we have only limited information on the catch dey s of the pelagic trawls used in
the herring fishery. The purse-seines are operated from the surface down to approximately 200 m depth.

Denmark: The Danish fishery was carried out in spring {30,000 t), summer {10,000 t), and autumn (3,500 t), mainly in
the international areas in the Norwegian Sea.

The Faroes: The Faroese fishery started in the Faroese EEZ in April. In May the fishery also took place in international
waters and in the Jan Mayen EEZ. The summer fishery terminated in late June. The autumn fishery took place in the
Norwegian EEZ, west of Lofoten, during September,

France: No information was received on the French fishery.
Germany: No information was received on the German fishery.

Iceland: The fishery started in late April and followed the part of the stock that migrated south-west and west into the
Faroese EEZ. By mid-May no more catches could be made in that area du to the scattered condition of the herring. The
Icelandic vessels then shifted the fishing area to a more northerly part of the stock, which was then migrating in a north-
westerly direction towards the Jan Mayen area. By the end of May approximately 75,000 tonnes had been fished. From
the later part of May to the later part of June the fishery tock place in the border areas between the international, Jan
Mayen and Icelandic waters. The catches taken within the Icelandic EEZ, to the east and north-east of Langanes, during
the latter half of June, most likely derive from herring migrations northward from Faroese waters. In autumn,
approximately 7,000 t was caunght in Norwegian EEZ on herring returning to the wintering areas.

Ireland: The Irish fishery decreased in 1998 compared to earlier years, and only a few vessels participated in this
fishery. A catch of 2,313 t was taken in February, Only 124 t were taken in the Norwegian Sea in spring, bringing the
total to 2,437 t.

Netherlands: The Dutch fishery took part in May-Fune in international walters.
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Norway: By far the larger part of the Norwegian fishery takes place in Norwegian coastal waters where the herring
occurs in easily available concentrations in the period September until March. The fishery is carried out by many size
categories of vessels. In 1998 approximately 169,000 t were caught in the wintering area in Northern Norway, and
126,000 t in the spawning season. Less than 10,000 t were caught in the spring/summer fishery in the Norwegian Sea,
approximately 441,000 t in autumn on the herring migrating to, and wintering in, the wintering areas in Northern
Norway.

Ruossia: In 1998 the Russian fishery in spring started in the beginning of February within the shelf area of the
Norwegian EEZ, in the area near Sklinna and Langrunnen Bank (approximately 65°N-62°N), and terminated on the
Tren Bank (approximately 64°N) in late March. In February-March the catch was 82,497 t. In May-Tune a fishery was
carried out in the Farcese EEZ where 5,000 t were caught. In the international area in the Norwegian Sea the Russian
catches in July-September were 4,500t. At the beginning of September the fishery started within the Norwegian EEZ, in
the area near Andgy and Malangen Banks (approximately 69°N-71°N). In September the catch was 31,552 t. All of the
Russian catch was used for human consumption.

Sweden: No information was received on the Swedish fishery,
UK (Scotland): The decreasing trend in the UK fishery continued in 1998, the catch totalled 15,978 t.
8.1.2 Spatial and temperal distribution of the fishery for Icelandic summer-spawning herring in 1998/1999

The fishery of Icelandic summer-spawning herring for the 1998/99 season {Fig. 8.1.2.1) started in September 1998 off
the southeast coast of [celand. The catch in October-January was almost equally distributed over these four months. The
purse-seine fishery took place off the east coast of Iceland in September and October, but west of Iceland in October-
January. The pelagic trawl fishery started in November and took place both east and west of Iceland. In the 1997/98
season 59% of the catch was taken by purse-seiners, and 78% were taken in 1998/99. The remaining 41% and 22%
respectively, were taken by pelagic trawl, Until 1990, the herring fishery took place during the last three months of the
calendar year, but after that the autumn fishery has continued in January and early February of the following year.

8.1.3 Spatial, temporal and zonal distribution of the blue whiting fisheries in 1998

A description of the monthly distribution of the fisheries for blue whiting by ICES rectangles is given here (Figs
8.1.3.1-12), Figure 8.1.3.13 shows the overall catch distribution in 1998, Data from Portugal were not available on
statistical rectangles. The directed fishery for blue whiting is pursued with pelagic trawls, operating at depths between
200 and 500m. Bottom trawl is used in the mixed industrial fishery,

January (Fig. 8.1.3.1): The main wintering_concentrations of blue whiting were distributed in the southeastern part of
the Faroese EEZ.

February (Fig. 8.1.3.2): The fishery on the pre-spawning concentrations took place in the Porcupine bank area and in
international waters west of the Trish EEZ.

March (Fig. 8.1.3.3): The spawning concentrations of blue whiting were distributed inside the Irish EEZ and in
international waters along the Irish EEZ.

April (Fig. 8.1.3.4): In the first half of the month, the fishery was based on post-spawning blue whiting which was
concentrated in the Irish and UK EEZs as well as international waters around the Rockall Bank. In the second part of
April, the blue whiting migrated to the southern part of the Faroese EEZ,

May (Fig. 8.1,3.5): The main post-spawning concentrations of the fish were observed in the UK and Faroes EEZs. In
late April, blue whiting were found in Icelandic waters and a fishery in this continued during May. In late May, blue
whiting migrated into the Norwegian EEZ.

June (Fig. 8.1.3.6). The main fishery was in the Faroes EEZ.
July (Fig. 8.1.3.7): A fishery on feeding blue whiting took place in several areas:

a) The eastern part of the Icelandic EEZ.
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b) The northern part of the Faroese EEZ.
c) In a mixed industrial fishery along the Norwegian coast, operated by vessels using bottom trawls.

August (Fig. 8.1.3.8): The main catches of blue whiting were taken in the eastern part of the Icelandic EEZ, in
international waters and also in mixed industrial fisheries in the northern part of the North Sea.

September (Fig. 8.1.3.9): Feeding concentrations of blue whiting were observed in the eastern and southern parts of the
Icelandic EEZ, in international waters (up to 72° 30' N ) and in a mixed industrial fishery in the Norwegian and EU
EEZs.

October (Fig. 8.1.3.10}): The main catches were taken from the Teelandic, Faroese and Norwegian EEZs.

November (Fig. 8.1.3.11): The fishery was based on wintering concentrations of blue whiting, which were distributed in
the Icelandic, Farcese and Norwegian EEZs. Dense concentrations were also located in the Jan-Mayen EEZ.

December (Fig. 8.1.3.12); The main fishing grounds were located in the Faroes EEZ.

The fishery in the southernmost distribution area (Spain and Portugal) is a coastal fishery where blue whiting are fished
throughout the year by vessels that operate at short distance from the ports were they are located. This fishery has two
main components:

a) Spanish bottom pair trawlers targeted for blue whiting and a fishery which is conducted in the area off Cape
Finisterre (NW Spain).

b) Spanish and Portuguese bottom trawlers, fishing blue whiting as a by-catch along the Atlantic coast of the
Iberian Peninsula.

One acoustic survey of the spawning area and several surveys of the Norwegian Sea were carried out in 1988 and an
acoustic survey of the spawning grounds was carried out in 1999. These observations of blue whiting as well as the
fishery during 1998/99 indicate that blue whiting were distributed over a wide area, reaching from west of the Rockall
Bank eastward to the spawning grounds and from there north up to 74°N in the Norwegian Sea.

3.14 Spatial and temporal distribution of the fishery for capelin in the Iceland-East Greenland-Jan Mayen
area in 1998/1999

The catches of capelin by quarter in the Iceland-East Greenland area is shown in Figs 8.1.4.1-4. The total catch in 1998
is shown in Fig. 8.1.4.5. The coastlines in the geographic mapping system used were approximate causing some of the
catches close to the shore to appear on land in these maps.

The season opened on 20 June 1998 and the fishery began in deep waters near the shelf edge off the eastern north coast
and northeast of Iceland. The fishing grounds gradually shifted to the northwest and for most of July the main fishing
area was located between approximately 68°N and 69°15'N, 18°-22°W. Most of the time, catch rates were
comparatively low during the summer months. Indeed, by early August the capelin had become so scattered that the
fishery was abandoned. Almost all of the caich was taken in June and July.

Fishing was not resumed until Qctober. Again, catch rates were low in the Ociober-December period, except off the
eastern north coast of Iceland for a short time around mid-November and in the third week of December.

Due to stormy weather and scattered condition of capelin east of Iceland, catch rates were low in January and the first
week of February 1999. However, in the second week of February, large schools of adult capelin appeared in the
shallow waters off the eastern south coast. The capelin remained stationary in this general area (east of approximately
18°W) during the second and third weeks of February and were fished intensively.

In the last week of February the capelin resumed their migration west along the south coast of Iceland. However, their
progress was slow and few schools managed to round the Reykjanes peninsula (22°W). The capelin arriving later made
an even slower progress westward and in 1999 practically no capelin spawned on the traditional grounds in Faxafloi and
Breidafjordur on the west coast. This anomalous behaviour was apparently caused by irregularities in the flow of ocean
currents south of Iceland and the condition of the capelin. The main features were a generally strong easterly flow of
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Atlantic water of unusually high temperature that reached almost to the coast and a very low weight at age of the
capelin. These small capelin seemed to find it difficult to move against the current, tended to stay in the colder waters
very close inshore for long periods of time and matured quickly whenever they ventured out into the deeper and warmer
walers.

For the fishery, the practical result of the situation just described was that after about 20 February the capelin were only
sporadically available to purse-seining and catch rates became extremely variable. Furthermore, as stated above,
maturation was accelerated by the high temperatures, Therefore, most of the capelin had spawned by mid-March and
the winter fishery came to a close earlier than usual.

The total catch during the 1999 winter season amounted to about 660,000 t, of which about 50,000 t were taken in
January and the remainder during a 6 week period in February and March.

8.1.5 Spatial and temporal distribution of the fishery for the Barents Sea capelin

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 autumn 1998 the fishery was again closed. The fishery was reopened in winter 1999 and
Norwegian and Russian vessels participated. The gear used was purse-seine and pelagic trawl, with the majority of the
catch taken by purse-seines. Thus the capelin fishery in the southeastern Barents Sea is operating during winter (march)
close to the northern Norwegian coast.

8.2 Salmon Post-Smolts By-Catch in Pelagic Fisheries

NASCO requested the Working Group to “provide reviews of what is known on salmon by-catch in the fisheries dealt
with”,

Currently the Working Group has no information on possible by-catch of salmon post-smolts in the pelagic fisheries for
the species covered, i.e. Norwegian spring-spawning herring, Icelandic summer-spawning herring, blue whiting, capelin
in the Iceland-BEast Greenland-Jan Mayen area and Barents Sea capelin. Section 8.1 in the present report describes the
temporal and spatial distribution of the various pelagic fisheries in 1998, in addition to a description of the gear used. It
was attempted to give catch depths of the various fisheries in section 8.1, but the information is incomplete so far.

The NASCO request has, however, made the parties aware of the possibility of salmon by-catch in the pelagic fisheries,
and it was felt that this would generate more information on by-catch in the future. At present the Working Group was
unable to provide estimates of the by-catch of post-smolts in pelagic fisheries.

3.3 Capelin Symposium

The Co-convenors of this symposium, H. Vilhjalmsson and J. Carscadden, have completed a list of scientists to
compose a Jcientific steering committee. All potential candidates have not confirmed their acceptance, but the
Committee is expected to be comprised of scientists from all areas where capelin occur as well as a participant from the
NWWG.

The names of all Committee members plus the exact dates and location of the meeting should be available to the ICES
Secretariat in time for the June Consultative Committee meeting. A preliminary description of the aims and objectives
of the Symposium will be available by summer 1999 on the ICES website and a flyer will be available by winter/spring
2000,
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Table 8.1.1.1 Timing of fisheries for Norwegian spring-spawning herring in ICES areas 1998,

ICES Area Timing of fisheries for Norwegian spring-spawning herring

I No fishery

IIa Januaary: Large fishery in fjord areas in Northern Norway.
February-March: Fishery on spawning areas on the coastal banks off Western
Norway.
April: Minor international fishery in the Norwegian Sea.
May : Large international fishery in the Norwegian Sea.
June: International fishery in the Norwegian Sea.
July: Minor international fishery in the Norwegian Sea.
August -September: International fishery off Northern Norway.
September-December: Large fishery in fjord areas in Northern Norway.

IVa February-March: Fishery on the spawning areas in coastal waters off Western
Norway. Some caltches may be taken in northern areas in spring.

IVb Ng fishery.

Va June: Fishery mainly by Icelandic and Farcese vessels.

Vb1 May: International fishery.

Vb2 Mo fishery.

VIa-b No fishery.

VYIla-b No fishery.

Ila No fishery.

Vic No fishery.

Vg-k No fishery.

VIII No fishery.

IX No fishery.

XIVa June: One caich by an Icelandic vessel,

Table 8.1.1.2 Gear used in the fisheries for Norwegian spring-spawning herring.

Nation Gear used Depths of fishing

Denmark Mainly purse seine Surface down to approximately 200m
Faroes Purse seine Surface down 1o approximately 200m
France No information

Germany Pelagic trawl ?

Iceland Purse seine Surface down to approximately 200m
Ireland Pelagic trawl ?

Netherlands Pelagic trawl 7

Norway Mainly purse seine Surface down to approximately 200m
Russia Pelagic trawl Between 150-300 m depth

Sweden Pelagic trawl and purse seine ?

UK (Scotland) Pelagic trawl and purse seine ?
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Fig. 8.1.3.1. Blue whiting catches (L) in January 1998.

Fig. 8.1.3.2. Blue whiting catches (t) in February 1998.

Fig. 8.1.3.3. Blue whiting catches (t) in March 1998,
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Fig. 8.1.3.8, Blue whiting catches (t) in August 1998.
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