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1 INTRODUCTION AND PARTICIPATION

1.1 Terms of Reference

The Atlanto~Scandian Herring and Capelin Working Group (Chairman Dr V.N.
Shleinik) met at ICES Headguarters from 15-19 October 1990 (C.Res.1990/2:4:12)

to:

a) assess the status of the Norwegian spring-spawning herring, Icelandic summer-
spawning herring and capelin stocks in Sub-areas I, II, V and XIV and provide
catch options within safe biological limits for the herring for 1991 and for
the capelin for the winter 1990/1991 and summer-autumn 1991 seasons;

b) provide information on the spatial and temporal distribution of Norwegian
spring-spawning herring.

1.2 participants

J. Hamre Norway

J. Jacobsen {(from 18 October) Faroe Islands
P. Kanneworff Greenland

A. Krysov USSR

1. Rg¢ttingen Norway

V. Shleinik {Chairman)} USSR

G. Stefansson Iceland

S. Sveinbjornsson Iceland

2 THE ICELANDIC SUMMER - SPAWNING HERRING

2.1 Working Papers

Two working papers were presented: "The Icelandic summer-spawning herring" by S.
Sveinbjérnsson and “Length distribution of catches for the Icelandic summer-
spawning herring from 1983-1990" by S. Sveinbjdrnsson.

2.2 The Fighery in 1989

The landings of +he summer-spawning herring from 1970-1989 are given in Table
2.1. The 1989 landings amounted to about 101,000 t, including estimated un-
aveoidable dumping of about 3,700 t. Apart from 916 t caught in January and
1,469 t caught in June,all the herring were caught in the purse-seine fishery in
October-December.

The main £ishing +took place at southeast Iceland this year and a much smaller
proportion of the catch was taken in the fjords at east Iceland than in recent

vears.

The text table below gives the landings and the TACs recommended during the last
few years for this fishery ('000 t).




Year Landings TACs Recommended TACs1

1984 50.3 50.0 50.0
1985 49.4 50.0 50.0
1986 65.5 65.0 65.0
1987 75.4 72.9 70.0

1988 92.82 96.0 100.0
1989 101.0 90.0 -

1Recommended by ACFM,
Inclusive 3,700 t discards,

2.3 Catch in Number and Weight at Age

The catches in numbers at age for the Icelandic summer spawners for the period
1970-1989 are given in Table 2.1, In the first years after the fishery was re-
cpened in 1975, the 1971 year class was most abundant. During the period 1983-
1986, the fishery was dominated by the very strong 1979 year class. In 1987 and
1988, the fishery was based on a number of year classes ranging from 3~ to 10-
ring herring, although 4- and 5-ringers were most abundant in the catch in 1988,
In the 1989 fishery, the 1983 year class predominated in the catch with the 1982
and 1984 year classes also abundant.

The 1983 year class appears to be the strongest year class recruited to the
stock in the last 40 years.

2.4 Acousgtic Surveys

The Icelandic summer-spawning herring stock has been monitored annually by
acoustic surveys since 1973. In the autumn of 1989, it was not possible to
investigate the distribution and abundance of immature herring in the fjords and
bays of west and north Iceland. Investigations on the abundance of the mature
component of the stock did not begin in 1989 until 10 December when the east
coast fjords and the coastal areas off southeast Iceland were surveyed, Very
little herring was located in the east coast fjords, and the concentrations in
the area off southeast Iceland were much lower in abundance than expected.
Another suxvey in January 1990 gave similar results, and it was concluded that
only part of the stock had been located in the surveys.

During a capelin survey in February 1990, a research vessel located a large
herring overwintering school at southeast Iceland on which a successful acoustic
biomags estimate was made (Table 2.4).

2.5 Stock Assessment

Results of the Februvary 1930 biomass estimate and the abundance estimate of
immature herring obtained in November/December 1988, together with the catch in
numbers by age, were used +to calculate an exploitation pattern for the 1989
season. The results are given in Table 2,4. Tt is clear that the fishery was
strongly directed towards the very large 1983 year class which was concentrated
to a large extent off the southeast coast of Iceland during the fishing season.
Using this exploitation pattern, a series of VPA runs was made using a range of
terminal Fs. The best one to onhe relation using 13 acoustic estimates from 1974-
1988 ({excluding 1976, 1982 and 1986 for which no estimates are available) and
virtual population analysis was obtained with an input of F = 0,29 on the older
herring {see Appendix for fitting method). According to this assessment, the
spawning stock has increased from about 260,000 t in 1984 to 430,000 t in 1987,




It is estimated that in 1990 the spawning stock was 510,000 t, which is about
19% higher than obtained in the 1989 assessment.

As explained in the Appendix, the Group agreed that an average F, weighted by
stock iIn numbers, gives an appropriate measure of the exploitation of the stock.
For this purpose, an average of age groups 4-14 has been used. It is noted that
all measures of average F levels are hard to interpret, since the fishery has a
tendency to concentrate on large year classes (e.g., the 1979 year class, which
enters as 3-ringers in 1983). )

For ingut F on the oldest age groups, however, an average reflecting the fishing
intensity on the oldest age groups is required. For this, an unweighted average
over ages 6-13 has been used.

The results of the VPA are given in Tables 2.5 and 2.6, and Figures 2.1A and
2.1B.

2.6 Catch and Stock Projections

The initial stock-in-number data for projections are derived from Table 2.6.
Weight at age in the catch is obtained by using the relation:

W - W= -0.2404 Wi + 91.88 (g)

i+t
where W. and W.+1 are the mean weight of the same year class in year i and i+1,
respectiéely, £8F 'the starting years 1980-1988. This relation was used to cal=
culate the weight at age in the catch in 1990 for 2- to 8-ringed herring. For 1-
ringed herring, the mean weight from 1985-1988 was used and for older herring
the mean weight from 1985-1988.

The long-term (1970-199Q) average recruitment has been apout 400 million. Re-
cruitment has been better in the 1980s than in the 1970s. Simple amoothing of
the recruitment +ime series indicates that the current level may be over 600
million, The average recruitment in the 1980s was 584 million. A constant re-
cruitment level of 600 million has been used in the projections. This corre-
sponds to a steady state of some 500,000 t of spawning stock biomass.

When choosing a select}on pattern for stock projection, the candidates Fp and a
scaled version of F {Table 2.4} were considered, as well as the average F
over the years 1983—198%3(Tab1e 2.5). The three resulting patterns are given in
Table 2.7. The fishing pattern based on the average mortalities in the 1983-1986
period has been used in the predictions. This should be adeguate for long-term
prediction but can of course not fully accommodate inevitable variability in the
next few years. Some testing has revealed, however, that the short-term pre-
dictions are quite robust to changes in the lower tail of the pattern {in par-
ticular to decreasing the selection of 2-3 ringers, which seems to reflect the
current situation). This, along with the use of weights deduced from the re-
gression, should make both the long-term and shori-term forecasts quite

reliable.

A summary of input data for the predictions is given in Table 2.8. The target
fishing mortality has been F0 , which is now estimated as 0.202 (since the
predicted pattern 1is flat '3n the 4+ group, the value is the same whether a

weighted or unweighted average is used).

During the period 1983-1986, the fishing mortality varied from 0.204 to 0.323
{average, weighted by stock in numbers, 4-14 rings). It was on average 0,24,
which is close to the target of 0.20.




Project@ons of spawning stock biomass and catches {'000 t) based on input data
shown in Table 2.8 for a range of values of Fs are given in the text table
below:

1990 1991 1992
Catch F4+ SSB at 1 July F4+ Catch 8SB at {1 July
90 0.1% 510 0.17 80 510
0.19 90 508
0.21 100 495

More detailed predictions are given in Table 2.9 and Figqures 2.1D and 2.2.

Continued fishing at FO 1 would yield just below 95,000 t in 19%0 and just above
95,000 £ in 1991, )

2.7 Management Considerations

Based on this assessment it is estimated that the spawning stock in 1990 was
510,000 t, which 1is about 19% higher than what was expected according to the
1989 assessment. It is shown in the present projection of spawning stock and
catches that fishing at F would lead to a catch of 95,000 t in 1990 and a
spawning stock of 503,000 t ig'1991. This is about 19% larger catch than had
been predicted in the 1989 assessment. A TAC for the 1990 season has been set at
90,000 t, resulting in a fishing mortality of F = 0.19. This would leave a
spawning stock of 510,000 t in 1991 (the same spawning stock size as in 1990)
and fishing would be close to the target level of fishing mortality for this
stock which is F = 0,20. Assuming a catch of 90,000 £ in 1990, fishing at
Fo o in 1991 would ¥1d1d a catch of 95,000 ¢.

Advice on the TAC for 1991 should, however, be deferred until after the acoustic
survey in November-December 1990,

3 NORWEGIAN SPRING-SPAWNING HERRING
3.1 Working Papers

The following working papers were presented: "Soviet investigations and fishery
of Atlanto-Scandian herring in the Norwegian Sea in 1990" by A.I. Krysov and
F.I. Seliverstova; "atlanto-Scandian herring survey in the open Norwegian Sea in
June-July 1990% by A.I. Krysov; "Nerwegian data on Norwegian spring-spawning
herring for the period October 1989 - October 1990", by J. Hamre and I.
R¢ttingen.

3.2 The_Fisheries

The Norwegian fishery in 1989 started in Januvary, and 12,500 t were caught in
the over-wintering areas in the fiords of northern Norway. From approximately 10
February +to mid-March, the main fishing area was the spawning area off Mgre,
where the Norwegian catch amounted to 18,000 t. The catches of herring in late
spring and summer were small, but after the herring had migrated into the over-
wintering areas in northern Norway in the autumn, some 35,000 t were caught,




These catches consisted mainly of the 1983 year class. In addition, some 7,500 t
dominated by the 1987 year class were caught in the Mgre area in the autumn.
This year class has had a very rapid growth (mean length of 29.5 cm in HNovember
1989}, and the bulk of +this cohort spawned in the winter of 19%90. The USSR
fishery in 1989 started off Mgre in the second half of February and terminated
in the area south of Lofoten in late March. The 1983 vear class also dominated
in the USSR catches. The recorded Norwegian and USSR catches were 78,707 and
15,123 t, respectively.

The same main features have prevailed in the fishery in 1990. The Norwegian
catch by 1 July 1990 was 34,660 t, and the USSR catch was 11,807. In 1990, as
in 1989, the catches consisted mainly of the 1983 year class.

3.3 Catch Statistics

The total annual catches of Norwegian spring spawning herring during the period
1972-19%0 1in terms of weight and numbers are presented in Tables 3.1, 3.2, and
3.3. The estimated unreported catches have been converted to catch in numbers
using Norwegian data on catch at age in the adult fisheries,

3.4 Recruitment

The nursery area of the herring are the Norwegian fjords and coastal areas, and,
in some years, the southern part of the Barents Sea. The recruitment has, there-
fore, been assessed in two components, one coastal and one from the Barents Sea.

3.4.1 Acoustic O-group estimates in Norweqian coastal areas

An acoustic survey of 0O-group herring distributed in the coastal areas of Norway
has been conducted in November-December each year since 1975. The results are
presented in Table 3.4. In 1987, the Working Group recommended the target
strength (TS) = 20.0 log L - 71.9 to be used for acoustic abundance estimations
of this stock. Prior to 1987, the same target strength as applied to capelin
abundance estimates was also used for herring. In Table 3.4, estimates for the
years 1975-1986 have been recalculated using the new target strength.

3.4.2 The 0-group index in the Barents Sea

Indices of O-group Norwegian spring-spawning herring have been estimated for the
period 1965-1990 based on data from the international O-group surveys in the
Parents Sea (Toresen, 1985, Anon.,1990) (Table 3.5}.

3.4.3 tic 0O-grou i i e Barents Sea

The acoustic estimates of O-group herring in the Barents Sea for the last seven
yearg are shown in the text table below:




Year Estimated number Time of

class (billions) survey

1983 17.9 Nov 1983
1984 3.8 Naov 1984
1985 2.7 Nov 198%
1986 - Sep 1986
1987 - Sep 1987
1988 4.9 Nov 1988
1989 4.4 Jun 1990

The Barents Sea components of the 1984 and 1985 year classes are depleted, most
probably due to predation by cod (Mehl, 1987). However, since 1987-1988, the cod
stock in the Barents Sea has been at a low level, and this may result in a
decreased natural mortality for the immature herring in the Barents Sea. This
may eventualy be confirmed (or invalidated) in 1992 with knowledge of the
recruiting strength of the 1988 year class. In the present stock prognosis the
same natural mortality has been applied as previously for immature herring.

3.5 The Adult Stock

As in 1989, the stock is assessed as one unit, and based on acoustic stack esti-
mates,

3.5.1 Acoustic estimates

The assessment is based on acoustic stock measurements carried out during the
spawning period. The survey was carried out from 12 February to 15 March 1990
and covered the spawning grounds off Mpre and further north. The stock estimate
in number (million individuals, TS = 20 logL ~71.9) by year class is shown in
the text table below. The estimate is compared with last year's stock prognosis
for 1 January 1990 (Anon., 1990). Taking into account that the catch in 1989 may
have been somewhat higher than used in the prognosis, and that some 90 million
herring were caught in 1990 prior to the survey, there is a quite good agreement
between the acoustic estimate and the prognosis.

Year class Prognosis (1 Jan) Acoustic estimate
(WG 1989) (1 March 1990}
1987 36 187
1986 51 -
1985 321 345
1984 119 112
1983 4554 4489
1982+ 153 146
Total 5234 5092

The 1990 estimate applies to the areas from Mgre and further north. However, for
the first time in 30 years, the Norwegian spring-spawning herring geappeared on
the traditional spawning grounds off Karmpy (approximately 59 15°'N) in 1989
{Rgttingen, 1989) and again in 1990. The amount of spawning herring at Karmgy in
1990 {1 March) is estimated to some 30,000 t, but this amount has not been added
to the estimate off Mgre (cbtained between 17 February and 12 March) because the
component which spawned at Karmpy in March may have passed through the spawn-
ing areas off Mgre in the two last weeks of February, and thus been included in




the survey off Mgre. Recaptures of tagged herring a} Karmgy in 1990 show that
the herring were tagged on the coast north of 62" N and had similar length and
age distributions to the herring which spawned at Mgre.

3.5.2 The state of the stock and VPA

The input data in the VPA are the following:

Total catch: Table 3.1 (Column "Total catch as used
by the WG") '

Catch in number pr year: Tablel,3

Weight at age in the stock: Table 3.6

Proportion of maturity: Table 3.8

Natural mortality: 0.13 {age 3 and older)

The terminal F of the older age groups (1983 and older year classes) chosen was
the one which minimized the squared residuals between VPA estimates of the
stock, and those of the series of acoustic stock estimates for the year classes
1983 and older in 1988 (the year when the 1983 year class recruited to the
spawning stock), 1989, and 1990. The result is shown in Figure 3.1. The curve
shows a minimum at approximately F = 0.066.

The acoustic estimates (in million individuals)} of the year classes younger than
1983 are shown in the text table below:

Year
Year class 1988 1989 1990
1984 146 103 112
1585 225 373 345
Sum 3N 476 457

These data indicate that these year classes may not be fully recruited until
1990, The catch from these year classes in 1989 amounted to approximately 10
millien individuals, indicating an F of approximately 0.02, a wvalue which has
been used in the VPA. It should be noted that considerable uncertainty is in-
volved in determining the proportions of year classes other than the 1983 year
class, due to the dominance of the year class, both in the catches and the
acoustic survey. For example, catches of the 1985 year class are estimated to
3.6 million individuals or 0.9% of +the total catch in numbers. If a random
sample of, e.g. 1,500 scales is used for age determination, then the standard
deviation of the proportion of the 1985 year class will be about .25%, Thus, the
95% confidence interval for the proportion becomes roughly (.4%, 1.4%) or 1.5 -
5.3 million caught. The consequence of this is that it is quite difficult to ob-
tain reliable acoustic estimates {or fishing mortalities) for individual year

classes other than the 1983 year class.
The results of the VPA are given in Tables 3.9 and 3.10 and Figures 3.3A and B.

Figure 3.2 shows a plot of the logarithm of abundance (1983 and older) from the
acoustic surveys against year. The slope of the line gives a Z of 0.20. This is
in good agrement with F = 0.066 and a natural mortality of 0.13, indicating that
the applied target strength gives a correct level of the absolute biomass

estimate.




3.6 Catch and Stock Prognosis

The input data (Table 3.11) refer to the stock size on 1 January 1990. The
estimate of the 1989 year class as 1-year-old was taken from the O-group
acoustic estimate {(refers to 1 November 1989) in Norwegian coastal waters and
the 1 group acoustic estimate (refers to 1 June 1990) from the Barents Sea. The
O-group estimate was reduced by an annual natural mortality of 0.9 for two
months, and the 1-group estimate was increased by the estimated decrease in this
population from 1 January to 1 June 1990 (i.e., annual natural martality of 0.9
applied for five months). The number of 2-year-olds (1988 year class) was de-~
rived from the prognosis made last year (no new total estimate exists for this
year class). For the year classes 1986 and older, the VPA estimates were used.
As mentioned earlier, the 1987 year class has had a rapid growth, and it is
thought that the entire year class was present on the spawning grounds in 1990
as J-year-olds.

The biomass prognosis (in weight) will of course strongly depend on the future
growth pattern of the dominant 1983 year class. The growth of this year class is
reduced compared with other year classes since the rebuilding period started in
the early 1970s (Toresen, 1990). The Working Group in 1989 estimated a future
individual growth pattern for the 1983 year class (Anon., 1990). The same growth
pattern is applied in this year's prognosis for ages 7 and older.

However, the year classes younger than 1983 seem to have a higher growth rate.
Far example, the 1989 year class in the Barents Sea in September 1990 (I-Group)
had a mean weight of 38.7 g. The corresponding weight of the 1983 year class in
the Barents Sea in September 1984 was 20 g. The weights at age in the catch and -
the stock chosen for the prognosis are the mean values for the period 1984-1990
(excluding the values for the 1983 year class).

3.7 Results of Prognosis

Table 3.12 gives the effects of different levels of fishing mortality in 1991 on
catch, stock biomass, and spawning stock biomass. The spawning stock biomass
will decrease in the short term whether any fishing takes place or not.

A long-term prediction for the next 5 years is illustrated in Figure 3.4. The
recruitment for the years 1990 and onwards is assumed to be the same as for the
1988 year class, because the index for O-group herring in the Barents Sea in
1990 is almost the same as the corresponding index for 1988 (Anon., 1990a).

3.8 Management Considerations

The Working Group notes with satisfaction that certain measures have been en-
forced to reduce the problems concerning the additional mortality in the fishery
on this stock. In 1989, a Norwegian national ban on purse seining during daytime
(when large and dense schools occur) was put into force. Further, 10,000 t of
the Norwegian part of the TAC was not allocated to the fishery but reserved to
account for additional mortality in the fishery.

The Norwegian spring-spawning herring is a depleted stock (Category 1) according
to the criteria used by ACFM {Anon., 1989a). The preferred level of the stock,
2.5 million t, will not be reached in the near future, even without any fishing.
The Working Group recommends that the utmost caution be taken in the exploita-
tien of the stock in the coming year.




3.9 Information on the Spatial and Temporal Distribution of Norweqian Spring-

Spawning Herring

The acceount below gives information to supplement that provided by the Atlanto-
Scandian Herring and Capelin Working Group in 1989 {Doc. C.M,199%90/Assess:5).

The herring presently spawns along the Norwegian coast from Stadt and northwards
towards the Lofoten area. In 1990, as in 1989, the same herring also spawned at
Karmgy (approximately 59 N). No information has been obtained in 1990 on changes
in larval distribution.

The adult herring at present have their feeding areas west of the Lofaoten-
Vesterdlen area, mainly within 200 nautical miles off the coast. In July 1988
and in June-July 1990 herring were obgerved, mostly as scattered schools, in the

Norwegian Sea between 63"-71 N, 579-5"E.

In late August-early September the herring congregate close to the coast in the
Lofoten-Vesterdlen area. From there they g¢gradually migrate to the wintering
areas in the inner part of the fjords in this area. A USSR survey in December
1989 and January 1990 on the traditional over-wintering areas east of Iceland
and north of Faroes recorded no herring.

In the middle of January the herring start the spawning migration from the over-
wintering areas to the spawning grounds on the Norwegian coast. A survey con-
ducted in January-February 19%0 showed that the migration routes were c¢lose to
the shore, no herring were recorded on the cuter coastal banks during the migra-

tion.

A distribution pattern in the period 1987-1990 has been summarized in Figure
3.5

4 BARENTS SEA CAPELIN

4.1 Working Papers

The following working papers were presented: “"Barents Sea Capelin® by H.
Gjgsazter, J. Hamre, and B. Bogstad, “Soviet investigations of Capelin in spring
1990° by N. Ushakov and "Report from the joint Norwegian/USSR acounstic survey of
the pelagic fish in the Barents Sea in September-October 19%0".

4.2 Regulation of the Barents Sea Capelin Fishery

Since 1979, the Barents Sea capelin fishery has been regulated hy a bilateral
fishery management agreement between the USSR 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 1984-1986, the
fishery was closed from 1 May to 1 September. Since May 1986, there has been no

fishing.

4.3 catch Statistics

The international catch by country in the years 1965-19%0 is given in Table 4.1.
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4.4 Stock Size FEstimates
4.4.1 Larval and O-grouyp surveys

Larval surveys based on Gulf III plankton samples have been conducted in June
each year since 1981. The calculated numbers by year are shown in Table 4,2,
From 1981 to 1985, the index was almost constant, in the range 8.2-9.9. In 1986,
no larvae were caught in the Norwegian larval survey, although some spawning is
known to have taken place in the Varangerfiord area. In 1987 and 1988 the index
was only 0.3, and in 1989 it was 7.3. This year's index of 13,0 is the highest
on record,

During the international O-group survey in the Barents Sea in August 1990
{Anon., 199%0a), O-group capelin were observed over a much more limited area of
the Barents Sea than in 1989, and the area of dense concentraticns was much more
limited (Figure 4.1}. The abundance of O-group capelin was, therefore, con-
sidered to be lower than that in the previous year, but much higher +than the
average for the year classes 1985 to 1988. On the whole, the larval and O-group
surveys confirm that the stock is rapidly recovering.

4.4.2 Acoustic stock estimates

The 1990 acoustic survey was carried out jointly by three Soviet and three
Norwegian vessels during the period 8 September - 6 October., The same acoustic
equipment has been used for the last two vears, and it has been calibrated with
equipment used earlier.The distribution of capelin is shown in Figure 4,2, Table
4.3 gives the estimate as numbers by age and length, and the biomass at age. The
results are summarized in the text table below {the estimates of the 35ame age
groups in 1989 are shown in parentheses).

Number Mean weight Piomass
Year class (billions) {g) {'000 tonnes)

( 3.4) 2,863.5 (608.3)

1989 (1988) 700.0 (177.8) 8
3 (12.4) 2,718.4  (229.8)
1
0

3
1988 (1987) 177.4 ( 18.5) 15,
1987 (1986) te.6 { 1.5}y 27,
1986  (1985) 1.5 ( 0.0) 20.

(22.8) 448.9 ( 33.8)
(21.0) 2.9 ( 0.3)

The estimate of the 1989 year class (f-group) is about 4 times higher than the
1-group estimate in 1989, The 1-group estimate indicates that the 1989 vyear
class is above the average abundance of vear classes observed prior to 1983, The
mean weight of the 1-group is 3.8 ¢ as compared to 3.4 g in 1989, and conse-
guently the biomass of the 1989 vear class is almost 4.4 times larger than the

1988 year class as ohne-year-old.

The number of fish in the 1988 vear class {2-group) is more than 9 times the
size of the 2-group measured in 1989. The biomass estimate is almost 12 times
larger than that obtained for the 2-group in 1989, as the mean weights are very
much higher {15.3 g this year against 12.4 g last year). This mean weight is the
highest ever measured at age group 2.

The text table below shows the number of fish in various year classes, and their
survival from age 1 to age 2.
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Year class 1982 1983 1984 1485 1986 1987 1588
Age 1 (Numbers in billion) 515 145 35 7 37 20 178
Age 2 (Numbers in billion) 184 47 3 1 29 18 177
Total mortality % 64 68 90 80 33 8 0

The .acoustic estimate of the one-year-old capelin has always been considered to
be less reliable than those of the older age groups, and has in most years been
considered to be an underestimate. Nevertheless, the decreasing figures in
natural mortality among the youngest age groups gsince 1987 probably reflects a
real trend, associated with declining stocks of predators in the area.

The 1987 year class is estimated at 16.6 billion individuals with mean weight of
27.1 g, giving a biomass estimate of 450 thousand tonnes. This is the highest
mean weight measured for age group 2 since the measurements started in 1973. It
is also higher than the highest mean weight measured for four-year-old capelin.
The estimated mortality of about 10% from last autumn is unexpected, taking into
account that as much as half of this year class was expected to take part in the
spawning.

Estimates of stock in number and weight for the period 1973-1990 are shown in
Table 4.4. From 1973 to 1985 stock numbers were back-calculated to August 1 from
the survey data at October 1, and the amount fished in September was subtracted.
In the back-calculation, natural mortalities estimated by the Working Group were
used, These are: 1973-1%78: 0.051 per month, 1978-~1983: 0.072 per month, 1984:
0.080 per month, 1985: 0.150 per month, From 1986 there has been no fishing in
autumn, and the numbers given are those observed during the survey (October 1).

From 1973 to 1985, the numbers of t-year-old fish were considered to be highly
unreliable, and the numbers of 1-year-olds given in the table were back-cal-
culated from the number of two-year-olds the year after, applying the estimated
natural mortalities. From 1986, the number of one-year-olds given 1in the text
table are those observed during the survey.

The fact that the estimated number of both 2- and 3-year-old fish this year is
higher than expected from last year's survey, indicates that this vyear's esti-
mate may be an overestimate for these age groups. The number of 3-year-clds is,
however, only about 2% of the total stock in number, and under these circum~
stances, biased sampling, or pure chance alone may affect the estimate of this
component of the stock. When the mean weight is so high, only small errors in
the number estimated will lead to large errors in the estimated biomass. The
same arguments may to some extent also be used on the estimate of the 1988 year
class. Extra caution should, therefore, be shown to avoid overexploitation of
the spawning stock caused by an overestimate of the maturing stock.

4.5 Management Considerations

4,5.1 Target spawning stock

A management aim for the Barents Sea capelinh has been to preserve an adequate
spawning stock. In the 1970s and early 1980s, the TAC reccommendations were aimed
at maintaining a spawning stock of about 500,000 t (see for example Anon.,
1982), A paper by Hamre and Tjelmeland (1982} gave an optimal spawning stock of
about 400,000 t. It is, however, uncertain whether the stock/recruitment rela-
tions from the 1970s are valid after the changes in the Barents Sea ecosystem in
the middle of the 1980s, when the juvenile herring reappeared in the region.
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The stock/recruitment relationship in the 19705 and early 1980s was closely
related to a Beverton/Holt recruitment curve, but in 1984-1985, recruitment
failed completely (Figure 4.3). This is probably related to the reappearance of
the herring which had been absent from the Barents Sea since the 1950s {Hamre,
1988) . This stock interaction may be decisive for the capelin survival as O-
group fish and should be taken into account in future stock prognoses, It 1is
noted that the 1989 year class of herring in the Barents Sea is of considerable
strength (180,000 t) and iIs expected to remain in the Barents Sea in the spring
and summer of 19%91. The prospects for capelin recruitment in relation to
spawning stock in 1991 may, therefore, be rather poor, and this implies that a
target stock for spawners in 1991 should be set at a relatively high level.

4.5.2 Natural mortality and predation

The natural mortality of non-spawners has been calculated on the basis of abun-
dance estimates for year classes one year and the corresponding estimate of the
abundance next year using age groups 2 and 3. The average of these measurements
gave an M of 0.051 per month for the period 1973-1978 and a value of 0.072 for
the period 1979-1983., These estimates were used in an earlier assessment for
projecting the maturing stock from 1 October when the stock is surveyed until 1
April next year when the capelin spawns (Anon., 1985), It is assumed that most
of the natural mortality during that period is due to cod predation.

A model of gastric evacuation (dos Santos, 1990) has heen used to estimate the
consumption of mature capelin (i.e., over 14 cm) by cod (of ages 2+). The model
was fitted using cod in experimental tanks, where the cod were fed a controlled
variety of prey during different seasons and at varying temperatures.

To obtain an estimate of consumption by cod in the Barents Sea in the winter and
spring 1991, it is assumed that capelin will be a major source of food for cod
{due to its abundance). The year 1985 is used as a baseline, since in that year
the proportion of capelin in cod stomachs was the highest observed in the period
1984-1990 (Bogstad and Mehl, 1990}.

The evacuation rate model allows computation of consumption by cod in the winter
and spring of 1985 (C 85)' by cod age group (a) based on the stomach samplgs.
Consumption by cod a%é group in 1991 (C 91) is computed based on the cod bio-
mass at age in 1985 (Ba,BS) and in 1991 ( é'91}:

Ca,91 -

a,B5

In this formula, the 1990 VPA stock estimates of cod have been used.

Adding these values gives an estimated total consumption of capelin in the
winter and spring of 1991 of 720,000 t by cod. (For further explanation see the

working paper by Gjigsater et al.)

4.5.3 TAC options for the winter fishery 1991

As 1n previous vears, it was assumed that all capelin above 14,0 cm will mature
and spawn in 1991 (Table 4.3). In order to compensate for a possible overesti-
mate of the 3-year-clds due to hiased sampling, the age group was scaled down by
0.5 which corresponds to about 200,000 t, the resulting stock bhiomass of 2.4
million t was taken as the maturing stock at 1 October 1990. A natural mortality
of 0.072 per month, equal to the natural mortality estimated for the period
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1979-1983, was chosen (Anon., 1988, Table 3.4) and the following corresponding
values of catch, spawning stock biomass, and natural mortality (in '000 t) were
obtained using the model introduced in 1982 (Anon., 1982):

Catch ... . i it i i e s 1,034 1,136 1,224 1,300
Spawning biomass ........cccvuvn.. 624 538 463 398
Natural mortality ............... 742 726 713 702

The gatches are equally distributed in January, February, and March, and no
additional growth from October to March has been assumed.

These catch optiens provide an amount of capelin available for predators, (i.e.,
the natural mortality) of 700,000-750,000 t which coincides with the estimated
food regquirement of cod in the winter and spring of 1991. This is the primary
justification for using the M-value calculated for the period 1979-1983. Taking
into account the possible effact of herring on the capelin recruitment in 1991,
and the uncertainties in the data base, the Working Group recommends that the
lowest catch option should be considered.

4.5.4 TAC options for autumn_ 1991

The initial stock for the autumn-winter fishery 1991/1992 is the surviving stock
component from the 1988 vear class, and the contribution from the 1989 year
¢lass. It is assumed that the rest of the 1988 year class will mature and spawn
in the spring of 1992, contributing about 1 million t. How much of the 1989
year class matures in 1991-1992 depends mainly on the dgrowth rate of this age
group, and this is impossible to predict. The Working Group has, therefore, hot
projected the stock a vear ahead to assess the state of the maturing stock in
the autumn of 1991. It is, however, observed that the stock abundance in number
is approaching the level observed in the 1970s (Table 4.4) when the long-term
yield was estimated at 1.3-1.6 million t depending on the growth and natural
mertality (Anon., 1985). A +total of 1.3 million t could, therefore, bhe
considered ag a preliminary 1991-1992 autumn-winter TAC.

The Working Group has previously recommended setting the autumn TAC at a lower
level than the winter TAC, in order to prevent an overexploitation of the imma-
ture stock during autumn if the TAC calculation is based on too optimistic a
stock prognosis. This was the case in the years 1982-1984, and contributed +to
the collapse of the stock in 1986, and this may alsoc be the present situation
for the Icelandic capelin.

Another important factor which favours a winter harvesting strategy is the role
of +the capelin as food for the fish-eating species. This has been guantified by
converting the M-value of the capelin model to biomass output as illustrated in
Figure 4.4. The Figure shows that by managing an exclusive autumn fishery with
M5Y atrateqgy, some 2.0 million t of capelin remain as food for other stocks,
whereas the M-output Iincreases to some 2.5 million t when the catch is taken
during winter only. This means that the loss in the MSY of some 50,000 t by
fishing during winter only is compensated by a considerable gain in the M-output
of some 500,000 €. In the context of a multispecies management strategy,
priority should thus be given to the capelin fishery in the winter and spring.
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5 CAPELIN IN THE ICELAND-GREENLAND-JAN MAYEN AREA

5.1 Working Papers presented

The feollowing working papers and documents were presented:
<) "Capelin in the Icelandic-Greenland-Jan Mayen Area® by S. Sveinbjdérnsson.

- "Report on an Acoustic Survey of the Capelin Stock in the Iceland-Greenland-
Jan Mayen Area in January 19%0" by S. Sveinbjdrnsson,

- “Report on an Icelandic Survey of f-qroup Capelin in the Iceland-Greenland-Jan
Mayen Area in August-September 1990" by S. Sveinbjdrnsson.

NS “Icelandic Capelin Catch Statistic for 1978-1990" by 5. Sveinbjdrnsson.

4 - "Length Distribution of Catches for the Icelandic Capelin for 1979-1988* by S.
Sveinbjdrnsson.

5.2 Catch Requlations

As this 1s a very short-lived species, the fishery depends to a very large ex-
tent upon the recruiting year class, the size of which is difficult to assess
accurately until after recruiiment to the fishable stock.

The fishery on the Iceland-Greenland-Jan Mayen stock of capelin has, therefore,
been regqulated by preliminary catch quotas set prior to each fishing season
{July-March) based on the results of the surveys of the abundance of immature 1-
group capelin carried out in August in the preceding year.

Final catch quotas for each season have then been get in accordance with the re-
sults of acoustic surveys of abundance of the maturing fishable stock carried
out in autumn {October-November)} andfor winter (January-February) in that
season.

5.3 The Catch in the 1989/1990 Season

since 1964 I own in Table 5.1.

S§§ The total(éﬁiEi%:katch ¢f capelin in the Iceland-East Greenland-Jan Mayen area
o

As all attempts to assess the 1989/1990 fishable stock of the capelin failed
partially or completely, it was decided that the TAC for the 198971990 season

}§3 should not exceed the preliminary TAC of 900,000 t set previously. The total
N catch amounted to 799,000 £, and the recommended TAC was, therefore, not
reached.

Based on an acoustic biomass estimate in January 1990, carried out under un-
favourable weather conditions, the residual spawning stock biomass was estimated
te have been 115,000 t.

5.4 The Preliminary TAC for the 1990/1991 Fishery

In August 1989, an estimate of the abundance of 1-group capelin of the 1988 year
clags was obtained. All other attempts to obtain a reliable estimate of the
apbindance of immature capelin of either the 1988 or 1987 vyear c¢lasses in the
autumn of 1989 and winter of 1990, failed.
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The abundance of 1-group capelin has been estimated annually in August since
1982.. - The resulting estimates can be compared to estimates of the same year
classes, obtained by back-calculating their abundance as 3- and 4-group spawners
to the same point in time {1 August as T-group) taking account of the catch and
the mortality rate (M). Six such pairs of estimates are available, excluding the
1987 year class which is not fully recruited to the adult stock and may be
underestimated due to trawl selection favouring the larger fish. The data are
given in Table 5.2 and the relation between the two data sets in Figure 5.1.

Using the relationship in Figure 5.1, the August 1989 survey results correspond
to 96 x 107 2-group capelin on 1 August 1990 when account has been taken of the
mortality rate (M = 0.035/month), A TAC for the 1990/1991 season was then cal-
culated making the following assumptions:

1) The fishery will depend on maturing capelin only.

2) About 70% of the capelin belonging to the 1988 vyears class and all the
remainder of the 1987 year class will mature and spawn in 1991,

3) The 1990/1991 fishable stock and, therefore, the 1991 spawning stock, will
consgist of the 1988 and 1987 year classes in the ratio 80/20, this being
c¢lose to the average for the 1981-1990 period when excluding the abnormal
1986/1987 season {Table 5.3).

4) The mean weight in the fishable stock will be 17.4 and 24.6 g for the 1988
and 1987 vyear classes, respectively (mean weights of 2- and 3-year olds in
the fall in the 1980-1988 period (Table 5.4).

5). The mean weight in the 1991 spawning stock will be 19.4 and 26.3 g for the
same year classes (Table 5.4},

6) The natural mortality rate will be M = 0.035/month (Tahle 5.5).

7) There will be 400,000 t left to spawn in 199f.

Calculations based on these assumptions gave a TAC of 973,000 t spread evenly
over the period {ACFM, May 1990).

In view of the short time series and uncertainties related to the regression,
the. Working Group recommended a precautionary TAC of 600,000 t for the July-
November 1990 fishery. ACFM in May 1990 vrecommended a precautionary TAC of
500,000 ¢ for the same period. An administrative agreement on a TAC of 600,000 t
for that period was reached at a meeting between Iceland, Norway and Greenland

in spring 1990,

5.5 Final TAC for the 1990/1991 Fishery

In the Icelandic acoustic survey in August 1990, aimed at estimating the biomass
of 1-group capelin, the estimated numbers of 2-group fish (year class 1988) were
only 1/3 of the correponding estimate in the previcus year (year c¢lass 1987).
The -estimate of the 1-group in August has been steadily decreasing in the last
three years. This obgerved decrease in recruitment cannot be explained in terms
of overfishing of the spawning stock as the target spawning stock of 400,000 t
was believed to have bheen reached in that peried. Taking a possible recruitment
failure into consideration and the fact that the fishable stock of the 1990/1991
aeason has not yet been located (despite congiderable effort), the preliminary
TAC of 600,000 t set for the autumn fishery in 1990 may be considered too high.
This may also have been the case as regards the preliminary TAC for the
1989/1990 fishing season when the target spawning stock was probably not

reached,
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In previous years TAC advice has been based on leaving a spawning stock biomass
of 400,000 t and the Working Group believes that the SSB should under no circum-
stances be reduced below that level,

Icelandic surveys of the 1990/1991 fishable stock are planned for October-
November 193%0. After the completion of those surveys, the preliminary TAC should
be reconsidered and adjusted to proviude the target SSB of 400,000 t.

5.6 TAC for the Summer/Autumn 1994 Season

The fishable stock in the 1991/1992 season will consist of the 1989 vyear class
and that part of the 1988 year class which does not mature and spawn in 1991é
The abundance estimate (in numbers) of the 1989 year class was only 36 x 10
capelin. Most of the distribution area appeared to be covered but surveying con-
ditions were unsatisfactory in part of the area. The results of the abundance
estimates in 1982-1990 are given in Table 5.2 together with the back-calculated
estimates of the corregponding year classes. The relative density distribution
of the 1-group in 1990 is given in Figure 5,2,

Using the results given in Table 5.2 and in Figure 5.1 and a natural mortalitg
rate of M = 0.035/month, the August 1990 survey results correspond o 69 x 10
2-group capelin on 1 August 1991, A TAC for the 19%1/1992 season may then be
calculated using the same assumptions as listed in Section 5.4 (Table 5.6). Cal-
culations based on these assumptions give a TAC of 580,000 t for the 1991/1992
season, spread evenly over the period.

It is noted, however, that considerable additional data may become -available
after the completion of acoustic surveys of the stock that are planned for
October /November 1930 and January/February 1991. Advice on TAC for the 1991
summer and autumn season should, therefore, be delayed until spring 1991.

6 REFERENCES

Anon., 1982. Atlanto-Scandian Herring and Capelin Working Group Report. ICES,
Doc. C.M.1982/Ass5e55:2. '

Anon,, 1985, Atlanto-Scandian Herring and Capelin Working Group Report. ICES,
Doc, C.M.1985/Assess: 4.

Anon., 1988, Atlanto-Scandian Herring and Capelin Working Group Reporit. Doc.
C.M.1988/As5e55:10,

Anon., 1989. Atlanto-Scandian Herring and Capelin Working Group Report. ICES,
Doc. C.M.1989/Assess: 7.

anon., 198%a. Reports of the ICES Advisory Committee on Fishery Management,
1988, ICES, Cooperative Research Report No. 161.

Anon., 19%0., Report of the Atlanto-Scandian Herring and Capelin Working Group.
ICES, Doc, C.M.1990/Assess:5.

Anon., 19%0a. Preliminary report of the International O-group Fish Survey in the
Barents Sea and Adjacent Waters in August-September 1990, ICES, Doc, C.M.
1990/G: 46.

Bogstad, B. and Mehl, 5. 1990. The consumption rate of Norwegian Arctic cod. A
comparison of gastric evacuation models. ICES, Doc. C.M,1990/G:22.




17

Hamre, J. and Tjelmeland, S. 1982. Sustainable yield estimates of the Barents
Sea capelin stock. ICES, Doc. C.M. 1982/H:45. '

Hamre, J. 1%988. Some aspects of the interrelation between the herring in the
Norwegian Sea and the stocks of capelin and cod in the Barents Sea. ICES,
Doc. C.M. 1988/H:42.

Halldorsson, 0., Reynisson, P., and Stefansson, G. 1986. A method for éstimating
terminal Fs from a series of acoustic surveys - comparison of VPA and
acoustic estimates of the Icelandic herring. ICES, Doc. C.M.1986/H:62.

Mehl, S. 1987. The Northeast Arctic cod stock consumption of commercially-
exploited prey species in 1984-1986. ICES, Doc. Symposium paper No.9.

Rgttingen, T. 1989, Reappeargnce of Norwegian spring spawning herring on the
spawning ground south of 60" N. ICES, Dac. ¢.M.1989/H:22.

Santos dos Jorge. 19%0. Aspects of the eco-physiology of predation in Atlantic
cod (Gadus morhua L.). Dr. Scient. Thesis, University of Tromsg.

Stefansson, G. 1987. Analyses of CPUE data from Icelandic trawlers, 1973-1987.
ICES, Doc. C.M.1987/D:19.

Toresen, R. 1985. Recruitment indices of Norwegian spring spawning herring based
on results of the International O-group survey in +the Barents Sea. ICES,

Doc.C.M. 1985/H:54.

Toresen, R. 198%0. Long-term changes in growth of Norwegian spring spawning
herring. J. Cons. Int. Explor. Mer., 47:48-54.




18

Table 2.1 Catch in numbers, millions and total catch in weight,
‘000 tomnes. Icelandic summer spawners, Age in years
is number of rings + 1.

Rings 1970 1971 1972 1973 1974 1975 1976
1 2.003 8.774 0.147 0.00L 0.001 1.518 0.614

2 22.344 13.071 06.322 0.159 3.760 2.049 9.848

3 33.965 5.439 0.131 0.678 0.832 31.975 3.308

4 4.500 13,688 0.1863 0.104 0.993 6.493 34,144

S 2.734 3.040 0.264 0.017 0.092 7.905 7.009

6 4.419 1.563 0.047 0.013 0.046 0.863 5.481

7 1.145 3.276 0.028 0.006 0.002 0.442 1.045

8 0.531 0.748 0.024 0.006 0.001 0.345 0.438

9 0.604 0.250 0.013 0.003 0.001 0.114 0.296

10 0.195 0.103 0.009 0.003 0.001 0.004 0.134

11 0.103 0.120 0.003 0.001 0.001 6.001 0.092

12 0.076 0.001 0.001 0.001 0.001 0.001 0.001

13 0.061 0.001 0.003 0.001 0.001 0.001 0.001

14 0.05t 0.001 0.001 0.001 0,001 0.001 0.001
Total 15,779 10.975 0.310 0.255 1.274 13.280 17.168
Rings 1977 1978 1879 1980 1981 1982 1983

1 (.705 2.634 0.929 3.147 2,283 0.454 1.470
2 18.853  22.551 15.098  14.347 4.629 19,187  22.422
3 24,152 50,995 47.561 20.761 16.771 28,109 151.198
4 10,404 13.846 69.735 60.728 12.126  38.280 30.181
5 46,357 .738  16.451 65.329 36.871 16.623  21.525
6
7
8
9

8
6.735  39.492 8.003 11.541 41.917  38.308 8.637
5,421 7.253 26.040 9.285 7.299 43,770 14.017
1.395 6.354 3.050 19.442 4.863 6.813 13,666
0.524 1.616 1.869 1.796 13.416 6.633 3.715
10 0.362 0.926 0.494 1.464 1.032 10,457 2.373
11 0.027 0.400 0.439 0.698 0.884 2.354 3.424
12 0.128 0,017 0,032 0.001 0.760 0.594 0.552
13 0.001 0.025 0.054 0.110 0.101 0.075 0.100
14 0.001 ¢.051 0.006 0.079 0.062 0.211 0.003
Total 28.924  37.333 45,072 53,269  39.544 56,328 58,665
Rings 1984 1985 1986 1987 1988 1989
1 0.421 0.111 0.100 0.029 0.869 3.963
2 18.011 12,800 8.1el 3.144 4,702 22.568
3 32,237 24.521  33.893  44.590 40.855  26.578
4 141,324 21,535 23.421 60.285 98.222 77.618
5 17.039 84,733 20.654 20.622 68,533 188.155
6 7.111 11,838 77.526 19.751 22,691 43,000
7 3.915 5,708 18,228 46,240 19.899 8,095
8 4,112 2.323 10,971 15.232 31.830 5,881
9 4,516 4,339 8.583 13.963 12,207 7.273
10 1.828 4.030 9.662 10.179 10.132 4.767
11 0.202 2.758 7.174 13.216 7.293 3.440
12 0.255 0.970 3.677 6.224 7,200 1.406
13 0.260 0.477 2.914 4.723 4,752 0.842
14 0.003 0,578 1.786 2,280 1.935 0.347
Total 50.293  49.092 65,413 75,439 91.760 100.733




Table 2.2 Mean weight at age in grammes, Icelandic summer spawners.

w
e
)
1]
7]

O 00OV PN

Age in years is number of rings + 1.

1970

85.
169,
216.
263,
312,
329,
338,
357.
378.
396.
408,
4235,
430,
450,

C OO OCOOOODOoOOO

CO et
£ 0
~J
~d

CoooDoODoCooO oo

[T S R VUt N B B = YRV TRV R, A PR Y

1971

88,
165,
237.
273,
301,
324,
346,
368.
390.
409,
412,
420,
442,
430,

CODCDOoO0OLoOO oo

COO0O0OoOOODCOOOOD0O0O

LN
L WO
o
W

146.
219,
265,
285,
314,
334,
365,
388.
400,
453.
468,
432,
446,

SO OWMM OO WNODON

1972

96,
177.
278.
332,
358,
379.
410.
419,
470,
300,
500.
500,
500,
500.

WO EEONGDE IO

SCCOOO0DOO0OO0OOOO0O

1973

90,
199,
257.
278.
337.
381.
380.
397,
385,
450,
450,
450.
450,
450,

D H R OV 00 W~ WL O

CODO0OOOCOODOOCOOCO

1974

80.
189.
262,
297,
340,
332,
379.
356.
407.
410,
410.
423,
423,
423,

COVDODOODOCODOODO

(¥4
-t
o]
NP RO OO

MNP W OO

1976
103,
189,
243,
281,
305.
335.
351.
355,
395,
363.
396,
396.
396.
396,

[ e o B en B o B o B o B o B o Y s Y oo Y 0 s S

L
i
(W5
QU N W U WU o~ ~d O O

19




20

Table 2.3 Proportion of mature Icelandic summer spawners in each
age group. Based on samples taken in September-December
by purse-seine.
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.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

b b e o R e e e R O O O

1989
.00
.06
.93
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

R e e b e e e O OO

1976
.00
.13
.90
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

el e e e = =

1983
.00
.00
.64
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

b e e e e O OO

1990
.00
.04
.90
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

el el L e T i )




Table 2.4 Stock abundance and catches by age groups (millions)} and
fishing mortality rates for the Icelandic summer spawners.
F' is the F in 1989 calculated from the February 19%0 sur-
vey. F_is the fishing qattern in 1989 calculated from the
Februa?y 19380 survey. FBS is the fishing mortality in 1989
according to the method introduced in the 1986 Report of 3he
HErrinq Assessment W?rking Group for the Area South of 62 N.
F89 is modified to F89 to fit younger herring to the Nov-Dec
1988 survey.
Rings Acoustic survey estimate Catch E' Fp ;9 gg
1989 February 1%90 1989
0 8.2
1 244.3 3.9 0.015 0.06 0.017 0.010
2 782.3 22.6 0.029 0.12 0.035 0.024
3 227.9 26.6 0,110 0.44 0.128 (.126
4 384.9 77.6 0.170 0.68 0.1%7 ©.197
5 683.4 188.2 0.230 0.92 0.267 0.267
6 232.5 43.0 0.250 1.00  0.290 0,290
7 - 8.1 0.250 1.00  0.290 0,290
8 - 5.9 0.250 1.00 0.290 0.290
9 - 7.3 0.250 1.00  0.290 0.29%0
10 22.0 4.8 0,250 1.00 0.290 0,290
11 - 3.4 0.250 1.00  0.290 0.290
12 - 1.4 0.250 1.00  0.290 0.290
13 - 0.8 0.250 1.00 0.290 0.290
14 - 0.3 0.250 1.00 0,290 0.290

21




22

Table 2.5 Icelandic summer spawners,
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10
11
12
13
14
W.AV 4-1
U.Av 4-1

4
0

4
0

Fishing mortalities (M=0,1}.

1970

0.064
0.965
1.026
(.655
0.779
0.754
0.856
1.019
1.688
0.765
1,591
2,426
3.800
1.612
0.784
0.931

1877

0.002
0.040
0.180
0.124
0.251
0.182
0.331
0.266
0.198
0.354
0.055
1.133
0.006
0.316
0.217
0.244

1984

0.001
0.101
0.202
0.343
0,150
0.089
0.080
0.078
0.137
0.09%0
0.017
0.030
0.041
0.070
0.236
0.138

1971

.140
.647
577
.377
.165
.355
427
.261
437
.772
. 502
.043
165
.620
.655
.999

HHEHEFROOHPN WO HEREREOOO

1978

.014
.061
.131
134
.130
.313
.271
707
492
.558
727
.040
.610
465
. 240
.372

QOO0 OO COOOQOD OO OO

1985

000
028
.173
.181
316
.133
.086
.056
.100
.1586
172
093
066
.108
.206
147

COQOOOO0OQLO0DOOCOCLOOOO

14972

.002
.006
.010
.026
.086
.039
.059
.089
674
. 546
.173
.033
.159
.222
.050
217

QOO ODCOODODOODOOOCO

1979

. 004
.092
.160
. 237
.208
152
.312
157
.408
.242
497
.100
.156
.253
.236
245

DO OO OO0

1986

.000
.006
.085
.223
.236
471
276
.213
.270
.298
402
.322
.391
.330
323
284

COODOO0OOCOOOOOOOOO

1973

.000
.002
.014
.009
.003
005
.006
.014
.013
.282
.094
.072
.038
.066
.007
.048

DO OO0 OO0 LODOCO

1980

.012
.064
.158
.280
L3248
.197
.235
.360
117
.272
.557
.002
.5086
.318
.290
.298

COQOC OO OO OO0

1987

.000
005
040
.192
.278
.330
.504
.348
406
521
.741
. 642
772
.533
.326
.369

OO0 OO0 O

1974

.000
.010
.012
024
.009
.009
.001
001
.003
.005
.128
.115
.086
044
,019
. 007

COQOOTCOOCCOOOOOO00O

1981

.003
020
.089
117
.244
.316
.165
167
L400
082
723
.178
.200
.529
.240
.213

COOOMNODOOOOOODODOOOO

1988

.001
.0l19
.082
.105
.310
L493
.570
.690
459
.513
.778
077
409
748
.228
449

OCOOFMFEFOODQOCOOODOOLOO

1975

.008
.018
.104
.108
.237
097
.104
174
.139
.012
.005
.164
.145
.105
149
125

OO OO COOLOOOOC0C

1982

.002
025
.143
.266
.209
.382
.559
.205
.320
.551
.243
524
.932
714
.346
.356

QOO HFODOCOODODODOOOC OO

1989

.010
.024
.126
.197
267
.2590
.290
.290
. 290
. 290
. 290
.290
.290
.290
.252
.273

OO0 OO0OO0OO0OOCOOOOO

1976

.001
L0359
039
138
.14
.230
147
.128
159
216
. 367
.006
.219
.189
147
172

OO0 OO0 OOC

1983

. 007
.109
.248
.202
.210
143
.209
. 299
147
161
.310
074
.109
.307
.204
196

COOOrROOO0OO00OOOO0O0OO0

1983-1386

.002
.061
177
.237
.228
.209
.163
.162
.164
176
. 225
.130
402
.204

SO0 OO0 ODDOoOOoOOC OO OO




Table 2.6 Icelandic summer spawners.
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14
Spawning
bicmass

VPA stock size in numbers
- tonne

biomass

1970
.784
.637
.178
.786
5.274
712
077
.866
.768
.381
134
.08s6
064
.066

oW W
won

OO OOONC

19684

1977
439.897
502.587
153.850

93.969
218.733
42,435
20,152
6.271
3.053
.273
.527
.196
.160
.004

OO OO+

134516

1984
546,538
197.541
184,613
510.215
128,292

§7.321
53.189
57.326
37.121
22.202
12.859
8.943
6.836
0.046

249360

in

70.
28.
12.
17.

OO OO OCWN

1

201.
397.
436,
116,
75,
153.
32.
13.

COOOoOMNP

17

1462

494,
161.
136.
327.
99,
72,
44,

47

29,
18,
11.
7.
5.

26

1971
427
666
977
902
.599
.190
707
.799
.283
.128
.160
.025
.007
.001

3007

1978
960
365
840
279
145
932
002
094
.351
. 265
.809
451
.057
.1a4

7485

1985
. 807
128
631
444
668
902
255
407
.963
300
352
443
850
938

9680

9l.

55

13.

DO COOoOOCH W

1

270,
180.
338.

346

92.

59

101,
22.

OO O RN,

20

670
1323
434
122
103
216

79.

59

37.
39,
22,
13.

9.

6

28

5 at

1972
546
392
576
.595
346
.298
.511
.298
028
022
020
.032
.021
.005

0363

1979
971
237
119
.834
063
. 654
831
076
.842
.407
.173
.354
.392
.028

0627

1986
.319
497
.938
.968
014
.131
154
.956
974
277
684
987
433
.649

8548

(millions) and spawning stock

1 Ju

420.
82.

49

12,

5

ly.

1973
060
694
.815
159
s813

2.776

COO0DO OO e

2

278,
244,
148,
260.
247,

67.

46

67.
17.
3.

21

293.

606

1189.
361.

89

73,
12z2.
34,
43,
26,

26
13

g9,
5.

42

1
0
0.
0

.130
436
245
.013
.012
.015
.028
016

8854

1980
844
301
740
780
652
687
414
445
079
514
.709
.646
290
304

6241

1987
746
435
790
344
.038
611
136
329
837
217
375
727
169
773

6213

134,
380.

o
QP

CODOOOHMNWU

4

907.
249,
207.
114,
178.
162.
50.
33.
42,
13,
1.

0
0
0
19

1086

265,
545,
1034,
269.
61,
47.
66,
34,
26,
14,
11.
6.
3.

49

1974
240
085
674
430
.903
244
.500
.017
.389
219
.009
010
.013
.025

6292

1981
057
317
418
871
356
135
2590
186
596
748
795
.886
.583
.158
1960

1988
.193
765
736
183
728
002
878
730
718
434
086
375
534
835

6338

1975
200,940
121.464
340.340

66.777

39,258
.778
.701
.260
.919
.351
.197
.007
.008
010

QOO OCOON W

117804

1982
251.980
818.568
221,191
171.745

92.421
126.396
106.954

38.574

25.410

25,828

11.459

0.788
0.091
0.432

203154

<51§89)
440+091L

982.002
236.004
454,982
842 457
179.064
33.710
24,490
30.287
19.851
14.325
5.855
3.506
445

1.
@%393)

1976
556.090
180.374
107.958
277.576

54,254

28.020
.028
.834
717
723
314
178
.005
.006

OO C O wWweee

130597

1983
219.861
227.569
722.431
173.446
119.084

67.848
78.059
55.350
28.436
16,702
13.473
8.134
0.155
0.012

233243

1990
600.000
394.443
867.098
188,300
338.004
583.779
121.237
22.824
16,581
20.506
13.440

9.699
3.964
2.374

23
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Table 2.7 Comparison of fishing patterns.
Rings Fp 589 S583-8¢6
1 0.06 Q.03 0.0t
2 0.12 0.08 0.29
3 0.44 0.43 0.84
4 0.68 0.68 1.00
5 0.92 0.92 1.00
6+ 1.00 1.00 1.00
Fp = pattern based on February 1990 survey and catches
1989.
589 = adjusted pattern to incorporate measurements of
FJuveniles in Nov-Dec 1988 survey.
583-86 average over the years 1983-198¢,

4-13).

from the table
of fishing mortalities (scaling by average of
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Table 3.1 Catches of Norwegian spring-spawning herring (tonnes)
since 1972 as used by the Working Group.
- ; Total catch as
¥ear A B o D Total used by the
Working Group
1972 - 9,895 3,266° - 13,161 13,161
1973 139 6,602 276 - 7,017 7,017
1974 9086 6,093 620 - 7,619 7,619
1975 53 3,372 288 - 3,713 13,713
1976 - 247 189 - 436 10,436
1977 374 11,834 498 - 12,706 22,706
1978, 484 9,151 189 - 9,824 19,824
1979 691 1,866 3o7 - 2,864 12,864
1980 878 7,634 65 - 8,557 18,577
1981 844 7,814 78 - 8,736 13,736
1982 . 983 10,447 225 - 11,655 16,655
1983 3,857 13,290 907 - 18,054 23,054
1984 18, 730 29,463 339 - 48,532 53'5323
1985 29,3634 a7, 187 197 4,300 71,047 169,8723
1986 71,122 55,507 156 - 126,785 225,2563
1987 62,910 49,798 181 - 112,899 127,306
1988 78,592 46,582 127 - 125,301 135, 301
19895 52,003 41,770 57 - 93,830 103,830
1990 46,467
A = catches of adult herring in winter
B = mixed herring fishery in autunmn
¢ = by-catches of 0- and 1-group herring in the sprat fishery
D = USSR-Norway by-catch in the capelin fishery (2-group)

1Includes also by-catches of adult herring in other fisheries.
1972, there was also a directed herring O-group fishery.
Includes mortality caused by fishing operations in addition to

2In

unr

eported catches.

Includes 26,000 tonnes of immature herring (1983 year class) fighed

by USSR in the Barents Sea.
liminary catch pr 1 July 1990.

Pre
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Iable 3.2 Total catch (as used by the Working Group) of
Norwegian spring-spawning herring (tonnes)

since 1972.

Year Norway USSR Total
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
1877 22,706 - 22,706
1978 19,824 - 19,824
1979 12,864 - 12,864
1980 18,577 - 18,8717
1381 13,736 - 13,736
1982 16,655 - 16,655
1983 23,054 - 23,054
1984 53,532 - 53,532
1985 167,272 2,600 169,872
1986 199, 256 26,000 225,256
1987 108,417 18,889 127,306
1988 115,076 20,225 135,301
1989 88,7071 15,123 103,830
1990 34,660 11,807

1Preliminary up to 1 July.
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Table 3.3 cCatch in numbers {('000) of Norwegian spring spawners. Un-
reported catches are included for age 3 and oldexr herring.
The catches in 1985, 1986 and 1987 are adjusted for by the
effects of discards and the breaking of gear, as reported
by the Working Group in 1988.

Age 1974 1975 1976 1977 1978 1979 1380 1981
) 65,900 30,600 20,100 43,000 20,100 32,600 6,900 8,300
1 7,800 3,600 2,400 6,200 2,400 3, 800 800 1,100
2 3,900 1,800 1,200 3,100 1,200 1,900 400 11,900
3 100 3,268 23,248 22,103 3,019 6,352 6,407 4,166
4 241 132 5,436 23,595 12,164 1,866 5,814 4,591
5 24,505 910 - 336 20,315 6,865 2,278 8,596
6 257 30,667 - - 870 11,216 8,165 2,200
7 196 5 13,086 419 - 326 15,838 4,512
8 - 2 - 10,766 620 - 441 8,280
9 - - - - 5,027 - 8 345

10 - - - - - 2,534 - 103

11 - - - - - - 2,688 114

12 - - - - - - - 964

13 - - - - - - - -

14 - - - - - - - -

15 - - - - - - - -

16 - - - - - - - -

Age 1982 1983 1984 1985 1986 1987 1988 1989
o 22,600 127,000 33,857 28,571 13,805 13,846 15,488 7,120
1 1,100 4,679 1,700 13,149 1,381 6,327 2,787 1,927
2 200 1,675 2,489 207,224’ 3,091, 35,770 9,112 25,203
3 13,817 3,183 4,483 21,500 539,785° 19,776 62,923 2,890
4 7,892 21,191 5,388 15,500 17,594 501,393 25,059 3,623
5 4,507 9,521 61,543 16,500 14,500 18,672 550,367 5,650
6 6,258 6,181 18,202 130,000 15,500 3,502 9,452 324,290
7 1,960 6,823 12,638 59,000 105,500 7,058 3,679 3,469
8 5,075 1,293 15,608 55,000 75,000 28,000 5,964 800
9 6,047 4,598 7,215 63,000 42,000 12,000 14,583 679

10 121 7,329 16,338 10,000 77,000 9,500 8,872 3,297

11 37 143 6,478 31,000 19,469 4,500 2,818 1,375

12 37 40 - 50,000 66,000 7,834 3,356 679

13 121 143 - - 80,000 6, 500 2,682 321

14 - 862 - - - 7,000 1,565 258

15 - - 1,652 - - 453 542 -

16 - - - 2,638 2,469 - - -

1197,244 are from the oceanic component.
481,481 are from the cceanic component.




3a

Table 3.4 Norwegian spring-spawners.

Acoustic abundance (TS=
20 log L - 71.9) of O-group herring in Norwegian
coastal waters in 1975-1989 (numbers in millions}.

Area
Year 5 5 5 m 5 Total
62 N-65 N 65 N-68 N Noxrth of 68 30

1975 164 346 28 538
1976 208 1,305 375 1,888
1977 35 153 19 207
1978 151 256 196 603
1979 455 1,130 144 1,729
1980 é 2 1098 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
Table 3.5 Abundance indices for O-group herring

in the Barents Sea, 1973-1990 (Anon.,

1990) .
Year Log index Year Log index
1973 Q.05 1982 0.00
1974 0.01 1983 1.77
1975 0.00 1984 0.34
1976 0.00 1985 0.23
1977 0.01 1986 0.00
1978 0.02 1987 0.00
1979 0.09 1988 0.30
1980 0.00 1989 0.58
1981 0.00 19490 0.31




Table 3.6 Average weight (gm) in stock (1 January}, Norwegian spring spawners,

1978-1990.

Age 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
3 180 178 175 170 170 155 140 148 54 90 %6 154 219
4 254 232 283 224 204 249 204 234 206 143 143 175 198
5 326 359 347 336 303 304 235 265 265 241 200 209 258
6 371 385 402 378 355 368 338 312 289 279 250 252 288
7 409 420 421 387 383 404 376 346 339 299 300 305 309
8 461 444 465 408 395 424 395 370 3568 316 333 367 428
9 47¢ 505 465 397 413 437 407 395 391 342 343 377 370

10 520 520 520 520 453 436 413 397 382 343 352 359 403

11 543 551 534 543 468 493 422 425 388 362 400 395 387

12 500 500 500 K12 512 480 459 434 383 370 358 375 386

13 5060 500 500 512 500 470 449 443 403 378 360 406 401

14 500 500 500 512 5060 500 427 452 403 381 385 436 480

15 500 500 500 512 500 500 437 463 450 388 400 417 480

16 500 500 500 512 500 500 437 480 470 3%0 400 417 480

Table 3.7 Average weight {gm) in catch, Norwegian spring spawners, 1%77-1989.

Age 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
3 294 232 283 224 204 249 204 233 226 54 121 149 189
9 326 359 347 336 303 304 250 281 292 244 16% 186 265
5 371 385 402 378 355 368 317 348 311 288 248 234 261
6 409 420 421 387 383 404 356 371 357 306 287 291 283
7 461 444 465 408 395 424 386 408 380 345 306 320 307
8 476 505 465 397 413 437 401 428 402 367 321 367 310
9 520 520 520 520 453 436 410 442 419 380 342 368 392

10 543 551 534 543 468 493 418 434 432 394 346 382 423

11 500 500 500 512 512 480 441 456 440 393 362 3712 365

12 500 500 500 512 500 470 455 469 458  3%2 371 383 415

13 500 500 500 512 500 500 438 460 460 409 374 398 421

14 500 500 500 512 500 B00 432 460 465 434 380 440 439

15 500 500 500 512 500 500 432 445 470 450 3%0 440 442

16 500 500 500 512 500 500 432 445 470 454 400 440 442
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Table 4.1 International catch of Barents Sea
Capelin ('000 tonnes) in the vears
1965~1989 as used by the Working

1990

1

Group.
Year Norway USSR Other Total
1965 217 7 - 224
1966 380 g - 389
1967 403 6 - 409
1968 522 15 - 537
1969 679 1 - 680
1970 1,301 13 - 1,314
1971 1,371 21 - 1,392
1972 1,556 37 - 1,593
1973 1,291 45 - 1,336
1974 987 162 - 1,149
1975 943 431 43 1,417
1976 1,949 594 - 2,545
1977 2,116 822 2 2,940
1978 1,122 747 25 1,894
1979 1,109 669 5 1,783
1980 999 641 9 1,649
1981 1,238 721 28 1,987
1982 1,158 596 5 1,759
1983 1,493 846 36 2,375
1984 811 628 42 1,481
1985 453 3938 17 868
1986 72 51 - 123
1987 - - - -
1988 - - - -
1989 - - - -
1990 - - - -
Table 4.2 Larval index

for Barents

Sea Capelin.
Yeax Index
1981 9.7
1982 9.9
1983 9.9
1984 8.2
1985 8.6
1986 -
1987 0.3
1a88 0.3
1989 7.3
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Table 4.3 Acoustic estimate, autumn 1990, for Barents Sea Capelin.

Age Total Biomass Biomass
Total length number tonnes (cum, )
1 2 3 4+ {10E-7) (10E-3)
7.0- 7.4 361 361 3.3
7.5- 7.9 1182 1182 24.3
8.0- 8.4 5105 5105 102 .1
8.5- 8.9 9085 9085 209.0
9.0~ 9.4 10222 10222 278.0
9.5- 9.9 10241 10241 324.0
10.0-10.4 10100 10100 383.8
10.5-10.9 8105 16 8121 354.2
11.0-11.4 6823 293 7115 365.1
11.5-11.9 4280 654 4935 299 .1
12.0-12.4 2459 1046 3505 257.7
12.5-12.9 1171 971 2142 183.8
13.0-13.4 310 1585 1895 190.6
13.5-13.9 347 1723 - 2070 238.6
14.0~14 .4 179 2050 2229 292.6 2620.1
14.5-14.9 15 1979 15 2009 300.7 2327.5
15.0-15.4 16 2276 2292 392.6 2026 .8
15.5-15.9 1683 172 1855 365.1 1634.2
16.0-16.4 1751 218 15 1983 439.3 1269.1
16.5-16.9 1011 222 1233 302.1 829 .8
17.0-17.4 433 467 900 250.3 527.7
17.5-17.9 176 321 497 155.8 277 .4
18.0-18.4 100 174 274 95.9 121.6
18.5-18.9 61 61 23.0 25.7
19.0-19.9 7 7 2.7 2.7
Number (10E-7) 70000 177147 1656 15 89418
Biomass (t.*10E-3) 2663.5 2718.4 448.9 2.9 5833.7
Mean length f{cm) 10.0 14 .6 17.1 16.3 11.1

Mean volume (ml) 3.8 15.3 27.1 20.0 6.5
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Table 4.4 Stock size in numbers by age, total stock biomass and biomass of
the maturing componen} of the Barents Sea capelin 1973 to 1990.
Stock in nup?ers {1077 ) at 1 August, stock and maturing stock
biomass (10 tonnes) at 1 October.

Age 1973 1974 1975 1976 1977 1978 1979 1980 1981
1 1,174 761 509 444 785 951 552 591 443
2 430 636 411 275 236 425 400 232 248
3 52 209 351 203 127 121 148 194 70
4 21 4 101 101 51 17 7 37 19
5 0 0 1 17 9 1 0 0 0
Total no. 1,677 1,610 1,372 1,040 1,208 1,515 1,108 1,058 781
Total biom. 5,292 7,107 7,996 6,563 4,967 4,761 4,141 6,685 3,880
Mat. biom. 1,385 947 2,965 3,258 2,762 2,013 1,202 3,867 1,550
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990
1 612 538 371 24 7 37 20 178 700
2 169 257 224 68 3 2 29 19 178
3 66 64 65 34 3 0 0 1 17
4 3 1 4 2 0 0 0 0 0
5 0 0 0 0 0 o) 0 0 0
Total no. 849 860 665 128 14 39 49 198 894
Total biom. 4,160 4,230 2,864 823 116 100 427 872 5,834

Mat. biom. 1,365 1,328 1,142 275 63 17 203 181 2,620
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Table 5.1: The total annual and seasonal catch of capelin in the
Iceland-Geenland-Jan Mayen area since 1964 (in /000 tonnes).

Ba)

{éj " i.‘vtS{',.pj i3ty

N 623
Pz
T

T™Hh

Winter season Summer and
autumn season

year | Iceland | Far/Nor | Iceland | Norway | Farces | EEC | Total
1964 8.6 8.6
1965 49.7 49.7
1966 | 124.5 124.5
1967 97.2 67.2
1968 78.1 78.1
1969 | 170.6 170.6
1970 | 1908 190.8
1971 182.9 182.9
1972 | 276.5 276.5
1973 | 4409 440.9
1974 | 461.9 461.9
1975 | 4571 3.1 460.2
1976 | 3387 1144 4531
1977 § 5492 24.3 259.7 833.2
1978 | 4684 | ° 362 497.5 154.1 3.4 1.159.6
1979 | 5217 18.2 4420 124.0 220 1.127.9
1980 392.0 367.4 118.7 242 17.3 919.6
1981 | 156.0 484.6 914 16.2 20.8 769.0
1982 ¢ 132 13.2
1983 1334 133.4
1984 | 4396 4252 104.6 10.2 8.5 988.1
1985 | 3485 644.8 193.0 65.9 160 | 12683
1986 | 3418 50.0 552.5 149.7 654 53 | 11647
1987 | 5006 59.9 3113 821 65.2 1.019.1
1988 | 600.6 532 $6.4 3114 155 (1) 3484y L0155 1019
1989 | 609.1 52684560 539 527 14.4 782.1 | 134.)
1990 |, 6115, | 6627 144!
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Table 5.2 Abundance by number of Capelin year classes as
indicated by two different methods of estimation.

Year Estimates in August Calculated from estimates
class as 1-group of 3- and 4-group spawhers
1981 119 145 4b.y

1982 155 147 122.¢%

1983 286 252 2vh6

1984 31 100 [B{.%

1985 71 142 1§

1986 101 143, et

1987 147 77

1988 111 -

1989 36 -

1The 1987 year c¢lass is not fully recruited to the surveys
of the adult stock and consequently underestimated.

Table 5.3 The percentage of 4-group Capelin in the
spawning stock in the years 19%81-1990.
(The high contribution in 1987 is due to
the very rich 1983 year class and was
omitted when calculating the mean.)

Year Percentage
1981 22
1982 7
1983 12
1984 16
1985 34
1986 25
1987 63
1988 21
1989 + 32
1950 27

Mean 22
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Table 5.4 Mean weight (g} of mature 2-3- and 3-4-years-old capelin in autumn

and winter in the seasons 198071981 - 1989/1990.

Year Mean weight Mean weight Year Mean weight Mean weight
Age Season class autumn winter class autumn winter
1 198071981 1977 26.6 27.7 1978 1%.3 20,17
2 198171982 1978 23.8 25.7 1979 19.2 19.9
3 1982/1983 1979 241 25 .1 1980 16.5 18.7
4 198371984 1980 23.0 25.8 1981 15.9 19.3
5 1984/1985 1981 25.7 27.1 1982 15.8 19.1
6 198571986 1982 24.9 27.46 1983 18.1 20.3
7 1986/1987 1983 24.1 25.4 1984 18. 1 19.6
8 1987/1988 1984 25.4 28 .1 1985 17.9 19.5
9 198871983 1985 23.4 23.% 1386 15.6 17.8
Hj 198971990 1986 23.8 24.7 1987 13.4 17.7
Mean 24.5 26.1 17.0 19,3
Table 5.5 Natural mortality rates of the Icelandic capelin as cal-
culated from successive acoustic estimates of spawning
stock abundance and catch.
Estimate Period Mortality per month

I 1 November 1978 - -31 January 1979 0.045

IT 1 November 1979 - 31 January 1980 0.026

ITI 1 November 1980 - 31 January 1981 0.030

Iv 15 November 1981 - 31 January 1982 0.048

v 1 December 1981 - 31 January 1982 0.035

VI 1 November 1982 - 31 January 1983 0.028

VIT 1 November 1983 - 31 January 1934 0.034

VIIZX 15 November 1984 -~ 31 Januarxy 1985 0.035

Mean 0.035

Standard deviation 0.008
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Table 5.6 Method used to calculate preliminary TAC from acoustic
survey of 1-group fish in August (natural mogtality =
0.035/month and numbers are expressed in 1077 ).

Year class 1989 1988
Acoustic estimate 1 September 1990 (numbers) 36.20 -
Regression 104.60 -
t2-month natural mortality Q.66 -
Stock in number 1 August 1991 69.04 -
Maturity ratio 0.70 -
Mature stock (in numbers} 1 August 1991 48 .33 12.08
Ratio in spawning stock 1892 0.80 0.20
Mean weight at spawning (g} 19.40 26.30
Spawning stock in numbers 1% March 1992 15.40 3.85
Natural mortality (7,5-months) up to 1 August 1991 1.30 1.30
Spawning stock in numbers 1 August 1991 20.02 5.00
Fishable stock in numbers 1 August 1991 . 28.31 7.08
Mortality in the fishable stock 0.87 0.87
Fishable stock in numbers 1991/1992 24.63 6.16
Mean weight in the fishable stock 17.40 24.80
TAC ('000 t) 199171992 428.50 151.45

Total TAC 57%.95
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Yiqure 2.1

FISH STOCK SUMMARY
STOCK: Herring - Va {Summer)

19.10.1980
Trends in yield and fishing mortality (F) Trends in spawning stock biomass (558)
and recruitment (R)
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Figure 3.1 Sum of squared residuals against F (year class 1983+)
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Figure 4,1 Distribution of O-group capelin,
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Figure 4.3 Stock-recruitment relation of Barents Sea
capelin (Hamre 1988).
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Figure 5.1 The relation between two different estimates of the
abundance of the 1381-1986 year classes of capelin.
Numbers are in 10 7.
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APPENDIX

COMMENTS ON METHODOLOGY
by

G. Stefansson

1. Choice of Reference F

Recent +rend at ICES has been towards using only unweighted mean fishing mor-
talities as reference values. This may not always be appropriate, as will be
shown in the following.

The choice of a reference fishing mortality depends mainly on the purpose of the
computation. The purposes are usually either (a} to obtain a single value which
describes the fishing intensity, i.e., relates in some fashion to effort or {b)
to obtain a measure of the effect of fishing on the stock. These two purposes
are totally different and lead in a natural fashion to different choices of av-
eraging.

When considering the effect of fishing activities on the stock, one may equi-
valently ask the question of how a specific age group collection fares during a
year. Thus one may ask for a measure of how the 5+ group in 1987 (N(5+,87)) de-
clined during that year {to N(6+,88)). The natural measure of the stock decrease
ig the F value which is based on the Z which gives:

N(6+,88) = N(5+,87) * éZ(5+,87)

This corresponds to the total mortality measure:
2" = In(N(5+,87)/N(6+,88))

and this is of course essentially an average of the Z-values for individual age
groups, with weights which are high for high stock numbers. Thus one is lead in
a natural way to compute as a reference point the average fishing mortality,
weighted by the stock in numbers.

0f course, care must be taken when using these reference points. Firstly, they
will {and should) change greatly when a large vear class enters the fisheries,
If all the age groups in the average are fully selected, then this is merely an
indication that the stock with the new large year class is under much less pres-
gure than before the vear class enteregd.

As a rather extreme example, one can start with a fishery with 10 fully re-
cruited year classes, all equal in size 100 million and a constant F of 0.1
(giving a catch of 317 million if M = 0.2). In this case all averages give the
same fishing mortality.

In the other extreme, a fishery may consist of a single year class of size to
1000 million and minute other year classes. If catches of 317 million are taken
from this year class every year, then the fishing mortality on that single year
class is 0.1 and this is in fact the total fishing mortality inflicted on the
stock, If a weighted average by stock is used, then the result is 0.1, bhut an
unweighted average yields 0.01.
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Finally, suppose a new year class of size 1000 million enters a stock which had
10 equal year clagses of size 100 million, so that the total stock goes from
1,000 million to 2,000 million and now has 11 year classes. If, in this case,
the entire fleet redirects attention to the new year class, maintaining constant
effort (F = 0.1}, then the catches stay the same and the fishing mortality is
split into 0.1 on 1/2 the stock and O on the other half. As far as the effect on
the stock is concerned, it is much better measured by using a weighted F of 0.05
than an unweighted F of 0.0091, i.e., the overall F has been halved due to the
doubling in stock size, but it has not gone down by a factor of 10. By compari-
son, an F based on the Z-measure mentioned above becomes

-1n{2000/1559.5) - 0.2 = 0.0488,
which, as expected, is close to the weighted mean.

Using weighted mean Fs certainly has drawbacks. In particular, it must be quite
certain that interest lies equally in all the age groups which are used in the
weighting. Usually +this is the sgame as saying that only fully recruited age
groups are used in the average, 1.e., the selection pattern increases untill it
reaches a peak, after which it is flat and only the flat portion is used.

If care is not paid to this, then a large recruiting year class with a low rela-
tive selection will adversely lower the average. The true problem here is not
really +the weighting, but rather the comparison of apples and oranges, when an
average 1s taken of fishing mortalities over age groups which are not all re-
cruited to the same extent. Such an average can probably never appropriately
reflect the effect of fishing on the stock {unless the pattern is specifically
accounted for, e.q9., by using the annual fishing mortalities from the separable
VPA) .

When the primary interest lies in using a single measure to describe effort,
then the effect of a large recruiting year class must not be that of lowering
the measure +oo much. One way of taking care of this is to attempt to take an
unweighted average over several year classes. It must be noted, however, that
even in this case, the interpretation of the average is highly uncertain. It may
be tempting to say that a stock is fished at a level of F = 0.5, when the fish-
ing mortalities are (0.1,0.3,0.8,0.8). However, a much more reasonable measure
is simply 0.8 - this being the correct multiplier for a selection pattern. Nat-
urally, in cases where most of the fishing is concentrated on few, young age
groups, the fishing mortality on the older ages may be too badly known for this
approach to be feasible, but it is felt that this is the most reasonable ap-

proach when applicable.

Finally, it should be noted that when averages over fully recruited age groups
are used, these can be used as is for interpreting current levels, short-term
projections and long-term projections. Unweighted and weighted averages will be
measurements of that same overall mean.

In many cases, minor changes on younger age groups will have little effect on
the vield curve and thus this measure will often be quite robust to small
changes, Deviations used to adapt short-term projections to foreseeable changes
in selection on young age groups will, therefore, be more or less comparable
with longer-term yield predictions. As a measure of fishing effort, the F corre-
sponding to the flat portion of the selection curve (weighted or unweighted)
will be a consistent measure in most cases,

2, Tuning with Acoustic Data

The stock size of the Icelandic summer spawners has been estimated using several
vears of acoustic data, as indicated in Section 2.5. The following note de-
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scribes the procedure in some more detail and indicates why the Laurec-Shepherd
tuning procedure has not been used. The method used was introduced in
Halldorsson et al., 1986 and has been used for Icelandic Summer Spawners for
some years (Anon., 1%90; Anon., 1989). A similar procedure has been used this
year for the Norwegian spring spawners, and the following also reflects on the
differences in the procedures.

Denote by N(a,y) the number of individuals of age a in year y in the stock and
by ac(a,y) the corresponding acoustic estimate. Let N(a+,y) and ac(a+,y} denote
the total number of age a and greater. Then the stock, N(a+,y) is a tunable par-
ameter, whereas the acoustic estimates are independent measurements of those
values. Thus the correct approach is to consider ac(a+,y) an independent vari-
able in a regression and N(a+,y) a dependent variable. The dependent variable is’
a function of the catch-at-age and the input F values, which take essentially
the roles of x-variables and parameters in a regression setting.

It 1is then quite feasible to regress ac(a+,y) on N{a+,y) to obtain a measure of
correlation and sum of squared deviations from the regression line (S5SE). One
such sum of squares is obtained for each setting of the input fishing mortali-
ties,

Since simultaneous estimation of all the fishing mortalities in the last year is
fraught with problems, the usual approach is to use the acoustic survey in the
last year to estimate the selection pattern in the final year, leaving only the
multiplier to be estimated.

The solution to the estimation problem is thus obtained simply by running re-
peated VPAs with different fishing mortality multipliers, regressing the acous-
tic estimates against stock size for each VPA and finding the value of F which
minimizes the sum of squares.

In the above, no assumption needs to be made on whether the acoustic estimate is
unbiased, since the regression can be used to eliminate any constant bias. The
existence of bias can be tested as follows. First the above regressions are per-
formed where a slope and an intercept are estimated along with the F value, Thus
a sum of squares for a full model (SSE(F)) is obtained with t-3 degrees of free-
dom. Next, the F value is estimated by fixing the slope to be 1 and the inter-
cept to be 0. This yields a sum of sguares for a reduced model, SSE{(R), with t-1
degrees of freedom. The two sums of squares can now be used in an ordinary F-
test for testing the joint hypothesis that the slope is 1 and the intercept is

0.

These tests were carried out in Halldorsson et al., 1986, and the test results
were such that the hypothesis was not rejectable. Therefore, a 1-1 relationship
has been assumed between the acoustic estimates and the stock size, when tuning.
In this case the method reduces to a simple minimization over F of the squared
differences bhetween the acoustic and VPA estimates,.

The stock estimates of the juveniles in the last year have no effect on the
fitted F-value or SSE and are therefore not truly tuned with %he procedure.
Further, acoustic estimates of juvenile herring are sometimes not feasible at
the game time asg the surveys of the adult stock are performed and in some years
no estimates are obtainable for the juveniles. In such cases the most reasonable
approach is to estimate the stock size of the juveniles by finding the stock
size in the last year which via back-calculation gives a value corresponding to
an earlier acoustic egstimate of those year classes. The resulting pattern of
fishing mortalities should probably not be used for projections, but the stock
estimates can be used for short-term catch forecasts.




The choice of which age groups to aggregate before tuning is usually based on
which age groups are generally considered fully recruited, both to the fishery
and to the survey (although exceptions exist - it is essential to include the
1983 year class when the Norwegian Summer Spawners are considered). When this
type of aggregation is performed, there will be little if any age-determination
errors in the acoustic index and one should, therefore, expect a better-behaved
tuning, However, as described in Stefansson (1987), it is quite feasible to use
an age-disaggregated acoustic index and do several regressions, adding the SSEs
across the age groups. This approach is similar to that used by ADAPT, although
quite a bit simpler. The method was originally invented to account for varying
cathcabilities in the different age groups.

The method has, however, not been widely used and has only been tested on CPUE
data, where it is essential to age-disaggregate before tuning, The acoustic sur-
veys do not always obtain a measure of all age groups, resulting in zero values
in some of the age groups. This may be due to lack of coverage of the full stock
or due to variation in the samples taken for age determination. Whatever the
reason, the presence of zerces will result in extra complications in many fit-
ting procedure, since it is often natural to use logarithmic transforms or
ratios when fitting or regressing., In any case, it is certainly clear that if
the survey covers a number of year classes fully (or equally well), then the
aggregate index will contain much less variability than the individual indices.

For these reasons the Working Group has used aggregated indices for tuning.

Among the virtues that the current approach has over using, for example, the
Laurec-Shepherd procedure, are (1} it is based on a well-formulated statistical
method (2} it accommodates some parsimony in the final selection pattern and (3)
it allows formal testing of assumptions such as whether the acoustic survey
really measures the entire stock. The Laurec-Shepherd method is an ad hoc tuning
method, which does not conform to standard statistical methodology (e.g., it
cannot yield confidence intervals), often yields very unreasonable selection pat
terns in the final year and canhot yield any formal tests of whether the acous-
tic survey really measures the stock (although some ad hoc tests are available).

The criterion used for the Icelandic summer spawners was to minimize over F the
sum of squared differences between the acoustic measurements and the VEA values
(possibly using a regression). Terminal F for the Norwegian Spring Spawners was
estimated by considering the sum of squares of

ac(a+,y)-N(a+,y)

ac{a+,y)

0f course, this is not the same criterion as using squared differences. Another
natural candidate for a criterion 1is the difference between log-transformed
values. These three criteria were tested for the Icelandic Summer Spawners ahd
resulted in terminal F values as in the following table:

Method F

ac-N 0.29
In(ac)-In(N} 0.28
{ac-N)/ac 0,32

These methods thus yield very similar results.
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Finally, it must be noted that only 3 acoustic estimates are available for the
Norwegian summer spawners and hence it is not feasible to attempt to estimate a
slope and an intercept in a regression. This would require estimation of 3 par-
ameters (slope, intercept and F) and only 3 degrees of freedom are available.
However the simple plot of ln{ac(3+)) vs time (Figure 3.2) with the same Z as
the stock does indicate that the surveys are at least proportional to the stock
size (i.e., no intercept should be needed in a regression of survey against
stock).

It should be noted that it is necessary to continually assess the guality of the
acoustic surveys and the best indications of the surveys' qualities is through
comparisons with tuned VPA.










