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5 COD STOCKS IN THE GREENLAND AREA (NAFO AREA 1
AND ICES SUBDIVISION XIVB)
5.1 Stock definition -offshore

Cod is described a common species in the Greenland fauna, although reaching here its eco-
logical northern boundary. Given suitable environmental conditions, cod in the offshore areas
of Greenland are considered to be self-sustaining. Stock parameters, slow growth and poor
conditions (Lloret and R&tz 2000), late maturation, and highly variable recruitment strongly
affected by environmental conditions, suggest that to be sustainable in long term, exploitation
rates would need to be low, particularly in periods of cold water. In productive periods, higher
exploitation rates could be sustainable, but it would be advisable to maintain a spawning stock
biomass sufficiently large to buffer for brief periods of cold water. For assessment purposes
Atlantic cod in Greenland waters is separated into three components: The offshore cod in East
and West Greenland waters, West Greenland inshore cod and occasionally Icelandic offspring
that are transported with the Irminger current to Greenland water (Storr-Paulsen et al. 2004).
Historically spawning have occurred in East Greenland offshore water between approximately
62 and 66°N (Jénsson 1959; Meyer 1963), and eggs and larvae are transported towards South-
east and West Greenland (Wieland and Hovgard 2002). In addition, migration of immature
cod from East to West Greenland has been seen in some years (Réatz 1994). In west Greenland
offshore waters spawning has been observed at the offshore slope of Fylla Bank at 64 °N but
more frequently at the various fishing banks further south including the northern part of
Julianehdb Bight at 61 °N (Jonsson 1959; Meyer 1963; Diaz 1969). Eggs and larvae are trans-
ported along the coast towards Store Hellefisk Bank at about 67 - 68 °N.

5.1.1 Historic assessment

Prior to 1996, the cod stocks off Greenland have been divided into West and East Greenland
or treated as one stock unit for assessment purposes to avoid migration effects. Fjord popula-
tions (inshore) have been included. In 1996, the offshore component off West and East
Greenland, the so called Bank Cod, was assessed separately as one stock unit and distin-
guished from the inshore populations for the first time. The completion of a re-evaluation of
available German sampling data for the offshore catches back to 1955 enabled such an analy-
sis given in the 1996 North-Western Working Group report (ICES 1996/Assess:15). Due to
the severely depleted status of the offshore stock component, the directed cod fishery was
given up in 1992, the final year in the VPA. Since then, no catch data were available to update
the assessment on an annually basis. Information on the historic VPA is available in ICES
2001/Assess:20. Due to a strong recruiting yearclass (2003) there have been some attempts to
make an analytic assesment for the offshore cod in 2005.

5.1.1.1 Trends in landings and fisheries (offshore component)

Officially reported landings are given in Tables 5.1.1 and 5.1.2 for West and East Greenland
respectively and includes the inshore landings. Landings as used by the working group are
listed in Table 5.1.3 by inshore areas for West Greenland and offshore areas for both West and
East Greenland, their trends being illustrated in Figure 5.1.1.

In 1924 the offshore fishery at West Greenland took off and until 1929 the landings increased
from 200t to 22000 t and exceeded the level of 120 000 t in 1931. The next 10 years landings
were fluctuating in the range of 60 000 —130 000 t (Horsted 2000). During World War 11 land-
ings decreased by 1/3 as only Greenland and Portugal participated in the fishery. Less is
known about cod fisheries at East Greenland waters, but since 1954 landing statistics have
been available. In the next 15 years the East Greenland landings were only contributing be-
tween 2-10 % of the total offshore landings (Figure 5.1.1.). During a period from the mid
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1950s to 1960 the total annual landings taken offshore averaged about 270 000 t. In 1962 the
offshore landings culminated with landings of 440 000 t. After this historic high, landings de-
creased sharply by 90 % to 46 000 t in 1974 and even further down in 1977. The level of
40 000 t was only exceeded during the periods 1982-83 and 1988-1990. A large changes in
effort started in 1970, which increased during exploitation of the strong year classes born in
1973 and 1984. The offshore fishery was closed in 1986 and for the first 10 months in 1987.
During 1989-91, the total landings decreased from 125 000 t by more than 65 %, in West
Greenland waters the landings decreased 97 % in these three years. Since 1992 no directed
cod fishery has taken place offshore at West Greenland, while high quota have been available
until 2003. In 2004, the officially reported landings amounted to 357 t all caught in East
Greenland. From total offshore landings, 10 t or less than 3 % was reported as by-catch in
other fisheries. No reports on discards have been available. Anecdotal information indicates
that catches of close to 1 000 t have been caught in East Greenland water although not regis-
tered in 2004.

Age-1 and partly age 2 cod is believed to be caught as by-catch in the shrimp fishery at West
and East Greenland waters, however no official registrations are available on this subject.

Logbook information about commercial catches and effort has been available from 1990-2004
from the offshore fishery in East Greenland. High landings occurred in the early 1990s reach-
ing close to 35 000t. Since 1994 landings have fluctuated at low levels between 100- 500t. In
2004, 3 vessels had in periods cod as main target all ships derived from the Faroe Island, and
used demersal otter board trawls equipped with a mesh size in the codend between 140-
145mm.

Miscellaneous gears, mainly long lines and gill nets, contributed 30-40% until 1977 but have
disappeared since then (Horsted 2000). At the moment otter trawl board catches (OTB) are the
only operating fishing gear and have been the most important throughout the time series for
offshore fisheries.

5.1.2 Surveys (offshore component)

5.1.2.1 Results of the German groundfish survey off West and East
Greenland

Annual abundance and biomass indices have been derived using stratified random groundfish
surveys covering shelf areas and the continental slope off West and East Greenland. Surveys
commenced in 1982 and were primarily designed for the assessment of cod (Gadus morhua
L.). A detailed description of the survey design and determination of these estimates was
given in the report ICES 1993/Assess:18 and Working Doc. 1/2005. Figure 5.1.2 indicate
names of the 14 strata, their geographic boundaries, depth ranges and areas in nautical square
miles (nm?). All strata were limited at the 3 mile line offshore except for some inshore regions
off East Greenland where there is a lack of adequate bathymetric measurements. In 1984,
1992, and 1994 the survey coverage was incomplete off East Greenland and in 1995 and 2002
in West Greenland partly due to technical problems (Working Doc. 1/2005).
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Stock abundance indices

Table 5.1.4 lists abundance and biomass indices for West and East Greenland, respectively
and then combined for the years 1982-2004. Trends of the biomass estimates for West and
East Greenland are shown in Figure 5.1.3, including the spawning stock. The figure illustrate
the pronounced increase in stock abundance and biomass indices from 23 million individuals
and 45 000t in 1984 to 828 million individuals and 690 000t in 1987. This trend was the result
of the recruitment of the predominating year classes 1984 and 1985, which were mainly dis-
tributed in the northern and the shallow strata off West Greenland during 1987-89. Such high
indices were never observed in strata off East Greenland, although their abundance and bio-
mass estimates increased during the period 1989-91 suggesting an eastward migration. During
the period 1987-89, which were years with high abundance, the precision of survey indices
was extremely low due to enormous variation in catch per tow data. Since 1988, stock abun-
dance and biomass indices decreased dramatically by 99% to only 5 million fish and 6 000t in
1993. The 2004 survey results confirmed the severely depleted status of the SSB, although
they represent the highest stock size in 14 years (less than 6% of the abundance in 1987) and
indicates a significant recovery signal as especially one strong year class (2003) has been reg-
istered in the survey. The total abundance and biomass indices amounted to 50 million indi-
viduals and 39 000 t, respectively, were 64 % of the stock in numbers were distributed off
West Greenland but only 16 % of the biomass.

Age composition

Age disaggregated abundance indices for West, East Greenland and total are listed in Tables
5.1.5-7, respectively, and are based on 1 814 individual age determinations. The year class
2003 was as 0-group by far the largest in the time series and at age one in 2004 is assessed as
the second strongest year class and is estimated to amount to 70 % of the strongest year class
1984 at age 1. The recruiting year classes 1998-2002 are considered weak as compared to the
strong 1984- and 1985-year classes. The year class 2002 at age 1 however is estimated as the
fourth strongest year class in West Greenland since 1982 and thus to provide some recovery
potential in the next few years. The 0- group indices are considered unrepresentative of year
class strength due to gear specifications while the age groups 1 and 2 seem to be quantitatively
estimated and to represent a reasonable recruitment index (Figure 5.1.5), the latter being more
precise.

Mean length at age

The trends of the mean length of the age groups 1-10 years for West and East Greenland are
illustrated in Figure 5.1.6 and 5.1.7 respectively for the period 1982-2004. They reveal pro-
nounced area and temperature effects. Age groups 3-10 years off East Greenland were found
to be significant longer in average 15% than those off West Greenland. Driven by the high
abundance of cod off West Greenland, weighted mean length and weight for the age groups 1-
5 displayed a decrease during 1986-87 and remained at low levels until 1991. Since then, the
length at age at ages 3 to 8 years increased significantly and remained at that high level until
2000, when low values were recorded. The 2004 values for East and West Greenland indicate
a stable length frequency for all age classes. Mean weight at age can be obtained from regres-
sion f(x)= 0.00895x>%°% X=length in cm, the equation has been determined on the basis of
historic measurements.

5.1.2.2 Results of the Greenland groundfish survey off West
Greenland

Since 1988, the Greenland Institute of Natural Resources has conducted an annual stratified
random trawl survey at West Greenland. The main purpose of the survey is to evaluate the
biomass and abundance of the Northern shrimp (Pandalus borealis), but since 1992 data on
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fish species have been included. The survey covers the offshore areas at West Greenland be-
tween 59°15°N and 72°30°N and the inshore area of Disko Bay from the 3 mile limit down to
the 600 m. (Figure 5.1.8). The survey area is divided into NAFO divisions and further subdi-
vided into five depth strata (50-100, 101-150, 151-200, 201-400 and 401-600 m) on the basis
of depth contour lines.

It is conducted with a 722 GRT trawler, equipped with a 3000/20-mesh Skjervay with a twin
cod end. Stratified abundance and biomass estimates are calculated from catch-per-tow data
using the strata area as weighting factor (Cochran, 1977). The catchability coefficient is set at
1.0, implying that estimates are merely indices of abundance and biomass. Confidence inter-
vals (CI) were set at the 95% level of significance of the stratified mean.

Stock abundance indices

The biomass indices for cod were in the survey estimated to be between 4000-7000 t in the
period 1988-1990. In 1992 the biomass decreased by more than 95 % to only 250 t and re-
mained at this low level until recent years. Since 2001 a slight improvement was detected in
the biomass index and in 2004 the biomass level was estimated to be close to 2400 t (Table
5.1.8 and 5.1.9). Abundance was estimated to be 6.5 millions individuals, which is the highest
number in the time series (1992-2004), and this is mainly caused by a high abundance of age 2
cod.

Age composition

Age disaggregated abundance indices are listed in Table 5.1.10 and indicates that more year-
classes is occurring, although there still is a dominance of age group 2 contributing to 43 % of
the total abundance. In 2004, age length keys were determined on the basis of 392 otoliths.

5.1.3 Biological sampling of commercial catches

Due to the low landings from the offshore component of cod off Greenland, there were since
1993 no catch samples available to calculate the catch, maturity and mean weight at age.

The working group strongly recommends to conducting sampling of commercial catches from
the Greenland offshore areas with the purpose to improve the assesment.

5.1.4 Stock assessment (offshore component)

The strong 2003 year class at age 1 as indicated from the German survey requires an analytical
approach to estimate its abundance in relation to historic year class strengths. As stated in sec-
tion 5.1.3 no catch samples have been available. The historic recordings of catches do include
landings only, discards information have not been available.

The approach preferred by the working group is based on survey indices from 2005 simulated
from the 2004 survey indices at ages 2-8 by applying survey mean Zs by age (1982 to 2004).
Regressions between the converged part of the historic VPA values (1982-1989) and the cor-
responding survey indices were used to scale the survey indices in 2005 to absolute stock size
estimates for age groups 2-8.

For age group 2 (year class 2003), which was estimated to be the second highest in the survey
time series, a simple linear regression was applied. The 1985 year class was at age 2 at a simi-
lar very high survey level as the 2003 year class. For this reason, the estimation of the year
class 2003 at age 2 is based on an average between the VPA estimate for the 1985 year class at
age 2 and the value derived from the linear regression between the survey and VPA at the
given survey size.
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As the older age groups (3-8) all are indicated as low abundant by the survey results, a log-log
transformation between survey estimates and VPA was used to convert the survey estimates
by means of linear regressions

All regressions used to estimate the stock size in number in 2005 are shown in figure 5.1.9).
5.1.4.1 Short term predictions

Input data-short term
e  Stock size: Start population estimates was estimated as explained in section 5.1.4.

e Recruitment at age 1 in 2005-2007: 1983-1992 geometric mean from the rerun
XSA = 6.765 million, representing 4 % of the long term average mean 1955-
1992.

e Natural mortality in 2005-2007: usual standard input M=0.2 for ages 1-4 and
M=0.3 for ages=>5 to account for the arbitrary emigration to Iceland.

e  Maturity: A strong trend of maturation at age was apparent in the survey records
to earlier ages, probably because of positive temperature effects. As the survey
estimates were not taken in spawning time but in autumn, historic standard values
were adopted in the present calculations, without knowledge of their origin.
However, such maturity ogive implies a very late maturation (age50%=6) com-
pared to the recent survey results offshore (age 50%=2).

e Mean weight at age in the stock in 2005-2007: mean 2002-2004 survey weights at
ages 1-8 were used as the fish seem to have profited from recent high tempera-
tures.

e Mean weight at age in the landings in 2005-2007: in absence of direct landing
samples mean weight at age in the stock was used for ages 1-2 and 4-8. The mean
weight at age 3 was adjusted for the effect of higher mean weights at age in the
commercial landings during 1982-1992, were both weights at ages from commer-
cial landings and the survey catches were available. On average, the weights at
age 3 in the landings were 39 % higher than the survey estimates during that pe-
riod. The survey mean weight at age 3 in 2002-2004 was increased by 39 % re-
sulting in a value of 0.938 kg. For ages 4 and older the comparison between mean
weights in the surveys and commercial catches did not reveal significant differ-
ences.

e Mean weight at age in the discards in 2005-2007: in absence of observations
mean weight at age in discards are not considered.

e The fishery in the interim projection year 2005 is assumed as status quo com-
pared to 2004 resulting in an exploitation rate at Fref=0.02.

e Exploitation patterns of landings in 2005-2007: Relative Fs are used as inputs
based on average exploitation pattern by age 1 to 8 in 1990-1992 which is scaled
to the average Fref over ages 5 to 8, amounting to 0.9054. The variation is over
years and ages is shown in Figure 5.1.9. The exploitation pattern does not take
into account the increased size at age 3 which should result in an increased selec-
tion in short term. However, as the selection of age 3 is low, this effect should not
result in a major change in the projections of landings and SSB.

Input parameters for the short term prediction are given in Table 5.1.11.

Results- short term

Single option results and the management options are given in Table 5.1.12 and 5.1.13. It can
be seen in the management option table that any significant fishing will lead to a reduction in
the spawning stock until 2007 (Figure 5.1.11)

As the result of the short predictions is very sensitive to the survival rate of the strong
2003 year class, any discards would affect this projection significantly.
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5.1.4.2 Medium term predictions

Medium term predictions are giving for the 2003 year class only and was projected for 10
years under a no fishing scenario in order to illustrate its development in terms of SSB

Input data-medium term

Input parameters and results are given Table 5.1.14 and are identical to the short term parame-
ters except the mean weight, which are the survey mean weights at age over 1982-2004 to
account for historic variation in medium term The emigration is accounted for as the usual
M=0.3 for ages>=5..

Results-medium term

The 2003 year class was estimated to about 92 million fish. The resulting medium term SSB
projections are sensitive to its future emigration behaviour, for which insufficient information
exists as based from preceding year classes. Considering a no fishing scenario, the resulting
SSB from the year class 2003 will peak during 2010-2013 in the order of 90.000 t (Figure
5.1.12), representing the double compared with SSB from the early 1970s to the early 1990s
(low stock period) but only 10 % compared with the SSB estimated from 1955-70 (high stock
period).

5.1.4.3 Long term predictions

Input data- long term
e Natural mortality: The usual standard input M=0.2 for ages 1-4 were used and
M=0.3 for ages=>5 to account for emigration to Iceland.
e Maturity: Same input as for the short term predictions.

e Mean weight at age in the stock and landings: long term mean 1955-1992
weights at ages 1-11 were used, the oldest age being a plus group.

o Exploitation pattern: Same input as for the short term predictions.

Results- long term

The result of the long term prediction is very sensitive to discard mortality, not included in the
calculations, any discards would affect the projection. Input data to the Y/R model are given in
Table 5.1.15.

The yield per recruit trajectory reveals a poor defined and relatively high Fmax= 0.69 (Figure
5.1.13), mainly because of the increased natural mortality for ages 5+ to account for emigra-
tion to Iceland. The F0.1 is low and amounts to F=0.25.

5.1.5 State of the stock (offshore component)

The historic XSA in combination with recent survey results and predictions scenarios confirm
that the SSB remains severely depleted, in short term projection until 2008.

Mortality rates derived from the survey and low landings imply that the recent exploitation
rate is very low.

Recruitment has been slightly increased since 1997 and the 2003 year class is estimated to
range in the order of 40 % of the last strong 1984 year class, maps on the geographic distribu-
tion patterns of the 2 year classes are visualized in figure 5.1.16. The strong 2003 year class
implies a recovery potential of SSB.
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5.1.6 Management considerations

There is strong evidence for a significant increase in the cod stock abundance in medium term,
not only from a single strong recruiting year class but also from increased growth rates and
earlier maturation probably enhanced by continued favourable environmental conditions.

The working group notes that there exist no management objectives for the exploita-
tion of the Greenland cod. No direct fishing should take place on the stock and maxi-
mum protection of juvenile cod is required to increase the recovery potential of the
stock. Given the fishing possibilities of the stock, a recovery plan urgently needs to be
developed. Such multi-annual harvest plan needs to account not only the stock dy-
namics but also needs to incorporate the ecological interaction with the shrimp stock
and its exploitation as well as temperature effects. Until such a recovery plan is effec-
tive,

5.1.7 Comments on the assessment

The assessment of the recruitment strength and dynamics must be considered uncertain as it is
based on a single year survey estimate and discard rates in the shrimp fishery remain unknown
as well as no catch at age information are available. However, the state of the cod stock in
terms of biomass will remain very low until 2008. A significant part of the earlier strong 1984
year class was observed to have migrated to Iceland when ready for first spawning (Storr-
Paulsen et al.). If the 2003 year class will show a similar homing migration is uncertain as
environmental conditions as well as optimal feeding conditions might influence the migration
behaviour.
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Table 5.1.1 Nominal catch (t) of Cod in NAFO Sub-area 1, 1988-2004 as officially reported to
ICES.

COUNTRY 1988 1989 1990 1991 1992 1993
Faroe Islands - - 51 1 - -
Germany 6.574 12.892 7.515 96 - -
Greenland 52.135 92.152 58.816 20.238 5.723 1.924
Japan 10 - - - - -
Norway 7 2 948 - - -

UK 927 3780 1.631 - - -
Total 59.653 108.826 68.961 20.335 5.723 1.924
WG estimate 62.653 2 111.5673 98.474* - - -

COUNTRY 1994 1995 1996 1997 1998 1999

Faroe Islands - - - -

Germany - - - -

Greenland 2.115 1.710 948 904 319 622

Japan - - - -

Norway - - - -

UK - - - -

Togo 2.115 1.710

Total - - 948 904 319 622

WG estimate - - - -
COUNTRY 2000 2001 2002 2003" 2004*

Faroe Islands

Germany

Greenland 764 1680 3698 3989 4948
Japan

Norway 693 °

UK

Togo 533°

Total 764 1680 3698 5215

WG estimate - -

') Provisional data reported by Greenland authorities

) Includes 3,000 t reported to be caught in ICES Sub-area XIV
% Includes 2,741 t reported to be caught in ICES Sub-area XIV
) Includes 29,513 t caught inshore

%) Transshipment from local inshore fishers
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Table 5.1.2 Nominal catch (t) of cod in ICES Sub-area X1V, 1988-2004 as officially reported to

ICES.

COUNTRY 1988 1989 1990 1991 1992 1993
Faroe Islands 12 40 - - - -
Germany 12.049 10.613 26.419 8.434 5.893 164
Greenland 345 3.715 4.442 6.677 1.283 241
Iceland 9 - - - 22 -
Norway - - 17 828 1.032 122
Russia - - - 126
UK (Engl. and - 1.158 2.365 5.333 2.532 -
Wales)

UK (Scotland) - 135 93 528 463 163
United Kingdom - - - - - 46
Total 12.415 15.661 33.336 21.800 11.351 -
WG estimate 9.457" 14.669 ° 33.513° 21.818* - 736

COUNTRY 1994 1995 1996 1997 1998 1999
Faroe Islands 1 - - - - 6
Germany 24 22 5 39 128 13
Greenland 73 29 5 32 37° +5
Iceland - 1 - - -
Norway 14 + 1 - + 2
Portugal 31 -
UK (E/WINI) - 232 181 284 149 95
United Kingdom 296
Total 408 284 192 355 345 116
WG estimate - - - - - -

COUNTRY 2000 2001 2002° 2003° 2004
Faroe Islands 329
Germany 3 92 5 1
Greenland 4 232 78 23
Iceland - 210
Norway -° 43 13 5
Portugal - 278
UK (E/WINI) 149 129
United Kingdom 34
Total 152 756 284 79 357
WG estimate - 448° 2947

%) Excluding 3,000t assumed to be from NAFO Division 1F and including 42t taken by Japan

) Excluding 2,74 t assumed to be from NAFO Division 1F and including 1,500t reported from other areas
assumed to be from Sub-area X1V and including 94t by Japan and 155t by Greenland (Horsted, 1994)

% Includes 129t by Japan and 48 t additional catches by Greenland (Horsted, 1994)

* Includes 18t by Japan

%) Provisional data
%) Includes 164t from Faroe Islands
") Includes 215t from Faroe Islands
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Table 5.1.3 Cod off Greenland (offshore component). Catches (t) from 1924 — 2004 as used by the
Working Group, inshore and offshore by NAFO division 1B and 1D offshore divided into East and
West Greenland. Based on Horsted (1994, 2000).

Cop INSHORE OFFSHO TOTAL
RE
Year Nafo1B | Nafo1lD | Total East West Total Greenland
inshore offshore
1924 131 221 843 200 200 1043
1925 122 318 1024 1871 1871 2895
1926 97 673 2224 4452 4452 6676
1927 282 982 3570 4427 4427 7997
1928 426 1153 4163 5871 5871 10034
1929 1479 1335 7080 22304 22304 29384
1930 2208 1681 9658 94722 94722 104380
1931 1905 1520 9054 120858 120858 129912
1932 1713 1042 9232 87273 87273 96505
1933 1799 1148 8238 54351 54351 62589
1934 2080 952 9468 88122 88122 97590
1935 1870 769 7526 65846 65846 73372
1936 2039 705 7174 125972 125972 133146
1937 1982 854 6961 90296 90296 97257
1938 1743 703 5492 90042 90042 95534
1939 2256 896 7161 89807 89807 96968
1940 2478 1061 8026 43122 43122 51148
1941 3229 823 8622 35000 35000 43622
1942 3831 1332 12027 40814 40814 52841
1943 5056 1240 13026 47400 47400 60426
1944 4322 1547 13385 51627 51627 65012
1945 4987 1207 14289 45800 45800 60089
1946 5210 1438 15262 44395 44395 59657
1947 5261 2096 18029 63458 63458 81487
1948 5660 1657 18675 109058 109058 127733
1949 4580 2110 17050 156015 156015 173065
1950 6358 2357 21173 179398 179398 200571
1951 5322 2571 18200 222340 222340 240540
1952 4443 2437 16726 317545 317545 334271
1953 5030 5513 22651 225017 225017 247668
1954 6164 3275 18698 4321 286120 290441 309139
1955 5523 4061 19787 5135 247931 253066 272853
1956 5373 5127 21028 12887 302617 315504 336532
1957 6146 5257 24593 10453 246042 256495 281088
1958 6178 5456 25802 10915 294119 305034 330836
1959 6404 5009 27577 19178 207665 226843 254420
1960 6741 3614 27099 23914 215737 239651 266750
1961 6569 4178 33965 19690 313626 333316 367281
1962 7809 3824 35380 17315 425278 442593 477973
1963 4877 2804 23269 23057 405441 428498 451767
1964 3311 8766 21986 35577 327752 363329 385315
1965 5209 6046 24322 17497 342395 359892 384214
1966 8738 7022 29076 12870 339130 352000 381076
1967 5658 6747 27524 24732 401955 426687 454211
1968 1669 6123 20587 15701 373013 388714 409301
1969 1767 7540 21492 17771 193163 210934 232426
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Table 5.1.3 Cod off Greenland (offshore component). Continued.

Cob INSHORE OFFSHOR ToTAL
E
Year Nafo1B | Nafo 1D | Total East West Total Greenland
inshore offshore
1970 1469 3661 15613 20907 97891 118798 134411
1971 1807 3802 13506 32616 107674 140290 153796
1972 1855 3973 14645 26629 95974 122603 137248
1973 1362 3682 9622 11752 53320 65072 74694
1974 926 2588 8638 6553 39396 45949 54587
1975 1038 1269 6557 5925 41352 47277 53834
1976 644 904 5174 13027 28114 41141 46315
1977 580 2946 13999 8775 23997 32772 46771
1978 1587 2614 19679 7827 18852 26679 46358
1979 1768 6378 35590 8974 12315 21289 56879
1980 2303 7781 38571 11244 8291 19535 58106
1981 2810 6119 39703 10381 13753 24134 63837
1982 2448 7186 26664 20929 30342 51271 77935
1983 2803 7330 28652 13378 27825 41203 69855
1984 3908 5414 19958 8914 13458 22372 42330
1985 2936 1976 8441 2112 6437 8549 16990
1986 1038 1209 5302 4755 1301 6056 11358
1987 2995 8110 18486 6909 3937 10846 29332
1988 6294 2992 18791 12457 36824 49281 68072
1989 8491 8212 38529 15910 70295 86205 124734
1990 9857 9826 28799 33508 40162 73670 102469
1991 8641 2782 18311 21596 2024 23620 41931
1992 2710 1070 5723 11349 4 11353 17076
1993 323 968 1924 1135 0 1135 3059
1994 332 914 2115 437 0 437 2552
1995 521 332 1710 284 0 284 1994
1996 211 164 948 192 0 192 1140
1997 446 99 1186 370 0 370 1556
1998 118 78 323 346 0 346 669
1999 142 336 622 112 0 112 734
2000 266 332 764 100 0 100 864
2001 1183 54 1680 221 0 221 1901
2002 1803 214 3698* 448 0 448 4146*
2003 1522 274 5215* 286 7 293 5515*
2004 1316 116 4948* 369 27 396* 5344*
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Table5.1.4

423

Cod off Greenland (offshore component), German survey. Abundance (1000)
and biomass indices (t) for West, East Greenland and total by stratum, 1982-2003. Confidence
intervals (CI) are given in per cent of the stratified mean at 95% level of significance. () incorrect
due to incomplete sampling.

ABUNDANCE BIOMASS
YEAR WEST EAST TOTAL Cl  Spawn. WEST EAST TOTAL Cl Spawn.
1982 92276 8090 100366 28 33793 128491 23617 152107 25 79511
1983 50204 7991 58195 25 23889 82374 34157 116531 25 57223
1984 16684 (6603) (23286) 32 17653 25566  (19744) (45309) 34 36162
1985 59343 12404 71747 33 17349 35672 33565 69236 39 45630
1986 145682 15234 160915 32 14350 86719 41185 127902 26 48976
1987 786392 41635 828026 59 25467 638588 51592 690181 63 65584
1988 626493 23588 650080 48 128578 607988 52946 660935 46 155556
1989 358725 91732 450459 59 332589 333850 239546 573395 46 514773
1990 34525 25254 59777 43 46355 34431 65964 100395 34 77064
1991 4805 10407 15213 29 6404 5150 32751 37901 36 17756
1992 2043 (658)  (2700) 50 560 607 (1216)  (1823) 69 1091
1993 1437 3301 4738 36 2327 359 5600 5959 41 4024
1994 574 (801)  (1375) 36 457 140 (2792)  (2930) 68 1732
1995 278 7187 7463 93 2340 57 15525 15581 155 10445
1996 811 1447 2257 38 592 373 3599 3973 56 2017
1997 315 4153 4469 75 3411 284 13722 14007 90 10416
1998 1723 1671 3394 54 1133 130 4348 4479 91 3820
1999 912 2769 3681 34 809 240 3917 4157 62 3004
2000 1926 4816 6742 36 3556 570 4778 5349 40 4176
2001 8160 7604 15764 39 8252 2666 15271 17937 42 13381
2002 4121 9691 13812 41 11689 2110 19726 21836 51 21299
2003 5632 19904 25537 45 19520 2264 50867 53131 73 50967
2004 31607 17540 49147 58 20976 6284 32392 38676 38 34429
Table 5.1.5 Cod off West Greenland (offshore component), German survey. Age disaggre-

gate abundance indices (1000), 1982-2004. *) calculated proportionally using age compositions
reported by the ICES Working Group on Cod Stocks off East Greenland (ICES 1984/Assess:5).

YEAR 0 1 2 3 4 5 6 7 8 9 10 11+ TOTAL
1982 0 176 884 33470 11368 32504 9528 2622 578 939 91 90 92250
*1983 0 0 1469 2815 26619 4960 10969 1882 992 317 168 13 50204
1984 159 5 38 2070 1531 9848 842 1873 87 186 27 0 16666
1985 831 38016 1481 948 6403 2833 7682 467 646 27 35 0 59369
1986 0 14148 112532 4089 903 6823 2095 4271 133 616 34 39 145683
1987 0 317 45473 692567 24230 5929 11813 1637 4006 O 366 30 786368
1988 0 257 3332 102767 510980 5425 613 1122 654 1274 32 35 626491
1989 12 204 2461 3565 93687 254002 3934 O 535 114 228 O 358742
1990 159 47 1007 3005 1244 21724 7221 47 0 0 0 19 34473
1991 0 293 224 476 1397 164 1894 317 6 0 0 0 4771
1992 0 263 1427 220 36 7 0 28 0 0 0 0 2051
1993 0 10 832 544 20 28 6 0 0 0 0 0 1440
1994 0 283 45 199 38 5 0 5 0 0 0 0 575
1995 0 0 241 16 22 0 0 0 0 0 0 0 279
1996 0 147 11 638 10 0 10 0 0 0 0 0 816
1997 0 12 27 15 263 0 0 0 0 0 0 0 317
1998 48 1642 0 0 5 25 0 0 0 0 0 0 1720
1999 29 401 392 87 7 0 6 0 0 0 0 0 922
2000 O 165 1015 615 116 0 0 0 0 0 0 0 1911
2000 O 620 6202 1100 159 51 0 0 0 0 0 0 8132
2002 12 13 1061 2972 64 0 0 0 0 0 0 0 4122
2003 68 3225 392 1090 743 93 25 0 0 0 0 0 5636
2004 31 24115 5316 803 588 584 142 9 0 0 0 0 31588
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Table 5.1.6 Cod off East Greenland (offshore component), German survey. Age disaggre-
gate abundance indices (1000), 1982-2003. *) calculated proportionally using age compositions
reported by the ICES Working Group on Cod Stocks off East Greenland (ICES 1984/Assess:5). ()
incomplete sampling.

YEAR 0 1 2 3 4 5 6 7 8 9 10 11+ TOTAL
1982 0 0 239 841 1764 1999 1227 379 130 1392 73 72 8116

*1983 0 0 411 605 1008 1187 2125 1287 302 265 703 101 7994

(1984) 0 18 74 1342 657 1397 855 1617 407 103 36 95 6601

1985 230 1932 556 118 2494 2034 1852 785 2000 295 56 36 12388

1986 0 1397 3351 1693 551 2417 1120 2191 566 1627 116 139 15168

1987 0 13 13785 17788 3890 1027 1770 457 1571 187 1093 36 41617

1988 11 25 163 6982 11094 2016 480 1435 152 674 98 469 23599

1989 0 7 179 489 17396 63216 3021 294 4870 406 1795 42 91715

1990 0 38 80 551 462 5128 18012 265 72 251 0 349 25208

1991 0 106 377 394 685 147 3512 5035 81 37 11 9 10394

(1992) 15 44 77 74 69 54 47 143 52 0 0 6 581

1993 0 17 44 1857 370 279 278 88 272 95 0 0 3300

(1994) 0 87 0 29 261 143 87 145 0 29 0 0 781

1995 0 7 2523 1125 370 1730 450 141 460 36 217 125 7184

1996 0 0 0 502 258 295 255 60 77 0 0 0 1447

1997 0 0 37 28 1508 1611 566 236 140 O 0 19 4145

1998 63 240 192 21 45 462 435 156 43 0 0 0 1657

1999 191 632 665 417 138 302 179 200 O 35 24 0 2783

2000 0 808 1074 1341 787 157 291 75 141 115 31 0 4820

2001 0 309 944 1468 2244 1349 705 211 191 73 36 9 7539

2002 96 8 415 1824 2026 2080 1952 889 235 83 36 30 9674

2003 1102 585 141 1067 4530 4285 4486 2374 1074 188 0 25 19857

2004 190 4227 2008 712 1019 3975 2559 1933 738 130 44 0 17535

Table 5.1.7 Cod off Greenland (total offshore component), German survey. Age disaggre-

gate abundance indices (1000), 1982-2003. *) calculated proportionally using age compositions

reported by the ICES Working Group on Cod Stocks off East Greenland (ICES 1984/Assess:5). ()

incomplete sampling.

YEAR 0 1 2 3 4 5 6 7 8 9 10 11+  TOTAL
1982 0 176 1123 34311 13132 34503 10755 3001 708 2331 164 162 100366
*1983 0 0 1880 3420 27627 6147 13094 3169 1294 582 871 1140 58198
(1984) 159 23 112 3412 2188 11245 1697 3490 494 289 63 95 23267
1985 1061 39948 2037 1066 8897 4867 9534 1252 2646 322 91 36 71757
1986 0 15545 115883 5782 1454 9240 3215 6462 699 2243 150 178 160851
1987 0 330 59258 710355 28120 6956 13583 2094 5577 187 1459 66 827985
1988 11 282 3495 109749 522074 7441 1093 2557 806 1948 130 504 650090
1989 12 211 2640 4054 111083 317218 6955 294 5405 520 2023 42 450457
1990 159 85 1087 3556 1706 26852 25233 312 72 251 0 368 59681
1991 0 399 601 870 2082 311 5406 5352 87 37 11 9 15165
(1992) 15 307 1504 294 105 131 47 171 52 0 0 6 2632
1993 0 27 876 2401 390 307 284 88 272 95 0 0 4740
(1994) 0 370 45 228 299 148 87 150 0 29 0 0 1356
1995 0 7 2764 1141 392 1730 450 141 460 36 217 125 7463
1996 0 147 11 1140 268 295 265 60 77 0 0 0 2263
1997 0 12 64 43 1771 1611 566 236 140 0 0 19 4462
1998 111 1882 192 21 50 487 435 156 43 0 0 0 3377
1999 220 1033 1057 504 145 302 185 200 O 35 24 0 3705
2000 0 973 2089 1956 903 157 291 75 141 115 31 0 6731
2001 0 929 7146 2568 2403 1400 705 211 191 73 36 9 15671
2002 108 21 1476 4796 2090 2080 1952 889 235 83 36 30 13796
2003 1170 3810 533 2157 5273 4378 4511 2374 1074 188 0 25 25493
2004 221 28342 7324 1515 1607 4559 2701 1942 738 130 44 0 49123
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Table 5.1.8

425

Cod off Greenland (offshore component), Greenland survey. Abundance indices
(1000) for West Greenland by stratum, 1991-2003. Confidence intervals (CI) are given in percent
of the stratified mean at 95% level of significance. () incorrect due to incomplete sampling.

YEAR 1AS 1AX 1BN 1BS 1c 1D 1E IF  WestGrR ClI
1991 0 0 10 6 10 337 481  * * (846) 51
1992 0 0 4 16 37 243 345 0 8 653 49
1993 0 0 2 0 16 54 135 286 18 512 68
1994 0 10 0 0 41 87 0 6 0 144 47
1995 0 0 0 40 11 380 44 62 39 578 55
1996 0 0 0 0 0 46 68 87 107 308 55
1997 0 0 0 7 31 0 0 0 38 68
1998 0 0 0 4 0 0 26 26 3 59 54
1999 0 12 20 90 46 16 23 6 0 213 29
2000 0 186 399 270 167 71 58 9 189 1349 23
2001 0 0 26 236 69 110 448 305 313 1508 26
2002 0 0 13 69 134 78 3294 114 457 4158 50
2003 0 112 380 1356 39 351 727 214 211 3391 22
2004 0 0 197 37 115 379 2630 1538 1610 6507 29
Table 5.1.9 Cod off Greenland (offshore component), Greenland survey. Biomass indices (t)

for West Greenland by stratum, 1988-2003. Confidence intervals (Cl) are given in per cent of the

stratified mean at 95% level of significance. () incorrect due to incomplete sampling.

YEAR 1AS 1AX 1BN 1BS 1C 1D 1E 1F WESTGR Cl
1990 2 13 * 75 3 83 9005  * * (9180) 65
1991 0 0 7 2 15 151 310 * * (485) 44
1992 0 0 3 20 34 75 118 0 2 251 45
1993 0 0 2 0 5 25 39 124 5 200 70
1994 0 3 0 0 9 38 0 1 0 51 46
1995 0 0 0 5 1 120 23 3 4 155 63
1996 0 0 0 0 0 15 23 27 49 113 51
1997 0 0 0 0 2 53 0 0 0 55 76
1998 0 0 0 1 0 0 47 50 101 56
1999 0 1 5 23 5 1 17 0 53 47
2000 O 51 99 76 54 21 9 2 46 357 23
2001 O 0 15 125 30 56 178 98 100 603 23
2002 0 0 13 54 74 M 1489 42 150 1863 46
2003 0 18 111 315 8 264 453 118 46 1332 26
2004 0 0 496 46 7 176 680 685 305 2394 28
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Table 5.1.10 Cod off Greenland (offshore component), Greenland survey. Age disaggregate
abundance indices (1000) for West Greenland, 1992-2004.

YEAR 1 2 3 4 5 6 7 8+ TOTAL
1992 0 221 126 123 63 10 3 1 547
1993 0 39 170 73 16 7 1 2 308
1994 0 10 126 22 8 1 0 0 167
1995 19 345 101 157 40 0 0 0 662
1996 0 14 203 78 3 0 0 0 298
1997 0 0 10 3 24 8 1 0 46
1998 0 17 25 20 0 0 0 0 62
1999 7 144 66 23 6 1 1 1 249
2000 90 711 363 92 13 52 0 0 1321
2001 97 540 546 376 0 0 0 0 1559
2002 0 603 2323 1078 245 0 4 0 4253
2003 81 1416 1037 433 135 18 0 0 3120
2004 1215 2812 1205 786 382 71 33 0 6504

Table 5.1.11 Greenland cod offshore component. Short term input parameters.

2005 LANDINGS LANDINGS DISCARD DISCARD
age stock M maturity  weight exploitation  weight exploitation  weight
1 6765 0.2000 0.0000 0.077 0.0000 0.077 0.0000 0.000
2 91541 0.2000 0.0000 0.317 0.0000 0.317 0.0000 0.000
3 11445 0.2000 0.0100 0.675 0.1783 0.938 0.0000 0.000
4 2261 0.2000 0.0400 1.439 0.4767 1.439 0.0000 0.000
5 1109 0.3000 0.1500 2.216 0.6719 2.216 0.0000 0.000
6 1675 0.3000 0.4600 3.066 0.9454 3.066 0.0000 0.000
7 886 0.3000 0.7900 4.038 1.1554 4.038 0.0000 0.000
8 931 0.3000 0.9400 4.946 1.2273 4.946 0.0000 0.000
2006 landings landings  discard discard
age stock M maturity  weight exploitation  weight exploitation  weight
1 6765 0.2000 0.0000 0.077 0.0000 0.077 0.0000 0.000
2 0.2000 0.0000 0.317 0.0000 0.317 0.0000 0.000
3 0.2000 0.0100 0.675 0.1783 0.938 0.0000 0.000
4 0.2000 0.0400 1.439 0.4767 1.439 0.0000 0.000
5 0.3000 0.1500 2.216 0.6719 2.216 0.0000 0.000
6 0.3000 0.4600 3.066 0.9454 3.066 0.0000 0.000
7 0.3000 0.7900 4.038 1.1554 4.038 0.0000 0.000
8 0.3000 0.9400 4.946 1.2273 4.946 0.0000 0.000
2007 landings landings  discard discard
age stock M maturity  weight exploitation  weight exploitation  weight
1 6765 0.2000 0.0000 0.077 0.0000 0.077 0.0000 0.000
2 0.2000 0.0000 0.317 0.0000 0.317 0.0000 0.000
3 0.2000 0.0100 0.675 0.1783 0.938 0.0000 0.000
4 0.2000 0.0400 1.439 0.4767 1.439 0.0000 0.000
5 0.3000 0.1500 2.216 0.6719 2.216 0.0000 0.000
6 0.3000 0.4600 3.066 0.9454 3.066 0.0000 0.000
7 0.3000 0.7900 4.038 1.1554 4.038 0.0000 0.000
8 0.3000 0.9400 4.946 1.2273 4.946 0.0000 0.000
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Table 5.1.12 Greenland cod offshore component. Single option short term prediction under status quo condition in landings.
2005 F- 0.02 REFERENCE 0.0200 1

age absolute absolute absolute F catch in catch in landings landings discards discards stock size  stock sp. stock  SSB (t)

1 0.0000 0.0000 0.0000 0 0 0 0 0 0 6765 521 0 0

2 0.0000 0.0000 0.0000 0 0 0 0 0 0 91541 29018 0 0

3 0.0036 0.0036 0.0000 37 35 37 35 0 0 11445 7725 114 77

4 0.0095 0.0095 0.0000 19 27 19 27 0 0 2261 3254 90 130

5 0.0134 0.0134 0.0000 13 29 13 29 0 0 1109 2458 166 368

6 0.0189 0.0189 0.0000 27 83 27 83 0 0 1675 5136 771 2364

7 0.0231 0.0231 0.0000 17 69 17 69 0 0 886 3578 700 2827

8 0.0245 0.0245 0.0000 19 94 19 94 0 0 931 4605 875 4328
132 337 132 337 0 0 116613 56295 2716 10094

2006 F-factor: 0.02 reference 0.0200 1 January

age absolute absolute absolute F catchin catch in landings landings discards discards stock size  stock sp. stock SSB (t)

1 0.0000 0.0000 0.0000 0 0 0 0 0 0 6765 521 0 0

2 0.0000 0.0000 0.0000 0 0 0 0 0 0 5539 1756 0 0

3 0.0036 0.0036 0.0000 244 229 244 229 0 0 74947 50589 749 506

4 0.0095 0.0095 0.0000 80 115 80 115 0 0 9337 13436 373 537

5 0.0134 0.0134 0.0000 21 47 21 47 0 0 1834 4064 275 609

6 0.0189 0.0189 0.0000 13 40 13 40 0 0 811 2487 373 1144

7 0.0231 0.0231 0.0000 24 97 24 97 0 0 1218 4918 962 3885

8 0.0245 0.0245 0.0000 13 64 13 64 0 0 641 3170 603 2982
395 592 395 592 0 0 101765 80941 4008 9663

2007 F-factor: 0.02 reference 0.0200 1 January

age absolute absolute absolute F catch in catch in landings landings discards discards stock size  stock sp.stock  SSB (t)

1 0.0000 0.0000 0.0000 0 0 0 0 0 0 6765 521 0 0

2 0.0000 0.0000 0.0000 0 0 0 0 0 0 5539 1756 0 0

3 0.0036 0.0036 0.0000 15 14 15 14 0 0 4535 3061 45 30

4 0.0095 0.0095 0.0000 524 754 524 754 0 0 61141 87982 2446 3520

5 0.0134 0.0134 0.0000 87 193 87 193 0 0 7572 16780 1136 2517

6 0.0189 0.0189 0.0000 22 67 22 67 0 0 1341 4112 617 1892

7 0.0231 0.0231 0.0000 12 48 12 48 0 0 590 2382 466 1882

8 0.0245 0.0245 0.0000 18 89 18 89 0 0 882 4362 829 4100
678 1165 678 1165 0 0 89327 120956 6501 13941
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Table 5.1.13 Greenland cod offshore component. Management option table under status quo in the interim year 2005.

2005 2006 2007

F-factor  reference  stock sp. catchin  landings discard  F-factor  reference  stock SSB ()  catch (t) landings discard  stock SSB (1)

0.0200  0.02 56295 10094 337 337 0 0.0000  0.0000 80941 9663 0 0 0 121630 14131
0.1000  0.1000 80941 9663 2895 2895 0 118309 13195
0.2000  0.2000 80941 9663 5636 5636 0 115131 12339
0.3000  0.3000 80941 9663 8233 8233 0 112107 11559
0.4000  0.4000 80941 9663 10692 10692 0 109215 10836
0.5000  0.5000 80941 9663 13033 13033 0 106439 10178
0.6000  0.6000 80941 9663 15255 15255 0 103795 9576
0.7000  0.7000 80941 9663 17370 17370 0 101255 9024
0.8000  0.8000 80941 9663 19392 19392 0 98815 8513
0.9000  0.9000 80941 9663 21324 21324 0 96466 8044
1.0000 1.0000 80941 9663 23164 23164 0 94209 7606
1.1000 1.1000 80941 9663 24941 24941 0 92038 7205
1.2000 1.2000 80941 9663 26637 26637 0 89946 6834
1.3000 1.3000 80941 9663 28262 28262 0 87928 6495
1.4000 1.4000 80941 9663 29821 29821 0 85979 6172
1.5000 1.5000 80941 9663 31329 31329 0 84091 5875

Table 5.1.14 Greenland cod offshore component. Input parameters and resulting stock in number and SSB from the medium term projection of the year class
2003.

AGE YEAR M MEAN WEIGHT (KG) MATURITY N (1000) SSB (T) PROJECTED
2 2005 0.2 0.226 0 91541 0
3 2006 0.2 0.61 0.01 74947 457
4 2007 0.2 1.319 0.04 61361 3237
5 2008 0.3 2.125 0.15 50238 16013
6 2009 0.3 2.986 0.46 37217 51120
7 2010 0.3 3.887 0.79 27571 84663
8 2011 0.3 4.818 0.94 20425 92503
9 2012 0.3 6.173 1 15131 93404

=
o

2013 0.3 7.34 1 11209 82274
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Table 5.1.15 Greenland cod offshore component. Input parameters for the long term predictions in

the Y/R model.

AGE MIN AGE STOCK CATCH MATURITY F M STOCK NUMBER

GROUP  WEIGHT  WEIGHT

1 1 0.064 0.064 0.0000 0.0000 0.20

age max 2 0.226 0.226 0.0000 0.0000 0.20

11 3 0.815 0.815 0.0100 0.1783 0.20

Fref 4 1.255 1.255 0.0400 0.4767 0.20

1.0000 5 1.863 1.863 0.1500 0.6719 0.30
6 2.549 2.549 0.4600 0.9454 0.30
7 3.295 3.295 0.7900 1.1554 0.30
8 4.157 4.157 0.9400 1.2273 0.30
9 4.967 4.967 1.0000 1.3020 0.30
10 5.836 5.836 1.0000 1.0779 0.30
11 6.823 6.823 1.0000 1.0779 0.30
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Figure 5.1.1 Cod off Greenland. Catches 1911-2004 as used by the Working Group, inshore
and offshore by West and East Greenland (Horsted 1994,2000).
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Figure 5.1.2 Cod off Greenland (offshore component), German survey. Survey area, stratifi-
cation and position of hauls carried out in 2004.
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Figure 5.1.3  Cod off Greenland (offshore component), German survey. Aggregated survey bio-

mass indices for West and East Greenland and spawning stock biomass, 1982-2004. *)incomplete
survey coverage.
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Cod off Greenland (offshore component), Greenland survey. Aggregated survey
biomass indices for West Greenland, 1992-2004.
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Comparison of survey estimates of abundance at age 3 in a given year with age 1
two years earlier (r’= 0.64) and with age 2 one year earlier (r>= 0.90) for East and West Greenland
offshore cod. Years with incomplete coverage off East Greenland omitted. Data derived from the
German survey.
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Figure 5.1.6 Weighted mean length at age 1-10 years 1982, 1984-2004 sampled in West
Greenland. Data derived from German survey.
120
—@—— agel
........ O age2
100 4 ——-%—— age3
——A-—-- aged
& — & — ages
& — —0—— age6
80 - * — ——— age7
O ———  age8
- Y T age9
60 - ————— agel0
A
v
40
O
20 -
0 T T T T T T T T T T T

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

Figure 5.1.7 Weighted mean length at age 1-10 years 1982, 1984-2004 sampled in East Greenland.

Data derived from German survey.
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Figure 5.1.8 Number of cod /hour trawl off Greenland (offshore component), Greenland

survey. Survey area, stratification and position of hauls carried out in 2004.
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Figure 5.1.9 The relation between the survey estimates and VVPA for age group 2-8 in the time-
frame 1982-1989. For age group 2 a linear regression is used for the rest of the age group a log-log

regression .
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Figure 5.1.10 Greenland cod offshore component. Exploitation patterns in 1990-92 and the aver-
age FBAR. Discards in 2005-2007 are not included in the calculation due to lack of information.
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Figure 5.1.11 Greenland cod offshore component. Trajectories of SSB in 2007 and landings in

2006 as a function of fishing mortality.




ICES NWWG Report 2005 437

1800000 -+

1600000 - —SSB (1)

| = SSB (t) projected from yc 2003
1400000 - ® proj y

1200000 -+

1000000 -

800000 -

SSB (1)

600000 -

400000 -

200000 -
0 'm

1955 1965 1975 1985 1995 2005 2015

Figure 5.1.12 Greenland cod offshore component. Medium term projection of SSB from the year
class 2003 in comparison with the historic SSB trajectory.
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Figure 5.1.13 Greenland cod offshore component. Yield per recruit, input parameters are given in
Table X1. F0.1=0.25, Fmax=0.69.
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Figure 5.1.14 Greenland cod (offshore component). Trends in yield and fishing mortality.
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Figure 5.1.15 Greenland cod (offshore component). Trends in spawning stock biomass (SSB)

and recruitment.
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Figure 5.1.16 Comparison between the distribution 1984 and 2003 year class as age group 1
from the German ground fish survey.
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Cod off Greenland (Inshore component)

Spawning cod is documented for several fjords and costal areas between 64 and 67°N in West
Greenland (Hansen 1949, Smidt 1979, Buch et al., 1994). The inshore cod populations are
believed to be relatively stationary, as most (82-86%) of the cod recaptured were found in the
same area as they were tagged (Hovgard and Christensen 1990). Some interactions between
the offshore and inshore cod stocks probably exist as the strong 1984- and partly 1985 year-
class was registered in the inshore gillnet survey as well as in the inshore landings. These
strong year-classes are believed to be Icelandic cod spawned off South-western Iceland. Some
year’s larvae are carried by the Irminger current to settle in South and West Greenland and
contribute to the local fjord populations (Wieland and Hovgaard 2002).

5.2.1 Trends in landings and fisheries (Inshore component)

The Greenland commercial cod fishery started locally in West Greenland in 1911 at some
localities where cod seemed to occur regularly during summer and autumn. It took 15 years to
reach 1 000t (Hansen 1949). In 1924 an offshore fishery started and until 1974 the inshore
landings have been of limited importance accounting for only 5-15% of the total fishery in
Greenland water. Annual catches above 20 000t have been taken inshore during the period
1955-1969 and in 1980 and 1989 catches of approximately 40 000t were landed, partly driven
by a few strong year classes entering from the offshore stock (Horsted 2000). Due to the very
low offshore landings the importance of the inshore landings has increased accounting for
between 50-90% landings in the period 1993 —2004. In the same period the inshore landings
have been fluctuating between 500-5 000t.

A historic low was reached in 1998 with a total inshore catch at 326t, the lowest catch regis-
tered since 1918. Since 1998, slight improvements have been registered with catches increas-
ing to approximately 4000t in 2002. Preliminary catch statistics for 2004 are close to 5000t
where NAFO division 1B is accounting for approximately 1/4 of the total inshore landings
(table 5.2.1). Besides 785t have been transshipped from local inshore areas to foreign vessels,
the main part from NAFO division 1B (Table 5.2.1.). The increased inshore landings the last
two years could be a conscience of the transhipment taking place in NAFO division 1B.

A commercial pound net CPUE series is available between 1992-1999. The mean catch per
pound net setting decreased from 804 t in 1994 to 284 in 1999. No commercial effort data
from 2000 to 2002 and catch at age data in 1997-1998 and 2000-2001 have been available to
the working group.

5.2.2 Survey (Inshore component)

5.2.2.1 Results of the West Greenland young cod survey

A survey using gangs of gill nets with different mesh-sizes has been conducted since 1985
with the objective to assess the abundance and distribution of pre-recruit cod in inshore areas
of Greenland. The survey has usually been carried out in three inshore areas off West
Greenland: Qagortog (NAFO Div. 1F), Nuuk (Div. 1D) and Sisimiut (Div. 1B). The
Greenland inshore cod stock is not distributed in the Qaqortoq area, but occasional inflow of
pre-recruited cod from East Greenland and Iceland shows up here. Technical problems caused
that only Division 1D was covered in 1999, and again in 2000 only Div. 1D and Div. 1F was
covered. A more detailed description of the survey is provided in the 2001 report and WD
6/2005. No survey took place in 2001, in 2004 Div. 1B and 1D were covered.

The recruitment index of 2-year old cod is shown in Figure 5.2.1 and reveals a strong 1984 -
year class. Between 1996 and 2000 the recruitment index was very low. An increase in 2-year
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recruits was observed in 2002 Div 1B, reaching the levels from 1986-87 suggesting a strong
2000 year-class in this division however as this area has not been covered during the three
previous years, the size of the year class remains uncertain. The overall survey results for
2004 indicate a decrease of the recruitment index in division 1B compared to the relative large
value from 2002 and below average (1985-2004). The recruitment index for division 1D in-
creased some for age group 2 but is still considered at a very low level.

5.2.3 Biological sampling of commercial landings

The commercial catches were according to the Greenland catch statistic at 4948 t in 2004
witch corresponds to a small decrease at 5% compared to 2003. Pound nets are used to take
about 50% of the inshore catch, handline, longline and set gillnets are accounting for 30%.
Peak fishing time is June and July were more than 50% of the catches are taken. Catch-at-age
and weight-at-age are showed in Table 5.2.1 and 5.2.2) indicates some inconsistency in 2003,
and in 2004 the average weight was on the measured fish 0.78kg and for nearly all age groups
above average.

5.2.4 Assessment of the stock

Previously an Schaefer general production model was fitted to the Greenland inshore cod
landing data using the commercial pound net CPUE results for 1993 to 1997 as an index of
stock biomass. Lack of contrast in data impeded the model to run satisfactory.

Catch-at-age and weight-at-age data for the period 1985-1996 and for 1999 and 2002-2004
were available to the working group (Table 5.2.2 and 5.2.3). A statistical age structured model
implemented MS Excel on the inshore cod stock was used by the working group in 2002 as an
exploratory tool to estimate the likely historical stock and exploitation dynamics. Insufficient
data it was not accepted by the working group for assesment purpose (ICES CM
2003/ACFM:24, WD XX) and the model was not updated this year.

5.2.5 Status of the stock

The exploitation rate of the stock is unknown as no logbook information is available. How-
ever, a logbooks system has been implemented in 2005 for vessels larger than 30 feet only.
The survey data presented indicate that the stock has undergone a series of poor recruitment in
recent years, but recovery potential was observed in Div. 1B in 2002.

5.2.6 Biological reference points

No specific values can be put forward as reference points due to the depleted state of the
stocks.

5.2.7 Management considerations

The inshore fishery exploiting possible self-sustained local fjord populations off West
Greenland has historically been small, and the fishery has never been regulated. The data from
the commercial fishery are considered insufficient to provide advice. If advice were required,
additional information from the commercial fishery would be required. In particular logbook
information would be very valuable. A recovery plan should be developed for this stock.
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Table 5.2.1 Cod catches divided to NAFO -divisions, caught inshore from vessels 50 GRT (Horsted
2000, Statistic Greenland 2005). *Including 1258t transshipped from local inshore fishers to for-
eign vessels.? Including 2608 t fished in unknown waters

YEARDIV  NAFO1A  NAFO NAFO NAFO NAFO NAFo TOTAL
1B 1C 1D 1E 1F
1984 175 3908 1889 5414 1149 1333 19958
1985 149 2936 957 1976 1178 1245 8441
1986 76 1038 255 1209 1456 1268 5302
1987 97 2995 536 8110 4560 1678 8402
1988 333 6294 1342 2992 3346 4484 22829
1989 634 8491 5671 8212 10845 4676 28529
1990 476 9857 1482 9826 1917 5241 29026
1991 876 8641 917 2782 1089 4007 18311
1992 695 2710 563 1070 239 450 5723
1993 333 323 173 968 18 109 1924
1994 209 332 589 914 11 62 2115
1995 53 521 710 332 4 81 1710
1996 41 211 471 164 11 46 948
1997 18 446 198 99 13 130 1186
1998 9 118 79 78 0 38 319
1999 68 142 55 336 8 4 622
2000 154 266 0 332 0 12 764
2001 117 1183 245 54 0 81 1680
2002 263 1803 505 214 24 813 3622
2003 1109 1522 334 274 3 479 5215"

2004 535 1316 242 116 47 84 4948°
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Table 5.2.2 Catch at age (abundance in millions) 1985-2004, missing values in 1997, 1998, 2000
and 2001.

Year\Age 1 2 3 4 5 6 7 8 9
1985 0.742 0.588 2.464 0.154 0.604 0.016
1986 0.172 0.170 1.245 0.117 0.565 0.014
1987 0.043 0.594 7.638 4.153 0.320 0.877 0.229 0.415
1988 0.052 0.214 7.533 6.446 0.421 0.452 0.088 0.184
1989 0.006 0.218 11.813 12.619 1.318 1.369 0.172 0.276
1990 0.002 0.154 10.169 9.340 2.632 0.742 0.137 0.116
1991 0.004 0.125 7.177 8.562 2.499 0.288 0.012 0.003
1992 0.001 0.051 1.767 2.634 0.730 0.126 0.008 0.005
1993 0.000 0.029 0.647 0.706 0.208 0.044 0.006 0.006
1994 0.001 0.053 1.152 0.727 0.079 0.053 0.012 0.003
1995 0.008 0.593 0.729 0.140 0.036 0.001 0.001
1996 0.002 0.148 0.262 0.119 0.056 0.009 0.007
1997

1998

1999 0.082 0.396 0.238 0.037 0.004

2000

2001

2002 0.001 0.565 1.952 1.282 0.333 0.091 0.000 0.000
2003 0.0665 0.2871 0.4081 0.1068 0.0496 0.0069 0.0073
2004 0.417 1.093 1.241 1.018 0.065 0.010 0.002

Table 5.2.3 Weight at age in landing 1985-2004, missing values in 1997, 1998, 2000 and 2001.

YEAR\AGE 1 2 3 4 5 6 7 8 9
1985 0.84 1.29 1.82 2.25 297 3.55
1986 0.86 1.44 2.05 2.39 2.94 3.30
1987 0.46 0.69 0.88 1.17 2.30 291 4.37 4.15
1988 0.32 0.65 1.05 1.17 1.66 251 4.35 4.14
1989 0.57 0.75 1.19 1.34 1.80 221 3.61 3.63
1990 0.72 0.64 1.08 1.28 1.33 1.78 3.26 3.34
1991 0.72 0.60 0.84 1.07 1.04 1.42 1.77 2.75
1992 0.71 0.54 0.84 1.17 1.16 1.61 2.39 4.03
1993 0.72 0.53 0.76 1.25 1.23 1.97 3.57 3.97
1994 0.72 0.43 0.83 1.13 1.64 2.32 3.35 3.68
1995 0.45 0.87 1.28 1.67 1.78 3.17 6.18
1996 0.39 0.94 1.39 2.03 2.71 3.40 1.97
1997

1998

1999 0.31 0.56 0.71 1.02 1.25 1.58

2000

2001

2002 0.32 0.52 0.69 1.09 151 1.70 3.36 0.31
2003 0.98 1.26 2.01 2.77 3.18 5.02 6.14

2004 0.83 1.01 1.24 1.72 2.51 3.77 3.6
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Table 5.2.4 CPUE (number of age 1,2,3 and 4 cod caught per 100 hours net setting) in the
Greenland Gill net cod survey covering West Greenland 1987-2004.

AGE 1 2 3 4

1985 107.51 45.36 0.37 2.53
1986 6.22 124.04 11.77 1.26
1987 0.34 75.04 119.82 6.73
1988 0.03 15.27 72.32 34.32
1989 0.11 58.47 37.33 21.67
1990 0.00 24.12 34.95 12.22
1991 63.63 2.40 29.00 12.16
1992 0.10 38.22 13.14 7.69
1993 0.00 6.89 33.20 10.45
1994 0.65 1.40 6.37 4.32
1995 0.23 18.95 3.76 3.16
1996 0.00 7.45 10.32 1.66
1997 1.92 5.88 2.71 0.82
1998 0.32 7.66 13.46 1.28
1999 0.00 0.40 1.20 2.70
2000 0.12 6.96 4.14 0.40
2001 no survey

2002 6.60 53.70 19.10 6.70
2003 0.45 20.16 19.09 6.72

2004 9.6 39.55 11.42 4.22
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Figure 5.2.1. Recruitment index of age 2 and 3 cod in the inshore gillnet survey in NAFO division
1B and 1D between 1985 and 2004.
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