











Figure 4.9.2.2 Proportion of the conservation requirement attained in assessed rivers of the North American
Commission in 2008.
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5 Atlantic salmon in the West Greenland Commission

5.1 Status of stocks/exploitation

ICES considers the stock complex at West Greenland to be below conservation limits and thus suffering reduced
reproductive capacity.

North American stock

Estimates of pre-fishery abundance suggest a continuing decline of North American adult salmon over the last 10 years.
The total population of ISW and 2SW Atlantic salmon in the Northwest Atlantic has declined since the 1970s (Figure
4.9.10.1). During 1994-2007, the total population of 1SW and 2SW Atlantic salmon was about 600 000 fish, about half
of the average abundance during 1972—1990. The decline from earlier higher levels of abundance has been more severe
for the 2SW (i.e. the component of the stock that goes to Greenland) salmon component than for the small salmon
(maturing 1SW salmon) age group.

In most regions, the returns of 2SW fish in 2008 increased from 2007, however, they are still less than the median of the
recent 30-year time-series (1979-2008). In 2008, the estimated overall spawning escapement was below the
conservation limit for the stock complex. Specifically 2SW spawners in the regions are:

e Newfoundland: suffering reduced reproductive capacity (98% of 2SW CL)

e Labrador: suffering reduced reproductive capacity (50% of 2SW CL)

e  Québec: suffering reduced reproductive capacity (74% of 2SW CL)

e  Gulf of St Lawrence: suffering reduced reproductive capacity (56% of 2SW CL)

e Scotia-Fundy: suffering reduced reproductive capacity (12% of 2SW CL)
o  United States: suffering reduced reproductive capacity (7% of 2SW CL)

The exploitation rate for North American non-maturing 1SW fish at West Greenland has averaged around 3.7% in the
last four years (Figure 5.1.1).

European stocks

Estimates of pre-fishery abundance suggest a downward trend in Southern European MSW adult salmon (i.e. the
component of the stock that goes to Greenland) over the last 10 years. The midpoint of spawners has been close to or
below conservation limits in recent years. Specifically:

e Southern European stock complex: at risk of suffering reduced reproductive capacity (102% of
2SW CL)

Status of stocks in the NEAC and NAC areas are presented in the relevant Commission sections (Sections 3 and 4).

5.2 Management objectives

For management advice for the West Greenland fishery, NASCO has adopted a precautionary management plan
requiring at least a 75% probability of achieving three management objectives:

e  Meeting the conservation limits simultaneously in the four northern regions of North America:
Labrador, Newfoundland, Quebec, and Gulf.

e For the two southern regions in North America, Scotia-Fundy and USA, where there is a zero
chance of meeting conservation limits: achieve increases in returns relative to previous years with
the hope of rebuilding the stocks. In 2004, ICES established 1992—-1996 as the range of years to
define the baseline for the Scotia-Fundy and USA regions to assess PFAy, abundance and fishery
options. Improvements of greater than 10% and greater than 25% relative to returns during this
base period are evaluated. The 25% increase is the limiting factor because if it is achieved, by
definition the 10% increase is also achieved.

e  Meeting the conservation limit for the Southern NEAC MSW complex.

Although not a formal management objective, ICES also provides the probability of returns to North America being
equal or less than the previous five-year average.
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5.3 Reference points

The reference points for West Greenland catch options are the conservation limits (CLs) for North American and
southern European stock complexes. Region-specific conservation limits are derived in three ways:

e In many regions of North America, the CLs are calculated as the number of spawners required to
fully seed the wetted area of the river;

e In some regions of Europe, pseudo stock—recruitment observations are used to calculate a hockey
stick relationship, with the inflection point defining the CLs;

e In the remaining regions, the CLs are calculated as the number of spawners that will achieve long-
term average maximum sustainable yield (MSY), as derived from the adult-to-adult stock and
recruitment relationship (Ricker, 1975; ICES, 1993).

NASCO has adopted region-specific CLs (NASCO, 1998). These regional CLs are limit reference points; having
populations fall below these limits should be avoided with high probability.

CLs for the West Greenland fishery for North America are limited to 2SW salmon and for southern European stocks are
limited to MSW fish, because fish at West Greenland are primarily (> 90%) 1SW non-maturing salmon destined to
mature as either 2SW or 3SW salmon.

The North America 2SW CL is 152 548 fish, with 123 349 required in Canadian rivers and 29 199 in USA rivers (see
Section 4.3). The CL for the southern European MSW stocks is 296 000 fish (Section 3.3). There is still considerable
uncertainty in the CLs for European stocks and estimates may change from year to year because of new data in the
pseudo stock—recruitment relationship.

5.4 Management advice

None of the stated management objectives which would allow a fishery at West Greenland would be met in 2009, 2010,
or 2011.

In the absence of any marine fishing mortality, there is a very low probability (<2% to 3 %) that the returns of 2SW
salmon to North America in 2010, 2011, and 2012 will be sufficient to meet the conservation requirements of the four
northern regions (Labrador, Newfoundland, Quebec, and Gulf; Table 5.4.1). There is essentially no chance (near zero)
that the returns in the southern regions (Scotia-Fundy and USA) will be greater than the returns observed in the 1992—
1996 base period in any of the three years. Lastly, in the absence of a fishery, the probability that returns in all regions
of North America will decline further from the average of the period 2004 to 2008 is 45% for 2009, 45% for 2010, and
42% for 2011 (Table 5.4.2).

In the absence of any fisheries, there is only a 54% chance that the MSW conservation limit for southern Europe will be
met in 2009 (Table 5.4.1). For 2010 and 2011, the probability that the MSW returns for southern Europe will meet or
exceed the conservation limit in the absence of fisheries declines to 49% and 36%, respectively (Tables 5.4.1).

5.5 Relevant factors to be considered in management

The management for all fisheries should be based upon assessments of the status of individual stocks. Fisheries on
mixed-stocks, particularly in coastal waters or on the high seas, pose particular difficulties for management as they
cannot target only stocks that are at full reproductive capacity if there are stocks below conservation limit within the
mixed-stock being fished. Conservation would be best achieved if fisheries target stocks that have been demonstrated to
be at full reproductive capacity. Fisheries in estuaries and especially rivers are more likely to meet this requirement.

The salmon caught in the West Greenland fishery are mostly (>90%) non-maturing 1SW salmon, most of which are
destined to return to home waters in Europe or North America as 2SW fish. The primary MSW European stocks
contributing to the fishery in West Greenland are thought to originate in the southern stock complex, although small
numbers may originate in other stock complexes. Most MSW stocks in North America are thought to contribute to the
fishery at West Greenland. Previous spawners, including salmon that spawned first as 1SW and 2SW salmon also
contribute to the fishery.

5.6 Pre-fishery abundance forecasts 2009, 2010, and 2011

Two forecasts for each area (NEAC Section 3.6 and NAC Section 4.9) are presented; one based on the previous models
used by the Working Group (the regression forecast model for NEAC and the phase shift model for NAC) and one on
the newly developed Bayesian forecast models (Section 2.3). Further details on the models used and their application
are in Section 5.9. The PFA forecasts for the West Greenland stock complex are among the lowest in the time-series
(Figures 4.7.1 and 3.6.3.3).
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5.6.1 North American stock complex

The PFAy, forecast for 2009 from the phase shift model has a median value of 107 500. For 2010 and 2011, the PFAxa
forecasts remain among the lowest in the time-series. For 2010, the median value is 107 300 fish and is highly unlikely
to meet the 2SW spawner reserve of 212 189 salmon to North America. For 2011, the median forecast value is 110 200,
also highly unlikely to meet the 2SW spawner reserve to North America. These values are all below the spawning
escapement reserve for North America.

5.6.2 Southern European MSW stock complex

The southern European PFA forecast for 2009 has a median value of 431 220 (Table 3.6.1.2). The spawning
escapement to southern Europe MSW stocks has not exceeded conservation limits throughout most of the period
(Figure 3.1.1). The PFA for the NEAC MSW southern stock complex is expected to decline in 2010 and 2011 (Figure
3.6.3.3.). For 2010, the median value is 419 733 fish and for 2011, the median forecast value is 392 235 fish. It is
unlikely that spawner escapement reserves (501 086) will be met in either year.

5.7 Comparison with previous assessment and advice

The management advice for the West Greenland fishery for 2009 is based on the models previously used by the
Working Group. For 2009, the median value of the updated analysis from the phase shift model for NAC has decreased
to 107 500 fish from the 114 200 predicted in the 2007 assessment analysis. The variability of the two predictions was
similar. The revised forecast from the regression model of the southern NEAC MSW PFA for 2009 provides a PFA
midpoint of 483 700. This is close to the value forecast last year at this time of 489 000.

The forecasts for 2009 to 2011 for NAC based on the regionally disaggregated Bayesian model (Section 2.3; Section
4.7) are more optimistic about the median expectations (Figure 3.6.3.3; Figure 4.7.1) but the 25th percentile of the
Bayesian credible intervals from this model remain below 110 000 fish. The 25th percentile of the distribution in the
posterior forecast predictions represents the 75% threshold for evaluating stock status relative to conservation limits.

For the southern NEAC area, the 25th percentile of the posterior distributions of the forecasts of an alternate Bayesian
model are below the SER for 2009 to 2011 (Figure 3.6.3.3). The Working Group noted that, although the levels of
uncertainty are greater in the Bayesian model, both the regression forecast model and the Bayesian forecast model
provide similar predictions of the lower bound of the forecast values in the three years of interest.

5.8 NASCO has requested ICES to describe the events of the 2008 fishery and status of the stocks

The international sampling programme for landings at West Greenland initiated by NASCO in 2001 was continued in
2008. In addition to the Baseline Sampling Programme described above, an ‘Enhanced Sampling Programme’
(SALSEA West Greenland) was developed to conduct broader and more detailed sampling on a fixed number of fish
harvested from the waters off West Greenland. It was designed to be integrated within the baseline sampling
programme. Concerns were raised by the North Atlantic Salmon Fund, the Atlantic Salmon Federation and the
Organization of Fishermen and Hunters in Greenland that the Enhanced Sampling Programme could result in an
increased harvest for the internal use only fishery and counteract their efforts to reduce the annual harvest of salmon in
Greenland under the North Atlantic Salmon Conservation Agreement. Efforts are underway to develop a workable
solution to ensure that the Enhanced Sampling Programme can be implemented in 2009 with the full cooperation of all
participating parties.

At its annual meeting in June 2006 NASCO agreed to restrict the fishery at West Greenland o that amount used for
internal subsistence consumption in Greenland. Consequently, the Greenlandic authorities set the commercial quota to
nil, i.e. landings to fish plants, resale in grocery shops/markets, and commercial export of salmon from Greenland was
forbidden. Licensed fishers were allowed to sell salmon at the open markets, to hotels, restaurants, and institutions. A
private fishery for personal consumption without a license was allowed. All catches, licensed and private were to be
reported to the License Office on a daily basis. In agreement with the Organization for Fishermen and Hunters in
Greenland the fishery for salmon was allowed from August 1 to October 31.

5.8.1 Catch and effort in 2008

In all 26 t of salmon were reported during the 2008 fishery (Table 5.8.1.1). Catches were distributed among the six
NAFO divisions on the west coast of Greenland (Figure 5.8.1.1), with approximately 60% of the catches coming from
divisions 1B—1E (Table 5.8.1.2). There is currently no quantitative approach for estimating the unreported catch but the
2008 value is likely to have been at the same level proposed in recent years (10 t).

In total, 259 reports were received by the Fisheries license office in 2008. Reports were provided by 143 people with 4

of these reporting 0 catch. The number of fishers reporting catches has steadily increased from a low of 41 in 2002 to its
current level. These levels remain well below the 400-600 people reporting landings in the commercial fishery from
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1987 to 1991. Since October 2006, the Greenland Home Rule License Office has broadcast TV requests that catch
reports be submitted for the season. Thus, it is possible that the increase in the number of people reporting catches, and
hence the increased reported landings, reflect changes in reporting practices vs. increased harvest.

5.8.2 Biological characteristics of the catches

Tissue and biological samples were collected from three landing sites: Sisimiut (NAFO Div. 1B), Nuuk (NAFO Div.
1D), and Qaqortoq (NAFO Div. 1F, Figure 5.8.1.1). In total 2086 salmon were inspected for the presence of tags,
representing 29% by weight of the reported landings. Of these, 1866 were measured for fork length and weight (Table
5.8.2.1). Scales samples were taken from 1866 salmon for age and origin determination and tissue was removed from
1865 for DNA analysis, 1853 samples of which were subsequently used for assignment to continent of origin. The
broad geographic distribution of the subsistence fishery caused practical problems for the sampling teams. However,
temporal coverage was adequate to assess the fishery. As in previous years, the Working Group needed to adjust the
total landings by replacing the reported catch with the weight of fish sampled for use in assessment calculations (Table
5.8.2.2). In 2008 this adjustment was necessary in two NAFO divisions (1D and 1F) and represented an increase of 2.5
t.

The average weight of fish from the 2008 catch was 3.08 kg across all ages, with North American 1SW fish averaging
64.6 cm and 3.04 kg whole weight and European 1SW salmon averaging 63.9 cm and 3.03 kg (Table 5.8.2.3). The
mean lengths and mean weights for the 2008 samples are an increase over the 2007 values, but remain close to the
previous 10 year mean. It should be noted that the size data are not adjusted for standard week and may not represent a
true increase.

North American salmon up to river age 6 were caught at West Greenland in 2008 (Table 5.8.2.4), with 25.1%, 51.9%
and 16.8% being river ages 2, 3 and 4 respectively. The river ages of European salmon ranged from 1 to 4 (Table
5.8.2.3). Almost three-quarters (72.8%) of the European fish in the catch were river-age 2 and 19.3% were river age 3.
The percentage of the European origin river age 1 salmon was 7.0%, the same as in 2007 and the second lowest in the
time-series (Table 5.8.2.3).

In 2008, the North American samples were 97.4 % 1SW salmon, 0.5% 2SW and 2.2% previous spawners (Table
5.8.2.3). The European samples were 98.8% 1SW salmon, 0.5% 2SW and 1.9% previous spawners (Table 5.8.2.3).

Of the 1865 samples collected for genetic characterization, most (1853) were genotyped at between seven and ten
microsatellites and assigned to a continent of origin. In total, 86% of the salmon sampled from the 2008 fishery were of
North American origin and 14% fish were of European origin.

The division-specific and overall continent of origin assignments for the samples collected in 2008 are listed below. The
Working Group recommends a broad geographic sampling programme (multiple NAFO divisions) to more accurately
estimate continent of origin in the mixed-stock fishery.

NORTH AMERICA EUROPE
NAFO DIVISION Number % Number %
1B 483 85% 84 15%
1D 660 87% 97 13%
IF 450 85% 79 15%
Total 1593 86% 260 14%

Applying the continental percentages for the NAFO division catches resulted in estimates of 24.6 t of North American
origin and 4.0 t of European origin fish (8000 and 1300 rounded to the nearest 100 fish, respectively) landed in West
Greenland in 2008.

5.9 NASCO has requested ICES to provide a detailed explanation and critical examination of any
changes to the models used to provide catch options
5.9.1 Run-reconstruction models

The run-reconstruction models to estimate pre-fishery abundance of 1SW non-maturing and maturing 2SW fish
adjusted by natural mortality to the time prior to the West Greenland fishery follow the same structure as used since
2003 (ICES, 2003, 2004, 2005, 2006) but incorporated the recommendations from ICES (2008) to improve the models.
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5.9.2 Forecast models for pre-fishery abundance of 2SW salmon

The forecast models to estimate pre-fishery abundance of non-maturing 1SW salmon from the southern NEAC complex
and for the NAC area used by ICES since 2002 were used again in this assessment. The overall approach for the
southern NEAC model is to select the best model by adding variables (e.g. spawners, habitat, PFA of maturing ISW
salmon and year) until addition of any other parameter was not significant. The forecast models used to estimate pre-
fishery abundance of non-maturing 1SW salmon (potential MSW) for North America were the same as those used since
2004. The overall approach of modelling the natural log transformed PFAy, and LSy, using linear regression and the
Monte Carlo method used to derive the probability density for the PFAy, forecast was also retained from previous
years.

In addition, the Working Group reviewed alternate models for both the NAC and southern NEAC areas. For NAC, a
regionally disaggregated random walk model for 2SW salmon was developed whereas a combined 1SW cohort model
was developed and used for the southern NEAC complex. Details of the model structures and the differences between
these new models and those previously used by the Working Group are provided in Section 2.3. The forecasts from
these alternate models provided higher median estimates of PFA but the conclusions on the probabilities of meeting the
management objectives for both the NAC and southern NEAC 1SW non-maturing complex are similar to those from
the ICES models; there are no catch options which provide a 75% chance of attaining the management objectives.

5.9.3 Development and risk assessment of catch options

The 2009-2011 PFA estimates were used to develop the risk analysis and catch options presented in Section 5.4. The
risk assessment for the two stock complexes in the West Greenland fishery is developed in parallel then combined at the
end of the process into a single summary plot or catch options table. The primary inputs to the risk analysis for the
complex at West Greenland are:

. PFA forecast for the year of the fishery; PFAx, and PFANgac;
. Harvest level being considered (t of salmon);
. Conservation spawning limits.

The final step in the risk analysis of the catch options involves combining the conservation requirement with the
probability distribution of the returns to North America for different catch options. The returns to North America are
partitioned into regional returns based on the regional proportions of 2SW returns of the last five years, 2004 to 2008.
Estimated returns to each region are compared with the conservation objectives of Labrador, Newfoundland, Quebec,
and Gulf. Estimated returns for Scotia—Fundy and USA are compared with the objective of achieving an increase of
10% and 25% relative to average returns of the base period, 1992-1996.

There were no changes to the risk assessment of catch options model.

5.10 NASCO has requested ICES to provide any new information on the extent to which the
objectives of any significant management measures introduced in recent years have been
achieved

NASCO management is directed at reducing exploitation to allow river-specific conservation limits to be achieved. The
first measurable outcome of management at West Greenland is that the exploitation in the fishery has declined (Figure
5.1.1). The other measures relate to increasing spawning escapement in homewaters. Although influenced by measures
taken in homewaters, it is possible to directly evaluate the extent to which management at West Greenland successfully
achieved the objectives (Table 5.10.1).

To date the objective of simultaneous attainment of conservation limits in Labrador, Newfoundland, Quebec and Gulf
of St Lawrence has not been achieved. Nor has there been a 10% or 25% increase in spawners to either Scotia-Fundy or
the USA. The objective of consistently meeting the conservation limits for the Southern NEAC MSW complex has not
as yet been achieved.

5.11 NASCO has asked ICES to update the framework of indicators used to identify any
significant change in the previously provided multi-annual management advice

In 2007, ICES developed and presented to NASCO a framework of indicators (FWI) which could be used in interim
years to determine if there is an expectation that the previously provided management advice for the Greenland fishery
is likely to change in subsequent years (Figure 5.11.1).

As the 2009 assessment begins the cycle of forecasting and catch advice for the 2009 to 2011 fishing years, ICES has
been asked to update the FWI in support of the multiyear catch advice and the potential approval of multiyear
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regulatory measures. Under the current management agreement, if the output from the FWI is accepted at the 2009
NASCO meeting it will be applied for January 2010 for the 2010 fishery and January 2011 for the 2011 fishery.

The Working Group updated the FWI in support of the West Greenland fishery management. The update consisted of:

e Adding the values of the indicator variables for the most recent years.

e Running the objective function spreadsheet for each indicator variable and the variable of interest
relative to the management objectives.

e  Quantifying the threshold value for the indicator variables and the probabilities of a true high state
and a true low state for those indicator variables retained for the framework.

e Revising/adding the indicator variables and the functions for evaluating the indicator score to the
framework spreadsheet.

e Providing the spreadsheet for doing the framework of indicators assessment.
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Table 5.4.1 Catch options (t) for West Greenland harvest in 2009, 2010, and 2011 with the probability of
meeting management objectives: meeting the 2SW conservation limits simultaneously in the four
northern areas of North America; achieving increases in returns from base year average (1992—
1996) in the two southern areas; and meeting the MSW conservation limit of the southern
European stock complex relative to quota options.
2009
West Greenland Simultaneous Improvement (SF, USA) Conservation
Harvest Conservation of Returns MSW Salmon
(t) (Lab, NF, Queb, Gulf) >10% >25% Southern NEAC
0 0.021 0.000 0.000 0.539
5 0.019 0.000 0.000 0.534
10 0.016 0.000 0.000 0.530
15 0.015 0.000 0.000 0.525
20 0.013 0.000 0.000 0.520
25 0.011 0.000 0.000 0.514
30 0.010 0.000 0.000 0.509
35 0.008 0.000 0.000 0.505
40 0.007 0.000 0.000 0.499
45 0.006 0.000 0.000 0.495
50 0.006 0.000 0.000 0.488
100 0.003 0.000 0.000 0.438
2010
West Greenland Simultaneous Improvement (SF, USA) Conservation
Harvest Conservation of Returns MSW Salmon
() (Lab, NF, Queb, Gulf) > 10% >25% Southern NEAC
0 0.023 0.000 0.000 0.490
5 0.021 0.000 0.000 0.486
10 0.018 0.000 0.000 0.480
15 0.015 0.000 0.000 0.475
20 0.013 0.000 0.000 0.472
25 0.012 0.000 0.000 0.466
30 0.010 0.000 0.000 0.460
35 0.010 0.000 0.000 0.455
40 0.008 0.000 0.000 0.450
45 0.007 0.000 0.000 0.444
50 0.007 0.000 0.000 0.440
100 0.003 0.000 0.000 0.395
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Table 5.4.1 Continued Catch options (t) for West Greenland harvest in 2009, 2010, and 2011 with the probability of

meeting management objectives: meeting the 2SW conservation limits simultaneously in the four
northern areas of North America; achieving increases in returns from base year average (1992-
1996) in the two southern areas; and meeting the MSW conservation limit of the southern
European stock complex relative to quota options.

2011
West Greenland Simultaneous Improvement (SF, USA) Conservation
Harvest Conservation of Returns MSW Salmon
)] (Lab, NF, Queb, Gulf) > 10% >25% Southern NEAC
0 0.027 0.000 0.000 0.356
5 0.024 0.000 0.000 0.353
10 0.022 0.000 0.000 0.349
15 0.019 0.000 0.000 0.345
20 0.018 0.000 0.000 0.342
25 0.016 0.000 0.000 0.336
30 0.014 0.000 0.000 0.333
35 0.012 0.000 0.000 0.329
40 0.011 0.000 0.000 0.324
45 0.010 0.000 0.000 0.320
50 0.009 0.000 0.000 0.315
100 0.003 0.000 0.000 0.274

(Lab, NF, Queb, Gulf) = Labrador, Newfoundland, Quebec, Gulf
(SF, USA) = Scotia-Fundy and USA
A sharing arrangement of 40:60 (Fna) was assumed.

Table 5.4.2

Probability of 2SW returns in 2009, 2010, and 2011 being less than the previous five-year average
(2004-2008) returns to regions of North America, relative to catch options at West Greenland.

WEST GREENLAND

HARVEST 2009 2010 2011
Tons Probability Probability Probability
0 0.453 0.451 0.418
5 0.490 0.488 0.452
10 0.526 0.528 0.491
15 0.558 0.562 0.528
20 0.593 0.596 0.563
25 0.626 0.630 0.595
30 0.659 0.657 0.626
35 0.689 0.686 0.655
40 0.717 0.712 0.683
45 0.743 0.737 0.708
50 0.766 0.760 0.734
100 0.918 0.915 0.905
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Table 5.8.1.1 Nominal catches of salmon, West Greenland 1971-2008 (metric tons round fresh weight).
YEAR TOTAL QUOTA COMMENTS
1971 2689 -
1972 2113 1100
1973 2341 1100
1974 1917 1191
1975 2030 1191
1976 1175 1191
1977 1420 1191
1978 984 1191
1979 1395 1191
1980 1194 1191
1981 1264 1265 Quota set to a specific opening date for the fishery
1982 1077 1253 Quota set to a specific opening date for the fishery
1983 310 1191
1984 297 870
1985 864 852
1986 960 909
1987 966 935
1988 893 840 . .
Quota for 19881990 was 2520 t with an opening date of August 1. Annual catches were
1989 337 900 not to exceed an annual average (840 t) by more than 10%. Quota adjusted to 900 t in
1990 274 924 1989 and 924 t in 1990 for later opening dates.
1991 472 840
1992 237 258 Quota set by Greenland authorities
1993 895 The fishery was suspended
1994 137 The fishery was suspended and the quotas were bought out
1995 83 77
1996 92 174 Quota set by Greenland authorities
1997 58 57
1998 11 206
1999 19 206
2000 21 206
2001 43 114 Final quota calculated according to the ad hoc management system
Quota bought out, quota represented the maximum allowable catch (no factory landing
allowed), and higher catch figures based on sampling programme information are used
2002 9 55 for the assessments
Quota set to nil (no factory landing allowed), fishery restricted to catches used for internal
consumption in Greenland, and higher catch figures based on sampling programme
2003 9 information are used for the assessments
2004 15 same as previous year
2005 15 same as previous year
Quota set to nil (no factory landing allowed) and fishery restricted to catches used for
2006 22 internal consumption in Greenland
Quota set to nil (no factory landing allowed), fishery restricted to catches used for
internal consumption in Greenland, and higher catch figures based on sampling
2007 25 programme information are used for the assessments
2008 26 same as previous year
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Table 5.8.1.2 Distribution of nominal catches (rounded to nearest metric tonne) by Greenland vessels
(1977-2008).

NAFO DIVISION WEST EAST ToTAL
YEAR 1A 1B 1C 1D 1E 1F NK Greenland Greenland Greenland
1977 201 393 336 207 237 46 - 1420 6 1426
1978 81 349 245 186 113 10 - 984 8 992
1979 120 343 524 213 164 31 - 1395 + 1395
1980 52 275 404 231 158 74 - 1194 + 1194
1981 105 403 348 203 153 32 20 1264 + 1264
1982 111 330 239 136 167 76 18 1077 + 1077
1983 14 77 93 41 55 30 - 310 + 310
1984 33 116 64 4 43 32 5 297 + 297
1985 85 124 198 207 147 103 - 864 7 871
1986 46 73 128 203 233 277 - 960 19 979
1987 48 114 229 205 261 109 - 966 + 966
1988 24 100 213 191 198 167 - 893 4 897
1989 9 28 81 73 75 71 - 337 - 337
1990 4 20 132 54 16 48 - 274 - 274
1991 12 36 120 38 108 158 - 472 4 476
1992 - 4 23 5 75 130 - 237 5 242
1993 ! - - - - - - - - - -
1994 ! - - - - - - - - - -
1995 + 10 28 17 22 5 - 83 2 85
1996 + + 50 8 23 10 - 92 + 92
1997 1 5 15 4 16 17 - 58 1 59
1998 1 2 2 4 1 - 11 - 11
1999 + 2 3 9 2 2 - 19 + 19
2000 + + 1 7 + 13 - 21 - 21
2001 + 1 4 5 3 28 - 43 - 43
2002 + + 2 4 1 2 - 9 - 9
2003 1 + 2 1 1 5 - 9 -
2004 3 1 4 2 3 2 - 15 - 15
2005 1 3 2 1 3 5 - 15 - 15
2006 6 2 3 4 2 4 - 22 - 22
2007 2 5 6 4 5 2 - 25 - 25
2008 5 2 10 2 2 5 - 26 - 26

! The fishery was suspended
+ Small catches <0.5 t
- No catch
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Table 5.8.2.1 Size of biological samples and percentage (by number) of North American and European salmon
in research vessel catches at West Greenland (1969—1982) from commercial samples (1978-1992,
1995-1997 and 2001) and from local consumption samples (1998—2000 and 2002—-2008).

Sample Size Continent of origin (%)
Source Length  Scales Genetics NA  (95%CI)' E (95%Cl)"
Research 1969 212 212 51 (57,44) 49 (56,43)
1970 127 127 35 (43,26) 65 (75,57)
1971 247 247 K% (40,28) 66 (72,50)
1972 3488 3488 36 (37,34) 64 (66,63)
1973 102 102 49 (59,39) 51 (61,41)
1974 834 834 43 (46,39) 57 (61,54)
1975 528 528 44 (48,40) 56 (60,52)
1976 420 420 43 (48,38) 57 (62,52)
19782 606 606 38 (41,34) 62 (66,59)
1978 49 49 55 (69,41) 45 (59,31)
1979 328 328 47 (52,41) 53 (59,48)
1980 617 617 58 (62,54) 42 (46,38)
1982 443 443 47 (52,43) 53 (58,48)
Commerciad 1978 392 392 52 (57,47) 48 (53,43)
1979 1653 1653 50 (52,48) 50 (52,48)
1980 978 978 48 (51,45) 52 (55,49)
1981 4570 1930 59 (61,58) 41 (42,39)
1982 1949 414 62 (64,60) 38 (40, 36)
1983 4896 1815 40 (41,38) 60 (62,59)
1984 7282 2720 50 (53,47) 50 (53,47)
1985 13272 2917 50 (53,46) 50 (54,47)
1986 203%4 3509 57 (66,48) 43 (52,34)
1987 13425 2960 59 (63,54) 41 (46,37)
1988 11047 2562 43 (49,38) 57 (62,51)
1989 9366 2227 56 (60,52) 44 (48,40)
1990 4897 1208 75 (79,70) 25 (30,21)
1991 5005 1347 65 (69,61) 35 (39,31)
1992 6348 1648 54 (57,50) 46 (50,43)
1995 2045 2045 68 (72,65) 32 (35,28)
1996 3341 1297 73 (76,71) 27 (29,24)
1997 794 282 80 (84,75) 20 (25,16)
Local consumption 1998 540 406 79 (84,73) 21 (27,16)
1999 532 532 90 (97,84) 10 (16,3)
2000 491 491 70 30
Commercia 2001 4721 2655 69 (71,67) 31 (33,29)
Local consumption 2002 501 501 501 68 32
2003 1743 1743 1779 68 32
2004 1639 1639 1688 73 27
2005 767 767 767 76 24
2006 1209 1209 1193 72 28
2007 1116 1110 1123 82 18
2008 1854 1866 1853 86 14

' CI - confidence interval calculated by method of Pella and Robertson (1979)
for 1984 -86 and binomial distribution for the others.

2 During 1978 Fishery
% Research samples after 1978 fishery closed
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Table 5.8.2.2 Reported landings provided by the Home Rule Government at West Greenland Atlantic salmon
fisheries (kg) by NAFO Division for the 2002-2008 and adjusted landings for divisions where the
sampling teams observed more fish landed than were reported.

NAFO DIVISION
YEAR 1A 1B 1C 1D 1E IF Total
2002 Reported 14 78 2100 3752 1417 1661 9022
Adjusted 2408 9769
2003 Reported 619 17 1621 648 1274 4516 8694
Adjusted 1782 2709 5912 12 312
2004 Reported 3476 611 3516 2433 2609 2068 14712
Adjusted 4929 17 209
2005 Reported 1294 3120 2240 756 2937 4956 15303
Adjusted 2730 17276
2006 Reported 5427 2611 3424 4731 2636 4192 23 021
Adjusted
2007 Reported 2019 5089 6148 4470 4828 2093 24 647
Adjusted 2252 24 806
2008 Reported 1595 4979 26 147
Adjusted 3577 5478 28 627
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Table 5.8.2.3 Biological characteristics of Atlantic salmon sampled during the 2007 West Greenland Atlantic
salmon fishery.

Distribution of 2008 nominal catch (metric tons) among NAFO
Divisions.
NAFO Division
Total
1A 1B 1C 1D 1E 1F
26 5 2 10 2 2 5
River age distribution (%) by origin
1 2 3 4 5 6 7 8
NA 0.9 25.1 51.9 16.8 4.7 0.6 0 0
E 7.0 72.8 19.3 0.8 0.0 0 0 0
Length and weight by origin and sea age.
1SW 2SW Previous spawners All sea ages
Fork Fork Whole | Fork Whole Fork Whole
length  Whole length weight | length  weight length  weight
(cm) _ weight (cm) (kq) (cm) (ka) (cm) (kq)
NA 64.6 3.04 80.1 6.35 71.1 3.82 64.7 3.08
E 63.9 3.03 85.5 7.47 73.0 3.39 64.1 3.07

Biological Characteristics of Atlantic salmon sampled
from the 2008 West Greenland food fishery.

Continent of Origin (%)
North America Europe
86.0 14.0

Sea age composition by continent of origin:
North America (NA) and Europe (E)
Sea-age composition (%)

1SW 2SW Previous Spawners
NA 974 0.5 2.2

E 98.8 0.8 0.4
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Table 5.10.1 Assessing the objectives of management of the West Greenland Fishery.
Country Objective Introduced |Assessment |Measure Taken Assessment Outcomel/extent achieved |Further consideration
period
West Reduce harvest 1972 Annually Quota for the commercial [Assessment, reported [ There in no Commercial Reporting rate for the internal
Greenland (and exploitation. fishery is negotiated, and |and unreported Fishery (quota set at nil).  |consumption fishery and
since 2002 has been zero.|landings compared to |The internal consumption |reported catch increased in
Consequently, the fishery [negotiated catch fishery has no quota. 2008. Estimates of
at West Greenland has  |quotas for the fishery. unreported catch are
been restricted to that unchanged.
amount used for internal
subsistence consumption
in Greenland. Licensed
fishermen were allowed to
sell salmon at the open
markets, to hotels,
restaurants, and
institutions. A private
fishery for personal
consumption without a
license was allowed.
75% chance of 2001 Annually As above Assessment of This objective has not been|Fisheries should be further
meeting the returns to North achieved. restricted where they take
conservation limits America. Run salmon from stocks which are|
simultaneously in reconstruction to below Conservation Limits.
the four northern estimate overall Examine other limiting factors
regions of North returns (Sec. 4.9) such as causes of increased
America:Labrador, related to estimated marine mortality, habitat
Newfoundland, spawning escapement; quality, predators etc.
Quebec, and Gulf. reserve at West
Greenland.
75% chance of 2004 Annually As above Assessment of returns| This objective has not been Fisheries should be further
achieving to North America. achieved. restricted where they take
increases in Run reconstruction to salmon from stocks which are|
returns relative to estimate overall below Conservation Limits.
1992-1996 with the returns (Sec. 4.9). Examine other limiting factors
hope that this Improvements of such as causes of increased
leads to the greater than 10% and marine mortality, habitat
rebuilding Scotia- greater than 25% quality, predators etc.
Fundy and USA relative to returns are Recovery plans developed for]
stocks. evaluated (Sec 4.9) the stocks listed as
endangered!/ at risk.
75% chance of 2005 Annually As above Assessment of This objective has not been|Fisheries should be further

meeting spawner
escapement
requirement for the|
Southern NEAC
MSW complex.

returns to Southern
NEAC. Run
reconsruction to
estimate overall
returns (Sec. 3.3)
related to estimated
spawning escapement
reserve at West
Greenland.

achieved.

restricted where they take
salmon from stocks which are|
below Conservation Limits.
Examine other biologically
limiting factors such as
causes of increased or high
marine mortality, habitat
quality, by-catch, predators
etc.
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Figure 5.1.1 Exploitation rate for non-maturing 1SW Atlantic salmon at West Greenland, estimated from
harvest and PFA of North American non-maturing 1SW salmon.
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Year i, May — ICES provides FWI & MYCA

|

Year i+1, Jan — FWI Applied

No

Figure 5.11.1

88

No significant
change
identified

If year =4

I— Yes, restart cycle

Significant change
identified

Reassess in
Year i+1, April

>

Suggested timeline for employment of the Framework of Indicators (FWI). In Year i, ICES
provides multiyear catch advice (MYCA) and an updated FWI which re-evaluates the updated
datasets and is summarized in an Excel worksheet. In January of Year i+1 the FWI is applied and
two options are available depending on the results. If no significant change is detected, no re-
assessment is necessary and the cycle continues to Year i+2. If no significant change is detected in
Year i+2, the cycle continues to Year i+3. If a significant change is detected in any year, then
reassessment is recommended. In that case, ICES would provide an updated FWI the following

May. ICES would also provide an updated FWI if year equals 4.
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6 NASCO has requested ICES to identify relevant data deficiencies, monitoring needs
and research requirements

ICES recommends that The Working Group on North Atlantic salmon should meet in 2010 to address questions posed
by ICES, including those posed by NASCO. ICES intends for the Working Group to convene in the headquarters of the
ICES in Copenhagen, Denmark from 7th April to 16th April 2010.

List of recommendations

1) ICES acknowledges progress on the development of pre-fishery abundance (PFA) modelling approaches
inclusive of both NAC and NEAC areas. ICES recommends that the Study Group on Salmon Stock
Assessment and Forecasting (SGSSAFE) meet to continue the efforts to:

e develop the models formulated for the NAC and NEAC areas, particularly with regard to
combining sea age classes and in the spatial disaggregation below the stock complex level.

e incorporate physical and biological variables into the models that will allow prediction of
salmon survival and thus provide a more realistic simulation of the recruitment process and

The Study Group will report back to the WGNAS in April 2010.

2 ) ICES recognized the work undertaken by the Study Group on the Identification of Biological Characteristics
for use as Predictors of Salmon Abundance (SGBICEPS). ICES recommends that a further study group is
held to collate additional data from stocks throughout the biogeographical range of Atlantic salmon and to
continue with development of hypothesis and subsequent data analysis. Further investigations into the
potential associations between biological characteristics of all life stages of salmon, environmental data,
marine survival, and measures of abundance should be developed. The Study Group will report back to the
WGNAS in April 2010.

3) ICES advises that additional information be requested from fishers in West Greenland. These data will help
characterize the nature and extent of the current fishery and should include reference to catch site, catch
date, numbers of nets, net dimensions, and numbers of hours the nets were fished.

4) ICES recommends the continuation of the broad geographic sampling programme (multiple NAFO
divisions) to more accurately estimate continent of origin in the mixed-stock fishery at West Greenland. The
Enhanced Sampling Programme designed for the 2008 fishery should be applied in 2009.

5) ICES noted that the sampling programme conducted in the Labrador subsistence fishery during 2008
provided biological characteristics of the harvest and that the information may be useful for updating
parameters used in the Run Reconstruction Model for North America. As well it provides material to assess
the origin of salmon in this fishery. ICES recommends that sampling be continued and expanded in 2009
and future years.

6) ICES recognizes that river-specific, regional and international management requires extensive monitoring
and recommends expanded monitoring programmes across all stock complexes.

7) ICES recommends that specific management objectives for NEAC be developed in accordance with Section
3.6 to allow ICES to develop quantitative catch advice.
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Annex 1 Glossary of acronyms used in this report

1SW (One-Sea-Winter) Maiden adult salmon that has spent one winter at sea.
2SW (Two-Sea-Winter) Maiden adult salmon that has spent two winters at sea.

BCI (Bayesian Credible Interval) The Bayesian equivalent of a confidence interval. If the 90% BCI for a parameter A
is 10 to 20, there is a 90% probability that A falls between 10 and 20.

BHSRA (Bayesian Hierarchical Stock and Recruitment Approach) Models for the analysis of a group of related stock—
recruit datasets. Hierarchical modelling is a statistical technique that allows the modelling of the dependence among
parameters that are related or connected through the use of a hierarchical model structure. Hierarchical models can be
used to combine data from several independent sources.

C&R (Catch and Release) Catch and release is a practice within recreational fishing intended as a technique of
conservation. After capture, the fish are unhooked and returned to the water before experiencing serious exhaustion or
injury. Using barbless hooks, it is often possible to release the fish without removing it from the water (a slack line is
frequently sufficient).

CL, i.e. Sy, (Conservation Limit) Demarcation of undesirable stock levels or levels of fishing activity; the ultimate
objective when managing stocks and regulating fisheries will be to ensure that there is a high probability that
undesirable levels are avoided.

CPUE (Catch Per Unit Effort) A derived quantity obtained from the independent values of catch and effort.

CWT (Coded Wire Tag) The CWT is a length of magnetized stainless steel wire 0.25 mm in diameter. The tag is
marked with rows of numbers denoting specific batch or individual codes. Tags are cut from rolls of wire by an injector
that hypodermically implants them into suitable tissue. The standard length of a tag is 1.1 mm.

DFO (Department of Fisheries and Oceans) DFO and its Special Operating Agency, the Canadian Coast Guard, deliver
programmes and services that support sustainable use and development of Canada’s waterways and aquatic resources.

DST (Data Storage Tag) A miniature data logger with sensors including salinity, temperature, and depth that is attached
to fish and other marine animals.

EU DCR (The EU Data Collection Regulation) DCR established a community framework for the collection,
management and use of data in the fisheries sector and support for scientific advice regarding the common fisheries
policy.

FV (Fishing Vessel) A vessel that undertakes cruise for commercial fishing purposes.

GIS (Geographic Information Systems) A computer technology that uses a geographic information system as an
analytic framework for managing and integrating data.

GSI (Genetic Stock Identification) Methods used to 'genetically type' salmon from particular regions and rivers across
Atlantic.

ICPR (The International Commission for the Protection of the River Rhine) ICPR coordinates the ecological
rehabilitation programme involving all countries bordering the river Rhine. This programme was initiated in response to
catastrophic river pollution in Switzerland in 1986 which killed hundreds of thousands of fish. The programme aims to
bring about significant ecological improvement of the Rhine and its tributaries allowing the re-establishment of
migratory fish species such as salmon.

ISAV (Infectious Salmon Anemia Virus) ISA is a highly infectious disease of Atlantic salmon caused by an enveloped
virus.

MHC (The Major Histocompatibility Complex) MHC is a large genomic region or gene family found in most
vertebrates. It is the most polymorphic region of the mammalian genome and plays an important role in the immune
system, autoimmunity, and reproductive success. The proteins encoded by the MHC are expressed on the surface of
cells in all jawed vertebrates, and display both self antigens (peptide fragments from the cell itself) and nonself antigens
(e.g. fragments of invading micro-organisms) to a type of white blood cell called a T cell that has the capacity to kill or
coordinate the killing of pathogens and infected or malfunctioning cells.
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MSY (Maximum Sustainable Yield) The largest average annual catch that may be taken from a stock continuously
without affecting the catch of future years; a constant long-term MSY is not a reality in most fisheries, where stock
sizes vary with the strength of year classes moving through the fishery.

MSW (Multi-Sea-Winter) An adult salmon which has spent two or more winters at sea or a repeat spawner.

NLO (Net Limitation Order) NLO came into force in UK (England and Wales) to reduce netting effort and phase out
various net fisheries.

PFA (Pre-Fishery Abundance) The numbers of salmon estimated to be alive in the ocean from a particular stock at a
specified time.

PGA (The Probabilistic-based Genetic Assignment model) An approach to partition the harvest of mixed-stock fisheries
into their finer origin parts. PGA uses Monte Carlo sampling to partition the reported and unreported catch estimates to
continent, country and within country levels.

PIT (Passive Integrated Transponder) PIT tags use radio frequency identification technology. PIT tags lack an internal
power source. They are energized on encountering an electromagnetic field emitted from a transceiver. The tag's unique
identity code is programmed into the microchip's nonvolatile memory.

Q Areas for which the Ministére des Ressources naturelles et de la Faune manages the salmon fisheries in Québec.

RT-PCR (Reverse Transcription-Polymerase Chain Reaction) is the most sensitive technique for mRNA detection and
quantitation currently available. Compared with the two other commonly used techniques for quantifying mRNA levels,
Northern blot analysis and RNase protection assay, RT-PCR can be used to quantify mRNA levels from much smaller
samples.

RYV (Research Vessel) A vessel that undertakes cruises to conduct scientific research.

RVS (Red Vent Syndrome) The condition, known as RVS, has been noted since 2005, and has been linked to the
presence of a nematode worm, Anisakis simplex. This is a common parasite of marine fish and is also found in
migratory species. The larval nematode stages in fish are usually found spirally coiled on the mesenteries, internal
organs and less frequently in the somatic muscle of host fish.

RW (The Random Walk) In the RW hypothesis, the recruitment rates are modelled as a first order time varying
parameter following a simple random walk with a flat prior on the first value of the time-series. The model can be used
both for retrospective analysis and forecasts.

SAC (Special Areas of Conservation) To comply with the EU Habitats Directive (92/43/EEC) on Conservation of
Natural Habitat and of Wild Fauna and Flora, which stipulates that member states maintain or restore habitats and
species to favourable conservation status, a number of rivers in the NEAC area that support important populations of
vulnerable qualifying species have been designated SACs. Where salmon is a “qualifying species”, additional
protection measures specifically for salmon are required.

SER (Spawning Escapement Reserve) The CL increased to take account of natural mortality between the recruitment
date (1st January) and return to home waters.

SL (The Shifting Level) The shifting level model supposes that the recruitment rate remains constant for periods of time,
with abrupt shifts in the levels between periods. By contrast with the RW model, it is highly flexible because the
number of periods, their duration and the corresponding levels of recruitment rates do not need to be specified a priori.

SFA (Salmon Fishing Areas) Areas for which the Department of Fisheries and Oceans (DFO) Canada manages the
salmon fisheries.

SGBICEPS (The Study Group on the Identification of Biological Characteristics for Use as Predictors of Salmon
Abundance) The ICES Study Group established to complete a review of the available information on the life-history
strategies of salmon and changes in the biological characteristics of the fish in relation to key environmental variables.

SGBYSAL (Study Group on the Bycatch of Salmon in Pelagic Trawl Fisheries). The ICES Study Group that was

established in 2005 to study Atlantic salmon distribution at sea and fisheries for other species with a potential for
intercepting salmon.
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SGEFISSA (Study Group on Establishing a Framework of Indicators of Salmon Stock Abundance) A Study Group
established by ICES and met in November 2006.

SGSSAFE (Study Group on Salmon Stock Assessment and Forecasting). The Study Group established to work on the
development of new and alternative models for forecasting Atlantic salmon abundance and for the provision of catch
advice.

Siims 1.6. CL (Conservation Limit) Demarcation of undesirable stock levels or levels of fishing activity; the ultimate
objective when managing stocks and regulating fisheries will be to ensure that there is a high probability that the
undesirable levels are avoided.

TAC (Total Allowable Catch) The quantity of fish that can be taken from each stock each year.

VHSV (Viral Haemorrhagic Septicaemia Virus) VHS is a highly infectious virus disease caused by the virus family
Rhabdoviridae, genus Novirhabdovirus.

VIE (Visual Implant Elastomer) The VIE tags consist of fluorescent elastomer material which is subcutaneously
injected as a liquid into transparent or translucent tissue via a hand-held injector.

WFD (Water Framework Directive) Directive 2000/60/EC (WFD) aims to protect and enhance the water environment,
updates all existing relevant European legislation, and promotes a new approach to water management through river-
based planning. The Directive requires the development of River Basin Management Plans (RBMP) and Programmes of
Measures (PoM) with the aim of achieving Good Ecological Status or, for artificial or more modified waters, Good
Ecological Potential.

WKDUHSTI (Workshop on the Development and Use of Historical Salmon Tagging Information from Oceanic Areas)
The Workshop established by ICES was held in February 2007.

WKSHINI (Workshop on Salmon historical information-new investigations from old tagging data) The Workshop is
set to meet from 18-20 September 2008 in Halifax, Canada.

WKLUSTRE (Workshop on Learning from Salmon Tagging Records) The ICES Workshop established to complete
compilation of available data and analyses of the resulting distributions of salmon at sea. WKLUSTRE will report by 30
November 2009 for the attention of the WGNAS.

This glossary has been extracted from various sources, but chiefly the EU SALMODEL report (Crozier ef al., 2003).
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