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1 INTRODUCTION

1.1 Main Tasks

At its 1998 Statutory Meeting, ICES resolved (C. Res. 1998/2:4:11) that the Working Group on North Atlantic Salmon
(Chairman: Dr T.L. Marshall, Canada) will meet in Québec City, Canada, from 12-22 April, 1999 to consider questions
posed to ICES by the North Atlantic Salmon Conservation Organisation (NASCO). The terms of reference and sections

of the report in which the answers are provided, follow.

a) With respect to Atlantic salmon in the North Atlantic area:

i. provide an overview of salmon catches, including unreported catches and catch and
release, and worldwide production of farmed and ranched salmon in 1998;

Countries in 1998.

ii. evaluate non-catch fishing mortality for all salmon gear; 23

iii. report on significant developments which might assist NASCO with the management of 2.4
salmon stocks;

iv. develop a framework for stock rebuilding programmes; 25

v. provide a compilation of egg collections and juvenile releases in 1998; 2.6

vi. provide a compilaticn of microtag, finclip and external tag releases by ICES Member 27

b) With respect to Atlantic salmon in the North-East Atlantic Commission area:

i, describe the events of the 1998 fisheries and the status of the stocks; 3134
ii. update the evaluation of the effects on stocks and homewater fisheries of the suspension of | 3.5
commercial fishing activity at Faroes since 1991;

ii. forther develop the age-specific stock conservation limits for smaller stock units in the | 3.7
Commission area, where possible based upon individual river-based estimates;

iv. further develop methods to estimate the expected abundance of salmon for smaller stock units in | 3.6
the Commission area;

v. provide catch options or alternative management advice with an assessment of risks relative to | 3.8
the objective of exceeding stock conservation limits;

vi. provide an estimate of the by-catch of salmon post-smolts in pelagic fisheries; 3.9
vii. identify relevant data deficiencies, monitoring needs and research requirements. 3.10

¢) With respect to Atlantic salmon in the North American Commission area:

i. describe the events of the 1998 fisheries and the status of the stocks; 41&42
ii. update the evaluation of the effects on US and Canadian stocks and fisheries of management | 4.3
measures implemented after 1991 in the Canadian commercial salmon fisheries;

iii. update age-specific stock conservation limits based on new information as available; 44

iv. provide catch options or alternative management advice with an assessment of risks relative to | 4.5

the objective of exceeding stock conservation limits;

v. identify relevant data deficiencies, monitoring needs and research requirements. 46

d) With respect to Atlantic salmon in the West Greenland Commission area;

i. describe the events of the 1998 fisheries and the status of the stocks;




ii, evalvate the effects on BEuropean and North American stocks of the West Greenlandic
management measures since 1993,

53

absence of a Workshop, examine critically the modet used to provide catch advice, looking at alf
the assumptions, and comment on the confidence limits on the output from the model.

iii. provide a detailed explanation of any changes to the model used to provide catch advice and of | 5.4

the impacts of any changes to the model on the calculated quota;

iv, provide age-specific stock conservation limits (spawning targets) for all stocks occurring in the | 5.5

Commission area based on best available information;

v. provide catch options or alternative management advice with an assessment of risks relative to | 5.6

the objective of exceeding stock conservation limits;

vi. identify relevant data deficiencies and research requirements; 5.7
vii. comment on the report of Workshop on Peer Review of ICES Salmon Model or in the 58

The Working Group considered 44 Working Documents submitted by participants (Appendix 1); other references cited

m the report are given in Appendix 2.

1.2 Participants

Amiro, P.G. Canada
Baum, E.T. USA

Brown, R. USA

Caims, D. Canada
Caron, F. Canada
Chaput, G. Canada
Crozier, W UK (Northem Ireland)
Erkinaro, J. Finland
Fontaine, P-M. Canada
Friedland, K. USA

George, S. Canada
Gudbergsson, G. Iceland
Hansen, L.P. Norway
Holm, M. Norway
Insulander, C. Sweden
Kanneworff, P. Greenland
Maclean, J. UK (Scotland)
Marshall, L. (Chairman) Canada
Meerburg, D.J, Canada

O Maoiléidigh, N. Ireland
Porcher, J.-P. France

Potter, EC.E. UK (England & Wales)
Prévost, E. France
Prusov, S. Russia
Reddin, D.G. Canada
Tremblay, S. Canada
Whoriskey, F. Canada
Youngson, AF, UK (Scotland)

A full address list for the participants is provided in Appendix 3.




2 ATLANTIC SALMON IN THE NORTH ATLANTIC AREA
2.1 Catches of North Atlantic Salmon
211 Nominal catches of salmon

Total nominal catches of salmon reported by country in all fisheries for 1960-98 arc given in Table 2.1.1.1, and
nominal catches in homewater fisheries, divided into size or age categories where such data are available, are given in
Table 2.1.1.2. Catch statistics in the North Atlantic also include fish farm escapees and, in some north-east Atlantic
countrics, ranched fish (see Section 3).

The Icelandic catches are presented mnder two separate categories; wild and ranched. Iceland is the only North Atlantic
country where large scale ranching takes place and where the intent is to harvest all retuns at the release site, While
ranching does occur in other countries it is on a much smaller scale than in Iceland, some are experimental operations
and at others harvesting does not occur solety at the release site. As sach, the ranched component in these countries has
been left in the nominal catches.

Figure 2.1.1.1 shows the nominal catch data grouped by the following areas: ‘Scandinavia and Russia’ (including
Denmark, Finland, Iceland, Norway, Russia and Sweden); ‘Southern Europe’ (including France, Ireland, UK (England
and Wales), UK (Northern Ireland) and UK (Scotland)); and ‘North America’ (including Canada, USA and St Pierre et
Miquelon); and ‘Greenland and Faroes’.

The updated total nominal catch for 1997 of 2,377 tis 755 t less than the total for 1996 of 3,132 . While the 1998
catches in most countries remain below the previous 5-year and 10-year averages, about 50% of the countries reported
an increase in catch compared to the final 1997 values, Figures for 1998 (2,401 t) are provisional, but the final total is
likely to exceed the 1997 value.

The lack of information on fishing effort presents major difficulties in interpreting catch data for any one year and also
in comparing catches in different years. However, it is clear that management plans in most countries have decreased
fishing effort in recent years.

Reported nominal catches for several countries by number and weight are summarised in Table 2.1.1.3. As in Tables
2.1.1.1 and 2.1.1.2, catches in some countries include both wild and reared salmon (excluding ranched fish from
Iceland) and fish farm cscapees and the figures for 1998 are provisional. Different countries use different methods to
partition their catches by sea-age class. These methods are described in the footnotes to Table 2.1.1.3. The composition
of catches in different areas is discussed in more detail in Sections 3, 4 and 5.

2.1.2 Catch and release

The practice of catch and release (often termed hook and release) in rod (recreational) fisheries has been used as a
conservation measure for large salmon in some areas of Canada and USA since 1984, Recent declines in salmon
abundance im the North Atlantic has resulied in an increased use of this management option. The nominal catches
presented in Section 2.1 are comprised of fish which have been caught and retained and do not include catch-and-
release salmon. Table 2.1.2.1 presents catch-and-release information from 1991 for those countries which have records.
Catch-and-release may be being practised in other countrics while not being formally recorded. There are large
differences in the percentage of the total rod catch that is released among countries ranging, in recent years, from less
than 10% in Iceland to 100% in the USA, reflecting the varying management practiccs among these countries.

213 Unreported catches

Unreported catches by year and Commission Area are presented in Table 2.1.3.1. While comparisons of the 1998
unreported caich can be compared 10 previous values, it must be remembered that these figures are at best guess-
estimates, and that the methods used to amrive at these figures have varied both within and among countries.
Consequently, these figures should be interpreted with caution. A discussion of the methods used to cvaluate the
unreported catches is provided in Section 13 of the 1996 report (ICES 1996/Assess:11). A description of the methods
used in Canada to evaluate unreported catches from 1997 onwards is presented in Section 4.1.2 of the 1998 report
(ICES 1998/ACFM: 15).

The total unreported catch in NASCO areas in 1998 was estimated to be 1210 t, Estimates were derived for the North
American (91 t) and West Greenland (11 t) Commission Arcas and for two sub-groupings, Scandinavia and Russia



(304 1) and Southern Europe (604 1), within the North East Atlantic Commission Area. Figure 2.1.3.1 shows that the
unreported catch has remained a relatively constant proportion (30%) of the total catch since 1987. No data for the
combined three Commission Areas is available prior to 1987,

No data were available on fishing for salmon in international waters in the Norwegian Sea or on vessels landing catches
from this area in the 1997/1998 season. Very few surveillance flights were reported to have been undertaken by the
Icelandic and Norwegian Coastguards over the winter period when fishing for salmon would be most likely to occur.
Furthermore, these flights were associated primarily with the pelagic fisheries in the area rather than possible salmon
fisheries.

22 Farming and Sea Ranching of Atlantic Salmon
221 Production of farmed Atlantic salmon

The worldwide production of farmed Atlantic salmon in 1998 was 710,342 t (Table 2.2.1.1 and Figure 2,2.1.1). This
was the highest production in the history of the farming industry and represented a further 12% increase compared to
1997 (634,418 t) and a 50% increase on the 1993-97 average (473,032 t). The worldwide production of farmed Atlantic
salmon in 1998 was over 295 times the nominal catch of Atlantic salmon in the North Atlantic,

The production of farmed Atlantic salmon in the North Atlantic area in 1998 was 538,011 t, which was a further 7%
increase compared to 1997 (501,067 t) and a 37% increase on the 1993-97 average (391,627 t). The countries with the
largest production were Norway and Scotland, which accounted for 64% and 21% of the total respectively, Proportional
increases in production in the other seven countries were limited to between 0% and 4%,

In areas other than the North Atlantic, the production of farmed Atlantic salmon in 1998 was 172,331 t, 24% of the
world production of farmed Atlantic salmon. As in the North Atlantic, production has increased throughout the time
series. However, the current rate of increase in these countries is greater than that in the North Atlantic countries, the
1998 figure showing an increase of 29% compared to 1997 (133,351 t) and a 107% increase on the 1993-97 average
(83,406 t). The arcas with the largest production were Chile and the West Coast of Canada, which accounted for 73%
and 19% of the total respectively. Proportional increases in production in the other seven areas were limited to between
less than 1% and 6%.

222 Production of ranched Atlantic salmon

Ranching Las been defined as the production of salmon through smiolt releases with the intent of harvesting the total
population that returns to freshwater (harvesting may include collecting tish for broodstock) (ICES 1994/Assess:16).
The total production of ranched Atlantic salmon in countries bordering the North Atlantic in 1998 was 47 ¢, 10 t lower
than in 1997 (57 t) and the lowest value since 1987 (Tahle 2.2.2.1 and Figure 2.2.2.1). Production in Iceland continued
to show a decrease, due to fewer ranching facilities operated, but still accounted for 72% of the total ranched production
in 1998. Production at experimental facilities in Ireland, UK(N. Ireland) and Norway has remained low, Production in
Ireland includes catches in net, trap and rod fisheries, Icelandic catches, on the other hand, are entircly [rom estuarine
and freshwater traps at the ranching stations,

23 Evaluation of Non-Catch Fishing Mortality for all Atlantic Salmon Gear

Fishing mottalities generated directly or indirectly by fishing but not included in recorded catches are referred to as
non-catch fishing mortality, This type of mortality occurs as a result of various types of fishing gears that are used to
capture salmon. Commercial fishing reportedly dates back to the 12" century and typically involves nets, traps and
weirs whereby salmon are enmeshed, encircled or actively or passively swim into the device where they are captured.
Nets may be stationary (often referred to as fixed engines), portable, drifted, thrown (cast) or used to dip salmon.
Salmon are also taken commercially by long line, hand line (hook and lineg), and rod and line using natural or artificial
baits or lures; these types of gears are currently more typically used in recreational or sport fisheries for salmon. As a
resuli of the various types of fishing gear utilized to catch salmon in marine and freshwater areas of the North Atlantic,
non-catch fishing moertality is extremely variable. Some of the factors known to contribute to variation in non-catch
fishing mortality within and among fisheries include gear type, mesh type, duration of time that the gear is fished or set,
gear selectivity, fish size and state of maturity, weather conditions and the care used in releasing fish which are not
retained.

No new data or quantitative estimates of non-catch fishing mortality were available in 1999, although information
relating to six sources of non-catch mortality was presented to the Working Group in 197% (ICES 1981) and another




source was extensively reviewed in 1998 (ICES 1998/ACFM:15). The fbllowing sources of non-catch fishing mortality
for Adantic salmon gear are known to occur throughout the North Atlantic.

1. Predation mortality is caused by salmon caught in various types of fishing gear that are subsequently removed,
eaten, lost, or released from the gear (or badly damaged) by the activity of scals, otters, other species of fish, gulls
or other predators,

Predation mortality is known to take place where salmon fishing and salmon predators occur in the same localities, The
magnitude of such mortality is influenced by the abundance of predators, the method of fishing used and other factors
such as the frequency of gear inspection and removal of the catch. Thus, no universally applicable estimate of predation
mortality is available for the North Atlantic. Predation mortality is not limited to salmon caught in commercial fishing
gear; it may also occur in recreational fisheries, as a result of salmon that escape or are voluntarily released in a
weakened physical condition. While predation mortality is normally thought to be low in commercial fisheries,
anecdotal evidence obtained from Labrador inm 1997 indicated that predation mortality may have been in the
neighborhood of 50% of the landings in that fishery for that year.

2.  Dropout mortality refers to fish caught and killed by the gear but lost prior to hauling the net.

Dropout mortalily does not apply to many of the currently operating fisheries for salmon, since the methods and types
of gear used are not immediately lethal to the fish. Observations of dropout losses from research vesse] fishing with
drift-nets at West Greenland in 1979 provided an estimate of 2-4% of the catch, while limited available evidence at that
time suggested that dropout losses in gill-net fisheries in homewaters were similarly smali.

3. Haul-back mortality refers to fish caught and killed by the gear but lost as a result of hauling back.

As with dropout mortality, haul-back mortality does not apply to many of the currently operating fisheries for salmon,
since the fishing methods and gear used are not immediately lethal to the fish. Previous estimates of haul-back
mortalitics in gill-net fisheries ranged from 2-4% in West Greenland and 1-2% for commercial fisheries in Canada and
homewater fisheries in the UK and Norway (ICES 1981). The types of fishing gears that were important sources of
haul-back mortality are no longer extensively used in the North Atlantic.

4, Escapement monality is caused when fish encounter and are temporarily caught by the gear, cscape (or are
intentionally released) from it or pass immediately through the gear but die later from various injuries or stress
from the “encounter,” or from increased predation due to their greater vulnerability to various predators,

Previous estimates of escapement mortality in commercial fisheries in West Greenland ranged from 5-15% of the
recorded catch (ICES 1981). Escapement mortality in commercial salmon tisheries in homewaters is expected to be
lower than at West Greenland because the fish exploited by them are approaching maturity and are physically and
physiologically hardier. Escapement mortality in homewater recreational fisheries is considered to he lower than that
for homewater commercial fisheries, due to the differences in the various types of gear used and how and when they are
operated.

5. Discard mortaliry ocours when fish that are caught are discarded (dead or alive} and not inclnded in the reported
catches.

Discard losses are assumed to occur in all commercial fisheries for Atlantic salmon, although losses of this nature are
likely to be small in most existing fisheries. Estimates of discard mortality in the Faroes fishery in 1983-84 ranged from
5-15% of the total catch and up to 80% for those fish that were discarded. In 1980 the Working Group concluded that
its magnitude in homewaters was negligible (ICES 1981). The recent shift io catch gnd relecase angling in many
homewater fisheries has resulted in a similar type of potential “discard” mortality which is discussed in greater detait
below.

6. Caich and release mortality (often termed hook and release) occurs in recreational angling fisheries as a result of
salmon that are caught and released, either voluntarily or as a result of mandatory requirements to do so.

Most studies to date have indicated that catch and release angling and associated handling results in mortalities of 0-
10%, although at water temperatures of 20°C, and especially above 23°C, mortality can increase 1o mnch higher levels
as temperatures continue to rise. However, at these higher water temperatures, the magnitude of rod catches also tends
to decline very rapidly. (iher factors may also increase mortality associated with catch and release, such as how long
salmon have been in freshwater prior (o being angled, various water quality parameters (including levels and flows) and



the care used by anglers when releasing hooked fish. Although more than 80,000 salmon were estimated to have been
caught and released in 1998 (Table 2.1.2.1), the Working Group was unable to apply a general estimate of mortality due
to a lack of information concerning the magnitude and extent of catch and release angling in many countries and the
varying management practices in effect throughout the North Atlantic.

7. Unreported catch includes local sales, salmon eaten by fishermen or sold directly to the consumer, by-catch of
salmon taken in gear not licensed to harvest salmon, and catches not otherwise recorded in official catch statistics.

The Working Group has provided annual estimates of unreported catches for all Commission areas of the North Adantic
since 1986 (Table 2.1.3.1).

2.4 Significant Developments towards Management of Salmon
2.4.1 Atlantic salmon post-smolt nurseries in the Northwest Atlantic

The Working Group considered research on the early marine life history of Atlantic salmon and considered how this
new information may improve the procedures used to estimate pre-fishery abundance of the two seawinter stock
component. The abundance forecast is a multiple regression model that uses a sea surface temperature index and a
spawning stock size index to predict abundance in the current fishery year. The relationship between spawning stock
and recruitment is direct, but the underlying factors related to the environmental factors are not well understood. The
return of salmon from the ocean phase is affected by survival at sea and maturation at the end of the tirst winter which
sends part of the cohort to natal rivers to spawn as grilse. The winter environmental signal has been hypothesized to be
related to migration patterns and their effect on maturation variation (Friedland er af, 1998b). Post-smolt survival
factors are equally difficult to assess due the difficulties in capturing and studying post-smolts.

Recent investigations in the Northeast Atlantic suggest that spring temperature conditions may be important to post-
smolt survival, which supports a range of possible mechanisms affecting feeding, growth, and predation (Friedland et
al. 1998a). These investigations have been extended by the examination of post-smolt growth for a stock in the area
which shows that growth during the post-smolt year is correlated with the thermal conditions (Friedland er al., in press,
b). Similar associations have not been shown for North American stocks, possibly due to the nature of the distribution
of the post-smolt nursery area along the Atlantic coast of Canada and the United States. Reports of inshore nursery
areas (Dutil and Coutu, 1988) are in stark contrast to the ocean distributions of post-smolts reported in Eyrope. Using
scale growth signals, Friedland ef al. (1999) suggests that the North American post-smolt nursery area shifts in location
annuatly and may include both offshore and estuarine waters. Considering the growth and catch rates for the three
collection years, the first year, 1982, clearly supported higher growth and abundance in the Gulf of St Lawrence. The
following years, 1983 and 1984, support slower growth and lower local abundance.

The Working Group considered temperature and chlorophyll abundance data as indicators of the nursery habitat
suitability for the same years. From the analysis, 1982 was cooler in the Gulf during summer than the other years
(Figure 2.4.1), suggesting these conditions either favor growth or are related to other factors that co-vary with growth.
In addtition, chiorophyll abundance in spring, which was taken as an indicator of likely recruitment success of the forage
base, showed gradients between the Gulf and other areas. This preliminary work suggests optimal thermal conditions
for post-smolts and production conditions for forage species may define nursery areas.

2.4.2 Migration of kelts in relation to sea water temperatures in Newfoundland

Data storage tags (DST) manufactured by Kiwi Inc. were applied to 139 Atlantic salmon kelts at enumeration facilities
on Western Arm Brook, Humber, Campbeliton and Highlands rivers, Newfoundland. In total, 12 of these Kiwi DSTs
were subsequently recaptured and water temperatures downloaded. Control DSTs for verification purposes were applied
to kelts held in a freshwater fluvarium and indicated that water temperatures recorded by the DST's were accurate.

Results from 11 recaptured tags indicated differences between rivers and among fish within a river (Figure. 2.4.2.1).
Water temperature profiles are useful for indicating water temperatures encountered by salmon in freshwater and in the
sea and may prove useful for determining temperature prefercnces. This information is important for marine climate
change models and water temperature protocols for opening/closing angling fisheries in freshwater due to high water
temperatures. Unlike some Pacific salmon no diwnal movements could be inferred. Salmon spent most of their time in
water from 4.7 to 16.8° C.




2.4.3 Influence of release location of hatchery smolts on location of return as adults

Data from 401 recaptures of 56,960 Carlin-tagged reared smolts released between 1989 and 1997 in the River Dalilven
(Bothnian Sea, Baltic) indicated that small distances between release sites effected differences in upstream migration
patterns. Smolis were produced in and released directly from two hatcheries situated some 700 meters apart. In-river
recovery rates of spawners recovered at a fishway lecated 800 m upriver of the most upriver hatchery were significantly
higher for fish originating from the upriver station than those originating at the station 700m further down river. Salmon
observed jumping at the outlet of the lowest station just prior to spawning suggested that hatchery return rates for the
two stations could be equal. In that case, the difference in recovery rates at the fishway might be considered a
proportionate measure of the stray rate effected by a distance of 700 m.

244 Relationships between biomass of Norwegian spring spawning herring and survival of Atlantic
salmon

Post-smolts of Atlantic salmon trom large areas of Europe have been observed in oceanic areas in the Norwegian Sea a
few weeks and months after leaving their home rivers (Holm er al. 1998). In this area the distribution of Norwegian
spring spawning herring (NSSH) and mackerel overlaps with salmon post-smolts in space and time (Holst et @l. 1996).
Post-smolts of Atlantic salmon may compete for food and space with other marine fish species. Herring larvae may be
important food for post-smolts in coastal areas, but adult herring may be competitors in the ocean. The biomass of
NSSH has increased considerably in recent years, and at the same time marine survival of Atlantic salmon stocks in the
northeast Atlantic have declined. Thus it is reasonable to ask if herring affect growth and survival of post-smolt salmon.

Spawning biomass of NSSH and recapture rates of salmon tagged as smolts in the River Figgjo, southeast Norway,
were inversely related (Figure 2.4.4.1). This supports the hypothesis that the presence of large numbers of Norwegian
spring spawning herring in the Norwegian Sea may contribute to increased mortality of salmon in the ocean.

Many factors can affect survival of salmon in the marine environment, abiotic as well as bictic, and the interaction
between them are little known. Species interaction may occur at several levels, and in the present case il may be asked if
salmon post-smolts and herring compete for food. It is recommended that this should be tested.

24.5 Description of marine growth checks observed on the scales of salmon returning to Scottish
homewaters in 1997

Samples of scales were routinely collected and examined from salmon caught in a number of fisheries throughout
Scotland in 1997, Scales from adult recaptures in Scottish homewaters of North Esk salmon tagged as emigrating
smolts were also analysed.

Substantial proportions of these scales exhibited summer checks (Table 2.4.5.1). Such summer checks are recognised as
a number of successive narrowly spaced circuli occuring within a period of otherwise more widely-spaced circuli.
Evidence that checks were not misclassified winter annuli is provided by the observation that the incidence of validated
summer checks from scalc samples taken from the North Esk recapture data set was within the range observed in the
fisheries examined throughout Scotland.

For both 1SW and 2SW salmeon, the incidence of summer checks in 1997 was outside the 95% confidence limits for the
historical data sets examined.

All summer checks occurred during the first marine growing season in 1SW salmon or during the second marine
growing season in 2SW salmon indicating that the checks were laid down in the same calendar vear (1996) in both sea
age groups. The incidence of summer checks in 28W salmon was significantly less than in 1SW salmon. Furthermore,
the incidence of suminer checks varied significantly among months of capture for 1SW, although not for 28W retums.
In contrast, the position of the checks on the scales was estimated to have been the same across all groups,

The incidence of checks observed in maturing salmon returning to the Scottish coast in 1997 was the highest on record.
While no significant link was shown with either growth or survival these observations further focus attention on the
marine phase of the salmon’s life cycle and on changes in the marine environment that may have an impact upon
growth and survival.



2.4.6 Potential impact of seal and seabird predation on salmon in the Northwest Atlantic

Althoygh declining salmon numbers in eastern North America are statistically associated with increasing harp seal
populations, it cannot presently be determined whether predation by seals and sea birds is a cause of the declines in
North American salmon returns. For such a cause-and-effect relation to be plausible, it must be shown that seals or
other predators can account for a substantial fraction of salmon mortality at sea, and that such predation mortality could
have increased. o

Only nine records of seal (among a total of 5,680 grey, harbour and harp) and one record of seabird (other than gannet)
predation on Adantic salmon are available from marine diet studies in ¢astern Canada. Four of the seal records may,
however, been of salmen taken from nets, Of the six remaining records, two are for grey seals, two are for harp seals,
one is for a harbour seal and one is for a common murre. Three of these records are based on otoliths, the growth
characteristics of which yielded unexpected calculated fish lengths for the time of year of capture, i.c., length
calculations or species identification are erroneous. The remaining six records were used to derive consumption rate
estimates.

Working Group reviewed a model which estimated numbers of smolts leaving North American rivers, daily numbers
alive as post-smolts, salmon biomass, and vulnerability windows (size and age at which salmon are susceptible) to
predation by estimated seal populations and potential seabird predators (inc. kittiwakes, fulmars, murres, shearwaters,
guils, and gannets). Estimates of salmon harvest hased on calculated consumption rates and estimated seal populations
were subject to numerous sources of error. Analysis suggests that predators could conceivably account for a substantial
fraction, and possibly the majority, of salmon mortality at sea. Analyses also suggested that extremely large sample
sizes would be required to detect and accurately characterize salmon predation.

Gannets are large seabirds which plunge-dive on pelagic prey, incloding post-smolts near the water's surface. Gannet
diet is measured annually in August at Funk Island, off the northeast coast of Newfoundland. Salmon were infrequent in
their diet, 1977-89, but increased in the 1990s to a peak of 6.4% of diet in 1993. The mean value, 1990-98, was 3.1%.
Mean salmoen consumption in August during the 1990s was estimated to be 3.6% of post-smolt biomass. Gannet diet is
unknown for other months at Funk Island, and for other colonies in Newfoundland. If diet at Funk in August represents
July-September diet at the two gannetrics in northcast Newfoundland, then gannets could have consumed a mean of
13.7% of post-smolt biomass in the 1990s. Salmon have not been found in the die' of gannets in the Gulf of St
Lawrence where gannet populations are much larger than those of Newfoundland. Should these larger colonies
participate even rarely in the harvest of post-smolts the loss of salmon biomass could he greater.

Populations of grey, harp, and hooded seals and of gannets and common murres have increased in eastern North
America since the 1970s. Population trends for other seabird predators are unknown. The rising populations of seals and
some seabirds, suggest that it is plausible that consumption by these predators may have contributed te declining returns
of North American salmon. However, marine trophic interactions are complex and rising predator numbers do not
necessarily depress prey populations. ‘

2.4.7 Stock-recruitment relationships to define a conservation threshold and targets for Québec salmon
rivers

Conservation thresholds for Adantic salmon in Québec are being established using stock-recruitment (SR) analysis. The
Ricker model (Ricker 1954) is appropriate for the species, which exhibits density dependence, at least during the
freshwater phasc,

Ricker’s parameters (¢, B) were replaced respectively with the mean maximal catch over many years (Copt), and the
catch rate at Copt (h*) (Schnunte and Kronlund 1996). The catch rate is equal to (Copt/(Sopt + Copt)) where Sopt is the
average spawner requirement needed to obtain Copt. A Bayesian approach was used to assess the uncertainties around
the estimates, and to provide a risk analysis for suggested management actions (Walters and Ludwig 1994, Richards and
Maguire 1998). Management plans favoring fixed escapements provide the best management and conservation results,
providing the underlying assumptions are biologically realistic.

Québec salmon managers use two reference points: a conservation threshold and a management target. The new
conservation thresholds will be defined by taking the MSY points determined from availabie SR relationships. These
MSY points will initially be precantionarily fixed at 75% probability levels (Sopt’’*). Management targets should be set
at ahigher level than the conservation threshold, depending on long-term management objectives.




SR relationships, associated reference points, and probability distributions, were calculated for six rivers (the
Cascapédia, Dartmouth, Saint-Jean, York, Matane and de 1a Trinité, Figures 2.4.7.1 and 2.4.7.2) for which good data
were available, To export the reference points to other rivers for which data were more limited, a measure of eggs/unit
of production (UP) or eggs/m? which corresponded to the conservation threshold, was used (see below). This permits
comparisons among different rivers.

Habitat suitability indicies (HSI) (Terrell ez al. 1995) were derived to classify river production units. These related parr
densities with physical parameters (substrate, type of flow, river width, and a length of the growing season factor for
different geographic arcas (Power 1981)). HSIs were combined with basin wide habitat maps to generate cstimates of
Units of Production (UP). The HSI method is believed to be the most accurate approach, especially for rivers on the
North Shore of the Gulf of St. Lawrence. An alternate way of evaluating production units consists in simply
determining the wetted area accessible to the salmon.

Two regressions were derived correlating either UP, Y=1.67*UP, r’= 0.89, or wetted areas Y=1.04*m?, ’= (.96, with
Sopt”* values. The regression equations can be used to export Sopt values to rivers where SR relationships are
unavailable; the slope is the cggsfunits value, and Y is the number of eggs needed to meet the conservation threshold.

Further analysis on transporting conservation limits across rivers is underway using Bayesian hierarchical analysis. The
objectives are:

1) to confer more consistency in the overall data processing by working under a common Bayesian framework from
the river-by-river analyses, to the transport across rivers;

2) to provide an evaluation of the uncertainty of the conservation limit when extrapolating the results obtained on the
6 index rivers to a new river where no SR data are available,

The Bayesian hierarchical analysis (Gelman er al 1995) has been undertaken under the following model and
hypotheses:

—  after standardizing the SR data for river size (in UP), the 6 index rivers are considered as a set of exchangeable SR
eXperiments;

— the likelihood is derived from the SR data using a Ricker mode] with lognormal process errors;,

— each of the six index rivers has a common, prior lognormal probability distribution for Sopt whose parameters are
included in the analysis and thus considered as uncertain.

The cutput of this analysis is both an a posteriori probability distribution of Sopt {eggs/UP) for each of the index rivers,
and an a posteriori predictive probability distribution of Sopt for a new river where no SR data are available. These
probability distributions are presented in Figure 2.4.7.2. A posteriori distributions of Sopt for the six index rivers are
consistent among systems. The a posteriori predictive distribution of Sopt for a new river falls among but has a greater
dispersion than the dispersions observed for the index rivers. This reflects the absence of SR data for the new river.

248 Forecasting 1999 returns and assessment of alternative management options on the R. Scorff,
Brittany

Since 1994, a scientific programme has been carried out on the Atantic salmon population of the River Scortf
(Southern Brittany, France). It aims at providing a better insight in the population dynamics of the species and
developing methods to improve the assessment of stock status and management strategics. Smolt output and adult
returns are estimated annually by trapping and mark/recapture techniques. At present the 15W returns (1996, 1997,
1998) from three smolt cohorts (1995, 1996, 1997) have been observed. Information on the retum rates as grilse can be
derived from these data. By combining this information and the estimate of smolt output for 1998, a first atiempt was
made to forecast 1999 1SW returns. The analysis was undertaken under a Bayesian framework and followed two
successive steps:

— apredictive posterior probability distribution of the 15W return rate was built by means of a Bayesian hierarchical
analysis which regarded the first 3 cohorts observed as a set of exchangeable experiments belonging to the same
family of experiments (Gelman er al. 1995);



— the posterior predictive distribution of the 18W return rates was then incorporated into a forecasting procedure (o
produce a predictive probabilty distribution of the 1999 1SW returns on the basis of thc 1998 smolt output estimate.

Al both steps, the uncertainty of the estimates of smolt production and aduit returns (Ineasurement errors) were taken
into account.

The posterior predictive distribution of the 1SW return rate reflects the uncertainty on this parameter for a new year in
the absence of data, given the observed data for the first 3 cohorts observed. It was obtained under the followmg model
and hypotheses:

—  adult return is a binomial process where each smolt has equal probability of coming back into its natal river, this
probabilty representing the return rate which we attempt to make inferences on;

— prior knowledge is entered into the analysis by restricting pridr probability distribution of the grilse return rate to
conform to Beta distributions with a mode ranging from 0,025 to 0.2 and with a variance lower than that of a
uniform distribution between 0 and 0.4,

A comparison of the posterior predictive distribution of the 1SW return rate with its prior probability distribution
(Figure 2.4.8.1a) shows that the information provided by the data available led to a reduction in the uncertainty on this
parametet, although a wide range of values are still seemingly probable. This uncertainty might be reduced in the future
through additional data collected on forthcoming cohorts or by the introduction of covariables that can explain some the
variability of the return rate, such as the mean size of the smolts.

The forecasting procedure used the same binomial model for adult returns from the smolt stage and the 1998 estimate of
smolt production. [ts output was a postertor predictive probability distribution for the 1999 grilse returns which showed
a very wide 90% probability interval, from 130 to 1340 (Figure 2.4.8.1b). Although this result might appear rather
disappointing, it must be emphasized that it certainly gives a more realistic view of our actual ability to predict returns
one year in advance, compared to a point estimate, such as the most probable value.

Since the grilse represent about 90% of the returns in the Scorff R. and account for most of the egg deposition, further
analyses were carried out to cvaluate the probability that 1999 escapement will be above the conservation limit. Current
knowledge on the ranges of the MSW returns and of the exploitation rates hy sea age class, together with the current
TAC based system of regulation of the exploitation (Porcher and Prévost 1996) were taken into account. The
distribution of the egg deposition indicates that the probability of exceeding the conservation limit in 1999 is only 55%
under current levels of exploitation and TAC (Figure 2.4.8.2a). Even if no fishery was allowed, the probability of falling
below the conservation limit is still 30% (Figure 2.4.8.2b), mainly because of the rather poor smolt production in 1998,

In order to evaluate the effect of the carrent TAC based control of the exploitation, the probability distribution of the
egg deposition obtained with or without TAC were compared. Both distributions could be exactly superimposed,
suggesting that the TAC was not providing any protection against overexploitation (Le. escapement below conservation
limit). Even when considering an eventual doubling of the exploitation rates in 1999 relative to previous years {(from
[5%, 20%] to [10%, 40%]), the TAC, as currently set, was not reducing the probability of not achieving the
conservation limit. An alternative and much more constraining management option was then evaluated. It delayed the
opening of the fishing season to the st of July (from the present begining of March), conditioned this opening on the
number of retums observed up to this date and used a TAC approximately reduced by half from actual level. This
alternative management option seemed to provide a betler protection against overexploitation if the exploitation rates
were to double in 1999,

Although preliminary the analyscs suggest:

~ current TAC levels used for regulating exploitation on the salmon rivers of Brittany might be too high and further
evaluation of the performance of the management strategy currently applied is required;

— Bayesian statistics are of great interest for providing more realistic view of stock status or management strategies as
they allow for a better description of the uncertainty in the assessment process. Further work in this field should be
promoted, such as full risk analysis considering consequences of management options beyond the next year.
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2.4.9 Salmon survey in the Labrader Sea in 1998

Experimental fishing was conducted by a Canadian research vessel fishing in the Labrador Sea in the fall of 1998. In
total, nine stations were fished with fleets of monofilament gillnets of mesh size 77 mm, 8% mm, 102 mm, 115 mm, and
127 mm set (o fish on the surface. In total, 38 salmon were canght, 24 of which were post-smolts and the remainder
were 1SW salmon. Catch data and biological information from whole fish are:

Date No. of fish | Life stage Fork length (cm) | Whole weight (kg)
Sept 22 4 post-smolt 33-35 042-045
Sept 25 17 post-smolt 33-38 0.37-0.62
Sept 26 5 adult 60-71 299-3.78
Sept 27 6 adult 63 - 068 247347

Caich rates ranged from 0 to 1.24 salmon per mile-hour of gear fished. Catch rates were lower than previously
experienced by research vessels fishing in the same area in the late 1980s. These data will be added to the informaton
base of research in the Labrador Sea. More research on post-smolt and adult salmon at sea is encouraged.

2.4.10 North American salmon recruitment, smolt indices, marine habitat and harp seal populations

A negative trend in recruitment of North American (NA) Adlantic salmon (Salme salar) has persisted in spite of
severely reduced commercial salmon fisheries. At the same time juvenile salmon production may have increased as a
result of reduced home water exploitation. The Working Group reviewed a document that explored the relationship
between recruitment of NA salmon, indices of smolt production based on fifteen standard electrofishing sites in the
Miramichi River and either an index of salmon marine habitat (SHI} or annual population estimates of harp seals
(Phoca groenlandica). Further analysis conducted at the meeting explored a weighted index of North American pre-
smolts (see Section 4.2.1).

Over the range of years observed, 1972 to 1998, recruits (the summation of harvests and spawning escapements of NA
salmon) were significantly negatively correlated with pre-smolt indices and harp seal populations for either one-sea-
winter or two-sea-winter salmon (Figure 2.4.10). There was correlation among the predictive variables. Habitat in either
February or March of the first sea-winter was positively correlated with pre-smolt indices. Habital was positively
correlated with the residuals of a simple recruitment model of logarithmic transformed pre-smolt indices for both one
and two-sea-winter recruits. Harp seal populations were not significantly correlated with the residuals of the simple
model of one-sea-winter recruits but were negatively correlated with the residuals of a simple model of two-sea-winter
recruiment.

Models proposing the use of habitat and harp seals accounted for a high proportion of the variation in recruitment of the
NA stock of salmon, had heen reviewed previously (ICES 1998/ACFM:15). It was recommended that the appropriate
recruitment model be further specified and supported (see Section 5.7.3). The development of a morc comprehensive
indcx of the relative change in marine predators of salmon in the Western North Adantic Ocean is. required. Also,
verification of the assumption of direct proportionate production of smolts from the pre-smolt indices is required in
order to isolate the life-stage underlying the negative relationship between pre-smolt abundance and adult recruitment.

The Working Group noted the high degree of correlation among variables and the paucity of evidence of the
consumption of salmon by harp seals. These conditions prevent the derivadon of specific conclusions concerning the
nature of the relationships among recruits, habitat or the harp seal population. Because these variahles cannot be
controlled in the experimental sense, only additional years of data may provide the natural variation required for testing
the validity of these models.

2.5 Framework for Stock Rebuilding Programs

The maintenance of self-sustaining stocks of salmon by means of targets or conservation limits requires that stock
rebuilding programs are carried out when monitoring indicates that compliance with conservation values has not been
achieved. It will be necessary to consider a range of issues before a decision is made to introduce a rebuilding program.
It will also be necessary to decide which of a range of approaches o stock rebuilding is appropriate. In some cases, no
action beyond increased vigilance during future monitoring cycles will be required. The flow-chart in Figure 2.5.1 has
been constructed o provide a standard framework for decision making where targets or conservation levels are not
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being met and stock rebuilding programs are being considered. Terms used in the flow-chart cells are underlined in the
following text, in order to aid cross-referencing of the text and the chart.

The approach envisages that a conservation limit or target has been set previously as part of a stock management plan,
and that the plan requires that the stock is monitored in order to assess compliance. If assessment shows that compliance
has been achieved, the monitoring cycle can be resumed without further action. In the special case of a recovering stock
for which interim targets bave been set, compliance will be exceeded at each stage of recovery. In these circumstances it
will be necessary to set new, greater conservation values as each step in the recovery process is achieved.

If a deficit is detected and the conservation value has not been met, it becomes necessary to consider the introduction of
a stock rebuilding program. The first course will be to assess the validity of the value of the original conservation limit
or target. Setting values is expected to be a particular problem in the early stages of any new management plan. Initial
values will often be set in the absence of precise prior knowledge of the stock in question - some values will be set too
high and some too low. If the original value is considered to be erroneous then the conservation value is reset at a new,
lower level and the cycle of monitoring and assessment resumes.

If the original conservation value is considered to be valid, and the observed deficit is real, a more complex sequence of
decisions must be made. In a well-established assessment program, an occasional failure to meet conservation limits
might be judged acceptable. Indeed, frequency standards for the acceptance of occasional annual deficits may be a part
of the assessment plan. Occasional non-compliance may also be acceptable for other reasons - perhaps on the basis of
sustained, superior levels of performance in the past. Occasional failures will be most significant for stocks showing
low levels of variation in total age at spawning. Where variation is greater, the effects of single-year deficits in egg
deposition will be spread among several future spawning years. Considered in context. therefore, it may be possible to
restrict action on a sporadic deficit to noting its occurrence, reserving other options for the future.

If instead an occasional failure of compliance is considered a significant deficit - perhaps because of the large
magnitude of the deficit, or because it is part of a sequence of marginal events, or part of a developing trend - a further
sequence of decisions must be made. In particular, it may be possible to establish causes or correlates of non-
compliance by linking deficits or trends with specific changes in environmental or fishery variables. There are many
possibie effects of this kind, acting on a variety of scales, and they can be considered under a number of categorizations.
Each of a suggested set of categories is discussed separately towards the end of this scclion,

If the causes, or candidate causes, of non-compliance can be identified , it may be possible to target action on the causes
themselves as part of a stock rebuilding program. Alternatively, compensatory actions of other types, such as
enhancement, can he directed at the appropriate level. If the cause of non-compliance is known but no remedy is
available, it may be necessary (o reset the conservation value before monitoring and assessment resumes, In the case of
a deficit of indeterminate cause, the precautionary principle requires that a stock rebuilding program is initiated, in order
to expedite recovery while further information on the underlving problem is sought. It will be necessary to monitor the
response of the stock during any rebuilding program, as part of the continuing assessment cycle.

In some circumstances, a legal imperative may forbid the resetting of conservation values and a stock rebuilding
program will be required even when the cause of the deficit is known to be irremediable. In the most unusual
circumstances, where salmonids can no longer live in previously productive habitat, the conservation value may reset to
zero. In this case, mitigation can be censidered for temporary support of the stock while the problem is resolved. If the
problem has no solution, self-sustaining salmon fisheries are lost, and put-and-take fisheries or fisheries on other
specics are the only options which remain.

As regards targeting a stock rebuilding program, it is suggested that consideration of causes and correlaies of non-
compliance centre on changes with time in four categories of effect. The proposed categories are climate, biological
interactions, physical habitat and fisheries and each of these is considered separately below. It is important to note,
however, that the categories are not totally discrete and that, in many cases, interactive effects among categories are
expected to occur,

There are two primary steps in considering the relevance of any of the four categories in (he context of particular
instances of non-compliance. Firstly, it is necessary to cstablish the geographical scale of non-compliance by comparing
the stock unit in question with other stocks. This context - whether the violation is local, or part of a regional, naiional
or range-wide pattern - will direct attention to variables or issues operating on similar geographical scales. Secondly, it
is necessary to determine at which stage of life the size of the stock is being restricted by unexpectedly low levels of
performance. For example, low fry densities resulting from adeguate spawning escapement will direct attention towards
adverse factors acting in fresh water - during spawning, cgg incubation, hatch or dispersal. Low adult return rates from
adequate levels of smolt production will suggest that the limiting factor has operated at a later stage of life. It is

12




imporiant to note that this general guidance is not completely seburé.. The salmon life-cycle is complex and factors
acting at any stage of life have the potential to affect growth and survival later on. For example, variation in smolt size
is likely to affect predation risk early in the marine phase.

Climatic variables are those that directly affect the conditions in which fish live and grow. Temperature and
precipitation are the principle factors of concern. Temperature is of primary importance, both in fresh water and in the
sea, since it is a direct determinant of growth and other related performance variables. In addition, brief episodes of high
temperature prove lethal in fresh water and, in the sea, salmon demonstrate a strong preference for a relatively narrow
temperature range and thus tend to limit their distribution. The second climatic variable of importance is precipitation
which affects ground-water discharge, and therefore stream temperature, and stream-flow, Stream discharge affects pH
values, it determines wash-out rates for eggs and wetted habitat area for juveniles, and allows access for adults moving
upstream. Climatic variables are expected to have a strong affect on levels of compliance with conservation values.
Although climatic variations are beyond management control, it may be possible to limit adverse effects by unsing
compensatory management actions to alter variables in other categories of effect.

Biological interactions include a wide range of temporally variable effects relating to interactions with other species.
These include the adverse effects on wild salmon of inter-specific competition in strecams, introduction of non-native
species, low abundance of prey species in fresh water and in the sea, excessive mortalities due to predation, and
mortality due to outbreaks of disease or parasites, such as Gyrodactylus salaris. The category also includes interactions
with other fish of the same species, because of the possible adverse effects of escapees from aquaculture on the
productivity of wild salmon stocks and the negative effects of indiscriminate stocking from hatcheries, With the
exception of aquaculture and hatchery effects, remedial action is not a realistic possibility for many interactive effects.

Physical habitat effects that vary among years or over decadal scales are likely to affect compliance with conservation
values, All of the physical habitat effects that have the potential to affect production and survival of salmon exert their
effects in fresh water. Many of these effects are attributable to the effects of non-fishery forms of land- and water
management. They include siltation of spawning gravels following changes in land-use, channelization and destruction
of stream habimt, stream enrichment through fertiliser run-off and sewage discharge. Impoundment works reduce
habhitat by drowning streams, and they alter temperature regimes. In-stream construction works may limit access to
potential habitat. Because these effects are often caused by the activities of man, they are ofien open to direct remedy.

Fishery effects are dealt with extensively in the other parts of this Report. Fisheries are particularly likely to contribute
to non-compliance with conservation values because they exploit adult fish towards the end of the life-cycle after other
restrictions on stock size have had their effect. In addition, the effect of uniform fisheries on adult recruitment is
variahie since exploitation rate often rises when abundance is reduced. Fishery effort is inherently manageable. The
fisheries are well-documented relative to the other factors affecting stock size. So, fishery regulation is likely to remain
the most effective route towards ensuring compliance with conservation limits or targets. Management of the fisheries is
also a practicable route towards managing compliance, because of the close association of the regulatory authorities
with the various parties who benelfit from exploiting the resource, and because of close association of both parties with
those attlempting to optimise production.

2.6 Compilation of Egg Collections and Juvenile Releases for 1998
2.6.1 Egg collections and juvenile releases for 1998

The Working Group compiled 1998 data summaries of artificially spawned eggs and egg and juvenile releases in Table
2.6.1.1, These data were provided to estimate the effects of egg collection on wild production and to characterize the
overall scale of enhancement work by ICES member countries. Although all countries except Finland artificially spawn
eggs to support enhancement aciivitics, only eight countries reported summaries of artificially spawned egg numbers for
1998. Two countries (Canada and the United States) collect eggs from domestic/captive broodstock and/or captive sea
run kelts in addition to collections from sea run fish. Where possible, the number of eggs collected from each of these
sources is reported.

For most countries, the database has been expanded to include historical data from 1990 to 1997, and these data are
summarized in Appendix 4. As data reporting becomes more complete for the pre-1998 period, this information can be
used to describe temporal trends in enhancement activities.



2.7 Compllation of Tag Releases and Finclip Data by ICES Member Countries in 1998
271 Compilation of tag releases and finclip data for 1998

Data on releases of tagged and fin-clipped salmon in 1998 were provided by the Working Group and are compiled as a
separate report (Annex to ICES CM 1999/ACFM:14). A summary of Atlantic salmon marking in 1998 is given in Table
2.7.1.1. Slightly over 2.59 million salmon were marked in 1998, a 14% decline from the 3.02 million fish marked in
1997. Primary marks are summarized by four types; Microtag, External Tag, Adipose Clip, and Other Visible Marks.
Secondary marks (primarily adipose clips on microtagged fish) are also recorded. The Adipose clip was the most used
primary mark (1.66 million), with microtags (0.70 million) the next most used primary matk. Microtag marking
declined by 5% from 1997. Secondary marks (primarily adipose fin clips) were applied to 0.87 million fish, Most
marks were applied to hatchery-origin juveniles (2.53 million), while 0.04 million wild juveniles and 0.02 million adults
were marked.
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Table 2.1.1.1 MNominal catch of SALMON by country (in tonnes round fresh weight), 1960-1998. (1998 figures include provisional data).
East  West Sweden UK UK UK Total Unreported catches
Canada Den. Faroes Finland France Grld. Grld. Iceland Ireland Morway Russia Spain St P. (West) (E & WNIrelancScotland USA  Other Reporiec NASCO  International

Year (¢D) () (3 Wild Ranch (4,5 (6) 7 {R) & M. {6,9) (10) Catch Areas waters (11)
1960 1636 - - - - - 60 100 743 1659 1100 33 - 40 283 139 1443 1 - 7237 - -
1961 1583 - - - - - 127 127 T 1533 790 20 - 27 232 132 1185 1 - 6464 - -
1962 1719% - - - - - 244 125 145% 1935 710 23 - 45 318 ise 1738 1 - 8673 - -
1963 1861 - - - - - 466 145 1458 1786 450 28 - 23 325 306 1725 1 - 8604 - -
1964 2069 - - - - - 1539 135 1617 2147 590 34 - 36 307 377 1907 1 - 10759 - -
1965 2116 - - - - - Bel 133 1457 2000 590 42 - 40 320 281 1593 1 - 9434 - -
1966 2369 - - - - - 1370 104 2 1238 1791 570 42 - 36 387 287 1393 1 - 9792 - -
1967 2863 - - - - - 1601 144 2 1463 1980 883 43 - 25 420 449 2117 1 - 11991 - -
1968 2111 - 5 - - - 1127 161 1 1413 1514 827 38 - 20 282 312 1578 1 403 9793 - -
1969 2202 - 7 - - - 2210 131 2 1730 1383 360 54 - 22 377 267 1955 1 893 11594 - -
1970 2323 - 12 - - - 2144 182 13 1787 1171 448 45 - 20 527 297 1392 1 922 11286 - -
1971 1992 - - - - - 2689 196 3 1639 1207 417 16 - 18 426 234 1421 1 471 10735 - -
1972 175¢ - 9 32 34 - 2113 245 5 1504 1578 462 40 - 18 442 210 1727 1 486 10965 - -
1973 2434 - 28 50 12 - 2341 148 3 1930 1726 772 24 - 23 450 182 2006 2.7 533 12670 - -
1974 2539 - 20 76 13 - 1917 215 10 2128 1633 709 16 - 32 383 184 1628 0.9 373 11877 - -
1975 2485 - 28 76 25 - 2030 145 21 2216 1537 8311 27 - 26 447 164 1621 1.7 475 12136 - -
1976 2506 - 40 66 9 <1 1175 216 £l 1561 1530 542 21 2.5 20 208 113 1019 0.8 289 9327 - -
1977 2545 - 40 59 19 6 1420 123 7 1372 1488 497 19 - 10 345 110 1160 2.4 192 9414 - -
1978 1545 - 37 37 20 ] 984 285 [} 1230 1450 476 32 - 10 349 148 1323 4.1 138 7682 - -
1979 1287 - 119 26 10 <0.5 1395 219 4] 1097 1831 455 29 - 12 261 99 1076 2.5 193 8118 - -
1980 2680 - 536 34 30 <0.5 1194 241 8 947 1830 6564 47 17 360 122 1134 5.5 277 10127 - -
1981 2437 - 1025 44 20 <0.5 1264 147 16 685 1656 463 25 - 26 493 101 1233 6 313 9954 - -
1982 1798 - 606 54 20 <0.5 1077 130 17 993 1348 364 10 - 25 286 132 1092 6.4 437 8395 - -
1983 1424 - 678 58 16 <0.5 310 l1a6 32 1656 1550 507 23 3 28 429 187 1221 1.3 466 8755 - -
1984 1112 - 628 46 25 <0.5 297 139 20 829 1623 593 18 3 40 345 78 1013 2.2 101 6912 - -
1985 1133 - 566 49 22 i 864 162 55 1595 1561 659 i3 3 45 361 98 513 2.1 - 3108 - -
1986 1559 - 530 37 28 19 960 232 59 1730 1598 508 27 25 54 430 109 12711 1.9 - 9255 315 -
1987 1784 - 576 49 27 <0.5 966 181 40 1239 1385 564 18 2 47 302 56 922 1.2 - 815% 2738 -
1988 1311 - 243 36 32 4 893 217 180 1874 1076 420 18 2 40 395 114 282 0.9 - 7738 3248 -
1989 1139 - 364 52 14 - a37 140 136 1079 205 364 7 2 29 296 142 895 1.7 - 5903 2277 -
1990 911 13 315 60 15 - 274 146 280 586 930 313 7 1.9 33 333 94 624 2.4 - 4943 1850 180-350
1991 711 33 95 70 13 4 472 130 345 404 R76 215 11 1.2 38 200 55 462 0.8 - 4106 1682 25-100
1992 522 10 23 77 20 5 237 175 460 630 867 167 11 2.3 43 186 o1 600 0.7 - 4133 1962 25-100
1993 373 9 23 70 16 - - 160 4496 541 923 139 8 29 56 263 83 547 0.6 - 3711 1644 25-100
1994 355 3 6 49 18 - - 140 308 804 996 141 10 3.4 44 307 91 649 - - 3927 1276 25-100
1995 260 - 5 48 9 2 33 150 298 790 839 128 9 0.8 37 295 33 588 - - 3625 1060 nfa
1996 292 - - 44 14 <0.5 92 122 239 GB5 787 131 7 1.5 33 130 77 427 - - 3132 1123 nfa
1997 229 - - 45 3 1 58 106 50 570 630 111 3 1.5 19 156 93 296 - - 2377 827 na
1998 149 - 6 48 9 - 11 130 34 624 740 131 4 2.3 15 143 15 280 - - 2401 1210 nfa

Means

1993-19 302 3 7 51 13 1 47 136 278 678 835 130 7 2 38 240 85 501 <05 - 3354 1186 -

1988-19 610 - 107 55 16 2 245 149 279 796 833 213 9 2 38 262 92 597 1 - 4359 1699 -

1. Tncludes estimates of some local sales, and, prior to 1984, by-catch,

2. Since 1991, there has only been a research fishery at Faroes.

In 1997 no fishery took place.

3, Includes catches made in the West Greenland area by Norway, Faroes,
Sweden and Denmark in 1965-1975.

A

From 1994, includes increased reporting of rod catches.
Catch on River Foyle allocated 50% Ireland and 50% N. Ireland.
Before 1966, sea trout and sea charr included (5% of total).

7. Figures from 1991 onwards do not include catches taken in the recently
developed recreational (rod) fishery. These will be included in next year's report.
8. Weighis priar to 1990 are estimated from 1994 mean weight.

Weights from 1990 based on mean wt. from R. Asturias,

9, Notincluding angling catch (mainly 1SW).
10. Includes catches in Norwegian Sea by vessels from Denmark, Sweden, Gemmany, Norway and Finland.
11. Estimates refer ta season ending in given year.
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Table2.1.1.2 Nominal catch of SALMON in homewaters by country (in tonnes round fresh weight), 1960-1998, (1998 figures include provisional data).
5 = Salmon (28W or MSW fish). G = Grilse (15W fish). Sm=small. L.g=1large. T=S+GorLg + Sm

Iceland [reland ) Spain Sweden UKUK(N.1)
Year Canada { 1) Finland France Wild Ranch (2,1 Norway (4) Russia (5) (West) (B&W) (3,6) UEK(Scotland) USA Total
Ly Sm T S G T T T T 8 G T S G T T T T T T Lg Sm T T T

1960 - - 1636 - - - - 100 - - 743 - 165% 1100 33 40 283 139 971 472 1443 1 777
1961 - - 1583 - - - - 127 - - 707 - - 1533 790 20 27 232 132 811 374 1185 1 6337
1962 - - 1719 - - - - 125 - - 1439 - 1935 710 23 45 318 356 1014 724 1738 1 8429
1963 - - 1861 - - - - 145 - - 1458 - 1786 480 28 23 325 306 1308 417 1725 1 8138
1964 - - 2069 - - - 135 - - 1817 - - 2147 590 34 36 307 377 1210 697 1907 1 9220
1965 - - 2116 - - - - 133 - 1457 - - 2000 590 42 40 320 281 1043 550 1593 1 8573
1965 - - 2369 - - - - 104 2 - - 1238 - - 1791 570 42 36 387 287 1049 546 1395 1 8422
19657 - - 2863 - - - - 144 2 - - 1463 - - 1980 883 43 25 420 449 1233 884 2117 1 10390
1968 - - 2111 - - - - 161 | - 1413 - - 1514 827 38 20 282 312 1021 557 1578 1 8258
1969 - - 2202 - - - - 131 2 - 1730 501 582 1333 360 54 2 317 267 997 958 1955 1 8484
1970 1562 761 2323 - - - - 182 13 - 1787 815 356 1171 448 45 20 527 297 775 617 139 1 8206
1971 1482 510 1992 - - - - 196 8 - - 1639 771 436 1207 417 16 18 426 23 713 702 1421 1 7575
1972 1201 558 1759 - - 32 34 245 3 200 1604 1804 1064 514 1578 462 40 I8 442 210 1013 714 1727 1 8357
1973 1651 783 2434 - - 50 12 148 8 244 1686 1930 1220 506 1726 772 24 23 450 182 1158 848 2006 23 9768
1974 1589 950 25389 - - 76 13 215 10 170 1958 2128 1143 484 1633 709 16 32 383 184 912 716 1628 0.9 9567
1975 1573 912 2485 - - 76 5 145 24 274 1942 2216 1038 499 1537 8§11 27 26 447 164 1007 614 1621 1.7 9603
1976 1721 785 2506 - - 414 ) 2106 9 109 1452 1561 1063 467 1530 542 21 20 208 113 5232 497 1019 0.8 7821
1977 1883 662 2545 - - 59 19 123 7 145 1227 1372 1018 470 1488 497 19 1 345 110 639 521 1160 2.4 7156
1978 1225 320 1545 - - 17 20 285 6 147 1082 1229 668 382 1050 476 32 10 349 148 781 542 1323 4.1 6514
197% 705 582 1287 - - 26 10 219 3 105 922 1027 1150 681 1831 455 29 12 261 99 598 478 1076 2.5 6341
1980 1763 917 2680 - - 4 30 241 8 202 745 947 1352 478 1830 664 47 17 360 122 851 283 1134 5.5 8120
1981 1619 818 2437 - - 44 20 147 18 164 521 685 1189 467 1656 463 25 26 493 101 834 389 1223 6 7342
1982 1082 716 1768 49 h 54 200 130 17 63 930 993 985 363 1348 364 10 25 286 132 596 496 1092 6.4 6275
1983 911 313 1424 31 7 38 la 166 32 150 1506 1656 957 593 1350 507 23 28 429 187 672 549 1221 1.3 T298
1984 645 467 1112 37 9 46 25 139 20 101 728 829 995 628 1623 593 13 40 345 78 504 509 1013 2.2 5883
1985 540 593 1133 38 11 45 22 162 55 100 1495 1595 923 638 1561 659 13 45 361 98 514 399 913 2.1 6668
1986 779 T80 1359 25 12 37 28 232 59 136 1594 1730 1042 356 1598 608 27 54 430 109 745 526 1271 1.9 7744
1987 951 833 " 1784 34 15 49 27 181 40 127 1112 1239 894 491 1385 564 18" 47 302 56 563 419 922 1.2 6615
1988 633 677 1311 27 9 36 32 217 180 141 1733 1874 656 420 1076 420 18 40 395 114 501 381 882 0.9 6596
1989 3590 549 1139 33 19 52 14 140 136 132 947 1079 469 436 905 364 7 29 296 142 464 431 395 1.7 5200
1990 486 425 911 41 19 6l 5 146 2850 - - 586 545 385 930 313 7 33 338 G4 423 201 624 24 4339
1991 370 34t 711 33 17 70 13 130 345 - - 404 535 342 876 215 11 38 200 55 177 285 462 0.8 353
1992 323 199 522 49 28 77 20 175 460 - - 630 566 301 867 167 11 49 188 91 362 238 600 0.7 3836
1993 214 159 373 53 17 70 16 160 496 - - 541 611 312 923 132 8 56 263 83 320 227 47 0.6 3676
1994 216 139 355 38 1 49 18 140 308 - - 804 581 415 996 41 10 44 307 91 400 248 649 - 3912
1995 153 107 260 37 11 48 9 150 298 - - 790 590 249 830 128 9 37 295 83 364 224 588 - 3534
1996 154 138 292 23 21 44 14 122 239 - - 685 571 215 7187 131 7 33 180 77 267 160 427 - 3038
1997 126 103 229 29 16 45 & s 50 - 570 89 241 630 111 3 19 156 93 182 114 296 - 2316
1998 70 79 149 29 19 48 9 130 34 - 624 445 296 740 131 4 5 143 75 157 123 280 - 2382

Means

1993-97 173 129 302 36 15 51 13 136 278 - - 678 548 286 835 130 7 33 240 85 307 195 501 <0.5 3295

[988-97 327 284 610 38 17 55 1 149 279 - - 79 §51 332 8§83 213 9 38 262 92 346 251 597 1 4000
1. Includes estimates of some local sales, and, prior to 1984, by-vatch. 5. Weights prior to 1990 are estimated from 1994 mean weight.

2. Catch on River Foyle allocated 50% Ireland and 50% N. Irefand. Weighls from 1990 based on mean wt. from R. Asturias,

3. From 1994, includes increased reporting of rod catches. 6. Notincluding angling catch (mainly 18W),

4. Before 1966, sea trout and sea charr included (5% of total).
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Table 2.1.1.3 Reported catch of SALMON in numbers and weight in tonnes (round fresh weight). Catches reported for 1998 may be provisional. Methods used for estimating age
composition given in foomotes.

Country Year 18W 2SW | 3SW 4SW SSW | MSW! ] Ps Total
No. Wt No. Wt Na, Wt No. Wt Nao, Wt No. Wt No. Wt No. Wt
Canada 1982 358,000 716 - - . - 1 240000 1,082 598,000 1,798
1983 265,000 513 - - - 4 201,000 911 466,000 1424
1984 234,000 467 - - - - - 1 143,000 645 277,000 1112
1985 333,084 593 - - - 41222 540 455705 1133
1986 417269 7RO - - - - 4 162,305 779 - 579,574 1,559
1987 435,799 833 - - - 1 20373 951 - 639,530 1,784
1988 372,178 677 - - - - 1 137897 633 - 500,815 1,311
1989 304,620 549 - - - 4135484 590 440,104 1,139
1990 233,690 425 - i 4 106379 486 340,069 911
1991 189,324 4] - 4 8253 370 - 271,836 1
1992 108,901 199 - - - 1 66,357 323 - 175,258 522
1993 91,239 159 - - A - 41 45416 214 - 136,655 73
1994 76,973 139 - - - - 4 42946 216 - 119,919 355
1995 61,940 107 - - - - 34,263 153 - 96,203 260
1996 82,490 138 - - - - - 31,590 154 - 114,080 292
1997 58,988 103 - - - - - 4 2s.270 126 - 85,258 229
1998 46,687 79 - - - - - 4 1320 70 - 59,957 149
Faroe 1082/83 9,086, 4 o1z 1 21,663 443 29 - - - - 132,453 625
Islands 1983/%4 4,791 1 w71 4 12460 49 . - - - R 124,453 651
1984/35 324 1 12350 - 9,690 - ] - - 1,653 135,776 598
1985/36 1,672 1 im0 - 4,779 76 - - 6,287 154,554 545
1956/87 76 1 1330m - 7,070 80 , ] - - 140,304 539
1987/88 5,333 - 55,728 - 3,450 0 - § - - 65,011 208
1988/89 1,351 - 86,417 - 5,728 0 - - . - - 93,496 309
1989/90 1,560 4 103407 - 6,463 6 - - - - 111,430 164
199091 631 - 52,420 - 4,390 8 - - - 57,442 207
199152 16 - 7611 - 837 - - - - - 8464 k3
1992/93 - 4212 1,203 - - - - . - 5415 22
1993/94 - 1,866 206 - - - - - 2,072 7
199495 - 1,807 § 156 - - - 1,963 6
1995M6 - - 268 § 14 - - - - - - 282 1
1996197 - - - . - - - - - - 0 0
1997/98 339 - 1,315 - 109 - - - - - - 1,763 6
Finland 1982 2,598 5 - - i i . 5,408 49 - 8,406 54
1983 3916 7 - - - - - 6,050 51 - 9,966 58
1984 4,899 9 - . - - - 4,726 37 - 9,625 46
1985 6,201 11 - - - - 4912 38 - 11,113 49
1986 6,131 12 - - - - - 3,244 25 9,375 37
1987 8,696 15 - - - - . - 4,520 14 - 13,216 49
1988 5,926 9 - - - - - 3495 27 - 9,421 6
1989 10,395 19 - - . § - . 5332 13 - 15,727 52
1990 10,084 19 il - . 3,600 41 15,684 60
1991 9213 17 - - - - 6,208 53 - 15,511 70
1992 15,017 28 - - . - - 6,284 49 - 21,301 77
1993 11,157 17 - - - - 8,180 53 - 19,337 70
1994 7,493 11 - - - - 6230 38 - 13,723 49
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1995 7,786 11 - - - - - - - - 5,344 38 - 13,130 48
1996 10,726 21 1,103 5 1,359 13 242 4 13 1 - - - 13,443 44
1997 9469 16 2,357 104 1,742 17 163 2 10 0 - - - 13,741 45
1998 11,410 19 1,642 7 1,945 19 162 10 10 ] - - - 15,169 45|
Country Year 15W 2SW | ISW 4SW SSW MSW' PS Total ]
No. Wi No. Wt No. Wit ~No. Wt No. Wt No. Wi No. Wi No. Wit
France 1985 1,074 - - - - - - - - 3,278 - 4,352 22
1986 - - - - - - - - - 6,301 28
1987 6,013 18 - - - - - 1,806 9 - 7,819 27
1988 2,063 7 - - - - - - - 4,964 25 - 7,027 32
1989 1,124 3 1971 9 3l 2 - - - - - - 3406 14
1990 1,886 5 2,186 9 146 1 - - - - - - 4218 15
1991 1,362 3 1933 9 190 1 - - - - - - 3487 13
1992 2490 7 2450 12 221 2 - - - - - - - 5,161 20
1993 3,581 10 987 4 267 2 - - - - - - - 4,835 16
1994 2,810 7 2,250 10 40 1 - - - - - - - 5100 18
1995 1,669 4 1,073 5 22 a - - - - - - - 2,764 g
1996 2,063 5 1,891 g 52 04 - - - - - - 4,005 14
1997 1,060 3 064 5 37 03 - - - - - - 2,061 )
1998 2,065 5 8§24 4 2 0.2 - - - - - - - 2911 2
Teeland 191 30,011 - 11,935 - - - - - - - - - 41,946 130
1992 38,955 15,416 - - - - - - - - - - 54,371 175
(Wild fish 1993 37,611 - 11,611 - - B - - - - - - 49,272 160
only, 1994 25480 62 14,408 78 - - - - - - - - - 39,888 140
ranched 1995 34,046 93 13,380 57 - - - - - - - - - 47,426 150
fish not 1996 28,039 69 9,971 53 - - - - - - - - - 38,010 122
inchided) 1997 23,945 62 8,872 44 - - - - - - - 32,817 106
19498 35,537 an 8,872 40 - - - - - - - - - 43,328 130
Ireland 1980 248,333 745, - - - - - - - 39,608 202 287,941 947
1981 173,667 521 - - - - - - - 32,159 164 205,826 685
1982 310,000 930 - - - - - - - - 12,353 63 322,353 993
1983 502,000 1,506 - - - - - - 29411 150 - 531411 1,656
1984 242,668 728 - - - - - 19,804 101 - 262,470 829
1983 498,333 1493 - - - - - - 19,608 100 - 517,941 1,595
1986 498,125 1,594 - - - - - - - 28,335 136 - 526450 1,730
1987 358,842 1,112 - - - - - - 27,600 127 - 386,431 1,239
1988 559,297 1,733 - - - - - - - 30,5%9 141 - 589,89 1,874
1989 - - - - - - - - - - - Co- - 330,558 1,079
1990 - - - - - - - - - - - - 194,785 586
1991 - - - - - - - - - - 135,600 404
1992 . - - - - - - - - - 235153 630
1993 - - - - - - - - - - 200,120 541
1994 - - - - - - - - - 286,266 804
1995 . - - - - - . - - - - - 288,225 790
1996 - - - - - - - - - - 248,901 685
1997 - - - - - - - . - 209,214 570
1998 - - ; - . - ; - - - - - 237,663 624
Country Year 1SW 25W I ISW 45W S55W l MSW- PS Total
No. Wit No. Wt Mo, Wt NO. Wt No. Wt No, Wt No. Wit No. Wit
Norway 1981 221,566 467 - - - - - - 213,943 1,189 435,509 1,656
1982 163,120 363 - - - - - - - 174,229 0835 337,349 1,348
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1983 278,061 593 - - - - - - - -1 1m,361 957 . -l 449442 1,550
1984 294,365 628 - - - - - - - -| 178,716 993 - -| 47081 1,623
1985 299,037 638 - - - - - - - -] 162403 923 - -l 461440 1,561
1986 264,849 556 - - - - . - - - 191524 1,042 - -| 456373 1,598
1987 235,703 401 - - - - - - - -l 153,354 894 - -| 389257 1,385
1988 217617 420 - - - - - - - .| 120367 636 . -l 337984 1,076
1989 220,170 436 - - - - . - - -l so.880 469 - -l 301,050 903
19%0 192,500 385 - - - - - - - -1 91437 545 - -| 286466 930
1991 171,041 342 - - - - - - . -l 92214 535 - -l 263255 8§76
1992 151,291 301 - - - - - - - -l s 566 - -| 244,008 867
1993 153407 32| 62,403 284 35,147 327 - - - - - - - -l 251957 923
1994 - 415 - Iy - 262 - - - - - - - - - 996
1995 134,341 29| 71,552 341 27,104 249 - - - - - - - -l 232977 839
1996 110,085 213 69,389 2| 27627 249 - - - - - - - -l 207101 787
1997 124,387 241 52,842 238 16,448 151 - - - - - - - -l 193677 630
1998 162,185 296 66,767 306 15,568 139 - - - - - - - -] 244520 740
Russia 1987 91,242 -1 27138 - 9,539 - 556 - 18 - - - 2521 -l 139011 564
1988 53,158 -] 33,303 - 10,256 - 294 - 25 - - - 2937 -l 100066 420
1989 78,023 -l 23123 - 4,118 - 26 - - - - - 2187 -l 107477 364
1990 70,395 -l 20,33 - 2919 - 101 - - - - - 2,010 -| 96,258 113
1991 40,603 -l 12,458 - 1,060 - 650 - - - - - 1,375 -| 38,146 215
1992 34,021 - 8,880 - 3,547 . 180 - - - . - 824 -l 47452 167
1993 28,100 -1 nmmo - 4,280 - 377 - - - - - 1,470 -l 46,007 139
1994 30,877 | 1037 - 2,183 - 51 - - - - - 555 -l 44,345 141
1995 7,115 62 0,642 50 1,501 15 6 0 - - - - 385 2| 611 128
1996 33,878 79 7,393 42 1,084 9 40 0.5 - - - - # 0.5 42,586 11
1997 31,857 72 5,837 28 672 6 38 05 - - . - 559 3| 39,003 111
1998 34,870 92 6815 33 151 2 28 0.3 638 3| 42532 131
Sweden 1989 3,181 7 - - - - - - - - 4,610 22 - - 7,791 29
1990 7428 18 - - - - - - - - 3,133 15 . -l 10561 33
1991 8,987 20 - - - - - - - - 3,620 18 - -l 12,607 38
1992 9,850 23 - - - - - - - . 4,656 26 - | w507 491}
1993 10,540 23 - - - - - - . - 6,169 33 - -l 18900 56
1994 8,304 18 - - - - - - - - 4,661 26 - -l 12,695 44
1995 9,761 22 - - - - - - - - 2,770 14 - 11251 37
1996 6,008 14 - - - : - - . - 3,542 19 - - 9,550 33
1997 2,747 7 . - - - - - . - 2,307 12 - - 5054 19
1998 2421 6 - - - - - - - - 1,702 9 - - 4,123 15
Country Year 18W ] 25W | ISW ] 4SW | 55W MSW! [ PS | Total
No. Wit No. Wi No. Wi No. Wt No. Wt No. Wt No. Wit No. Wt
UK 1985 - - - - } - . ; _ - - - . | essa 361
(England &[ 1986 - - - - - - - - - - - - - -1 110,794 430
Wales) 1987 66,371 - - - - - - - - -l 17,063 - - -l 83434 302
1988 76,521 - - - - - - - - | 3e42 - - -l 110163 195
198% 65,450 - - - - - : - - -1 19550 - - .| 85,000 296
1990 53,143 . - - - - . - - -1 33833 - - -| 86,676 338
1991 34,596 - - - - - - - - - 17,053 - - .| s1649 200
1992 - . - - . - - - - - - - - .| 48,168 186
1993 - - - - - - - - - - - - - -l 69,773 263
19%4 - - - - . - - - - - . - - - ss12 307
1995 - - - - - - - - - - - - - -] 80478 295
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1996 - - - - - - - - - - 46,696 180
1997 - - - - - - - . - - 44,506 156
1998 - - - - - - - - - - - 42,194 143
UK 1982 208,061 416 - - - - -l 128242 595 - - 338,303 1,092
(Scotland) 1983 2006171 549 - - - - -1 145961 672 - -| 320578 1,221
1984 213,079 500 - - - - -l 107213 504 - - 230292 1,613
1985 158,012 399 - - - - -| 114,548 514 . -l 272860 9113
1986 202,861 526 - - - - -l 148,398 745 - -l 351,259 1271
1987 164,785 | 419 - - - - - -l 103,994 503 - -| 268779 922
1988 149,098 381 - - - . -l 112182 501 - -| 261,260 882
1089 174,941 431 - - - - - -| 103,886 464 -| 278,827 895
1950 81,094 201 - - - - - - 87,924 423 - -| 169,018 624
1991 73,608 177 - - - - - - 65,193 285 - -1 138801 462
1992 101,676 238 - - - - - - 82,841 361 - -1 184,517 600
1093 04,517 227 - - - - - - 71,726 320 - I 166243 547
1994 99,459 248 - - - - - 85404 400 - 184,863 649
1995 89,921 224 - - - - - - 78,452 164 - 168,373 58%
1996 66,413 160 - - - - - 57.920 267 - 124,333 427
1997 46,878 114 - - - - - - 40,421 182 - - 87,299 296
1998 54,294 123 - - - - - - 18,105 157 - 92,399 280
UsA 1982 33 - 1,206 - 3 - - - . - 21 1,265 64
1983 26 - 114 12 2 - - - - 6 348 1.3
1984 50 - 545 2.1 2 - - - - 12 - 609 22
1985 23 - 528 2.0 2 - - - - 13 557 21
1986 76 - 482 18 2 - - - - 3 541 1.5
1987 33 - 229 1.0 11} - - - - 10 282 12
1988 49 - 203 0.8 3 - - - - - 4 259 0.9
1989 157 0.3 125 13 2 - - - . 3 - 487 17
1990 52 0.1 562 22 12 - - - - 16 - 642 24
1991 48 0.1 185 0.7 1 - - - - 4 - 238 08
1992 54 0.1 138 0.6 1 - - - - - - - 193 0.7
1093 17 - 133 03 - - - - - 2 - 152 0.6
1994 12 - 0 - - - - - - - 12 0
1995 - - - - - - - - - - - 0 0
1996 - - - - - . - - 0 0
1947 - - - - - - - - - - 0 0
1998 - - - - - - - - - - - 0 0
Country Year 1SW [ 25W ] ISW 48v/ 55W MSW! | PS | Total
No. Wt Nao. Wt MNo. Wt MNao. Wit No. Wt No. Wt No. Wt No. Wit
West 1982 315,532 - 17,810 - - - - - 2,688 -l 338,030 1,077
Greenland 1983 90,500 - 8,100 - - - . - 1,400 -l 100,000 310
1984 78,942 - 10,442 - - - - - - 630 - 90,014 297
1985 292,181 - 18,378 - - - - - 934 -l 31493 864
1986 307,300 - 9700 - - - - - - 2,600 -l 320100 960
1987 297,128 6,287 - - - - - - - 2,598 -l 308313 966
1988 281,356 - 4,602 - - - - - - - 2,296 .| 288233 893
1989 110,359 5,379 - - - - - - - 1,875 -l 117613 337
1990 97,271 . 3,346 - - - - - - 860 101,478 274
1991 167,551 415 8,809 51 - - - - 743 41 177052 an
1992 82,354 217 2,822 18 - - - - - 364 2 $5,381 237
1993 - - - - - - - - - - - - -




1994 - - . . - - ; - - - X . . . .
1995 31,241 . 358 . . . . - - - - - 478 -l 320 83
1995 30,613 - 884 - - - - - - y . 568 -l 32062 92
1997 20,980 - 134 . . . - - - - - 124 -l 21238 58
1998 3,901 - 17 - - ; - - - . 88 - 4,006 11

' MSW includes all sea ages >1, when this cannot be broken down.
Different methods are vsed to separate 1SW and MSW salmon in different countries:
- Scale reading; Faroe Islands, Finland (1996), France, Russia, UK (England and Wales), USA and West Greenland.
- Size (split weightlength): Canada (2.7 kg tor nets; 63¢m for rods), Finland up until 1995 (3 kg), Iceland (various splits used at different times and piaces), Norway (3 kg), UK
(Scotland) (3 kg in some places and 3.7 kg in others). All countries except Scotland report no problems with using weight to catergorise calches into sea age classes.
In Scotland, misclassification may be very high in some years.
In Norway, catches shown as 3SW refer (o salmon of 3SW or greater,

Iz
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Table 21.2.1 Nirrbers of fish cauphi and released! in rocl fisheries along with Lhe S6of the total rod catch (released + retained) for various courtries in he North Aflantic, 1991-1998.
Year Canada (1) Toclend Russia UKE&W) (2) UK(Scot) (2) USA
Smal Lage  Totl %oftotal  Total  Yeoftotd  Told  %oltoid  Total Seoftotal  1SW  MSW  Toldl %hoftotd  Total  %of total
rod rod rod rod rod rod
catch calch catch catch ctch calch
191 : 3211 51 9 50
192 17945 856 46450 2 0M v B 407 67
1993 090 WEW By 4 12646 8 1,448 10 507 77
1994 2404 2170 4584 0B 2066 B 3227 13 1535 5067 6602 8 29 95
195 18601 12610 31211 3% 11904 84 3,187 20 3292 8846 1218 14 370 100
996 XS WA %YM B ) 2 045 B 348 0 2282 817 049 15 542 100
1997 26810 217 4850 0 0M 1558 5 1Usn &7 31 b2 290 Bll6 10906 18 313 100
198 W58 W N335 52 2,82 7 1276 8l 5,116 30 4951 8460 13411 19 3 100

b ligures fix 1992 i 1996 are minirme, estinmates as not all aveas have
reported catch andredeace. The 1958 figure is provisional
2, Hguees fir 1998 are provisional




‘ Table 2.1.3.1

Guess-estimates of unreported catches in tonnes within national EEZs in the North-East
Atlantic, North America and West Greenland Commissions of NASCO, 1986-1998. In 1998,
unreported catches in the North-East Atlantic have been spiit into two regions.

Year North-East North-East North-East North West Total
Atlantic Atlantic Atlantic American Greenland
Scandinavia & Southem Total
Russia Europe
. 1986 - 315 - 315
: 1987 2,554 234 - 2,788
1988 3.087 161 - 3,248
1989 2,103 174 - 2,277
1990 1,779 111 - 1,890
: 1991 1,555 127 - 1,682
1992 1,825 137 - 1,962
! 1993 1,471 161 12 1,644
1994 1,157 107 12 1,276
1995 942 98 <20 1,060
1996 947 156 <20 1,123
1997 732 90 5 827
1998 504 604 1108 91 t1 1,210
Mean
1993-1997 - - 1,050 122 - i.186
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rable 2.2.1.1 Production of farmed salmon in the North Atlanlic arca and in areas other than the North Atlantic (in tonnes round fresh weight), 1980-1998.

Year North Atlantic Area Outside North Atlantic Area Worldwide
- L]
Norway UK Faroes Cunada Ireland  USA  Tceland UK Russia  Total Chile West West  Australia Turkey Other  Total Total
(Scot.) (N.Ire.} Coast  Coast
USA  Canada

1980 4,153 598 0 11 21 0 0 0 N, 4,783 0 0 0 0 0 8] 0 4,783

1981 8,422 1,133 0 21 a5 0 0 0 0] 9611 0 0 0 0 0 ¢) O 9,611
1982 10,266 2,152 70 38 100 0 0 0 0 12,626 0] o 0 0 0 o 0 12,626
1983 17,000 2,536 110 69 257 0 0 0 0 1997 0] 0 0 0 0 o Yy 19,972
1984 22,300 3912 120 227 385 0 0 0 0 2694 0] 0 0 0 0 o O 26,544
1985 28,655 6,921 470 359 700 0 91 0 0 37,196 0 0 0 0 0 0 0 37,196
1986 45,675 10,337 1,370 672 1,215 0 123 0 0 55392 0 0 o 20 0 0 0 59,392
1987 47,417 12,721 3,530 1,334 2,232 365 430 0 0 68,089 3 0 0 50 0 0 53 68,142
1988 850,371 17,951 3,300 3,542 4,700 455 1,053 0 0 111,372 174 0 0 250 ¢ 0 424 111,796
1989 124,000 28,553 8,000 5,865 5,063 905 1,480 0 0 173,866 1,864 1,100 1,000 400 o 700 5064 178,930
1990 163,000 32351 13,000 7,810 5,983 2,086 2,800 <100 5 229,035 9,500 700 1,700 1,700 0 800 14,4001 243,435
1991 155,000 40,593 15,000 9,395 9,483 4,560 2,680 100 0 236811 14991 2,000 3,500 2,700 0 1400 2459 261,402
1992 140,000 36,101 17,000 10,380 9,231 5,850 2,100 200 0 220,862| 23,769 4,900 6,600 2,500 0 400 33,169 259,031
1993 170,000 48,691 16,000 11,115 12,366 6,755 2,348 <100 0 267,275 29,248 4,200 12,000 4,500 1,000 400 51,348 318,623
1994 215,000 64,066 14,789 12,441 11,616 6,130 2,588 <100 0 326,6301 34,077 5,000 16,100 5,000 1,000 800 61,977 388,607
1995 295,000 70,060 9,000 12,550 11,811 10,020 2,880 239 0 411,580ff 41,093 5,000 16,000 6,000 1,000 0 69,093 480,673
1996 305,000 83,121 18,600 17,715 14,025 10,010 2,772 338 0 451,581 69,960 3,200 17,000 7,500 1,000 600 101,260 552,841
1997 331,367 99,197 22,205 19,354 14,025 12,140 2554 225 0 501,067 87,700 6,000 28,751 9,000 1,000 900 133,351 634,418
199§ 345590 115,483 20,362 22,610 18,000 13,166 2,686 114 0 538,011]) 125,000 3,000 32931 10,000 1,000 400 172,331 710,342

Mean

1993-1997| 263,273 73.027 16,119 14,635 12,769 9,011 2,628 204 0 391,627)| 52,416 5,080 17970 6,400 1,000 340 83,406 475,032

1098 data for some countries are provisional.

Source of production figures for non-Atlantic areas: Misc. Fishing Publications/
Govt. Reports. An exception to the above are the figures for West Coast
Canada in 1997 and 1998 which were supplied by the provincial government.

West Coast USA = Washington State
_ West Coast Canada = British Columbia

Australia = Tasmania

Other includes South Korea




Table 2.2.2.1 Production of ranched salmon in the North Atlantic (tonnes round fresh
weight) as harvested at ranching facilities, 1980-1998.

Iceland Ireland UK(N Ireland) Norway Total
Year commercial River! River various production
ranching Bush! facilities’

1980 8 8
1981 16 16
1982 17 17
1983 32 32
1984 20 20
1985 55 17.5 17 30
1986 59 229 22 104
1987 40 6.4 7 33
1988 180 11.5 12 4 204
1989 136 16.3 17 3 169
1990 280 5.9 5 6 291
1991 345 36 4 5 353
1992 460 9.4 11 10 480
1993 496 9.7 8 11 514
1994 308 15.2 0.4 9.5 324
1995 298 16.8 1.2 2 316
1996 239 18.5 3 8 261
1997 50 4.1 2.8 2 37
1998 34 12 1 2 47
Mean

1993-97 278 13 3 7 294

Y Total yield in homewater fisheries and rivers. 1998 figure for Ireland is provisional.



Table 2.4.5.1

Incidence of summer checks in 1SW and 28W salmon sampled from sites around Scotland in 1997,

Sample site 1SW salmon 25W salmon
Number sampled Number with Number sampled Number with
summer checks (%) summer checks (%)
Recaptures of North 50 13 (26.0) 41 5022
Esk smolts. Various
sites
North Esk, net & coble. 1115 223 (20.0) 528 1427
North Esk, rod & line 52 15 (28.8) 185 3(1.6)
Redpoint, fixed engine 32 13 (40.6) 1 0(0)
Achilticbuie, fixed 20 9 (45.0) 1 0
engine
Strathy, fixed engine 285 66 (23.2) 16 00
River Don, netting for 73 28 (38.4) 20 1(5.0)
broodstock
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Table 2.6.1.1. Eggs taken and juvenile Atlantic salmon and eggs stocked (excluding private commercial sea ranching).
Blank fields indicate data not available,
Estimated number (nearest 1,000) of eggs spawned by artificial methods from (Year) sea-run adults in autumn/winter period of Year / Year +1).
Example = eggs artificially spawned and recorded for 1997 were spawned during the fall/winter period of 1997/1998
Total Eggs Eggs Stocked No. Fry Stocked No. Parr Stocked No. Smolts
Country / Year Artificially (rounded 1o nearest 1,000) {rounded 10 pearest 1,000) (rounded to nearest 100) (rounded to nearest 100)
Spawned | Green | Eyed | An | Unfed | Fed | AN o+ | 1&1+ | 2er> | an 1 | 2ormore | Al
1998
Total | 3sa72000] 1749000] 1537000 3286000] 21787000] 6697000] 28484000] 4125100] 1763570]  10800] sso9a7O]  2308004] 1101000 3909004
Belgium of 0 0 of 0 0 of 193900 0 o] 193500 4500 0 4500
Canada (1) 5234000] 2000 160000 IGZOOGI 1303000] 332000 1635000] 14924000 1046000 10800] 2549200 632500 118400 757900}
Denmark 0 0 OJ 0 53000 68000 263600 212500 476100 95500, 20700 116200
Finland 0 0 o] 0 0 0 0 0 0 0 0 0 o
France 0 150000 ISOOOOI 1838000} 2228000 2416000 414300 40500 0) 454800 150900 3300 1542008
leeland 0 0 OI 80000 289000 369000 253100 0 0 253100 515600 44700 5603008
Ireland 10591000, o 1112000 1112000] 4150000 502000 4661000 348900 0 0 348900 460300 0 460300
Norway (2)
Russia 1906000 0 0 0f Y] 0 0 { 33000 0 33000 0 834200 83420
Spain 950000 0 D) UI 0 0 0 432000 107500 0 539500 33500 0 33500}
Sweden 0 0y (]I Q 0 0y 0 0 0 0 92300 45700 1380008
UK (England - Wales 0 2000 ?.(J{J(]I 0] 1730004 173000)] 264800 158200 0 423000 124500 0 12450
UK (Northern Ireland) 1745000 (} 174500(J| 485000 0 485000 0 0 0 0 1000 10000 11000
UK (Scotland) 2000 113000 llSODCII 3671000] 2258000 5929000] 0 123100 0 123100 0) 24000 24000
USA{3) (1) 19791000 0 0 OI 11901600] 347000 12748000] 462100 42770 0 504870 690494 0 590494
|
(1) Total eggs artifically spawned for Canada includes 4.08 million eggs from sea-run fish, and

1.16 million eggs from captive sea-run kelts.

)
3)

1998 egg collection and stocking information from Norway is unavailable.
Total eggs artifically spawned by the United States includes 4.77 million eggs from sea-run fish,

13.24 million eggs from captive/domestic broodstock, and 1.78 million eggs from captive sea-run kelts.

(4)

The United States afso stocked 6,628 captive and domestic adult Atlantic salmon.

27



Table 2.7.1.1.

Number of microtags, external tags, marks and finclips applied to Atlantic salmon by countries

for 1998, ("Hatchery’ and *wild’ refer to smolts or parr; adults are *wild’ and/or *hatchery?)

Primary Marking Method Auxillary
External Adipose Other Marks
Country Origin Microtags Tags Clip Yisible Applied
Only Clips/Marks

Belgivm Hatchery 16961 4548

Wild

Adult

Total 16961 4548
Canada Hatchery 12448 556830 4450

Wild

Adult 12535

Total 24983 556830 4450
Denmark Hatchery 27107 1900 45371 240001 271407

Wild

Adult

Totat 27107 1904, 45371 24000 27107
Finland Hatchery

Wild

Adult

Total 0 0f 0 0 0
France Hatchery 35463 305423 3579

Wild 123 524 123

Aduh

Tatal 35586 305947 3702
Iceland Hatchery 146717 36] 146717

Wild 3852 1852

Adult 2439

Total 150569 2475 150569
Ireland Hatchery 257365 160089 237365

Wild 3776 3776

Adult

Total 261141 160089 261141
Norway Hatchery 50741

Wild 3720

Adult 800 . RO0

Total 104261 300
Russia Hatchery 4034000

Wild 235

Adult 1911

Total 1911 404215
Spain Hatchery 45331 97100 142431

Wild

Adult

Total 45331 07100 142431
Sweden Hatchery 6456

Wild 637

Adult

Total 7093
UK (England & Hatchery 103153 79420 174984
Wales) Wild 2799 2799

Adult 1425

Total 105952 1425 79420 177783
UK (Morthern Hatchery 34725 3368 34725
Ireland) Wild 2328 2323

Adult 306) 306

Tatal 37053 3363 306 37359
UK (Scotland) Hatchery 5997 2000 5400 7957

Wild 14413 4593 19006

Adult 182

Total 20410 65775 5400 27003
USA Hatchery 5672 49894 31222

Wild 775

Adult 2204 79 227

Total 2204[ 5672 50748 31449
TOTALS Hatchery 672819 122581 1662673 73894 835125

Wild 27291 8950 739 775 31884

Adult 0 21496 0 385 1333

Total by Type 700110 153027 1663412 75054 868342
Grand Total Salmon Marked = 2591603
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Figure 2.1.1.1 Nominal catches of salmon in four North Atlantic regions 1960-98.
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Figure 2.2.1.1. Worldwide farmed Atlantic salmon preduction, 1980-1998.
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Figure 2.2,2.1. Production of ranched salmon in the North Atlantic, 1980-1998.
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Figure 2.4.2.1 Frequency distribution of water temperatures recorded by data storage tags applied to salmon kelts at
Western Arm Brook, Campbellton, and Highlands rivers in Newfoundland.
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Figure 2.4.4.1. Recapture rates for saimon in the River
Figgjo (A} and total spawning biomass for Norwegian

) spring spawning herring (B).

Recapture Rate, %

A » —o— 15W salmon

—0— 25W saimon

<

100k

10k

Total Spawning Biomass, t

1k -

Tyttt Ty
1960 1964 1968 1972 1976 1980 1984 1988 1992 1996

Year

35



9¢

Q1: Cascapedia

Q2: Dartmouth

Q2: Saint-Jean

25 7T 8 .
= . % g4 . = 7t
o ™ . o
20 + . & -4 e . o 3 *e ¢
: ’ > * . s °F ¢ . KW 2 °1 R
E {5 + c 4k c 5T .
2 4 . S e ¢ S L ' 4
£ A £ 31 ¢ . £ 4 * e
E 10 ¢ *~ £ X ; E 3¢
2 2 2¢
g 2 2.t
2 g8 'l | 8 11
o + $ $ 1 0 v t ¥ t i 0 } } $ + N
) 0 5 10 15 20 16 0 ! 2 3 4 5 g 1 2 3 4 6
sopt=3. . sopt=1. sopt=1.8
Spawners (million of eggs Spawners (million of eggs) Spawners (milllon of eggs
Sop(75%)=35. ) 1S'l:“‘p[(75%)= Sopt(75%)= pa ( e99s)
Q2: Matane s
Q2: York o Q7: De la Trinité
1T L I 9
B O *3 e
g ° 1 s | e 7
k] 5 k3 % 5
5 ] 56 1 . * 85
:‘_E' 4 o :E 4 L E 4
2 & L 2 a 3
5 5 2, | 32
g & g1
8] Q t 1 + t — 0+ t t t
0 1 2 3 4 5 6 7 0 2 4 6 a 10 0 1 2 3
sopt=2.5 sopt=3.1 il sopt=1.3 i
sopt=2. Spawners (milllon of eggs) p Spawners (million of eggs) pl=1. Spawners (million of eggs)
Sopt(75%)= Sopl(75%)= Sopt(75%)=

Figure 2.4.7.1 : Stock/Recruitment relationships for the six rivers studied




Figure 2.4.7.2; a) posterioni distribution of the Sopt value on Matane river; bjposterior probability distribution of Sopt
(eges/UP) for each of the index rivers and posterior predictive probability distribution of Sopt for a new river where no
SR data are available,
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Figure 2.4.10 Scatter plots of variables explored in North American salmon recruitment models.
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Figure 2.5.1. Flow chart for decision making in relation to compliance or non-compliance with conservation limits or
targets.
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3 FISHERIES AND STOCKS IN THE NORTH-EAST ATLANTIC COMMISSION AREA
31 Fishing at the Faroes in 1997/1998 and 1998/1999

In the period 1991-98 inclusive the Faroese salmon quota was bought out. However, the Faroese Government continued
sampling inside the 200 mile EEZ during most of the period (ICES 1997/Assess:; 10), including Januvary-April, 1998. No
buyout has been arranged for 1999 and the prospects for a salmon fishery in the coming 1999/2000 fishing season is
unknown.

32 The Research Programme at the Faroes
321 Gear, effort and catch in the research fishery

The saimen long-liner M/S "Polarlaks™ conducted a rescarch fishery from January to early April 1998, Four separate
trips were carried out with 31 sets fished which caught 5.8 t (1,763 salmon} including discards (Table 3.2.1.1). The
catch rate (CPUE) in 1998 was 30 salmon per 1,000 hooks employed. This is below the range of 36 to 84 fish per 1,000
hooks for the fishery 1981 through 1995 (ICES 1996/Assess:11}.

322 Composition of the research fishery catch

The length distribution of salmon in the Faroese area in the winter of 1998 is shown in Figure 3.2.2.1. The sea age was
determined from previous age-at-length data (ICES 1996/Assess:11). As in previous fishing seasons, the 2SW salmon
dominated (75%), 1SW (19%) and 3+8W (6%) were caught in lower proportions (Table 3.2.2.1),

The proportion of discards in the catch (i.e., salmon <60 ¢m} was 16.9% which is higher than the previcusly noted
range of 1.8 to 15.6 (ICES 1996/Assess:11). However, the fishery only took place from Fanuary to April and not over
the entire season as in previous years and it is known that the proportion of discards is higher in the carly part (October-
November) of the season.

3.2.3 Origin of the research fishery catch

Approximately 1000 scale samples were collected from salmon in 1998, but they have not heen analysed. Thereforc
there is currently no available information on the proportion of escaped farmed salmon in the Faroesc area.

In total, cight external tags were recovered in the 1998 sampling with "Polarlaks". Seven tags came from salmon which
had originated in Norway and one tag originated from Sweden. Although 25 finclipped salmon were caught, none of
these bhore coded wire tags. Despite the small sample size, the recovery of tags is consistent with picviously estimated
proportions of tagged fish from other countries (ICES 1996/Asscss: 11).

33 Homewater Fisheries in the NEAC Area
3.3.1 Significant events in NEAC home-waters

A committee was appointed by the Norwegian Ministry of Environment to discuss and describe the causes of the
decline of wild salmon in Norway and 1o propose measures to counter-act the decline. The report of this committee has
recently been published and will be considered by government following public hearings.

While Iceland has had a general ban on fishing for salmon in the ocean, (with the exception of coastal fishery at five
locations at the west coast), the rights to fish in these waters have now becn permanently bought out by fishery
associations in nearby rivers with the support from the Icelandic state. Consequently, practically all the fisheries in 1998
were carried out in freshwater,

The restrictive measures introduced in Ireland in 1996 to reduce fishing effort were also applied in 1998. Efforts
continued in Ireland to comply with the recommendations of the Salmon Management Task Force which reported in
1996. A national carcass tagging scheme for salmon caught by comtnercial and recreational fisheries has been designed
and proposed. Funding was obtained to install and operate fish counters on 22 rivers in Ireland for the purposes
managing fisheries on areal time basis. These initiatives will be linked to a quota scheme which should come into effect
within the next two years,
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In Russia, significant changes occurred in the operation of the barrier fences at the Tuloma and Umba Rivers where all
salmon retuming to these rivers were allowed to ascend to the spawning grounds. Therefore, only five barrier fences
were operated commercially compared to 7 in the two previous years, and 10 in 1993,

A Swedish working group on the evaluation and further development of the status of the salmon populations on the
West Coast was established in 1998.

In April 1999, new national measures were introduced in the UK (England and Wales) to protect carly ranning MSW
("spring”) salmon. Most nets and fixed engine fisheries will be closed untl 31 May each year and anglers will be
required to release all salmon caught before June 16. The measures will be reviewed after 5 years.

3.3.2 Gear

Changes in gear regulation were introduced in two countries within the NEAC Area. The ban on the use of bend nets
along the Norwegian coast from Rogaland County to Troms County introduced in 1997 was again applied in 1998, In
Iceland, the coastal gillnet fishery, which in recent years has accounted for only a very small percentage of the nominal
catch, was permanently bought out prior to the beginning of the season.

333 Effort

The number of gear units licenced in several of the NEAC Area couniries are shown in Table 3.3.3.1. This provides a
relative assessment of effort. However, there is no indication from these data on the actual number of licences fished or
the amount of time each licencee fished. In most cases shown, the number of net licences has declined compared to the
previous 5- and 10-year means.

In 1998, the number of nei fishing licences showed further decreases compared to 1997 in UK (England and Wales),
UK (Scotland), Norway. In UK (Northern Ireland) all three netting methods showed a small increase in effort compared
to 1997. In Ireland, the number of draft net licences issued increased while the number of drift net licences has
remained constant over a number of years.

The number of rod licences showed no clear trend, in contrast to the general decline in licences issued to the net
fisherics over the last decade. In Ireland, the number of salmaon licences issued in 1998 shows an increase on 1997 and
on the previous 5- and 10-year means. In Finland, although effort in 1998 was up on 1997 it was down on both the
previous 3- and 10-year means. In France, rod effort was up on the previous 5 year mean but down on the 1997 value
and cn the previous 10-year mean.

In Ireland and UK (N. Ireland) weather conditions were poor in the June and July. Water levels in many rivers were
exceptionally high.

334 Catches

NEAC area catches are presented in Table 3.3.4.1. Figure 3.3.4.1 shows the percentage change in the 1998 NEAC
homewater catches relative to the previous S-year (1993-97) and 10-year (1988-97) means. With the exception of
Russia the 1998 catch in all countries showed substantial decreases compared to the previous 5-and 10-year means. This
is helieved to reflect reductions in fishing effort (Section 3.3.3) and reductions in stock (Section 3.4). The 1998 catch in
Russia showed a smal! incrcase over the previous 5-year mean but was substantially less than the previous 10-year
mean.

3.3.5 Catch per unit effort (CPUE)

CPUE data for the NEAC area are presented in Tables 3.3.5.1, 3.3.5.2 and 3.3.5.3. In the UK (England, Wales) and UK
(Scotland), CPUE for net fisheries has decreased from the previous year. Route regression analysis showed a significant
decreasing trend for UK (Scotland) net fisheries (p =0.996) for the last 10 years (Table 3.3.5.4). No trend was detected
for the UK (England and Wales) net fisheries (p =0.3).

In Finland (River Naatimo), France and in UK (Northern Ireland) (River Bush) CPUE for rod fisherics increased in
1998 compared to 1997, However, CPUE of the River Teno (Finland) was slightly lower than in 1997, Catch per angler
season (Finland, France) showed a significant increasing trend in the past 10 years (Table 3.3.5.4, p =0.06) but not for
Finland or N. Ireland (p =0.12). Catch per angler season for rod fisheries in the Russian rivers of the White Sea basin
showed a significant increase (p =0.001), whereas that of the Barents Sea basin rivers decreased (p =0.997).
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3.3.6 Age composition of catches

The percentage of 1SW salmon in catches are presented in Table 3.3.6.1 and Figure 3.3.6.1 for those countries where a
time series of data exist. The proportion of 1SW fish in the 1998 catches is presented as a percentage of the 1993-97
mean, and, where data are available, the 1988-97 mean. In Finland, France, Norway, Russia and UK (Scotland) the
proportion of 1SW fish in the 1998 catch has increased relative to both long term indices. Compared to the previous 3-
year mean, the proportion of the catch comprising 18W fish in 1998 had increased in the UK (England and Wales), and
decreased in Sweden,

3.3.7 Farmed and ranched salmon in catches

The contribution of wild , farm-origin and ranched salmon to national catches in the NEAC Area 1991-1998, is shown
in Table 3.3.7.1. In 1998, farmed salmon continue to account for a relatively large proportion of the nominal catch in
Norway (28%). Although no fishing was carried out in the Faroes in the 1996/1997 fishing season and no determination
of origin of catches is yet available for the 1997/1998 fishing season, data from previous years suggest that there is a
relatively high proportion of farmed salmon in this area as well.

In Norway, the incidence of farmed salmon in coastal fisheries in 1998 was estimated to be 43%, and in fjord fisheries
the corresponding value was 43% (Table 3.3.7.2). These values are similar to those recorded in 1997. In 1998, the
proportion of farmed salmon in rod calches was 8% whereas in broodstock samples the incidence was estimated to be
22% (Table 3.3.7.3). Thcre was a large amount of variation around the mean values for both the rod ﬁsherles and the
broodstock collections among the various sampling localities. ‘

In the River Teno (Finland and Norway), the incidence of farmed salmon during the fishing season in June-August has
been low, varying mostly between 0.1 and 0.4%. However, some occasional sampling after the fishing season in
September-October has resulted in much higher proportions of farmed fish, reaching the level of 30-50% (Table
3.3.7.4) indicating that the proportion of farmed fish in the spawning stock may be higher than reflected from the in-
-scason samples. This is similar to the findings presented from other parts of Norway (Table 3.3.7.3).

In UK (Northern Ireland}, only 0.20% of the reported catch comprised farmed salmoen, a value similar to the previous
two years (Table 3.3.7.5),

Inshore coastal catches of salmon in both UK (Northern Ireland) and Ireland are examined for escaped farmed salmon
(Table 3.3.7.6). Data for both countries are presented together as they constitute a continuous part of the species’
geographic range. Escaped farmed fish have been detected every year; the frequency being less than 1% in most years.
The 1998 figures remain at this level.

A catch sampling programnme in UK (Scotland) from 1981 Lo the present indicates that the incidence of farmed salmon
in catches of fisherics around the country continues to decrcase from their highest recorded levels around 1993 (Table
3.3.7.7.

There were no significant catches of farmed salmon reported from the other NEAC countries,
3.3.8 N #tionai origin of catches

In Sweden, it was estimated that 10% of the salmon catch in 1998 consisted of recaptures of tagged salmon which
originated from Danish cxperimental releases at the islands of Man and Bornholm. No other new information was made
available to the Working Group.

339 Exploitation rates in homewater fisheries

Exploitation rates for 14 wild stocks and three mixed stocks are shown in Table 3.3.9.1. Exploitation rates increased in
1998 from those of 1997 for 12 stocks but decreased for four of the stocks where data were available, Compared to
previous year exploitation rates increased for the rod catch in five rivers in UK (England and Wales) but decreased in
two rivers. In the North Esk (UK Scotland) exploitation rates increased for 1SW but were the same for 28W as the
previous year. Exploitation rates increased for 1SW fish in the rod catch in River Ellidaar (Iceland) and in the net catch
in River Lagan (Sweden) for both 1SW and 2S8W fish. Of eight rivers reported for Russia, exploitation rates had
decreased in seven from the 1997 fishing season. Route regression analysis shows that there was a significant
downward trend for rivers flowing to the Barents Sea for both the past 10-year and 5-year periods and for the past 10-
year period for the rivers flowing to the White Sea (Table 3.3.5.4). Route regression analysis also shows a significant
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downward trend in exploitation rates for 28W stocks in UK Scotland, Icelahd, Norway and Sweden for the past 5-year
period.

3310 Summary of homewater fisheries in the NEAC area

Since the late 1980s there has been a declining trend in salmon catches in the NEAC area. This reflects attempts by
many countries to reduce commercial fishing activities because of conservation needs. Other associated factors are
lower stock levels and a reduction in the value of commercially caught salmon.

Provisional figures show an increase in salmon catch from 1997 to 1998 in most northern European countries (Iceland,
Norway, Finland, Russia) and in Ireland, Spain and France. This increase is due mainly to increased grilse catches. In
contrast, catches in UK and Sweden have decreased from the previous year. Proportions of 1SW salmon were generally
above the 1997 values and the 10-y¢ar and 5-year means,

Farmed salmon continue to represent a large proportion of the coast, fjord and brood stock catches in Norway (22-
45%), although the proportion has remained relatively stable over the past few years. The proportion of farmed fish i3
generally less than 1% in fisheries in UK, Ireland and Finland. Ranched fish comprise 40% of the salmon catch in
Sweden and 20% in lceland, whereas the proportion in other countries is generally less than 1%.

Commercial fishery effort continued to decrease in net fisheries in UK. CPUE of the commercial fishery in UK
(Scotland) has decreased. In Finland and France, catch per angler season show an increasing trend. Similarly, CPUE of
rod fisheries in the Russian rivers of the White Sea basin showed a significant increase, whereas that of the Barents Sca
basin rivers has decreased.

34 Status of Stocks in the NEAC Area
341 Attainment of conservation limits

In order to provide a composite view for the NEAC arca over the last 10 years (1989-98), escapement levels were
examined for rivers where egg deposition ¢an annually be equated to a consegrvation limit (CL). Data was available for
18 rivers in the NEAC arca. Egg depositions were assessed on the hasis of pooled 15W and MSW spawners but futare
efforts will attempt to account for stock composition. Sixteen rivers, five from Russia, five from UK (England and
Wales), three from France and one each from Ireland, UK (Northern Ireland), and UK (Scotland) had sufficient data to
be included in the 10-year analysis (Table 3.4.1.1). (The River Dec, UK [England & Wales] was included even though
there were only seven vears of data). For each river, escapement was divided by its CL so that escapement status could
be readily compared across rivers independent of various river CLs,

Of the 137 cells (year-by-river) 81 (52%}) had escapement levels below the CL (Table 3.4.1.1). One river never attained
its CL during the last ten years while three rivers were always above their CL. By ranking the rivers according to the
mean rate of CL attainment, four categories were distinguished:

o five rivers in which egg deposition was mostly below CL (means of the river CL artainment rates of 0.44 to 0.78).
Within this group, only 10% of year-by-river cells had depositions in excess of the CL, 36% of cells had an
escapement lower than half of the CL;

+ five rivers in which egg deposition fluctuated around CL (means of the CL attainment rates of: (0,94 to 1.17). Forty-
seven percent of the river-by-year cells had deposition in excess of the CL. In 9% of the cells escapement was more
than twice the CL while in 6 % of the cases, deposition was less than 50% of the CL. As a result, escapement
varied between one-half and twice the CL 85% of the time;

o  four rivers in which egg deposition was mostly in excess their CL (means of the CL attainment rates of 1.44 o
1.89). For these rivers, 73% of the river-by-year cells had depositions in excess of the CL, and of these 38% had
levels in excess of twice the CL. No cells had less than one-half of the CL;

e two rivers in which deposition was well above CL (means of the CL attainment rates of 2.48 and 2.88). These
rivers never fell below CL during the last 10 years and in 80% of the cases, egg deposition exceeded twice the CL.

On the basis of change in CL values over the last 10 years, the 16 rivers examined could be classified into two groups
(Figure 3.4.1.1):
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e nine rivers showing a decreasing trend (p <0.01, route regression);

¢ seven rivers with no trend around their mean (p =0.12, route regression).
No rivers had an increasing trend.

In combination the two categories indicate that:

& rivers having the lowest and the highest egg depositions are stable (4/7) or decreasing (3/7);
¢ rivers with escapement levels intermediate to the two extremes (fluctuating around the CL. or mostly above CL) are
mainly decreasing (6/9).

For all rivers, the period 1994-97 had the poorest egg depositions with 10 to 12 rivers below their CL in each year, In
contrast, 1989, 1993 and 1998 tended to be the most favourable years with 9 to 10 rivers out of the 16 being in excess of
the CL. In 1998, depositions in 12 of the 16 rivers improved over those of 1997.

No overall conclusion could be drawn at a regional scale within the NEAC area. This was because of the absence of
consistent patterns within each country or region represented in the set of rivers, the small number of rivers with data
available and the absence of mformation for rivers in Scandinavia.

In summary, the rivers of the NEAC area show a broad range of situations in term of escapement levels from rivers that
never reached their CL over the last 10 years to rivers which were consistently well above their CL. This variation in
status is evident at an even lower geographical scale (region or country). In total, low CL attainment rates and their
slope during the last 10 years is cause for concern:

s 1o tendency (o recover is observed for the stock at low escapement levels;

s in most instances, stocks having average egg deposition levels equal or greater than their CL. tend to exhibit some
deterioration in their escapement; at best they just fluctuate around their mean,

Within this context, 1998 was a relatively good year and showed an improvement in most cases over 1997 (Figure
3.4.1.2). Further efforts are to be made to obtain estimates of egg deposition broken down by sea-age classes of
spawners (1SW vs MSW).

342 Measures of juvenile abundance

Smolt counts or estimates of juvenile abundance are available for 17 rivers (Table 3.4.2,1), About half of the values for
smolt counts in 1998 are higher than in the previous vear, whereas most of the values are higher than the 5-year means.
The values for rivers Burrishoole (Ireland) and Bush (UK, Northemn Ireland) were well above the earlier levels, whereas
those for the Scottish rivers were lower than before. The Scandinavian rivers showed both higher and lower smolt
abundances than in the previous year. Two groups were ronghly identified from plots of the data. Regression analysis
revealed a significant positive trend for the past five years for the group that comprised the rivers Halselva, Imsa
(Norway), Hogvadsiin (Sweden), Oir (France), Burrishoole and Bush (Table 3.4.2.2)). No trend was detected for the last
10 years. A significant 10-year decreasing trend was detecied for the other group (rivers Orkla (Norway), Ellidaar
(Iceland), North Esk, Girnock and Baddoch (UK, Scotland)), whereas no trend was detected for the past 5-year period.

Estimates of juvenile salmon (fry and parr) abundance in 1998 were at the same level as in 1997 in the River Teno
(Finland and Norway) and its two tributaries but lower than the 5-year means. The fry abundance estimate for the River
Bush was well below the level of 1997 and the 5-year mean. In UK (Northern Ireland), record high flow levels during
the spring and throughout the summer of 1998 are believed to have contributed to much lower than normal survival of
juvenile salmon (and trout) in the R. Bush and raise concerns aboui the knock-on effects on smolt runs in years 2000
and 2001,

Preliminary analyses of long-term trends in juvenile survey data in three rivers in the UK (England and Wales)
indicated significant declining trends at five of the ten sites and a significant increasing trend at only one site,
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343 Measures of adult returns back to the rivers

In order to depict temporal trends in the adult returns into the rivers of the NEAC area, an analysis was carried out using
adult counts provided in Table 3.4.3.1. These data of adult returns are intermediate between recruitment back to the
coast and spawning escapement, because in most cases the counting facilities are located below riverine fisheries. MSW
and 1SW fish are pooled. In the case of the Gimock and the Baddoch burits, two small tributaries of the Dee {Scotland)
where fish enter at spawning time, only the females were taken into account. These were considered to better reflect
overall abundance due to the difference between both sexes in their behaviour relative to the trapping facilities at the
time of spawning.

In order to provide the widest possible geographical view, only the data for the last ten years (1989-98) were
considered. All rivers with at least seven years of data out of ten were included in the analysis. In order to look only at
temporal trends, independent stock size, cach series was divided by its mean. As a result, all the transformed series had
a mean = 1. Therefore any data lower or greater than 1 corresponds to returns lower or greater than the last 10 year
average respectively. Cluster analysis (Ascending Hierarchical Classification based on an inertia criteria with a chi-
square distance) was used to help define groups of rivers showing common features in temporal trends, This method
provides a hierarchy of classes which is of interest when trying to subdivide categorics into sub-categories (Lebart ef al.
1984). Inertia criteria take into account not only the distance between elements to be aggregated but also their size, thus
avoiding chain effects i.e., when groups of categories are not identified due to overlap with smaller groups or single
categories. Chi-square is the separation measure used when looking at the profiles i.e., comparing relative importance of
series of positive numbers.

Two broad categories can be distinguished at first (Figure 3.4.3.1 and Figure 3.4.3.2);

* 19 rivers (58%) which had decreasing salmon returns over time whereas 13 (39%) showed no trend,
* one river out of 33 which tended to increase (although no data was avai]ablc for it for the last 2 vears).

The broad category of decreasing rivers could be split into four subgroups:
*  The first subgroup (five rivers) showed a continuous trend over the study period.

The other three showed a two-step pattern i.e. fluctuations around values higher than the mean, followed by fluctuations
around values lower than the mean. The years of transition hetween these two steps were lagged between the 3
subgroups:

*  The second subgroup (5 rivers) showed a strong decrease at the beginning of the period analysed (198%-91) with no
recovery thereafter;

¢  The third subgroup (5 rivers) had a drop from 1992 to 1994,

¢ The last subgroup (4 rivers} was affected by an abrupt change between 1994 and 1995.

Within the category of rivers showing no trend over time two subgroups could be identified; one subgroup of these
(nine rivers) reflected inconsistent variations between rivers whereas the other (four rivers) was characterised by a
notable improvement in 1998 over 1997.

In terms of geographical patterns (Figure 3.4.3.3), a partition of the 33 rivers into two broad regions, north-east
(Scandinavian countries and Russia, 14 rivers) and south-west (UK, Ireland and France, 19 rivers) revealed differences
in returns over the last 10 years. In the north-east region, most rivers showed a decline (10/14, 71%) whereas in the
south-west region the split between rivers decreasing or with no trend was about balanced (9 declining against 10 stable
or showing some improvement).

The pooling of MSW and 1SW fish in the data sets available was a major limitation to the analyses. Each sca-age
represents alternative life history sirategies which potentially maximise stock survival (¢.g., coping with changes of the
environment). As illustrated by the apparent decline in MSW stocks relative to grilse stocks, there is little reason for
sea-age components to have same pattern of return over time. More insight into the rends in adult returns over time
could be provided if the data were available for MSW and 15W salmon separately.

In summary, it must be emphasised that adult returns to index rivers within the NEAC area have been declining or
showed no trend over the last 10 years, but were almost never (1/33) improving. Within the rivers having declining
returns, a broad range of patterns of decrease was observed. Within the rivers showing no trends a small fraction (4/13)
improved notably in 1998, Within this rather pessimistic overall picture, stocks of the Northeast region {(Scandinavia
and Russia) seemed to be more of a concem than those from the Southwest region (UK, Ireland and France).
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344 Survival indices

Estimates of marine survival for wild smolts from 10 stocks returning to homewaters (ie. before homewater
exploitation) and for 11 stocks returning to freshwater in 1998 are presented in Tables 3.4.4.1 and 3.4.4.2, respectively.
Returns to homewaters are likely to present a clearer picture of marine survival than retums to freshwater because of
variation in exploitation in coastal fishery. In Table 3.4.4.2, indices of survival are also provided for autumn age-0" parr
for the Nivelle River (France), This provides an approximation of marine survival as more than 80% of juveniles
migrate after only one year in freshwater, In most areas marine survival was under the 5-year mean.

For 1SW fish route regression analysis showed no significant trend for the past 10-years but there was a significant
downward trend for the past 5-years. No significant wend was noted for 2SW fish for the past 5- and 10-year periods.

Return rates of hatchery released fish may not always reflect the survival of wild fish due to differences in release
conditions. Marine survival rates for six hatchery stocks are given in Table 3.4.4.3 and Table 3.4.4.4. For the past 10-
year period, Toute regression analysis showed a downward trend for survival to home waters for 1SW and 2SW fish but
no significant trend was obsezved for the past 5-year period. :

In general, there appears to be an overall decreasing trend in survival.
345 Status of early-running (or spring) salmon

Early-running MSW salmon occur in the rivers of the central and southem European coasts. Catches of these fish have
declined throughout the range, notably in Ireland, France and UK (England and Wales). Analysis of rod catch data for
UK (Scotland) for each of the five separate months February - June show steeply declining trends (1952-present). The
trends are progressively less pronounced through the sequence of months. New pairwise comparisons of each of the five
monthly trends for February - June has shown that the developing trends diverged after about 1990. Since 1990, the
February rod catch has dectined rapidly. March and April catches have continued to decline at comparable rates, while
May and June catches have recovered slightly - although they are still below the long-term average. In Scottish rivers,
run-timing is strongly related to the distance fish move into rivers before they spawn, The graded trends for the monthly
rod catch figures are reflected in graded egg deposition rates at different Jevels in the rivers. Egg deposilion rates have
declined most rapidly in the uppermost parts of catchments,

The Baddoch and Girnock Burns are upland spawning tributaries of the River Dee (UK: Scotland). They receive mostly
early-running MSW fish and microtag data indicate that they fish enter the river before April. In 1998, the trap catch of
adults ascending the Girnock Burn comprised only 29 fish of which only 11 were female. In the Baddoch Burn, 48 fish
were captured of which only ten were female. In spite of greatly decreaséd levels of exploitation by estuary and coastal
nets and the introduction in 1995 of an advisory (and effcctive) catch-and-release policy on the river, spawning
escapement is at an extremely low level. In both streams, minimum egg deposition levels equivalent to about 40
females are considered to be required to ensurc maximal smolt production. Current failure to approach these levels is a
result of high marine mortality rates among early-running MSW fish.

34.6 Summuary of status of stocks in the NEAC area

The analysis of smolt output data indicated that the temporal patierns were not consistent between different rivers or
regions. Some rivers showed a significant improvement in smolt production whereas the smolt output of other rivers
declined. A significant downward trend was detected for wild smolt survival (1 SW returns) over the past five years and
for batchery smolt survival {1 SW and 2 SW returns) over the past ten years,

In most cases, adult salmon counts in index rivers within the NEAC area increased from 1997 to 1998, However, over
the last ten years, adult returns have been declining or showed no trend, and were improving in only one case. Analysis
of attainment of conservation limits (CL) indicated variable status of salmon stocks in different rivers of the NEAC
area. Some rivers have never or seldom reached their CL over the last 10 years, whereas others have been consistenty
above their CL. Many rivers that have reached their CL in most years show a decreasing trend in escapement, however,
and no tendency Lo recover was observed for rivers with low escapement levels,

35 Evaluation of the Effects of the Suspension of Commercial Fishing Activity at Faroes

Since 1991 the Farocse fishermen have agreed to suspend commercial fishing for the salmon quota set by NASCQ,‘ in
exchange for compensation payments, The number of fish spared as a result of this suspension is the catch that would
have been taken if the fishery had operated, minus the catch in the research fishery. As for last year (ICES 1998/
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ACFM:15), the Working Group concluded that the full quota would have been taken, had the quota purchase not been
in effect. Thus, the maximum catch that would have been taken in 1997/98 would have been 380 t (Table 3.2.1.1).

Data on the discard rate in 1997/98 was obtained from the research fishery, while the age composition of the catch was
derived from length-splits previously applied (ICES 1956/Assess:11). No new values were available for the proportion
of farm escapees in catches, or to expected time to return to homewaters, so the same values used for the previons three
years were applied. The assessment is shown in Table 3.5.1, This suggests that if the full quota was not taken, between
3.000 and 21,000 additdonal 1SW salmon and between 70,000 and 138,000 additional MSW salmon would have
returned Lo homewaters each year from 1992 to 1998. For the 1997/98 season, the numbers of fish believed saved were
20,000 1SW and 103,000 MSW, respectively.

In addition, between 20,000-55,000 escaped farmed fish each season would have been saved from caplre in the
Faroese fishery, however data from tagging experiments suggest it is probable that almost all might be expected to
retum to Norway (ICES 1998/ACFM:15). The analysis carried out suggests that, for the 1997/98 season, up to 30,000
escaped farmed fish may have been saved.

Estimates (means of 1000 simulations) of the total numbers of 18W and MSW salmon retuming to homewaters (i.e.,
Pre Fishery Abundance estimates) in the NEAC area and to countries of northern and southern Europe are provided in
Tables 3.6.2.1 and 3.6.2.2. The calculated additional returns represent between 6% and 4% of MSW f{ish and 0% to
1% of 18W fish returning to homewaters between 1992 and 1998 (Table 3.5.1). However, data from adult tagging
studies (Hansen and Jacobsen 1997), indicate that the majority (about 63%) of MSW salmon caught in the Faroes
fishery would return (0 Scandinavian countries, Finland and Russia. If this were the case, they might have represented
from 8% to 19% of MSW retumns and from 0% to 1% of 1SW returns to northern European homewaters between 1992
and 1998 (Table 3.5.1). If stocks and fisheries had remained stable, total catches would have been expected to increase
by approximately the same proportions in respective areas.

Catches in homewater fisheries in four areas of Europe (Table 3.5.2) were examined for any significant change
following the suspension of fishing at Faroes in 1991, There have been significant reductions in catches for 15W
salmon in Northemm Europe (Finland, Sweden and Norway) (Rerit, p =0.004) and southern Europe (Ireland, UK
(Scotland) and France) (Rerit, p =0.04). No detectable change was noted for MSW catches in northern Europe (Finland,
Sweden and Norway) or for adult counts to Russian rivers in the same period. (It should be noted that catches of MSW
salmon in Europe in 1994 and 1995 should also have been atfected by the suspension of salmon fishing in Greenland).
MSW catches were significantly lower in the period following the cessation of commercial fishing at Farces from 1992
to 1998, compared to the period 1987 to 1991 for southem Europe (UK [Scotland] and France) (Rerit, p =0.01).
Although the additional retumms would have been expected to have contributed to catches and spawning stocks, it
appears that any expected increase has been masked by other factors such as changes in marine survival or management
measures in homewaters.

3.6 Expected Abundance of Salmon in the North East Atlantic for 1999/2000
3.6.1 Previous development of a NEAC - PFA meodel

In 1993, the Working Group presented a model to estimate the pre-fishery abundance (PFA) of salmon from countries
in the NEAC area at the beginning of their second year in the sea (ICES 1995/ Assess: 14). The method employed a basic
run-reconstruction approach similar (o that described by Rago er af (1993b) and Potter and Dunkley (1993), The model
estimated the PFA from the catch in numbers of 18W and MSW salmon in cach country, These were raised Lo take
account of minimum and maximurm estimates of non-reported catches and exploitation rates of the two age groups.
Finally these values were raised to take account of the natural mortality between January 1 in the first sea winter, which
is taken as the date they recruit to the first fishery (Faroes), and the mid-point of the respective national lishery season.

In 1997, the Working Group presented a Monte Carlo simulation (‘“@Risk’ in Excel) to generate distributions around
the estimated PFA values(ICES, 1997: Assess:10). The same minimum and maximum parameter values were used as
previously (except where these were updated or corrected). These were thought to encompass the full range of true
values and were therefore used as the limits of uniform distributions for each parameter in the simulation. The model
was run separately to estimate the total numbers of maturing and non-maturing 1SW recruits in the NEAC area; and in
southern and northern European countries each run was based on 500 simulations.

The Working Group further refined and vpdated this approach in 1998 (ICES 1998/ACFM:15). The Monte Carlo
simuelation was reformulated using the software package “Crystal Ball' (Decisioneering, 1996) in Excel and was run
separately for each country using 1000 simulations.
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Thus, for each country in year ‘n’, the number of fish of sea age ‘i’ killed in fisheries (including unreported catches)
(K, the number returning to home waters (Hy), the number of maturing 1SW recruits (P;), the number of non-
maturing recevits (Pyy,) and the number of spawners (W, were estimated as {ollows:

Kni = Cni / (I‘Rni)
Hy= Kgi/Uy

Pnl = Hnll e-Mltl

Pum = H(u+1)m ! e-Mmtm

Wu = Hy - Ky
where suffix ‘i’ refers to age groups “i', while ‘1’ and ‘m’ refer to the 1SW or MSW age groups specifically.
and: C = catch of salmon in numbers; |

R = estimated proportion of the total catch that is unreported (*);

U = average level of exploitation of the salmon stock (*);

M = natural mortality on salmon greater than 1SW in the sea (*);

t = time between homewater fisheries land the time of rccruitment (%),
Those variahles marked with an asterisk (*) indicate variable for which minimum and maximum values were provided.
Full details of the model and a sensitivity analysis are provided by Potter et al. (1998).
362 Improvements to the NEAC - PFA mocllel

The Working Group reviewed the model used to estimate pre-fishery abundance of salmon in the NEAC area, and the
data inputs, and made the following improvements:

1. catch data and other parameter values were added for 1998;
2. parameter values for earlier years were modified where new data or new estimation procedures were avatlable;

3. the numbers of recruits estimated from the catches in the distant water fisheres was allocated to national
production on the basis of cstimates provided by Potter (1996) for the West Greenland fishery and Hansen and
Jacobsen (1997) for the Faroes fishery;

4. farm escapees were excluded from the recruitment estimates derived from catches in the Faroes fishery using
estimates given by Hansen ef al (In press);

5. estimated catches of satmon from UK (Scotland) in the UK (England & Wales) coastal drift net fishery were
incorporated into the recruitment estimates for UK (Scotland). '

The input data for the model for ten salmon producing countries in the NEAC area and for the Faroes and West
Greenland fisheries (as updated for the 1998 assessment) are shown in Appendix 8a-81. The maximum and minimum
values denote the limits of the uniform distributions used in the Monte Carlo simulation. :

Full results for each NEAC country are shown in Appendix 9a-91. Tables 3.6.2.1 to 3.6.2.6 summarise the outputs from
the simulation, giving the mean estimates of the numbers of retums (1SW and MSW), recruits (maturing and non-
maturing 15W), spawners (1SW and MSW) and total 18W recruits (plus variances/ standard deviations). The tables
suggest that the national stocks fall into two categories, Ireland, Norway, Russia and UK (Scotland) appear to be
producing around 400k to 700k maturing 1SW recruits. With the exception of Ireland, these countries also produce
200k to 600k non-maturing 1SW recruits. Ireland and the remaining countries produce less than 100k maturing 1SW
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recruits and less than 50k non-maturing 1SW recruits. The Working Group did not consider this to be inconsistent with
their best understanding of the stocks.,

3.6.3 Grouping of national stocks

The Working Group has previously divided the NEAC PFA estimates into two groups, representing the Nordic
countries and Russia {northern Europe) and the UK, Ireland and France (southem Europe). However, the Working
Group had previously noted particular similarities between the marine survival trends for the River Figgio (in southern
Norway) and North Esk (eastern Scotland).

In 1998, the Working Group recommended that work be undertaken to assess whether alternative groupings might be
more appropriate. Examination of time series of 1SW catches in south, mid and north Norway revealed that catches
from the south and mid arecas were correlated with each other but not with catches in the north. It may therefore be
appropriate to split the Norwegian stock into two regions: (1) from the Swedish border to Lofoten, and (2) from Lofoten
to the Russian border. The Working Group did not have the data to do this separation in the PFA model, but
recommended that it be explored further in the coming vear.

The Working Group has therefore used the following groups of countries to present the PFA data;

Southern European countries: Northern European countries:
Ireland Finland

France Norway

UK(England & Wales) Russia

UK(Northern Ireland) Sweden

UK (Scetland) Iceland

These groupings differ from those used in 1998 because recruitment estimates derived from catches at Farocs and West
Greenland are now included in the national recruitment estimates and Iceland has been included in the Northern group.

Tables 3.6.2.1 to 3.6.2.6 show combined results from the PFA assessment for the Northem and Southern European
groups and the whole NEAC area. The PFA of maturing and non-maturing 1SW salmon and the numbers of 1SW and
MSW spawners for these areas are shown in Figures 3.6.3.1 10 3.6.3.3.

3.64 Trends in the PFA for NEAC stocks

The 95% confidence limits (dotted lines for PFA and vertical bars for the spawning escapement) shown in Figures
3.6.3.1 t0 3.6.3.3 indicate the high level of uncertainty in this assessment. However, the Working Group recognised that
the model provided an interpretation of our current understanding of national fisheries and stocks based upon simple
parameters. Errors or inconsistencies in the output must largely reflect errors in our best estimates of these parameters.

Figure 3.6.3.1 suggests that there has been no overall rend in the recruitment of maturing 1SW salmon (potential griise)
in the northern countries, although the numbers have fluctuated quite widely around a level of approximately one
million recroits, However, it must be noted that this pattern is largely driven by a simultaneous decline in Norway with
an increase in Russia (Figure 3.6.4.1). The increase in the spawning escapement reflects the decrease in exploitation of
these stocks in both the Faroes and homewater fisheries, particularly Norway and Russia.

Numbers of non-maturing 18W recruits (potential MSW returns) for the northern group of countries appear to have
fallen from approximately one million in the 1970s to about 0.6 million in the 1990s. The majority of this overall
decline appears to have occurred in the mid 1980s, but recruitment also fell for a two year period in the late 1970s. This
reflects very similar patterns in the estimated production of MSW salmon for Norway and Russia over this period.
Reductions in the level of exploitation have resulted in a proportionally smaller overall decline in the spawning
escapement, from an average of 330k in the early 1970s to an average of 250k in the past five years, although there
have been quite large fluctuations (between about 200k to 400k) over the period.

For the southern European group of countries (Figure 3.6.3.2), the numbers of maturing 1SW recruits is driven largely
by the Irish and UK (Scottish) stocks which are each estimated to have produced an annual average of about 650k fish

51



in the past 10 years. Recruitment for both of these countries has fallen substantially since the 1970s. Thus the southern
group of countries show an overall halving of the number of mataring 1SW recrisits over the period, with stocks falling
to their lowest level in 1997.

The abundance of non-maturing 1SW rectuits in the southern Eoropean countries is Jargely driven by the UK(Scottish)
stocks which account for about 80% of the estimated numbers of recryits over the past 10 years. Ireland and
UK(England & Wales) together account for about 15% of the recruits. All these countries have shown a very marked
decline in the numbers of non-maturing 1SW recruits, such that overall production has fallen relatively steadily 1o about
one third of its level in the early 1970s. For these stocks, reductions in exploitation does not appear to have kept pace
with the stock declines and the spawning escapement has also fallen over the period.

365 Forecasting the PFA for NEAC stocks

In order to use the PFA estimates to provide catch advice, a forecast is required of the PFA of recruits in (he year
preceding the fisheries. Thus, for example, the PFA of non-maturing 1SW recruits must be predicted for 1999 if we are
to provide advice for: the West Greenland fishery in 1999; the Faroes fishery (MSW stock) in 1999/2000; and
homewater fisheries in 200(). Because the latest estimate of non-maturing 18W recruits is for 1997, the PFA must be
forecast two years ahead, as is currently practised for the North American assessment. For maturing 1SW stocks, a
single vear’s projection is sufficient,

No new information was presented on methods to predict future levels of PFA from the historic time-series. In view of
the uncertainty in these PFA assessments, the Working Group considered that the catch advice should be based upon
qualitative extrapolations from the historic estimates. These are discussed in Section 3.8.

3.7 Development of Age-Specific Conservation Limits
3.7.1 Progress with river-specific conservation limits

The Working Group reviewed the progress that was -being made with the development of river specific stock
conservation limits, and alternative management approaches, in different countries in the NEAC area.

Finland and Iceland: No progress was reported.

France: Conservation limits have been set on a river-by-river basis for most of the north western stocks (33 out of 44
salmon rivers in France). The conservation limits are computed on the basis of the assessment of production potential
(running water surface area) and the stock-recruitment relationship derived from the population dynamic survey of the
River Oir (Prévost and Porcher, 1996; Porcher and Prévost, 1996), The TAC per river is adapted each year during the
fishing season according to the annual fluctuations of returns. Provisional conservation limits have been developed for
southern rivers (Loire and Adour).

Ireland: Potential spawning escapement requirements have been estimated for all rivers by applying reference egg
deposition rates from the River Bush stock-recruitment relationship to the wetted area or catchment areas of each river
to calculate spawning targets. While this provides a very approximate estimate, it is believed that the order of
magnitude is broadly indicative of the spawning requirements for these rivers. This preliminary analysis is gradually
being superseded by river specific analyses or on advice from regional fisheries managers,

Norway: Progress has been made with the use of GIS methods to estimate the productive capacity of Norwegian rivers
using GIS (Erikstad ef al. 1998). Digital maps (1:50 000) were used to estitnate the wetted area of 11 Norwegian
salmon rivers from the river mouths to the limit of upstream migration of salmon (usually ¢asily defined by a waterfall)
(Table 3.7.1.1). Tributaries and lakes were excluded in this prelimnary analysis,

Production of salmon smolts in the River Imsa, where emigrating smolts have been counted since 1976, has shown an
average annual production of about 15 individuals per 100 m* (Jonsson er al. 1998). Smolt production in the River
Kvassheimsina which is in the same area as River Imsa were estimated at 15 individuals per 100 m? in a single year.
Johnsen et al. (1999) reported a time series of smolt production estimates from a large area of the River Orkla since
1983, based on tagging and recapture, (o be an average of seven smolts per 100 m® with annual variations from four to
eleven. Data from these investigations were modified and transported to other systems after personal communications
and discussions with biologists working on the different rivers, taking into account local conditions such as
temperatures and water flows, and unpublished data on elecirofishing surveys and habitat quality, Guess-estimates of
smolt production per unit of arca were then applied for the individual rivers, and the estimated smolt productions are
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shown in Table 3.7.1.1. There was a significant relationship between est'i;Jliated smolt production and mean catch in the
last 20 years (r* =0.63, p =0.02, n =8), suggesting that the provisional smolt production estimates are within reasonable
limits,

The use of GIS will be further developed to produce objective smolt production estimates based on habitat area, and
should incorporate information on river gradient, local vegetation and estimates of parr densities.

Russia: Provisional conservation limits have been set for the Kola rivers where the fisheries have been conducted for
30-40 years at estuary barrier fences which have provided comprehensive catch statistics and biological data,
Conservation limits have been defined for five rivers as MSY points on stock recruittnent curves as recommended by
the Working Group. For those rivers where habitat data are available, conservation limits have been established by
transporting reference points (2.73 eggs per m” for the Barent Sea and 3.85 eggs per m” for the White Sca rivers). An
approach using total catchment area has been applied for other rivers,

Sweden: The evaluation and further development of the status of salmon stocks on the Swedish west ¢oast is being
considered by a Working Group established in 1998. Provisional estimates of salmon smolt production are now
available for 17 rivers in western Sweden (Table 3.7.1.2).

UK (Northern Ireland): Spawming targets that have been set to date range from single river targets derived from river-
specific stock-recruitment data (Rivers Bush and Foyle) to targets derived from the transport of these data to other
systems. On the River Foyle spawning targets are being used for the management of fisheries, while the majority
elsewhere are still being developed and are mainly used for illustrative and modelling purposes at present.

UK (England & Wales): Provisional conservation limits (referred to as ‘spawning targets’) have been developed for
all principal salmon rivers. These are being reviewed and finalised as Salmon Action Plans are developed for each river;
a Ministerial Direction issued to the Environment Agency in September 1998 requires that the Salimon Action Plans be
completed for 68 salmon rivers by the year 2002, The ‘spawning targets’ are set using a nationally agreed methodology
(Environment Agency 1998). This adjusts & stock-recruitment relationship for the River Bush, UK (Northern Ireland)
according to the quality and quantity of juvenile habital in each river, derived from a simple habitat model (Wyatt and
Barnard 1997).

UK (Scotland): Previous studies of genetic structuring among salmon populations in Scottish rivers has identified
important structural differences within catchments, Radio-tracking stndies in several rivers have demonstrated that
those fish homing to spawn in locations distant from the sea enter fresh water earlier than fish homing to spawn n
locations lower in the same catchments, Habitats left vacant by particular seasonal runs is not taken up by fish of other
types. These observations suggest that the appropriate biological scales for setting conservation levels or targets for
Scottish rivers lies far below the levels considered appropriate elsewhere. In order to overcome these difficulties an
approach is being developed that is appropriate for Scottish circumstances. It is intended to derive estimates of optimal
values for escapement based upon an analysis of rod catch data and estimates of local juvenile production.

3.7.2 National conservation limits - Lagged spawner analysis

In 1998, the Working Group noted that it was likely to be a number of years before conservation limits were developed
for all river stocks in the NEAC area. A method was therefore proposed for estimating national conservation limits
based upon the output of the PFA analysis described in Section 3.6. A full description of the model along with a
sensitivity analysis was provided by Potter et al. (1998).

In brief, the model provides a means for relating the estimates of spawners and recruits derived from the PFA model.
This is addressed by converting the numbers of 1SW and MSW spawners into numbers of eggs deposited. Thus, in each
country and for each year the total egg deposition (E) may be estimated as:

E=(W, xF xG)+ (Wy X Fp x Gp)

where: suffixes ‘1’ and ‘m’ refer to 1SW and MSW age groups respectively

and: W = the number of spawners in the age group (from the PFA simulation model);
F = the % female in the age group;

G = the average number of eggs produced by a female in the age group.
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The approach assumes that there have been no significant changes in the egg production or in the proportion of females
for 15W and MSW salmon over the time period. Males are also ignored in the foregoing analysis, the assumption being
that their numbets have not limited the deposition of fertilised eggs, and thus the production, during the period 1971 o
the present.

The egg deposition in year ‘n’ is assumed to contribute to the recruitment in years ‘n+3’ to ‘n+8" in proportion to the
numbers of smolts produced of ages 1 to 6 years, Thus the number of ‘lagged eggs’ (L) which will contribute to the
recruitment of mammring and non-maturing 1SW fish in year ‘n+8’ is cstimated as:

L= (ExXpe)+ (Eont X Ps)+ (Ensz X Pad+ (Enes X P3) + (Bnss X P2) + (Bnes X P1)
where: E, = the estimated number of eggs deposited in year ‘n’
and P: = the proportion of smolts of age ‘i’

The lagged egg deposition estimates for each national stock is given in Appendix 10a-10j along with the estimated
numbers of 1SW recruits, which have been carried over from the PFA analyses. The relationships between the lagged
eggs (‘stock’) and 18W recruils are also shown in the Figures included in Appendix 10a-10j.

The plots of lagged eggs (stock) against the 1SW adults in the sea (recruits) have been presented as ‘pseudo-stock-
recruitment’ relationships. As in 1998, three non-parametric methods have been used to estimate conservation Lmit
‘options’ from these relationships. These have heen proposed as methods for estimating the minimum biological
acceptable level (MBAL) for marine fish stocks (ICES 1993/Assess:12). (Conservation limits for salmon have been
defined as being equivalent to MBAL (ICES 1995/Assess:14)). These methods thercfore provide approaches for
estimating provisional conservation limits from the ‘psendo-stock-recruitment’ relationships.

These are:
Option 1:‘ the minimum observed spawning stock level [ie., Cloy = min L],
Option 2: the stock size where the 20" percentile of survival intersects the median rccruitmént level. [ie.,
Can(ﬂ = {R/L)smie X Rmea ], and :
Option 3; the stock size where the 90" percentile of survival intersects the 90th percentile of recruitmént

(Se;rebryakov, 1991); [i.ﬂ,, CLapt2 = (R/L )go%ﬂe x R Y0File ].

To be compared with any forecast of PFA, the egg deposition conservation limit levels must be converted back to fish
numbers. NASCO has also asked that the conservation limits be split by age-groups; this is clearly a necessity where
decisions have to be made about the management of fisheries exploiting predominantly one age group-of fish. As in
1998, the egg deposition conservation limit has been converted to numbers of 18W and MSW salmon based upon the
average age composition of the spawning stock in the past 10 years. These results are shown in Appendix 10a —140j, The
three conservation limit ‘options’ derived for each country are summarised in Table 3.7.2.1, Where river specific
conservation limits have heen derived, these are provided as a fourth option.

3.7.3 Evaluation of conservation limit options

As with the output from the PFA model, the lagged egg deposition analysis provides a further interpretation of our best
understanding of the dynamics of national stocks. While the concept of ‘national stocks’ has little meaning
biologically, i is possible, mathematically, to consider a national stock-recruitment relationship as the sum of a large
number of population stock-recruitment relationships. The Working Group noted the following points about. the
conservation limit options derived for each country from this model,

In UK (England & Wales) and France conservation limits have been independently derived for every river, although
some values are still provisional. The sum of these river specific conservation limits in UK (England and Wales) is 226
million eggs. This lies hetween the conservation limits given by Option 2 (205 million eggs) and Option 3 (253 million
eggs) in the lagged egg deposition assessment, Similarly for France, the sum of the river specific conservation limits (53
million eggs} lies between Option 2 (47 million eggs) and Option 3 (70 million eggs) conservation limits from the
lagged egg deposition analysis.
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Although conservation limits have not been derived for all rivers in Ireland and UK (Northern Ireland), the output from
the lagged egg deposition analysis was consistent with preliminary analyses by alternative methods such as those
proposed by the Workshop on Setting Conservation Limits for salmon in the NE Atlantic (ICES 1998/ACFM:13).

The Working Group had some concerns about the estimated conservation limits options for UK (Scotland), which
appeared rather high in comparison with other countries. The high conservation limit estimates may imply substantial
differences in the dynamics of Scottish stock, in comparisor to Norway in particolar, or over or under-estimates of
some of the input parameters. There are substantial differences between Scottish and Norwegian stocks, for example in
the time period over which the fish return to freshwater, but the effects of these differences on population dynamics is
not known. Errors in the input data are most likely to be in the estimated exploitation rates; changes in other parameters
are either unlikely to have significant effects on the conservation limit options in this case (e.g. unreported catch} or
would be expected to have similar effects on all the national stock assessments (e.g. major changes in ‘M’).

The Working Group felt that they had no basis for modifying the data inputs for the model without further information
and concluded that the conservation limit estimates remained the best available information on which to base the caich
advice. However, it was recognised that the uncertainty in these data must be taken into account when providing catch
advice.

In 1998, the Working Group provided three conservation limit options for each country; ACFM chose to use the
minimum summed value (Option 1), which is clearly the least precautionary, in the advice to NASCO. Following
further review of the approach, the Working Group decided to select the most appropriate conservation limit option for
each country based upon the nature of the ‘pseudo-stock-recruitment relationships’ (Appendices 10a-10j) and local
knowledge. This evaluation is summarised below:

Country Option  Reason

Finland 3 Recruitment lower at Option 1 and 2 levels.
France 4 Based upon river specific estimates,

I[eeland 1 Options 1 & 2 equal, no increase in recruitment for Option 3.
Ireland 3 Very wide spread of historic stock estimates.
Norway 3 Recruitment lower at Option 1 and 2 levels,
Russia 1 No decrease tn recruitment at Option 1 level.
Sweden 3 Recruitment lower at Option 1 and 2 levels.
UK(Eng. & Wales) 4 Based upon river specific estimates,

UK(N, Ircland) 3 Recruitment lower at Option 1 and 2 levels,
UK(Scotland) 2 Recruitment lower at Option 1 level.

The selected options have heen summed in the appropriate stock groups. These are then increased to take account of the
natural mortality between recruitment and the time of retarn in order to provide spawner escapement reserves (SERs)
for maturing and non-maturing 1SW salmon from the Northern and Southern stock groups. The SERs are shown as
horizontal lines in Figures 3.6.3.1 and 3.6.3.2; the dashed line indicates that these SERs may be less appropriate for
evaluating the historic status of stocks. The SERs are not shown on the total NEAC data (Figure 3.6.3.3) because
evaluation of stocks against conservation limits is thought to be inappropriate at that level.

38 Catch Options or Alternative Management Advice
381 Overview of the provision of catch options or management advice

The Working Group has been asked to provide catch options or alternative management advice with an assessment of
risks relative to the objective of exceeding stock conservation limits in the NEAC area. The Working Group reiterated
their concerns about applying TACs to mixed stock fisheries, particularly when many individual river stocks and sub-
river populations are known to be at unsatisfactorily low levels. Annual adjustments in TACs based on changes in the
mean status of the stocks is unlikely to provide adequate protection to the individual river stocks that are most heavily
exploited by the fishery or are in the weakest condition,
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The Working Group also emphasized that ‘national’ stock conservation limits are not appropriate for the management
of homewater fisheries, particularly where these exploit separate river stocks. This is both because of the relative
imprecision of the national conservation limits and because they will not take account of differences in the status of
different river stocks or sub-river populations. Nevertheless, the Working Group accepted that the combined
conservation limits for the main stock groups (national stocks) exploited by the distant water fisheries could be used to
provide catch advice for these fisherics. ‘

3.8.2 Catch options and management advice for 1999/2000

In 1998, the Working Group provided catch advice for Northern and Southern European stock complexes, The Working
Group reiterated the view that ‘national’ stock conservation limits are not appropriate for the management of
homewater fisheries, particularly where these exploit separate river stocks, This is both because of the relative
imprecision of the national conservation limits and because they will not take account of differences in the status of
different river stocks or sub-river populations.

In view of the uncertainties expressed above about the most appropriate stock groupings and the preliminary nature of
the conservation limit estimates, the Working group considered that it would be inappropriate to provide quantitative
catch options at this stage. However, the Working Group felt that the following qualitative catch advice was
appropriate based upon the PFA data and estimated SERs shown in Figures 3.6.3.1 and 3.6.3.2;

Maturing 1SW stocks: very few 1SW salmon have been caught outside homewater fisheries in Europe, even when
fisheries were operating in the Norwegian Sea. The Working Group therefore recommends that management of
maturing 18W saimon should be based upon local assessments of the status of river or sub-river stocks.

Northern European MSW stocks: These are the main stocks that have contributed to the fisheries in the Norwegian
Sea in past years. The PFA of non-maturing 1SW salmon from Northern Europe has been declining since the mid 1980s
and is now approaching the conservation limit estimates. The exploitable surplus has declined from over 800,000
recruits in the 1970s to around 250,000 recruits in 1996 and 1997. The Working Group therefore suggests that great
caution should be exercised in the management of these stocks particularly in mixed stock fisheries. Management of
single stock fisheries should be based upon local assessments of the status of stocks.

Southern European MSW stocks: This group includes the main European stock contributing to the West Greenland
fishery. The PFA of non-maturing 1SW salmon from Southern Europe has been declining since the 1970s and the
Working Group’s analysis suggests that it fell below the comservation limits in 1996 and 1997. Simple projection of
these data by eye suggests that the PFA is also likely to fall below the conservation limits in 1999, The Working Group
considers that extreme caution should be exercised in the management of these stocks in mixed stock fisheries and that
reductions in levels of exploitation should be pursued. Management of single stock fisheries should be based upon local
assessments of the status of stocks.

3.9 Catches of Post-smolts in the Norwegian Sea and Adjacent Areas
391 Post-smolt surveys 1990-1998

Post-smolt sampling cruises have been undertaken by the Institute of Marine Research (IMR), Norway since 1990 with
the primary aim of describing the post-smolt distribution in the northeast Adantic (Figare 3.9.1.1). Similar cruises were
undertaken by Fisheries Research Services) FRS Scotland in 1996 and 1997, The resuits of these surveys were reported
to the Working Group i 1998 (ICES 1998/ACFM:15). In summary, a surface trawl technique was developed and
proved successful in capturing post-smolts. Around 1,000 hauls were undertaken covering an area from the south west
of Ireland (50°N) to the east of Bear [sland (75°N), and in the order of 1,000 post smolts and 25 1SW salmon were
caught. While large concentrations of post-smolts were found within the strong north-east running slope current along
the north-west European continental shelf edge, large numbers were also caught in the Norwegian Sea.

In 1998, IMR undertook six further cruises (Table 3.9.1.1), extending the areas surveyed to include both the Greenland
Sea and the Barents Sea. Post-smolts were successfully captured in both the Norwegian and Greenland Seas and the
Norwegian fjords (Figure 3.9.1.2). In contrast, no post-smolts were caught in the Barents Sea. Analysis of the
distribution patterns of post-smolts caught in Norwegian and Scottish croises since 1990 shows that capture sites
coincide, to a large extent, with the prevailing surface current patterns in the area. This suggests that the strong Atlantic
Slope current and the Norwegian coastal current (Figure 3.9.1.3) are the main carriers of post-smolts to the northern
feeding areas. Analyses of the hydrographical regimes at the capture sites show a strong concentration of the captures to
the 9.0-10.9°C temperature interval and in salinities of >33.000 ppm (Figure 3.9.1.4), indicating a preference for the
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warn, saline, productive Atlantic water masses over the colder and less saline Arctic water in the north west and the
warmer but less saline waters of the Norwegian coastal current in the east.

Examination of the smolt age distribution of the fish captured in the ditferent areas in 1998 supported the conclusion
from earlier cruises that duc to their young sea age a relatively high proportion of the post-smolts caught in the
Norwegian Sea was of southern Enropean origin, This is in contrast to fish caught west of Lofoten that were older, and
those caught in fjords in west Norway where the smolts were mainly 3 and 4 years of age (Figure 3.9.1.5).

FRS conducted an inshore survey (within the limits of the Moray Firth) on the north-east coast of Scotland (Table
3.9.1.1). A large number of post-smolts were caught and analysis of stomach contents did not indicate any shortage of
food. In contrast to the Norwegian findings from offshore sampling surveys, no relationship was evident between the
inshore distribution of post-smolts and temperature and salinity gradients.

The Polar Research Institute of Marine Fisheries and Oceanography (PINRO) carried out a survey in the northern
Norwegian Sea (Table 3.9.1.1). No post-smolts were captured in this area. Interestingly, four adult salmon, three of
which were classified as farmed salmon were caught.

3.9.2 Estimates of post-smolt by-catch in pelagic fisheries

Post-smolt and herring seem to overlap spatially mostly in July early Angust in the areas north of 68°N (Holst et al.
1968), The purse seine fishery for herring takes place in the areas west of Iceland up to the Jan Mayen I[sland as early as
April and into June and is therefore not likely to intercept young salmon. In 1998, a limited effort was made by the
Fishery Laboratory of the Faroes to collect information on salmon by-catches in a Faroese purse seine fishery for
herring which was taking place in June in these areas. Crew members on two of ten Faroese purse seine vessels were
asked to look specifically for post-smoits when sampling the herring catch for mandatory documentation of weight
distributions to the buyers on fand. No post-smolts were reported. In addition post-smolts were not found in a sample of
1-3% of the landed catch of herring from one vessel and mackerel from another specifically screened for the presence of
posts-smolts.

The Fishery Laboratory of the Faroes and the Russian Polar Institute (PINR() have initiated a bilateral collaboration on
the hy-catch of salmon post-smolts north of the Faroese in the 1999 fishery for herring and mackerel.

Information by Belikov et al. (1998) shows that both the migratory pattern and the distribution of older year classes of
mackerel are very similar to that of the post-smolts. The mackerel start a northward summer migration from the waters
north and west of Ireland in May, and some stock components may migrate as far into the Norwegian Sea to 74°N in
July hefore they tum back to their southerly winter feeding areas. The stocks are believed to be large at the moment and
the seasonal distribution changes somewhat with variations in hydrographical conditions, Catch distribution diagrams
for 1989-97 for mackerel indicate for some years a strong overlap with the inferred northward migratory routes of post-
smolts in June and Jjuly in the Shetland Faroes Channel, the North Sea and the Norwegian Sea (Belikov et al. 1998).
One Norwegian Carlin tagged post-smolt found in a mackerel rawlcatch in 1996 is the only evidence of interception so
far. The fishery with the greatest potential for catching post-smolts is probably the trawl fishery for mackerel in the
Faroes EEZ and the intermational area of the Norwegian Sea. This fishery is presently at a high level and is not
anticipated to diminish in the near future.

Observing post-smolts in large herring and/or mackerel catches is difficult due to their resemblance both in size and
coloration. To be certain of the absence of post-smolts in such catches the whole catch must be screened. Assessment of
by-catches on board commercial fishing vessels may prove too time consuming to be carried out in practice. However,
efforts should be made to arrange screening of whole catches at landing sites.

Alihough preliminary investigations have been carried out, the Working Group was unable to provide estimates of the
by-catch of post-smolts in pelagic fisheries. While observations on catch on pelagic fishing vessels is a possibility, in
reatity this is likely to provide only a qualitative assessment of post-smolt by-catch. An alternative approach would be
to carry out directed research fisheries with similar gear, locations and time as commercial fishing boats or carry out co-
operative fishing with a commerciat fishing vessel.

Despite the limitations of the cument data, the Norwegian salmon surveys seem to indicate a clear correspondence with
the trawl depth related to the on-surface position of the upper trawl panel, and the likelihood of .catching post-smolts
where they are more densely distributed. A simple precautionary measure against post-smolt catches in commercial
fisheries may therefore be to negotiate that the fleet does not operate their rawl with a flotation that will keep the
floatline closer to the surface than 5 -10 m duning longer periods of towing,

57



The ICES Working Group on Northern Pelagic and Blue Whiting Fisheries, Working Group on the Assessment of
Mackerel, Horse Mackerel Sardine and Anchovy, and the Herring Assessment Working Groups asked WGNAS to
expand on its’ request for information useful in the assessment of potential problems with by-catch of Atlantic salmon
in pelagic fisheries. Details required are as follows;

s May: The number of vessels fishing purse seines and the number of trawls at the surface in which the upper panel
is close to the surface and keeps within 0-15 m during prolonged periods of a tow. It would also be useful to know
if the sarface trawl is fitted with extra flotation on the upper panel and sweepers. Areas of interest in May are ICES
Statistical areas IV b-c and VII a-K (see attached map). Catches, swept area (or information allowing the
calculation thereof), CPUE for such gear in May and possible recordings of post-smolt (12 -17 ¢m salmon) and
older salmon (>30) in these catches. Other types of gear and trawl tows carricd out with the upper panel deeper
than 15 -20 m are of lesser importance;

=  June: Same catch characteristics as above for the above types of gear and depths but recorded in ICES areas VI a-b;
IVa and Vbl-2, Possible by-catch of post-smolt and salmon in this month will compnse size groupq 13-20 cm and
=30 cm, respectively;

= July: Same catch characteristics as above for the above types of gear and depths but recorded in ICES area Ila
delineated by -5°W to 13°E longitude and 66° to 72°N latitude, Possible by-catch of post-smott and salmon in this
month will comprise size groups 16-26 cm and >30 cm, 1espectively,

*  August: Effort and catches by the above specified gear in ICES area 1Ib delineated by -3°W -21°E lon gxtude and 72°
-T6°N latitude. Possible by-catch of salmon may comprise all sizes 223 cm,

It is recommended that the sampling programme for post-smolt should be maintained and further extended with surveys
in July in the Norwegian Coastal current along the northern most coast of Norway and Russia and into the Barents Sea.

3.10 Data Deficiencies and Research Needs in the NEAC Area

3.10.1 Progress on items cited in 1998 report of NASWG

1. Estimates of marine mortality of salmon should be re-exomined in the North-East Atlantic, and causes for this
maortality should be identified and quantified. :

No substantial progress was reported.

2. The Working Group strongly endorses the continuation of the post-smolt surveys in the North-East Ailantic, and
recommends this to be extended to presently uncovered areas.

A single in-shore cruise was undertaken by UK (Scotland), between 14-25 May, in the inner Moray Firth on the north-
eastern coast of Scotland.

Six cruises covering three fjords in south-west Norway capturcd both wild and escaped-farmed smolts, Norway
extended post-smolt surveys, for the first ime, beyond the 73.5°N in the northern Norwegian Sea and into the Barents
Sea, as far as 40°E longitude. Three cruises were undertaken.

3. Efforts should be made to provide estimates of by-catch of salmon in marine waters.

Progress is reported in Section 3.9.

4. The Working Group recommends that the Working Group on Northern Pelagic and Blue Whiting Fisheries, the
Working Group on the Assessment of Mackerel, Horse Mackerel, Sardine and Anchovy, and the Herring Assessment
Working Group are asked for data regarding by-catches.

A request for data has gone to the Working Groups via ICES.

5 The Working Group recommends a continuation of the research fishery at Faroes,

A small research fishery took place in late winter, 1999, '

58



6. Alternative ways to group salmon stocks, or stock complexes should be examined to improve the caich advice for
salmon in the North-East Atlantic.

Studies of catches of 1SW fish in Norway showed a cormrelation between the southern and mid-Norway portions of e
catch. No correlation was found between these catches and those made in northern Norway (see Section 3.4).

7. The quality of data used to set conservation limits in the North-East Atlantic should be improved and provided for
smaller stock complexes. Furthermore, a sensitivity analysis of the input parameters to the pre-fishery abundance
model should be carried out.

A joint paper addressing the item was presented at the annual statutory meeting of ICES in September, 1998. Additional
progress is reported in Sections 3.6 -3.8.

8. More information is required on a river by river basis relating to caiches, exploitation rates and habitat assessment
and this should be referenced to the appropriate scale (eg., tributary populations etc.). Specific information on required
age class composition of the stocks should be established on a river by river basis (historical and current).

See Item 12,
9. Life history models are required for as many index rivers as possible.
No action was reported but models are under development.

10. Transportability of existing targets derived from known S/R relationships must be evaluated in comparison with
other indices of abundance

No progress was reported.

11. Farther refinement is required 1o the model to estimate PFA and Conservation Limits particularly with regard 1o
the examination of the input data from each country to explain differences between the model output and current
estimates of abundance from other analyses.

See Sections 3.6 -3.8.

12, Further research and development is required, panticularly with regard to establishing stock size (counters) and
relating productivity 1o suitable habitar area (catchment surveys, juvenile production studies and application of GIS
and other techniques).

A comprehensive programme of fish counter installation is being carried out in Ireland. There are approximately 135
main sten salmon producing rivers in Ireland. It is hoped to have a total of 30 fish counters operational. Several
Geographic Information Systems (GIS) are being developed for important catchments which are aimed at producing
productivity estimates from habitat indices.

In Norway, some counters have been installed and testing is in progress and the development of a GIS application to
estimate smolt producing areas in rivers is under-way.

In UK, a collaborative investigation is underway on four rivers to investigate the use of hydroacoustic counters and o
develop validation procedures,

The two existing counters in the River Foyle Fisheries Commission area, which is jointly managed by Ireland and the
UK (N. Ireland) are being supplemented by another three. It is planned to install up to five more in rivers ¢lsewhere,
Habitat area is being quantified using GIS with a view to refining conservation limits and defining relationships
between productivity and habitat.

In UK (Scotland) progress has been made in developing new statistical methods 1o derive measures of adult abundance
from rod catch data.

On the River Teno a split-beam hydroacoustic counter system (SIMRAD) underwent preliminary testing. Pilot studies
will continue. Possible development of a permanent monitoring system will be decided after the 1999 experiment.
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13. The implications of combining required adull escapement levels over districts must be examined and the scale to
which this is appropriate identified.

No action reported.
3.10.2 Continuing requirements for data, research and monitoring

1. More research into the biology of salmon in the early marine phase is required and extension of recent research on
the biology of post-smolts is recommended. Competitive interactions with other marine species should be explored.
Additionally, by-catches of post-smolts in marine fisheries for other species should be monitored and estimates of
mortality from this source should be derived. There is & continuing requirement to monitor trends in marine mortality
for a wider range of stocks than at present, and to identify causes for current low levels of marine survival. In the latter
context, it is noteworthy that an ICES Workshop on the Usefulness of Scale Growth Analyses and Other Measures of
Condition in Salmon will be held in Amherst, USA in July, 1999

2. It is recommended that a research fishery at Faroes should be continued and that material gained during previous
study should continue to be worked-up.

3. The quality of data used to set conservation limits should continue to be improved and the PFA model should
continue development. More and better input data should be obtained from a greater range of sources. Daia collection
should be targeted at finer scales, New ways of handling data, including GIS applications, and particularly new methods
for grouping sub-divisions {eg., populations, or altemative divisions based on biological characteristics such as sea-age
or nm-timing) should continue to be explored, developed and validated. In particular, sensitivity analyses are ¢ssential
to assess the confidence with which data derived from the theoretical models can be vsed in an applied management
context. ‘

4. Assessment methods for juvenile salmon and for freshwater habitat parameters should continue to be developed.
Attempts should be made to couple these parameters with adult return parameters, via life-history models-of appropriate
scale. Habitat and life-history variables should be ysed together to examine the extent to which stock-recruitment
relationships from a limited range of index rivers are transferable to other rivers.

5. The status of southern and central European rivers with respect to Gyrodactylus species, and particularly G. salaris,
should be established without delay. Monitoring of the spread and occurrence of G. salaris should be encouraged in
salmon-producing countries, and in other countries that are possible sources for transfer of the parasite.
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Table 3.2.1.1  Nominal landings of Atlantic salmon by Faroese vessels in years
1982-1998 and the 1981/1982 to 1998/1999 fishing seasons,

Year Catch(t) Quota(t} a Season Catch (t)
1982 606 1981/1982 796
1983 678 1982/1983 625
1984 628 1983/1984 651
1985 566 625 1984/1985 598
1986 530 625 1985/1986 545
1987 376 597 b 1986/1987 539
1988 243 597 b 1987/1988 208
1989 364 597 b 1988/1989 309
1950 315 550 ¢ 1989/199( 364
1991 05 550 ¢ 1990/1991 202
Research fishery
1992 23 550 1991/1992 31
1993 23 5350 1992/1993 22
1994 6 350 1993/1994 7
1995 5 550 1994/1995 6
1996 - 470 1995/1996 1
1997 - 425 199611997 -
1998 6 380 1997/1998 6
1999 NA 330 1998/1999 -

a Quotas set by NASCO from 1987
b Three year quota of 1790 t
¢ Two year quota of 1100 t

Table 3.2.2.1  Sea age distribution of Atlantic salmon caught in
Faroese waters in the 1997/1998 fishing season.

Sea age 1S8W 25W 3+8W Total

Number 339 1315 109 1763
% 19.2 74.6 6.2 100
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'Fable 3.3.3.1 Mumbers of gear umnits licensed or authurised by country and gear type.

Year Enpland & Wales UK {(Scoftand) UK (N. Ireland) Norway
Gillnet Sweepnet  Hand-held Fixed Fixed Net and Driftret Draftnet Bagnets Bagnet Bendnet Liftnet Driftnet
licences net cngine engi ne! coble and boxes (No. nets)

1966 - 3,513 861 - - - 7,101 - 55 -
1967 - - - 2,982 836 - - - 7,106 2,827 48 11,498
1968 - - - 3,495 970 - - - 6,588 2,613 6 9,149
1969 - - - 3,239 849 139 M 17 6,012 2,756 R» 8,956
1970 - 2.861 775 138 306 17 5476 2,548 32 7,932
1971 - - 3,009 802 142 305 18 4,608 2421 26 8,976
1872 - - - 3,437 810 130 307 18 4,215 2,367 4 13,448
1973 - - - 3.241 884 130 303 20 4,047 2,996 32 13,616
1974 - - - 3,182 777 129 307 18 3382 3,342 29 14,078
1975 - - - - 2,978 768 127 314 20 3,150 3,549 25 15,568
1976 - - - 2,854 756 126 287 13 2,569 3,890 22 17,794
1977 - - - - 2,742 677 126 293 19 2,680 4,047 26 30,201
1978 - - - 2,572 691 126 284 18 1,980 3976 12 23,301
1979 - - 2,698 747 126 274 20 1,835 5,001 17 23,989
1980 - - 2,892 670 125 258 20 2,118 4,922 20 25,652
1981 - - - 2,704 647 123 239 19 2,060 5,546 19 24,081
1982 - - - - 2,377 641 123 221 18 1,843 5,217 27 22,520
1983 232 200 333 74 2,514 659 120 207 17 1,735 5,428 21 21,813
1984 226 223 354 74 2438 630 121 192 19 1,697 5,384 35 21,210
1985 223 230 375 69 1,999 524 122 168 19. 1,726 5,848 34 20,329
1986 220 221 368 64 1,976 383 121 148 18 1,630 5,979 14 17,945
1987 213 206 352 68 1,693 571 120 119 1% 1,422 6,060 13 17,234
1988 210 212 284 70 1.534 390 115 113 1R 1,322 5,702 11 15,532
1989 20 199 282 75 1,224 47 117 108 19 1,888 4,100 16 ¢
1990 200 204 292 69 1.276 334 114 106 17 2,375 3,890 7 0
1991 199 187 264 66 1,144 K 118 102 i3 2,343 3,628 ) 0
1992 203 158 267 a3 837 296 121 a1 19 2,268 3,342 5 0
1993 187 154 259 55 o0 266 120 73 18 2,869 2,783 =2 0
1994 177 158 257 55 753 245 119 68 18 2,630 2,825 <2 0
1995 163 156 249 47 737 226 122 68 16 2,542 2,715 <2 0
1996 151 132 232 42 614 203 117 66 12 2,280 2,860 52 0
1997 139 131 231 35 672 198 116 63 12 2,002 1,075 <2 0
1998 130 129 196 35 529 126 117 70 13 1,865 1,027 <2 ¢

Mean 1993-97 163.4 145.6 245.6 46.8 737 227.6 118.8 67.6 15.2 2464.6 2451.6

% change z -20.4 -11.4 -20.2 -25.2 -28.2 -44.6 -1.5 3.6 -14.5 -24.3 -58.1

Mean 1988-97 183 168.8 261.7 579 972.2 2811 117.9 85.8 16.7 2251.9 3292

% change z -28.0 -23.6 -25.1 -30.6 -45.6 -55.2 0.8 -18.4 -22.2 -17.2 -68.3

' Number of gear units expressed as trap or crew months.

? (©7/mean - 1) * 100
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Table 3.3.3.1 continued Number of gear units licensed or authorised by country and gear type.

Ireland * Finland France
The Teno River R. Nadtamda
Driftnets No.  Draftnets  Other nets Rod Receational fishery Local rod and Recreational Red and line Com. hets in Licences in
Tourist anglers net fishery fishery licences freshwater® estuary™
Year Fishing days  Fishcrmen  Fishermen  Fishermen
1966 510 742 214 11,621 - - - - - - -
1967 531 732 22 10,457 - - - - - - -
1968 5035 681 219 9,615 - . - - - - -
1969 669 663 220 10,450 - - - - - - -
1970 817 667 241 11,181 - - - - - - -
1971 916 697 213 10,566 ; - . ; . . .
1972 1,156 678 197 9,612 ; . - ; - . -
1973 1,112 713 224 11,660 . - - . - N -
1974 1,048 681 21! 12,845 - . - - - - -
1975 1,046 672 212 13,142 . : . - - . -
1976 1,047 677 125 14,139 - - - - - - -
1977 997 650 11 11,721 - - - - - - -
1978 1,007 608 209 13,327 - - - - - - «
1979 924 657 240 12,726 - - - - - - -
1980 959 601 195 15,864 - - - - - - -
1981 878 601 195 15,519 16,859 5,742 677 467 - - -
1982 830 560 192 15,697 19,690 7,002 693 484 4,145 55 82
1983 801 526 190 16,737 20,363 7,053 740 587 3,856 49 82
1984 819 515 194 14,878 21,149 7,663 737 677 3 42 82
1983 827 526 190 15,929 21,742 7,575 740 866 4,443 40 82
1986 768 507 183 17,977 21,482 7.404 702 6491 5,919 58! 86
1987 - - - - 22,487 7,759 754 689 5804 ! 87 ? 30
1988 836 - - 11,539 21,708 7,755 741 538 4,413 101 76
1989 801 - . 16,484 24,118 8,681 742 696 3,826 33 78
1930 756 525 189 15,395 19,596 .67 728 614 2,977 n 76
1991 707 504 132 15,178 22,922 8,286 734 718 2,760 78 71
1992 691 335 183 20,263 26,748 9,058 749 875 2,160 57 71
1993 673 497 161 23,875 29,461 1¢,198 753 705 2,111 53 55
1994 732 519 176 24,488 26,517 8,085 751 671 1,680 17 59
1995 773 446 176 25,000 24,951 8,141 687 T16 1,881 17 59
1996 T3 446 176 25,000 17,625 5,743 672 814 1,806 21 69
1997 73 446 176 25,000 16,255 3,036 616 588 2,974 10 59
1998 773 509 149 30,078 18,700 5,759 772 673 2,358 16 33
Mean 1993-97 744.8 470.8 173 24672.6 229618 7620.6 696.2 698.8 2090.4 23.6 60.2
% change 3.8 8.1 -13.9 21.9 -18.6 -24.4 10.9 -3.7 12,8 -32.2 -12.0
Mean 1988-97 751.5 489.8 177.4 202222 22990.1 7956.0 717.5 693.5 2658.8 50.8 67.3
% change ® 2.9 3.9 -16.0 48.7 -18.7 -27.6 7.6 -3.0 -i1.3 -68.5 -21.2

! Common licence for salmon and seatrout,

% Introduction of guotas/fisherman, obligation to declare the catches,

3 The number of licences indicates only the number of fishetmen {or boats allowed to fish for salmon. It overeslimates the actual number of fishermen fishing for salmon up to 2 or 3 times.
* Adour estuary only scuthwest of France.

® Since 1995 data for Treland are provisional.



Table 3.3.4.1 Nominal catch of SALMON in NEAC area (in tonnes round fresh weight), 1960-1998.
{1998 figures are provisional)

Homewater Other catches Total Unreported catches
countries Faroes in international Reported NEAC International
Year {1) waters Calch Area walters
1960 5540 - - 5540 - -
1961 4753 - - 4753 - -
1962 6709 - - 6709 - -
1963 6276 - - 6276 - -
1964 7150 - - - 7150 - -
1965 6456 - - 6456 - -
1966 6052 - - 6052 - -
1967 7526 - - 7526 - -
1968 6146 5 403 6554 - -
1969 6231 7 893 7181 - -
1970 5882 12 922 6816 - -
1971 5582 - 471 6053 - -
1972 6597 9 486 7092 - -
1973 7331 28 : 533 7892 - -
1974 7027 20 373 7420 - -
1875 7116 28 475 7619 - -
1976 5314 40 289 5643 - -
1977 5209 40 192 5441 - -
1978 4966 37 138 5141 - -
1979 ) )| 119 193 5433 - -
1980 3434 536 277 6247 - -
1981 4909 1025 313 6247 - -
1982 4471 606 437 5514 - -
1983 5873 678 466 7017 - -
1984 4769 628 101 5498 - -
1985 5533 566 - 6069 - -
1986 6183 530 - 6713 - -
1987 4830 576 - 5406 2554 -
1988 5284 243 - 5527 3087 -
1989 4059 364 - 4423 2103 -
1580 3439 315 - 3754 1779 180-350
1991 2822 95 - 2917 1555 25-100
1992 3343 23 - 3366 1825 25-100
1993 331 23 - 3334 1471 25-100
1994 3563 6 - 3569 1157 25-100
1995 3274 5 - 3279 942 n/a
1996 2746 - - 2746 947 n/a
1997 2087 - - 2087 827 n/a
1998 2233 6 - 2239 1108 n/a
Means
1993-1597 2996 7 - 3003 1069 -

1988-1997 3393 107 - 3500 1569 -

1. Estimates refer to season ending in given year.




Table 3.3.5.2 CPUE data for net and fixed engine salmon fisheries by Region in
UK (England & Wales), 1988-1998. (Data expressed as catch per licence-day.)

Region
Year North East Southern ' Welsh North West
1988 5.49 10.15 - -
1989 439 16.80 0.90 082
1990 5.53 8.36 0.78 0.63
1991 3.20 6.40 0.62 0.51
1992 3.83 5.00 0.69 040
1993 6.43 - 0.68 0.63
1994 7.53 - 1.02 0.71
1995 7.84 - 1.00 0.79
1996 374 - 0.73 0.59
1997 5.30 - 0.77 0.35
1998 512 - 0.6% 0.32
Mean
1993-97 6.17 - 0.84 0.61

! Fishery has not operated since 1993,



Table 3.3.5.3 CPUE data for Scottish net fisherics.
Catch in numbers of fish per unit effort.

Year . Fixed engine Net and coble CPUE
Catch/trap month 1 Catch/crew month

1952 33.91 156.39
1953 33.12 121.73
1954 29.33 162.00
1955 37.09 201.76
1956 25.71 117.48
1857 32.58 178.70
1958 48.36 170.39
1959 33.30 159.34
1960 30.67 177.80
1961 31.00 155.17
1962 43.89 242.00
1963 44,25 182.86
1964 57.92 247 11
1965 43.87 188.61
1966 44.86 21058
1967 ‘7257 329.80
1968 46.99 198.47
1969 65.51 327.64
1970 50.28 241.91
1871 57.19 231.61
1972 57.49 248.04
1973 73.74 240.60
1974 63.42 257.11
1975 53.63 235.71
1976 42.88 150.79
1977 45,58 188.67
1978 53.93 196.07
1979 42.20 157.19
1980 37.65 158.62
1981 49.60 183.86
1982 62.26 181.89
1983 56.20 206.83
1984 58.98 160.98
1985 54.48 156.55
1986 75.93 204.87
1987 64.34 147.14
1988 51.91 204.53
1989 71.68 268.78
1980 33.31 148.37
1991 35.62 100.44
1992 59.10 151.85
1993 52.29 124.06
1994 93.23 123.40
1995 75.03 138.72
1996 €0.35 109.56
1997 33.72 55.45
1998 36.85 76.23

1 - Excludes catch and effort for Salway Ragion



Table 3.3.5.4 Fisheries in the North East Atlantic, summary of trend analyses based on non-
parametric method (1000 iterations) {p <0.1 means significance upward trend,
p>0.9 means significant downward trend).

Section/Data Fisheries Life Period ’p’ Trend
type stage (years) value
Section 3.3.5

CPUE UK (Scotland) net fisheries. Catch/trap month 10 0996 Dn

UK (England & Wales) net and fixed engines. Catch per 10 03 Nt
licence-day

Finland (Teno, Niditamd) and France. Rod 10 006 Up
catch/season,
Finland (Teno, Niitimd) and UK (N Ireland) (Bush). 10 0.12 Nt
Rod catch/day

Russia (Barents Sea basin: Rynda, Kharlovka, Varzina, 7 (0,997 Dn
Iokanga). Rod catch/day

Russia (White Sea basin: Ponoy, Varzuga, Kitsa, 8 0.001 Up
Umba). Rod caich/day

Sectien 3.3.9

Exploitation Burrishoole + Corrib (Irl), North Esk (UK Scot), 1 SW 10 >0.1 Nt
rates Bush (UK NI), Imsa + Drammen (Nor), Ellidaar
(Ice), Lagan (Swe), Frome + Leven + Lune (UK
(E&W))
Burrishoole + Corrib (Irl}, North Esk (UK Scot), 1 SW 5 >0.1 Nt
Imsa + Drammen (Nor), Ellidaar (Ice), Lagan
(Swe), Frome + Leven + Lune (UK (E&W))

Corrib (Irl), North Esk (UK Scot), Bush (UK 2 SW 10 097 Dn
NI), Imsa + Drammen (Nor), Ellidaar (Ice),

Lagan (Swe)

North Esk (UK Scot), Bush (UK NI}, Imsa +2 SW 5 >0.1 Nt
Drammen (Nor), Ellidaar (Ice), Lagan (Swe)

B.Z.Litsa, Ura, Tuloma, Kola (Russia, Barents All 10 0.999 Dn
Sea basin) ages

5 0.999 Dn
Ponoy, Kitsa,Varzuga, Umba (Russia, White Sea All 10 0999 Dn
basin) ages

5 0.22 Nt




Table 3.3.6.1

The percent of 1SW salmon in catches from countries in the North East

Atlantic Commission, 1987-199%.

Year Finland France Norway Russia Sweden UK {Scot) UK (E&W)
)
1987 66 77 61 71 61
1988 63 29 64 53 57
1989 66 33 7 73 M 63
1990 &4 45 68 73 70 48
1991 59 39 63 70 71 53
1992 70 48 62 72 68 55 77
1993 58 74 61 61 62 57 78
1594 55 55 - 69 64 54 75
1995 56 60 58 70 78 53 70
1995 80 51 53 80 63 54 63
1997 70 51 74 82 54 54 73
1998 75 71 65 82 59 59 83
1993-97 mean 64 58 49 72 64 54 72
1988-97 mean 64 49 58 70 35

1. Refers to rod and line catches only.
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Table 3.3.7.1 Estimated catches (in tonnes round fresh weight) of wild, farmed and ranched salmon in

national catches in the North East Atlantic (figures for 1998 include provisional values).

Country Catches of Salmon
Year/ Scason Witd FW Farmed SEA Farmed Total Ranched Total
Farmed
Norway 1989 707 29 166 195 3 005
1990 700.8 29 185 214 82 930
1991 682.5 20 169 189 55 877
1992 653.7 27 176 203 103 867
1993 707 18 191 209 7 923
1994 781 18 187 205 10 996
1995 654 13 170 183 2 839
1996 557 19 203 222 8 787
1997 410 21 177 198 2 630
1998 533 26 180 206 1 740
Faroes 1990/1991 117.2 348 0 202
199171992 204 10.6 0 31
1992/1993 16.1 59 0 2
1993/1994 58 12 0 7
1994/1995 43 12 0 6
1995/1996 08 0.2 0 1
1996/1997 0 0 0 0
1997/1998° 6
N 1991 58 <1 0 69
Finland 1992 77 <1 0 78
1993 0 <1 0 70
1994 49 <1 0 49
1995 48 <1 0 48
1996 44 <1 o 44
1997 45 <t 0 45
1998 48 <l 0 48
- 1991 13 0 0 13
France 1992 20 0 0 20
1993 16 0 0 16
1994 18 0 0 18
1995 9 0 0 9
1996 14 0 0 14
1997 3 0 0 8
1998 9 o 0 9
i 1991 130 3 3 478
Ioeland 1992 175 + 460 635
1993 160 - 496 656
1994 140 - 108 448
1995 150 - 208 443
1996 122 - 239 361
1997 106 - 50 156
1993 130 34 164
> 1991 400 1.7 23 404
Ireland 1992 621 2.3 87 630
1993 332 1.1 8.1 541
1994 789 2.6 12.5 804
1995 774 0.7 14.8 750
1996 667 1.8 15.9 683
1997 566 11 30 570
1998 616 2.1 5.0 524
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Table 3.3.7.1 (cont’d) Estimated catches (in tonnes round fresh weight) of wild, farmed and ranched salmon in national
catches in the North East Atlantic (figures for 1998 include provisional values).

Country Catches of Salmon
Year/ Wild Farmed Total Farmed Ranched Total
Season

i 1991 215 0 0 215
Russia 1992 167 0 0 167
1993 139 0 0 139
1994 141 0 0 141
1995 128 0 0 128
1996 131 0 0 131
1997 111 0 0 111
1998 131 0 0 131
1991 23 1 14° 38
Sweden 1992 2 1 24 49
1993 35 1 20 36
1994 15 1 29° 44
1995 12 1 24° 37
1996 10 1 22 33
1997 9 ] blvg 19
1998 3 0 & 15
1901 200 0 ] 200
UK E&W) 1992 186 0 0 186
1993 263 0 0 263
1994 307 0 ! 307
1995 295 0 o 295
1996 180 0 0 180
1997 156 0 0 156
1998 143 0 0 143
. 1991 54 <1 - 35
UK (N.Ire) 1992 85.3 11 26 89
1993 80.5 0.2 23 33
1994 90.1 0.5 04 91
1995 80.6 15 09 83
1996 74.7 n/a 23 77
1997 90.7 0.07 22 93
1998 74 0.03 1.0 75
1 1991 45 14 0 462
UK (Sco) 1992 560 31 0 600
1993 516 3] 0 547
1994 644 5 0 649
1995 586 2 0 588
1995 427 <l 0 427
1997 296 <l 0 296
1998 280 <1 0 280

1 “+” indicates a small but unquantified catch.
2 Smolts released for enhancement of stocks or rod fisheries are categorised as wild
3 Fish released for mitigation purposesand not cxpected to contribute to natural spawning.
4 Data from 1994 onwards is figure reported in national catch statistics, previous years’

data have been calculated from a sampling programme.

5 Breakdown of catch not yet available.
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Table 3.3.7.2 Proportion of farmed Atlantic salmon (unweighted means) in marine fisheries in
Norway 1989-1998. n=humber of salmon examined.

Coast Fjords

Year n No.localities o Range n No.localities Yo Range
1989 1217 7 45 7 -66 803 4 14 8-29
1990 2481 9 48 16 - 64 940 5 15 6-36
1991* 1245 6 49 29 -63 336 3 10 6-16
1992 1162 7 44 4-72 307 1 21 -

1993 1477 7 47 1-60 520 4 20 7-47
1994 1087 7 34 2-62 615 4 19 2-42
1995 976 7 42 2-57 745 4 17 2-47
1996+* 1183 6 54 35-68 678 4 16 3-22
1997 2046 8 47 7 -68 793 5 42 15-85
1998 1154 8 45 6-61 1152 5 43 9-91

* In 1991 and 1996 the coastal results do not include the locality in Finnmark,

Table 3.3.7.3 Proportion of farmed Atlantic salmon (unweighted means) in rod catches
(1 June-18 August) and brood stock catches (18 August-30 November) in Norway
in 1989-1998. (n=number of salmon examined; R= number of rivers sampled).

1 June-18 August 18 August—30 November
Year n R % Range n R %o Range
1989 5970 39 7 0-26 1892 19 35 2-77
1990 5380 39 7 0-55 207 23 34 2-82
1991 4563 31 5 0-23 1738 25 24 0-82
1992 4259 32 5 0-24 1489 22 26 0-71
1993 3979 27 4 0-22 1207 19 20 (-64
1994 3243 1% 4 0-19 1699 19 22 0-75
1995+ 3554 27 4 0-20 1057 19 28 0-7
1956* 3020 29 7 0-54 1443 23 31 (-82
1997 2747 30 9 0-34 1892 36 29 0-83
1998 3419 29 8 0-37 1492 26 22 0-65

* In 1995 and 1996 the results are presented for the two periods separated at 31 August.
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Table 3.3.7.4

Proportions of escaped farmed Atlantic salmon in the River Teno (Finland, Norway) during the

fishing season (June-August) and after the season {September-October).

Fishing season (June-Augnst)

After season (September-October)

Year n of n of farmed % of n of n of farmed % of
samples fish farmed samples fish farmed

1987 1430 1 0.07

1988 1026 1 0.10

1989 2096 5 0.24

1990 2467 11 0.45 19 10 473
1991 3146 11 035 7 4 375
1992 3748 2 0.05

1993 2413 1 0.04

1994 1529 6 0.39

1995 1604 5 0.31

1996 C 2173 3 0.14 8 1 12.5
1997 3881 7 0.18 28 0 0.0
1998 3722 10 0.27

Table 3.3.7.5 Salmon farm escapees in R. Bush (UK, N.Ireland) based on trapping of the total run
throughout the year. (Note: 1994 data includes 14 escapees entering in January

1995).
Year
1991 1993 1994 1995 1996 1997 1998
Total run
{excl. ranched) 2344 2570 3253 2064 1527 1079 1681 2961
Wo. escapees 3 54 6 2 4 o
% in sample 0.13 0.55 2.62 0.39 0.18 0.24 0.20
Table 3.3.7.6  Geographical distribution by frequency (%) of escaped farmed fish located among commicreial catch
samples tor UK (Northern Ireland) and Ireland inshore catches {1991-1998).
Frequency (%)
Location 1991 1992 1993 1994 1995 1996 1997 1998
Northern Ireland (UK) - 3.72 0.26 1.18 4.03 - 0.14 0.2
Donegal 0.00 0.02 0.09 0.14 0.02 0.34 0.03 0.01
Mayo 1.16 1.69 0.27 0.10 0.14 0.25 0.27 0.17
Galway 0.39 0.10 0.06 0.08 0.03 0.00 (.06 0.10
S. West 0.00 0.01 1.05 1.08 0.19 0.42 0.47 1.10
S. and East - - - - - (.00 -
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Table 3.3.7.7 Frequency of occurrence of escapued farmed salmon among Scottish fisheries for wild salmon (1981-1998).

Year Net Rod

EastRiggs Redpoint Achiltibuie  Culkein Strathy Bonar B. Spey Dee N.Esk Tay Tweed N. Esk
% % % Clachtol % % % % % % % %
%o

1981 "0 "0 ‘0 **0 %0

1982 0 0.3 "0 "0 “"0 *"0 **0 *"0

1983 "0 0 *0 ") 40 "0 **0 gt

1984 a0 a0 0 a,bo a,hO a,hO a,hO a.hO

1985 0 *0 0 *0 **0 "0 "*0 **0 "0 "0

1986 0.6 ‘0 ‘0 "0 "0 "0 **0 "0 0

1987 "0 “1.3 "0 ‘0 "0 "0 U "0 "*0

1988 ‘15 0.6 0 *0 0 ") **0 "0

1989 6.6 6.1 0.7 “*0.08 **0 "0 "*0 "0

1990 "2 4.7 3.8 "0 **0 "0 “*0 **0.13 b0

1991 *19.8 8.6 ‘7.3 0.4 *'0.14 *"0.13 "0 "0 **0

1992 185 “3.5 "2.3 0.5 ™0 "0 **0.13 0 *"0.16

1993 ""37.5 “14.4 **15.2 0.7 **0 "0 **0 *"0.15

1994 7.7 7.1 0.6 "0 **0.18 04 “*0.3

1995 "*14.5 "'4.2 4.1 0 **0 *°0 "0

1996 “4.84 6.9 “3.4 0 *°0 %0 "0

1997 “"0 "0 2.1 **0 **0

1998 *'3.45 2.8 0.5 *"0.05 0 **0.35

Detected by "morphological characters, "scales growth patierns or ‘carotenoid pigment analysis.

gL
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ravie 3.3.9.1 Estimated exploitation rates (in %) of salmon in homewater fisheries in the North East
Atlantic area (Iteland and UK)

Ircland’ UK (England and Wales) UK (Northern Ireland) ! UK (Scotland)?
Burrishoole  Corrib Dee Dee Itchen Test  Frome Leven Lune Lune River Bush ] North Esk
net net net rod rod rod rod rod rod rod net net net net net In-river netting
Year HR w W W W W W W W W W W W/HR HRI1+ HR2+ W W
1SW 1SW 2SW 1SW MSW  (all ages) (all ages) (all ages){all ages)(all ages)(all ages) 1SW 28W 15W ISW 1SW 28W
1985 g6 66 I - - - - - - - - - - 93 - 23 35
1986 86 52 34 - - - - - - - - - - 82 75 40 29
1987 78 - 5 - - - - - - - - 69 46 94 77 29 37
1988 75 29 - - - 33 39 9 - - - 65 36 72 57 35 37
1989 82 43 35 - - 47 29 7 - 22 44 89 60 92 83 23 26
1990 52 31 45 - - 47 36 10 - 30 36 61 38 63 70 36 34
1991 65 19 19 f 10 43 26 8 - 27 30 63 43 37 46 10 15
1992 71 24 28 14 13 29 25 9 - 33 30 56 33 74 75 28 27
1993 71 31 22 11 15 39 33 11 27 21 30 41 12 67 71 25 18
1994 73 50 0 15 21 34 32 13 28 33 35 - 40 71 64 19 18
1995 84 50 18 7 11 25 28 9 37 24 27 67 42 69 - 14 12
1996 81 52 75 9 11 36 23 13 45 23 24 - - 81 77 RY 10
1997 68 38 - ¥ 9 14 14 7 26 25 29 60 - 79 75 12 12
1998 ° nfa nfa n/a 10 10 36 23 g nfa 24 14 n/a n/a n/a nfu 23 12
Mean
1988-97 72 37 38 10 14 35 249 10 33 27 32 63 38 73 69 22 21
1993-97 73 44 44 10 13 31 26 11 33 26 29 56 31 73 72 18 14

' Estimate based on microtag recoveries raised to total catch and including estimate of non-catch fishing mortalify.

? Bstimale based on counter and catch figures,

* Provisional figures.

* Probably underestimated,

HR = Hatchery reared.

W=Wild. : Continued...........
= no datd - -




Table 3.3.9.1 (cont’d) Estimated exploitation rates (in %) of salmon in homewater fisheries in the North East Atlantic area
(Iceland, Norway and Sweden)

Iceland' Norway’ Sweden’
Ellidaar Drammen Imsa Lagan
rod rod net net net net
Year W W/HR HR* w HR' HR*
1SW 1SW 25W 1SW 2SW 1SW 285W 1SW 28W
1985 40 33 57 - 73 94 81 100 81 -
1986 34 50 81 50 79 82 78 9 93 32
1987 54 44 64 52 56 95 83 95 78 55
1988 45 53 70 47 51 80 78 a1 73 91
1989 41 35 40 59 63 74 44 63 76 B6
1990 41 33 23 40) 43 42 47 68 80 g2
1991 37 28 54 59 37 72 50 66 91 92
1992 48 46 - 51 61 76 74 91 73 o8
1993 41 45 2 - 53 80 45 89 R9 82
1994 49 42 42 34 38 80 70 94 70 100
1995 43 53 29 40 - 86 56 88 58 70
1996 56 47 7 23 66 - 80 B9 64 78
1997 50 45 15 23 58 80 66 - 55 58
1998 55 47 20 36 13 40 10 60 83 66
Mean
198R-97 45 43 33 42 55 74 65 82 73 84
1993. 97 48 46 23 30 59 82 71 90 a7 78
'Estimate based on counter and catch figures. Reporting rates for external tags:

?Estimates based on counter catch figures.
*Estimate based on external tag recoveries and before 1994 on assumed 50%

exploitation in the river brood stock fishery and in 1994-96 on mark-recovery estimates. Norway 0.50
*HR in R. Drammen, R. Imsa and R. Lagan are pooled groups of 1+ and 2+ smolts. Sweden 0.65
Provisional figures. Elsewhere 0.50
®*Net only.

W = Wild Continued..........
HR = Hatchery reared.

~' = no data
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Table 3.3.9.1 (cont’d)

Estimated exploitation rates (in %) of salmon in homewater fisheries in the North East Atlantic area

(Russia)
Russia®® Barenls sca hasin Russia"® White sea basin
B.Z Litsa Ura Tuloma Kota Ponoi Kitsa Varzuga  Umba
net net net net net and rods net net net
Year W W W W+HR W W W W
all sca ages
1985 48 49 47 990 47 46 39 50
1986 49 50 50 71 50 44 49 50
1987 49 49 49 o1 48 35 37 35
1988 49 48 51 87 77 35 36 34
1989 49 48 50 84 78 35 37 31
1990 49 47 50 80 50 35 35 3
1991 51 48 48 58 20 a2 31 13
1992 42 49 45 77 11 30 29 5
1993 48 64 39 79 10 23 27 9
1994 38 48 42 73 14 15 30 15
1995 44 45 49 77 14" 22 27 8
1996 42 49 43 66 107 20 14 8
1997 30 32 16 43 19 21 12 9
1998 24 24 0 31 14 20 32 0
Mean
1 9RE-9T7 44 48 43 72 35 27 28 14
1993- 97 40) 48 38 68 14 20) 22 10

'Estimate based on counter and catch tigures.

®Net only.

7 Commercial fisheries on the Ponei were closed in 1993 and catch-and-release rod fishing was introduced,




Table 3.4.1.1 Conservation limits achievement (egg deposition /fconservation limit)

in rivers in the NEAC area.

YEARS
1919 19 19 1919 191919191919 191919191919 18
COUNTRY RIVER 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98
England Test
England ltchen
Russia Litsa
England Lune
Ireland Burrishoole
Northern Ireland Bush
England Dee
Russia Ura
Russia Tuloma
England Coquet
France Bresle T T T T
France Scorff
Russia Kitsa
France Qir
Russia Varzuga
England Frome
Scotland North Esk
France Nivelle

LL

Fraction of conservation limit attained : > 2.0
(egg deposition / conservation 1.0-2.0
T 0.50-1.0
0.25 - 0.50

0-0.25 X
N/A
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Table 3.4.2.1 Wild smolt counts and estimates, and juvenile survey data on various index streams in the North East Atlantic (Finland, Norway and Sweden).
Finland Norway Sweden
Year River Teno River! River' River’ River* River” River’ River River River Orkla River
Inarijoki Utsjoki Ylapulmankijoki Tsarsjoki Karigasjoki Kuoppilajoki Halsclva Imsa Hogvadsin
Juvenile Juvenile Juvenile Smolt Smolt Smolt Smolt Smolt Smolt Smolt Smolt
Survey’ Survey’ Survey’ Total Trap Total Trap Tolal Trap Total Trap Total count  Total Estimate Partial Count*
Count
1564 9,771
1963 2,610
1966 367
1967 627
1968 1,564
1969 4,742
1970 242
1971 -
1972 -
1973 1,184
1974 184
1975 3653
1976 247
1977 -
1978 38
1979 19.9 18.0 93.2 103
1980 264 372 46.2 : 1,064
1981 13.4° 17.9 52.3 3,214 500
1982 36.6 19.7 705 736 1,566
1983 534 51.8 B6.5 1,287 121,000 2,682
1984 39.1 40.6 07 936 183,000 4,961
1985 60.8 40.8 84.2 892 173,000 4,989
1986 52.0 40.5 41.5 477 227,000 2,076
1987 45.1 45.5 708 480 238,000 3,173
1988 334 46.2 49.0 1,700 152,000 2571
1989 36.1 379 #1.3 2,500 2,495 788 1,194 - 882
1990 353 51.1 104.5 3,058 2,615 2,576 812 1,822 323,000 1,042
1931 40.7 332 323 2,447 1,828 1,349 739 1,377 1,995 243,000 1,235
1992 25.8° 48.2 51.2 3,538 4219 435 257 865 1,500 262,534 1,247
1993 34.0 41.5 66.7 2.825 3,078 189° 70 613 398 297264 1,305
1994 50.8 60.9 96.9 1,268 2,794 706 142 494 ) 165,875 993
1995 45.7 405 63.5 - - - - 497 338 174,677 1,525
1956 323 27.1 48.7 - - - - 558 682 162,522 795
1957 272 383 56.7 - - - - 1,013 1,180 225471 703
1508 24.1 38.4 57.0 - - - - 1,106 887 124,545 1,140
Mean } .
93-97 38.0 41.7 66.5 - - - - 635 650 205,162 1,064

MaJor tributary of River Teno

* Iuvenile survey represents mean fry and parr abundance (number 100 m” caught by electrofishing) at 35, 10 and 12 sites respectively.

4 Smoll (rap catch represents part of the run. 7 Incomplete data. Minimum numbers duc to high water levels.

’ Trlbular} of River Teno. Smolt traps out of commission since 1995,

Continued.....




Table 34.2.1 (Cont’d) Wild smolt counts and estimates, and juvenile survey data on various index streams in the North East Atlantic
(lceland, France, Ireland, UK(N Ireland), UK(E&W), UK (Scotland).

Iceland France Ireland UK (N Ireland) UK (Scotland
Year River River River River River River River River Girnock Baddock
Ellidaar Vesturdalsa Nivelle Oir Bresle Burrishoole Bush North Esk Burmn Burn
Smolt Smolt Juvenile Smolt Smolt Smolt Smolt Juvenile Smolt Smolt Smolt
Estimate Estimate Sl.n'vey6 est, est. Total trap Total Trap Survey’ est, Total trtap | Total trap
1964 275,000
1965 183,000
1966 172,000
1967 98,000 2,057
1968 227,000 1,440
19692 - 2,610
1970 - 2,412
1971 167,000 2,461
1972 260,000 2,830
1973 165,000 1,812
1974 43 958 106,000 2,842
1975 33,365 173,000 2,444
1976 21,021 93,000 2,762
1977 19,693 - 3,679
1978 27,104 - 3,149
1979 24,733 - 2,724
1980 11,208 20,139 132,000 3,074
1981 3434 14,509 195,000 1,640
1982 3,120 10,381 10,694 160,000 1,626
1983 3,155 9,383 26,804 326 - 1,747
1984 2,005 7,270 30,009 19.5 225,000 3,247
1985 26,000 882 529 4,130 6,268 30,518" T6 130,000 2,716
1986 - 6,481° 1,312 1,940 5,376 18,442 11.3 - 2,091
1987 - 11,039" 363 1,080 3,817 21,994 10.3 199,000 1,132
1988 23,000 9,946’ 419 2,400 6,554 22,783 8.9 - 2,595
1989 22,500 14,642 6,658’ 830 - 6,563 17,644 16.2 141,000 1,360
1990 24,000 11,115 2,505° 808 - 5,968 17,133 5.6 175,000 2,042 1,907
199t 22,000 9,300 5,287 202 - 3,804 18,218 125 236,000 1,503 2,582
1992 27,700 19,100 3,452 672 1,160 6,926 10,021 13.0 - 2,572 2,029
1993 18,000 A 2,640 226 1,700 5,429 11,583" 78 - 2,147 -
1994 14,500 A 8,002° 539 2,400 5,971 14,145 115 148,000 1,223 1,280
1995 18,000 6,750 2,841 733 - 5,998 5,718 8.5 138,000 2,056 1,789
1996 23,200 11,500 5,068 1,003 1,320 5,854 12,449 9.9 162,000 1,636 1,627
1597 16,500 17,200 5,888 724 6,300 6,331 10,783 6.9 143,000 2,738 2913
1998 5,392 1,034 1,650 9 588 14,819 3.5 - 1,652 1,417
Mean
93-97 18,040 11,817 5,456 645 1,640 5,917 12,269 8.9 147,750 1,970 1,902

® Estimate of 0+ parr population size in autumi.
? Fuvenile surveys Tepresent index of fry (04) abundance (number per 5 minutes elecrofishing) at 137 sites, based on natural spawning in the previous year.
¥ These smolt counts show effects of enhancement. ? Tnfluenced by enhancement (fry releases).  '° Minimum estimate due to severe flooding. " Smolt counts too small for estimate,

|
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Table 3.4.2.2 Status of stocks in the North East Atlantic. Summary of trend analyses on smolt
counts and survival based on a non-parametric method (1000 iterations). (p <0.1

means significance upward, trend, p>().9 means significant downward trend).

Type of data Rivers (Countries) Lifestage Period ’p’ Trend
(years) value
Section 3.4.2 Oir (Fra), Imsa, Halselva (Nor), Burrishoole (Irl), Bush Smolts 5 0056 Up
Smolt counts (UK NI), Hogvadsin (Sweden), '
10 0.59 Nt
Orkla (Nor), North Esk, Gimock, Baddoch (UK Scot), Smolts 5 0.523 Nt
Ellidaar {Ice).
10 0997 Dn
Section 3.4.4 Corrib (Itl), Bush (UK NI, Imsa (Nor), North Esk (UK 1SW return 10 0.73 Nt
Wild smoit Scot), Elidaar + Midfjardara(Ice) to
homewaters
survival Corrib (Itl), Imsa (Nor), North Esk (UK Scot), 1SW retwrn 5 0.99 Dn
Elidaar+Midfjardara (Ice) to
homewaters
Corrib (Irl), Imsa (Nor), North Esk (UK Scot}, Midfjardara 2SW retum 10 0.88 Nt
(Tce) to
homewaters :
Corrib (Irl), Imsa (Nor), North Esk (UK Scot}, Midfjardara 25W return 5 0.46 Nt
(Tce) to :
homewaters
Section 3.4.4 Kollafjordur+Midfjardara (Ice), Burrishoole (Irl), Bush 1SW return 10 096 Dn
Hatchery smolt (UK NI), Imsa and Drammen (Nor), Lagan (Swe) to :
homewaters :
survival Kollafjordur + Midfjardara (Ice). Burrishoole (Irl), Bush ~ 18W retumn 5 0.547 Nt
(UK. ND), Imsa and Drammen (Nor), Lagan (Swe) to )
homewaters :
Kollafjordur + Midfjardara (Ice), Imsa + Drammen (Nor),  25W return 10 1. Dn
Lagan (Swe) o ’
: homewaters .
Kollafjordur + Midfjardara (Ice), Imsa + Drammen (Nor), 28W return 5 0.931 Nt
Lagan (Swe} to :
homewaters

80

Trends: Up = significant
increase
Dmn = significant :
- decrease |
Nt =no :
trend




Table 3.4.3.1 Wild adult counts to various rivers in the North East Atlantic area (Iceland, Sweden and Russia).
Iceland Sweden Russia Russia Russia Russia ~ Russia Russia  Russia Russia Russia
Year River River River River River River River River River River R. Zap.
Fllidaar  Hogvadsén Ura Kitsa Tuloma  Varzuga  Keret Ponoy' Kola Yokanga Litca
Estimate Total Total Total Total Total Total Total Total Total Total
trap trap trap trap {rap trap trap trap frap tfrap
1952 3792 4800
1953 2526 2950
1954 2794 364 4010
1955 4118 210 4600 4855
1956 2911 144 4800 2174
1957 2965 126 4300 2949
1958 3057 632 983 6228 1771 1051
1959 4773 197 997 6125 2790 1642
1960 4815 209 3293 10360 5030 2915
1961 3779 229 2178 11050 53480 5121 2091
1962 3126 385 1184 1884 10920 69388 5776 3655 2196
1963 4031 217 811 3431 7880 64210 3656 3253 1983
1964 4526 390 787 2936 4400 21424 23666 3268 2642 1664
1965 3249 442 1334 - 5600 63812 12998 3676 4482 1506
1966 4274 375 925 1574 3648 21086 10333 3218 2488 787
1967 4839 90 2679 1258 9011 20534 11527 7170 4993 1486
1968 3024 172 1996 2735 6277 47258 18352 5008 3357 1971
1969 3580 321 967 2329 4538, 53048 @267 6325 1437 2341
1970 2187 610 1792 2171 6175 55556 9822 5416 1117 2048
1971 2590 173 1172 4406 3284 71400 8523 4784 2300 1502
1972 4627 281 1693 1717 6554 48858 13975 8695 1620 1316
1973 6014 100 2502 2091 9726 45750 20553 9780 869 1319
1974 6925 270 1568 2352 12784 39360 24632 15419 280 2605
1975 7184 138 3249 6702 11074 §9836 41666 12793 736 2456
1976 333] 65 2110 4310 ROG0 57246 44283 9360 2767 1325
1977 3756 49 2784 4166 2878 335354 37159 7180 2488 1595
1978 4372 23 1358 2047 3742 18483 24045 5525 1715 766
1979 4048 15 388 2838 2887 40992 17920 6281 598 700
1980 2632 260 957 1073 4087 43664 15069 7265 1052 548
1931 2656 512 438 2173 3467 32158 11670 7131 472 477
1982 4275 572 1205 1953 4252 26824 9383 SR9R 1200 889
1983 3257 447 2108 1712 9102 59784 13594 10643 1769 1254
1984 1659 623 4458 3372 10971 39636 26330 10970 2498 1859
1985 2896 768 2634 5123 8067 48566 38787 6163 1774 1563
1986 2651 1632 2474 3240 7275 71562 3230 32266 6308 3212 1815
1987 2191 1475 1788 3495 5470 137419 3427 21212 6300 3468 1498
1988 4435 1283 1252 3667 8069 72528 3294 20620 5203 2270 575
1989 4325 480 2434 1305 8413 63524 3531 19214 10929 2830 2613
1550 3383 879 1558 2299 11594 56000 2520 37712 13383 3376 1194
1991 3020 534 1328 988 7253 63000 6 21000 8500 1704 2081
1992 2917 345 3391 2619 5377 61300 536 26600 14670 5208 2755
1993 3363 603 1972 674 4516 68300 687 26800 11400 2600 2267
1994 2298 640 1738 487 3316 77800 733 28600 9730 2500 2100
1995 2509 136 1461 700 4737 42290 1066 33100 6051 1153 1916
1996 2170 249 1171 974 4424 67900 391 32600 7700 2700 2330
1997 1132 189 2028 1076 4403 73430 180 32685 6180 2704 1350
1998 875 160 1100 1031 3338 83050 607 41786 4848 - 1510
Mean .
9397 2294 367 1674 783 4280 69236 615 30757 8212 2263 1993
'Mark recapture estimate from 1994,
Continued....
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Table 3.4.3.1 Cont’d

Wild adult counts to various rivers in the NE Atlantic area, (Russiaand UK).

Russia UK UK UK UK UK UK UK UK UK UK UK UK UK
(E&W) (E&W) (E&W) (E&W) (E&W) (E&W) (E&W) (E&W) (E&ZW) (ND (ND) (ND (ND)
Year Umba Usk Frome Test Itchen Kent Leven Tamar Dee Tune Roe Bush Faughan  Moume
Totaltrap  Counter Counter Counter Counter  Counter  Counter Counter Counter Counter Counter  Total Counter  Counter
+eaich 4 calch + calch trap
1966 : 6792 -~ 15112
1967 1723 7087
1968 1657 2147
1969 2030 1195 1569
1970 1316 3214 5050
1971 288 1758 4401
1972 548 1020 1453
1973 2536 2614 1885 2939
1974 2692 3483 2709 3630
1975 5432 3366 1617 1742
1976 1926 3124 2040 2259
1977 3692 1775 2625 2419
1978 3308 1621 2587 5057
1979 3T 1820 3262 2226
1980 5924 2863 3288 3148
1981 6252 1539 3772 2399
1982 8690 1571 2909 4755
1983 7850 1030 2410 1271
1984 6326 672" 2116 1877
1985 12190 2443 9077 8149
1986 8568 2930 4915 6295
1987 10040 2530 907 2322
198K 8435 7446 4093 1507 1336 2832 3228 7572
1989 12025 1719 3186 1730 191 1137 8785 1029 8287 9457
1990 9040 2532 1880 790 367 2216 8261 1850 6458 11541
1991 6400 2746 805 538 152 1736 667 1591 2341 4301 7987
1992 8400 3108 900 614 357 1816 394 4643 5567 2546 7375 7420
1993 8500 51 1182 1249 852 1526 469 9757 10852 3235 8655 17855
19954 6800 9120 1078 775 374 2072 562 6343 5285 9236 2010 7439 19908
1993 7340 6189 1016 647 8RO 2762 320 5623 3703 6111 1521 5838 7547
1996 6450 6926 1353 623 437 3246 387 3975 4931 6080 1097 13297 5475
1997 6200 n/a 1157 361 246 1476 233 2813 5496 4371 1677 - 6979
1598 6440 n/a 1210 808 453 4871 - 3132 65661 7457 2600 2995 - 6077
Mean ’ )
93-97 T058 6108 1157 731 558 2216 396 4689 6234 7330 - 1908 6127.2 11553

Minimum count.

In the UK{Scoll)Girnock, the trap is located in the Gimock Burn, a tributary in the upper reaches of the River Dee (Aberdeenshire). In the UK(Scotl} N, Esk, counts are recorded npstream of the in-river

commercial fishery and most important angling fishery. Thus, the counts do nol necssarily reflect the numbers of fish entering the river.




Table 3.4.3.1 Cont’d Wild adult counts to various rivers in the NE Atlantic area (UK , France, Norway and Ireland).

UK UK UK UK France  France France France Norway Norwa Ireland
(Scotl)  (Scotl)  (Scotl)  {Scotl) y
Year N. Esk West Gimock  Baddoch  Nivelle Oir Scorff  Bresle Imsa Burishoole
Water Halselva
Counter  Counter Total Total  Trapest  Trap Trap Trap Total Total  Total trap
trap trap est. est. est. trap frap
Females  Females
1966 156
1967 115
1968 111
1969 3
1970 34
1971 61
1972 9
1973 127
1974 105
1975 65
1976 90
1977 49
1978 16
1979 49
1980 121 832
1981 9025 41 348
1982 8121 43 66 510
1983 8972 26 14 602
1984 T007 58 33 307 110 32 319
1985 9912 30 61 296 135 3 567
1986 6987 75 204 216 210 22 495
1987 7014 110 138 180 200 52 9 468
198%8 11243 112 47 130 233 105 77 44 458
1989 11026 43 67 263 235 220 64 83 662
1990 4762 29 52 291 84 125 68 67 231
1991 9127 2962 57 46 184 47 215 89 43 347
1992 10795 2809 33 32 234 60 225 35 70 360
1993 10887 2699 21 27 472 176 75 18 39 528
1994 11341 2976 37 40 317 155 6941 105 29 - 516
1995 9864 2391 71 16 195 128 982 80 9 - 561
1996 7993 2656 41 26 214 196 756 40 25 2 4035
1597 11315 2926 9 9 126 67 542 45 77 11 538
1998 10474 2422 11 10 160 189 551 270 38 16 516
Mean
93-97 10280 2730 36 24 265 144 744 i) 32 17 510
1 Grilse only
o0
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[able 3.4.4.1 Estimated survival of wild smolts (%) to return to homewaters (prior Lo coastal fisheries) for various monitored rivers in the

NE Adtlantic arca.

Smolt Tceland' Ireland UK (N.Ireland)® Norway’ UK (Scotland)® France

migration Ellidaar R.Vesturdalsa® R Midfjardara®  River Comrib River Corrib R. Bush R. Imsa North Esk Nivelle®  Bresle
year © O 1SW 1ISW  28W 1SW 2SW ISW 2SW 1sW? ISW 28W 1SW 28W  3S8W  Allages All ages
1975 20
1980 9.4 1.6
1981 11.8 1.8 17.3 4 13.7 6.9 0.3
1982 15.6 2.7 5.3 1.2 12.6 5.4 0.2
1983 2 10.6 12 13.5 1.3 - - -
1984 : 19.8 17 12.1 1.8 10 4.1 0.1
1985 9.4 15.4 1.4 10,2 2.1 26.1 6.4 02
1986 - - 31.3 38 4.2 - - - 15.1
1987 24 14 12.0 1.0 35.1 17.3 5.6 139 34 0.1 2.6
1988 12.7 0.6 09 12.4 0.5 36.2 13.3 1.1 - - - 2.4
1989 8.1 1.1 2 0.2 0.7 5.3 1.0 25.0 3.7 2.2 78 4.9 0.1 35
1950 5.4 1.0 1.0 12 1.3 4.4 0.6 34.7 3.0 1.3 73 3.1 02 18
1991 8.8 42 0.6 1.1 0.5 3.6 0.1 27.8 8.7 12 112 4.5 - 9.2
1992 9.6 24 0.8 14 0.5 59 - 29.0 6.7 0.9 - - - 8.9 6.9
1993 98 - - 1.0 1.1 9.0 0.8 - 156 ' - - - 83 10.3
1994 5.0 - - 1.4 0.6 7.8 0.7 27.1 - - 17.2 2.3 0.1 7.2 7.5
1995 9.4 1.6 12 0.3 09 6.7 nfa n/a L8 1.5 11.5 3.l 0.1 23 n/a
1596 4.6 14 0.3 12 0.4 4.1 n/a 31 35 0.7 10.7 3.2 - 4.2 n/a
1997 5.3 (.7 - 1.2 0/a n/a n/a 1.7 10.3 - - 2.6° 4.87
Mean

1993-1997 7.6 12 0.8 1.0 0.8 6.9 0.5 29.1 5.7 1.1 12.4 3.5 0.1 55 8.9

t Microtags.

? Carlin lags, not corrected for tagging mortality.
¥ Microtags, corrected for tagging mortality.

4 Assumes 50% cxploitation in rod fishery.

5 Minimum estimates.

*From O+ stage in autumn.

7 Incomplete returns.

¥ Assumes 30% exploitation in trap fishery.




Table 3.4.4.2 Fstimated survival of wild smolts (%) into freshwater for various monitored rivers in the NE Atlantic area.

Tceland' Trehand Treland UK(N.Ireland) Norway UK (Scotland)! France

ST;# River River River . River ver Bust . North Esk® o’ Nivelle® Bresl

b Ellidaar Vesturdalsa® Midfjardara’ Cormib Burrishoole River Bush River Imsa o ir ivelle resle
18W 1ISW  28W  ISW  2SW  ISW  28W 1SW ISW  28W  1SW  28W  ISW  2SW  3SW Al All All

ages ages ages
1975 20.8 - - - - - - - - - - - - - - . -
1979 - - . - - - - 73 - - - - - - - - - -
1980 - - - - - 26 0.8 31 - - - - - - - - - -
1981 . - - - - 33 18 5.4 95 0.9 2.1 03 4.2 2.0 0.2 - - -
1982 - - - - - 5.7 1.6 58 7.8 0.8 0.7 0.} 4.9 22 0.2 - - .
1983 . 2.0 - - - 32 0.7 3.4 1.9 1.7 2.4 0.1 . . - 32 - -
1984 - - - - 45 0.7 78 6.4 1.4 32 0.3 39 2.1 0.1 7.7 - -
1985 9.4 - - - - 40 0.8 79 79 1.9 2.1 0.1 59 2.9 0.2 15 - -
1986 - - . - - - - 8.7 9.7 1.9 1.7 0.8 - - - 3.6 151 -
1987 - - - 2.4 1.4 6.0 0.4 12.0 120 0.4 8.3 1.5 6.7 2.1 0.1 73 26 -
1988 127 - 0.6 0.9 3.7 0.1 10.1 39 0.8 45 0.6 - - - 2.0 24 -
1989 8.1 1.1 2.0 0.2 0.7 25 0.4 35 9.3 1.4 49 0.6 35 2.7 0.1 1.6 35 .
1950 54 1.0 10 1.2 1.3 2.3 0.6 92 11.8 1.7 1.7 0.3 4.2 2.1 02 3.5 18 -
1991 8.8 4.2 0.6 1.1 0.5 2.5 0.1 9.5 120 22 3.4 0.2 52 23 0.2 11.3 9.2 -
1992 9.6 24 0.8 1.4 05. 27 - 76 168 2.0 31 0.2 - - . 54 89 58
1993 0.8 - - 1.0 1.1 1.9 02 95 15.1 2.0 7.0 - - - - 170 8.3 6.3
1994 9.0 - - 1.4 06 1.8 0.1 9.4 8.9 0.7 - - 4.9 2.0 0.1 3.0 72 4.3
1995 9.4 16 1.2 0.3 0.9 1.9 nfa 6.8 wa 2.4 0.6 0.3 52 32 0.1 4.0 23 wa
1996 4.6 1.4 0.3 13 0.4 1.6 w/a 9.2 12.1 2.1 15 0.4 55 28 - 4.0 42 2,7
1997 53 0.7 - 1.2 - Wa nfu wa 14.5 - 1.7 - 6.1 - - 2.6 44

! Microtags.
% Carlin tags, not corrected for tagging mortality.
* Minimum estimate.

*Before in-river netting.

c8

* Assumes 50% exploitation jn rod fishery.
® Survival of O+parr to adults.
7 Incomplete returns.
¥ Assumes 30% exploitation in trap fishery.
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ravie 3.4.43  Estimated survival ot hatchery smolts (%) to adult return to homewaters, (prior to coastal fisheries) for various monitored rivers and
experimental facilities in the NE Atlantic area.

Tceland' Ireland’ N, Ireland' Norway’ Sweden®
Smolt year R. Midtjardara3 R. BunSis- R. Bush (1SW} R. Imsa R. Drammen R. Lagan
hoole
1SW 285W 15W 1+ smolts 2+ smolts 1SW 25W 1SW 28W 1SW 28W

1981 0.5 - - 10.1 1.3 - - - -
1982 9.7 - - 472 0.6 - - - -
1983 0.0 02 3.64 1.9 31 16 0.1 - - - -
1934 0.5 0.2 251 13.3 - 3.8 04 3.5 3.0 11.8 1.1
1985 04 0.1 289 154 17.5 5.8 1.3 34 1.9 11.8 0.9
1986 04 0.7 9.4 2.0 9.7 4.7 08 6.1 22 7.9 2.5
1987 2.7 0.7 13.6 6.5 19.4 9.8 1.0 1.7 0.7 84 2.4
1988 0.7 0.2 17.9 49 6.0 9.5 0.7 0.5 03 4.3 0.6
1039 0.7 04 5.1 8.1 232 3.0 0.9 1.9 1.3 5.0 1.3
1990 19 - 0.5 105 56 56 2.8 1.5 0.3 04 52 3.1
1991 18 0.2 84 34 8.8 3.2 07 0.1 0.1 3.6 1.1
1992 1.3 02 7.5 0.0 7.8 3.8 0.7 0.4 0.6 1.5 04
1993 0.5 0.2 12.3 1.1 5.8 6.5 0.5 3.0 1.0 26 0.9
1994 1.0 0.2 11.5 1.6 - 6.2 0.6 1.2 0.9 4.0 1.2
1995 0.8 0.1 16.8 31 23 04 0.0 0.7 0.3 3.9 0.6
1596 0.1 0.0 5.6 2.0 n/a 2.1 0.2 04 0.3 - 35 0.5
1997 0.9 n/a /i 0.9 0.5 0.9

"Microtagged.
*Carlin tagged, not corrected for tagging mortality.
*Retum rates to rod fishery with constant effort.




Table 3.4.4.4

Estimated survival of hatchery smolts (%) to adult return to freshwater, for various monitored rivers and experimental facilities in the

NE Atlantic area.

Iceland' Ireland’ N. Ireland" Norway’ Sweden*

Smolt R.Burri- R. Bush {1SW) R. Imsa R. Drammen R. Lagan
year R. Midfjardara’ shoole’

15W 25w 1SW 1+ smolts 2+ smolts 1SW 25W 1SW 28W 1SW 25w
1981 1.3 2.0 0.1 - - -
1582 1.7 - - 0.2 0.03 - - - -
1983 0.0 0.2 0.5 0.1 04 0.1 0.0 - -
1984 0.5 0.2 34 0.9 - 0.6 0.03 2.5 1.2 -
1985 0.4 0.1 4.0 2.8 4.3 1.3 0.13 0.6 0.9 - -
1986 04 0.7 0.1 21 1.1 0.07 2.2 1.1 - - -
1987 2.7 0.7 3.4 1.8 8.2 2.1 03 0.5 03 - -
1988 0.7 0.2 33 0.4 1.0 38 0.2 0.3 02 - -
1989 0.7 04 2.5 29 6.8 1.5 0.3 14 0.6 - -
1990 1.9 0.5 3.7 24 3.0 1.3 0.1 0.1 0.2 - -
1991 1.8 02 2.5 1.4 22 0.8 0.1 - - - -
1992 1.3 0.2 2.2 2.0 23 0.6 0.1 0.3 0.4 - 0.1
1993 0.5 02 3.3 0.3 20 2.2 0 1.7 0.6 1.1 0.6
1994 1.0 02 1.8 0.5 - 2.6 0.1 0.8 0.6 3.0 0.6
1995 0.8 0.1 3.1 0.57 0.55 0.1 0.0 0.7 0.3 1.4 0.3
1996 0.1 0.0 1.8 0.4 0.57 0.7 0.1 03 0.2 1.6 0.5
1997 0.9 nfa no release 276 0.9 0.4 0.2

'Microtagged.

*Carlin tagged, not corrected for tagging mortality.
*Return rates (o rod fishery with constant effort.

*Carlin tagged, not corrected for tagging mortality. Return rate to broodstock and rod fishery. Estimated exploitation in broodstock fishery in 1994 and 1995 : 49% and 27%.

L3



Table 3.5.1 Assessment of the effects of the suspension of commercial fishing at Faroes on the numbers of salmon

returning to home waters.

Fishing season

1991792 1992/93  1993/94  1994/95  1995/% 1996/97  1997/98
NASCO quota (t) for the calender year if fishery operated * 350 550 550 550 470 425 380
Expected No. fish landed if quota had been taken ® 147,048 162,850 182,027 172,931 142,037 128,438 140,927
Discard rate 8.8% 9.4% 14.4% 15.1% 11.9% © 11.9% © 16.9%
Discard mortality 80.0% 80.0% 80.0% 80.0% 80.0% 80.0% 80%
Expected No. fish killed if fishery operated 158,399 176,367 206,524 197,536 157422 142,350 163,855
No. fish killed in research fishery 9,350 9,09 3,035 4,187 282 0 1465
Total number of fish saved per year 149,049 167,268 203,489 193,349 157,140 142,350 162,390
Proportion of farmed fish in catch 37.0% 27.0% 17.0% 19.0% 19.0% 19.0% 19.0%
Number farm escapees spared 55,148 45,162 34,593 36,736 29,857 27,046 30,854
Number of wild fish spared 93901 122,106 168,896 156,613 127283 115,303 131,336
Sea age composition of wild fish: 15W 4.0% 12.0% 16.0% 10.6% 10.7% ° 107% "  192%
28W 83.0% 61.0%  640%  808%  T22%° T2%°  TA6%
28W+ 13.0%  270%  200% 86%  172%° 172%°  62%
1992 1993 1994 1995 1996 1997 1993
Additional salmon 1SW 2,842 11,429 21,078 12,949 10,573 9,578 19,699
expected to huve returned: MSW 70,809 106,307 134,159 138,533 122,196 105,368 103,169
Estimated 1SW returns to all European homewaters: 2,288,367 2,120,034 2,403,850 2,065,777 2,031,660 1987470 2304352
% 18W returns derived from suspension '
of commerial fishing at Faroes: 0% 1% 1% 1% 1% 0% 1%
Estimated MSW returns to ali European homewaters: © 1,161,890 1,095400 1,210,235 1,104,759 1,010,548 780,398 773018
% MSW returns derived from suspension l
of commerial fishing at Faroes: 6% 10% 114, 13% 12% 14% 13%
Estimated 18SW returns to Northern European homewaters: © 1049894 014,669 . 985292 909448 906,526 940,116 1091123
% 1SW returns derived from suspension
of commerial fishing at Faroes: 0% 1% 1% 1% 1% 1% 1%
{Assuming 65% from N. Europe}
Estimated MSW returns to Northern European homewaters: © 552,741 546,852 541,139 482,513 468991 378,683 402698
% MSW returns dedved from suspension
of commerial fishing at Faroes: 8% 13% 16% 19% 17% 18% 17%

(Assuming 65% from N. Europe)

a. NASCO quota agreed for the calender year in the latter part of the fishing season.
b. Expected no. landed in year y calculated from quota; Sum(p;/w, )*Quata, , p; is proportion of age group i, /= 1, 2 and 2+5W,

and w; is mean weight of sea age i.

No dala, estimated from mean discard rate 1992-95.

- No data, mean values from 1992-95 data.

. Includes farmed escapees.

Data not yet available, mean value from 1994-1996 data

e Ao
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Table 3.5.2 Results of non-parametric ratio analysis to examine changes in homewater
catches or returns after the cessation of commercial fishing at Faroes in 1991
Type of data Area considered Periods compared p value Effect
1SW catches in Finland, Sweden, Norway, Iceland 1987-91 vs 1992-96 0.004 Lower catch
Northern Europe
Norway only 1987-91 vs 1992-96 < 0.001 Lower catch
1SW catches in Ireland (total catch), UK(Scot), 1987-91 vs 1992-94 <0.04 Lower catch
Southern Eurgpe UK (E&W), France
MSW catches in Finland, Sweden, Norway, Iceland 1987-91 vs 1992-96 0.12 Not significant
Northern Europe
Norway only 1987-91 vs 1992-96 012 Not significant
MSW catches in UK {Scot), UK (E&W), France 1987-91 vs 1992-96 0.0t Lower catch
Southern Europe
Russian adult counts R. Varzuga, Ponoy, Kola,
All ages Yokanga, Zap Litca, Tuloma, Kitsa, Ura  1988-91 vs 1991-98 0.838 Not significant

89
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able 3.6.2.1 Estimated number of RETURNING 1SW salmon by NEAC country and year
Year | Finland| France} lceland Ireland] Morway] Russial Sweden| UK(EW) UK(NI)| UK{Scot)Southern Europe Northern Europe Total
) Est. sD Est. sD Est. sD
1971 B,675| 15,672| 43,6181 820,201| 554 ,111] 172,536 11,887] 122.919| 130,291| 1,306,300] 2,395,373| 384 041 790,827 B81,878] 3,186,200 392,673
1972 13,459| 30,669| 39,103| 897,076] 715537 190,675 9,589 159,544| 118,801 1,332,102] 2,538,193 406,258 968,372 108,307] 3,506,565| 420,448
1973 20,979 19,124| 40,588] 966,827| 784,514| 319,477 12,001 148,788| 102,374| 1,571,368] 2,808,481| 494,492} 1,177,558 124,284] 3,986,040] 509,872
1974 19,114 B,664] 28,017] 1,064,073| 737,511] 299,420 17,292] 163,564| 103,291 1,427, 414] 2,766,906) 425 305] 1,101,354 114,887] 3.,868,260] 440,549
1975 19,278| 17,405 40,101] 1,109,097 695 371]{ 316,749 18,4371 174,603| 90,278( 1,184,116] 2,575,501] 370,154 1,089,936 116,229] 3,665,436] 387,973
1976 16,141 16,063 35,014] 779,163| 695,837| 237,445 10,457] 123,598| ©3,138] 929,808} 1,911,771] 311,263 994.894) 102,794] 2,906,665| 327758
1977 14,064; 13,021] 40,073] 688,131) 670,254) 185 963 4,920) 135,681] 63,428 985213] 1,885474] 305219} 915274] 94,945] 2,800,749) 319,645
1978 10,514] 13,104] 48960f 618716] 469,594| 216,633 5,731 151,043 83,447 1,039,931] 1,906,241] 286,785 751,431 77,588) 2,657,672 297095
1979 | 11,238] 14,708] 47412] 547.698] 807,887] 246,014f  5.948] 105569] 55712] 958,334] 1,682,020 290,145 1,118,497 123 880] 2,800,518] 315,485
1980 11,278] 29.818] 15422 4260906 791,931| 163,229 7,649 123,943} 63,5M1 706,149] 1,355.357] 251,344 089,579] 113,198 2,344,935] 275658
1981 10,482 24901 31,968 259,379 569,950( 137,327 13,456 165,004| 57,358 870,71 3] 1,377,355| 296,563 763,181 B7.529| 2,140,536] 309,210
1982 7.473| 14,708| 23,429 470,158 416,960| 172,114 12,075 98,141{ 74,358{ 1,211,260] 1,868,624] 448,235 632,052| £9,200) 2,500,676] 453,546
1983 10,958] 16,172 32,301| 858,358] 703,695! 247 607 16,182{ 127.70a| 106,869( 1,201,000] 2,310,107 291,398] 1,010,743] 111,986} 3,320,850] 407,103
1984 13,186} 26273| 20,187 375,292| 751,198| 227,195 22 086) 106,972| 44 968] 1,185,696] 1,743,103 423 848] 1,033,852] 110,634] 2,776,955 438,049
1985 18,654 5,830 41,303{ 702,863| 775,190| 307,529 25,873 108,864| 55,018] 875,380] 1,752,054| 283 146] 1,168,550| 133,881| 2,920,604] 313,203
1986 17.141| 30,561| 63,457] 728,167 694,785] 266,212 28,4931 140,001} 82,191] 1,152,834] 2,113,755| 399 257] 1,070,087| 112,717| 3,183.842| 414,863
1987 24184 54,027| 41,701 559,275 595,915] 412,601 22,441 122,836) 31,327] 937,996] 1,705,461 338,631] 1,096.842| 120,651] 2,802,303] 359,483
1988 17,074] 19,339| 76,619 1,128,528 555,088| 221,545 19,044] 172,2088| 69,539 852.272] 2,241976| 273,741 889,379] 92,521] 3,131,355| 294 544
1989 27,508] 10,323] 41,334| 469,598 759 687| 338,554 5984] 126,376 64,322] 1,154,350] 1,824,969] 533,071} 1,171,067| 141,056] 2,996,036 557,220
1200 | 26,028] 17,196] 38,537 365,342] 655,456] 298 102 14,648] 119,395] 53,326] 543,102] 1,098,362] 256,647] 1,032,772] 122,247] 2,131,134 284275
1991 24,757 15,237] 46,763] 290,602 628,644| 414,014 17,462 68,448| 30,095 505561 909,943| 234,620] 1,131,640| 143,398] 2,041,583] 274,972
1992 38,384| 26,887 &1,195] 426,568 509 .807| 420,552 18,955 63,476| 58,738] 662806 1,238,475| 286,632] 1,049,892] 131,043] 2,288,367| 315,167
1893 20,044| 33,475 58,808| 375,253| 434,152] 372,700 18,865 108,205] 71,651 6516,781] 1,205,365| 264,418 914,669 119.019] 2,120,034| 289,970
1994 19,5671 24,905] 35,781 530,417| 436,896] 475,605 17.443] 154,845) 50,050] 658,341) 1,418,558] 283,859 985,292| 144,366) 2.,403,850] 318,462
1895 19,989 14,994| 50,770{ 424,826 371,712| 441,461 25,517 71,7471 46,845 597, 915] 1,156,326] 266,035 909,448| 133,870} 2,085,774} 297,819
1996 31,644] 18,958| 43,121 451,037 307,603| 508,739 15,420 65.375] 48,987 540,775 1,125,133] 243,327 906,526| 149,317] 2,031,660] 235488
1997 27,930 9,554| 42983| 533,969 360,454 501 861 6,889 71,821 54688 377,212] 1,047.354| 184, 516] 940,116] 143,708] 1,987,470} 233,877
1998 33,326| 18,313| 71,304| 634,682 467,801 514,736 3,956 83,118| 84,320{ 392,796] 1,213,229 232,495] 1,091,123] 152,815] 2,304,352f 278,220
t10yr Av] 27,918] 18,984] 49,060] 450,230] 493,221] 428,432 14,624 93,291] 56,303] 604,864] 1,223,772] 928,572] 1,013,255| 437,955] 2,237,026 1,026,670




Table 3.6.2.2 Estimated number of RETURNING MSW salmon by NEAC country and year

Year | Finland| France] Iceland] Ireland] Norway] Russia| Sweden UK(EW)| UK(NI)| UK{Scot)|Southern Europe Northern Europe Total

Est. 3D Est. =]0] Est. SD
1971 B,839| 14141| 22,034] 103,756| 343,231 287,089 850 67,846 27,089; 609,204 822 036 152,357] 662,043 70,433] 1,484,079 167,850
1972 13,556] 28,156] 35,038] 114,582| 449 756| 240,096 588] B1,484| 23,494| 803,129] 1,050,846 196,311] 739,032 79,187] 1,789,878] 211,681

1973 | 21.,489) 17,370] 30,005 122,734! 485,198] 409,396 2,236] B80,168| 20470| 892875] 1,133,617 222 622] 958,323 102,529'__2_,091.940 245,098
1974 | 20,683] 79911 24 408| 134,590] 475,653| 363,356 1,430] 78,699 21,000] 708240 950,620 184,454] 885,620 94 091] 1,836,140 189,468

1975 | 18,911] 17,311 30,121] 140,683| 432,157| 457 407 337] 92.400( 18,311] 7e9,346] 1,038,051 152,401] 938,934] 101,262| 1,976,985 182975
1976 | 18,200 12,523] 23,065 99,165) 438,016] 406,821 1,005] 58,833] 12705] 502,541 685,767 134,212] 888,007 95,707] 1,573,774] 164,842
1977 | 16,169| 9,930 29334 87,405 417,251] 299,321 755] 63,486) 12,180] 593,438 766,439 159,643} 762,830 76,625] 1,529,269 177,080
1978 | 10,098| 9,681 37,908| 78,6837| 299,856] 211,674 581| 70,052| 16481] 708932 883,662 193,347] 560,119] 59,038] 1,443,781 202,160

1979 6,790| 11,286] 27,284| 69,378| 526,868} 223,941 1,698] 47900 11,099] 572611 712,275 149,866] 786,581] 78.366] 1,498,856| 169,118
1980 8,543 24,088] 34,213] 78,210| 529,435| 345,649 2,868 51,803 13757 661072 829,028 166,040] 920,708 96,788] 1,749,736 192,191

1981 13,865) 153168| 15813 63,580} 546,021] 221,891 863] 66,559 11.246] 801909] 958612 222,769] 798,459 93.021] 1,757,071| 241,410

1982 | 15341| 9,218] 16,010, 26,271] 437 430| 175,028 3,020] 41,357| 14 5768] 599623 691,043 180,074] 646,830 70,677] 1,337,873| 193,448
1983 | 17,372| 10,058] 18,948| 58,700] 435781| 291,395 2.062| 50987 20999] 676435 817,178 219,207] 765,867 81,153} 1,682,736) 233,746
1984 | 13,245] 16,342] 20,042 51,728| 452,341| 324,205 2,844] 43,1441 8757| 487570 607,540] 145,326] 812,677 86,5051 1,420,217 169,124
1985 | 14,146] 12.482] 11,784] 47.161] 413,434| 348,458 1,224] 41,262 11,220 517,018] 629,153} 147,586] 789,046 96,436] 1,418,199 176300
1986 9,032 12.613] 21,447 50,976| 484,474] 372 528 1,201] 54,115] 12,239] 838 160] 966,103 2689,564] 888,682 98,102] 1,854,785 305731
1987 | 12,806 6567| 21,799 72712| 386,778 181,462 3,468] 46460] 6,193] 580236 712,168 200,9501 606,314 70,9931 1,318.482| 213,122
1988 9,612)| 18,638] 17 823| 66,664 303 600 203,869 3,352] 61,579] 16359] 614,340 777,581 190,437] 538,255 58,410} 1,315,836] 199,193
1988 | 13,735] 87311 15584] 47,933| 281,516 123,342 9,742] 45409 12433} 536,726 651,232 180,434] 443,919 51,722] 1,095,152{ 187,701
1990 | 14,520| 8855] 17 544| 22860 303,138 109,955 6,507] 40276 11.499] 445517 529,008 153,414] 451,664 52.029] 980,672| 161,996
1991 16191 7,907 14,833] 19,119| 320,293 180,854 7,690 22,153] 5932 425729 480,841 109,877] 539,660 68,232] 1,020,501] 211,202
1992 | 15857] 9.889] 19,316] 35998 336,695 171,132 9,741 20,776] 13,259| 529226 609,148 237,130} 552,741 70,722] 1,161,890 247,452
1993 | 21,208] 4,826] 16,023| 19,737] 257,931| 238 401 13,289] 25462 32,075] 466,526 548,626 209157} 546,852 80,115] 1,095477{ 223,975
1994 | 15,989 86211 17,817| 47,139) 287,295 209,975] 10,063) 47,995| 11,517 553,823 669,097 243,225) 541,139 67,402] 1,210,235| 252,391
1995 | 14,726] 4,121 14,948] 41,895] 285,304| 161,298 6,238| 27,438] 9,888] 538905 622,246 249,105] 482,513 55,9321 1,104,759 255307
1996 7,7931 7362 13.223| 27.946] 267, 100] 173,332 7,543 36,172| 10.844] 459232 541,557 214,204] 468,991 62,553| 1,010,548/ 223 150
1997 | 11,730 3,783] 12,199] 35,044| 203,492| 146,187 5,074 27,149] 12807] 322,831 401,714 146,956] 378,683 51,206f 780,398 155622
1998 | 10,822] 3,184 13,003 40,182] 233,575 142,394 2,904| 17,233} 14,286] 285,435 370,320 132,937 402,698 51,853] 773,018 142,692

10yr Av] 14,267 6,728] 15.429| 33,785] 277,634] 165,687 7,879] 31,006] 13,464] 457,395 542,379 634,337| 480,886 195,839] 1,023,265] 663,879
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Table 3.6.2.3 Estimated pre-fishery abundance of MATURING 1SW salmon by NEAC country and year

Year | Finland} France} Iceland Ireland] Norway] Russial Sweden| UK(EW) UK(NI} UK{Scot}Southern Europe Northern Europe Total
Est. sD Est. SD Est. gD
1971 9434 17,022 46,735 889.893| 580,592 186,643 12,843] 133,700] 141,109 1,409,926 2.591,649] 296,994 845,245 87,905 3,436,855| 309,730
1972 14,591] 33,410 41,903 073,497 761,222 206,116 10,404} 173,454] 128,618] 1,438,145 2,747.124] 316,358 1,034,236] 116,293 3,781,360| 337,056
1973 22,679] 20,917] 43,485] 1,049,016 834,724] 345,354 12,990f 161,656f 110,850] 1,696,471 3,039,010] 384125] 1 ,259.231F 134,601 4,208,241| 407,025
1974 20,617 9,392] 30,030| 1,154,105 784,628| 323,443 18,605 177.712] 111,848| 1,541,013 2,994.070] 331 ,368| 1,177,324] 125,305 4,171,393] 354,269
1975 20,808 19,019] 42985 1,203,223] 739,402] 342,139 19,854] 190,0171 97,780] 1,278,337] 2,788,376] 290,377] 1,165,186] 122.215] 3,953 562] 315,048|
1976 17,402 17,494 37,535 B845,158| 739,758] 256,594 11,272) 134,313] 68,418| 1,003,792] 2,069,175] 243223] 1,062,561] 109,183] 3,131,736| 266,606
1977 15,158] 14,192 42952 7464541 712 315 200,887 53281 147 301 68,690{ 1,064,4281 2,041,066 241 432 976,641 99,351 3,017,707] 261,074
1978 11,327 14,259 52447 671,081 499,344| 234,067 6,177 164,111] 90,3001 1,121,590] 2,061,341} 218,014 803,363| 83,8721 2,864,704| 233,591
1879 12,136] 16,032] 50,786 584,351 859,198] 265,043 6,450f 114,771 60,334] 1,034,993] 1,820,481] 227324] 1,194,523 134,220] 3,015,004] 263,991
15880 12.339] 32,567] 16,523] 463413 843,138 176,855 8,421 134,974 74,407|  7e3,488| 1,468,853] 195506] 1,057,276] 122,804] 2526,128] 230,875
1981 11,617 27,371 34,244 282,054 607,914] 148,995 14,749} 1798331 62,413 941,381 1,493,051} 229,092 817,520 94.266' 2,310,571] 247,728
1982 8,344 16,281 25,110 510,651 445,192| 186,357 13,252) 107,176| 80,781] 1,308.484) 2,023,373 344 102 678,255 74,605] 2,701 ,628] 352116
1683 12,1521 17,925] 34,616 931,689} 750,128] 268,278 17,708] 139,402| 115,953| 1.299.056] 2,504,026| 309,455] 1,082,882 120,613 3,586,008| 332,129
1984 14,339f 28,708 21,827 411,768| 799 418| 245,611 23,818] 116,559 48,740] 1,280,693 1,886,456| 325 870 1,104,811] 118,689] 2,991,267] 345,812
1985 20,157| 10,805] 44,250] 762,829| 824,792] 332,466| 27,821| 118,484| 59,653 945,099] 1,897,770 224342] 1,249.495| 145,278| 3,147,265 267,574
1986 18,692| 33,363] 68,015 790,174 739,342| 287,647 30,677 152,413 67,465] 1,245306] 2.,288.,711] 309,457] 1,144,272 119,891 3,432,984 331,869
1987 26,000 5B.826| 44,684| 606,877 6£34,336] 445 922| 24 148| 133,553| 34,041 1,012610] .1,845.908] 259,266] 1,175,170 130,734] 3,021.077] 290,382
1988 18,5011 21,151 82.094| 1224476, 590,807] 239519 20,523] 187,347| 75378 919,709 2,428,059| 222755 951,443] 98,939 3,379,503] 243,739
1989 29,642 11,327| 44,277 509.618] 808,081 363 672 6,523] 137,401/ 68,658] 1,245,791 1,974,795] 415,224] 1,252,195] 151,819 3,226,990] 442,109
1950 28,012 18,735 41,284 396,352] 697,164 322,157 15,753] 128,765 57 766 585,782 1,188,389| 194,969 1,104,370F 132112} 2,292,760] 235,514
1991 26,614 16,585 50,107 315,285] 668,670| 446,581 18,721 74,387] 32,505 545 843 984,696| 180,052] 1,210,692| 154,568] 2,195,388| 237,208
1992 42190| 29.177| 65549 4626741 541,775] 454,405] 20,303| 68,918] 62,562 715,770] 1,340,009 222,265 1,124,222| 142,582 2,464,321| 264,067
1983 31,149| 36,330 62,994 407,020 461,421] 402,921 21,368] 117 560| 77542 666,575] 1,305,017] 206,806fF - 979,843 129,819] 2,284,860 244,176
1994 21,024] 27,065] 33,348 575,304 464,324} 512,855 18,675] 168,108] 54,1686 710,237] 1,534,868| 216,510] 1,055,226| 152,490] 2,590,094 264,820
1995 21,478] 15,305| 54,415 460,833 395,047} 476,734 27,328 77.957| 50,707 645,518]  1,251.321| 205,001 975,002 144.078] 2,226,323| 250,567
1996 33,989 20,571] 46,223] 489,214 327,135] 549,842 16,510] 71,022[ 53,014 584,001 1,217,822| 187,278 973,698] 163,854] 2,191,520] 248840
1997 20.955| 10,369| 46,033 579,349 383,22B{ 542,145 7,370 78,048] 59,186 407,481 1,134,433| 160,707 1,008,731] 157,027 2,143,164| 224,687
1998 35,745 19,868] 76,391 688,.211] 497 208] 554,900 4229] 90,234] 91,194 4245301 1,314,035} 188,872] 1,168,474 162,091 2,482,509] 248,890
[10yr Av. 29,980 20,632 52,562 488,386] 524,405) 462,621 15,677] 101,338] 60,939 653,253 1,324,548| 721,449 1,085,245] 472618 2,409,793

862,471



Table 3.6.2.4

Estimated pre-fishery abundance of NON-MATURING 1SW salmon by NEAC country and year

Year Finland| France] lceland| Irelandd Norway] Russial Sweden UK{(EW) UK(NI)| UK({Scot}Southern Europe Northem Europe Total
Est. sD Est. SD Est. 5D
1871 16,710 40,496] 42,968| 183,290 591,498| 305,786 4,309] 140,368] 27,798] 1,156,474] 1,548,426 183,529 861,271 97 637] 2,509,697| 207,884
1972 26,210 24 664| 36,891 177,196| €48,693| 508,691 6,285| 122.393| 24,216] 1,192 570] 1,541,039 200,466 1,226,771] 127,25 2,767,810| 237,447
1973 25,193| 15137| 30,150! 197 899| B12,745] 447 555 a652| 128,373| 24,858| 1,0000952] 1,367,218] 143,133 1,120,296] 117,635] 2487515/ 185270
1974 22,950] 22 870| 236,888| 1B8,525] 566,180 562 506 3,489| 126,866] 21675 000,728] 1,359.664] 134,740 1,192,014] 125 447] 2,551,678| 184087
1975 22,381 21,053} 28,350] 157 620] 562,964] 495601 3.840| 107,097| 15.048] 767,055] 1,067,871] 123575] 1,113,137 117,201] 2,181,008 170,314
1976 19,715) 15758] 35,641| 129,896] 524 694| 365,192 2,704| 99,799) 14.413| 816,463] 1,076,328 140,293 947,946 99,773 2,024,274 172,153
1977 12,438 16,099| 45,840| 122 845]) 380,071] 258,178 22501 111,692{ 19,512] 971,666] 1,241.814] 176,931 608,776  74,658] 1,940,590| 192,037
1978 8,344| 15967| 33207| 101,579 660,398| 278,161 4023] 73731] 13,133] 761,143 965,552| 131,887 984.133] 1021 55]  1.949.686] 166,823
1979 10,567 34 308| 42 345] 136,361] 712,733] 443,112 8.464| 98988 16,285 966,357| 1,252,208] 148,962] 1,217,221] 120,358] 2,469,520| 191,509
1980 16,948 22 278| 21,046| 117,472| 782,778 320,411 8.012] 110,669 13,325| 1,120,300 1,384,053| 189,940] 1,150,087] 115100 2,534,150 222093
1981 18,697 13,872 21,085 63,219] 643,275| 261,904] 10814 71,432 17,251) 840,063] 1,005,538 166,358 955775 87.516] 1,961,313 187,973
1982 21,113] 13,685] 24,189] 93 654] 615273 387,878]  8,125] 76,751] 24.858] 899121] 1,108068] 200500] 1,056578] ©99.635] 2,164,647 223,972
1983 16,112| 20,502] 25051 77,909 605,976) 413,403 7.311) 62,292] 10,374| 643,834 B14.911] 129918 1,067.854] 108603] 1 ,882,765| 169,331
1984 17,143] 15422 15,158] 68,693] 559,794 442,731] 5,3094] 57,004] 13,301] 666,780 822,200 133375 1,040,220 120,020] 1,862,511 179,428
1985 11,041] 17,5971 26,871| 85,816] 651,477} 472,910 5848] 83,863 14,488] 1,097,088 1,208,852 247,056 1,168,146] 124392] 2,466,998 277,409
1986 15,608] 9612 27,238] 107,162] 532,558] 246,465] 8,383 70,057 7.329] 772,132 966,292] 176,036 830,233| Ba,ae1| 1,796,525| 197,096
1987 11,722 23,737 21,992| 94,687] 402,358] 258,989 6,416] 85594| 19,385] 793.826] 1,017,229] 168,772 701,476f  74,072] 1,718,705] 182,481
1988 16,743] 13,457] 19,545 81,730/ 388613] 169,038 14,785] 74,886] 14,715] 741,753] 926,542 ‘i61,16§1 608,724 64 561 1,535,266] 173,613
1989 17,612] 11,229] 21,794) 38,646| 411,865| 152,772 10,663] 55485] 13615 5?4,820| 693,794| 132,995 614,706 65,9571 1,308,500| 1484562
1890 19,670 9519] 17,856] 26,883| 402,726| 223,178{ 10,358] 28,832 7,022 5232499 5§985,555] 172,512 673,789 83,362] 1,269,344 191,598
1991 19,258] 12,455] 23,296] 48,525 411,050 206,167] 12,136] 29,631| 15704] 655328]  761,642] 205,329 671,907] 85772] 1,433,548 222523
1992 25,702 8,299] 15,320 28,061| 316,503| 286,113] 16,277| 34,4001 37 991 576,126 682,877] 181,049 663,914] 101586] 1,346,791| 207,602
1993 19,385] 10,215] 21,482| 57,936] 351,870f 252.210| 12.482| 58,388] 13628 668,655 B0B,821| 216,844 657,428 82682] 1,466,249 232,072
1994 17,902 4,895] 18,073| 51,823 350,360 195,757 8,004] 33,748] 11,707 651,465 753,638 219,002 590,096 68,793] 1,343,733 229552
1995 9,475 B,B43| 15992[ 135583) 328,647| 209,154 9,517 44 728| 12,831 557,380 659,365 186,961 572,785 ?7,544' _ 1,232,150 202,404
1996 14,244 4690| 14,618] 43,287] 243,906 173,145 6,087] 33,934| 15,297 390,298 487,506 121,005 452,000 63,399' 939,506| 136,608
1997 13,100 3,883 15574] 48,730| 278,691 188,354 3,455 21,318] 16,800 354,051 445,772| 111,587, 479,174 64,618, 924,946] 128,946
10yr Av. 17,309 8,548] 18,755] 46,120| 348,423 203,589 10,377] 41,535 15,940 569,407 681,551] 552,622 508,452] 242,736 1,280,004] 603,583
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Table 3.6.2.5 Estimated number of 1SW SPAWNERS by NEAC country and year

Year Finland| France] Iceland! Ireland Nonuaf Russial Sweden| UK(EW)| UK(NI)| UK{Scot)f|Southem Europe Northern Europe Total

Est, SD Est. SD Est SD |

__egg.eJF 5,000 3,450 5,800 3,400 3,500 4,500 3,000 4,800 3,400 5,000 4204 4453 4402
% Fem 12% 77% 47 % B0% 40% 45% 50% 50% B60% 40% 43% 48% 46%
1971 4,536] 13,832 22215] 344 450 114,265| 113,554 2,147 70,188 40,618] 930,768 1,399,856 380,921 234,501 63.021] 1,656,572 386,099
1972 8,993] 27,189 19515] 373,332 148226( 125,943 1,771 93135] 37,552f 962,920 1,494,128 403,661 282,933 81.,769] 1,796 575] 411,859
1973 11,119] 16994] 20,535| 406,501 159,719 211,343 2,121 84 243| 32,019} 1,150,315 1,650,072 491 602 384,302 99,195 2,094.908! 501,509
1974 10,058 7,574 13,813] 446,263] 149,663 199,193 3,201 96,569 31,736[ 1,014,823 1,596,964 422 B97) 362,116 86,471] 1,972894] 431,353
1975 10,330] 15,425] 19,773| 465,739 147,830] 208,761 3,238 95 208| 27,778] Be4,717 1,468,865 367,915 370,157 93,830) 1,858,795] 379,694
1976 83361 14,243 17.865] 325957 149,510( 104,117 19630  74828| 19,9200 6€60,251]1 1,095,209 309,569 263926 79,819 1.376799] 319,693
1977 7,0421 11,621] 20,619; 289,807] 135,636| 118,113 937 79453] 20,385 704,161 1,105,427 303,164 281,727 69,218] 1,387,774 310,965
1978 5423] 11,669 24,839] 261,618] 94,263 142,193 1,106 87,072f 26,327] 748,671 1,135,356 284,580 242 935 64,126] 1,4037181] 291,718
1979 5,803| 13,063| 23,653] 229,212| 158,488] 161,327 1,086 59,875 17,445] 688,526 1,008,121 288,373 326,794 95&46‘ 1,358,568] 303 414
1980 6,071 26,388 7,773 178,572] 153,074} 107,170 1,342 65,612 21.259| 549 385 841,218 250,841 267,657 81,7681 1,116,645 2638
1981 5,667 22181| 186424 85,7111 118,8821 97,549 2,278 85313] 17,779] 674,685 885,669 295,841 224,176 68,085 1,126,269 303,575
1982 4,005] 13,028] 11,557| 160,157 85,198| 123,386 2,311 48,497| 23429| 942,077 1,187,187, 447,671 214,901 56,468] 1,413,648 451,218
1983 5,722 14,372 16,270] 356,355 140,719| 178,507 2,914 53,729] 34 396| 930,475 1,399,328 390,653 325,863 91,049 1,741,461] 401,123
1984 6,648 23,313 10,199] 136,625| 150,549| 160,251 3,968 50,049 14 154] 909,542 1,133,683 423.043] . 321,416 83,846| 1,465,298] 431,272
1985 10,375 8,730] 21,239 204,628| 162,478]| 218,620 4.571 49,484 17,196| ©70,554 950,592 . 282,484 396,045 108,696| 1,367,875] 302,675
1986 8,967 27,161 32,688| 230,040 149,188 187,955 5,328 683,770 19,371 892,086 1,232,428 393,501 351,438 93,072] 1,616,654 409,228
1987 12,554] 48,027] 21,309] 200,432] 122531| 293.704] 3.770] 55476] 9853 724,038]] 1,037,626 337,971 432,558 105,977]  1,491,493] 354,197|
1988 9180 17.238] 239,058 569228 109,461| 158,339 3,760 80,905] 24.663| 660,058 1,352 093 278.888] 278,740 75,535] 1,669,890! 283,935
1989 13,579]  9,223] 20967] 183,931| 315,097| 240,910 1,070} 52825 6,949| 948,768|| 1,181,695 538,793 570,656 129,784 1,773.318| 554,203
1990 12,560 15,2961 19,581| 185224 267,368| 211,576 2,781 48,861] 20,360] 447 021 716,762 256,301 494 286 112,689] 1,230,628| 279,980
1991 12,507] 13,8371 23,885 185212 262,638| 346,730 3,301 29536 10,845 418,713 838,143 234 496 625,175 136,341] 1,287,203 271,251
1992 19,288] 24387} 30519] 209.122| 202,976| 352,064] 3,391| 27,616 25674| 543,014 829,811 286,512 577,819 125,861] 1,438,148 312933
1993 14,177] 29,875 29448] 188,351| 174,340] 310,420 3,631 52,940] 42,621] 505,782 819,569 264,078 502,568 115,980} 1,351,585] 288 424
1994 9,596] 22,105| 18,219) 261,577 181 770] 397 231 5,025 76,384 15,482| 541,144 916,621 283,223 593,622, 142,045 1,528,533| 316,847
1995 9.660] 13,325] 25218| 187,052| 147,753| 370,672} 10,006 37,742 15587 491,608 745 314 265,976 538,090 131,854] 1,308,622| 296,865
1996 17,362] 16,895] 21497 220,210 124133| 424,419 5,873 37,334] 21,485 462621 758,546 243,291 571,886 148,045] 1,351,929] 284 794
1997 15,368] 8,494] 21,507| 339,781| 166,395| 420,847 2,643 47381 22249] 322280 740,185 184,492 605 344 142,612] 1,367,036] 233,186
1996 18,051] 16,248] 35,767 414,914 215,121] 426,991 1,115 54,439| 54,747 332,488 872,835 232,472 661,277 150,861]) 1,569,881] 277,132
10yr.av. 13,337] 17,067] 24,990] 248,969| 195,193] 323,131 4,158 49152| 20,591| 534,101 869,881 535,819 1,430,689




Table 3.6.2.6 Estimated number of MSW SPAWNERS by NEAC country and year

Year Finlandl France] Iceland Ireland] Norwa Russial Sweden| UK(EW)| UK(NI}| UK(Scot) ISouthern Europe Northemn Europe __Total
Est. 5D Est, SD Est 5D

eggsiF 13,000 | 6500 | 10,800 7,000 9,000 10,500 6,000 7,900 7,000 10,000

% Fgrn 77% T7% 72% 85% B80% 80% 70% 70% 85% 60%
1971 4612] 13,832 8,951 50,884| 68850 188 581 214 39,088] 14,913] 374,068 492 785 152,276 262,257 63,232 763,003] 164 883
1972 6973 27,189] 13904 56,389] 90,755 167,693 125 46,757| 127811 493,733 636,848 196,239 255,547 65,105 906 298| 206,757
1973 11,477| 16,9941 11,984 60,476| 105 865 271,305 596 45 513| 11,058] 549903 684 944 222 565 389,243 89,480] 1.088,171] 239,870
1974 11,054 7,574 10,173 55944 96,701 238 687 394 44969 11,440 437325 567,253 164,360 346 837] 82201 924 263| 183,770
1975 9,370} 15425] 12,089 69,199 84490 299308 87!  &3616}l 9865 485119 613,224 152,273] 393 253 g3.692] 1,018,566 178,788
1976 9,912| 14,243 9,191 48,810} 92610 271,596 247 36,099 6,892, 337,077 443,120 134,154 374,366 86,394 826,677 159,566
1977 8,733 11,8211 11,914 43,145| 84413 197656 185] 37250 6,575] 295,377 493 968 159,588] ~ 290,987 65,061]  796,870] 172,341
1978 5471 11,669 15025 38,958 59,611 141,210 146 40,832 8919] 472,372 572 750 193,291 206,338 50,053| 794,114 199,667
1979 3,725f) 13,063] 11,303 33,991| 112,339 146,057 430 27,298 6025 379,519 459 B97 149, 821 262,551 62,285 733,751] 162 252
1980 4,418| 26388| 14,055 38,602| 108,280 227 060 718 26,537 7,476 437,320 536,323 165,991 340 476 82,746 890,854 185,472
1981 7,358] 22,181 6,303 31,421] 112 976 157,535 226 33,803 6,079] 574,047 667,531 222 708 278,095 77,119 951,929| 235684
1982 8,114[ 13028] 6532 13,918| 89.086f 123251 731 20,975 7,864 434,054 489,839 180,041 221,192 68,654 717,563 189,354
1983 9,285| 14,372 7,465 29,289 91,185 207844 493 25,097] 11,358] 487 416 567,631 219,158] 308,607 71,727 883 603 230,597
1984 6935] 23,313 8,113 31,924] 87931 235743 675 20,090 4,752] 347 305 427 384 145,274 331,285 75,250] 766,782| 163,606
1985 7,570] 87308 4,902 27,553 86.2098] 249227 281 18,555] 6,087 367,922 428 846 147,536] 343,376 gas5ag]  777.124] 172,000
1986 4718 27,181 8,926 22,641 99,380 263,569 276 24,328 5,626| 644 747 725,502 289,518] 367,943 86,943] 1,102,371] 302,291
1987 6,782| 48,027 8,901 45,103| 77 ,BS3 130,486 827 20879 3346 444 983 562,437 200,910 216,988 61,151 787,326] 210,010
1983 4,954] 17,239 7,307 36,065| 60678 146,670 866 28 419] 10,494] 469 284 561,501 180,347 213,168 51,052 781,076} 197,074
1989 B,597 9,223 6,185 23,042| 115273 87,471 2,461 19,333 5,044] 414,550 471,192 180,366 211,803 47 480 689 180 186,510
1990 7,003] 15296 7,217 8,192] 122 384 78,457 1,492 16618 7,155] 341,598 388 860 153 367 209,335 48 011 605 412 180,706
1991 7,823] 13,837] 6,019 8,909| 132 464 151,254 1,896 9,226 3,384| 349,088 384 443 199 863 203 438 64,650 683,898| 210,059
1992 7,548| 24387| 7683 18,291| 136,585 144,336 2,288 91336 8,874] 432270 493 157 237124 200,757 67,167 791,597 246,453
1993 10,312 29875 6,358 4,517 103,696 198,859 3,296 12,559 28,2351 382541 457,726 209 132 316,164 78,614 780,248 223 419
1994 7,672 22105 7,337 25247} 117,862 175 888 2,707 24,473 6963] 452 941 531,730 243 169 304,129 65,417, B43 195; 251,815
19495 7,634] 13,325 8,257 22 632| 118 259 136,410 1,822 14,372 5752| 448,728 502,709 249,104 264,124 £3,972] 773,091| 254884
1996 4,162] 16,885 5411 9,149 108,103 144,238 2079 21,077 7,206] 390977 445,304 214,202 259,582 60.614] 710,297| 222 613]
1997 6,042 8,494 5,035 19,231] 94,998 122,313 1,484 18,035 8,605] 275 401 329,766 146,955 224,837 50,228 559,638] 155,302
1998 5762 16,248 5212 22,286] 104,793 118,781 8393 11,360| 10,379| 253 340 313,613 132,936] 230,228 50,643 549,064| 142,256

10yr.av. 6,864 16,993 6. 366 17,951] 110,554 136,789 1,935 16,801 9,281 382611 443,636 | 256,142 706,144
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Table 3.7.1.1 Provisional estimates of salmon smolt production in 11 rivers in Norway, and mean
annual catch the last 20 years in 8 of them.

River Estimated Estimated  Estimated Mean annual
area smolt | total smolt catch (kg)

production  production  last 20 years
per unit area

Altaelva 3636918 3 169108 15252

Figgjo 480660 15 72099 4176

Gaula 6725297 5 336265 21663

Orkla 6677277 7 467409 12590

Imsa 12712 15 1907

Lardalselva 1799922 5 89996

Numedalsldgen 7645377 5 382269 19868

Reppafjordselva 2463332 2 49267 3307

Saltdalselva 2671002 1.5 40065

Suldalsldgen 1682614 3 50478 3009

Surna 3103479 4 124139 6607

926




Table 3.7.1.2. Estimates of areas of useable salmon rearing habitat in
Swedish west-coast rivers.

River No Main River Estimated* Estimated*
All tributaries rearing area production
included (ha) in "000

1 R. Enningdalsidlver 5.7 (1.2) 2 (0.3) {Swedish part)
2 R. Orekilsdlven 23 3.5
3 R. Gota dlv 15 15.1
4 R. Kungsbackadn 4.4 5.1
5 R. Rolfsan 3.1 3
6 R.Léftadn 1 2.5
7 R.Viskan 9.4 18
8 River Himlein 3.6 4.3
9 R. Tviikersin 1.2 1.4
10 R. Atran 55 37.6
11 R. Susein 9.5 9.6
12 R. Nissan 10.5 8.6
13 R. Fylledn 17.8 15.1
14 R. Genevadsin 13.9 17.6
15 R. Lagan 8.8 5
16 R. Stensén 12.4 2.3
17 R. Ronnedn 27 20
Total 216.8 188 Swedish part

*Hstimates are based on aerial inspections and random electro-fishing surveys.

Rivers listed are only those estimated to have an annual production of
1,000 smolt or more. $ix unlisted rivers are estimated to have an annual
production of less than 1000 smolt. In total, there are currently abouat

229 ha of habitat with an estimated production potential of 223,000 smolt.
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Table 3.7.2.1

(options 1-3) and river specific assessments (option 4)

Conservation limit options for NEAC stock groups from lagged egg deposition analysis

Individual countries European stock groupings
Option Finland France | Iceland | Treland | Horway Russia | Swedn | UR(EW) UK | UK(Sc) |
Choice 3 4 1 3 3 1 3 4 3 2 Southern Northern
1SW
opt. 1 8,189 16,103 19,320 | 180,969 | 132,633 | 227,742 671 29 268 12,311 | 476,278 694,929 369,235
Opt. 2 9,067 13,454 19,329 | 142,945 | 112,623 | 248,769 pse| 48838 12,553 | 565,489 783,278 371,445
opt. 3 12,527 20,060 27,008 | 204565 | 155982 | 274,536 1,391 60,681 16,585 | 637,381 959,273 444,435
Opt. 4 ol 17,400 0 0 0 0 o| 53000 0 0
Chosen 12,527 17,400 19,320 | 224,565 | 155982 | 227,742 1,391 53,000 16,585 | 565,489 877,039 397,641 |
|
MSW
Opt. 1 4,062 4,688 4915 11,124 74,479 88,315 352 9,842 4,778 | 355,247 385,680 167,207 |
Opt. 2 4,497 3916 4,915 9,879 63,242 96,469 517 16,423 4872 | 421,788 456,878 164,725 1
Opt. 3 6,213 5,840 6,868 15,520 87,590 | 108,461 729| 20,406 6,437 | 475411 523,613 200,994
Opt. 4 0 5,100 a 0 0 0 0] 17,500 0 0
Chosen 6,213 5,100 4,915 15,520 87,590 86,315 720 17,500 6,437 | 421,788 466,345 162,847
Spawner escapement reserve: 1SW 945,347 430,759
MSwW 552,761 216,730

1
I
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Table 3.9.1.1. Details of post-smolt cruises carried out during 1998,
Yeur/ Gear used Time-frame Area Totab num- Mean towing Surface hauls Number of
Institute  Surface trawls ber of hauls speed in  with smolt %  poststsmolts
ID knots captured
1998! Firklgver 30.06- 21.07. West of Lofoten Islands 46 3.2 11 16
rawl
1998! Akra trawl 01-30.07. Norwegian Sea (SE - NW) 84 3.3 21 61
1998! Akra raw] 01-23.08. Norwegian Sea (NY Greenland Sea (E) 22 3.7 16 8
1998 Akra trawl 28.08- 09.09. Barcnts Sca NW 9 34 0 0
1998! Akra trawl 25.08-09.09. Barents Sea 10 3.0 0 0
1998! Harstad float  20.05- 02.06 Fjords SW Norway, Trawl device tests 50 2-3 30 120
1998* Pelagic trawl  14-25.05 Moray Firth, north east Scotland 49 >3.0 22 173
1998° Pelagic rawl  02.06-01.07 Norwegian Sea (N) 28 43 0 0

"nrstitute of Marine Research, Norway
? Fisheries Research Services, Scotland
*Polar Research Institute of Marine Fisheries and Oceanography, Russia
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Figure 3.2.2.1 Length distribution of Atlantic salmon north of the Faroes in the 1997/1998 fishing
season. Sea age groups are indicated.
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Figure 3.3.4.1. Nominal catches of salmon in the NEAC area relative

to previous indices
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Figure 3.3.6.1. The proportions of 1SW salmon in the NEAC catches

in 1998 relative to previous indices
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Figure 3.4.1.1 Rate of attainment of conservation
limits ;: mean value and trend over the last 10 years
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Figure 3.4.1.2 Rate of attainment of conservation
limits : 1997-1998 change

@ Increase

Decrease




Figure 3.4.3.1 Standardized returns (Number of fish/Mean number of the last 10 years) for Index Rivers showing a

decreasing trend
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Figure 3.4.3.2 Standardized retumns (Number of fish/Mean number of the last 10 years) for Index Rivers showing a
stable or increasing trend
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Figure 3.6.3.1

Estimated PFA, spawning escapement and SER
for maturing and non-maturing 1SW components of
Northern European stocks, 1971-98.

a) Maturing 1SW recruits

2,000,000

1,800,000

+

1,600,000 ¢+

1,400,000

T

1,200,000 -

1,000,000 -

800,000 -

Maturing recruits

600,000 -

400,000 £

200,000 -

- 5t raCTUS

- - - -~ --95%ci
e S pEWTIENS
SER

b) Non-maturing 1SW recruits (Recruits in Year N become spawners in Year N+1)

.
iy Y y T

1975 1980 1985 1990 1995
Year

2000

1,600,000

1,400,000 1

1,200,000 -

1,000,000 -

800,000 A

600,000 -

Maturing recruits

400,000

200,000

— 1
------ +85% ol
------- 95% ¢l
—— G N awners
SER

I I i I 4

1970

T T 4 T

1975 1980 1985 1990 1995
Year

2000

109



Figure 3.6.3.2 Estimated PFA, spawning escapement and SER
for maturing and non-maturing 1SW component of
Southemn European stock groups, 1971-98
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Figure 3.6.3.3

Estimated prefishery abundance of salmon stocks
and spawning escapement in the NEAC Area, 1971-98
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Figure 3.6.4.1 Estimated PFA of maturing 1SW salmon for -
Norwegian and Russian stocks, 1971-98
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Figure 3.9.1.4 Distribution of trawl catches in relation temperature at 10 m depth at the fishing stations
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Figure 3.9.1.5. Age distribution of salmon and post-smolls captured in 1998 1u four different areas
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4 FISHERIES AND STOCKS IN THE NORTH AMERICAN COMMISSION AREA

4.1 Description of Fisheries
4.1.1 Gear and effort
Canada

The 23 areas for which the Department and Fisheries and Oceans (DFQ) manages the salmon fisheries are called
Salmon Fishing Arcas (SFAs), for Québec, the management is delegated to the Ministere de IEnvironnement et de la
Faune and the fishing areas are designated by Q1 through Q11 (Figure 4.1.1.1). Harvest {fish which are killed and
retained} and catches (including harvests and fish caught-and-released in recreational tisheries) are categorised in two
size groups: small and large. Small salmon in the recreational fisheries refer to salmon less than 63 cm fork length,
whereas in commercial fisheries, it refers to salmon less than approximately 2.7 kg whole weight. Large salmon in
recreational fisheries are greater than or equal to 63 ¢cm fork length and in commercial fisheries refer to salmon greater
than or equal to about 2.7 kg whole weight.

Three user groups exploited salmon in Canada in 1998: Native peoples, commercial fishers, and recreational fishers.
The following management measures were in effect in 1998:

Native peoples’ fisheries: In Québec, Native peoples’ food fisheries took place subject to agreements or through permits
issued to the bands. There are nine bands with food fisheries in addition to the fishing activities of the Inuit in Ungava.
The permits generally stipulate gear, fishing effort and catch limits. In the Maritimes and Newfoundland (SFAs 1 to 23),
food fishery harvest agreements were signed with several Native peoples’ groups (mostly First Nations) in 1998, The
signed agreements often included allocations of small and large salmon. For the first time, harvests by Native peoples in
Labrador (SFA 1) are also reported. Harvests which occurred both within and outside agreements were obtained directly
from the Native peoples or, estimated by local enforcement staff, in the case of Labrador. Harvest by Native peoples
with recreational or commercial licenses are reported under the recreational and commercial harvest categories.

Commercial fisheries: The moratorium which was placed on the commercial fishery in insular Newfourdland in 1992
continued in 1998. In addition, the commercial fishery in southern Labrador (SFA 14B) remained closed in 1998, as in
1997. The commercial fishery in the remainder of Labrador was closed in 1998, with a voluntary buyback of licenses
offered (Table 4.1.1.1). Commercial fisheries in Québec in 1998 occurred only in zone Q9 (July 1 to Angust 23) as the
commercial quota normally fished by Native peoples’ in Ungava Bay (zone Q11) was closed. The quota for Q9 in 1998,
established in terms of number of fish, was the same as in 1997, however, a voluntary buyback of licenses was
announced for this fishery before the scason and resulted in many fishermen not fishing.

Recreational fisheries: Recreational fisheries management in 1998 varied by area (Figure 4.1.1.2). Except in Québec
and Labrador (SFA 1 and 2), only small salmon could be killed and retained in the recreational fisheries. The seasonat
bag limits in the recreational fishery remained at eight small salmon in New Brunswick (SFA 15, 16) and in SFA 18 of
Nova Scotia, although in SFAs 15 and 16, the small salmon retention limit was reduced from two to one fish and the
maximum daily catch limit was reduced from four to two fish. For the Miramichi River only, the daily catch limit was
increased to four fish per day after a mid-July in-season review. In SFA 17 (PEI), the season and daily bag limits were 7
and 1 respectively. Catch-and-release fishing only for all sizes of Atlantic salmon was in effect in SFA 19 of Nova
Scotia and on ten rivers in Newfoundland. SFAs 20-23 of Nova Scotia and New Brunswick was closed to all salmon
angling, except for four acid-impacted rivers on the Atlantic coast of Nova Scotia, where retention of returning small
hatchery salmon was allowed. For insular Newfoundland (SFAs 3 to 14A) and the Strait of Belle Isle shore of Labrador
{SFA 14B), the daily limits were either one small salmon retained or two fish, caught and released. The season started
with a seasonal bag limit of one small salmon and was increased to foar small salmon after an in-season review in July.
In the northern and southern SFAs of Labrador (SFA 1 and 2), there was a seasonal limit of four fish, only one of which
could be a large salmon. In Québec, season and bag limits varied by zone: for Q1 to Q8 and Q10, the season limit was
seven fish of any size. For rivers in zone Q9 and Q11, the season limit was 10 fish with daily limits of ¢wo fish in (8,
three fish in Q9 and four fish in Q11. In most rivers of zones Q1 to Q7 and 10, fishing for the day would end if the
first fish kept was a large salmon, If the first fish kept was a small salmon, then fishing could continue until a second
fish was caught, regardless of the size of the second fish. Seven rivers in Québec were restricted to retention of small

" salmon only at the start of the season, and this regulation was extended to eleven more rivers after mid-season reviews

detected low returns of large salmon (Figure 4.1.1.2).

USA

Angling for sea-run Atantic salmon in the USA is permitted only in the State of Maine, and in 1998 the sport fishery
continued to be restricted to catch and release. Effort, as measured by license sales, declined by 16% in 1998 and was
46% and 33% below the 5- and 10-year averages, respectively.

117



France (Islands of Saint-Pierre and Miquelon)

For the Saint-Pierre and Miquelon fisheries in 1998, there were nine profeqsmnal and 42 recreational hcenses issued.
The number of professional tishermen has decreased slightly since 1995 and the number of recreational licenses has
remained about the same.

Number of Number of
Year | Professional Recreational

Fishermen Licenses
1995 12 42
1996 12 42
1997 6 36
1998 9 42

4.1.2 Catch and catch per unit effort (CPUE)

Canada
The provisional harvest of salmon in 1998 by ail users was 149 t, a decrease of 35% by weight from the 1997 harvest of
229 t (Table 4.1.2.1; Figure 4.1.2.1).

The 1998 harvest was 46,687 small salmon and 13,270 large salmon, a 21% and 49% decrease from the 1997 harvests
for small salmon and large sahmon, respectively. The dramatic decline in harvested tonnage since 1988 is in large part
_the result of the reductions in commercial fisheries effort, the closure of the insular Newfoundland cominercial fishery
in 1992 and the closure of the Labrader commercial fishery in 1998 (Figure 4.1.2.1). These reductions were introduced
as aresult of declining ahundance of salmon.

The 1998 harvest of small and large salmon, by number, was divided among the three user groups in different
proportions depending on the province and the fish-size group exploited (Table 4.1.2.1). Newfoundland reported the
largest proportion of the total harvest of small salmon and Québec reported the greatest share of the large salmon
harvest. Recreational fisheries exploited the greatest number of small salmon in each provinces, accounting for 88% of
the total small salmon harvests in eastern Canada. Unlike previous years when commercial fishers took the largest share
of large salmon; Aboriginal fisheries accounted for the largest share in 1998 (57% by number), Commercial fisheries
harvested 2% (by number) of the total small salmon and 8% of the total large salmon taken in eastern Canada. ‘

Native peoples” fisheries: In many cases, Native peoples’ food fisheries harvests in 1998 were less than the allocations,
Harvests in 1998 (by weight) were up 22% from 1997 and 17% above the previous 5-year average harvest,

Native peoples’ fisheries

% large

Year Harvest () by weight - by number
19%0 31.9 78

1991 291 87

1992 342 83

1993 42.6 83

1994 417 83 38
1995 328 82 56
1996 479 87 63
1997 394 91 74
1998 47.9 83 .63

Recreational fisheries: Harvest in recreational fisheries in 1998 totalled 45,959 small and large salmon, 30% below the
previous 3-year average and 7% below the 1997 harvest level (Figure 4.1.2.2). The small salmon harvest of 41,246 fish
was 4 decrease of 27 % from the previous 5-year mean. The large salmon harvest of 4,713 fish was a 48% decline from
the previous five-yvear mean. Small salmon harvests were down 4% and large salmon harvests were down 30% from
1997. The small salmon size group has contributed 86% on average of the tolal harvests since the imposition of catch-
and-rclease recreational fisheries in the Maritimes and insular Newfoundland (SFA 3 to 14B, 15 to 23) in 1984 (Figure
4.1.2.2).
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Recreational carches (including retained and released fish) of small salmon in 1998 were similar or ahove the 1984 to
1991 mean in most fishing areas of Québec, and the north-cast coast and northern peninsula of Newfoundland and
throughout Labrador (Figure 4.1.2.3). Small salmon catches were among the lowest observed in the majority of the
Maritimes (with the exception of PEI) and in the west and south coasts of Newfoundland, Large salmon catches were
among the lowest observed throughout mainland Canada (with the exception of the Gulf shore rivers of Nova Scotia)
but were among the highest in the west coast of Newfoundland, (SFA 12, 13, 14A) and Labrador (SFAs 1,2, and 14B).
Catches in PEI (SFA 17) were above average but more than 90% of the returns originate from smolt stocking programs.

In 1984, anglers were required to release all large salmon in the Maritime provinces and insular Newfoundland.
Changes in the management of the recreational fisheries since 1984 have compromised the use of angling catches as
indices of abundance. Therefore, the interpretation of trends in abundance relies mostly on rivers where returns have
been estimated or completely enumerated. Caught-and-released fish are not considered equivalent to retained fish and
their inclusion in catch statistics further compromises the reliability of interpretation of trends. In more recent years,
anglers have been required to release all salmon on some rivers for conservation reasons and, on others, they are
voluntarily releasing angled fish. In addition, numerous areas in the Maritimes Region in 1998 were closed to retention
of all sizes of salmon (Figure 4.1.1.2).

In 1998, over 50,000 salmon (about 21,000 large and 30,000 small) were caught and released (Table 4.1.2.2),
representing about 32% of the total number caught, including retained fish, This was a 4% increase from the number
released in 1997, the only other year where there are estimates available for all areas. Most of the fish released were in
Newfoundland (45%), followed by New Brunswick (41%), Nova Scotia (7%), Québec (6%) and Prince Edward Island
(<1%). Expressed as a proportion of the fish caught, that is, the sum of the retained and released fish, Nova Scotia
released the highest percentage (87%), followed by New Brunswick and Newfoundland (56% each), Prince Edward
Island (35%) and Québec (22%).

Commercial fisheries: The commercial harvest in 1998 declined to 5 t from a peak of more than 2,400 t in 1980 (Figure
4.1.2.4) with only area Q9 of Québec reporting a commercial harvest. In Québec, the harvest of large salmon in the
commercial fishery continued to decline in 1998, as a result of license retirements.

Unreported catches: Canada has been providing estimates of unreported caiches of Atlantic salmon since 1986, Uniil
1997, these numbers have previously been confidential and summed in the Working Group reports either as part of a
total for the North Atlantic or as a subset expressed as a total for the North American Commission area. However, it has
been obvious that most of the unreported catch estimated for the North American Commission area has been Canada’s
as based on its much higher reported catch compared to the USA and Sainte-Pierre and Miguelon,

Canada’s unreported calch estimate for 1998 is about 91 t, ahout the same as estimates made for 1997. Estimates were
included for all provinces and were provided mamnly by enforcement staff. In some cases where enforcement staff did
not respond to requests for estimates, values previously provided were assumed for 1998, Most unreported catch arises
from illegal retention of salmon,

By stock groupings used for Canadian stocks throughout the report, the unreported catch estimates for 1998 were:

Stock Area Unreported Catch (1)
Labrador 7.5
Newfoundland 24.5
Gulf 378
Scotia-Fundy 1.1
Québec 20.1
Total 91.0

USA

There was no harvest of sea-run Atlantic salmon in the USA in 1998. The estimated number of salmon caught and
released was 273 fish, which represented decreases of 18% from the previous year (333 fish) and 32% and 33% from
the previous 5- and 10-year averages, respectively. Most of the reduced catch in 1998 occurred in the Penobscot River
and was attributed to a decline in salmon abundance, a reduction in the length of the angling season (iniiated in 1997),
and a reduction in angler effort (as evidenced by reduced license sales). Unreported catches were estimated to be 0 in
1998.

France (Islands of Saint-Pierre and Miguelon)

The harvest in 1998 was reported to be 2.3 ¢, up from about 1.5 t in 1997 and the largest value since 1994. Professional
fishermen harvested 1.0 t and recreational fishermen, 1.3 tin 1998, There was no estimate made of unreported catch for
1998.
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4.1.3 Origin and composition of catches

In the past, salmon from both Canada and USA have been taken in the commercial fisheries of Labrador. These
fisheries were closed in 1998. The remaining Aboriginal food fisheries that exist in this area may intercept some salmon
from other areas of North America although there are no reports of tagged fish being captured there in 1998.

Canada

Origin of returns in 1998: Fish designated as being of wild origin are defined as the progeny of fish where mate selection
occurred naturally {eggs not stripped and fertilised artificially) and whose life cycle is completed in the natural
environment (ICES 1997/Assess: 10). Hatchery-origin fish, designated as fish introduced into the rivers regardless of life
stage, were identified on the basis of the presence of an adipose clip, from fin deformations, andfor from scale
characteristics. Not all hatchery fish could be identified as such in the retumns because of stocking in the early life stages.
Aquaculture escapees were identified from hatchery fish on the basis of fin erosion (especially of the tail) and from scale
characteristics. ‘

The returns to the majority of the rivers in Newfoundland and to most rivers of the Guif of St. Lawrence and Quéhec
were comprised exclusively of wild salimon (Figure 4.1.3.1). Hatchery origin salmon made up varying proportions of
the total returns and were most abundant in the rivers of the Bay of Fundy and the Atlantic coast of Nova Scotia.
Aquaculture escapees were present in the retuns to three rivers of the Bay of Fundy (St Croix, Magaguadavic and
Saint John), two rivers of the Gulf of Maine (Dennys and Namraguagus), as well as three rivers (Middle, Baddeck and
North) in Cape Breton Island (Table 4.1.3.1), ' ‘

Aquaculture production of Atlantic salmon in eastern Canada has increased annually, exceeding 10,000 t in 1992 and
rising to almost 23,000 t in 1998 (Table 2.2.1.1). Escapes of Atlantic salmon have occurred annually. In 1994, escapes of
Alantic salmon in the Bay of Fundy area were estimated at 20,000 to 40,000 salmon, an amount greater than the total
retuns of wild and hatchery origin salmon (both small and large) (13,000 to 21,000 fish} to the entire Bay of Fundy and
Atlantic coast of Nova Scotia area (SFA 19 to 23) in the same year. The level of escapes in 1993 was similar to that of
1994, Levels of escapes for 1995 (o 1998 are unknown.

The proportion of the run that are aquaculture escapees has increased in the Magaguadavic River (SFA 23; Table
4.1.3.1) which is in close proximity to the centre of the aquaculture production arca "Figure 4.1.3.2 upper panel; lower
panel is historical occurences). Escaped fish were not observed hetween 1983 and 1988. Since 1992, escaped fish have
comprised between 33% and 90% of the total counts at the fishway. Aquaculture escapees comprised between 13% and
54% of the total mn of salmon to the St. Croix River during 1994 to 1998 (Table 4.1.3.1). .

USA . :

Some salmon.that were caught in the sport fishery in 1998 may have been escapecs from aquaculture operations in
Maine and New Brunswick. In addition, a few of those canght and released originated from captive broodstock that
were released mto four Maime rivers. The incidence of aguaculture escapes was low in 1998, although most Maine
rivers in the vicinity of aquaculmre operations were not monifored. There were no aquaculture escapees observed in the
Narragoagus River in 1998,

4.14 Exploitation rates in Canadian and USA fisheries

Canada

In previous years, overall Canadian exploitation rates were calculated as the harvest of salmon divided by the estimated
returns to North America. No estimates of returns to Labrador are possible for 1998, as there was no commercial
fishery and no information was collected on freshwater cscapements. For this reason, exploitation rates cannot be
calculated for 1998. Harvests of 46,687 small and 13,270 large salmon were less than those of 1997, substantially in the
case of large salmon, and it is expected that exploitation rates decreased from those of 1997 when values were estimated
to be between 0.14 and 0.26 for small and 0,15 and 0.23 for large salmon.

USA ‘ _ ‘
There was no exploitation of USA salmon in home waters and no salmon of USA origin were detected in Canadian
catches in 1998,

4.2 Status of Stocks in the North American Commission Area

There arc approximately 550 Atlantic salmon rivers in eastern Canada and 21 rivers in eastern USA each of which
could contain at least one population of salmon, Assessments are prepared for a limited number of specific rivers,
because they compose significant fractions of the salmon resource or are indicators of patterns within a region, or
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because of the demands by user groups, or as a result of requests for biological advice from fisherics management. The
status is evaluated by examining trends in retums and escapement relative to the conservation requireinents.

4.2.1 Measures of abundance in monitored rivers

Canada

The returns represent the size of the population before any in-river and estuarine removals. Spawning escapement is
determined by subtracting all the known removals, including food fisheries, recreational harvests, broodstock
collections, and scientific samples from the total retumns.

A total of 90 rivers were assessed in eastern Canada in 1998. Estimates of total returns of small and large salmon were
obtained using various techniques: 43 were derived from counts at fishways and counting fences; six were obtained
using mark and recapture experiments; 32 nsing visual counts by snorkeling or from shore; and 9 from angling catches
of redd counts,

1998 compared to 1997 adult returns: Of the 90 stocks for which retums of salmon were determined in 1993,
comparable data were available for 76 of these in 1997, For 51 of these rivers, returns were estimated by small salmon
and large salmon size groups separately in both years (Table 4.2.1.1). For both size groups combined, retums in 1998
were less than 50% of the 1997 retums in three of the 76 rivers assessed (4%), between 50% and 90% of 1997 returns in
41% of the rivers and were 90% or greater than 1997 returns in 55% of the rivers.

Large salmon returns in 1998 decreased from 1997 in rivers throughout the Maritime provinces and Québec but were
equally down or improved in Newfoundland (Table 4.2.1.1; Figure 4.2.1.1). In most of the rivers of Newfoundland, except
for rivers of the south-west coast (SFA 13), large salmon are mostly repeat-spawning 1SW fish. Small salmon returns in
1998 relative to 1997 were generally improved throughout eastern Canada (Figure 4.2.1.1). Returns were similar to or
improved (>90% in 1998 relative to 1997) in 71% of the assessed rivers. The north-west and north-east coast
Newfoundland rivers showed the most consistent improvement in refurmns.

1985-98 patterns of adult returns: Annual retuns of salmon by size group are available for 24 rivers in eastern Canada
since 1983, These returns do not account for commercial fisheries removals in Newfoundland, Labrador, Québec and
Greenland and in some rivers include returns from hatchery stocking. Peak return years differed for regions within
castern Canada (Figure 4.2.1.2). The returns during the Newfoundland commercial fishery moratorium years (1992 to
1998) for all areas except Newfoundland are lower than returns in 1986 to 1988 when there were commercial fisheries
in Newfoundland, Labrador, Québec and Greenland harvesting mainland Canada origin salmon. The total returns to six
Newfoundland rivers doubled during 1993 to 1996 from the low tevels observed during 1982 to 1991 (Figure 4.2.1.2).
The returns in-river of small salmon in 1998 were collectively the second highest observed in the time series and the
large salmon are the highest recorded.

The retums of large salmon in all areas except Newfoundland were the lowest observed during 1985 to 1998 (Figure
4.2.1.2). Returns of small salmon (o six Gulf rivers (NB, NSy in 1998 improved from 1997 but were 44% of the average
returns during 1983 to 1991, prior to the Newfoundland commercial fishery moratorium. The returns of large salmon in
1998 were the lowest of the time series at less than 23,000 fish. Returns {0 the rivers of the Atlantic coast of Nova
Scotia and Bay of Fundy declined to new lows for large salmon. Returns to nine rivers of Québec in 1998 were the
second lowest since 1985 with large salmon returns declining the most to the lowest since 1985. The low abundance of
25W salmon was most cvident in the Québec and Gulf rivers. Low abundance of 28W salmon in 1998 had been
anticipated from the low abundance of 1SW salmon in 1997,

Smoit and juvenile abundance; Counts of smolts provide direct measurements of the ontputs from the freshwater
habitat. Previous reports bave documented the high annual variability in the annual smolt output: in tributaries, smolt
output can vary by five times but in the counts for entire rivers, annual smolt output has generally varied in magnitude
by a factor of two. Wild smolt production has been estimated in 11 rivers of eastern Canada, although only nine rivers
have several years of data (Figure 4.2.1.4}. In other rivers, juvenile abundance surveys have been conducted (Figure
4214,

In the Québec rivers where smolt production has been monitored, the 1997 and 1998 smolt productions were less than
half the 1990 to 1995 average (Figure 4.2.1.5). The low smolt production in the Québec Zone Q7 was attributed to the
July 1996 flood which physically reconfigured a large number of rivers in that zone and resulted in a near complete loss
of the juveniles in 1996. In Newfoundland, smolt production in 1996 to 1998 remained above the 1990 to 1995 average
in the indexed rivers except for the southwest coast river (Highlands) (Figure 4.2.1.5).

Juvenile salmon abundance has been monitored annually since 1971 in the Miramichi (SFA 16) and Restigouche (SFA
15) rivers and for shorter and variable time periods in other rivers (Figure 4.2.1.4). In the rivers of the southern Gulf,
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densities of young-of-the-year (fry) and parr (juveniles of one or more years old) have increased since 1985 in response
to increased spawning escapements (Figure 4.2.1.6). Densities of parr in 1998 declined from recent years but remained
high relative to the 1970s. In the Restigouche River, both fry and parr densities remain high and near record levels.
High densities of juveniles have also been reported from Nova Scotia rivers along the Guif of St. Lawrence (SFA 18)
and in several Cape Breton Island streams (SFA 19). This is in contrast to juvenile densities from an inner Bay of Fundy
tiver (Stewiacke River, SFA 22) which have declined since 1984, as a result of reduced spawning escapement.
Densities of juveniles in the Stewiacke River in 1998 were at record low level (Figure 4.2.1.6).

The total number of smolts leaving Canadian rivers is unknown. However, a combination of smolt counts and juvenile
abundance indices, considered as sorrogates of smolt production, allow development of indices of total smolt
production from eastern Canada. To allow for the combined analysis of smolt counts and juvenile abundance surveys
from all the rivers, the individual river surveys were standardized by the average within river abundance for the period
1995 10 1998, :

Ind;; = Abund;; / Average;,

where Ind; = Adjusted index of juvenile or smolt abundance for year i and river j,
Abund;; = Measured abundance of juvenile or smolts for year 7 and river j, and
Average;, = Average abundance for years {* (1995 to 1998) in river j:

'This adjustment places all the rivers on a common scale and provides a measure of the temporal variability i the smolt
and juvenile measures. Juvenile measures were age 1 and older parr which were projected forward, one year to
correspond to the smolt migration year,

The index of smolts from the broader geographic areas of eastern North America (Labrador, Newfoundland, Quebec,
Gulf, Scotia-Fundy and U.S.} was obtained by weighting the annual tiver indices by the relative proportion of the
conservation cgg requirements (O'Connell ef al. 1997) of the SFA or Zone to the total conservation egg requirements of
the zones under consideration (Table 4.2.1.2). The longest time series are from Western Arm Brook (SFA 14A) in
Newfoundland and the Miramichi and Restigouche rivers in the Gulf (SFAs 15 and 16). The number of rivers with
available data has increased from two in 1971 to between 19 and 20 rivers in 1995 to 1998. The proportion of the
indexed areas represented by the index rivers has increased from 11% in 1971 to 25% in 1998 (Table 4.2.1.3).

The relative change in smolr production or juvenile abundance differs among the three rivers with the longest time
series (Figure 4.2.1.7). Smolts from Western Arm Brook peaked in the mid 1980s and again in the mid 1990s. This
contrasts with the Miramichi juvenile index which was low through the 1970s to mid 1980s and rose quickly to
maximum levels in the 1990s. The Restigouche index has essentially increased continually from 1972 to 1998, The
relative index weighted by the area-index proportions suggests relative smolt production at three levels since 1971 - at
about one-third the 1995 to 1998 average hetween 1971 and 1979, at about 60% of the average during 1980 to 1985 and
at about average since 1986 (Figure 4.2.1.7). Weighted relative to the index river size, the trend in smoll index is similar
to the Miramichi index since this river represents at least 43% of the (otal river-weight index (Figure 4.2.1.7, Table
4.2.1.2).

Estimates of the relative smolt index in the four geographic areas correspond to the previously documented status of
rivers (Figure 4,2,1.8). Smolt production from Newfoundland rivers has approximately doubled over the 1971 to 1998
time peried (Figure 4.2.1.8). The Gulf smolt index is at its highest level in the 1990s. The Quebec smolt index has
declined hetween 1983 and 1998, driven by de la Trinité time series which for Quebec has a large area-index weight
(Table 4.2.1.2). The relative index for Scotia-Fundy peaked around 1990 and has since declined.

USA

Documented adult salmon returns to rivers in New England in 1998 amounted to 1,745 salmon (Figure 4.2.1.3 ), which
was about the same number observed (1,746) in 1997, Total salmon returns to the rivers of New England continued
their downward trend, and were 15% and 37% lower than the previous 5-r and 10-year averages, respectively. Returns
of 1SW salmon increased by 13% (310 to 356), while MSW returns declined by 3% (1,436 to 1,389) from the previous
year, The documented adult returns are minimal estimates, since many rivers in Maine do not contain counting facilities
and all counting facilities throughout New England are less than 100% effective at capturing adult salmon.

Most of the USA salmon returns were recorded in the rivers of Maine, with the Penobscot River accounting for about
69% of the total, Returns to the Penobscot River (1,210 fish) were 11% lower than the previous year, 20% lower than
the previous S-year average and 42% lower than the previous 10-year average

Adult salmon returns to many other Maine rivers with fish counting facilities were similar to those observed in 1997,

although the trap catch of salmon on the Narraguagus River (22 salmon) was the smallest number counted since
trapping of salmon began in 1960.

122




About 17% of the USA returns (300 salmon) were recorded in the Connecticut River, a 51% incarease from the previous
year. Returns to the Connecticut River in 1998 were 28% and 29% above the previous 5- and 10-year averages,
respectively,

Salmon remms to the Merriack River numbered 123 fish. This represented a 73% increase from the previous year,
and increases of 132% and 3% above the previous 5- and 10-year averages, respectively.

4.2.2 Estimates of total abundance by geographic area

For assessment purposcs, the following regions were considered: Labrador (SFA 1, 2, & 14B), Newfoundland (SFA
3-14A), Québec (Q1-Q11), Gulf of St. Lawrence (SFA 15-18), Scotia-Fundy (SFA 19-23) and USA. Retuns of 1SW
and 2SW salmon to each region (Tables 4.2.2.1 and 4.2.2.2; Figures 4.2.2.1 and 4.2.2.2; and Appendix 6) were
estimated by updating the methods and variables used by Rago et al. (1993b) and reported in ICES 1993/Assess: 10. The
returns for both sea-age groups were derived using a variety of methods using data available for individual river
systems and management areas, These methods included counts of salmon at monitoring facilities, population estimates
from mark-recapture studies, and the application of angling and commercial catch statistics, angling exploitation rates,
and measurements of freshwater habitat (Appendix 6). MSW returns were proportioned to 25W retuns on the basis of
sea-age composition of one or more indicator stocks.

In the context used here “returns” are the number of salmon that returned to the geographic region, including homewater
commercial fisheries, except in the case of Newfoundland and Labrador regions where returns do not include
commercial fisheries. The addition of catches of Newfoundland and Labrador origin salmon in commercial fisheries in
Newfoundland and Labrador 1o “returns” to Newfoundland and Labrador are referred to as total “recruits”. Estimation
of “recruits” to Québec, Gulf of St. Lawrence, Scotia Fundy and USA regions are not possible because the origin of
intercepted salmon in the Newfoundland-Labrador commercial fisheries are not specifically known. In part this was
done to avoid double counting of fish when commercial catches in Newfoundland and Labrador are added to returns of
all geographic in North America to create the PFA of North American salmon.

Labrador

The basis for estimates of 2SW and 1SW salmon returns and spawners for Labrador (SFAs 1, 2 & 14B) prior to 1998
are catch data from angling and commercial fisheries. Caich and effort data from the angling fishery were collected by
DFO enforcement staff in conjunction with angling reports submitted by fish camp operators and processed by DFQ
Science Branch personnel. In 1997 for SFA 14B, the angling catch statistics were derived from a licence stub system
similar to insular Newfoundland while in SFAs 1 & 2 the camp statistics data were used. Commercial catch data were
collected by DFO enforcement staff from fish plant landing slips and processed by DFO Statistics and Informatics
Branch personnel.

In 1998, there was no commercial fishery in Labrador and no complete counts exist for any Labrador river in 1998,
Hence, it was not possible to estimate the retums or spawners to Labrador for this year.

Newfoundland

The estimates of 1SW and 25W returns and spawners for insular Newfoundland (SFAs 3-12 & 14A) are updated for
1998. They are derived from exploitation rates estimated from rivers with counting facilities which are subsequently
applied to angling catches of small salmon, adjusted for the proportions of large:small salmon at counting facilities, and
finally the proportion of large salmon that are 25W. Expleitation rates for small salmon (retained only) were calculated
by dividing the total count and the catch (retained) from rivers with enumeration facilities. In 1998, for SFAs 3—12 and
14A, angling catch data was derived from the licence stub return system (O’ Connell ef al. 1997) while in previous years
angling catch data was collected by DFQ Fishery Officers and Guardian staff. For SFA 13, returns and spawners come
from four assessment facilitics expanded to the entire drainage arca based on their proportionate contribution.

The mid-point of the estimated returns (187,000) of 1S8W salmon to Newfoundland rivers in 1998 is 61% higher than
1997 and 10% lower than the average 1SW returns (170,300) for the period 1992-94 (Figure 4.2.2.1, Appendix 6). The
1992-95 1SW returns are higher than the returns in 1989-91, but similar to the returns to the rivers between 1971 and
1988, The 1SW recruits to Newfoundland, before commercial fisheries, have dectined significantly from about 500,000
in 1988 to 187,000 in 1998,

The mid-point (3,000) of the estimated 28W returns to Newfoundland rivers in 1998 is 60% higher than in 1997 and the
highest value in the time series (1971-98) of returns (Figure 4.2.2.2, Appendix 6). The 28W recruits however in 1998
are similar to 1992-97 and these years are the lowest observed in the time series (1969-98).

Québec
The procedure to estimate returns was revised by using individual niver information for 117 rivers for each year
between 1984 and 1998 as described last year. The mid-point (31,600) of the estimated returns of 1SW salmon to

123



Québec in 1998 is a 10% increase from the retuns observed in 1997 and a 9 % decrease from the 1992-97 average
(Figure 4.2.2.1).

The mid-point (33,700) of the estimated retwns of 25W salmon in Québec in 1998 is a 8% decrease from the returns
observed for 1997 and a 25% decrease from the average of the years 1992-97 (Figure 4.2.2.2). Within the 1971-98 time
series, the 1998 value is the lowest estimated and continues 2 downward trend from the high of 98,000 2SW salmon in
1980.

Gulf of St. Lawrence, SFAs 15-18

The mid-point (53,300) of the estimated retums in 1998 of 1SW salmon returning to the Gulf of St. Lawrence was a
31% increase from 1997, however it is the second lowest value since 1984, The low valoes noted in 1997 and 1998
continue a downward trend from the high value of about 188,000 in 1992 (Figure 4.2.2.1, Appendix 6).

The mid-point (13,700) of the estimate of 2SW returns in 1998 is 50% lower than the estimate for 1997 and the second
lowest of the time series (Figure 4.2.2.1, Appendix 6), the lowest being 1979 at 11,500, Retuns of 2SW salmon have
declined steadily since 1993. ‘

Scotia-Fundy, SFAs 19-23

The mid-point (16,700) of the estimate of the 1SW returns in 1998 to the Scotia-Fundy Region was an 89% increase
from the 1997 estimate, which was the lowest value in the time sefies, 1971-1998. Returns have generally been low
since 1990 (Figure 4.2.2.1, Appendix 6).

The mid-point (4,400) of the 2SW returns in 1998 is 9% lower than the returns in 1997 and the lowest value in the time
series, 1971-97 (Figure 4.2.2.2, Appendix 6). A declining trend in returns has been observed from 1985 to 1998.

USA

Total salmon feturns and spawners for USA rivers in 1998 were calculated as described in ICES 1996/Assess:11. Since
harvest of salmon is not permitted in Maine and many rivers do not contain fish counting facilities, run sizes for several
small rivers in Maine continue to be underestimated. In recent years, the number of USA spawners is considered to be
the same as the number of estimated refumns because it is not possible to determine the age and origin of salmon caught
in the sport fishery, nor mortality associated with catch-and-release angling in Maine.

The estimated 1SW returns and spawners to USA rivers in 1998 were 403 salmon. This was 10% above the estimated
returns in 1997, and 3% and 35% below the previous 5- and 10-year averages, respectively (Table 4.2.2.1, Figure
422.1).

The estimated 28W returns and spawners to USA rivers in 1998 was 1,526 salmon. This was 5% below the 1997
estimate, and was 18% and 41% below the previous 3- and 10-year averages, respectively,

North America (combined Canada and USA)
It is not possible to calculate the total numbers of returns in 1998 of either 1SW or 2SW salmon to North ‘America as no
estimates exist for Labrador for reasons previously described,

4.2.3 Pre-fishery abundance estimates of non-maturing and maturing 1SW North American salmon

North American run-reconstruction model

The Working Group has used the North American run-reconstruction model to estimate pre-fishery abundance, which
serves as the basis of abundance forecasts used in the provision of catch advice. The catch statistics used to derive
returns and spawner estimates have been updated from those used in ICES 1998/ACFM:135 (Table 4.2.3,1). The North
American run-reconstruction model has also been used to estimate the fishery exploitation rates for West Greenland and
in homewaters.

Non-maturing 1SW Salmon ‘
The non-maturing component of 18W fish, destined to be 2SW retumns (excludes 3SW and previous spawners) is
represented by the pre-fishery abundance estimator for year i designated as [NN1(i)]. Definitions of the variables are
given in Table 4.2.3.2. It is constructed by summing 28W retwms in year i+1 [NR2(i+1)}, 28W salmon catches in
commercial and Aboriginal food fisheries in Canada [NCZ2(i+1)] and catches in year i from fisheries on non-maturing
1SW salmon in Canada [NC1(i)] and Greenland [NG1(i)].

There are two important changes to the calculations that determine pre-fishery abundance of non-maturing 18W salmon
for 1997, The first change was made because of the inclusion of Aboriginal food harvests of small (AH s) and large
salmon (AH_1) in the reported catches for 1998. As Aboriginal harvests occurred in both Lake Melville and coastal
areas of northern Labrador, a new parameter was added to define the fraction of these catches that are immaturc
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(af_imm). This was necessary because non-maturing salmon do not occur in Lake Melville where approximately half
the catch originated. However, non-maturing salmen do occur in coastal marine areas in the remainder of northern
Labrador. Consequently, af_imm for the fraction of Aboriginal harvests that were non-maturing was set at 0.05 to 0.1
which is half of f_imm from commercial fishery samples. The new equations to calculate NC1 and NC2 are as follows:

Eq. 4231 NC13) = [(H_s(i} {1.7.14) + H_1(1) (17.240) * @) * {_imm ]
+ [(AH_s(i) + AH_I(i) * @) * af_imm], and
Eq.4.2.3.2 NC2(i+1) = [H_1(+1) (17,140} * (1-q)] + [AH_1G+1) * (1-g)]

The second change was necessitated by the closure of the commercial fishery in Labrador in 1998, In past reports,
salmon returns and spawners for Labrador which make up one of the six geographical areas contributing to NR2 for
Canada were based on commercial fishery data. Since the commercial fishery was closed in Labrador in 1998 the time
series also ended. However, in order to estimate pre-fishery abundance it was still necessary to include Labrador returns
for 1998. Consequently, a raising factor was devetoped by dividing pre-fishery abundance without Labrador into pre-
fishery abundance with Labrador based on the time series of Labrador recruit estimates and pre-fishery abundance data
from 1971-96, The raising factor (RFL2) to estimate returns to Labrador for 1998 for 2SW salmon was set to the low
and high range of values in the time series which was 1.05 to 1.27. An assumed natura! mortality rate [M] of 0.01 per
month is used to adjust the back-calculated numbers between the salmon fisheries on the 1SW and 2SW salmon (10
months) and between the fishery on 25W salmon and returns to the rivers (1 month) as shown below;

Eq. 4233 NNI1(i) = [RFL2*((NR2(i+1) / S1+ NC2(i+1)¥/32 + NC1{i)] + NG1{i}

where the parameters S1 and 52 are defined as exp(-M *1) and exp(-M *10), respectively. A detailed explanation of the
model used to determine pre-fishery abundance is given in Rago er al, (1993a).

This estimated pre-fishery abundance represents the extant population and does not account for the fraction of the
population present in a given fishery area. The model does not take into account non-catch fishing mortality in any of
the fisheries. This is because rates for non-catch fishing mortality are not available on an annual basis and are not well
described for some of the fisheries harvesting potential or actual 25W saimon. Thus, commercial catches used in the
run-reconstruction model for the West Greenland fishery (1993 and 1994), Newfoundland fishery (1992-97) and
Labrador fishery (1998) were set to zero in order to remain consistent with catches used in other years in both of these
areas (see Section 4.1.1) There were no commercial fisheries in these areas for the years indicated.

As the pre-fishery abundance estimates for potential 2SW salmon require estimates of returns to rivers, the most recent
year for which an estimate is available is 1997, The minimom and maximum values of the catches and returns for the
25W cohort are summarized in Table 4.2.3.3. The 1997 abundance estimates ranged between 69,710 and 126,088
salmon. The mid-point of this range (97,899) is 23% lower than the 1996 value (126,600) and is the lowest in the 26-
year time series (Figure 4.2.3.1). The most recent year is shown with hollow symbols as no Labrador values were
estimated for this year and the raising factor described previously was used. The results suggest a continuation of the
general decline from 807,000 in 1975. The Working Group expressed concern about the continued decline in the pre-
fishery abundance and its impact on spawner levels. The low pre-fishery abundance estitnates in 1997 are consistent
with the low numbers of maturing 1SW salmon in 1997 which came from the same cohort.

Maturing 1SW salmon (grilse)

Estimation of an aggregate measure of abundance has utility for identifying trends, evaluating management measures,
and investigating the influence of the marine environment on survival, distribution, and abundance of salmon. Grilse (or
maturing 1SW salmon) are in some areas a major component of salmon stocks and measuring their abundance is
thought to be important to provide measures of abundance of the entire cohort from a specific smolt ¢lass.

For the commercial catches in Newfoundland and Labrador, all small salmon are assumed to be 1SW fish based on
catch samples which show the percentage of 18W salmon to be in excess of 95%. Large salmon are primarily MSW
salmon but some maturing and non-maturing 18W are also present in commercial catches in SFAs 1-7, 14B, Estimates
of fractions of non-maturing salmon present in the Newfoundland and Labrador catch were presented in ICES
1991/Assess:12. The “large” category in SFAs 1-7,14B consists of 0.1-0.3 1SW salmon (Rago et al. 1993a; ICES
1993/Assess:10). Salmon catches in SFAs 8-14A are mainly maturing salmon (Idler et al. 1981). These values were
assumed to apply to the Aboriginal food fishery catches in marnine coastal areas of northern Labrador.

Similar to calculations to determine non-maturing 1SW salmon, a raising factor was also required to include Labrador
returns in the maturing component of pre-fishery abundance necessitated by the closure of the commercial fishery in
Labrador in 1998. Consequently, a raising factor was developed by dividing pre-fishery abundance without Labrador
into pre-fishery abundance with Labrador based on the time series of Labrador recruit estimates and pre-fishery
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abundance data from 1971-97. The raising factor (RFL1) to estimate returns to Labrador for 1998 for 1SW salmon was
set to the low and high range of values in the time series which was 1.04 to 1.59.

The component of 1SW fish destined to mature as grilse is represented by the pre-fishery abundance estimator for year i
[MN1(i)]. it is constructed by summing maturing 1SW retumns in year i [MR1(i)] in Atlantic Canada and catches in year
i from fisheries on maturing 1SW salmon in Newfoundland and Labrador [MC1(i)]. An assumed natural mortality rate
[M] of 0.01 per month is used to adjust the back-calculated numbers between the fishery on 1SW salmon and returns to
the rivers (1 month) as shown below:

Eq.4.23.4 MN1(i} = [MR1(i) / S1+ MCI1(i)] * RFL1
where the parameter S1 is defined as exp(-M * 1).
Eq. 4235 MC1(i) = [QA-f_imm}(H_s(i)(1.7,14n) + QFH_10)}1.7,1851)] + H_s(i}5-14a)
+ [(1-af_imm){AH_s(i} + q*AH_1(i})]

This estimated pre-fishery abundance represents the extant population and does not account for the fraction of the
population present in a given fishery area. The moedel does not take into account non-catch fishing mortality in any of
the fisheries. This is because rates for non-catch fishing mortality are not available on an annual basts and are not well
described for the fisheries harvesting 1SW salmon. Thus, catches used in the run-reconstruction model for the
Newfoundland commercial fishery were set to zero for 1992-97 to remain consistent with catches used in other years in
this area (see Section 4.1.1).

The minimum and maximum values of the catches and returns for the 1SW cohort are summarised in Table 4.2.3.4 and
the mid-point values are shown in Figure 4.2.3.1. The most recent year is shown with hollow symbols as no Labrador
values were estimated for this year and the raising factor described previously was used. The mid-point of the range of
pre-fishery abundance estimates for 1998 (412,500} is 29% higher than 1997 (319,000) which was the lowest estimated
in the time series 1971-97. Estimates for 1995 and 1994 decreased over those of the previous two years. The reduced
values observed in 1978 and 1983-84 were followed by large increases in pre-fishery abundance.

Total 1SW recruits (maturing and non-maturing)

Figure 4.2.3.1 shows the pre-fishery abundance of 1SW maturing and 1SW non-maturing salmon from North America
for the period 1971 to 1997 and Figure 4.2.3.2 shows these daia combined to give the total 1SW recruits. The steady
decline in recruits over the last ten years is alarming. Although the declining trend appears common to both maturing
and non-maturing portions of the cohort, non-maturing 1SW salmon have declined at a steeper rate. Causes for the
differences in rate of decline are uncertain. Figare 4.2.3.1 shows that grilsc are becoming an increasingly larger
proportion of the total North American stock complex. This proportion has risen from about 45% at the beginning of the
1970s to almost 80% in the last year. The Working Group expressed concerns about these stock trends and
recommended further mvestigation into their causes,

4.2.4 Spawning escapement and egg deposition

Canada

Egg depositions in 1998 exceeded or equalled the river specific conservation requirements in 21 of the 71 assessed
rivers (309} and were less than 50% of conservation in 24 other rivers (34%) (Figure 4.2.4.1). Large deficiencies in egg
depositions were noted in the Bay of Fundy and Atlantic coast of Nova Scotia where cight of the 12 rivers assessed
(67%) had egg depositions which were less than 50% of conservation requirements. Proportionally fewer rivers in Gulf
(19%}) and Quebec (35%) had egg depositions less than 50% of conscrvation, Only 25% of the Gulf rivers and 12% of
the Quebec rivers had egg depositions which equalled or exceeded conservation (Figure 4.2.4.1). In insular
Newfoundland, 71% of the rivers assessed met or exceeded the conservation egg requirements and almost all the others
(24%} bad egg depositions which were less than 50% of requirement. The deficits occurred in the southwest rivers of
Newfoundland (SFA 13).

Nineteen rivers in Newfoundland and Québec are under rehabilitation or colonization programs where in recent years
salmon have gained access to previously inaccessible habitat or to re-establish the wild production (Figure 4.2.4.1).
Four of these rivers met or exceeded the conservation requircments in 1998, Egg depositions in 79% of these rivers
were less than 50% of requirements. Egg depositions in 1998 relative to 1997 were similar or improved in 53% of these
rivers.
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Escapements over time relative to conservation requirements have improved in some areas of eastern Canada but have
declined in others (Figure 4.2.4.2). The status of three Bay of Fundy/Atlantic coast of Nova Scotia rivers has severely
declined, especially since 1991. The proportion of the conservation requirements achieved were the lowest in all three
rivers in 1998. For the Québec rivers, spawning escapements declined continually from a peak median value in 1988
with a slight recovery in 1995, Escapements relative to conservation were among the lowest in the series with a few
rivers showing improvements in 1998. The eight rivers of the Gulf of St. Lawrence have been the most consistent in
equalling or exceeding the conservation requircments but the median escapements were below conservation
requirements in the last five years. Newfoundland rivers have shown the greatest improvement in the proportion of the
spawning requirement achieved as a direct result of the commercial salmon and groundfish moratoria initiated in 1992.
There was a decline in 1997 relative to 1996 but escapements increased again in 1998 to their highest median values
since the 1992 closure of the commercial salmon fishery.

Run-reconstruction estimates of spawning escapement

Updated estimates for 25W spawners were derived for the six geographic regions referenced in Section 4.2.2 (Table
4.2.4.1). Estimates of 1SW spawners, 197198 are provided in Table 4242, These estimates were derived by
subtracting the in-river removals from the estimates of returns to rivers. A comparison between the numbers of
spawners, retuns and spawning requirements for 1SW and 2SW salmon are shown in Figures 4.2.2.1 and 4222
respectively (there are no spawning requirements defined specifically for 1SW salmon).

Labrador: As previously explained, it was not possible to estimate spawners in Labrador in 1998 due to lack of
assessment information,

Newfoundland: The mid-point of the estimated numbers of 2SW spawners (8,000) in 1998 is 60% higher than that
estimated in 1997 and is 198% of the total 28W spawner requirements for all rivers. This vear is the fifth time (hat the
28W spawner requirement has been met or exceeded since 1984 (Figure 4.2.2.2). The 1SW spawners in 1998 increased
by 73% from 99,000 in 1997 to 170,900 in 1998. The 1992-96 and 1998 1SW spawners are higher than the spawners in
1989-91 and similar to levels in the late 1970s and 1980s (Figure 4.2.2.1). The spawning level in 1997 however was the
third fowest in the data series, with 1989 and 1991 being lower, There bad been a general increase in both 28W and
1SW spawners during the period 1992-96 and 1998 and this is consistent with the closure of the commercial fisheries in
Newfoundland. For 1997, decreases occurred most strongly in the 15W spawners.

Québec: The mid-point of the estimated numbers of 25W spawners (17,000) in 1998 is lower (6%) than that estimated
in 1997 and is about 28 % of the total 2SW spawner requirements for all rivers (Figure 4.2.2.2). The spawning
escapement in 1998 is the third lowest in the time series (1971-98) and the lowest since 1979. Estimates of the numbers
of spawners have consistently been about one-third to three-quarters of the spawner requirement over the time series
(1971-98). The mid-point of the estimated 18W spawners in 1998 (20,500) was an 11% increase from 1997 (Figure
4.2.2.1). Spawning escapement of 1SW fish has generally been higher since the early 1980s than it was before this
period.

Gulf of St. Lawrence: The mid-point of the estimated numbers of 2SW spawners (11,300} in 1998 is 55% lower than
that estimated in 1997 and is about 37% of the total 25W spawner requirements for all rivers in this region (Figure
4.2.2.2). This is the third time in nine years that these rivers have not exceeded their 25W spawner requirements. The
mid-point of the estimated spawning escapement of 1SW saimon (29,600) increased by 21% from 1997 and is the sixth
lowest in the time serics, 1971-98; the trend has been downwards since the peak of about 153,000 reached in 1992
(Figure 4.2.2.1). Spawning escapement has on average, however, been higher since the mid-1980s than it was before
this period.

Scotia-Fundy: The mid-point of the estimated numbers of 2SW spawners (4,000) in 1993 is a 4% decrease from 1997
and is about 16 % of the total 2SW spawner requirements for rivers in this region (Figure 4.2.2.2). Neither the spawner
estimates nor the spawner requirements include rivers of the inner Bay of Fundy (SFA 22 and parts of SFA 23) as these
rivers do not contribute to distant water fisheries and spawning escapements are extremely low. The 2SW spawning
escapement in the rest of the area has been generally declining since 1985, The mid-point of the estimated 1SW
spawners (16,200) in 1998 is a 108% increase from 1997 and is the eighth lowest in the time series, 1971-98. There has
been a general downward trend in 1SW spawners since 1990 (Figure 4.2.2.1),

Canada: It is not possible to calculate the total numbers of spawners in 1998 of either 1SW or 2SW salmon to North
America as no estimmates exist for Labrador for reasons previously described.

USA

The estimated 2SW returns (1,526 salmon) to USA rivers in 1998 represents about 3% of the spawner requirements for
all rivers. Estimated spawning escapemenis in the Penobscot, Connecticut and Memrimack rivers remained at very low
levels (about 10% for the Penobscot River spawning requirement, and about 2% of requirements established for the
Connecticut and Merrimack rivers).
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Escapement variability in North America

The projected numbers of potential 2SW spawners that could have returnéd to North America in the absence of fisheries
can be computed from estimates of the pre-fishery abundance taking into consideration the 11 months of natural
mortality at 1% per month. These values, termed potential 2SW recruits, along with total North American 25W returns,
spawners and requirements are shown in Figure 4.2.4.3 and indicate that the overall North American spawner
requirement could have been met, in the absence of all fisheries, in all years except 1993 to 1998, The difference
between the potential 2SW recruits and actual 2SW returns reflect the extent to which mixed stock fisheries at West
Greenland and in SFAs 1-14 have reduced the populations.

Similarly, the impact of the Greenland fishery can be considered by subtracting the non-maturing 1SW salmon
(accounting for natural mortality) harvested there from the total potential 2SW recruits, These values, termed 25W
recruits to North America, are also shown in Figure 4.2.4.3. The difference between the 28W recruits to North America
and the 2SW retumns reflects the impact of removals by the commercial fisheries of Newfoundland and Labrador. The
28W recruits to North America indicate that, even if there had not been a West Greenland commercial fishery, spawner
requirements could not have been met since 1990. The difference between the actual 28W returns and the spawner
numbers reflects in-river removals throughout North America and coastal removals in Québec, Gulf and Scotia Fundy
regions, ‘

In 1994, the Working Group (ICES 1994/Assess:16) undertook a preliminary analysis of the effects of escapement on
potential fishery yield. It was noted that the stock-recruitment rclationship ultimately defines the sustainable level of
harvesting and its expected variability over time, although spawning stock size is often not a significant variable in
models relating recruitment to stock and environmental variables. The establishment of strong correlations between
recruits and an environmental variable is sometimes used to support the notion that spawning stock size is unimportant.
However, it was conctuded that if environmental variability regulates survival in a density-independent fashion, then the
importance of stock size is enhanced.

Following on the technique outlined in previous reports (ICES 1994/Assess: 16, ICES 1995/Assess: 14), the spawners in
each geographic area were allocated (weighted forward) to the year of the non-maturing 1SW component in the
Northwest Atlantic using the weighted smolt age proportions from each area (Table 4.2.4.3). The total spawners for a
given recruitment year in each area is the sum of the lagged spawners. Because the smolt age distributions in North
America range from one to six years and the time series of estimated 2SW spawners to North America begins in 1971,
the first recruiting year for which the total spawning stock size can be estimated is 197: (although a value for 1978 was
obtained by leaving out the 6-year old smolt contribution which represents 4% of the Labrador stock complex (Table
4.2.4.3)). Since the 1998 2SW spawners to North America (excepl for Labrador) are known, the spawning stock
contributing to the pre-fishery abundance up to 2001 is known for North America and up to 2002 except for Labrador
(Figure 4.2.4 4, Tahle 4,2.4 4),

Spawning escapement to several stock complexes has been below the spawner requirement (Labrador, Québec. Scotia-
Fundy, USA) 1980s (Figure 4.2.4.4). In the last four years, lagged spawner abundance has been increasing in Labrador
and Newfoundland but decreasing in all other areas. The relative contributions of the stocks from geographic area to the
total spawning escapement of 25W salmon has varied over time (Figure 4.2.4.5). The reduced potential contribution of
Scotia-Fundy stocks and the increased proportion of the spawning stock from the Gulf of St. Lawrence and recently
Labrador rivers to future recruitment is most evident. Thus production of non-maturing 1SW salmon would not be
expected to increase dramatically from most areas of North America even if the sea survival improves, Only the Gulf
and Newfoundland stock complexes have received spawning escapements which have exceeded the area requirements,
all other complexes were below requirement and some declined further in 1998, '

425 Survival indices

Canada

Counts of smolts and adult salmon returns enable estimates of marine survival to be derived. Examination of trends over
time provide insight into (he impact of changes in management measures or other factors that can influence the
production of salmon, Information from 13 rivers in Atlantic Canada with smolt counts and corresponding adult counts
are available; four are hatchery stocks and ten are wild populations. Geographically, populations for which data were
available for the 1998 adult returns ranged from the Saint John River (SFA 23 Bay of Fundy) in the south, LaHave
River (SFA 21) and Liscomb River (SFA 20) along the Atlantic coast of Nova Scotia, Saint-Jean (Q2) in the Gaspé
region, de la Trinité and aux Rochers (Q7) on the Québec North Shore, and several populations from southern (SFAs 9
and 11}, and eastern and northem Newfoundland (SFA 4, 14), In general, survival of hatchery stocks is lower and more
variable than that of wild.

There was a large decline in the return rates of both hatchery and wild smolts as 1SW salmon in 1997. The decline was
generally observed throughout eastern Canada. Survival rates to the river as 1SW salmon improved for most rivers of
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eastern Canada in 1998 relative to survival rates observed in 1997 (Figure 4.2.5.1 to 4.2.5.3). Survival rates to 15W
salmon of hatchery smolts in 1998 were less than 1% while survival rates 10 2SW salmon have been less than 0.3% in
the recent five years (Figure 4.2.5.1).

In 1998, the survival rate to 1SW salmon was greatly improved from 1997 in de la Trinité River but remained well
below the rates observed during the late 1980s (Figure 4.2.5.2). The LaHave River smoll survivals to 1SW salmon
improved in 1998 relative to 1997 and were twice those observed for the Québec rivers. The survivals to 25W salmon
in the Quebec rivers declined in 1998 to the lowest levels of the time series (Figure 4.2.5.2).

Following a brief period of increasing survival of smolts in recent years, return rates to most rivers of Newfoundland
exhibited a substantive decline in 1997 but generally recovered in 1998 (Figure 4.2.5.3). Considering that the historical
survival rates (prior to 1992) represent survival to the river after commercial fisheries, the recent survival rates and in
particular the low rates in 1997 are dismal. The survival rates declined in the south (SFA 9, 10) and southwest coast
(SFA 13) rivers of Newfoundland and remained at near record low levels. Despite major changes to fisheries and
corresponding reductions in marine exploitation, marine survival rates are still low and sea survival of the salmon
populations from eastern Canada has not increased as expected.

The Working Group noted that induced freshwater habitat constraints were substantial in some areas and productive
capacity has been reduced. Causes inclode physical, chemical and biological induced constraints. Documented losses
include hydropower development, acidification, and siltation. Suspected losses include interactions caused by the
introduction of competitive or predator species, chemicals that distupt endocrine development and localized effects
associated with aquaculture. Mitigation of these losses has, for the most part, heen insufficient. Fish passage is not
generally complete, hatchery production has not generally replaced the loss of natural production, the reduction in
atmospheric pollutants has not declined and numbers of suspected negative factors and sites has continued 1o increase.

Fish passage efficiency, both upstream and downstream, limit populations at hydropower facilities such as on the Saint
John River, St. Croix River, and several US rivers. The distribution of endocrine disrupting chemicals has been reduced
in some forest spraying programs but these chemicals may also be associated with industrial and municipal wastes and
agricultural practises. Aquaculture has continued to increase and documented negative interaction with wild salmon
stacks has occurred. Salmon populations of the Southern Uplands of Nova Scotia have fallen to critically low levels in
acid-impacted arcas while the frequency and duration of acid episodes has increased.

Collectively these factors have reduced the productive capacity of North American salmon populations but cannot
account for the decline in adult retarns in recent years,

USA

The survival of hatchery-reared smolts released in the Penobscot River in 1996 was 0.18%. This was the second lowest
survival observed in the time series (Figure 4.2.5.4), and was 22% and 44% lower than the 5- and 10-years averages,
respectively.

4.2.6 Summary of status of stocks in the North American Commission Area

The North American run-reconstruction model was used to update the estimates of pre-fishery abundance of non-
maturing and maturing 15W salmon from 1971-98. The estimate of pre-fishery abundance of 97,899 for 1997 of non-
maturing |SW salmon was the lowest on record, and 23% below the previous year. Similarly, for maturing 1SW
salmon, there was a 32% decrease from 1996 in the 1997 estimate (319,063) of pre-fishery abundance. An estimate of
412,480 maturing 1SW fish in 1998 is 29% greater than that of 1997 and the sixth lowest in the 28-year time series. The
results suggest a continuing decline of North American adult salmon abundance. In addition to the steady decline in
total recruits over the last 10 years, grilse have become an increasingly larger proportion of the total North American
stock complex. This proportion has risen from about 45% at the beginning of the 1970s to between 65 and 80% in the
last five years.

The rank of the estimated returns in 1998 in the 1971-98 time series for six regions in North America is shown below:
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Rank of 1998 returns in 1971-98 Mid-point estimate of 2SW spawners as

Region time series {1=highest) proportion of escapement requirement
1SW 25W { %)

Labrador Unknown Unknown unknown

Newfoundland 9 1 198

Québec 13 28 - 28

Gulf 2 27 37

Scotia-Fundy 23 28 16

USA 13 22 5

In most regions the returns of 28W fish are near the lower end of the 28-year time series except Newfoundland where
they are at the highest level, Retumns of 18W salmon were at the lower end of the time series in Gulf and Scotia-Fundy,
and about at the mid-point in Newfoundland, Quebec and USA,

The text table ahove also shows the estimated total spawning escapement of 28W salmon in each region expressed as a
percentage of the spawning escapement requirement. Only in Newfoundland were requirements exceeded in 1998, The
overall 28W spawning escapement requirement for Canada could have been met or exceeded in only three (1974, 1977
and 1980) of the past 28 years (considering the mid-points of the estimates)-by reduction of in-river fisheries (Figure
4.2.4.3). In the remaining years, spawning requirements could not have been met even if all in-river harvests had been
eliminated.

The total population of 1SW and 28W Atlantic salmon in the northwest Atlantic has oscillated around a generally
declining trend since the 1970s, and the abundance recorded in 1993-98 was the lowest in the time- series (Figure
4.2.3.2). During 1993 to 1997, the total population of 15W and 2SW Atlantic salmon was about one-half million fish,
45% of the average abundance during 1972 to 1990, The decline has been more severe for the 28W salmon component
than for the small salmon (maturing as 15W salmon} age group.

Substantive increases in spawning escapements in recent years in northeast coast Newfoundland rivers and high smolt
and juvenile production in many rivers, in conjunction with suitable ocean climate indices were suggestive of the
potential for improved adult salmon returns for 1998, Colder oceanic conditions both nearshore and in the Labrador Sea
in the early 1990s are thought to have contributed to lower survival of salmon stocks in eastern Canada during that
period. It was expected that increased marine water temperatures in 1994 to 1997 would have favoured marine survival
and subsequent adult salmon production, however, low grilse rctumns in 1997 provided a strong signal for low returns of
28W salmon in 1998.

Trends in abundance of small salmon and large salmon within the geographic arcas show a gencral synchronicity among
the rivers. Returns of large salmon were generally the lowest observed since 1987 while grilse returns improved marginally
for stocks in many arcas, For the rivers of Newfoundland, large salmon refurns were among the highest in the last 12 years
but large salmon returns in the Gulf of St. Lawrence and Québec were among the lowest. The differences in the relative
abundance of large salmon in Newfoundland as compared with the other areas of eastern Canada are consistent with the
age structure. Large salmon in Newfoundland ar¢ predominantly repeat-spavwning 18W salmon while in’ other areas of
eastern Canada, 25W and 3SW salmon make up varying proportions of the ecturns.

The continuing absence of any clear factor(s) (o explain the lower 1SW returns in 1997 and the low 2SW returns in
1998 make any predictions of river-specific abyndance of small and large salmon in eastern Canada in 1999 very
uncertain, An additional concern is the low abundance levels which currently describe many salmon stocks in rivers in
‘eastern Canada, particularly in the Bay of Fundy and Atlantic coast of Nova Scotia, and the south coast of
Newfoundland. Despite major changes in fisheries management, retums have continued to decline in these areas and
many populations are currently threatened with extirpation. Although no direct evidence yet exists that can conclusively
indicate that predators are the cause of salmon declines, increasing numbers of predators, particularly seals and
seabirds, at the same time that marine survival is declining, suggests that there is a strong possiblity that predators and
salmon populations are linked (see Section 2.4.6 and 2.4.10, as well as last year’s report).

USA salmon stocks exhibit the same downward trend that has been shown for many Canadian salmon stocks, especially
those located in the Bay of Fundy and along the Atlantic coast of Nova Scotia. Most salmon rivers in the USA are
hatchery-dependent and remain at low levels compared to conservation requirements.

The Working Group noted that induced treshwater habitat constraints were substaniial in some areas and productive

capacity has been reduced. Causes include physical, chemical and biological induced constraints. Documented losses
include hydropower development, acidification, and siltation. Suspected losses include interactions caused by the
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introduction of competitive or predator species, chemicals that disrupt endocrine development and localized effects
associated with aquaculture.

4.3 Effects on US and Canadian Stocks and Fisheries of Quota Management and Closure after 1991 in
Canadian Commercial Salmon Fisheries

There were no new analyses available to the Working Group. Previously, to evaluate the results of the reductions and
closures in these commercial fisheries, the Working Group considered a detailed assessment of the impact of the
Newfoundland-Labrador changes on Newfoundiand stocks (ICES 1997/Assess:10). At that time, estimates were made
of commercial exploitation rates on small salmon during premoratorium years (1984-91) which ranged from 29% to
66%, averaging 49% for all areas combined. On large salmon, they ranged from 64% to 98% and averaged 76%.

44 Update of Age-Specific Stock Conservation Limits

No new information was available to the Working Group to revise the 2SW salmon conservation requirements for
North American rivers, although as indicated in Section 2.4.7, conservation requirements for Québec will be revised
next year.

The Working Group recommends that return estimates for the few rivers (Annapolis, Comwallis and Gaspareau) in
SFA 22 that do contribute to distant fisheries be developed and, when these are available, the SFA 22 spawning
requirements for these rivers (476 fish) be included in the total.

Spawner requirements for 2SW salmon for Canada now total 154,653 and for the USA, 29,199 for a combined total of
183,852 (Table 4.4.1). The Working Group again recommends that these requirements be refined as additional
information on sea-age composition of spawners becomes available and as further understanding of life history
strategies is gained.

4.5 Catch Options or Alternative Management Advice and Assessment of Risks Relative to the Objective
of Exceeding Stock Conservation Limits

Overview

This is the third year that the Working Group has been asked to provide catch options for the North American
Commission Area, Catch options are provided only for the non-maturing 1SW and matring 2SW components which
migrate between two Commission areas and the waters of two, three or four nations. The maturing 1SW component
(grilse) is of a lesser migrational tendency, and in the absence of significant marine interceptory fisheries, managed in
homewaters by the producing nations.

Catch histories of salmon exposed to the Greenland fishery, 1972-98, are provided in Tables 4.5.1 and 4.5.2. and
expressed as 2SW salmon equivalents. The Newfoundland-Labrador commercial fisheries have historically harvested
both maturing and non-maturing 1SW salmon as well as 2SW maturing salmon. The harvest in these fisheries of repeat
spawners and older sea-ages has not been considered in the run reconstructions. Harvests of 1SW non-maturing salmon
in Newfoundland-Labrador commercial fisheries have been adjusted by natural mortalities of 1% per month for 11
months and 2SW harvests in these same fisheries have been adjusted by one month to express all harvests as 25W
equivalents in the year and time they wounld reach rivers of origin. Starting in 1998, the Labrador commercial fishery
was closed. An Aboriginal food fishery occurred in 1998 which may have harvested, Lo some degree, mixed stocks and
catches for this fishery have been included in Tables 4.5.1 and 4.5.2. Mortalities (principally in fisheries) in mixed stock
and terminal fisheries areas in Canada are summed with those of USA to estimate total 258W equivalent mortalitics in
North America (Table 4.5.1). Mortalities within North America peaked at about 382,000 in 1976 and are now about
23,100 2SW salmon equivalents. In the most recent three years estimated, those taken as non-maturing fish in Labrador
comprise about 5% of the (otal in North America.

The percentage of the cohort destined to be 2SW salmon which were taken in terminal fisheries during 1972-97 in
Canada and the USA has ranged from as low as 19% in 1973, 1976 and 1987 1o values of 76-85% in 1996-98 fisheries
(Table 4.5.1). The percentage increased significantly with the reduction and closures of the Newfoundland and
Labrador commercial fisheries, particularly since 1992,

Table 4.5.2 shows the mortalilies expressed as 2SW equivalents in Canada, USA and Greenland for 1972-98. Harvests
within the USA of the total within North America approached 0.6 % on a few occasions in the time series and as
recently as in 1990. As well as these harvests in the USA, USA-origin salmon were also harvested in Canada during the
time period indicated. The percentage of the total 2SW equivalents that has been taken in North American waters has
ranged from 43-100%, with the most recent year estimated at 67%. The two years when 100 % of the mortality
occurred in North America were the years when the Greenland commercial fishery did not operate.
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It is possible (o provide catch advice for the North American Commission area for two years. The revised forecast for
1999 for 28W maturing fish is based on a new forecast of the 1998 pre-fishery abundance and accounting for fish which
were already removed from the cohort by fisheries in Greenland and Labrador in 1998 as 15W non-maturing fish. The
second is a new estimate for 2000 based on the pre-fishery abundance forecast for 1999 from Section 5.6. A
consequence of these annual revisions is that the catch options for 2SW equivalents in North America may change
compared to the options developed the year before.

4.5.1 - Catch advice for 1999 fisheries on 28W maturing salmon

A revised forecast of the pre-fishery abundance for 1998 is provided in Table 5.6.1.1. This value of 99,956 is lower than
the value forecast last vear at this time of 113,899 (See Section 5.2 for more detailed derivation of the models used,
etc.). A pre-fishery abundance of 99,956 in 1998 can be expressed as 2SW equivalents by considering natural mortality
of 1% per month for 10 months (a factor of 0.904837), resulting in 90,444 28W salmon equivalents. There have already
been harvests of this cohort as 1SW non-maturing salmon in 1998 for both the Labrador (239) and Greenland (11,345)
fisheries (Tables 4.5.1 and 4.5.2) for a total of 11,584 28W salmon equivalents already harvested. The text table below
uscs the probability density projections for the revised pre-fishery abundance estimate of 99,956 and subtracts the
spawning reserve (205,230), converts it to 2SW salmon equivalents and then subtracts the 11,584 258W equivalents
already harvested (Tables 4.5.1 and 4.5.2). The calculation is as follows;

[[PFA; - spawning reserve] x exp - (0.01 *10 months)] - harvest in Greenland and Labrador in 1998: of 1SW non-
maturing fish

where PFA; = valucs from 25-90% .
spawning reserve = 205,230
harvests WG = 1SW non-maturing in 2SW equivalents

CatchOptlonsfor1999North American Fisheries (Probabi-ii;f:;'i-évels refer to
__probability density function estimates of pre-fishery abundance)
Pre-ﬁ.shery Abundance Catch Options in 2SW Salmon

..Probabilityevel  Forecast Equivalents(no)
25 16,337 i
30 34,995 0
35 52,277 0
40 68,585 0
45 84,405 0
50 99.956 0
55 115,444 0
60 131,402 0
65 ‘ 147,627 0
70 164,803 0
75 183,333 ¢
g0 204,038 . 0
85 228,282 : 9,274
90 258,795 36,884
95 304,286 78,046
4.5.2 Catch advice for 2000 fisheries on 2SW maturing salmon

The text table below, as an example, assumes a 40% Greenland/60% North America division of the surplus for harvest
(after reserving the spawner requirement of 205,230) and expresses catch options as 2SW salmon equivalents for 2000
{(by considering 10 months of mortality at 1% per month, a factor of 0.904837). As is noted in Section 5.2, there is a
wide variability in the forecast and caution is warranted in the use of the 50% level. Precaunonary approaches would
utilise probabilities much lower than 50%. The calculation is as follows:

[[PFA, - spawning reserve] x exp - (0.01 x 10 months) x 0,60]
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Catch Options for 2000 North American fisheries (probability levels refer to
probability density function estimates of pre-fishery abundance)

Pre-fishery Catch Options in 28W Salmon
Probability Level Abundance Forecast Equivalents (no.)
25 795 0
30 18,398 0
35 34,579 0
40 49,917 0
45 64,810 0
50 79,450 0
55 94,097 0
60 108,959 0
65 124,344 0
70 140,537 0
75 158,302 0
80 177,300 0
85 200,047 0
90 229,030 12,921
95 272,057 36,281

The above table provides catch options for 2000 which can be refined next year when information becomes available
from harvests of the cohort as non-maturing fish in Greenland and Canada in 1999,

It should be clear from the above that the numbers provided for catch options refer to the composite North American
fisheries. As the biological objective is to have all rivers reaching their conservation requirements, it is obvious that
river-by-river management is necessary. On individual rivers, where spawning requirements are being achieved, there
are no biological reasons to restrict the harvest.

4.6 Data Deficiencies and Research Needs in the North American Commission Area

While some progress was made on research needs identified last year, particularly in the areas of refinement of spawner
requirements and the initiation of some wild smolt sampling programs, the Working Group felt that further work is
required, and accordingly reiterates last year’s recommendations and suggests some further ones.

1. There is an urgent need to monitor salmon returns and develop habitat-based spawner requirements in Labrador and
Ungava regions of Québec.

2. There is a need to investigate changes in the biological characteristics (mean weight, sex ratio, sea-age composition)
of returns to rivers, spawning stocks, and total recruits prior to fisheries, These data and new information on

measures of habitat and stock recruitment are nccessary to reevaluate existing estimates of spawner requiremetits in
Canada and USA.

3. There is a requirement for additional smolt-to-adult survival rates for wild salmon. As well, sea survival rates of
wild salmon from rivers stocked with hatchery smolts should be examined to determine if hatchery return rates can
be used as an index of sea survival of wild salmon elsewhere,

4. Further basic research is needed on the spatial and temporal distribution of salmon and their predators at sca Lo assist
in explaining variability in survival rates.
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Table 4,1.1.1. Licensed effort, quota, harvests and percent of total harvest comprised of large salmon in the Labrador
and Québec commercial fisheries, 1992 to 1998. The commercial fishery in SFA 14B of Labrador was closed in 1997,
A commercial byback was in effect in Labrador in 1998. The commercial fishery in Québec Zone Q7 was closed in
1993 and in Zone Q8 in 1994, A voluntary commercial buyback was in effect in Québec Zone Q9 in 1998,

1992 1993 1994 1995 1996 1997 1998

Labrador (SFA 1, 2 and 14B)

Licensed effort 495 288 218 218 218 205 0

Quota (1) 273 178 92 735 55 50 0

Harvest (t} 204 112 93 53 48 47 0

Harvest (number) 56,590 34,170 24,017 19,156 15,116 16,696 0

% Large (by number) 57% 50% 64% 59% 48% 38%

Québec (Q7 to Q9)

Licensed effort 147 94 90 S0 87 87 31

Quota (number) 23,400 15,325 15,175 15,175 12,068 12,068 2,230

Harvest (number) 19,363 14,657 13,800 13,653 11,718 10,437 2,110
" Harvest (t) 63 46 43 42 32 30 5

% Large (by number) BO% 75% 2% % 61% 66% 49%

Québec (Q11)

Licensed effort 5 5 ‘ 5 5 5 ] 5

Quota (namber) 3,125 3,125 3,125 3.125 3,125 3,125 0

Harvest (number) 337 212 485 304 268 296 0

Harvest (t) 2 1 3 2 1 2 0
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Table 4.1.2.1. Percentages by user group and province of small and large salmon harvested (by number) in the Atlantic

salmon fisheries of eastern Canada during 1998,

% of Provincial Harvest % of
Aboriginal  Recreational  Commercial eastern Number
fisheries fisheries fisheries Canada of fish
Small salmon
Newfoundland / Labrador 143 857 0.0 448 20,930
Québec 0.1 347 15.2 15.1 7,047
New Brunswick 69 93.1 00 379 17,712
PEL 7.7 923 00 08 365
Nova Scotia 19.7 803 0.0 14 633
Large salmon
Newfoundland / Labrader 88.2 11.8 0.0 194 2572
Québec 46.2 43.6 10.3 76.3 10,124
New Brunswick 100.0 0.0 . 0.0 35 466
P.EIL - - - 0.0 0
Nova Scotia 100.0 0.0 0.0 08 108
Eastern Canada % by User Group
Small salmon 94 88.3 2.3 46,687
Large salmon 56.7 355 7.8 13.270
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Table 4.1.2.2 Hook-and-Rsleased Atlantic salmon caught by recreational fishermmen in Canada, 1984-98

Year| Newfoundland Nova Scotia New Brunswick Prince Edward Island Quebec
1T Small | Large| Large e

Small [Large| Total {Small| Large | Total | Kelt | Bright| Kelt | Bright| Total | Small|Large| Total | Small| Large| Total | SMALL
1984 B 939 1,655] 2,594] 661] 851[ 1,020 14,479] 17,011 ) 2,451
1985 3151 315[1.323| 6,346] 7,669 1,098| 3,963| 3,809 17,815| 26,685 67 6,384
1986 798| 798|1,463| 10,750] 12,213 5,217 9,333| 6,941| 25,316| 46,807 16,013
1987 4101  410]1,311} 6,339 7,650] 7,269| 10,597] 5,723| 20,295 43,884 19,177
1988 600 ©600|%,146] 6,795 7,941| 6,703 10,503] 7,182| 19.442| 43,830} 767| 256 1,023 19,119
1989 183 183(1,562| 6,960 8,522| 9,566 8,518| 7,756 22,127} 47,967 19,646
1990 6503| B03|1,782] 5,504| 7,286| 4,435] 7,346| 6,067} 16,231 34,079 1,066 13,563
1991 336] 336 908] 5,482 6,390 3,161| 3,501} 3,169| 10,650 20,481]|1,103| 187 1,290 8,673
1992 5B893j1,423) 7.316| 737| 5,093] 5,830| 2,966 B8,349| 5,681| 16,308] 33,304 1,250 17,945
1993| 18,196] 1,731 19,927]1,076| 3,998| 5,074| 4,422 7,276( 4,624] 12,526| 28,848 30,970
1994 11,105| 2,343 13,448| 796] 2894 3690| 4,153| 7.443|4,790| 11,656 27,942 577 147 724 24,074
1995| 12,383| 2,588/ 14,971 979 2,861| 3,840 770| 4,260{ 880| 5220 11,130] 209] 139 348 922| 922 18,601
1986] 22,227 3,092| 25,319|3,526| 5,661] 2,187 . 472 238 710 1,718|1,718] 26,225
1997| 17,362/ 3,810t 21,172t 729| 3,528| 4,257| 3,457| 4,870| 3,786| 8,874| 20,987| 210] 118 328| 182 1,643(1,825] 26,810
1098| 15,318] 3,543] 22861 711| 2,688] 3,399| 3,154 5,760| 3.452| 8,298 20,6641 278] 136 414{ 297 2,68_0_2‘9_?7 29,518

* {otals for all years prior to 1997 are incomplete and are considered minimal estimetes
blank cells indicate no information available




Table 4.1.3.1. Counts of salmon and percentage of the counts which were identified as aquaculture escapes (% Aqua’)

at the counting facilities of the Magaguadavic River (SFA 23, Canada) and in three rivers of casterm Maine, USA.

Magaguadavic River (SFA 23, Canada)

Year 1SW % Aqua’ MSW % Aqua’ Total % Aqua’
i 1983 303 - 637 - 940 -
| 1984 249 ; 534 . 783 )
5 1985 169 - 466 - 635 -
1988 291 - 398 - 639
1992 238 35 20 31 439 33
1993 208 46 177 29 385 38
1994 1064 o4 228 73 1292 90
1995 540 90 198 835 738 89
1996 195 89 68 29 263 74
1997 94 63 47 49 141 58
1998 247 89 6 50 253 88
Three rivers of eastern Maine
St. Croix Dennys Narraguagus
Year Total run % Aqua’ Total run % Aqua’ Total run % Aqua’
1994 181 54 47 89 52
1995% 60 22 9 44 56
1994 152 13 31 68 64
1997 70 39 22 100 37
1998 65 37 1 100 22

! High flows in 1995 may have affected accuracy of counts in all three rivers, especially the Dennys

River

? Incomplete count of total run
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Table 4.2.1.1. Comparison of returns of small salmon, large salmon, and size groups combined to assessed rivers of
eastern Canada in 1998 relative to returns in 1997 and to retwrns in 1988 to 1997,

Number of rivers in each category

Returns in 1998 relative to returns in 1997

Size group Total <50% 50% to 90% >=90%
Bay of Fundy and Atlantic Coast of Nova Scotia (SFA 19 to 23)
Small 9 0 4
Large 9 3 3
Small & Large 10 0 5
Southern Gulf of St. Lawrence (SFA 15 to 18)
Small 10 0 3
Large 10 1
Small & Large 10 0 6
Quebec (Zones Q1 to Q11)
Small 12 0 2 10
Large 12 1 9 2
Small & [arge 36 0 17 19
Newfoundland and Labrador (SFA 1 to 14)
Small 20 3 3 14
Large 20 1 6 13
Small & Large 20 3 3 14
Rank of 1998 within the 1988 (o 1998 peniod
Size group Number of rivers Lowest. Median Highest
Bay of Fundy and Atlantic coast of Nova Scotia (SFA 19 to 23)
Small 3 11 5 8
Large 4 11 9.3 8
Stnall & Large 4 11 7 4
Southern Gulf of St. Lawrence (SFA 15 to 18)
Small ' 11 8.5 5
Large 11 9.5 5
Small & Large 10 9 6
Quchec (Zones Q1 to (H11)
Small i1 11 8 5
Large 11 11 11 g
Small & Large 27 11 9 1
Newfoundland and Labrador (SFA 1 to 14)
Small 10 7 3 1
Large 10 8 2 1
Small & Large 10 7 2.5 1
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Table 4.2,1.2. Index rivers in eastern North America with available juvenile abundance or smolt abundance estimates for 1971 to 1998. The index area refers to the SFAs or Zones
which are assumed to be represented by the index rivers surveyed in those zones, River locations are shown in Figure 4.2.1.4.

Egg requirement {miitlons)

Abundance Index river / River relative lo Alver as
Geographic Area  SFA, Zone Index river Type SFA, Zons Index river  all index rivers SFA, Zone % of Total
Labrador 1 )
2
148
Newifoundiand 3
4 Campbellion Smolts 158.6 29 1.0% 1.8% 0.2%
5 37.9
8
7
B
9 NE Trepassey  Smolts 16.2 0.1 G0 0.9% 0.0%
Rocky Smolts 34 0.0 21.0% 0.3%
10 7.8
11 Conne Smalts 41.1 7.8 2.6% 18.0% Q7%
Litilg Smolts 0.3 0.1% 0.8% 0.0%
12
13 Highlands Smolis 75.4 1.5 0.5% 2.0% 0.1%
14A WAB Smols 19.1 .8 0.9% 4.8% 0.1%
Gulf 15 Hestigouche Juvaniles 71.9 83.6 17.9% 74.5% 4.5%
16 Miramichi Juveniles 143.5 131.0 43.7% 91.3% 11.0%
Buclauche Juvenilas 1.6 0.5% 1.1% 0.1%
17 Marell duveniles 1.9 0.6 0.2% 29.7% 0.0%
18 Margarea Juveniles 234 8.7 2.2% 29.0% 0.6%
Wesi Juveniles 0.8 0.3% 3.5% Q.1%
Scotia-Fundy 19 21.2
20 St. Marys Juveniles 55.2 96 3.2% 17.3% 0.8%
21 LaHave Juveniles 776 12.2 4.1% 15.7% 1.0%
22 21.2
23 Saint John Juveniles 99.5 32.3 10.8% 32.5% 2.7%
Quabec a1 38.7
Q2 Sainl-Jean Smolts 17.9 38 1.3% 21.0% 0.3%
Q3 21.5
jof]
Qs 8.0
Qe 11.2
Q7 de la Trinité Smolts 39.7 3.0 1.0% 7.6% 0.3%
Moisie Smaolts 21.8 7.3% 54.9% 1.8%
QB 119.1
Q9 46.4 0.0%
Q0 Bec-scie Smalls 15.2 0.2 0.1% 1.5% 0.0%
U.5. Maine Juveniles 5.5 5.5 1.8% C.5%
INorth America Subiotal | 1192.5 299.7 100.0% 25 1% |
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Table 4.2.1,3. Number of rivers and percent of total indexed area represented by the indexed rivers in 1971 to 1998,

140

Rivers River as % of
Year Monitored Total Indexed Area
1971 2 11.10%
1972 3 15.60%
1973 3 16.60%
1974 3 15.60%
1975 5 16.20%
1976 4 16.10%
1977 5 16.30%
1978 6 116.30%
1979 7 20.00%
1980 6 16.80%
1881 7 20.00%
1982 8 20.10%
1983 6 '19.90%
1984 a 20.20%
1985 9 20.00%
1986 9 19.90%
1987 10 20.80%
1988 9 20.20%
1989 9 19.50%
1990 12 21.60%
1991 14 22.30%
1092 14 22.30%
1993 17 22.70%
19984 19 22 80%
1995 20 24.70%
1996 18 23.80%
1997 18 24.30%
1998 19 24.70%




Table 4.2.2.1 Estimated numbers of 1SW returns in North America by geographic regions, 1971-98.

i

Labrador Newtoundland Qusbec  Guif of St. Lawrence Scotia-Fundy North America

Year Min Max Min Max Min Max Min Max Min Max USA Min MaxMid-points
1971 32966 115382 112266 224994 14869 22453 33118 57935 11515 19525 32 204866 440322 322594
1972 24675 86362 108509 217092 12470 18704 42202 73635 9522 16915 18 197335 412726 305061
1973 5399 18897 143729 287832 16585 24877 43681 76802 14766 24823 23 224183 433253 328718
1974 27034 94619 84667 169103 16791 25186 65673 113974 26723 44336 b5 220043 447273 334108
1975 53660 187809 111847 223890 18071 27106 58613 101822 25940 36316 B4 268214 577027 42261
1976 37540 131391 114787 229853 19959 29938 90308 155519 36931 55937 1686 299711 602823 451267
1977 32409 116931 108648 219106 18190 27285 3322 55963 30860 48387 75 223508 467748 345627
1978 16155 56542 97070 194133 16971 25456 26008 45368 12457 16587 155 168816 338241 253529
1979 21943 76800 106791 213327 21683 32524 50872 92258 30875 43052 250 232414 464212 348313
1980 489670 173845 120355 240449 2979 44686 45716 81434 49925 73560 818 206274 614792 456533
1981 55046 192662 156541 312697 41667 62501 70238 127028 373N 62083 1130 3561994 758102 560048
1982 38136 133474 139951 279115 23699 35549 79874 142291 23839 38208 334 305833 628971 467402
1983 23732 83081 109378 218548 17987 26981 25337 43789 15563 23775 205 192282 396458 294371
1984 12283 4299 129235 257256 21566 30894 37696 63675 27954 47493 598 22833 442907 336119
1885 22732 79563 120816 240985 22T 33262 61255 110125 29410 51983 392 257376 516310 386843
1986 34270 119945 124547 248688 33758 45937 114718 203502 30935 54678 758 338986 674908 506947
1987 42938 150283 125116 249856 37816 54034 86564 155359 31746 55564 1128 325307 666223 495765
1988 39892 139623 132053 263363 43943 62193 123578 222234 32992 56935 992 373457 745240 559399
1989 27113 94896 59793 119261 34568 48407 72944 129134 34957 59662 1258 230634 452619 341626
1930 15853 55485 88830 197276 30962 54792 83670 157477 33939 60828 687 272941 526546 399743
1991 12849 44970 64016 127698 31488 42755 59721 112206 19758 31555 310 188143 359493 273818
1992 17993 62094 116116 231954 35257 48742 146539 230349 22832 37340 1194 339931 611673 475802
1943 25186 80938 131045 261721 30645 42156 89934 145477 16714 27539 466 293990 558297 426144
1994 18159 56888 95487 190655 29667 40170 55639 117120 8216 11583 436 207603 416852 312227
1985 25022 76453 111889 223758 23851 32368 26019 96450 14239 21822 213 201233 451064 326148
1996 51867 153553 141232 287587 32008 42558 50311 98459 22795 36047 651 208864 618855 458860
1997 66812 155963 86230 146833 24300 33018 27514 53919 7173 104867 365 212395 400565 306480
1998 . . 118033 255093 26588 36547 38049 68540 13611 19826 403 .

Labrador : SFAs 1,2414B

Newfoundland: SFAs 3-14A

Gulf of St. Lawrence: SFAs 15-18

Scotia-Fundy: SFAs 19-23 (SFA 22 and a portion of SFA 23 are not included as they do not produce 2SW salmon)
Quebec: Q1-Q11
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Table 4.2.2.2 Estimated numbers of 28W returns in North America by geographic regions, 1971-88,

Newfoundland

Gulf of St. Lawrence

Labrador Quebec Scolia-Fundy North America

Year Min Max Min Max Min Max Min Max Min Max USA Min Max Mid-points
1671 4312 20279 2385 9104 34568 51852 26483 46780 11187 16410 653 82588 154078 118333
1972 3706 25168 2494 9129 45094 67642 35640 59880 14028 1973 1383 102347 182933 142640
1973 5183 35196 2065 11808 49765 74647 34911 . bo4sy 10359 14793 1427 104640 197358 150999
1974 5003 34148 1968 6702 66762 100143 49081 83344 21902 29071 1304 146110 254802 200456
1975 4772 32392 2382 8002 56695 85042 31175 51829 23844 31456 2331 121298 211093 166195
1976 5519 37401 2327 7663 56365 84547 29266 51382 - 21768 29837 1317 116562 212148 164355
1977 4867 33051 1880 6309 66442 99663 58822 100690 28606 39215 1998 162615 280928 221771
1878 3864 - 26147 2005 6419 59826 89739 30465 513585 16946 22561 4208 117314 200469 158891
18749 2231 15058 1103 3691 32084 49491 8671 14280 BS62 12068 1942 55903 97430 76667
1680 5190 35258 2447 7794 78447 117670 43407 - 73765 31897 44823 5796 167184 285107 226145
1981 4734 32051 2317 7475 61633 92449 17743 20518 168030 28169 5601 111058 185263 153161
1882 3491 23662 2975 9228 54655 81982 31652 51031 17516 - 24182 6056 116344 196140 156242
1983 2538 17181 2511 7915 44886 67329 29038 46793 14310 20753 21585 95438 162125 128782
1084 1806 12252 2273 7 44661 598160 20478 34083 17938 27893 3202 90379 143712 117045
1985 1448 9779 961 3319 45916 61460 23106 43274 22841 38784 5529 9902 162144 130073
1986 2470 16720 1592 5402 55159 72560 36214 70258 18102 33101 8176 119714 204217 161966
1987 3288 2231 1338 4629 52699 68365 22668 47156 11529 20679 3081 94604 166251 130427
1988 2068 14037 1553 536 56870 75387 26140 49665 “ 10370 19830 - 3286 100287 167550 133918
1989 2018 13653 704 2452 51656 67066 17313 34907 11939 21818 3197 86825 143092 114959
1590 1148 7780 1341 4562 50261 66352 24616 52184 10248 18871 5051 092665 154810 123738
1561 548 3740 1057 3577 46841 60724 20983 43771 10613 17884 2647 82690 132343 107517
1992 25156 15548 3024 10354 46917 61285 29101 60028 TN 16456 2459 93793 166130 129962
1963 3858 18234 1487 5217 37023 46484 25753 51074 6764 11087 2231 77117 134328 105722
1994 5653 24396 1885 6255 37703 47180 22097 56529 4379 6908 1346 73067 142613 107840
1995 12368 44208 2296 7462 43755 54186 24276 62505 4985 8317 . 1748 89428 178423 133926
1996 9113 32759 2606 9007 38413 49846 20379 424N 7227 12054 2407 81145 148563 114854
1997 9384 23833 2837 7213 32443 41017 17563 37169 3645 5922 1611 67483 116765 92124
1998 . 4327 11736 20472 37859 8261 19057 2728 6003 1526 . ’

Labrador : SFAs 1,2&14B

Newfoundland: SFAs 3-14A

Gulf of St. Lawrence: SFAs 15-18

Scotia-Fundy: SFAs 19-23 (SFA 22 and a portion of SFA 23 are not included as they do not produce 25W salmon)
Quebec; Q1-Q11




Table 4.2.3.1 Run reconstruction data inputs used to estimate pre-fishery abundance of maturing

{MM1) and non-maturing (NN1) 1SW salmon of North American origin (terms defined in Table

4.2.3.2).
{1 -, 8- (17, 14b}
14b) 14a}

1SW AH_Small |AH_Large |AH_Large [H_Small |[H_Large |H_Smal |H_lage |H_Large

Year (i) ) (i+1) (i) (i) (i) {i) {i+1) {i+1)
1971 0 0 0 158808]  199176]  70936| 42861} 14449
1972 0 o 0| 143232  144498]  111141]  43s27] 227779
1973 o 0 of 188725 227779|  176907| 85714 196728
1974 0 0 of 192195,  196726|  153278|  72814| 215025
1975 0 0 0| 302348 215025\ 91935 95714 210858
1976 0 0 of 221766 210858 1187790  63ad9| 231393
1977 0 0 0| 220008] 231393  57472| 37653 155546
1978 0 0 o 102408]  1s5548|  38180(  20122] 82174
1979 0 0 0| 186558  82174]  62622)  54307| 211896
1980 0 0 o 2001270 211896| 4201  3@ee3| 211006
1981 0 0 of 288902(  211008]  60668] 35055 129319
1982 0 0 0f 222894| 120319|  77017] 28215 108430
1983 0 0 0| 166033  108430| 55683 15135 87742
1984 0 0 of 120774  e77a2l  se813| 24383 70970
1985 0 0 o 178719, 70970|  79275| 22038 107561
1986 0 0 of 222671 107561  91912]  19241] 146242
1987 0 0 0 281762  146242{ 82401  14763| 86047
1988 0 0 of 198484  86047| 74620  15577| 85319
1989 0 0 o| 172861  85319]  6oss4| 11639 59334
1990 0 0 0 104788) 59334 46053 10259 39257
1991 0 0 0| 89099 39257 42721 of 30344
1992 0 0 of 24249 32341 0 of 1709
1993 0 0 of 17074 17096 0 of 15377
1994 0 0 0 8640  15377) 0 o 11176
1995 0 0 0 7980, 11176 0 0 7272
1996 0 0 0 7849 7272 0 0 6943
1997 0 2269 0 9753 6943 0 0 0
1998 2988 2269 0 0 o 0 0

143



Table 4.2.3.2 Definitions of key variables used in continental run-reconstruction models for North American salmon.

VARIABLE DEFINITION

i | Year of the fishery on 1SW salmon in Greenland and Canada

M Natural mortality rate (0.01 per month)

tl Time between the mid-point of the Canadian fishery and return to river = 2 months
S1 Survival of 15SW salmon between the homewater fishery and return to river {exp(-M t1)}
H_s(i) Number of “Small” salmon caught in Canada in year i; fish <2.7 kg

H_I(i) " Number of “Large” sé]mon caught in Canada in year i; fish >=2.7 kg

AH s Aboriginal harvest of small salmon in northern Labrador

AH_1 Aboriginal harvest of large salmon in northern Labrador

f_imm Fraction of 1SW salmon that are immature, i.¢, non-matiring: range = 0.1 to 0.2
af_imm . Fraction of 15W salmon that are immatute in native fisheries in N Labrador

q . Fraction of 1SW salmon present in the large size market category; range = 0.1 to 0.3
MCI1({) | Harvest of maturing 1SW salmon in Newfoundland and Labrador in year i

i+l Year of fishery on 25W salmon in éanada

MRIi) . Return estimates of maturing 1SW salmon in Atlantic Canada in year 1

NNI1G) . Pre-fishery abundance of non-maturing 1SW + maturing 2SW salmon in year i
NR(i)  Retum estimates of non-maturing + maturing 2SW salmon in year i

NR2(i+1) Return estimates of maturing 25W salmon in Canada

NCI1(i) Harvest of non-maturing 1SW salmon in Nild + Labrador in year i

NC23i+1) Harvest of maturing 2SW salmon in Canada

NG(i) Catch of 1SW North American origin salmon at Greenland

52 Survival of 28W salmon between Greenland and homewater fisheries

MN1() Pre-fishery abundance of matring 1SW salmoen in year I

RFL1 Labrador raising factor for 1SW used to adjust pre-fishery abundance

RFL2 Labrador raising factor for 2SW used to adjust pre-fishery abundance
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Table 4.2.3.3. Run reconstruction data inputs and estimated pre-fishery abundance for non-maturing 18W
salmon (potential 2SW salmon) of North American origin (terms defined in Table 4.2.3.2).

15W NG1 NCA NC2 NR2 NN1
Fishery min max min max min max min max mid-point
Year (i) (i) {i) U] {i+1 {i+1) (i+1) {i+1) {i} {i (i}

1871 287,872 17,881 43,7300 144,008] 172,907 102,347| 182,933| 578,955 726,699 652,827
1972 200,784 15,768 37,316] 203,072 248,628| 104,640f 197,358] 557,788) 733,183} 645,486
1973 241,493 21,150 51,412) 223,422 262,767} 146,110} 254,802| 672,662| 867,737| 770,200
1974 220,684 21,187 50,243| 223,332] 266,337 121,298| 211,093| 623,993| 800,812 712,403
1975 278,839] 32,385 73,371] 243,315] 285,486] 116,562 212,148f 710,244} 904 537] 807,3M
1976 155,886 24,285 57,0051 225.424] 271,703 162,615 280,928 610,837 826,772 718,805
1977 189,708 24,323 57,802 148,535) 177.644] 117,314] 20046%| 506,934 667,717| 587,326
1878 118,853 11,796 29,813 86,644 103,079 55,903 97,430] 288,809| 371,345] 330,077
1979 200,081 18,478 42,242 202,634 245,013| 167,18B4| 285,107 630,107 831,343 730,726
1980 187,999} 31,132 70,739 186,367 228,568| 111,068 195,263] 548,070{ 729,314] 638,192
1981 227,727 31,000 70,441 125,678] 151,442 116,344] 196,140] 527,385] 6B84,484| 605,935
1982 194,715 23,583 52,338 104,116{ 125,802 95,438] 162,125 439,888| 567,062 503,481
1983 33,240 17,688 39,712 76,554 94,103 90,3791 143,712 236,421 337,375| 286,898
1984 38,816 13,255 20,019] 74.062| 88256 99,802( 162,144 245428/ 347472 296,450
1985 139,233 18,5821 40,002 97,329] 118,841} 119,714| 204217 399,013| 538,538| 468,776
1986 171,745 23,343 50,988] 121,610] 150,859 94,604 166,251| 435,092 575,040} 505,066
1987 173,687] 29,639 65,127 74,996 92,205 100,287 167,550 398,157| 527,74%; 462,053
1988 116,767 20,709 44 860 75,300 92,364 B5,8251 143,082| 317,817 423,435 370,526
1989 60,693| 18,139 39,691 £3,173 65,040 92,665] 154,810 241,038] 345,076| 293,057
1990 73,1091 11,072 24518 37,739 45,590 82,690 132,343f 218,194] 295,743| 256,963
1991 110,680 9,302 20,175| 22,639 29,107 93,793 166,130] 249,702{ 348.471| 299,086
1992 41,855 2,748 6,790 11,967 15,388 77,1171 134,328 143,913} 215,597 179,755
1993 0 1,878 4,441 10,764 13,838 73,0671 142,613 95,337 178,931 137,134
1994 0 1,018 2,651 7,823 10,058 89,428] 178,423| 109,491 212,937 161,214
1995 20,263 810 2,267 5,090 8,545 81,145] 148,56831 117,379] 195,601 156,490
1996 156,181 858 2,006 4,860 6,249 B87.483] 116,765 97,7401 155,435| 126,588
1997 12,638 1,045 2,367 1,588 2,269 48 314 76,180 69,7101 126,088 97,899
1998 3,026 161 367
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Table 4.2.3.4. Run reconstruction data inputs and estimated pre-fishery abundance
for maturing 1SW salmon (grilse) of North american origin (terms defined in

Table 4.2.3.2).
MC1 MR1 GNt mid-
1SW min max min. max min max point
Year (i) 0] (i) 0] 0] (i) 0] (i)

1971 213,987| 267,720| 204,866| 440,322] 420812| 712,467 566,690
1972 237,286f 279,064] 197,395| 412,726| 436,665 695938| 566,302
1973 346,109 408,260f 224,183] 433,253| 572,545 845868| 709,206
1974 322,772] 379,370] 220,943| 447,273] 545,936| 831,137] 688536
1975 351,015 422,105 268214 577,027 621,925 1,004,931 813,428
1976 313,060 375,300 209,711| 602,823] 615,783| 984,182| 799983
1977 252 058| 318,032| 223,506 467,748 477810 790,480 634,145
1978 132,546] 172,340 168,816] 338,241 303,059 513,881} 408,520
1979 218,442 252,711] 232,414| 464,212 453,192 721,588 587,390
1980 343,344 412617 296,274 614,792 642,596(1,033,588| 838,092
1981 308,670} 377.651 361,994 758,102) 674,302] 1,143,372 908,837
1982 265,678| 312,538| 305,833| 628,971 574,585 947,830| 761,207
1983 197,184 234,389] 192,282| 396,459] 391,398] 634,833 513,115
1984 158,852 187,900] 229,331| 4429807 390487 635,258 512,873
1985 227,928] ©259,284| 257,376| 516,310] 487,890f 780,783 634,337
1986 278,654 321,357| 338,986 674,908| 621,046} 1,003,049] 812,048
1887 319,510 375,472| 325307| 666,223 648,087 1,048391| 848239
1988 240,291 276,488; 373457| 745,340f 617,501| 1,029,319 823410
1989 205,898| 239,495| 230,634 452,619 438,950 696663 567,807
1990 134,630] 156,382 272,941| 526,546 410,314 688,220 549267
1991 117,141 133,509| 188,143] 359,493] 307,174] 496,616 401,895
1992 21,986 30,556 339.931| 611,673 365,334 648,377 506,855
1993 15,027 19,983 293,990| 558,287 311,972/ 583,890| 447,931
1994 8,142 11,928| 207,603 416,852f 217,832] 432,869 325,400
1995 7,278 10,200 201,233 451,064} 210533 465,797 338.165
1996 6,861 9,028! 298B64] 618,855 308,729 634,102| 471416
1997 8,358 10,652 212,395| 400,565 222,888 415243] 319,085
1998 3,054 3,302| 197,584| 380,410{ 210,728 614,232 412,480
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Table 4.2.4.1 Estimated numbers of 28W spawners in North America by geographic regions, 1971-98,

Labrador Newtfoundland Quebec Gulf of St. Lawrence Scotia-Fundy North America

Year Min Max Min Max Min Max Min Max Min Max USA Min Max Mid-points
1971 4012 28882 1810 8230 11822 17733 4303 8185 4496 8032 490 26933 72551 49742
1972 3435 24812 1985 B3s8 23160 34741 17803 32941 7459 12699 1038 54880 114588 84734
1973 4565 34376 2275 10720 23564 35346 20505 38068 3949 7844 1100 56957 127453 91705
1974 4490 33475 1534 6043 28657 42985 3702 57859 9526 15979 1147 77056 157487 117272
1975 4564 32119 1959 7355 23818 35726 18477 33167 11861 18830 1942 62620 129139 95880
1976 4984 36701 2003 7160 22653 33980 14821 29640 11045 18337 1126 56633 126944 91788
1977 4042 31969 1134 5131 32602 48902 32535 60108 13578 23118 643 84533 169872 127202
1978 3361 25490 1564 5728 29889 44834 11511 22725 6517 11428 3314 56157 113520 84838
1979 1823 14528 992 3506 12807 19210 3575 6770 4683 B234 1509 25389 53756 39573
1980 4633 34525 1894 6928 35594 53390 19947 37544 14270 25628 4263 80602 162278 121440
1981 4403 31615 1935 6874 26132 39199 4657 9937 5870 13353 4334 47331 1056312 76322
1982 3080 23127 2635 8691 26492 39738 11036 20218 5656 11335 4643 53542 107752 80647
1983 2267 16824 2167 7364 17308 25963 7436 14191 1505 6529 1769 32452 72639 525645
1984 1478 11822 2082 6829 22345 32659 15332 27133 14245 23650 2547 58030 104640 81335
1985 1268 9530 949 3300 20668 3742 21168 39733 18185 33580 4884 67111 122768 94940
1986 2177 16334 1560 5354 24088 35939 32991 64335 15435 30120 5570 81821 157652 119737
1987 2895 21821 1322 4605 21723 N7y 19877 42370 10235 19233 2781 58833 122536 00684
1988 1625 13452 1529 5310 25390 38343 23392 44584 9074 18381 3038 84048 123108 93578
1989 1727 13270 697 2441 25016 35905 14758 30450 11689 21539 2800 56686 106403 81545
1990 823 7493 1321 4532 24422 36219 22554 48567 9688 18245 4356 63262 119412 91337
1991 491 3665 1044 3657 1995% 29052 16590 41299 9356 16479 2416 52858 96468 74662
1992 2012 14889 2968 10270 19337 26833 27448 53092 8725 15280 2292 62783 124655 93719
1993 3624 17922 1437 5139 15774 21428 25218 45605 5710 80921 2065 53828 102080 77954
1994 5339 23981 1825 6156 15631 21147 20315 53592 3682 6093 1344 48137 112313 80225
1895 12006 43726 2223 7350 22575 28703 22634 60072 4672 7971 1748 65857 149570 107714
1996 8838 32395 2519 8874 19010 25421 18416 39309 6507 11242 2407 57698 119848 88673
1997 8221 23646 2809 7167 15631 20780 15832 34540 3095 53N 1611 48099 93055 70577
1998 4278 11656 14402 18614 6408 16238 2424 5663 1526

Labrador : SFAs 1,2&14B

Newfoundland: SFAs 3-14A

Gulf of St. Lawrence: SFAs 15-18

Scotia-Fundy: SFAs 19-23 {SFA 22 and a poriion of SFA 23 are not included as they do not produce 2SW salmon)
Quebec: Q1-Q11



81

Table 4.2.4.2 Estimated numbers of 1SW spawners in North America by geographic regions, 1971-98.

Labrador Newfoundiand Quebec Gulf of St. Lawrence Scotia-Fundy North America

Year Min Max Min’ Max Min Max Min Max Min Max USA Min Max_Mid-points
1971 29032 111448 85600 198328 8338 14007 19874 35504 4800 12810 2% 148673 372126 260399
1972 21728 83415 B4107 192690 8213 12320 24319 43258 2092 10385 17 141376 342085 241731
1973 0 11405 108247 252350 10987 16480 28105 51021 8658 18715 13 156009 349983 252996
1974 24533 92118 58182 142618 10067 15100 48343 84600 16209 33822 40 157374 368298 262836
1975 49688 183837 78457 180500 11606 17409 42668 74869 18232 28608 67 200718 495289 348003
1976 31814 125665 80324 185390 12979 19469 56021 909673 24589 43595 151 205878 483943 344911
1977 28815 112337 75297 184754 12004 18006 14045 27487 16704 34231 54 146920 376870 261895
1978 13464 53851 68451 165514 11447 17170 13768 25439 5678 9808 127 112935 271909 192422
1979 17825 72682 75622 182158 15663 23795 29764 56533 18577 36754 247 157897 372168 265033
1980 45870 170045 84506 204600 20817 31226 26450 50060 2878 52513 722 207243 509165 358204
1981 49855 187471 109871 266027 30952 46428 39421 76222 18236 42948 1009 249345 620106 434726
1982 34032 129370 98080 237244 16877 25316 52020 96088 12179 26548 290 213478 514856 364167
1983 19360 78689 76458 186128 12030 18045 13611 24586 7747 15969 255 129961 323672 226816
1984 9348 40056 89904 217925 16316 24957 17990 33483 17964 37503 540 152062 354465 253263
1985 19631 76462 84264 204433 15608 25140 39514 73650 18158 40731 363 177539 420779 299159
1986 30806 116481 87051 211192 22230 33855 82122 149339 21204 44947 660 244072 556474 400273
1987 37572 144917 100634 225374 25789 40481 59330 100989 21589 45407 1087 246000 567253 406627
1988 34369 134100 92218 223522 28582 44815 85644 150124 23288 47231 923 265025 609715 437370
1989 22429 90212 41331 100799 24710 37319 44715 81557 23873 48578 1080 158138 359546 258842
1990 12544 52176 68863 167309 26594 39826 56161 111716 22753 49642 617 187531 421288 304410
1991 10526 42647 43487 107169 20582 30433 44350 86653 13814 25610 235 132994 292747 212870
1992 15229 58331 92434 208272 21754 33583 118723 188535 15125 29633 1124 264389 520477 392433
1993 22498 78251 104712 235387 17493 27444 70969 116845 11539 22252 444 227656 480623 354140
1994 15228 53958 65691 160859 16758 25642 32651 90032 6918 10218 427 137673 341136 239404
1995 21144 73575 81877 193746 14409 21548 15408 60911 12114 19697 213 146164 369689 257927
1996 48362 150048 102657 249011 18923 27805 24410 69238 19253 32472 651 214256 529226 3717HM
1997 64049 153200 68519 129122 14724 22210 12706 36324 6143 9428 365 166507 350650 258578
1998 ; 102827 238887 16152 24801 15971 43259 13083 19373 403

Labrador : SFAs 1,2&14B
Newfoundliand: SFAs 3-14A

Gulf of St. Lawrence: SFAs 15-18

Scotia-Fundy: SFAs 19-23 (SFA 22 and a portion of SFA 23 are not included as they do not produce 2SW salmon)
Quebec: Q1-Q11




Table 4.2.4.3. Smolt age distributions in six stock areas of North America used to weight forward the spawning
escapement in the current year to the year of the non-maturing 1SW component in the Northwest Atlantic.

Smolt age (vears)

Stock area 1 2 3 4 5 6
Eabrador 0.0 0.0 0.077 0.542 0.341 0.040
Newfoundland 0.0 0.041 0.598 0.324 0.038 0.0
Québec 0.0 0.058 0.464 0.378 0.089 0.010
Gulf of St. Lawrence 0.0 0.398 0.573 0.029 0.0 0.0
Scotia-Fundy 0.0 0.600 0.394 0.006 0.0 0.0
USA 0.377 0.520 0.103 0.0 0.0 0.0
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Table 4.2.4.4 The mid-point of 25V spawners and lagoed spawners far Morh America and to each of the geographic areas. Lagged refers to the allocation of spawners to the year

in which they would have contributed to the year of prefishery abundance.

North Amenca Prefishery  Recruits/ Labradar (L Newfoundtand (N) Quebec (Q) Gulf of St. Lawrence {G) Scotia-Fundy {S) USA {US)
Total 25W  Lagged 25W  abundance 25W lagged

Year  spawners Spawners recruits spawner Total  Lagged Total  Lagged Tola!  Lagged Total Lagged Total  Lagged Total  Lagged
1 49742 Ba2827 16447 5020 14777 B244 6784 490
72 84734 545486 14124 5171 28951 25372 10079 1038
73 91705 770200 19470 6497 28455 29786 5896 1100
74 117272 712403 18982 3788 35321 44730 12762 1147
75 95800 807331 18341 4657 29772 25822 15345 1942
76 91788 718805 20842 4582 28316 22731 14691 11268
77 127202 587326 18006 3132 40752 46321 18348 643
78 84930 96492 330077 3.4b 14425 14759 3646 5901 3732 28016 17118 35340 8973 10034 C3314 1442
79 39573 107003 730725 6.82 8175 17486 2249 4752 16008 32232 5172 36790 6459 14270 1509 1583
80 121440 95196 £39192 664 19579 18903 441 1441 44492 31940 28745 24947 195849 14837 4263 1029
g1 76322 104089 BO5935 582 18002 18795 4404 4517 32666 30260 7207 31923 9612 16368 4334 1659
B2 00647 107258 G034 469 13104 19895 5663 3679 331E 3481 15627 34005 G496 12699 4643 2358
83 52545 62157 206891 349 9546 18710 4765 3457 21638 3B6RZEB 10813 13216 407 7514 1769 2733
84 81335 79784 296450 372 BES0 15422 4458 23N 27502 200B5 21233 14900 18547 14569 2547 4005
85 94940 85256 466776 5.40 5394 11576 2124 3662 26205 32359 30450 19528 25882 13668 4834 4443
86 19737 79229 505066 6.37 9255 15361 3457 4377 1) I I ST 439653 11236 2777 8993 5570 3528
g7 “0RB4 71705 462853 596 12358 17772 2963 5171 26725 3913 123 13471 14734 5813 27 2359
88 93578 78779 370526 470 7538 14762 3420 5029 318658 27534 33988 15100 13728 13002 15 i 3347
g9 61545 93669 293057 3.13 7498 10875 1569 4506 30461 25762 22604 24599 16614 23026 2600 4501
90 mM337 103269 2555969 249 4208 7 2926 3032 0320 26580 35561 37432 13966 23978 4356 4449
91 74662 98669 295086 360 2078 6286 2300 3043 4506 20072 30445 41155 12917 17%5 2116 3166
92 a3719 892680 179755 2m G451 BO72 6619 3110 24085 2B 40270 32777 12002 14173 2292 g0
a3 77954 91716 137134 1.50 10773 10849 3288 3197 18601 28618 35411 29378 7816 15464 2065 3410
24 BO0225 BB733 161214 1.82 14660 9247 3990 275 18269 30646 36954 26093 4883 15007 1344 3464
95 107714 8M42 156490 1.76 27866 7453 4796 2480 25639 30134 41353 33151 6322 13350 1748 270
96 BBE73 84338 126588 1.50 20617 5209 5697 2652 218 27289 28662 34508 8875 12373 2407 2219
97 70577 82372 97599 1.19 16434 3511 4938 4945 18185 24550 25186 36055 4203 2493 1811 1817
96 75776 6285 7967 4358 {7008 21312 11323 J6170 4044 6080 1526 1571
99 70664 8930 3894 19459 368663 5764 1954
1] 86805 14053 4509 22085 36259 7845 2039
01 85807 22119 5309 22659 27766 6056 1651

Spawners lagged by:

Labrador = 0.0763 x i-5 spawners +0.542 1 (6 +0.341 x 7 +0.0401 % iB

Mewfoundland = 0.0408 x -4 spawnars +0.8979 » 5 +0.3237 x -6 + 00375 x i-7
Quebec = 0.0577 x i-4 spawners +0.4644 y -6 +0.3783 « 6 +0.00892 x i-7 + 0.0104 x 18
Gulf= 0.3979 x i-4 spawners +0.5731 ¥ i-5 +0.0291 x i-6
Scotia-Fundy =0.6002 x i-4 spawners +0.3942 x -5 + 0.0085 x 6
USA =0.3767 x i-3 spawners +0.520 % -4 +0.1033 x i5.




Table 4.4.1. 2SW spawning requirements for North America by country, management zone and overall. Management

zones are shown in Figure 4.1.1.1.

Country Stock Area Management zone 2SW spawner requirement
Canada ‘ Labrador SFAl 7.992
SFA2 25,369
SFA 14B 1,390
Subtotal 34746
Newfoundland SFA3 240
SFA 4 488
SFA S 233
SFA6to8 13
SFA91to 12 212
SFA 13 2,544
SFA 14A 292
Subtotal 4,022
Gulf of St. Lawrence SFA 15 5,656
SFA 16 21,050
SFA 17 537
SFA 18 3,187
Subtotal 30,430
Québec Q1 5,002
Q2 3,116
Q3 3,596
Q5 1.326
Q6 1,966
Q7 6,461
Q8 20,026
Q9 7,794
Qlo0 3,963
Q11 7.500
Subtotal 60,750
Scotia-Fundy SFA 19 3,138
SFA 20 2,691
SFA 21 5,817
SFA 22 0
SFA 23 13,059
Subtotal 24,703
Total 154,653
USA Connecticut 9727
Mermimack 2.559
Penobscot 6,838
Cither Maine rivers 9,668
Paucatuck 367
Total 29,199
North American Total 183,852
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Table 4.5.1 Fishing mortalities of 25W salmon equivalents by North American fisheries, 1972-98.
Only mid-peints of the estimated values have been used.

CANADA
Year MIXED STOCK TERMINAL FISHERIES IN YEAR i USA Total
NF-LAB
% 1SWaof Comm NF-Lab Nfid Scotia -
NF-LAB Commr total 28W  25W (Yri} comm Labrador rivers Quebec Gulf Fundy Canadian
ISW (Yri-1} b equivalents b total Avers (a] [a) Redion___Redion agicn _total Yri

1972 27874 11 156881 1847556 314 640 27417 22389 6B01 242316 345 242661
1973 24018 B 223603 247819 719 904 32751 17913 6680 306586 327 306913
1974 32828 9 240676 273504 593 547 47631 21432 12734 356441 247 356588
1975 32316 9 242398 274715 241 535 41097 15680 12375 344641 389 345031
1976 47846 13 261770 309616 618 414 42139 18093 11111 381991 191 382182
1977 36777 10 2460090 282867 954 962 42301 33435 15562 376081 1355 377436
1978 37200 14 160477 197677 580 566 3741 23812 10781 270B36 894 271730
1979 18825 13 93918 112742 469 148 25234 6303 4506 149403 433 148837
1980 27923 8 221596 249520 646 709 53567 29841 18411 352692 1533 354225
1981 46088 14 205403 251492 384 4N 44375 16334 13988 327064 1267 328331
1982 45894 18 137132 183026 473 438 35204 25715 12353 257208 1413 258621
1983 34348 15 113815 148163 313 448 34472 27102 13515 224014 3B6 224399
1984 25969 18 84479 110448 3re 239 24408 6038 3971 145484 675 146159
1985 19578 14 80351 99924 219 18 27483 2740 4930 1356318 645 135963
1986 26504 15 107010 133514 340 40 33846 4573 2824 175137 606 175743
1987 33629 16 134879 168BL08 457 21 33807 3788 1370 207950 300 208251
1588 42874 26 82769 125643 514 30 34262 3914 1373 165735 248 165983
1989 29665 20 82993 112663 337 g9 28801 3505 265 145679 397 146076
1990 26163 22 EBE18 B4682 261 25 27986 2839 593 116387 696 117083
1091 16102 18 41250 £7352 66 17 20277 1932 1331 89975 231 90206
1992 13336 18 25616 38952 581 70 30016 4294 1114 75027 167 75194
1993 4315 9 13540 17866 273 64 231563 3002 1110 45458 166 45624
1994 2859 7 12179 15038 365 82 24052 2359 756 42652 1 42653
1995 1660 5 8as2 10511 420 93 23331 2037 330 36723 0 36723
1996 1437 4 5760 7197 320 109 22413 2573 766 33378 0 33378
1997 1296 5 5499 6795 175 37 18574 2180 581 28342 0 28342
1998 1544 7 1509 3453 268 64 16657 2336 322 23100 0 23100
1999 239 - - - - - - - - - -

MNF-Lab comm as 1SW = NC1{mid-pt) " 0.904837
NF-Lab comm as 25W = NC2 (mid-pt) * 0.99005
Terminal fisheries = 2SW returns (mid-pt) - 2SW spawners (mid-pt)
a - starting in 1993, includes estimaled mertality of 10% on heok and released fish
b - starting in 1998, there was no commercial fishery in Labrador; numbers reflect size of abariginal fish harvestin 1998




Table 4.5.2 History of fishing-related montalities of North American salmon as 25W equivalents

1972-98.
North Harvest in
America % USA of homewaters
Canadian USA Grand Total Nortl Greenland NW Atlantic as %of total

Year total total Total American total NW Atlantic
1972 242316 346 242661 0.14 260296 502958 48
1973 306586 327 306913 0.1 181677 488590 63
1974 356441 247 356688 0.07 218512 575200 62
1975 344641 389 345031 0.11 199593 544623 63
1976 381991 191 382182 0.05 252304 634486 60
1977 376081 1355 377436 0.36 141060 518497 73
1978 270836 894 271730 0.33 171656 443386 61
1979 149403 433 149837 0.29 107543 257379 58
1980 352692 1533 354225 0.43 181023 535248 66
1981 327064 1267 328331 0.39 170108 498439 66
1982 257208 1413 258621 0.55 206056 4648677 56
1983 224014 386 224399 0.17 176185 400585 56
18984 145484 675 146159 0.46 30077 176236 83
1985 135318 645 135963 0.47 35213 171175 79
1986 175137 606 175743 0.34 125983 301726 58
1987 207950 300 208251 0.14 155401 363652 57
1988 165735 248 165983 0.15 157158 323141 51
1988 145679 397 146076 0.27 105655 251732 58
1890 116387 696 117083 0.59 54917 172000 68
1991 89975 231 90206 0.26 66152 156357 58
19592 75027 167 75194 0.22 100147 175342 43
1993 45458 166 45624 0.36 37872 83496 55
1994 42652 1 42653 0.00 0 42653 100
1995 36723 0 36723 0.00 8] 36723 100
1996 33378 0 33378 0.00 18335 51713 65
1997 28342 0 28342 0.00 14641 42983 66
1998 23100 0 23100 0.00 11345 34445 67

Greenland harvest of 28W equivalents = NG1 * 0.904837



Figure 4.1.1.1. Map of Salmon Fishing Areas (SFAs) and Quebec Management Zones (Qs) in
Canada.
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Figure 4.1.1.2. Summary of recreational fisheries management in castern Canada at the start of the angling scason
(upper map) and after adjustments stemming from river/area specific inseason assessments during 1998.
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Figure 4.1.2.1. Harvest (t) of small salmon, large salmon, and combined in Canada, 1960 to 1998,

3,000
. Canada
2,500 ---rrerrmmnemnemrenfacbe e — Small salmon
CLarge salmon
2,000 - - =o=Total harvest
- .
2
£ 1,500 o---rrrrmsnarnrrsnansnrnnaans e
==
"
1,000 ---eeememsass s
500 wl vassssssarassawssEsEasEasmssnevars
o ¥ T Ll L} L] L] T L] v L .
1960 196 1968 1872 1976 1980 1984 1988 1992 1996

Year

156




Figurc 4.1.2.2. Harvest (number) of small salmon and large salmon and both sizes combined in the recreational fisheries
in Canada, 1974 to 1998,
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Figure 4.1.2.3, Angling catches (including kept and released fish) of small and large salmon by management area in 1998 (black
square} expressed as a percentage of the average catches for the period 1984 to 1991. The vertical lines represent the minimum to
maximum range. The 1984 to 1991 standard period was selected to represent the period of no commercial fisheries in SFAs 15 to 23
and Zones Q1 to Q6 and before the commercial salmon moratorium in Newfoundland SFAs 3 to 14A introduced in 1992.
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Figure 4.1.2.4. Harvest () of small salmon and large salmon and both size groups combined in the commercial fisheries
of Canada, 1974 to 1998,
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Figure 4.1.3.1. Origin (wild, hatchery, aquaculture) of Atlantic salmon returning to monitored rivers of eastern Canada
in 1998. Only rivers in which more than one crigin type were observed are indicated.
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Figure 4.1.3.2. Location of Atlantic salmon marine grow-out sites in eastern North America (spper panel) and
distribution of rivers with observed juvenile or adult aquaculture escaped Atlantic salmon (lower panel).
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Figure 4.2.1.1. In-river returns of small salmon and large salmon for 51 monitored rivers of eastern Canada in 1998
relative to 1957, :
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Figure 4.2.1.2. In-river returns of small salmon and large salmon for 24 monitored rivers in four geographic areas of

eastern Canada from 1985 to 1998. The in-river returns do not account for removals in marine fisheries. Rivers by arca

are; Newfoundland (Exploits, Middle Brook, Terra Nova, Northeast Brook, Torrent, Westemn Arn Brook), Québec

{Bonaventure, Cascapédia, St-Jean, York, Darmouth, Madeleine, Matane, de la Trinité, Bec-scie), Gulf (Restigouche,

Miramichi, Philip, East Pictou, West Antigonish, Margaree), and Scotia-Fundy (Liscomb, LaHave, Saint John at

Mactaquac).
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Number of Salmon

164

mu:_.m 4.2.1.3. Documented Atlantic salmon returns to
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Figure 4.2.1.4. Rivers with smolt and juvenile monitoring programs in eastern Canada and U.S. used in the analysis.
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Figure 4.2.1.5. Variability in the wild smolt output from nine rivers of castern Canada in 1971 to 1998 relatwe to the

average smolt output (by individual river) for the 1990 to 1995 period.

166

Abundance of smolts relative to 1990-1995

=]
[=1

=t=PRoc-scla

E w—Trinité
J ~a—51-Jean
1.5 1
o 1
E%.
5
-]
0.5 4
090 T — v T T
1970 1975 1980 1985 1090 " 1895 2000
Year of Smolt Migration
a0
a 4
=
H —o— Highlands
2 —a=—{ampbaiiton
o ——NE Tropassay
> = %= Rocky
\n === Conna
= :
3 20+
2
a2
-
2
=
=
] '”\
o
=
g
E10d = -
=1
b 3
o
=
4
=
=l
£
o
0.0 T T T T T T T
19?0 1975 1980 1485 1950 1955 2000
Year of Smolt Migration
20
o
=
s - =—Westarn Arm Broak
2 o
3 15+
3 4
=3
2
2
D
=
5 104
F) 4
a
2 E
a
E
Ed
]
# 05
o
=
5
Z
I
=
=X
oo r————————rTr— —r—r— T Y -
1970 1975 1980 1985 1980 1965 2000
Year of Smoll Migration




Figure 4.2.1.6. Mean juvenile Atlantic salmon densities in the Miramichi River (SFA. 16), Restigouche River (SFA 13)
and the Stewiacke River (SFA 22), Canada based on sampling at standard index sites in each river,
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Figure 4.2.1.7. Relative index of smolt production in the three longest time series of smolt and juveniles in eastern
Canada (upper) and relative index for eastern North America based on weighting factors.
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Figure 4.2.1.8. Relative index of smolt production in the three longeét time series of smolt and juveniles in eastern
Canada.
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Figure 4.2.2.1 Estimated mid-points of 18W retums (circles) to rivers of Nfld & Labrador and to SFAs

of the other geographic areas, 1SW racruits of Nfld & Labrador origin before commercial fisherias in Nfid

& Labrador (dashed lines), 1SW spawners (squares), 1971-98. Returns and spawners for Scotia-Fundy do
not include those from SFA 22 and a portion of SFA 23, Labrador data for 1998 is unavailable.
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Figure 4.2.2.2 Comparison of estimated mid-points of 28W returns (circles) to rivers of Nfid & Labrador

and to SFAs of the other geographic areas, 2SW recruits of Nfld & Labrador origin before commercial fisheties
in Nfld & Labrador (dashed lines), 2SW spawners (squares) and 2SW conservation requirements (triangles})
for 1971-98 return years. Returns and spawners for Scotia-Fundy do not include those from SFA 22 and

a portion of SFA 23. Estimates for 1998 for Labrador are unavailable.
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Figure 4.2.3.1. Pre-fishery abundance estimate of maturing
and non-maturing salmon in North America (A), and
proportion of smolt class maturing after 1SW (B).
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Pre-Fishery Abundance (millions)

Figure 4.2.3.2. Total 1SW recruits (non-maturing and maturing)

originating in North America.
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Figure 4.2.4.1. Egg depositions in 1998 relative to conservation requirements in 71 rivers (upper map) and for 19 rivers
of eastern Canada and five rivers of U.S. under colonization or rehabilitation {lower map). The black slice represents the
proportion of the conservation requirement achieved in 1998. A solid black circle indicates the egg deposition
requirement was attained or exceeded.
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Figure 4.2.4.2, Proportion of the conservation requirements met in monitored rivers in four geographic area of eastern
Canada, 1984 to 1998. The vertical line represents the minimum and maximum proportion achieved in individual rivers,
the black square is the median proportion and the number above the vertical line is the number of rivers included in the

annual summary, The horizontal line defines the location of 100% of conservation requirements.
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Figure 4.2.4.3 Top panel: comparison of estimated of potential 2SW production prior to all fisheries,
25W recruits available to North America, 1971-98 and 2SW returns and spawners for 1971-97,
as 1998 data for Labrador are unavailable. Triangles indicate the 25W spawner threshold.

Bottom panel: comparison of potential maturing 1SW recruits, 1971-98 and retums a-
1SW spawners for 1971-97 return years as Labrador data for 1998 are unavailable.
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Figure 4.2 4 4, Lagged spawner contributions {(mid-points) to potential recruitment in the given year for six geographic
areas of North America. The horizontal line represents the spawning requirement (in terms of 25W fish} in each
geographic area.
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Figure 4.2.4.5. Proportion of lagged spawners {mid-points) in the six geographic areas of North America relative to the
total lagged spawner escapement contributing to the year of prefishery abundance. The horizontal line represents the
theoretical spawner proportions for each area based on the 25W spawner requirement for North America.
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Figure 4.2.5.1. Trends in survival rates (%) of hatchery released smolts from the Saint John River (SFA 23), LaHave

River (SFA 21), Liscomb River (SFA 20), and aux Rocher River (Q7) as 1SW, 258W retumns to the river,
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Figure 4.2.5.2. Trends in survival rates (%) of wild smolts as 1SW and 28W salmon from the rivers in Nova Scotia
(LaHave, SFA 21) and Quebec (Saint-Jean, Q2; de 1a Trinité, Q7; Bec-scie, Q10).
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Figure 4.2.5.3. Trends in survival rates (%) of wild smolts as 15W salmon from the rivers in Newfoundland
(Campbellton, SFA 4; NE Trepassey, SFA 9; Rocky, SFA 9; Conne, SFA 10; and Highlands, SFA 13).
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Figure 4.2.5.4. Marine survival of hatchery-reared Atlantic salmon smolts
released into the Penobscot River, Maine, USA
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5 ATLANTIC SALMON IN THE WEST GREENLAND COMMISSION AREA
5.1 - Description of Fishery at West Greenland
5.1.1 Catch and effort in 1998

At its annual meeting in 1998 the West Greenland Commission of NASCO agreed that the catch at West Greenland
should be restricted to that amount used for internal consumption in Greenland, which in the past has been estimated
at 20 t. The Greenland authorities subsequently set this amount as total allowable catch.

The fishery was opened on August 16, and the season lasted to the end of the year. The total nominal catches
amounted w 11 ¢ (Table 5.1.1.1) of which a substantial part was taken late in the season. The geographical distribution
of the nominal catches by Greenland vessels is given in Table 5.1.1.2 for the years 1977-98.

According to the regulations in force all catches, including landings to local markets, privately purchased salmon, and
salmon caught by food fishermen, are reported on a daily basis to the Fishery Licence Office. In 1998 no landings to
fish plants were permitted. Licences for the salmon fishery have been issued to fishermen fishing for the local markets,
hotels, hospitals etc., while fishing for personal use was permitted without licence for residents of Greenland. In total,
321 licences were issued, however only 49 of these reported landings to local markets and private sales. Landings to
local markets and salmon caught by food fishermen account for the largest part of the reported amount. Twenty-one
persons were identificd as food fishermen. Due to the new reporting system, the fishermen being personally
responsible for reporting their catches, and due to the extremely scattered fishery a relatively large part of the total
catches is considered to remain unreported. The unreported catches are estimated to be approximately 11 tin 1998.

5.1.2 Origin of catches at West Greenland

The Working Group examined the composition and origin of Atlantic salmon caught at West Greenland in 1998 based
on discriminant analysis of characteristics from 532 samples from NAFO Div. 1D (August 17 to 21) and 8 samples
from Div. 1E (August 12). Within the limited spatial and temporal scope of catch sampling, a randomised sampling
design was used to obtain samples from salmon landed by fishing vessels in these areas during the local food fishery.
The Working Group noted that samptes were collected over a five-day period and only at two sites, one in NAFQO Div.
1D and the other in 1E. While the Working Group recognized the difficulties with sampling a fishery with very small
catches potentially well spread out in time and space, it was felt that the spatial and temporal distribution of the
samples were not adequate to well define the characteristics of saimon in the local consumption fishery, Nevertheless,
the samples are valid for defining biological characteristics and proportions of North American/European origin
within the time and geographical scale from which they were collected.

Since 1969, discriminant analysis of scale characters from scales taken from salmon canght in the commercial fishery
has been used to determine the proportions of the two continental stock groups in this fishery, The technique has
proven to be a reliable method for discriminating and identifying salmon caught in this fishery (Lear and Sandeman
1980; Reddin 1986; Reddin ef al. 1988; Reddin er al. 1990). Beginning in 1986, a combined genotypic/phenotypic
approach was used whereby a subset of the samples obtained from the Greenland fishery was also sampled for liver
and muscle tissue, from which continent of origin was determined using genetic protein polymorphisms (Reddin et al.
1990). The scale characters from this subset were used as a database for discriminant analysis to determine the
proportions of North American and Eoropean salmon in all of the samples from this fishery. In 1995, the genetic
technique was changed from protein poiymorphisms to nuclear and mitochondrial DNA, which have been shown to
provide a more reliable identification to continent of origin, This combined genotypic/phenotypic approach was used
again in 1998 to develop a database to determine the proportions of North American and European salmon at
Greenland.

Samples of muscle tissue were taken from salmon landed in Nuuk, Greenland during the 1998 sampling programme at
Greenland. Samples were identified to continental origin based on microsatellites. In total, there were 121 North
American and 35 European samples collected with nuclear DNA (microsatellites} and scale character information.
Because of the low number of European samples the discriminant analysis was done by bootstrap. Samples of 35 North
American and 35 European were randomly selected from the overall database and were used to classify the 540
samples of unknown origin from the fishery samples. This procedure was repeated 1,000 times outputting the
probabilities of group membership which were then averaged to provide the final classifications to North American or
European groups. The results of a cross-validation procedure indicated misclassification rates of 16% and error rates
of *1%. This is an acceptable level of error. The method of Pella and Robertson (1979) was used to correct for
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misclassifications and gave an overall percent North American origin of 79% and European origin of 21 % (Table
5.1.2.7). Continent of origin was also determined in the samples collected for DNA analysis. In these samples, the
overall percent North American was 78%, a difference of 1 % from the samples determined by scale analysis.

Applying the results of the above analysis to the reported catch indicated that 8.6 t (3,100 salmon) of North American
origin and 2.6 t (900 salmon) of European origin were landed in West Greenland in 1998. This indicates that the
numbers of North American salmon landed at West Greenland is reduced by 9,800 (75%) from 1997, while the
numbers of European salmon caught is reduced by 7,400 (89 %). The data for 1982 to 1998 (no data for 1993-94) are
summarised in Table 5.1.2.2, Figure 5.1.2.1, .

The results of DNA analysis have also become available for the years 1995-97, These samples allow for the
recalculation of the proportion of North American and European salmon using within year samples of known origin.
This is a previous recommendation of the Working Group as it is felt that this type of analysis will allow for better
classifications with lower error rates. A similar procedure was followed to that described above for 1998 with a
bootstrap procedure used to classify individual salmon. The results of this analysis and comparison of the results from
the scale technigue gave the following:

North American % European %
Year DNA - Scales DNA Scales
1998 78 79 22 21
1997 72 ' 77 28 23 -
1996 67 73 33 27
1995 g9 68 11 32

This comparison of the results from DNA and scales demonstrates the good correspondence between the two
techniques. While the two series of North American and European are not directly comparable because the scale
samples have much higher sample sizes in some years, the correspondence is best when samples are most similar, i.c.
1996-98. Scale determination of continent of origin in 1995 came from over 2,000 samples while the DNA came from
only 122 ¢collected over a much shorter time scale. Also, it indicates that the proportion of North American salmon in
the local food fishery in 1998 and previously in the commercial fishery, 1995-97, has bheen quite high. Because the
biological characteristics from the salmon in the above analysis were not immediately available, the Working Group
recommended that the new proportions not be considered until next year, :

513 Biological characteristics of the catches

Biological characleristics (length, weight, and age) were recorded from 540 samples of catches from NAFO Div. 1C
and 1E in 1998 using the results of discriminant analysis to divide samples into North American and European
components, The data for 1998 are compared with those for previous years in Tables 5.1.3.1 10 5.1.3.3,

The downward trend in mean length of both European and North American 1SW salmon since 1969 changed in 1996,
as mean lengths increased. From 1996 to 1998 the mean lengths decreased only slightly, being almost equal to the
mean lengths observed since 1989 (Table 5.1.3.1).

Distribution of the catch by river age in 1968-98 as determined from scale samples is shown in Table 5.1.3.2, The
proportion of the European origin salmon that wete river-age three fish increased through 1995-97 to 37.8% in 1997,
which is much greater than the overall mean of 17.4%. In 1998 a low proportion of 7.6% of river-age three was
observed, the lowest on record. During the last two years the proportions of river-age two of North American origin
salmon have declined appreciably from the 1968-95 mean of 36.5% to 20.4%, however with a slight increase from
1997 to 1998.

The sea-age composition of the samples collected from the West Greenland fishery showed a slight decrease in
proportion in the North American component of 1SW fish from 1997 (98.0%) to 1998 (96.8%) (Table 5.1.3.3), these
values being among the highest in the time series. The proportion of 1SW salmon in the European component in 1998
remained at the high level observed in 1997 (changed from 99.7% to 99.4%). Both components exhibit the highest
recorded proportion of 1SW fish since 1969,
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52 Status of the stocks in the West Greenland area

The salmon caught in the West Greenland fishery are non-maturing 1SW salmon or older, nearly atl of which would
retarn to homewaters in Europe or North America as MSW fish if they survived. While non-maturing 18W salmon
make up more than 90% of the catch there are also 2SW salmon and repeat spawners including salmon that had
originally spawned for the first time after 1-sea-winter. The most abundant European stocks in West Greenland are
thought to criginate from the UK and Ireland although low numbers may originate from northern European rivers. For
North American MSW salmon, the most abundant stocks in West Greenland are thought to originate in the southern
area of Lthe range.

For the Northeast Commission area, a run-reconstruction model was used to update the estimates of pre-fishery
abundance of non-maturing 1SW salmon (Table 3.6.2.4). The main contributor to the abundance of the European
component of the West Greenland stock complex is non-maturing 1SW saimon from the southern areas of Europe.
These stocks appear to have been more volatile, with large fluctnations occurring in the first half of the time series.
Over the past 12 years, however, there has been a steady decline in non-maturing 1SW salmon from Southern
European stocks.

Conservation limits and the time series of spawners have been provided for 16 rivers in the NEAC area. Only six of
the 16 rivers had egg depositions above their conservation limits in the later years. There were no significant trends
noted in the spawner attainment over the last ten vears for all stocks combined, but a significant trend towards lower
egg deposition was noted over the most recent 5-year period (Section 3.4). No category of rivers with an increasing
trend could be identified, but 1998 represented an improvement over 1997 for 12 out of the 16 rivers,

In most parts of the NEAC area, marine survival was lower than the previous 5-year mean. However, analysis showed
no significant trends in marine survival for the last 5- and 10-year periods. Marine survival rates for six hatchery
stocks showed a downward trend in survival to homewaters for 1SW and 2SW salmon for the past 10-year period, but
no significant trend was observed for the past 5-year period.

In general, there has been no significant change in smolt production in the Northeast Atlantic. Returns of salmon to
most European rivers showed a significant downward trend for the last five years but 11 trend for the last 10 years.

For the North American Commission area, the North American run-reconstruction model was used (o update the
estimates of pre-fishery abundance of non-maturing and maturing 1SW salmon from 1971-97. The 1997 estimate of
pre-fishery abundance of non-maturing 15W salmon was the lowest on record. Pre-fishery abundance in 1997 has
declined by 23% from the 1996 value {Section 4.2.3, Figure 4.2.3.1). In addition to the steady decline in total recruits
¢(both maturing and non-maturing 1SW salmon) over the last fen years, maturing 15W salmon (grilse) have become an
increasingly large percentage of the North American stock complex. This percentage has risen from about 45% at the
beginning of the 1970s, to around 70% in 1992-95 to almost 80% in 1997-98.

The estimate of the total number of 2SW salmon returning to Newfoundland rivers and coastal waters of other areas of
North America in 1998 is 19% lower than the estimate for 1997 and lower than the average of the previous years
(1971-96). It is the lowest observed in the past 10 years and second lowest in the 28 year time series, 1971-98 (Table
4.2.2.2). The estimates of returns are quite variable over the time series with no trends indicated. Returns have
declined from a peak of 226,000 in 1980.

In most regions apart from Newfoundland, the returns of 28W fish in 1998 are near the lower end of the twenty-seven
year time series. However, returns of 25W salmon to Labrador in 1995 and 1996 were the best in the time series. The
estimated returns decreased again in 1997, No estimate 1s given for 1998 from this area, there being no commercial
fishery, which was the basis for the return and spawner model for Labrador,

The majority of the USA returns were recorded in the rivers of Maine. The estimated 2SW retums and spawners to
USA rivers in 1998 was only 5% below the 1997 estimate, but was 18% and 41% below the previous 5-year and 10-
year averages, respectively. Returns to most USA rivers are hatchery-dependent. Spawning escapements remained at
low levels (5%) compared to conservation requirements.

Egg depositions exceeded or equalled the specific conservation requirements in 21 of the 71 rivers (30%) that were
assessed in Canada and were less than 50% of requirements in 24 other rivers (34%). Large deficiencies in egg
depositions were noted in the Bay of Fundy and Atantic coast of Nova Scotia where eight of the 12 rivers assessed
(67%) had egg depositions that were less than 50% of conservation requirements (Figure 4.2.4.1).
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North American salmon stocks remain at low levels relative in the 1970s, The 1SW non-maturing component

continues 10 be depressed with river returns and total production amongst the lowest recorded. In addition, returns in
1998 of maturing 1SW salmon (grilse} to North American rivers were among the lowest in the 28-year time series.
This being the case, improvement in 28W salmon teturns and spawners is unlikely m 1999. Only Newfoundland
achieved its spawning requirements for 2SW salmon in 1998, where 2SW salmon comprise only a small proportion of
salmon production. The next highest was the Gulf of St. Lawrence, where 2SW salmoen are a high proportion of
production and very important in terms of their contribution to both North American and Greenland fisheries (Secuon
4.2.6).

Despite some improvements in the annual returns to some rivers, both in European and North American areas, the
overall status of stocks contributing to the West Greenland fishery remains poor, and as a result, the status of stocks
within the West Greenland area is thought to be low compared to earlier (historical) levels.

53 Evaluation of the Effects on European and North American Stocks of the West Greenland
Management Measures since 1993

There have been two significant changes in the management regime at West Greenland since 1993, First, NASCO
adopted a new management model based upon ICES’ assessment of the PFA of non-maturing 1SW North American
salmon and the spawner escapement requirements for these stocks. This resulted in a substantial reduction in the TAC
agreed to by NASCO from 840 ¢ in 1991 to 258 t in 1993, and further reductions in subsequent years. The second
change in management was the suspension of fishing in 1993 and 1994 following the agreement of compensation
payments by the North Adantic Salmon Fund, Due to the closure of the {ishery in the two years no sampling could be
carried out in Greenland, and no information on the biological characteristics was thus obtained. To calculate a
possible TAC for those years according to the agreed quota allocation model (Anon. 1993) biological parameters from
sampling in 1992 were used (Table 5.3.1). The mean weights, proportions of NA fish, and age correction factors in the
Table are those used for projection purposes by the Working Group.

The numbers of fish spared by the closure are shown in Table 5.3.2. The potential catches in the two years of 89 and
137¢, respectively, correspond to the TACs calculated in accordance with the quota aflocation computation model that
was agreed by NASCO at its annual meeting in 1993, For the successive years nominal catch figures are used, The
Table shows the number of salmon returning to home waters provided no fishing of the given magnitude tock place in
Greenland. The biological parameters given in the Table represent the annual sampling data,

The mean number for 1993-98 of potentially returning fish per ton Laught at Greenland is calculared to 176 and 131
salmon, respectively.

In the years 1972-92 exploitation rates in Greenland of the North American component of the salmon stock fluctyated
hetween 10 and 43% around an average of 30% (Figure 3.3.1). The management measures in force since 1993
resulted in an average exploitation rate of this component of 13%, about one-third of its previous level, for the period
1995-97, after reopening of the fishery in 1995,

54 Changes to the ‘Model Used to Provide Catch Advice and Impacts of Changes on the Calculated
Quota -
5.4.1 Changes from the 1998 assessment

The models used to predict pre-fishery abundance of the North American non-maturing stock complex and subsequent
quota levels for West Greenland were unchanged from the 1998 assessment. The same independent variables used
previously were found to provide an improved fit over last year’s model. However, some of the input data streams were
modified to reflect new information available to the Working Group. These included: improvement of the catch
reporting system in the Province of Newfoundland and Labrador by inclusion of catch statistics from Aboriginal
fisheries in northern Labrador; and another year of data was added to all data series. Changes from ICES
1998/ACFM:15 in the data used to estimate pre-fisheries abundance resulted in only a very small change in the pre-
fishery abundance cstimates for most years or no change at atl. In addition to the changes discussed above, we also
note that the 1998 catch advice of 0 t would not have been different if the 1998 assessment had been done with the
revised input data from this year. Although not completely appmpnate an assessment of what the forecast value
would have been is 108,700 (Table 5.6.1.1). -
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542 Impact of changes on the catch advice

Madifications and improvement to the data streams used to predict pre-fishery abundance would impact the quota in
various ways. Modifications to the data that increase the estimated pre-fishery abundance will tend (o increase the
quota by potentially providing more fish to the surplus portion of the populations. The opposite is also true. Since the
updates made in the database resulted in a fit that was only slightly different than in the 1997 assessment, we can
conclude no change would have occurred to the 1998 forecast.

5.5 Age-Specific Stock Conservation Limits for All Stocks in the West Greenland Commission Area

Sampling of the fishery at West Greenland (Table 5.1.3.3) since 1985 has shown that hoth European and North
American stocks harvested there are primarily (greater than %0%) 1SW non-maturing salmon that would mature as
either 2 or 3 SW salmon, if surviving to spawn. Usually less than 1% of the harvest are salmon which have previously
spawned and a few percent are 2 SW salmon which would mature as 3SW or older salmon, if surviving to spawn. In
1998, 96.8 of the sampled catch was North American origin and 99.4% of the sampled catch was 1SW salmon of
European origin, For this reason, conservation limits defined previously for North American stocks have been himited
to this cohort (2SW salmon on their return to homewaters) that may have been at Greenland as 15W non-maturing
fish. These numbers have been documented previously by the Working Group and are revised this year in Section 4.4.
From Table 4.4.1, the 2SW spawning requirements of salmon stocks from North America which may be present in the
West Greenland Commission Area total 183,852 fish, with 154,653 and 29,199 required in Canadian and USA rivers,
respectively.

The Working Group revised their estimates of provisional conservation limits for MSW salmon in Europe based on
the methods developed in 1998 (ICES 1998/ACFM:15) and the improvements outlined in Section 3.7.1 (Table
3.7.2.1). The conservation limits were split intoc 1SW and MSW componennts on the basis of the average age
composition of catches in the past ten vears. The stocks have also been partitioned into northern and southern groups,
and tagging information and biological sampling indicates that the majority of the European salmon caught at West
Greenland originate from the southern group. The provisional conservation limit for southern European MSW stocks
is approximately 470,000 fish (Table 3.7.1.1).

5.6 Catch Options with Assessment of Risks Relative to the Objective of Achieving Conservation Limits
5.6.1 Overview of provision of catch advice

The Working Group was asked to advise on catch levels based upon maintaining adequate spawning escapements
sufficient to achieve conservation limits. Although advances have been made in our understanding of the population
dynamics of Atlantic salmon and the exploitation occurring in the fisheries, the concerns about the implications of
applying TACs to mixed stock fisheries are still relevant. In principle, adjustments in catches in mixed-stock fisheries
provided by means of an annually adjusted TAC would reduce mean mortality on the contributing populations.
However, benefits that might result for particular stocks would be difficult to demonstrate, in the same way that
damage (o individual stocks are difficult to identify.

In 1993, the Working Group considered how the predictive measures of abundance could be used to give annual catch
advice (ICES 1993/Assess:10; Sections 5.3 and 5.4). The aim of management would be to limit catches to a level that
would facilitate achieving overall spawning escapcment equivalent to the sum of spawning requirements in individual
North American and European rivers (when the latter have been defined). In order to achieve the desired level of
exploitation for a given level of predicted abundance, a TAC could be fixed or some form of effort adjustment
introduced.

The advice for any given vear is dependent on obtaining a reliable predictor of the abundance of non-maturing 15W
North American stocks prior to the start of the fishery in Greenland. Gill net fisheries in Greenland and Labrador
harvest one-sea-winter (1SW) salmon about one year before they mature and return to spawn in North American
rivers. This component is also harvested on their return as 28W salmon in commercial fisheries in Québec, angling
and native fisheries throughout eastern Canada and angling fisheries in the northeastern USA. The fishery in
Greenland harvests salmon which would not mature until the following year while the fishery in Labrador (closed in
1998) harvests a mix from the non-maturing component as well as maturing 1SW and MSW salmon. The commercial
fishery in Québec harvests maturing 1SW and MSW saimon,

The Working Group has advocated models based on thermal habitat in the northwest Atlantic to forecast pre-fishery
abundance in order to provide catch advice for the West Greenland fishery. While the approach has been consistent
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since 1993, the models themselves have varied slightly over the years. The changes have been made to these models in
attempts to improve the prediction and add more biological reality. The models of previous years included using the
following predictor variables: 1993 - thermai habitat in March; 1994 - themmal habitat in March; 1995 -thermal
habitat in January, February, and March; and 1996-97 - thermal habitat in February and lagged spawners from Lhe
Labrador, Newfoundland, Québec, and Scotia-Fundy regions of Canada.

North American run-reconstruction model

The Working Group has used the North American run-reconstruction model to estimate pre-fishery abundance of 1SW
non-maturing and maturing 28W fish adjusted hy natural mortaiity to the time prior to the West Greenland fishery
(See Section 4.2.3). Region-specific estimates of 25W retwrns are listed in Table 4.2.2.2. Estimates of 28W returns
prior t0 1998 in Labrador are derived from estimated 2SW catches in the fishery using a range of assumptions
regarding exploitation rates and origin of the catch. With the closure of the Labrador fishery, 1998 returns were
estimated as a proportion of the total for other areas based on historical data.

Update of thermal habitat

The Working Group has been using the relationship between marine habitat, 2SW spawners and pre-fishery
abundance to forecast pre-fishery abundance (ICES 1993/Assess: 10; 1994/Assess: 16; 1995/Assess: 14; 1996/Assess: 11,
1997/ Assess: 10; and 1998/ACFM:15). Marine habitat is measured as a relative index of the area suitable for salmon at
sea, termed thermal habitat, and was derived from sea surface temperature (SST) data obtained from the National
Meteorological Center of the National Ocean & Atmospheric Administraiion and previously published catch rates for
salmon from research vessels fishing in the northwest Atlantic (Reddin er al, 1993 and ICES 1995/Assess: 14). The
SST data were determined by optimally interpolating SSTs from ships of opportunity, earth observation satellites
{(AVHRR), and sea ice cover data. The area used (o delermine available salmon habitat encompassed the northwest
Aflantic north of 41°N latitude and west of 20°W lon gltude and includes the Davis Strait, Labrador Sea, Irminger Sea,
and the Grand Bank of Newfoundland,

Thermal habitat has been updated to include 1998 data. Two periods of decling in the available habitat are identified
{1980 to 1984 and 1988 to 1993) in the February index (Table 5.6.1.1 and Figure 5.6.1.1). Available habitat for
February was reduced in 1992 below the 1998 level from 1849 to 1741, a decling of approximately 6%. The 1999
February value is still well above the long-term mean.

5.6.2 Forecast model for pre-fishery abundance of North America 28W salmon

The 1999 forecast of pre-fishery abundance was bhased on regression analysis to predict the pre-fishery abundance of
non-maturing 1SW fish prior to the start of the Greenland fishery. This makes the fourth consecutive year the same
maodel has been used in the forecasting procedure. The basts for the model is two predictor variables: thermal habitat
for February (term H2) and lagged spawners (sum of lagged spawners from Labrador, Newfoundland, Scotia-Fundy
and Quebec, term SLNQ) (ICES 1996/Assess:11). This was justified on the basis of studies showing that salmon
stocks over wide geographic areas tend to have synchronous survival rates and that the winter period may be the
critical stage for post-smolt survival and maturation (Scamecchia 1989; Reddin and Shearer 1987; Friedland et al.
1993, Friedland et al 1998). Consequently, the model used in 1997 was updated to reflect the inclusion of the
additional value and the refinement of other parameters to the time series of pre-fishery abundance estimates and then
the 1999 pre-fishery abundance was forecasted.

The linear fit to the 1999 model of pre-fishery abundance versus February thermal habitat and lagged spawners
(SLNQ) produced a significant relationship between observed and predicted values (F:q; =37.4) and all model
parameters were significant at less than the 5% level (Table 5.6.2.1). Individually, the two predictor variables used are
also significantly related to pre-fishery abundance (Figure 5.6.2.1).

The contribution of the two variables to the model fit has changed compared to what was previously the case, where
SLNQ spawners contributed much less than February habitat. In the current analysis, February habitat accounted for
54% of the total sum of squares by itself but with SLNQ) spawners included, the contribution of February habitat was
only 15% of the overall variability while the contribution of SNL() spawmers was 28% (Table 5.6.2.1). The jackknife
and simulated predicted values for pre-fishery abundance for 1978-99 are shown in Table 5.6.1.1 and Figure 5.6.2.2.
The predicted values are shown to fit the observed data quite well except during the period of low abundance in 1978
and in the late 1980s and 90s when abundance was low. The high correlation between the observed: and jackkmifc
predictions (r=+0.859) can be seen in Figure 5.6.2.3A. The residual pattern for the model shows a positive
relationship with observed values (r=+0.430) and there are low positive residuals at the end of the time series (Figure
5.6.2.3B). The forecasted estimate by simulation of pre-fishery abundance for 1999 using the February thermal habitat
and lagged spawner model is about 79,500 at the 50% probability level (Table 5.6.1.1). Using the current model to
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estimate the 1998 pre-fishery abundance yields a value of 108,890, which is similar to the previously reported value of
113,899. It should be noted that deterministic and simulated forecast values will show differences due to the method of
calculation.

The model continues to be influenced primarity by the spawning stock level in the predictive relationship for pre-
fishery abundance {Table 5.6.2.1). Thus, the prediction of pre-fishery abundance would he moderated during periods
of high levels of habitat and low levels of spawning stock. The alternate case would be an increase in predicted pre-
fishery abundance when spawning stocks were high and thermal habitat was low. The former has occurred with the
predicted values for 1998 and 1999, as thermal habitat has increased considerably, the predicted pre-fishery abundance
in recent years is low due to the large decline in spawners producing them (Figure 5.6.1.1). Two-sea-winter spawners
contributing to returns will not improve until the year 2000.

Stochastic Analyses

Although the exact error bounds for the estimates of NN1(i} are unknown, minimum and maximum values of
component catch and return estimates have been estimated. Simulation methods, impiemented in the software package
SAS (SAS Institute, 1996), were used to generate the probability density function of NN1(i). This was done as a six-
step procedure as follows:

1. Annual values (1978-97) of pre-fishery abundance (NN1) were generated assuming a uniform distribution of the
minimum to maximum values of input parameters NC1, NC2, and NR2.

2. The parameter values of the regression model of pre-fishery abundance on the February thermal habitat (H2)
variable and the lagged spawners (SLNQ) variable were estimated from the data set generated in step 1.

3. A single pre-fishery forecast value for 1988 was obtained by drawing at random from a normal distribution defined
by the mean forecast value and the mean square error of the estimate (for a single prediction) from the regression
statistics. The normal distribution was used because the error structure of the regression is assumed to be normal.

4. Step 3 was repeated 1,000 times to generate a vector of forecast values from an individual regression fit.

5. Steps 1 to 4 were repeated 1,000 times to generate 1,000,000 predictions (1,00} times 1,000) of pre-fishery
abundance. This resampling incorporates the uncertainty of the inpmt parameters (step 1) and the unexplained
variance in pre-fishery abundance from the regression (step 4).

6. The probability profile of these stochastic forecasts (in 5% intervals) of the pre-fishery abundance forecast was
generated from the vector of pre-fishery abundance forecast values obtained in step 5 (Table 5.6.2.2).

These estimates can be used to quantify the probability that the actual stock is above the relative probabilities of
attaining spawning requirements for the stock under different allocation schemes. Managers may also use this
information to determine the refative risks borne by the stock (i.e., not meeting spawning requirements) versus the
fishery (e.g., reduced short-term catches).

5.6.3 Development of catch options for 1999

Development of catch advice

Atlantic salmon are managed on the basis of ensuring adequate numbers of spawners in individual rivers. A composite
spawning requirement for the North American 28W stock complex was developed by summing the spawning
requirements of Salmon Fishing Areas in Canada and river basins within the USA. Details on the methodology to
estimate and update the spawning requirements are provided in (ICES 1996/Assess:11) and in Section 4.4 of this
report. With these data, it is possible to compute an allowable harvest. This procedure is unchanged from the previous
assessment and is shown in Appendix 7. Previously, NASCO considered all salmon above the conservation
requirement as being available for harvest.

Catch advice for 1998

The fishery allocation for West Greenland is for 1SW fisheries in 1999, whereas the allocation for North America can
be harvested in fisheries on 1SW salmon in 1999 and/or in fisheries on 25W salmon in 2000. To achieve spawning
requircments, a pool of fish must be set aside prior to fishery allocation in order to meet spawning requirements and
allow for natural mortality in the intervening months between the fishery and return to river. In last year's report, a
spawning requirement of 183,852 fish was reported for ali North American rivers (ICES 1998/ACFM:15). Thus,
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205,230 pre-fishery abundance fish must be reserved (183,852/exp(-.01*11)) to ensure achievement of the requirement
after natural mortality,

By using the probability density function of the pre-fishery abundance, the probability of the expected stock abundance
being greater or lower than the value selected can be estimated. This probability level also provides a measure of the
probability of reaching conservation requirements assuming fishery allocations are taken without ertor. The mean
estimate of the forecast represents a reference point at which there is a 50% chance that the true abundance is lower
than required to achieve the conservation requirement. Likewise, the forecast value at the 25th percentile, or the value
with a 25% chance that the abundance is lower and the forecast value at 75th percentile, or the valye with a 75%
chance that the abundance is lower, characterise a range of decision with lower and higher risks, respectively.

Quota computation for the 1999 fishery requires an estimate of pre-fishery abundance [NN1], stock composition by
continent [PropNA], mean weights of North American and European 1SW salmon [WT1SWNA and WT1SWE,
respectively], and a correction factor for the expected sea-age composition of the total landings [ACF]. Exponential
smoothing model forecasts utilising data collected during the 1997 fishery and using interpolated values for 1993 and
1994, with approximate 50% confidence limits, are summarised below.

Parameter Forecast Minus 1SE Plus 1SE
PropNA 0.584 ) 0.303 (1.667
WTISWNA 2.62 2.47 2.78
WTI1SWE 2.74 2,56 2.92
ACF 1.118 1.018 1.21

The Working Group recommends that as these parameters have changed in the past, they should be updated with new
data from sampling programs to ensure the grealest possible accuracy in the quota calculation. However, the absence
.of an adequate sample irom the 1998 fishery precludes a new analysis.

Greenland quota levels for H2-SLNQ} forecast of pre-fishery abundance were computed. The quota values based on this
forecast between interquartile limits of the probability density function are presented in Table 5.6.3.1. For the point
estimate level and the stochastic regression estimate using NN1, the quota options are all O t, regardless of the
proportion allocated to West Greenland (FINA) or selection of a probability level between 25% and 75%.

The 50% risk level is intended to produce spawning escapements in North America that will meet the requirement
level for all rivers combined 50% of the time. Even if this overall requirement is achieved, it is likely that some stocks
will therefore fail to meet their individual spawner requirements while others will exceed reguirement levels. This may
result from random variation between years or from systematic differences in the patterns of exploitation on fish from
different rivers or regions. In the latter case, adoption of a 30% rigsk approach may resuli in some stocks failing to meet
requirement levels over an extended period if the full TAC is harvested. This could result in the long-term decline in
those stocks.

The Working Group concludes that it is evident from both the indicators of stock status that the North American stock
complex is in tenuous condition. If the forecast is accurate then pre-fishery abundance in 1999 will be lower than any
other pre-fishery abundance value previously estimated despite nearly complete closures of mixed and single stock
fisheries, a continuing trend of below requirement spawning escapements for 2SW salmon, and the low marine
survival rates for some monitored stocks. The increasing advantage associated with cach additional spawner in under-
seeded river systems makes a strong case for a conservative management strategy.

5.6.4 Risk assessment of catch options

The provision of catch advice in a risk framework involves the incorporation of the uncertainty in all the factors used
to develop the catch options. The ranges in the uncertainties of all the factors will result in assessments of differing
levels of precision. The precision of the assessment has a potential effect on the risk approach used by managers. One
approach considers the catch options relative to a 50% chance of the undesirable event occurring and ignores the
uncertainty in the stock assessment. The reliability of the assessment has very ditferent and profound consequences on
the catch options for risk-averse compared to risk-prone approaches (Figure 5.6.4.1). In a theoretical example, two
assessments provide the same point estimate (50% probability value) but the precisions are very different. Under a
risk-prone management approach, the allowed catch would be greater for the imprecise assessment: at a 70% risk
level, the advised catch under the precise assessment would be 500 t but the uncertain assessment would provide for a
catch of 800 t (Figure 5.6.4.1). The risk-averse management approach would advise for lower catch options for the
imprecise assessment; at a 20% risk level, the precise assessment would provide a catch ‘'option of about 400 t but for
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the imprecise assessment, no catch is advised. Under precautionary management principles (Section 2.7), a risk-averse
approach would be favoured for imprecise assessments,

The analysis of risk involves three steps: 1) describing the precision or imprecision of the assessment; 2} the definition
of a management strategy; and 3) the evaluation of the probability of an event (either desirable or undesirable)
resulting from the fishery action. The management of Atlantic salmon in the North American and Greenland
Commission areas involves managing for a fixed escapement of salmon to rivers in North America. The conservation
requirements to North America are considered to be a threshold reference point. All potential recruits in excess of the
conservation requirement are considered to be available for harvest. The undesirable event to be assessed is that the
spawning escapement 0 North America will be below the conservation limit,

A risk analysis of catch options for Atlantic salmon from North America incorporates all the uncertainty in the
estimates of the probable returns:

the conservation requirement risk plot,

the uncertainty of the pre-fishery abundance forecast, and

the uncertainty in the biological parameters used to translate catches (weight) inte numbers of North
American origin salmon.

S

The risk anatysis plots are calculated for consideration of the 1999 fishery in West Greenland.

Spawner requirement risk analysis

The derivation of the spawning requirement risk plot for North America was similar to the method presented in ICES
1997/Assess; 10, Briefly, North America is divided into six stock areas which correspond to the areas used to estimate
returns and spawning escapements (Table 4.4.1), The annual variability in the proportion female in each stock area
was described in terms of a uniform distribution corresponding to values for each stock area. A total of 1,000
simulations were run for each spawning escapement level. The sex ratio varied independently in each stock for each
simuiation. The risk plots were expressed as the probability of meeting or exceeding the spawning requirements
concurrently in all six stock areas, In addition, plots of the probability of meeting or exceeding lower proportions of
the spawning requirements were derived as an indication of the magnitude of under-escapement which would be
expected for different levels of escapement to North American rivers.

Under the assumption of equal production from all stock areas (i.e., recruitment in direct proportion to the spawner
requirement) just over 200,000 fish should escape to North America as spawners to achieve the spawner requirement
in all six stock areas at a 50% probability level. This value is higher than the point estimate for the North American
stock compiex {183,852 2SW salmon, Table 4.4.1) because it includes the annual variation in proportion fematle,

Pre-fishery forecast abundance uncertainty

Model fitting and the confidence intervals for the pre-fishery abundance of non-maturing North American origin
salmon are¢ described in Section 5.6.2. The required elements for the risk analysis are the distributions of pre-fishery
abundance and their associated probabilities (Figure 5.6.4.2),

Uncertainty in the biological characteristics and predicted catches of North American origin salmon

The catch options table (Table 5.6.3.1) is calculated using the probability density function of the pre-fishery abundance
forecasts and point estimates for the remaining parameters including: the spawner reserve for North America,
proportion of the 1SW catch which would be of North American origin, weight of 18W North American and
European fish, and the age correction factor. The predicted stock characteristics for 1999 and their associated errors
were the same as those of 1998 (Section 5.6.3). In the risk analysis, the hiological characteristics were modelled
assuming a normal distribution with a mean and standard error generated from the exponential smoothing function
for the 1998 characteristics (Section 5.6.3). The only exception was for the age correction factor (ACF) for which the
lower bound was trimmed to unity. The resultant distributions from 1,000 iterations appropriately represented the
initial input parameters with the exception of the ACF distribution (Figure 5.6.4.3). An alternative to the normal error
distribution for the ACF parameter was not explored at this meeting.

Using the biological characteristics and the catch options, the total returns to North America after the Greenland
fishery were calculated by subtracting the catch of North American 1SW origin salmon from the pre-fishery
abundance forecast and discounting for the 1T months of natural mortality between the time of the Greenland fishery
and return to homewaters. An example of the distribution of harvest (numbers) of North American origin salmon for a
quota of 100 t at West Greenland, which incorporated the uncertainty in the biological characteristics, is shown in the
middle panel of Figure 5.6.4.2. The distribution of returns to North America after harvest at Greenland, which
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incorporates the uncertainty in the pre-fishery abundance forecast and the uncertainty in harvest nurabers, is shown in
the bottom panel of Figure 5.6.4.2. -

Catch options and risk summary for 1999

The final step in the risk analysis of the catch options involves combining the cumulative risk plots from the
congervation requirement calculation with the probability distribution of the returns to North America for different
catch options. The sum of the products of the cumulative distribution of spawner requirements and the probability
distribution of the corresponding returns to North America equals the probability of meeting the conservation
requirements. The risk of not meeting the conservation requirement in at least one of the six stock areas is obtained by
subtracting from unity the probability of meeting the requirements in all the areas. An analysis of the risk of the
severity of the underescapement (for example, the risk of not altaining 50% of the conservation requirement in at least
one of the six stock areas) was derived in exactly the same way by substituting the cumulative distribution for a
different conservation requirement proportion. C

The pre-fishery abundance of salmon in 1999 is expected to be low (Figure 5.6.4.2). There is a high risk (85%
probability) that the returns of 28W salmon to North America in 2000 will be below the. conservation requirement in
at least one of the six stock areas, cven in the absence of any fisheries-induced mortality on this age group in
Greenland in 1999 and North America in 2000 (Figure 5.6.4.4). There is a high probability (55% chance) that at least
one of the six stock areas will be severely underescaped (by 50%). The risk profile is shallow over the range of catch
options illustrated (0 to 1000 t) which reflects the degree of uncertainty in the expected abundance relative to the catch
options considered,

The impact of the combined Greenland and North American fisheries must also be considered. The fisheries
exploitation rates in North America in the last few years were estimated to be between 0.15 and 0.25 (Section 4.1.4).
Assuming that fisheries management in North America in 2000 would be similar to recent years, then it would be
expected that, at most, 15 to 253% of the 28W returns to North America would be removed prior to spawning.
Exploitation rates on 2SW salmon have declined in Canada as a result of the closure/reduction of the commercial
fisheries and closure of many angling fisheries (Section 4.1). The impact of such a fishing scenario in North America
on the salmon returning to homewaters in 2000, in the absence of any fishery at Greenland in 1999, results in a high
risk (92%) of not meeting the conservation requirements in at least one of the six stock areas (Figure 5.6.4.4 lower
panel), This assumes that salmon will return to each geographic area in proportion to the relative conservation
requirements in each area and that the exploitation rates in each of the six stock arcas are similar. Although this i3 not
true (see Section 4.1.4, 4.2.2), it was the only scenario considered by the Working Group at this meeting. Under
further reduced expleitation rates in North America, there is no less than an 85% chance ‘that conservation
requirements will not be met. :

The cumulative consequences of fisheries at Greenland (1999) and in North America (2000) on the potential spawning
escapements to North American stock areas increases the risk of severe underescapement (50% of conservation
requirements) in North America. There is a 55% risk of severe underescapement with no fisheries and the risk rises to
greater than 61% at a Greenland catch option of 50 t and exploitation rates between 0.15 and .25 in North America
(Figure 5.6.4.4), Considering the uncertainty in the assessment of the abundance of North American salmon in West
Greenland in 999, precautionary approach principles in managmg the both the Greentand and Nerth American
salmon fisheries are advised.

5.7 Critical examination of the Confidence Limits on the Output of, and Assumptmns m, the ‘Maodel”
Used to Provide Catch Advice .

571 Introduction

This is the second year that the Working Group considered this request, This is because there was neither a
“workshop”, as proposed in the Terms of Reference adopled at the 1998 Statuatory Meeting (C.Res. 1998/2:4:
“Comment on the Report of the Workshop on Peer Review of ICES Salmon Model”) nor a report on which to
comment. In the absence of same and in recognition of the weaknesses of the existing models the Working Group
focused on several initiatives.

Brief description of the ‘model’

The Greenland pre-fishery abundance estimate (PFA) is generated as described in previous reports (ICES
1998/ACFM:13, section 5.5). First, the 28W returns of salmon (o specific regions in North America (Labrador,
Newfoundland, Québec, Gulf of St. Lawrence, Scotia-Fundy and the USA) are estimated by various means (counting
fences, catches, mark-recapture estimates, etc.), and the numbers for returns and catches are entered into the
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continental run reconstruction model for North America. This model looks backward in time, after all fisheries and
spawning runs are complete, to provide a final estimate of what the prefishery abundances were in the preceding year,
and what mortalities resulted from the various fisheries,

To forecast PFAs for the upcoming year, a second model is employed which incorporates terms for February sea
surface temperatures (SSTs) in the ocean area where salmon are believed to be residing, and a “lagged spawner”
estimate (derived from the run reconstruction model) as a surrogate for the number of smolts which would have
previously migrated to sea and which should be conuibuting to the upcoming year’s fishery. Both of these variables
have been shown to have a significant relationship with the PFAs, and it is these relationships that permit the working
group to provide PFA forecasts.

Confidence limits

Currently, estimates of pre-fishery abundance forecast error in the model to forecast salmon in the Northwest Atlantic
are based on a series of empirically derived confidence intervals developed for some, but not all of the variables
included in the regression model. The Working Group considered an alternate estimation procedure that utilizes the
error structure from the base regression model residuals to develop a bootstrap sample of forecasts. The resultant
probability density function from the bootstrap sample was compared to the current assessment results. The bootstrap
sample appeared to contain bias, a feature not uncommon for this class of models. The probability density distribution
of the bootstrap sample was close (o the one generated by both the current re-sampling procedure, and to the
confidence interval resulting from the base regression itself, This convergence of techniques was noted by the Working
Group;, however, it was felt to be premature to apply the bootstrapping approach until this bias could be better
understood and a correction procedure appropriate to the data could be developed. The Working Group encourages
further work on the bootstrapping approach.

572 Impact of measurement errors on 1999 PFA forecast

The forecast of the North American PFA is based on a two variable linear model: the lagged spawners and the
Febroary habitat. Twenty years of data are available to fit the model (1978 to 1997) and a prediction 1s derived for
1999 based on the observations of the independent variables collected for that year. This linear regression can be
treated under a Bayesian approach (Gelman er al. 1995). The posterior prediciive distribution of the 1999 PFA
forecast is a Stadent-t centered on the point estimates that would be obtained under ciassical least squares fitting. The
posterior uncertainty of this prediction is shown in Figure 5.7.2.1. Negative values are excluded as a priori
impossibilities.

Measurement errors can have disruptive effects on model fitting and on the uncertainty of the predictions. An analysis
was conducted to assess the potential effect of measurement errors on the PFA and the lagged spawners, because both
are derived from estimation procedures and are not readily observable. In contrast, the habitat variable was regarded as
an actual measure without errors, because it is derived from a collection of "field" temperature measurements.
Accounting for the measurement errors reflects that the information introduced in the PFA estimation procedure (the
first twenty years of data plus the independent variables for 1999) are less informative than the point estimates of the
variables would tend to suggest. As a consequence, the uncertainty of the 1999 prediction should increase.

Accounting for measurement errors under the Bayesian framework is equivalent to generating data scts under a
probabilistic description of their error structure and averaging the resulting posterior distributions of interest (the 1999
PFA prediction) over all possible data sets. This can be easily carried out by Monte-Carlo simulation. For the purpose
of the analysis presented here, measurement errors were assumed to be independent between years and between
variables. The structure of the errors was defined as triangular distributions with a mode located at the point estimates
currently used and ranging between a minimum and maximum representing  -/+ X% of the point estimates. Three
levels of error were considered: -/+ 10%, -/+ 25% and -/+ 50%. The same level of error was assigned to both the PFA
and the lagged spawners as a preliminary approach. A total of 5,000 simulations were conducted for ¢ach level of
error, It should be noted that accounting for measurement errors is different from considering autocorrelation in the
data series which was not addressed in this analysis.

The results are summarized in Figure 5.7.2.1. Measurement errors can have major disruptive effects on the 1999 PFA
forecast. As measurement errors increase, not only does the uncertainty of the prediction increase but also the most
probable value. This is because the data are less informative about the variability in PFA than is assumed when no
measurement errors are taken into account, As the predictive variables become less informative about PFA, the most
probable value of the PFA approaches the mean. In a lcast squares regression sense, the slope of the relationship
would decrease and the intercept would become more significant. If the independent variables were above their
average level, which would lead to a high PFA forecast, the effect of the inclusion of measurement errors would be
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opposite. In both cases the accounting for measurement errors displaces the mode toward the average of the PFA serics
with increased uncertainty,

Part of the range of values of the PFA given in Figure 5.7.2.1 might be considered impossible given complimentary
information available, such as observations of returns in homewaters over the last years. This can readily be
introduced in the Bayesian analysis by means of a prior distribution of the PFA which would put a null probability 4
priori on implausible values, Even within a narrower range of possible values, it is impossible to assign contrasting
levels of credibility to the PFA predicted values.

1. It is recommended that the extent of the measurement error inherent in the run-reconstruction model should be
estimated to describe the potential bias in the mode and the description of uncertainty associated with the forecast.

2. The inclusion of the measurement error in the forecast model increases the uncertainty of the forecast and under
increased uncertainty, alternative risk levels to the 50% point should be c0n51dered consistent with the
precautionary approach.

3. Other indices of adult salmon abundance should be examined and used as prior information to constrain the
plausible range of abundance levels.

4. Alternative models should be explored (for example different predictive variables, model formulations, univariate
time series, non-parametric change-of-state analyses,) to provide some index of plausibility of the quantitative
forecasts.

573 Alternative models for characterizing salmon abundance

Two explanatory variables are presently used to model the prefishery abundance (PFA) of non-maturing 1SW salmon
in the Northwest Atlantic before the Greenland fishery: spawning stock and environment (Section 5.6). The
coefficients of the explanatory variables indicate that PFA is positively correlated with both the spawning stock size
and the environmental signal. PFA would be expected to decline as spawning stock and/or environment declines. In
1996 to 1998, PFA has declined, consistent with the decline in spawning stock but despite an improved environmental
signal.

The spawning stock variable used in the model excludes the spawners from the Gulf and USA and therefore only
considers part of the spawners contributing to PFA in the Northwest Atlantic. Also, the spawning stock variable only
considers 25W spawners while other age groups (1SW, 35W and previous spawners) also contribute to egg
depositions and undoubtedly salmon maturing as 28W fish, Inclusion of all the spawning stock component from
eastern North America is not a significant explanatory variable of PFA variability. The Gulf spawning stock has
remained well above its area conservation requirement during the 19905 in contrast to other areas where spawning
stock has declined.

A more useful variable for characterizing salmon abundance in the ocean would be an estimate of the annual smolt
output from rivers of North America. If smolt output is known, factors determining mortality at sea could be explored
directly using a standard survival relationship (Ricker 1975):

N/N, = e*

where N, = population size at time t (for example PFA before West Greenland fishery)
N, = population size at an earlier time (for example smolt output)
Zz = instantaneous mortality rate

When stocks are exploited in fisheries, Z can be described in terms of the morlality due to the fishery (F) and due to
natural mortality (M), i.e. Z = F + M. In the absence of fisheries (as is almost the case in the Northwest Atlantic for
Atlantic salmon), Z is essentially equal to M.

Some of the factors contributing to natural mortality could be characterized by an environment sighal (as in the
currently used model) and predation (Section 2.4.6). The survival model with these two variables could be written
(Hilborn and Walters 1992);

N{IN = e-(al&ed +BEnv +c)
where N, and N, are as previously defined

Pred = variable measuring predator abundance (absolute or relative)

Env = variable describing the environmental factor (absolute or relative)

o = coefficient of the relative instantaneous mortality per unit predator

B = coefficient of the relative instantaneous mortality per unit of environment
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c = constant proportional mortality

This formulation differs from the model currently used because the variables are considered to have a proportional
effect on instantancous mortality, For both variables, the relative instantaneous mortality is constant and independent
of size of the salmon. But overall mortality is a function of relative levels of the variables. For example, as relative
predator abundance increases, the overall mortality increases. But the relative change in mortality rates would decline
as the variables increase. The relative change in mortality is always less than the relative change in the variables. In
the absence of any predator or environment effect modifying survival, then survival is proportional to abundance.

The coefficients of the paramelers could be estimated under a linear model assumption after transformation:

In(NyN,} = -(c + oPred + BEnv) + &
where In() refers to a natural logarithm transformation
£ is the residual error, assumed N(0, &)

A preliminary exploration of this model was undertaken using the data derived in other sections of the report. Since
there are no estimates of total smolt production for the North American Commission area, a relative index of smolt
production was determined using the smolt counts and juvenile surveys from the rivers in eastern Canada and USA
(Section 4,2.1), Since 1971, the relative index of smolt production from e¢astern North America has increased by a
factor of three with relative smolt production generally constant since 1936 (Figure 4.2.1.7).

PFA was considered as the sum of the maturing and non-maturing components to eastern North America (Table
42.3.3,4234), The predator index was the population size of harp seals in the Northwest Atlantic (Section 2.4.10).
The environmental variable was the February habitat index in the Northwest Atlantic as described in Section 5.6.1
(Table 5,6.1.1).

PFA abundance is negatively associated with the index of relative smolt production from North America (Figure
5.7.3.1). Both February habitat index and predators are significantly correlated with the relative survival; habitat is
positively associated whereas predators are negatively correlated (Figure 5.7.3.2). When both the habitat and predator
variables are included, the habitat variable becomes non-significant (P »0.5). The year variable is also negatively
correlated with the relative survival which should not be surprising since both the habitat index and the predator index
are also significantly correlated whereas the relative smolt index is positively correlated (Figure 5.7.3.2). The ahsence
of contrasting states in the variables examined inhibits the testing of alternative hypotheses to describe the observed
declines in Atlantic salmon sorvival rates.

From this preliminary analysis, it can be concluded that:

1. the increased relative smolt production from North America has been insufficient to compensate for the increased
mortality factors on Atlantic salmon;

2. the observed decling in relative survival associated with the increased relative smolt production is not sufficient to
draw any conclusions on the nature of the mortality function, i.c., density dependent or density independent; and

3. in the absence of evidence for density-dependent mortality of Atlantic salmon at sea, the objective of achieving
conservation in all salmon rivers of eastern North America remains valid.

5.8 Data Deficiencies and Research Needs in the WGC area
5.8.1 Progress on data deficiencies and research needs in the WGC area

Some progress was made on the recommendations for resolving data deficiencies and research requirements made in
the 1998 report. First, the catch reporting system was improved for records of local sales and food fishermen over
previous years. In order to improve the recording of local sales and food catches, individual fishermen were required
to directly report their catches. However, in spite of these improvements, a relatively high proportion of the total food
fishery catch is thought to be have been unreported. Second, as the food fishery was spatially and temporally more
diverse than the commercial fishery had been, the sampling programme in 1998 did not adequately cover the
landings. The Working Group felt that further improvements in both catch statistics and sampling are required and
accordingly reiterates last year's recommendations,
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5.8.2 Recommendations for 1999

196

The mean weights, sea and freshwater ages and continent of origin are essential parameters to provide catch
advice for the West Greenland fishery. As these parameters arc known to vary over time, the Working Group
recommends that the sampling programme, which occurred in 19935-98, be continued and improved to spaually
and temporally cover as much of the landings as possible.

Efttorts should be made to improve the esnmatcs of the annual catches of salmon taken for local consumpﬂon at
West Greenland.

The catch options for the West Greenland fishery are based almost entirely upon data derived from North
American stocks (with the current exclusion of Labrador, see Section 4.6). In view of the evidence of a long-term
decling in the European stock components contributing to this fishery (southern European non-maturing 15W
recruits) the Working Group emphasised the need for information from these stocks to be incorporated into the
assessments as soon as possible. : -

The bootstrapping approach to improve confidence intervals for the prc-hshery abundance forecast error estimates
shows promise, and should be explored further,

The ‘_Working Group recommends that an evaluation be conducted on the present reliability of the PFA estimate.
An initial approach is to determine what fraction of the PFA estimate is directly based on catches and assessed
returns (hard data), and what fraction results from less certain information such as scaling Iactors for potential

productive habitat.

It is recommended that the extent of the measurement error inherent in the run-reconstruction model should be
estimated to describe the potential bias in thc mode and the description of uncertainty associated with the forecast.

The inclusion of measurement error in the forecast model increases the uncertainty of the forecast and under
increased uncertainty, alternative risk levels to the 50% point should be considered, consistent with the
precautionary approach.

Other indices of adult salmon abundance should be examined and used as prior information to constrain the
plausible range of abundance levels. :

Alternative models should be explored (for cxample ditferent predictive variables, model formulations, univariate
time scrics, non-parametric change-of-state analyses) to provide somc index of plawsibility of the quantitative
forecasts.




Table 5.1.1.1. Nominal catches of salmon, West Greenland 1960-98 (metric tons round fresh

weight).
Year Norway  Faroes Sweden Denmark Greeniand' Total  Quota®
1960 - - - - 60 60 -
1961 - - - - 127 127 -
1962 - - - - 244 244 -
1963 - - - - 466 466 -
1964 - - . - 1539 1539 -
1965 2 36 . . 825 861 -
1966 32 87 - - 1251 1370 -
1967 78 155 - 85 1283 1601 -
1968 138 134 4 272 579 1127 -
1969 250 215 30 355 1360 2210 -
1970 270 259 8 358 1244 2146° -
1971 340 255 - 645 1449 2689 -
1972 158 144 - 401 1410 2113 1100
1973 200 171 - 385 1585 2341 1100
1974 140 110 - 505 1162 1917 1191
1975 217 260 - 382 17N 2030 1191
1976 - - - - 1175 1175 1191
1977 - - - - 1420 1420 1191
1978 - - - - 984 084 1191
1979 - - - - 1395 1395 1191
1980 - . - - 1194 1194 1191
1981 - - - - 1264 1264 1265°
1982 - - - - 1077 1077 1253°
1983 - - - - 310 310 1191
1984 - " - - 297 297 870
1985 - - - - 864 864 852
1986 - - - - 960 960 Y09
1987 - - - - 966 966 935
1988 - - . - 893 893 S
1989 - - . - 337 337 -
1990 - - - - 274 274 J
1991 - ; - - 472 472 840
1992 - - . . 237 237 258"
1993 - - - - 0 0° 89’
1994 - - - - 0° 0’ 137
1995 - - - - 83 83 77
1996 - - - - 92 92 174
1997 - - - - 58 58 57
1998 - - - - 11 11 20"

! For Greenland vessels: all catches up to 1968 were taken with set gillnets only; after 1968, the catches were taken with set
gillnets and drift nets. All non-Greenland catches 1969-75 were taken with drift nets.

2 Quota figures apply to Greenland fishery only.

? Figures not available, bot catch is known to be less than Faroese catch.

* Including 7 t caught on longline by one of two Greenland vessels in the Labrador Sea early in 1970.

* The fishery was suspended.

% Quota corresponding to specific opening dates of the fishery.

7 Quota for 1988-90 was 2,520 t with an cpening date of 1 August and annual catches not to exceed the annual average (840 t) by
more than 10%. Quota adjusted to 900 tin 1989 and 924 t in 1990 for later opening dates.

8 Set by Greenland authorities.

* Quotas were bonght out.

1% Fishery restricted to catches used for internal consumption in Greenland.
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Table 5.1.1.2. Distribution of nominal catches (metric tons), Greenland vessels.

Total

NAFO Division Total East
Year 1A 1B IC ID 1E 1IF NK Westgrl. Greenland 6 Gr
ee
nl
an
d
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 o4 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 8 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 - - - - e e - - -
1995 + 10 28 17 22 5 - 83 2 85
1996 + + 50 & 23 10 - 92 + 92
1997 I 5 15 4 16 17 - 58 1 59
1998 1 2 2 4 1 2 - 11 - 11

'} The fishery was suspended

+) Small catches <05t

-} No commercial landings
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Table 5.1.2.1. Size of biological samples and percentage (by number) of North American and
European salmon in research vessel catches at West Greenland (1969-82), from commercial
samples (1978-92 and 1995-97), and from local consumption samples (1993).

Sample size Continent of origin (%)

Source Year Length  Scales NA (95%CI) E (95%CI)
Research 1969 212 212 51 (57.44) 49 (56,43)
1970 127 127 35 4320 65  (75,57)

1971 247 247 34 (40,28) 66 (72,50)

1972 3488 3488 36 (37,34) 64  (66,63)

1973 102 102 49  (39,39) 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)

1977 - - 45 - 55 -

19782 606 606 38 (41,34) 62 (66,59)

19783 49 49 35  (69,41) 45 (59,31)

1979 328 328 47 (5241 53 (59,48)

1980 617 617 38 (62,54) 42 (46,38)

1982 443 443 47 (52,43) 53 (58,48)

Commercial 1978 392 392 52 (3747 48 (5343
1979 1653 1653 30 (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  (64,60h 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 20394 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 9360 2227 56 (60,52) 44 (43,40)

1990 4897 1208 75 (79,70) 25 (302D

1991 5005 1347 65 (69,61) 35 (39.31)

1992 6348 1648 54 (57,50) 46 (50,43)

1995 2045 2045 65 (69,61) 35 (39,31

1996 334 1297 55 (67.42) 45  (58,33)

1997 794 282 60  (66,53) 40 (45,34

Local cons. 1998 540 406 79 (84,73) 21 {27,16)

1 C1 — confidence interval calculated by method of Pella and Robertson (1979)

for 1984 -86 and by binomial distribution for the others.

2 During Fishery.

? Research samples after fishery closed.
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Table 5.1.2.2. The weighted proportions and numbers of North American and European Atlantic
salmon caught at West Greenland 1982-98. Numbers are rounded to the nearest hundred fish.

Proportion weighted
by catch in number - Numbers of Salmon caught
Year NA E NA E
1982 57 43 192200 143800
1983 40 60 39500 60500
1984 54 46 48800 41200
1985 47 53 143500 161500
1986 59 41 188300 131900
1987 59 41 171900 126400
1988 43 57 125500 168800
1989 55 45 65000 52700
1990 74 26 62400 21700
1991 63 37 111700 65400
1992 45 55 46900 38500
1993 - - - -
1994 - - - -
1995 65 35 20700 11200
1996 53 47 16800 15200
1997 61 39 13000 8300
1998 78 22 3100 900
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Table 5.1.3.1. Annual mean fork lengths and whole weights of Atlantic salmon caught at West Greenland, 1969-92 and 1995-98.

Fork length (cm); whole weight (kg). NA = North America; E = Europe.

Wholc weight (kg) Fork length (cm)
Sea age & origin Sea age & origin
1SW 2S8W PS All sea ages TOTAL 1SW 258W PS
Year NA E NA E NA E NA E NA E NA E NA E
1969 312 3.76 5.48 5.80 - 513 3.25 3.86 3.58 65.0 68.7 77.0 80.3 - 753
1970 2.85 3.46 5.65 5.50 4.85 380 3.06 3.53 3.28 64.7 68.6 81.5 82.0 78.0 75.0
1971 2.65 3.38 4.30 - - - 2.68 3.38 3.14 62.8 67.7 720 - - -
1972 2.96 3.46 585 6.13 2.635 4.00 3.25 3.55 3.44 64.2 67.9 80.7 824 61.5 69.0
1973 3.28 4.54 947 10.00 - - 3.83 4.66 4.18 64.5 70.4 88.0 96.0 61.5 -
1974 3.12 3.81 7.06 8.06 342 - 3.22 3.86 3.58 64.1 68.1 82.8 874 66.0 -
1975 2.58 3.42 6.12 6.23 2.60 4,80 2.65 3.48 312 61.7 67.5 80.6 822 66.0 75.0
1976 2.55 3.21 6.16 7.20 3.55 .57 2.75 3.24 3.04 61.3 65.9 80.7 B7.5 72.0 70.7
1977 - - - - - - - - - - - - - - -
1978 2.96 3.50 7.00 7.90 2.45 6.60 3.04 3.33 3.35 63.7 67.3 83.6 - 60.8 85.0
1979 2.98 3.50 7.06 7.60 392 6.33 312 3156 334 63.4 66.7 81.6 853 61.9 820
1980 2.98 3.33 6.82 6.73 3.35 3.90 3.07 338 322 64.0 66.3 829 83.0 67.0 70.9
1981 2.7 3.48 6.93 7.42 412 3.65 2.89 3.58 3.17 62.3 66.7 82.8 84.5 72.5 -
1982 2.9 3.21 5.59 3.59 3.96 5.66 292 3.43 3.11 62.7 66.2 78.4 77.8 714 80.9
1983 2.54 3.01 5.79 5.86 3.37 355 3.02 314 3.10 61.5 65.4 81.1 B1.5 68.2 70.5
1984 2.64 2.84 5.84 5.77 3.62 5.78 3.20 3.03 3.11 623 63.9 80.7 80.0 69.8 79.5
1985 2.50 2.89 542 545 5.20 4.97 2.72 3.01 2.87 61.2 64.3 78.9 78.6 79.1 77.0
1986 275 313 6.44 6.08 3.32 4.37 2.89 3.19 3.03 62.8 63.1 807 798 66.5 734
1987 3.00 320 6.36 5.96 4.69 4.70 3.10 3.26 3.16 64.2 65.6 81.2 79.6 74.8 74.8
1988 2.83 3136 6.77 6.78 4.75 4.64 293 14 3.18 63.0 66.6 82.1 82.4 74.7 738
1989 2.56 2.86 5.87 577 423 5.83 21 2.99 2.87 62.3 64.5 8.8 81.0 73.8 822
1990 2,53 261 6.47 5.78 3.90 5.09 267 2.72 2.69 62.3 62.7 834 81.1 72.6 78.6
1991 242 2.54 5.82 6.23 5.15 5.09 2.57 2.79 2.65 61.6 62.7 80.6 822 81.7 80.0
1992 2.54 2.66 6.49 6.01 4.09 5.28 2.86 2.74 2.81 62.3 63.2 834 81.1 774 82.7
1995 242 2.62 6.45 5.30 3.80 3.96 2.51 2.70 2.58 61.2 62.6 82.1 78.5 71.5 72.8
1996 2.67 275 6.56 6.20 5.19 4.94 2.94 2.83 2.88 63.0 63.4 81.3 81.6 78.2 77.0
1997 2.62 2.74 7.49 - 5.63 3,55 2.70 2.74 2792 62.6 63.1 85.3 - 842 69.0
1998 2.72 2.83 6.44 - 3.28 477 276 2.84 2.78 62.0 62.7 84.0 - 66.3 76.0
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Table 5.1.3.2. River age distribution (%d)
salmon caught at West Greenland, 1968-92 and 1995-98,.

for all North American and European origin

River age
Year 1 2 3 4 5 6 7 8
North American :
1968 0.3 19.6 40.4 21.3 16.2 2.2 0.0 0.0
1969 0.0 27.1 458 19.6 6.5 0.9 0.0 0.0
1970 0.0 58.1 25.6 11.6 2.3 2.3 0.0 0.0
1971 12 329 36.5 16.5 0.4 3.5 0.0 0.0
1972 08 31.9 514 10.6 39 1.2 0.4 0.0
1973 2.0 40.8 34.7 18.4 2.0 2.0 0.0 0.0
1974 09 36.0 36.6 12.0 11.7 26 0.3 0.0
1975 04 17.3 47.6 24.4 6.2 4.0 0.0 0.0
1976 0.7 42.6 30.6 14.6 10.9 0.4 0.4 0.0
1977 - - - - - - - -
1978 27 319 43.0 13.6 6.0 2.0 09 0.0
1979 472 399 40.6 11.3 2.8 1.1 0.1 0.0
1980 5.9 36.3 329 16.3 79 0.7 0.1 0.0
1981 35 316 37.5 19.0 6.6 1.6 02 0.0
1982 1.4 3779 38.3 15.9 58 0.7 0.0 0.2
1983 3.1 47.0 32.6 12.7 37 0.8 0.1 0.0
1984 4.8 51.7 289 9.0 4.6 0.9 02 0.0
1985 5.1 41.0 357 12.1 4.9 1.1 0.1 0.0
1986 2.0 39.9 334 20.0 4.0 0.7 0.0 0.0
1987 3.9 41.4 31.8 16.7 58 04 0.0 0.0
1988 5.2 31.3 30.8 20.9 10.7 1.0 0.1 0.0
1989 79 39.0 30.1 15.9 5.9 1.3 0.0 0.0
1990 8.8 453 307 121 2.4 0.5 0.1 0.0
1991 52 33.6 43.5 12.8 3.9 0.8 0.3 0.0
1992 6.7 36.7 34.1 19.1 32 0.3 0.0 0.0
1995 5.3 291 35.2 202 84 1.9 0.0 0.0
1996 7.4 238 33.2 219 10.7 0.9 0.2 0.0
1997 2.0 18.7 453 16.7 16.0 1.3 0.0 0.0
1998 0.4 204 50.4 22.9 2.9 25 0.4 0.0
Mean 4.3 36.2 35.9 16.2 6.1 1.1 0.1 0,0
European
1968 21.6 60.3 15.2 2.7 0.3 0.0 0.0 0.0
1969 0.0 83.8 16.2 0.0 0.0 0.0 0.0 0.0
1970 0.0 90.4 9.6 0.0 0.0 0.0 0.0 0.0
1971 9.3 66.5 19.9 3.1 1.2 0.0 0.0 0.0
1972 11.0 71.2 16.7 1.0 0.1 0.0 0.0 0.0
1973 26.0 58.0 14.0 2.0 0.0 0.0 0.0 0.0
1974 229 68.2 8.5 0.4 0.0 0.0 0.0 0.0
1975 26.0 53.4 18.2 2.5 0.0 0.0 0.0 0.0
1976 23.5 67.2 34 0.6 0.3 0.0 0.0 0.0
1977 - - - - - - - -
1978 26.2 65.4 32 02 0.0 0.0 0.0 0.0
1979 23.6 64.8 11.0 0.6 0.0 0.0 0.0 0.0
1980 258 36.9 14.7 2.5 02 0.0 0.0 0.0
1981 154 67.3 15.7 1.6 0.0 0.0 0.0 0.0
1982 15.6 56.1 23.5 4.2 0.7 0.0 0.0 0.0
1983 347 50.2 12.3 2.4 0.3 0.1 o1 0.0
1984 227 56.9 15.2 4.2 09 0.2 0.0 - 00
1985 20.2 616 14.9 2.7 0.6 0.0 0.0 0.0
1986 19.5 62.5 15.1 2.7 0.2 0.0 0.0 0.0
1987 19.2 62.5 14.8 3.3 0.3 0.0 0.0 0.0
1988 184 61.6 17.3 23 0.5 0.0 0.0 0.0
1989 18.0 61.7 17.4 2.7 0.3 0.0 0.0 0.0
1990 15.9 56.3 23.0 4.4 0.2 0.2 0.0 0.0
1991 20.9 47 4 26.3 4.2 1.2 0.0 00 0.0
1592 11.8 38.2 428 6.5 0.6 0.0 0.0 0.0
1995 14.7 54.9 27.5 3.0 0.0 0.0 0.0 0.0
1996 7.6 492 31.5 10.2 1.3 0.2 0.0 0.0
1997 3.6 55.0 37.8 27 0.9 0.0 0.0 0.0
1998 28.6 60.0 7.6 2.9 0.0 1.0 0.0 0.0
Mean 19.6 59.8 2.9 0.4 0.0 0.0 0.0
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Table §.1.3.3. Sea-age composition (%) of samples from commercial catches at West Greenland,

1985-98.
North American European

Year Previous Previous

1SW 2SW Spawners 1SW 2S8W SpAWDeIs
1985 92.5 7.2 0.3 95.0 47 0.4
1986 95.1 39 1.0 97.5 1.9 0.6
1987 96.3 2.3 1.4 98.0 1.7 0.3
1988 96.7 2.0 1.2 98.1 1.3 0.5
1989 923 52 24 95.5 3.8 0.6
1990 95.7 3.4 0.9 96.3 30 0.7
1991 95.6 4.1 0.4 934 6.5 0.2
1992 919 8.0 0.1 97.5 2.1 0.4
1993 - - - - - -
1994 - - - - - -
1995 97.3 13 1.4 96.0 2.5 1.6
1996 g2.1 5.4 2.5 97.1 1.7 1.2
1997 98.0 0.9 1.1 99.7 (.5 0.8
1998' 96.8 0.5 2.7 99 4 0.0 0.6

! Catches for local consumption only.
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Table 5.3.1 Parameters used for calculating TACs for Greenland according to the salmon quota allocation
computation model, agreed by NASCO in 1993,

1993 1994 1995 1996 1997 1998

NA spawning target: 193741 193741 186486 180495 180495 183852
M per month: 0.01 0.01 0.01 0.01 0.01 0.01
No. of months 11 1 11 11 11 11
M (in migration period): 0.11 0.11 0.11 0.11 0.11 0.11
Sp. target reserve (NA): 216269 216269 208170 201483 201483 205230
Pre-fishery abundance (PFA): 257828 280250 244000 190000 196858 113899
f_NA: 0.4 0.4 0.4 04 04 0.4
WT1SWNA: 2525 2525 2525 2420 2647 2623
WTI1SWE: 2660 2660 2660 2620 2750 2740
PropNA: 0540 0540 03540 0392 0557 0584
ACF. 1121 1121 1121 1133 1133 1.118
Max allow. harvest (MAH), NA-fish: 41559 63981 35830 -11483 4625 -01331

Surplus for harvest in Gtl. of NAISW: 1624 25592 14332 4593 -1850 -36532

Surplus of harvest in Grl. of EISW: 14161 21801 © 12209  -3162  -1472 -25980
TAC in Greenland (numbers): 30785 47393 26541 0 0 0
TAC (tons): 39 137 77 0 0 0

Table 5.3.2 Calculated numbers of salmon returning to home waters provided no fishing took place in
Greenland. Average number of potentially returning salmon per ton caught in Greenland is also

given.
Year 1993 1994 1995 1996 1997 1998
Catch at Greenland {tons): 89 137 83 92 58 11
Proportion of NA fish in catch (PropNA): 0.540 0540 0630 0550 0.600 0.790
Proportion of EU fish in catch (PropEU): 0460 0460 0350 0450 0400 0.210
Mean weight, NA fish, all sea ages (kg): 2.860 2.860 2510 2940 2700 2760
Mean weight, BEU fish, all sea ages {kg): 2740 2740 27700 2.830 2740 2840
Mean weight of all sea ages (NA+EU fish): 2,805 2805 2577 2891 2716 2777
Proportion of 1SW fish in catch; 0919 0919 0969 0921 0980 0968
Catch of 1SW NA fish: 15492 23850 20828 15851 12631 30438
Catch of 15W EU fish: 13774 21206 10426 13473 8298 787
Natural mortality during migration: 0.10 0.10 0.10 0.10 0.10 0.10

Additional fish if no fishery at Greenland:
28W fish returning to NA (numbers): 14017 21580 18846 14343 11429 2758
25W fish returning to EU (numbers): 12464 19188 9434 12191 7508 712

Average number of salmon potentially returning to home waters per ton caught in Greenland:
25W fish returning to NA (numbers per ton, average of 1993-1998): 176
28W fish returning to EU (numbers per ton, average of 1993-1998): 131
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Table 5.6.1.1. Pre-Fishery abundance estimatas, thermal habitat index for February based on sea surface temperature,
lagged spawner index for North America excluding Gulf and US spawners (SNLLQ), results of a jackknife cross-validation
of the forecast model, and simulated forecasts.

Themal Jackknife

Pre-Fishery Abundance Habitat |Lagged Spawners Cross-Validation
Year Low High Mid February Low High Mid Prediction | Residuals
1971 578,955 726,609 652,827 2,011 T
1972 557,789 733,183 645486 1,990
1973 672,662 B67,737| 770,200 1,708
1974 623,993| 800,812 712,403 1,862
1975 710,244 904,537| 807,391 1,827
1976 610,837 826,772 718,805 1,676
1877 506,934 667,717 587,326 1,915
1978 288,809| 371,345[ 330,077 1,951 35,441 81,978 58,710| 495,467 -165,390
1979 630,107 831,343 730,725 2,058 42 640 94,840 68,740 602,969 127,755
1980 549,070 720,314 639,192 1,823 43,222 97,219 70,221] 568,465 70,726
1981 527,385 684484 605935 1,912 43,287 97,645 70,466] 612,807 -6,972
1982 439,899 567.062| 503,481 1,703 43,393 98,396 70,895| 553,105 -48,624
1983 236,421 337,375 286,898 1,416 40,425 91,991 66,208| 396,013 -108,115
1984 245428) 347472 296,450 1,257 37,658 84,098 60,878) 237,111 59,338
1985 399,013 538,538| 468,776 1.410 39,305 83,265 61,285} 267,981 200,794
1986 435,092 575,040 505,066 1,688 39,8591 89,038 64,464| 442924 62,141
1987 398,157 527.749| 462,953 1,627 36,298 - 87453 61,875] 383,103 79,849
1988 317,617 423,435| 370,526 1,698 37,061 83,602 30,331| 389,013 -18,487
1989 241,038| 345,076 293,057 1,642 41,044 86,394 64,189] 442,898 -149 841
1990 218,194 295,743 256,969 1,503 40,952 81,826 61,389 342,161 -85,192
1991 2497021 348471 299,086 1,357 37,575 73,152 55,364| 185,746 113,339
1992 143,913 215,597 179,755 1,381 35,591 71,572 53,582) 179,741 13
1983 95337 178,931 137,134 1,252 38,381 79,473 58,927 228,371 -91,237
1994 109,491 212,937 161,214 1,329 38,395 75,957 57,176| 220,273 -59,059
1995 117,379] 195,601] 156,490 1,311 36,738 70,104 53421 153,143 3,346
1996 97,740 155,435| 126,588 1,470 33,488 61,737 47,612 120,414 6,173
1997 69,710 126,088 97,899 1,594 29,823 55,178 42,500 81,919 15,979
1998 1,849 25,593 50,477 38,035 989956 1
1999 1,741 25,587 52,506 39,047 79,450 1

1. Simulated forecast values.
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Table 5.6.2.1

Results of analysis of prefishery abundance {MN1} on February

thermal habkitat (H2) and North American spawners (SILNQ), 1978-97.
Genieral hinear Models Procedure
Dependent Variable: NN1
Sum of Mean
Source DF Sguarea Sguare F Value | Pr > F
Model 2 530671065624 265335532812 37.44 0.0001
Brror 17 120469105657 7086417380
Corrected Total 19 651140171281
R-Sguare c.V. Rooct MSE NN1 Mean
0.814987 24.37104 84180.865 345413 .55
Source DF Typa I S8 Mean Sguare F Value Pr > F
H2 1 3511846939545 351184699546 49 .56 0.0001
G_Us 1 179486366078 1794863466078 25.33 0.0001
Source D " Type III 88 Mean Sguare F Value Pr » F
H2 1 97115957923 97115957923 12.70 0.0018
G_Us 1 179486366078 179486366078 25.33 0.0001
Regression statistics
T for HO: Pr > |T| Std Error of
Parameter Estimate Parameter=0 Estimate
INTERCEPT -1087783.498 -6.50 0.0001 167284 .3934
H2 34;.585 3.70 0.0018 92.2713
G_Us 14.852 5.03 0.0001 2.5511
Summary of Stepwise Procedure for Dependent Variabla NN1
Variable Number Partial Model
Step Entered Removed In R**2 R**2 C(p) F Prob>F
1 G_Us 1 0.6658 0.6558 14.7045 35.8664 0.0001
2 HZ2 2 0.1451 0.8150 3.0000 13.7045 0.0018
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Table 5.6.2.2 Estimate of pre-fishery abundance in 1999,
forecasted by H2-SNLQ regression modei of
probability levels between 25 and 75%.

Cumulative Density

Function % Forecast
25 795
30 18,398
35 34,579
40 49 917
45 64,810
50 79,450
55 94,097
60 108,959
65 124,344
70 140,537
75 158,302

Table 5.6.3.1 Quota options (mt) for 1999 at West Greenland based on H2-SNLQ regraession forecasts
of fishery abundance. Proportion at West Greenland refers to the fraction of harvestable

surplus allocated to the West Greenland fishery. The probability level refers to the
pre-fishery abundance leveis derived from the probability density function,
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Figure 5.1.2.1 Numbers of North American and European Atlantic salmon caught at West

Greenland 1982-92 and 1995-98,
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Figure 5.3.1.

North American salmon as 1SW saimon in North America and Greenland

Extant exploitation of the non-maturing component of

from the run reconstruction statistics.
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Thermal Habitat Index

Figure 5.6.1.1 Thermal habitat index for February and
‘lagged spawners (SNLQ).
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Figure 5.6.2.1. Bivariate relationships between independant
variables lagged spawners {A) and thermal habitat (B) used
in forecast model and pre-fishery abundance of non-maturing
fish. Open symbol are for 1997 PFA.
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Figure 5.6.2.2. Observed estimates, jackknifed historical predictions,
and deterministic forecasts (A) of pre-fishery abundance. Residual
pattern from jackknited predictions (B).
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Figure 5.6.2.3. Jackknifed predictions versus observed (A) and

residuals versus observed (B) pre-fishery abundance. Open
symbols, 1997.

800
700 e

600 - -
500 -
400 -
300 -
200 -
100 -

A e

' | ' | ! | ' I ! | v |

|
0 100 200 300 400 500 600 700
Observed (000s)

800

213



Figure 5.6.4.1. Theoretical risk analysis plots showing the risk-prone and risk-averse zones relative
to the uncertainty of the stock assessment.
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Figure 5.6.4.2. Distributions and probabilities of prefishery abundance forecasts for 1999 (upper
panel), number of North American origin salmon captured in a 100 t fishery at West Greenland in
1999 (middle panel) and the post-fishery returns to North America in 2000 (bottom panel).
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Figure 5.6.4.3. Summary of the distributions of the predicted biclogical characteristics of Atlantic
salmon at West Greenland in 1999 generated from 1000 resampling events. The distribution of the
weight of 1SW salmon of European origin is similar to the middle panel.
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Figure 5.6.4.4. Risk analysis (probability of not meeting the conservation requirement in at least one
of the six stock areas in North America) of catch options on the prefishery 1SW non-maturing
salmon component in 1999. Risk is expressed relative to catch options at West Greenland in 1999
without fisheries in North America in 2000 (upper panel) and for combined fisheries at West
Greenland in 1999 and North America in 2000 (lower panel). Exploitation rates in North America
are based on levels varying between 0.15 and (.25 on the returning large salmon (Section 4.1.4).
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81T

Figure 5.7.2.1. Approximate posterior predictive distributions (5000 Monte Carlo simulations) of the 1999 PFA under varying levels of measurement
errors in the PFA and lagged spawner variables. The point estimate without error refers to the mode of the posterior predictive distribution.
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Figure 5.7.3.1. Relationship between estimated PFA of maturing and non-maturing 1SW salmon
relative to the index of smolt production from North America (1972 to 1997).
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Figure 5.7.3.2. Bivariate scatter plots of variables explored in the North American Atlantic salmon -
survival model. Variables are: LNSURYV = In(maturing and non-maturing prefishery abundance
relative 1o the area-weighted smolt index), FEBRUARY = index of habitat in February, SEALS98 =
index of predator abundance based on harp seal population size, SMOLTS = area-weighted relative
smolt index.
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6

6.1

RECOMMENDATIONS

Meetings

The Working Group recommends that it should meet in 2000 to address questions posed by ACFM, including those
posed by NASCO to ICES. To provide catch advice for West Greenland, the Working Group relies upon sea-surface
temperature data which are complete by April 4. Therefore the Working Group should convene at ICES Headquarters
on April 11.

6.2

10.

Data Deficiencies and Research Needs

More research into the biology of salmon in the early marine phase is required and extension of recent research on
the biology of post-smolts is recommended. Competitive interactions with other marine species should be
explored. Additionally, by-catches of post-smolts in marine fisheries for other species should be monitored and
estimates of mortality from this source should be derived. There is a continuing requirement to monitor {rends in
marine mortality for a wider range of stocks than at present, and to ideniify causes for current low levels of
marine survival. In the latter context, it is noteworthy that an ICES Workshop on the Usefulness of Scale Growth
Analyses and Other Measures of Condition in Salmon will be held in Amherst, USA in July, 1999,

It is recommended that a research fishery at Faroes should be continued and that material gained during previous
study should continue to be worked-up.

The quality of data used to set conservation limits should continue to be improved and the PFA model should
continue development. More and better input data should be obtained from a greater range of sources. Data
collection should be targeted at finer scales. New ways of handling data, including GIS applications, and
particularly rew methods for grouping sub-divisions (eg., populations, or alternative divisions based on biological
characteristics such as sea-age or run-timing) should continue to be explored, developed and validated. In
particular, sensilivity analyses are essential to assess the confidence with which data derived from the theoretical
models can be used in an applied management context.

Assessment methods for juvenile salmon and for freshwater habitat parameters should continue to be developed.
Attempts should be made to couple these parameters with adult return parameters, via life-history models of
appropriate scale. Habitat and life-history variables should be used together to examine the extent to which stock-
recruitment relationships from a limited range of index rivers are transferable to other rivers.

The status of southern and central European rivers with respect to Gyrodactylus species. and particularly G.
salaris, should be established without delay. Monitoring of the spread and occurrence of G. salaris should be
encouraged in salmon-producing countries, and in other countries that are possible sources for transfer of the
parasite.

There is an urgent need to monitor salmon returns and develop habitat-based spawner requirements in Labrador
and Ungava regions of Québec.

There is a need to investigate changes in the biological characteristics (mean weight, sex ratio, sea-age
composition} of returns to rivers, spawning stocks, and total recruits prior to fisheries. These data and new
information on measures of habitat and stock recruitment are necessary to re-evaluate existing estimates of
spawner requirements in Canada and USA.

There is a requirement for additional smolt-to-adult survival rates for wild salmon. As well, sea survival rates of
wild salmon from rivers stocked with hatchery smolts should be examined to determine if hatchery return rates
can be used as an index of sea survival of wild salmon elsewhere.

Further basic research is needed on the spatial and temporal distribution of salmon and their predators at sea 1o
assist in explaining variability in survival rates.

The mean weights, sca and freshwater ages and continent of origin are essenfial parameters to provide catch
advice for the West Greenland fishery. As these parameters are known to vary over time, the Working Group
recommends that the sampling programme, which occurred in 1995-98, be continued and improved to spatially
and temporally cover as much of the landings as possible,
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11.

12,

13.

14.

15.

16.

17.

18.
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Efforts should be made to improve the estimates of the annual catches of salmon taken for local consumption at
West Greenland.

The catch options for the West Greenland fishery are based almost entirely upon data derived from North
American stocks. In view of the evidence of a long-term decline in the European stock components contributing to
this fishery (southern Europcan non-maturing 1SW recruits) the Working Group emphaﬂsed the need for
information from these stocks to be incorporated into the assessments as soon as possible.

The bootstrapping approach to improve confidence intervals for the pre-fishery abundance forecast error estimates
shows promise, and should be explored further.

The Working Group recommends that an evaluation be conducted on the present reliability of the PFA estimate.
An initial approach is to determine what fraction of the PFA estimate is directly based on catches and assessed
returns (hard data), and what fraction results from less certain mformauon such as scaling factors for potential
productive habitat.

Tt is recommended that the extent of the measurement error inherent in the run-reconstruction mode! should be
estimated to describe the potential bias in the mode and the description of uncertainty associated with the forecast.

The inclusion of measurement error in the forecast model increases the uncertainty of the forecast and under
increased uncertainty, alternative risk levels to the 50% point should be considered, consistent with r.he
precautionary approach.

Other indices of adult salmon abundance should be examined and nsed as prior information to constrain the
plausible range of abundance levels.

Alternative models should be explored (for example different predictive variables, model formulation s, univariate
time series, non-parametric change-of-state analyses) to provide some index of plansihility of the quantitative
forecasts.




APPENDIX 1

WORKING DOCUMENTS SUBMITTED TO THE WORKING GROUP ON NORTH ATLANTIC SALMON, 1999

Doc. No. 1 Friedland, K. and R. Brown. Forecast estimate of North American stock abundance using bootstrapping

Doc. No.

Doc. No.

Doc. No.

Doc. No.

Poc. No.

Doc. No.
Doc. No.
Poc. No.

Doc. No.

techniques.

2 Friedland, K.D. and D.G. Reddin. Production patterns and thermal conditions in Atlantic salmon post-
smolt nurseries in the northwest Atlantic area.

3 Reddin, D.G., 1.B. Dempson, P. Downton, C.C. Mullins and K.D, Friedland. Migration of Atlantic salmon
kelts (Salmo salar) in relation to sea water temperature in Newfoundland, 1998.

4 Reddin, D.G. Return and spawner estimates Atlantic salmon for insular Newfoundland.

.5 Reddin, D.G., Estimation of the Labrador component of prefishery abundance of North American Atlantic

salmon (Salmo salar) in 1998,

6 Reddin, D.G., P.B. Short, K.D. Friedland and P. Kanneworff, Identification and characteristics of North
Atlantic and European Atlantic salmon (Salmon salar L.) caught at West Greenland in 1998,

7 Reddin, D.G., P.B. Short, T. King and P. Kanneworff, Identification of North American and European
salmon (Salmo salar L) caught at West Greenland in 1993-97,

8 Gudbergsson, G, National report for Iceland the 1998 salmon season.
9 Insulander, C. Naticnat report, Sweden.
10 Insulander, C. The spawning run in the River Dalalven, Bothnian Sea, Baltic.

11 Erkinaro, J. and M. Lansman. National report for Finland — salmon fishing season in 1998,

Doc. No. 12 Erkinaro, J., M. Kaukoranta, N. Popov, A. Lupandin, J. Pautamo, P. Karppinen, P. Heinimaa, T. Makinen

Doc. No.

Doc. No.

Doc. No.

Doc. No.

Doc. No.

Doc. No.

Doc. No.

Doc. No.

Doc. No.

Doc. No

and H. Erkinaro, Salmon stock restoration project in the River Tuloma.
13 Hansen, L.P., A.J. Jensen, P. Fiske, and N A, Hvidsten. Atlantic salmon; national report for Norway 1998.

14 Hansen, L.P., J.C. Holst, A.J. Jensen and B.O. Johnsen, Norwegian spring spawning herring and Atlantic
salmon: do they interact?

15 Erikstad, L., 5.-E. Sloreid and L.P. Hansen. A first approach to estimate Atlantic salmon smolt production
in Norwegian rivers using geographic information systems,

16 Hansen, L.P. Regional catches of 1SW salmon in Norway.
17 Shelton, R.G.J. Post-smolt sampling by FRV Clupea — cruise report.
18 MacLean, J.C. National report for UK (Scotland).

19 MacLean, J.C,, G.W. smith and B.D.M. Whyte. Description of marine growth checks observed on the
scales of salmon returning to Scottish homewaters in 1997.

20 Prévost, E. Stock status of Attantic salmon (Salmo salar) in the Scorff R. (southern Brittany, France) in
1998: smolt production, adult returns, escapement, exploitation and survival rates,

21 Porcher, J.-P. Salmon fisheries and status of stocks in France: national report for 1998,

. 22 Anon. Salmon stocks and fisheries in England and Wales, 1998. Preliminary assessment prepared for
ICES, April 1999,

Doc. No. 23 Potter, E.C.E. What is a “Stock rebuilding programme™?

Doc. No. 24 Potter, E.C.E. Improving ‘PFA’ and ‘CL’ estimates for NEAC area salmon.
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25 Crozier, W.W. Summary of salmon fisheries and status of stocks in UK (Northern Ireland) for 1988,

26 O Maoitéidigh, N., 1. Browne, A.Cullen, T. McDermott, N, Bond, D. McLaughlin, and G. Rogan.
National report for Ireland - the 1998 salmon season.

27 Amiro, PG, and C.J. Harvie. Recruitment of the North American stock of Atlantic salmon (Salmo salar)
estimated from an index of smolt production and either the North American salmon habitat index or the

abundance of Harp seals.

28 Cairns, D.K. and D.G. Reddin. Potential impaa of seal and seabird predation on North American Atlantic
salmon populations, :

29 Montevecchi. W.A_, D.K. Caims and R.A. Myers. Gannet Predation on salmon in the northwest Atlantic.
30 Caron, F. and P.-M, Fontaine. Spawner and return numbers in Québec, 1969-1998.

31 Picard, S.-E. and F. Caron. Determination of the salmon-rearing potential of a salmon river using a habitat
suitability index (HIS).

32 Anon. Adantic salmon Maritime provinces overview for 1998,

33 Fontaine, P-M, F. Caron. Stock-recruitment relationships to define a conservation threshold and targets for
Québec Atlantic salmon rivers,

34 Kanneworff, P. The salmon fishery in Greenland 1993.

35 Meerburg, D, Catch, catch-and-released, and unrepoted catch estimates for Atlantic salmon in Canada

36 Withdrawn.
37 Baum, E. 1998 USA Atlantic salmon stock status report,

38 Holm, M., J.C Holst and L.P. Hansen. Spatial distribution of post-smolts 1990 — 98 in the Norwegian Sea
and adjacent areas in relation to hydrological parameters.

39 Jacohsen, J.A. Status of the fisheries for Atlantic salmon and production of farmed salmon in 1998 by
Faroe Islands

40 Prusov, S., B.F. Prischepa, S.5. Krylova, V.P. Antonova, and V.F, Bugacev. Atlantic salmon fisheries and
status of stocks in Russia, National report for 1998.

41 de ia Hoz, J. Sa]mdn 'ﬁsheries and status of stocks in Spain (Asturias). National report for 1997.

42 de la Hoz, J. Salmon fisheries and status of stocks in Spain (Asturias). National report for 1998.

. 43 Marshall, T.L. Updated estimates of returns and spawners (o Salmon Fishing Area (SFA) 18, Gulf of St.

Lawrence and SFAs 19-21 and 23, Scotia-Fundy, Canada.
44 Short, P.B., R, Johnson and D.G. Reddin. 1998 Atlantic salmon survey, Labrador Sea,

45 Kanneworff, P. Effects on North Amierican and European stocks of the West Greenland management
measures since 1993,
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Appendix 4, Eggs taken and juvenile Atlantic salmon and eggs stocked (excluding private commercial sea ranching).
Blank ficlds indicate data not available.

Estimated number (nearest 1,000) of egge spawned by artificial methods from (Year) sea-ran adults in autumn/winter pefiod of Year / Year +1).
Example = eggs artificially spavned and recorded for 1997 were spawned during the fall/winter period of 1997/1998

Total Egpgs Egps Stocked No. Fry Stocked No. Parr Stocked No. Smolts

Country / Year| Artificially (rounded to nearest 1.000) (rounded to nearest 1,000) (rounded te nearest 100) {rounded to nearest 104}
Spawned Green |  Eyed All Unfed |  Fea | A o+ | 1&1+ | ze> | A 1 J2ormere] an
Belgium
Total | of of  so0m syo00] | | | 763400 of o] 763400] 10400] ol 10400
1990 0 0 15000 150008 51400 0 D 51400 500 D 500)
1991 0 0 0 of 55900 g 0 55900 500 0 500)
1992 of ol 25000 25000} 71500 0 D 71500 700 0 700,
1993 of 0 5000 5000) 47000 0 0 42000 400 0 400
1994 of 0 14000 14000 57400 0 0 57400 1100 0 1100
1995 o 0 0 9 59400 0 D 59400 1800 D 1800
1996 o 0 o] 0 111200 0 0 111200 900 0 900
1997 0 0 0 0 120700 0 0 120700 0 0 0
1998 0 o 0 0 193900 0 0 193900 4500 0 4500
Comments:

{1) All eggs and juveniles stocked are obtained from toreign eggs (french, irish, scottish) which are reared in hatchery in Belgium
(2) Part stocked : parr ¢+ from 30 to 100 mm, with a majority of 50 mm

Canada
Total |  296t6000]  s72000] " 710000] isezooq]  asitzooo]  7aveo0o] zmwazooo]  147s7700]  s0e1000] 179100} 170ss700]  72zameo]  asesooo]  se37e
1990 67420000 0 0 R 6752000 grogoo)  7662000] 2237500 62200 1400 2301100 803000] 229600 1032600)
1991 2734000 o 0 g 5657000 689000] 6376000 1953400 55500 2600 2011500 802600] 177900 980500
1992 2604000) 0 0 of 3151000 948000{ 4099000 1743800 174200 2900 1920900 775600 211600 987200
1993 1088000 0 0 9 3578000 6s0000]  42s8000] 1395000 157300] 15700 1568900 s04000] 148500 952500
1994 1749000 0 0 0 2923000 gr0000]  3ssaoo0] 1269200 sso00] 14200 1339300 721200] 156100 877300
1995 1279000 0 0 0 1183000 617000] 1800000 1396700 1521000 106000 1654800 796300] 293000 1089300
1996 1196000 0 D 0 1963000 8s55000) . 2misoon 1720200 45400 0 1765600 874500 44000 915500
1997 6996000  870000]  ssooon] 1420000 1573000 1535000] 3108000 1578600, 343300{ 25500 1947400 1061000] 183900 1244900
1998 5234000 2000  160000] 162000 1303000 3320000 1635000 1492400]  10a6000] 10800 25492000 639500] 112400 757900
Comments:

(1) Total eggs artificially spawned includes some egg collections from captive sed run Kells,
() Gggs adificially spawned, 1994-1996, incomplete; eggs and unfed fry in 1997 are provisional.




Denmark

Total | | | sas00]  1s4600]  3esoo0] 2218300 2586300]  seas00]  1oaro0] 968600
1990 50100 50100 10000] 139900 150800 25900 0 25900
1991 7600 7600 38000 131800 140600] 120300 0 120300
1992 7300 7300 os00] 139700 o] 135700 0 135700
1993 5300 S800 36000] 105700 r00]  109300] 30800 140100
1994 11800 11800 900 178400 207300 70100] 46600 116700
1995 0 0 10300] 395000 405300 85200 6000 91200
1996 4000 4000 of 45000 soro0] 116100 0 116100
1997 0 0 of 464600 asi600] 106400 0 106400
1998 68000 68000,  263600] 212500 a76100)] 9s500] 20700 116200

Finland

Total | of 0| 0 of of 0 o g of of of 0] of
1990 0 of 0 0 of 9 R o 0 of of of 0 0
1991 0 ol o 0 of 0 d 0 of o o o 0
1992 0 of o 0 of 9 0 of 0 of 0 of 0 0
1993 0 q of 0 of 9 0 o 0 of 0 B 0 0
1994 0 o | 0 of d 0 o] 0 o o] 0
1995 0 o o 0 of 9 0 o 0 of 0 o q 0
1996 0 o | of of 0 of 0 of 0 o o 0
1997 0 of of I 0 0 0 of 0 o 0 of of 0
1998 0 of o 0 0 0 0 o 0 of 0 of 0 0

ceg




Fel

France
Total | ol 296000]  29e000f  19s2000] 120740000  14025000f  3ssseoo] 717400 of  aeoz300]  1498400f 1291000 1627500
1990 0 0 0 134000 yr000f 711000 a06400] 100700 0 s07100] aao00] 23500 67500
1991 0 0 o 58000 S70000 628000 903400 1100 0 9043500 103200] 72500 175700
1992 0 0 q 113000 est000] 770000 289100 111300 0 400400 114600 9400 124000
1993 0 94000 94000' 332000 T09000 1061000 320100 131600 0 4517004 189200 13100 202300
1994 0 0 q 58000 seso00] 626000 342500 85900 0 428400 207200 6500 213700
1995 0 0 0 t1oo00]  2441000]  aseoooo]  4es200 77700 0 545900 277100 800 277900
1996 0 0 0 to000]  24te000]  2726000] 477900 120600 0 598500 248500 0 243500
1997 of 520000  so000]  420000] 2108000  os2000] 264000 48000 0 312000 163700 0 163700)
1998 of 1s0000f 150000 1ss000] 2228000 2416000 414300 40500 0 454800 150900 3300 154200)
Iceland
Total | 0 0 of  13esooo]  aestooo]  swesoood 1173500 0 of  umsoo]  37ossoof  71600] 3870000
1990 0 0 0 307000 gsnooo] 967000 97000 0 0 97000 259500 5400 264900
1991 0 0 0 109000 gs7000] 796000 110600 0 0 110600 331700 0 331700
1992 0 0 0 25000 aasooo] 713000 134100 0 0 34100 427800 0 427800
1993 0 0 0 97000 sa7000] 644000 33400 0 0 33400 362300 0 362300
1994 0 0 0 240000 s25000] 765000 51500 D 0 515 304400 2000 306400
1995 0 0 0 287000 sze000] 723000 112300 0 0 112300) 334300 5000 139300
1996 0 0 0 91000 assooo] 549000 263100 0 0 231000 645000 3500 648500
1997 0 0 0 129000 sa1000f 470000 118400 0 0 11400 e17800] 11000 628800
1998 0 0 0 $0000 289000] 369000 253100 0 0 2s3100]  siseonj 44700 560300




Ireland

GeT

Total |  32853000] 1637000]  1637000] 11420000  a30soo0]  1ss1sooo] 1476200 0 0 1762000 1776100] 100 1776200
1990
1991
1992
1993
1994
1995 6751000} 113000{ 113000 a64000] 30320000 3496000 438500 488500 295200 295200
1996 7322000f 186000]  186000] 3209000 207000] 3426000 307200 307200 520200 520200
1997 8189000] 26000  226000] 3588000 644000]  4232000) 331600 0 0 1316008 500400 100 500500
1998 10531000f 11120000 1112000 4159000 5020000 4661000) 348900 143900 460300 460300| -

Norway

Total | | syroo0]  1osesooof  as7o00]  1413s000]  sisasoo|  e23900]  20e100f  eviasoof 0 o] 1704900
1990
1991
1992 327000 254000  S81000] 745900 17100{ 59700 82270 65600
1993 2230000 s230000  2753000] 1043800 amo0] 750000 1166000 277400
1994 1788000 7830000 2571000]  ooovoo] 126400 0 1036300 320200
1995 42004 2287000 490000/ 2777000' 975500 232000 59400 1266900 333600
1996 gsoo0]  2651000]  1009000f 3660000 776200 3m00] 7800 814300 345700
1997 457000 1262000 siq000(  1796000)  733soo]  170900] 4200 908600 362400
1998

Commenls

(1) 1992 data are incomplete
(2) 1590, 1991, and 1998 data are currently unavailable.
(3 In addition, 195300, 73733, 22000, and 130 Atlantic salmon of unspecified life stages were released from 1993 (0 1996, respectively.



9ce

Russia
Total | 23361000 0 0 of o} 0 of  aems00]  127000]  7ste0o] 1132400 ol s7aas00] 5744600
1990 5431000 0 0 of 0 0 0 130700 130700 o e21000 621000
1991 3492000| 0 ) of 0 0 0 143000 143000} o] 778800 778800
1992 2535000] 0 0 0 0 0 0 57900 57900 ol 773600 773600
1993 1780000§ 0 0 0 0 0 o 250000 250000 ol 600900 00900
1994 22910004 0 0 0 0 0 o 151000 151000 of 360000 360000
1995 2183000] 0 0 o 0 0 of 2000 34000] 55000 306000 ol 270800 270800
1996 2067000 0 0 o] 0 0 ol 0 40000 0 40000 ol 36300 836300
1997 1676000 0 0 of 0 0 9 sog00{ 20000 0 70800 of 669000 £69000
1998 1906000 0 0 o 0 0 0 ol 33000 0 33000 of 34000 834200
Spain
Total |  25t5000] | | isses00]  485300) ol  2oaso)] 285500 0 285500
1990 25000 539500 0 0 539500 17500 ol - 17500
199] 40000 426000 18000 0 444000} 6100 0 610
1992 80000 0 0 0 o 28900 0 28900
1993 40000 0 10900 0 10900 4220 0 42200
1994 230000 0 28100 0 28100 6000 0 6000
1995 200000 74000[ 100000 0 174000 27000 0 27000
1996 270000 of 114800 0 114300 71500 0 71500
1997 680000 85000{ 106000 0 191000 52300 0 52800 5
1998 950000 aao00]  107500] 0 539500} 33500 0 33500

.



Sweden

Total _| | of 0 of $000] o] sool] 107500 300] o]  to7sof  sotaoo]  s7s300] 1476700
1990 0 0 of 0 0 of 107500 0 0 1075004 77100] 141600 218700
1991 0 0 0 of o 0 0 0 0 0 17s00| 155800 173600
1992 0 0 0 0 9 0 300 300} 73300 99600 172900
1993 0 0 0 0 0 0 0 0 0 of 71900 60700 132600
1994 0 0 of RO 8000 0 0 0 of 3000| 120800 183800
1995 0 0 ] 0 0 0 0 9 0 of gg400] 79400 167800
1996 0 0 of 0 0 0 0 0 0 ol 61200 99000 160200
1997 0 0 ] 0 0 0 0 0 g ssq00] 72700 129100
1998 0 0 o 0 0 0 0 0 0 ol o300 45700 138000

UK - (England & Wales)

Total |  28059000f of 7oso00]  7eeo00]  1701000]  17s10000]  1o212000]  7sissoo]  is2sso o]  o3adon0]  1442400) o] 1442400
1990 5025000 of 200000 20000 togoo0]  1si2000]  1921000f  33i700] 201400 0 533100] 121200 ol 121200
1991 5103000 ol 12000 2000} sso00]  1s61000[  1934000]  1ise7o0] 216600 0 1403300 126000 0 126000
1992 3587000 of  230000] 220000 t7io00]  1s30000]  2001000]  1203300] 381000 of  1594300) 183000 0 183000
1993 5130000 0 0 of t72000] 12480000  1420000] 872000 173700 ol 104570] 218700 0 218700
1994 3590000 o]  asooo] 48000 oasoon] 20240000 27120000 sm1z300] 199100 o] ott4o0] 152500 0 152500
1995 3209000 ol 37000 379000 19000} 13s6000]  ts2s000]  s7ss00] 143100 0 722000] 203800 0 203800
1996 2415000 of  2som| 25000 aoon| 7200000  7240000]  viz7soo] 143200 o] 1271000 127300 0 127300
1997 0 0 9 0 arr000]  277000]  riatoo0] 199200 of 1340200 185400 0 185400
1998 0 2000 2000 D 173000 173000 264800] 158200 0 423000 124500 0 124500

Comments:

(1) Toial eggs artificially spawned is estimated by buckealeulaling from egg and juvenile releases.

JAXS
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UK - (Northern Ireland)

Total

o

2595000]

1830000

714000

0

714000}

33000]

SO000

12000,

1990

1991

1992

1993

1994

1995

1996

1997

§50000

850008

229000

=

229000

1000

10000

11004

1993

1745000

17450004

485000

435000

37600

2000

35000

UK - (Scotland)

Total

316000

1393000

1709000

7525000|

4039000 11564000}

0

152100]

of 152100

31200

31200

19%)

1991

1592

1993

1994

1995

1996

1997

296000

263000

559000,

3854000

1781000

5635000

59000

0 59000

24000

24000

1998

20000

1130004

1150000

3671000

2258000

5928000

123100

123100

7200{

7200




USA

Total | 41516000 0 0 of  soassooo]  19918000] 79301000  ssevao0]  s3zs0o of  sso3s00]  sesteoo] 137700 8799300
1990 4117000} 0 D of  i7sso00f  12ssoo0] 3076000 799900] 387300 ol usmod  1244s00] 33100 1277600
1991 4433000} 0 0 of 27030000 14670000 4180000 948900 168900 of  inzsof 2261000 88300 1314400
1992 5005000 0 D ol 24370000 20140000 4551000 o1gaon| 152400 of 1070s00] 1301400 8100 1309500
1993 3369000 0 0 of  samiooof  19s1000] 7462000 825900 73200 0 3991000 1099700 0 1099700
1994 3455000 0 o of  sinooo]  2784000] 10895000 347900 25400 0 373300] 1113600 0 1113600
1995 5292000 0 0 of  onsooo] 23250000 11438000 493600 18300 0 511900} 665000 0 665000
1996 5353000] 0 0 (]I 7990000 3072000 11062000 562100 35400 [ 597500 654300 2800 657100
1997 5662000 0 0 of  osavoo0]  ao40000] 13889000 510600 30200 0 540800 666500 5400 671900
1998 4775000 0 0 of  11su1000 847000] 12748000 462100 42800 0 504900 690500 0 690500
Comments:
(1) Total Eggs Artificially Spawned include only eggs collected from sea-tun fish. Significant numbers of eggs are atso collected from captive/broodstock and captive sea-run kelts. )
Summary
1990 21340000 of  asooo]  sooo]  oavoo0o]  sos7ieo] 143s7i00]  assisoo]  sorsoo] u32i00]  seosaoo]  2seszeo] 1osazoff 3647400
1991 15857000 of 120000  12000]  seavoco]  asmisoo] 13o21600]  ssezroo]  sorsoo]  rassoo]  easian]  2734300] 12733008 4007600
1992 13811000 of 2sso00]  24sono]  e224000]  eavsao] 12722300]  siiseoo]  oseond] iz0soo]  eazzio0f  soarooo] 1102300f 4143300
1993 11407000 of  osooo]  wsooo]  11oro0o0] T sesasoo]  17evssoo]  asesroo]  evssoo] sso700]  sosaoof  2897700]  sssooo] 3751700
1994 11315000 ol e000]  eoono]  13ssooo]  7eassoo]  214aisoo]  smioseo]  esooo] reszoo]  assaono]  2630100]  so2000] 3331100
1995 18914000} of  av2000]  av2o00]  i3se2o00]  vomazood]  2a31v000f  asraseo]  viszaeo]  200400] 6247000 2774100 essooo] 3420100
1996 18617000 of 2t000]  2nion0]  is2e3000]  1so3so00]  sravs000]  saaszoo]  esosno]  7meo]  eazssoo]  a3tesoo]  osseco] 4302100
1997 232030000 2016000] 1091000]  3107000]  20924000]  11240000]  32164000] 49342000  1441200]  20700]  ed0s100]  3amnavol  ore100] 4387500
1998 234560000 1767000] 2ssa000]  a321000]  21787000]  e6o7000]  2m4saooo]  arasioo]  i7eseco]  1osoo]  sssesoo|  2s44100]  1076200] 3900300
Grand Totall 1579200000 3783000} asorooo]  sssaooo]  w2274e000]  7379re00] 196s37600]  429sva00]  waoseoo| 1172800]  s3337600]  26251400]  ses8700] 34920100
Comments:

{1} Summary table is incomplete due to missing data for some countries,
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APPENDIX 5

SAS program to calculate Atlantic salmon pre-fishery abundance with an estimate of precision based on
empirically derived distributions of observed patterns of pre-fishery abundance.

FILENAME CATCH DDE ‘EXCEL | Years78-99 ! R4CL:R25C14';
OPTIONS NOCENTER LINESIZE = BO;
* ... DATA FOR CATCH ADVICE FOR 1999 FROM RISKVAR99.XLS ;

*L><rCr><r<><»<>< don't forget to update columns by one in FILENAME STATEMENT <><><>;

DATA CATCH;
INFILE CATCH;

INPUT YEAR NG1 NCL_L NC1_H NC2_L NC2_H NR2_L NR2_H NN1_L NN1_H NN!1_M H2 GUS_L GUS_H ;

GUS_M= (GUS_L+GUS_H) /2;
PROC PRINT;

PROC REG;
MODEL NN1_M = H2 GUS_M/P R;

DATA DZ; SET CATCH;
SEED = Q;

DO 8IM = 1 TO 1Q00;

RAN_C1 = NC1_L + ({NCL_H - NCl_L) * RANUNI (SEED)};

RAN_C2 = NC2_L + ((NC2_H - NC2_L) * RANUNI (SEED)};

RAN_R2 = NR2_L + ((NRZ_H - NRZ_L)} * RANUNI (SEED));

RAN_PFA = {({RAN_R2/.99005) + RAN_CZ)/.90483) + RAN_Cl + NG1;
* RAN_SP = GUS_L + ((GUS_H - GU&_L)} * RANUNI (SEED)});
OUTPUT;

END;

PROC SORT; BY S5IM;

PROC REG NCPRINT;

BY SIM;

ID YEAR;

MODEL RAN_PFA = H2Z GUS_M/ P R;

cutput out=predic p=pran_pfa stdi=stdi_pfa;

*<><»<»><>< REMEMBER TC CHANGE THE YEAR L s TP e s P N

data univ;
set predic;
if year=1999;
do i=1 to 1000;
new pfa=pran_pfa+(({stdi_pfa)*rannor(0});
output;
end;

run;

PROC UNIVARIATE DATA = UNIV;
VAR NEW_PFA;
CUTPUT OUT=D4 PCTLNAME=
MEAN=M STD=S
PCTLPRE=PFA
PCTLPTS=5 10 15 20 25 30 35 40 45 50 55 60 &5 70 75 80 85 90 95;

proc print;

run;

240




Iz

Commercial catches of

Labrador origin small recruits betore

Labrador grilse recruits prior to

Grilss Recruita

Grilse to rvers

Labrador grilse spawners

i small salmon commercial fishery in Labrador commercid fishery Angling catch subtracted
tear SFA1 SFA2 SFA14B SFA 1 SFA 2 SFA 14B SFA1 SFA 2 SFA 148 SFA 1,28 14B+Nfd SFA 1,2814B SFA 1,2814B

: Min M Min Miax Min  Max Min Max  Min  Max  Min  Max Mir: hax Min Mex Min Max

*1968 10774 21827 6321 12928 28730 25952 57672 7585 15866 10243 25857 20782 51905 6068 15971 48912 127280 18587 65053 15476 61942
1970 14666 20441 8605 17600 39110 36329 78509 10326 22047 14080 35199 28283 70658 8261 20652 66584 166459 25302 88556 21289 84543
PT19T1 19108 38389 11212 22931 50958 46031 102291 13454 29843 18345 45862 36825 02062 10763 26808 86754 216584 32066 115382 290372 111448
*1972 14303 28711 8392 17164 38141 34454 76563 10070 22378 13731 34327 27563 68907 8056 20140 64934 162335 24675 86362 M7 83415
1973 3130 6292 1836 3756 8345 7939 16793 2203 4896 3004 7511 6031 15077 1783 4407 14298 35520 53¢ 18897 0 11406
©1914 a8 37145 8328 11818 26261 44574 99053 11194 24875 5454 23635 35659 89148 88RS 22387 1142 177856 27034 94619 24533 92118
1975 3497 57560 19204 41024 93185 B9072 153493 23153 51451 33540 83849 55258 138144 18522 46306 141210 353024 53860 187809 49638 183837
L1976 17589 47468 13152 21107 46304 56062 126581 15762 34072 16885 42214 45569 113923 12626 31565 98730 246976 37540 131301 31814 125665
1977 17796 40539 11267 21355 47456 48647 108104 13520 30045 17084 42710 38917 97284 0816 27041 g7918  21979€ 33409 116931 28815 112337
1978 17095 12535 4026 20514 45587 15042 327 4801 10738 16411 41028 12004 30084 3863 9662 42513 105282 16195 56542 13464 33831
1679 8112 26808 7194 11654 25809 34570 75821 8633 19184 5324 23308 27656 69139 6906 17266 57744 144360 21343 7és0n 17825 72682
1980 22501 72485 8493 27001 60003 85982 193292 10192 22648 21601 5400z 69586 173984 8153 20383 130710 326776 49670 173845 45870 170046
P1981 21588 85426 6658 25915 57589 102711 230468 7980 17755 20732 51830 82950 207422  B392 15979 144859 362147 55046 192662 49855 187471
1982 18478 535092 7379 22174 49275 B4M0 142912 8855 19677 17739 44347 51448 128621 7084 17710 100357 250892 38136 133474 14032 126370
1983 15964 30185 3292 19157 42571 36222 90443 3850 877G 15325 %8314 26078 744 3160 7301 62452 13612¢ 23732 BUS1 19360 78669
1984 11472 11895 24N 13769 30597 14034 31187 2005 5456 1M0th 27538 11227 28088 2324 4810 2254 30811 12283 42991 9348 40056
L1985 15400 24499 7460 16480 41067 29383 65331 3052 13803 14784 16960 23519 58798 7162 17904 206822 149555 22733 79563 19631 76462
1885 17779 45321 8206 21335 47411 54335 120856 9955 22123 17068 42670 43538 103770 78684 189910 c0184 225461 34270 118945 30806 118481
1987 13714 64351 11289 16457 36571 77221 171603 13867 30471 12165 32914 G777 154442 10933 27234 112095 2324886 42938 150283 37572 144917
P1888 19641 56381 7087 23569 52378 67657 150349 8504 18594 18825 47138 54126 133314 6804 17003 104980 262448 36592 138623 34389 134100
1989 13233 34200 9053 16880 35288 41042 91200 10364 24141 12704 31758 32832 82080 8691 2177 71351 178377 27113 94805 22429 90212
{1990 &735 20699 3592 10483 23296 24833 55197 4310 9574 8367 20966 19371 49678 3448 8621 41718 104296 15853 55485 12544 52176
ey 1410 20055 5303 1602 3760 24066 53480 6384 14141 1354 3384 18253 48132 5091 12737 33812 84531 12849 44970 10526 42647
1992 8588 13336 1325 14646 34950 20371 48613 2024 4310 MG 31455 16206 43751 1619 4347 20632 79554 17993 62084 15229 59331
1993 3893 12037 1144 3514 23619 28417 73030 2796 6%M 1611 21237 23534 §5T2Y 2227 6247 33382 63231 25186 80938 22499 78251
1994 3303 4535 &n2 10659 26807 14635 35805 2588 6509 8527 24126 11708 33125 2071 5858 22306 63109 18159 56888 15228 53958
{1995 3202 4561 7 14471 36647 20613 52201 881 2484 1577 32082 16491 46981 785 2235 28852 82199 25022 76453 22144 13575
1696 1675 5308 265 14843 37772 47020 113627 7664 19495 11860 33035 27623 107664 6131 17545 55634 159204 51867 153553 45362 150048
;"199? 1728 8025 72138 162610 66812 155963 64048 153200

Ectimates are based on:

EST SMALL RETURNS - {COMM CATCH*PROP LAB GRIGINYEXP RATE PROP SFA31,2414B= 6- 8, SFA 1:0.36-0 4285FA 2:0.75-0 85(07) EXP RATE-SFAs1, 2814B= 3- 5(69-91), 22- 30(92), 13- 25(93).
- 10-.19(94), 07- 13(95), 4- O7(6), SFA 1.0.07-0,1285FA 2:0.04-0 07 (67}

EST GRILSE RETURNS CORRECTED FOR NON-MATURING 1SV - (SMALL RET*PROF GRILSE), FROF GRILSE SFAs1,2814B=038-09
EST RET TQO FRESHWATER - (EST GRILSE RET-GRILSE CATCHES)

EST GRILSE SPAWNERS = EST GRILSE RETURNS TO FRESHWATER - GRILSE ANGLING CATCHES

*Calches for 1968-73 are Labrader totals distnbuted into SFAs as the proporlien of landings by SFA in 1974-78

Furthermore small catchas in 1973 were adiusted by ratio of large:small in 1972874 (SFA 1-1.4591, SFA 2-2.2235 SFA 14B-1 5506).
**Praliminary values adjustad for change in size category
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A i o o e forLgbrador e incumﬁé;&ééi éremgnd_

Commercial catches of large

Latrador Crigin Large returris before cammercial fishery

Labrador 25W Recruits priar to commercial fishery Labrador 25W Recruits NF & Greenland Labrador salman Labrador 25W to rivers Labrador 25W spawners

salinon SFAs 1.2 &148 Labrador at  Total+NF+VWG SFAs 1,2 814B SFAs 1.2 &14B )
Yaar SFA1 SFA2 SFA14B SFA SFA 2 SFA 4B SFA _ SFA2 SFA 14B Greenland o Angling catch subfracted
Min Max Kin Max  Min Max Min It Min Max Min hax Min Max Min Max Min IMax Min Maex
069 18028 40822 10300 12620 16826 22548 55797 B86T 11772 8834 1O144 19529 44577 4120 9418 - 3ME3 63198 3280 80636 133032 3248 207¢0 2830 20287
©ot970 17633 45473 0595  M755 20152 20313 5976 5297 0963 8229 48137 18191 41581 3838 87713 30258 63490 56373 09581 154421 3026 20547 2676 20085
COMOTT 25127 B480G 13673 1€751  28M16 43204 T40B4 9115 15628 11726 25845 25622 50251 5463 12501 43117 97546 24260 85831 1BaST? 1312 26279 4012 28882
972 21598 B5108 11753 14399 24685 37138 63666 TE3S 13432 10080 22316 22283 S0u33 4701 10746 37064 83895 60202 112096 1780%7 3706 25168 2435 24812
1973 307204 77907 16436 20136 34516 51835 89031 10657 18784 14005 31067 31161 711225 8574 15027 51830 117319 72348 96314 184711 5183 35196 4565 34376
1674 13866 93035 15363 9344 15847  G2024 106327 0575 13129 o471 14262 37214 85061 5345 14503 50030 113827 30035 109433 200476 5003 5448 4480 RE Y
1975 28801 71168 14752 19087 32687 47445 81335 9§35 15850 13347 - 29418 23467 65068 5901 13488 4715 107674 40913 109012 195006 4772 52362 4564 2119
1676 38559 77796 15189 25703 440683 51364 83970 10126 17350 17992 30657 34113 11128 5076 13887 55188 124671 E7730 146488 2456458 5519 37401 4984 36101
1977 28158 70158 18664 18772 31181 46772 BO1EY 12443 21330 13140 28963 23063 64144 7465 17034 48660 110171 78482 97937  1E5TDS 4867 33051 4042 31669
1678 30824 486M #1715 20540 3/227 32623 FA9I5 TA10 13280 14335 31705 13574 44740 4636 10711 38544 87455 22668  ST81E 157045 3864 26147 2361 25490
1979 2123 27075 3874 1M 24333 18050 20041 2583 4427 9336 21899 10829 24752 1550 2542 2395 501 18636 50489 40267 231 15058 1823 14526
1980  2875C 87067 9138 19167 32657 5B045  O0R05  B0O2 10443  1MnT 28571 34B27 79504 3§55 £asC £1803 117530 24426 35490 183152 2490 35255 4633 34625
1981 36147 65581 7606 24008 #1311 £57I1 TEST® 5071 8603 1689 7180 27432 6273 3042 EQ54 47343 106830 32768 100331 185233 474 32091 4403 31615
1982 26192 5308% EOBG 16128 27648 35390 60669 3S77 8318 11290 24883 2123 48835 2388 9455 24910 78873 42578 33497 15BZ36 1 23662 3680 23127
1983 19403 33320 7489 12935 22175 2313 38030 4993 8553 9085 19GAT 13328 30464 2995 6R4T 25378 57768 30804 67021 112831 2538 17181 2287 16324
1984 11726 38253 6218 817 13401 16830 26366 4145 7106 HTE 12061 10403 23093 2487 5685 18063 40839 4026 29802 523C6 1806. 12252 1478 11822
1885 13252 16769 1954 2835 15145 11193 19187 2636 4519 6134 13831 6716 153530 1582 3615 14451 32506 3977 24644 G454 1448 9779 1258 9530
1688 19752 24071 532 12788 21888 22714 38928 3BB1 G105 8938 10600 3523 Y1 237 483 24703 5574 17738 52931 qr2rs 2470 16720 21 13334
1987 18257  437T9Q 11144 12171 20865 33169 56313 7409 12702 8520 18779 19920 45531 4445 10181 32585 TN 29695 TEE2E 135070 3289 22341 2395 21821
1988 12621 32336 4591 8414 14424 21561 27013 ANAT  B26F SAG0 12982 12954 296100 1836 4197 0681 46739 Fre42  5T35E Ga614 2068 14037 1625 13452
1989 16261 20836 4845 10841 18534 17381 30G7C 3097 8310 7588 16726 1074 24526 1858 4248 30181 45509 26728 HTH28 91673 018 13653 1727 13270
1990 TMI 1736 Z858 4875 £3%3 11544 19780 1805 3263 13 752D G026 1553 143 %13 11482 25087 97?1 26158 45828 1148 7790 923 7493
1601 1369 7673 4417 913 1565 5110 8776 2645 5048 639 08 3072 TOd 1767 4038 1T 1467 7779 15596 25511 548 3740 40 3665
1692 9381 19608 27152 7219 13780 14182 27032 14930 3T 5053 12284 350§ AMG626 1184 035 15756 37045 137173 284689 50758 2515 15548 2012 14389
1995 3875 3851 3620 it 801 Q280 20228 5485 7RG 2577 M9 BST4 16100 2091 6073 10242 734872 GR92 16834 36074 3858 18234 324 17922
1994 2431 11056 837 4124 @453 13102 AMTO 1020 2339 28BT BAOT  TRAT 24136 €12 18M 11396 34514 0 1139 244514 £653 24366 533¢ 23881
1995 2150 g714 312 5132 12100 20801 49043 745 1756 3563 089D 12481 39235 447 1408 16520 51530 0 1659 51530 12368 44204 12006 43726
1995 1375 B47H 418 /09 peS4 14382 34823 06T 263 2526 . 7798 8629 27819 658 H07 11814 37623 4312 16126 41835 8913 32759 8938 32206
1697 1393 5550 1367 28647 aBLe 16973 32453 e 23843 9N 23646

Estimates are haced orR
EST LARGE RETURNS - (COMM CATCH'PROP LAB CRIGINYEXP RATE, PROP SFAsT 28143= 6 B SFA 1 0.64-0 72 & SFAZ 0 88-0.35 (37). EXP RATE-SFAs1,2814B= 7- B(63-91), £8- 83{32), 38- 62(93),.28- 50(84),
-SFA1 032.040, 5742 D160 28 (97)

EST 25W RETURNS - (EST LARGE RETURNS ™FROP 25w}, PROP 25W SFA 1= 7-.9.5FAs 2&14B=6-3
WG - are North Amencan 15W saimen of nver age 4 and older of which 709 are Latradar of gin
EST RET TO FRESHWATER - [EST 25W RET-25W CATCHES)
EST 25W SPAWNERS = EST 25W RETURNS TO FRESHWATER - 25V ANGLING CATCHES
*Catchas for 1969-73 ars Labrador toals dismbuted into SFAS ac the proporiion of lardings by SFA N 1974-78.
1097 Predminary valuss adjusted for size categery

15- 26{85), 13-.23(9%),




- iAppendix 8(iit). Alientic saimon reiLms to freshwatar, total recruits prior to the commercial fishery and spawners summad for Salmon Fishing Area 3-14A insuiar Newfoundiand, 13pg-109g T
: Ret. = retainad fish; Rel. = released fish.

i Smal calch Small relums to river Small recruits Small spawners Large returms 1o river Large recrutts Large calch Large spavners 25W refLrns o river ZSWY spavmers 25W recruits

{ Year Retaned Mir Ma hin Max Min Max Min Max Min Max Retainad Min Max Min Max iin Max Min Mex
1869 34944 108807 217349 217613 724497 73863 182405 10484 26767 34946 267666 2310 8174 24457 2245 3324 1408 8054 T483 93240
11970 30437 139570 270594 279139 937980 109133 249157 12627 30508 42001 305081 2138 0480 28371 3184 11891 2384 10642 10613 118508
1871 26666 112266 224994 224532 743980 85600 198328 9857 24146 32856 241482 1602 8255 22544 2385 9104 1810 8230 7951 91039
1872 24402 108508 217092 217018 723640 84107 192680 10046 23996 33485 239925 1280 8666 22616 2494 9129 1985 2358 8314 91238
P 1973 35482 143720 287832 267457 950438 108247 262350 13202 33061 44308 330613 1923 1369 31138 2995 11808 22715 10720 9982 113082
i1974 26485 84687 189103 169335 563676 58182 142618 0821 21862 36069 276616 1213 9608 20449 1968 6702 1534 6043 6559 67021
(1975 33390 111847 223840 223694 748300 73457 190560 12322 24478 40741 244782 1241 10981 23237 2382 8002 1959 7355 7940 80018
i1975 34463 114787 220853 229573 765475 80324 195390 107356 21550 35855 215501 1051 970s 20499 2337 7663 2003 7160 7758 76630
(1977 34362 109849 219106 219299 730254 75297 184754 9750 19493 32499 194933 2756 6965 16738 1880 6309 1134 5131 6267 63094
i 1978 28619 97070 194133 194141 547109 68451 165514 7873 15786 26243 157860 1563 6310 14223 2005 6413 1564 §728 6682 64104
1679 INGo 106791 213327 213582 71109 75622 182158 5549 11113 18496 111128 561 4988 10552 1103 3691 982 3506 3677 36006
{1680 35849 120335 240448 240709 801497 54506 204600 9325 18691 31084 186909 1922 7403 16769 2447 774 1884 £426 8157 17936
i 1581 46570 156541 312697 313083 1042325 109871 266027 9553 15144 31845 191442 1369 8184 17174 2317 7475 1935 6874 7723 14746
{1682 41871 130051 279115 279902 930383 98080 237244 9528 16087 31758 190971 1248 8280 17849 2975 9228 2635 8691 9915 92276
[ 1983 32420 100378 218548 218766 728495 76958 186128 BA1L 178N 20703 17871 1382 7529 16489 2511 7915 2167 7364 83712 79148
| 1984 39331 120235 257156 258469 857521 89904 217925 go07 15995 26691 159955 511 7496 15484 2213 M7 2082 6829 7576 11166
{1385 3e552 120816 240985 241633 803283 54264 204433 3612 7680 12041 76800 0 3581 1643 961 2319 949 3300 3205 33186
| 1986 7496 124547 248688 249034 B28961 87031 211192 6850 14103 22832 141030 0 6770 14023 1582 £402 1560 5354 5308 54020
i 1987 24482 12516 240856 250232 432852 100634 225374 6357 13088 21190 130684 0 6316 13027 1338 4629 1322 4605 4461 46293
;1988 39841 132059 2863363 264119 877877 92218 223522 6369 13330 21231 133299 0 6309 13270 1553 5346 1529 £310 5177 53459
11989 18452 59793 119261 119587 397537 41331 100799 3260 6752 10865 67518 0 3241 6733 704 2452 697 3441 <2347 4517
i 1990 29967 98830 197276 197659 657588 68863 167309 57151 11868 18170 118675 0 st 11817 1241 4562 1321 4532 U C4470 45620
;199 20520 64016 127698 128032 425651 43487 107169 4449 9173 14831 91734 0 4416 9140 1057 577 1044 /R - :3524 /N
: 1992 23118 116116 231954 115116 231654 92434 208272 19797 31897 15797 318¢7 0 15656 31756 3024 10354 2068 10270 3024 10354
;1893 24593 131045 281127 13045 2817 104712 233387 7955 16227 7935 16227 0 1791 16083 1487 S217 1437 £139 1487 5217
£ 1994 28950  OB48T 190655 95487 190655 85691 160859 7315 16099 7315 16099 0 7709 15854 1889 6255 1825 6156 1889 6255
: 1995 29055 111889 223758 111889 223758 81877 193746 8972 18182 3972 18182 0 8783 17963 2286 7462 223 7350 2296 7462
: 1996 36715 141232 187587 141232 287587 102657 249011 11844 24487 11844 24437 0 11580 24223 2606 9007 2519 ggvd 2606 9007
£1907 17388 85230 146833 86230 146833 83519 129122 12092 208712 12072 20872 0 ML 20743 2837 7213 2803 7167 2837 7213
i 1998 15207 119031 255093 113033 255093 102827 238387 191211 57213 19121 37213 0 18920 37072 4327 11735 4278 11636 4337 11735

SRR {Small returns to river ) are the sum of Bay St George small returns (Reddin & Mulins 1936 plus Humber R small returns (Mullins & Reddin 1996 plus small returns in SFAs 3-12 & 14A,
SSR {Small recruits} = SRRA 1-Exploitation rate commercial (ERC)} where ERC=0 5-0.7, 1969-91 & ERC=0, 1992-38.
5SS [(Small spawners) = SSR-{SC+{SR0.1)}

SC = small salmon catch retained

SR = small selman catch released with assumed mortalties at 10%

RL {RATIO large:smal) are from counting facilites in SFAs 3-11, 13 & 14A, angling catches in SFA 12,

LLER (Large refurns to river) = SRR = RL

LR (Largs recruite) = LRR*(1-Exploitation rate large {ERL}), where ERL=07-0 &, 1969-91; & ERL=0, 1952-98.

L3 (Large spawners) = LRR-large catch retained (LCH 0 17large catch relsased)

25W-RR (2SW retums to river }= LRR*proportion 25 of 0.4-0.6 for SFAs 12-144 & 0.1-0 2 for SFAs 3-11.

25W-S {25V spawners ) = LS * proportion 25W of 04-0.5 for SFAS 12-14A & 0.1-0.2 for SFAs 3-11.

25W-R {28V recruits] = LR * proportion 25W of 0.4-0.6 for SFAs 12-14A& 0.1-0.2 far SFAs 3-11.
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Appendix 6(iv). Small, large and 2SW return and spawner estimates for SFA 15.

Year

Small salmon

~ Retums

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

Min,

1984

1985
1986
1987
1988
1589
1990

1991 .

1992
1993
1994
1995
1996
1997
1958

3513
2629
2603
5145
2869
3150
11884
7438
5215
5451
9602
11367
8889
3821
11861
8525
12805
11708
16037
7673
9527
5276
10529
6578
10448
3o
7468
7666
7657

Max.

7505
5566
6537
9852
6007
6567
20882
14652
9595
11163
18781
21188
16834
6207
18589
18272
27636
24768
34159
16088
18902

10962

22220
13541
21861

6832
15529
16238
18381

Spawners

Min.

1497
1116
1052
1589
1159
1262
2619
2606
1477
2223
3164
3362
2736

799
1646
3639
5490
4930
6796
3185
3975
2219
4462
2739
4380
1344
3259
3572
3710

Max.

4418
3248
3235
4720
3422
3717
7647
7527
4244
6260
9285
9669
7978
2268
4732
10801
18311
14408
20027
9249
11418

6270

12930
7643
12580
3830
9043
2898
12036

Large salmon

Retums

Min.

24955
12096
10621
10588
13102
7229
12318
14011
9716
3655
11473
12078
9431
9281
6924
9802
13324
9627
12796
8905
8125
6185
9530
4407
8493
5590
7796
5302
2871

Max.

36452
17412
21963
21653
27353
13894
25396
28399
19224

6267
22637
21265
15011
14864
12237
20224
27128
19058
26222
19797
16280
12207
19257

8742
17143
10880
15745
10602

7562

Spawners

Min.

1817
a46
4323
4184
5345
2413
5005
5728
3768
1114
4577
3163
1810
1654
3603
7600
10333
6932
9932
7319
6066
4621
7125
3156
6379
3677
5602
4008
€00

Max,

5548
2335
12085
11686
15221
£660
14313
15988
8917
2602
11997
8305
4599
4489
7403
16096
21470
14401
20804
15185
12636
9388
14911
6647
13317
8132
12276
8295
3976

Proportion  2SW salmon

of 25W
in targe
salmon

0.65
0.55
0.59
0.74
0.73
0.79
0.76
0.83
075
051
0.81
0.47
0.59
0.59
079
0,63
0.76
0.64
072
0.57
0.68
0.50
0.54
0.40
0.60
065
065
0.65
0.65

Retum and spawner estimates for SFA 15 are based on Restigouche River data, scaled up for SFA 15 using angling data.

Restigouche stock assessment is based on angfing catch with assumed exploitation rates between 50% (min.} and 30% {max).

The proportion of 2SW in large salmon numbers is based on aged scale samples from angling, trapnets, and broodstock.
Mo scale samples were available for 1970-71, 1995-06; the mean value of 0.85 is used here.

-Salmon in the Quebec portions of the Restigouche River were subtracted from the total for the watershed.
The retums and spawners estimates thus derived for the SFA 15 portion of the RestigoLiche were then mu

and maximum (1,465} ratios of angling catch in SFA15:SFA 15 portion of Restigouche catch to obtain estimates for SFA 15,

Retums

Min.

16221
7863
6266
7835
9564
5711
9362

11629
7287
1864
9294
5677
5565
5476
5470
8175

10126
5161
9213
5646
5525
3092
5146
1763
5096
3636
5087
3446
1866

ltiptied by the minumurm (1.117)

Max.

23684
11318
12958
16023
19968
10976
19301
23871

14418

3196
182556
9995
8856
8770
9667
12741
20617
12197
18880
11284
11070
6104
10399
3487
10286
7077
10234
6891
4816

Spawners

Min.

1246

550
2550
3006
3902
1906
3804
4754
2826

568
3708
1487
1068

976
2847
4788
7853
4437
7151
4172
4125
2311
3848
1262
3828
2587
3836
2605

390

Max.

3606
1518
7130
B648
11112
5261
10878
13270
7437
1327
9717
3903
2713
2648
5848
10140
16317
9217
14979
BBSS
8592
4694
8052
2859
7990
5290
7979
5392
2584




Appendix 6(v a). Returns and escapsment of large salmon to SFA 16.

Aetums to tha Miramichi River

Prop. Returns of large

25W returns to SFA 18 Large IX:) 1.33 25W 28W Baturns to Miramicr salmon to SFA 16
Year Min. Max. retums Min. Max. Min Max Min Max
1971 19697 32746 24407 19526 32461 0.918 17924 20799 21457 36872
1972 24645 40872 29048 23239 38635 0.965 22427 37234 25538 42456
1973 22886 38065 27192 21754 36165 0.958 20835 34639 23905 39742
1974 33999 56523 42502 34074 56647 0.908 30939 51436 37444 62250
1975 21990 36558 28817 23054 a8azy 0.868 20011 33267 25334 42117
1976 17118 28459 22801 18241 30325 .854 15578 25898 20045 33325
1877 43180 71753 51342 41474 £8950 0.947 39275 65296 45575 75769
1978 18539 30822 24493 19594 32576 0.881 16871 28048 21532 35797
1979 5484 0117 9054 7243 12042 0.689 4991 az297 7960 13233
1980 30332 50426 38318 29054 48303 Q.95 27602 45888 31928 53080
1081 9489 15775 16182 12346 21522 0.667 8635 14355 14226 23651
1982 21875 36388 30758 24606 40908 0.809 19907 33095 27040 44954
1983 19762 32854 27924 22339 37139 0.805 17983 29897 24549 40812
1984 12562 20884 15137 12110 20132 0.944 11431 19005 13307 22123
1985 15881 26369 20738 16520 27582 0.87 14434 23996 18231 30309
1988 23480 29003 31285 25028 41609 0.853 21349 35493 27503 45724
1987 13590 22594 19421 15537 25830 0.796 12367 20561 17073 28383
1988 15599 25933 21745 17396 28021 0.816 14195 23599 19116 31781
1989 9880 16426 17211 13769 2289t 0.653 B991 14948 15131 25155
1990 15474 25725 28574 22859 38003 0Bl 14081 23410 25120 41762
1991 15829 26482 29049 23959 39832 0.605 14495 24098 26329 43772
1992 19191 31905 37000 29600 49210 0.590 17464 29034 32527 54077
1983 21662 Bo12 35200 28180 46816 0.7 19712 32771 30945 51446
1994 14582 7515 27450 18278 47023 0,728 13270 34139 20086 516874
1995 18879 481358 32627 19747 50348 0.87 17180 43803 21700 55327
1986 13034 24328 24812 17443 32557 0.68 11861 22139 19168 A5777
1997 10957 20049 18422 14183 25953 0.703 9971 18245 15586 28520
1998 4129 6882 9500 7500 12500 0.501 3758 8263 8242 13736

Retuns to the Miramichi are from the assessment. Min, and max values are based on capture efficiencies ol Millbank

frapnet which gave a lower Cl of -20% of estimate and upper Cl of 33% of estimats.

For 1992 and 1993, lower and upper Ci are based on estimake bounds of ~18.5% 1o +18.5%.

For 1994 to 1997, min arxd max are 51h and 95th percentites from the assessment.

Prop. 25W are from scale ageing.

Miramichi makes up 91% of total rearing area of SFA 16.

Astums to SFA 16 are Miramichi retumns / 0.91 or {Min., Max.) 25W ratums to Miramichi / 0.91

Same procedure tor escapements as used to calculate retumns.

Escapesmenis 1o the Miramichi River

Escapement of large

Escapement of 25W 10 SFA 15 0.8 1.33 Prop. apement of 2SW salmon to SFA 16
Year Min Max Large Min. Max. 25W Min Max Min Max
1971 3508 5832 4347 3478 3782 0.918 3192 5307 3822 6353
1972 14992 24924 17671 14137 23502 0.985 13643 22681 15535 25827
1973 17134 28486 20349 16279 27084 0.958 15592 25922 17889 29741
1974 27495 45711 34445 27556 45812 0.908 25021 41557 30281 50343
1975 183886 27209 21448 17158 28526 0.858 14893 24780 18855 31347
1976 10760 17889 14332 11486 19062 0.854 9792 16279 12600 20047
1977 27404 45560 32947 26334 43780 0.947 24938 41459 28038 48109
1978 8197 13627 10829 8863 14403 0.881 7459 12401 8520 15827
1979 2751 4573 4541 3633 6040 0.689 2503 4161 3982 6637
1880 15762 28204 18873 15098 25101 0.95 14343 2384€ 16592 275684
1881 2702 4492 4608 3686 6129 0.667 2459 4088 4051 6735
1282 8429 15676 13258 10608 17633 0.809 8581 14265 11655 19377
1983 5986 9951 B458 6766 11249 0.805 5447 9056 7436 12362
1984 12189 20264 14687 11750 19534 0.944 11092 18440 12912 21466
1985 15390 25586 20122 16098 26762 0.87 14005 23283 17690 29409
1886 22659 37670 30216 24173 40187 0.853 20619 34280 26564 44162
1987 12635 21006 18656 14445 24014 0.796 11498 19116 15873 26390
1868 15050 25021 20880 16784 27903 0.816 13696 22769 18444 30663
1989 8921 14831 15540 12432 20668 0.653 8118 13496 13662 22712
1990 14940 24838 27588 22070 36692 0.616 13595 22602 24253 40321
1991 15472 25724 29089 23271 38688 0.605 14079 23406 25573 42515
1992 18984 27803 35927 29281 42573 0.590 17275 25118 32178 467684
1993 21755 31632 34702 28282 41122 0.7 19797 28785 31078 45189
1994 14207 37140 27147 17808 46553 0.726 12929 33797 19569 51157
1995 18345 47600 32093 19188 49789 0.87 16694 43318 21088 54713
1996 12510 23804 23478 16741 31855 0.68 11384 21661 18397 35005
1997 10319 19411 17596 13357 28127 0.703 9390 17664 14678 27612
1998 3923 6725 9000 7000 12000 0.51 570 65120 7692 13187
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Appendix 6{v b). Returns and escapements of small salmon to SFA 16.
Prop. 15W Raturns to Miramichi

Returns to the Miramichi River

1SW retumns to SFA 16 08 1.33 1Sw 0.97 1.00
Year Min, Max, Small Min. Max. Min Max
1971 30420 52137 5673 28538 47445 27682 47445
1972 39461 67633 46275 37020 61546 35908 61545
1873 37986 65104 44545 35636 59245 34567 59245
1974 62607 107303 73418 58734 97648 564972 97646
1975 55345 94857 64802 51922 85320 50364 86320
1976 78095 133848 91580 73264 121801 71086 121801
1977 23658 40547 27743 22194 36890 21529 6898
1978 2071 35495 24287 19430 32302 18847 32302
1979 43460 74487 50965 40772 67783 39549 67783
1980 35464 60782 41588 33270 56312 32272 55312
1981 55661 95399 65273 52218 86813 50652 86813
1982 68543 117477 80379 54309 106904 62374 106904
1983 21476 36807 25184 20147 39495 19543 33495
1984 25333 43418 28707 23766 39510 23053 39510
1985 - 51847 pags2 60B00 486840 H0864 47181 80864
1986 106240 171802 117549 94039 156340 91218 156340
1987 72327 123982 84816 67853 112805 65817 112805
1988 103966 178189 124919 97535 162152 94509 152152
1989 84153 109953 75231 60185 100057 58379 100057
1990 71160 121962 83448 66758 110486 64756 110986
1991 51906 88962 60869 48695 80956 47234 angs6
1992 132610 198777 152647 124407 180887 120675 1H08B7
1993 80271 120323 92400 75308 109494 73047 109494
1994 44288 92257 55929 41549 83954 40303 83954
1995 20498 85127 54145 19699 77466 19108 77466
1996 40133 73318 44377 37851 66719 36521 86719
1997 18980 33143 22885 17806 30160 17272 30180
1998 29319 45055 33000 27500 41000 26675 41000

Returns 1o the Miramichi are from the assessment. Min. and max values are based on capture efficiencies of Millbank
trapnet which gave a lower Cl of -20% of estimats and uppar Gl of 33% of estimate,
For 1992 and 1993, lewer and upper Cl are based on estimata bounds of -18.5% to +18.5%.
For 1994 to 1997, min and max are 5th and 95th percentiles from the assessmant.
Prop. 18W ara from scale ageing. Proportions vary from 0.97 to 1.00. Ref. Moara et al. 1995,
Miramichi makes up 91% of total rearing area of SFA 16.
Returns to SFA 16 are Miramichi raturns / 0.81 or (Min., Max} 15W retums to Mirarnichi / 0.91
Same procedure for escapements as usad to caleulate returns.

Escapement of

Escapement o the Miramichi

Escaperment ot 18W

1SW to SFA 16 0.8 1,33 Prop. Min Max
Year Min Max Small Min. Max. 15W 0.97 1

1971 18714 32075 21946 17557 29188 17030 29188
1972 23139 39659 27135 21708 35090 21057 36030
1973 25169 44852 30688 24550 40815 23814 40815
1974 47060 80656 55185 44143 73397 42024 73397
1975 41332 7OR39 48469 38775 64454 37612 4464
1976 53194 21171 62380 - 49904 82965 48407 32965
1977 11298 19361 13247 10598 176819 10280 17618
1978 12239 20977 14353 11482 19089 11138 19089
1979 26306 45086 30848 24678 41028 23938 41028
1980 22934 29307 26894 21515 a5769 20870 35769
1981 34049 58358 39929 31943 53108 30985 53106
1982 47754 51846 56000 44800 74480 4456 74480
1983 12662 21702 14849 11879 19749 11523 19749
1984 16142 27665 18929 15143 25178 14689 25176
1985 35658 51114 41815 33452 55614 32448 55614
1986 76234 130659 89398 71518 118999 69373 118899
1987 53533 91751 62777 50222 83493 48715 83493
1988 76984 131945 90278 72222 120070 70056 120070
1989 41260 70717 48385 38708 64352 37547 64352
1990 50759 BGOOT 59524 47619 Ne7 46191 79167
1991 41161 70547 48269 38615 64198 37457 54198
1992 “112317 168359 129288 105370 153208 102209 153206
1993 66385 99509 76416 62279 90553 60411 90553
1994 27829 75289 42479 26108 68513 25325 68513
1995 13079 53561 34084 12270 48740 11902 48740
1996 19274 51818 24812 18086 47154 17543 47154
1097 72 22609 12979 8220 20574 7973 20574
1998 11725 26923 16500 11000 24500 D670 24500
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Appendix G(vi). Estimated Atlantic salmon returning recruits and spawners to the Morell River, SFA 17, 1970-88. Ret. = retained fish, Rel. = released fish,

Estimated Atlantic salmon returning recruits and gpawners ta the Morell River, SFA 17, 1955-1998. Ret. = retained fish; Rel. = released fish,

Small (<63 cm) Large (>=63 cm) Total (Small + Large)  Percent Small recruits Small spawners L.arge recruits L arge spawners 2SWreeruits  25W spawners
Year Ret. Rel. Tat Ret. Rel.  Tot Ret. Rel.  Tor.  small Min Max Min  Max Min  Max Min Max Min _ Max Min  Max
1970 0 13 13 0 0 0 0 0 0 0 0 0 Q 0 0 0
1971 0 1] 0 0 0 0 0 0 0 0 0 0 a 0 0
1972 0 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 2 0 2 100 5 9 3 ¥ 0 ] 0 0 1] 1] a 0
1974 0 2 2 1] 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 1] 0 U 0 0 0 0 0 0 0 o a
1976 6 1 7 86 14 8 8 22 2 5 1 4 2 5 1 4
1977 0 0 0 1] 0 0 0 0 0 0 0 0 0 1] i)
1978 0 0 0 a 0 0 0 0 a a 0 0 (1] 1] 0
1979 1 2 3 33 2 5 1 4 5 9 3 7 5 9 3 7
1980 5 1 6 83 12 23 7 18 2 5 1 4 2 5 1 4
1981 108 4 nz2 87 259 498 151 390 40 7 36 73 40 77 36 73
1982 3 8 81 92 175 336 102 283 16 3 1 23 16 3 8 23
1993 7 2 9 50 17 32 10 25 17 a2 15 30 17 32 15 30
1964 ¥ 0 7 56 17 32 10 25 13 26 13 26 13 26 13 26
1985 47 0 47 93 113 217 66 170 8 15 g 15 8 15 8 15
1986 236 0 236 99 566 1088 30 852 5 11 5 11 5 1 5 11
1987 476 0 476 94 1141 2194 665 1718 66 128 66 128 66 128 66 128
1988 643 0 643 94 1542 2963 899 2320 96 185 926 185 9% 185 9% 185
1989 167 0 167 73 400 770 233 603 149 287 149 287 149 287 149 287
1980 768 . . 0 . . 768 . . 87 1842 3539 1074 27N 284 545 284 545 284 545 284 545
1991 857 1033 16%0¢ 1] 164 164 657 1197 1854 83 1576 3028 919 2371 188 361 188 361 188 361 188 361
1992 a1l 1] 781 95 1873 3599 1092 2818 95 183 95 183 95 183 a5 183
1993 533 . . 0 . . 533 . . 93 1277 2454 745 1922 22 43 22 43 22 43 2 43
1994 a2 111 203 3 99 102 g5 210 305 &5 209 383 117 29 66 309 165 306 168 309 166 306
1965 473 1468 595 4 95 99 47 21 718 93 1058 1915 585 1442 85 154 81 150 85 154 81 150
1996 422 270 692 4 150 154 426 420 846 83 1159 2573 B 21, 158 391 154 347 158 351 1M 347
1997 202 2 294 1 36 37 203 128 3 94 484 a3 282 7129 L 59 30 o8 31 59 30 58
1998 269 135 A4 2 69 Fal 271 204 45 89 645 1240 376 9n 30 153 78 13 80 153 78 151
55-88 X 85 ? 87 64 203 391 119 306 14 27 13 27 14 27 13 27
89-88X 436 298 646 1 102 105 438 400 755 B6 1052 2043 616 1607 126 245 125 243 126 245 125 243
Notes

CPUE iis retained catch per rod-day.
In the above table a period indicates no data.
Retained fish include native harvast and estimated huok-and-released mortality

Size of angled salmon was not recorded in 1955-1969, Mumbers of small and large salman for these years are estimated

from the overall small:large ratic for 1970-1980,

Number of small retained salman in 1993 was not recorded. The number given is the mean for 1986-1992

For 1959-1969, percent small is the percent measured in 1970-1980. For 1970-1980, percent small is ealenlated from
numbers of small and large salmon in the retained catch in each year. For 1981-1997, percent small is calculated from

numbers of small and large salmon taken at the Lesrd's Pond trap. For 1998, percent small is taken from seining catches at Mooneys Pool.
Small recruits are caloutated as small retained salmon/explaitation rate. Angler exploitation was ealoulated as 0.34, 0.347, and 0.264
of estimated returns in 1994, 1995, and 1996, respectively. For other years the mean of these values is used. The min and max numbers of small recruits are caleulated using
mux numbers af small recruits are calculated using expluitation + ur - 0.1; £.9. 034 + ur - 0.1 gives 024 and 044,
Small gpawners = number of small recruits - number of simall retained

Large reeruits = (number af small recruits/(0.01*percent small))- number of small recruits

Large spawners = number of large recruits - number of large retained
Itis asssumed that large salmon and 25W salmon are equivalent
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Appendix 6(viia). Total 2SW returns and spawners to SFA 18, 1970-1998,

LARGE RETURNS Commercial catches TOTAL 2SW SPAWNERS TOTAL
Margaree SFA 18 25W RETURNS 25W cich RETURNS Margaree SFA 18 SPAWNERS
Largesaimon 124 213 077 087 Zone6 077 087  (inc.comm.) 124 215 077 087

Year | Min Max  Min Max  Min Max (k) Min  Max  Min Max Min  Max  Min Max  Min Max

1970 581 1,000 723 2,151 556 1,871 (30440 4262 4815| 4818 6,686 657 1,145 B17 2,462 629 2,142
1671 254 437 318 940 243 B18 (12,001 1680 1898 ( 1923 2716 256 446 318 959 245 834
1472 284 488 353 1,050 272 914131840 4458 5037| 4,729 5950 272 474 38 1,019 261 BE7
1973 318 544 393 1,170 303 101827694 3877 4381 | 4180 57399 287 499 k6 1,074 274 834
1874 289 - 498 360 1,070 277 831:37437 5241 5922| 5518 6,853 318 554 Jg6 1,191 305 1,036
1975 173 298 215 641 166 558 | 23,631 3308 3738B| 3474 4,296 214 372 266 800 205 696
1976 222 381 276 819 213 71318361 2571 2,904 | 2783 3,617 267 465 332 1,000 256 870
1977 378 651 470 1,400 362 1,218 | 26,221 3,671 4148| 4,033 5366 393 683 488 1469 376 1,278
1978 427 735 53 1,581 409 1,375|30,216 4,230 4,780 | 4,639 6,155 510 888 635 1,909 489 1,661
1879 219 w7 272 811 210 05| 7917 1108 1252) 1,318 1,958 265 461 330 991 254 863
1980 378 651 470 1,400 362 1,218 124412 3418 38621 3,780 5,080 487 865 618 1,860 476 1,618
1981 375 647 466 1,301 358 1,11 {15662 2179 2462 | 2538 3,672 451 785 561 1,668 432 1,469
1982 484 833 602 1,791 463 1,059 (26664 3733 4,218 4,196 5776 555 965 690 2,076 531 1,806
1983 402 693 500 1480 385 1,297 124280 3,399 3841 | 3,784 5137 430 834 506 1,794 459 1561
1984 327 583 407 1,254 33 1,081 {15140 2120 2395 | 2433 3486 296 532 368 1,144 283 995
1985 | 1108 2217 1,379 4,768 1,062 4,148 0 0| 1062 4148 1025 2133 1275 4587 981 3,991
1986 | 2,738 5680 ( 3405 12,216 2,622 10,528 0 0| 2622 10,628 2583 5525 3,212 11882 2473 10,338
1987 | 2,976 6,540 3,701 14,065 2850 12,237 0 0| 2,850 12,237 | 2,860 6424 3557 13816 2,739 12,020
1988 | 1285 2494 1,509 5364 1231 4,666 0 0] 1,231 4666 1143 2351 1421 5056 1,084 4,389
1989 § 1,708 3,693 | 2124 7942 1635 6,910 0 D| 1635 65910 1583 3568 1969 7673 1516 6,676
1990 | 3481 7933 4,328 17,061 3,333 14,843 0 0 3,333 14843 3,347 7,799 4,162 16,773 3,205 14,582
1991 | 1,853 5,785 2,304 12441 1,774 10,824 0 0, 1,774 10,824 | 1692 5624 2104 12,085 | 1,620 10,523
1992 | 4,875 9375 6062 20,152 4,668 17541 0 0| 4668 17541 | 4722 8222 5872 19833 | 4522 17,255
1093 | 2408 6,158 2,995 13,244 2306 11,5622 0 0| 2306 11522 2274 6,024 2828 12955 2177 11,21
1994 | 2350 4,500 2922 9678 2,250 8420 0 0| 2250 8420 2200 4359 2747 9375 2,115 8,156
1985 | 1,750 3,815 2,176 8,205 1,678 7,138 0 0 1676 7,138 1,693 3,758 2105 8082 1,621 7,031
1996 | 2214 40500 2,753 8,710 2120 7,578 0 0| 2120 7578 2,001 23,837 2486 82527 1,816 7,179
1997 | 3,268 5435| 4,084 11663 3,129 10,169 0 0| 3126 10,169 | 3006 5,173 3,738 11125 2878 95679
1998 | 2,282 3798 | 2836 8168 2186 7106 0 0} 2186 7106| 2107 23622 2620 7780' 2018 6,777

YT

SFA Marg-
18 aree Ratio

Margaree retums, 1970-84, equal catch /min (0.215) or max (0.37}) expipifah‘ on rate

Return of large salmon (MIN) and [MAX)to all SFA 18 equals Margares returns * ratio Margaree catch to SFA 18 calch.

Margaree retums 1984-1995 based on various Margaree CAFSAC | DFQ All. Res and C3AS Res Dows.

Margarae catch to SFA 18 catch; WMIN _MAX 28W based on the ralio 0 77-0 87 25W fish amorg M3V fish.

Margaree escapements 19701982 = retums minus removals; 1984-1956 from vanious Margaree CAFSAC, DFD Al Fish. and CSAS Res.

Docs e.g., Marshall et al. (MS 1988) 25W equal 0.77-0.87 of MEW fish, Margaree raised to SFA by respective ratios in sport catch

84
85
86
87
88
89
90
|
92
]
94
95
26
97
a8

449 305 147
1706 1215 1.40
4448 2636 1.69
3012 1857 1.62
3078 1932 1.58
3206 1570 2.04
2391 1507 1.59
3470 1757 1.97
3315 1938 1.7
2370 1102 215
2043 1479 1.38
1633 1040 1.57
3921 1864 2.10
2609 2008 1.24
2318 1466 1.58

Min 1.244
Max 2.1517



Appendix 6(viib). Total 1SW returns and spawners to SFA 18, 1970-1998.

RETURNS SPAWNERS
Margaree SFA 18 Margaree SFA 18
0.37 021 1.214 2378 1.214 2,378

Recreational ctch:

16882 1,258 2,419 | 1,527 5,753 701 1,862 851 4,428
1993 1,489 23,8511 1,808 0,158 806 3,268{ 1,100 7,772

1894 573 1,101 696 2,618 259 787 314 1,872
1995 538 1,083 653 2576 329 874 398 2,079
1996 1,277 2,960 | 1,550 7,039 935 2618 | 1,135 6,228
1997 316 1,517 384 3,608 74 1,298 80 3,080

1998 357 1,825 433 3864 132 1,400 160 3,328

Margaree returns, 1970-83, equal catch divided by MIN (0.215) and MAX (0.37) exploitation rate
Return of small salmon to all SFA 18 equals Margaree returns * MIN and MAX ratio of
Margaree catch fo SFA 18 catch. Margares returns, 1954-1998, based on annual assessments

in CAFSAC and DFOQ All. Fish. and Can. Sec. Assess Stocks Res. Docs, eg., Marshall et al. (MS 1998).

Spawners for 1970-1983 equal returns minus removals; 1984-1296 from various Margaree CAFSAC,
Al Res. and CSAS Res Doc. series, eg., Marshall et al. (MS 1993}

=

=]

Year MIN MAX MIN MAX MIN MAX MIN MAX Marg-

1870 230 385 279 940 145 310 176 738 Year SFA 18 aree Ratio
1671 57 oB 69 232 36 77 43 182 1984 208 242 1.23
1972 114 165 138 485 72 153 87 365 1985 618 509 1.21
1973 449 772 545 1,836 283 606 343 1,441 1986 1,180 782 1.51
1974 162 279 197 664 102 219 124 521 1987 1,289 a77  1.32
1975 a7 167 118 398 61 131 74 313 1988 1,349 879 1.53
1976 259 447 315 1,062 163 351 188 834 1989 928 561 1.65
1977 186 321 226 763 117 252 143 599 1990 1,206 649 1.86
1978 68 116 a8z 277 43 a1 52 217 1991 1,262 752 1.68
1979 t,614 2777 | 1,959 6,604 1,017 2,180 | 1,234 5,184 1892 1,242 678 1.83
1980 451 777 548 1,847 284 610 345 1,450 1993 1,218 777  1.57
1981 2430 4,181 2,950 9944 1,531 3,282 1859 7.806 1994 659 429 154
1982 1,868 3,214 | 2,267 7,843 | 1,177 2523 | 1429 6,000 1995 710 333 213
1983 184 316 223 752 116 248 141 590 1886 2,021 918 2.20
1984 400 688 486 1,636 158 446 192 1,061 1897 558 316  1.77
1985 634 1,167 770 2,775 125 658 152 1,565 1998 849 357 2.38
1986 838 1,420 1,017 3,377 56 638 68 1,517

1987 1,143 1,865 | 1,388 4,435 166 888 202 2,112

1988 1,674 2,911 2,032 6,923 7a5 2,032 065 4,832 Min 1.214
1989 591 977 718 2,323 30 416 36 989 Max 2.378
1990 40 5,077 | 1,141 12,074 291 4,428 353 10,530

1891 794 3,891 964 9,253 42 3,139 5t 7,465



06T

\ppendix 6(viij). Total 1SW returns and spawners, SFAs 19, 20, 21 and 23, 1970-1998.

RETURNS TOTAL SPAWNERS TOTAL
River returns  Comm- SFA 23 RETURNS Spawners SFA 23 SPAWNERS

SFA 19-21 ercial Wild Wwild Hatch SFAs 19,20,21,23 [angled 19-21 H+W rtns Harvest 19,20,21,23
Year MIN MAX 19-21 MIN MAX MIN MAX 19-21 MIN MAX MIN MAX MIN MAX
1970 8,236 16,868 | 3,189 | 5206 7,421 - 100 | 16,731 27,578 | 3,609 4627 13,259 5,306 7.521 1,420 8,513 19,360
1971 6,345 13,062 1,922 2,883 4,176 3ss 1 11,515 19,525 2,761 3,584 10,301 3,248 4,541 2,032 | 4,800 12,810
1872 6,636 13,354 1,065 1,546 2,221 285 Q522 16,915 | 2,817 3,719 10,437 1,831 2,506 2,658 2,992 10,385
1973 8,225 16,744 1,087 3,508 5,047 1,965 | 14,766 24,823 | 3,604 | 4,621 13,140 5,474 7,012 1,437 8,658 18,715
1974 | 14,478 28,385 2,050 6,204 8,910 3,991 | 26,723 44,336 ] 6,340 ] B,138 23,045 10,195 12,901 2,124 | 16,209 33,822
1975 5096 10,393 | 2,822 |11,848 16,727 6,374 |25940 36236} 2,227 | 2869 8,166 18,022 23101 2659 | 18,232 28,608
1976 | 12421 25,398 1,675 13,761 19,790 9,074 (36,931 55937 5404 | 7,017 19,994 {22835 28864 5,263 | 24 589 43,585
1977 {13,349 279043 | 3,773} 6746 9,670 6,992 |30860 48387 | 5841 | 7,508 22102 |13,738 16671 4,542 (16,704 34,231
1978 2,535 5,241 3,651 3,227 4,651 3,044 | 12,457 16,587 1,113 1,422 4,128 6,271 7,695 2,015 5,678 9,808
1979 | 12,365 25,381 | 3,154 | 11,529 16,690 3,827 |30,875 49,052 | 5428 | 6,937 19,953 (15356 20,517 3,716 [ 18,577 35,754
1980 | 16,534 33,825 ) B,252 | 14,346 20680 10,793 | 49925 73,560 | 7,253 | 9,281 26,572 /25139 31,483 5542 28,6878 52,513
1981 | 18,594 38,329 | 1,951 (11,199 16,176 5,627 [ 37,371 62,083 | B,163 | 10,43 30,166 | 16,826 21,803 9,021 |18,236 42948
1882 | 10,008 20,552 2,020 B, 773 12,598 3,038 | 23,839 38,208 | 4,361 5,647 16,191 [ 11,811 15,636 5,279 112,179 26,548
1983 4662 9562 | 1,821 | 7,706 11028 1,564 115553 23,775 | 2,047 | 2615 7,015 9,270 12592 4,138 | 7,747 15,969
1984 | 12,3898 25,815 0| 14,105 20,227 1,451 127,954 47493 | 4,724 7,674 21,091 | 15,556 21,678 5,266 | 17,964 37,503
1885 | 16,354 34,055 011,038 15910 2,018 (29,410 51,983 | 6,360 §,8994 27,695 | 13,056 17,928 4,892 | 18,158 40,731
1886 | 16,661 34,495 0/13,412 19,321 862 | 30,0935 546787 6,182 {10479 28,313 | 14,274 20183 3,549 | 21,204 44 947
1987 | 18,388 37,802 010,030 14,334 3,328 131,746 bH55664 | 7,056 [ 11,332 30,846 13,358 17,662 3,101 | 21,589 45 407
1088 {16,611 33,851 015,131 21,834 1,2501232002 56,035 | 6,384 | 10,227 27,467 | 16,381 23,084 3,320 23,288 47,231
1989 | 17,378 35141 0116,240 23,182 1,339 | 34,957 59,662 | 6,629 | 10,749 28,512 | 17,578 24521 4,455 | 23,873 48,578
1890 | 20,118 41,652 0112,287 17,643 1,533 33939 60,826 | 7,391 |12,728 34,261 | 13,820 19176 3,795 (22,753 49,642
1991 | 6,718 13,870 010,602 15246 2,439 (19,759 231,555 | 2,399 4,319 11,471 113,041 17,685 3,546 | 13,814 25,610
1982 9,269 18,936 011,340 16,181 2,223 22,832 37,340 3,629 5640 15307 | 13,563 18,404 4,078 15125 29,633
1983 2,104 18,711 0| 7,610 8,828 foot- | 16,714 27,639 | 3,327 | 5777 15,384 | 5,762 6,868 foot- | 11,539 22,252
1994 2,446 4,873 0 5,770 6,610 notea" 8,216 11,683 493 1,953 4.480 4,865 5,73B notke"a" 6,918 10,218
1895 5,'974 12,364 0 8,265 9,458 14,239 21,822 1,885 | 4,089 10,479 8,025 9.218 12,114 19,687
1986 888 20,791 0]12,907 15,256 22795 38,047 | 2,211 | 7,677 18,580 | 11,576 13,892 16,253 32,472
16497 2,665 5,488 0| 4508 4,979 7,173 10487 493 7 2172 4805 | 39871 4,433 6,143 9,428
1008 4,308 5025 0{ 9,203 10,801 13,511 19,826 0, 4308 9025, 8775 10,348 13,083 19,373

SEMAs 19,20,21: Returnms estimated as run size {(1SW recreational catch / expl rate [ C 2 10 0 45); where MIN and MAX selected as 5th and 95th percentiles

SFA 23. Similar approach as for SFAs 16-21 except thal ustimated wild 1SW relurns-destined for Mactaguac Dam, Saint John River, replaced values fur recroational

values frem 1.000 monte carlo estirnates) + estirmaled 1SVY fish in commercial landings 1970-1883 (Cutting et al. M3 19856).
SFA 22: Inner Fundy stocks and inner-Fundy SFA 23 (primanly 1SWV fish) do not go to the North Atlantic.

catch and estimated propeortions that production above Mactaguac is of the total (0.4-0 B) river replaced exploitataion rates, Marshall (MS 1992} (commercial
harvest, bi-catch ete., incl. in estimated returns); hatchery returns attributed to above Mactaquac only; 15W production in rest of SFA (outer Fundy) omitted.

Revision of method, SFA 23, 1993-1598, estimatad returns te Nashwaak fence raised by propodion of area below Mactagquac {0 21-0.30) and added to total

estimated returns originating upriver of Mactaguas {Marshall et al. 1998b), MIN and MAX removals below Maclaquac based on Nashwaak losses, Mactaquac losses

are a sngle value and together summed and removed from returns to establish estimale of spawners

SFEAs 19-21, estimate of returns for 1998 based on regression of Lal {ave wild counts on MIN and MAX estimates of total SFA 18-21 returns,

1984-1997, because there was no angling in SFAs 20-21 in1998.

values in SFAs 19-21, revised from previous year using final estimates of recreational catch for 1997.




Appendix 6(ixa). Total 28W returns to SFAs 19, 20, 21 and 23, 1970-1998.

SFA 23
SFA 18 SFA 20 SFA 21 Total Wild wild Htch Htch TOTAL
MIN MAX MIN MAX  MIN MAX Comm- MIN MAX MIN MAX  SFAs 19,20,21,23
25W=0.7-0.9 25W=0.6-0.9 25W=0.5-0.¢ ercial 25W= 0.85-0.95 25W= 0.85-0.95

Year Exp. rate=0.2-0.45 Exp. rate=0.2-0.45 |Exp. rate=0.2-0.45 19-21 p. abv=0.4-0.6 MIN MAX

1970 1,170 2,537 858 1,535 597 1,525 2,644 8,540 12,674 0 0 13,608 20915
1971 800 1,266 344 802 481 1,199 2,607 7,089 10,463 66 73 11,187 16,410
1972 735 1,614 421 1,002 454 1,188 4,549 7,362 10,809 507 559 14,028 19,731
1873 726 1,571 665 1,532 546 1,437 4217 3,773 5,559 432 477 10,359 14,763
1874 1,035 2,225 681 1,588 548 1,347 8,873 8,766 12,790 1,888 2,198 21,902 29,071
1975 376 824 149 343 882 2,321 9430 | 11,217 16,490 1,890 2,088 23,944 31,496
1976 791 1,672 346 822 441 1,146 59161 12,304 18,106 1,970 2,175 21,768 29,837
1977 999 2,152 660 1,509 873 2,354 9,205 | 14,539 21,420 2,330 2,575 28,608 39,215
1978 a0 1,739 429 995 655 1,708 6,827 6,059 8,903 2,166 2,391 16,946 22,561
1979 532 1,169 431 a7e8 500 1,288 2,326 4,149 6,084 1,016 1,123 8,962 12,968
1980 1,408 3,051 746 1,714 1,483 3,089 9,204 | 16,500 24,041 2,556 2,824 31,897 44 823
1981 886 1,856 926 2,133 1,754 4,475 4,438 8,686 12,640 2,330 2,577 18,030 28,168
1982 917 1,990 316 746 682 1,756 5,819 B,266 12,198 1,516 1,673 17,516 24 182
1983 477 1,030 641 1,475 552 1,434 2,978 B, 718 12,793 944 1,043 14,310 20,753
1984 azs 1,768 638 1,500 766 2,004 0| 14,753 21,573 953 1,054 17,938 27,899
1985 1,495 3,132 2,703 6,355 2,102 5,469 0| 15,793 23,002 748 826 22,841 38,784
19686 3,500 7,541 2,561 5,987 2,150 5,312 0 9,210 13,507 681 754 18,102 33,101
1967 2,427 5,237 1,066 2,627 1,114 2,872 0 6,512 9,580 410 453 11,5628 20,679
1988 2,635 5,724 1.914 4,464 1,105 2,945 0 3,936 5,836 780 861 10,370 19,830
1989 2,236 4,810 1,512 3,485 1,631 4,086 0 6,159 8,994 401 443 11,939 21,818
1990 2,406 5,178 1,085 2,515 1,271 3,260 0 4,994 7,375 492 543 10,248 18,871
1991 1,890 4,050 985 2,200 421 1,071 0 6,739 9,902 598 661 10,613 17,884
1992 1,788 3,923 631 1,488 480 1,236 0 6,213 9,074 665 735 9,777 16,456
1993 876 1,897 1,006 2,321 564 1,498 0 4,318 5,371 fook- 6,764 11,087
1994 833 1,845 242 561 305 773 0 2,988 3,720 note "a” 4,378 6,008
1995 759 1,682 666 1,565 518 1,338 0 3,042 3,831 4,885 8,317
1996 1,231 2,692 604 1,404 894 2,293 0 4,498 5,665 7,227 12,054
1997 807 1,299 170 387 301 1,026 0 2,567 3,210 3,845 5,922
1998  [»=s>miimn s> 1,103 3,888 <<<<<<<t<<wat<< 0 1,825 2,115 2,728 6,003

SFAs 19,20,21° Returns estimated as run size (MSW recreational catch = prop 2SW [range of values)y expl rate [range of values], whers MIN and MAX salected as Hth and

95th percentile valuss from 1,000 morite carlo estimataes) + estimated 2SW fish in commercial landings 1870-1983 (cutiing et al MS 1885)

SFA 22 Inner Fundy stocks do not go Lo niorlh Allerilic,
SFA 23: Similar approach es for SFAs 19-21 except that estimated wild MSW returns destined far Mactaquac Dam, Saint John River, replaced vaiuas for recreational

1T

catch; and estimated proportions that production above Mactaquac s of the total river replaced explaitation rates, Marshal! (MS 1992) (commercial harvest,
bi-catch ete., incl. in estimated returns) + est. 0.85-0.95* MSW hatchery raturns to Mactaquac, 25V production in rest of SFA ignared.

Revsion of method, SFA 23, 1992-1998, estimated MSW returns to NMashwaak fence raised by proportion of area bslow Mactaguac (0.21-0.20) ™ proportion
28V [{0.7-0.9) and added to estimated MSW hatchery and wild retiurns * (Marshall et al MS 1998) (0 85-0 95; 25W) onginating uprnver of Mactaquac.
SFAs5 19-21 estimate of relurns for 1698 based on regrassion of LaHave wild counts on MIM a&nd MAX estirnates of tatgl SFA 19-21 MSWY relurms,
1984-1997 because there was no anglng in SFAs 20-21 in1998.

Values in SFAs 19-21, revised from previous year using final estimates of recreational catch for 1997,
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- ippendix 6(ixb). Total 2SW spawners in SFAs 19, 20, 21 and 23, 1970-1993.

SFA 23
. RETURNS REMOVALS | SPAWNERS RETURNS REMOVALS TOTAL
_ SFA 19 SFA 20 SFA 24 angled {19-21) SFAs (18-21) _ , SPAWNERS
| Year | . MIN__ MAX MIN  MAX  MIN __ MAXIMIN  MAX |MIN  MAX |MIN MAX MIN  MAX [MIN  MAX
1870 | 1,170 2537 658 1,535 597 15625 941 1375 1485 4222 8540 12,6/4 7,004 7,828 | 3021 5,088
1971 600 1,266 344 802 481 1,198 541 812 884 2455: 7155 10536 3543 3,960 | 4,496 9,032
1972 735 1,614 421 1,002 454 1,198 623 922 987 2892 | 7,869 11,368 1,397 1,562 | 7,450 12,698
1873 726 1,571 665 1,532 546 1437 740 1108 | 1,197 3432 | 4205 6036 1454 1,625| 3949 7844
1874 | 1,035 2,225 691 1,588 548 1,397 871 1,277 | 1,404 3933 10,755 14,888 2632 2942| 9526 15079
1975 376 824 149 343 882 2,321 534 867 874 2,621 |13,107 18578 2,120 2,360 11,861 18,830
1976 791 1,672 346 822 441 1,146 603 887 9756 2754 14,274 20,281 4,203 4,698 [ 11,045 18337
1977 999 2,152 660 1,509 873 2,354 967 1,463 | 1,565 455216869 23,995 485 5427 |13,578 23,119
1978 810 1,739 429 995 655 1,706 723 1,088 | 1,171 3,352 | 8,225 11,284 2879 3218 6517 11428
1979 532 1,169 431 978 508 1.288 560 851 911 2585, 5165 7,207 1,393 1,557 | 4,683 823
1080- | 1,408 3,051 746 1,714 | 1483 3,989 | 1,390 2,131 | 2,247 6,623 | 19,056 26,865 7,033 7,860 | 14,270 25628
1981 886 1,856 826 2,133 | 1,754 4475| 1,338 2125 | 2228 6339 11,026 15267 7,384 8253 | 5870 13,353
1982 917 1,940 316 746 682 1786 734 1,096 1,181 3306 | 9782 13871 5307 5932| 5656 11,335
1983 477 1,030 641 1,475 552 1,434 633 971 | 1,037 2968 | 9662 13,836 9,194 10,275| 1,505 6,520
1984 828 1,768 638 1,500 766 2,004 267 419 | 1,965 4853 15706 22,627 3,426 3,829 (14,245 23650
1885 | 1,495 3,132| 2,703 6,355 | 2,102 5469 6,300 14956 | 16,541 23,828 4656 5,204 {18,185 33,580
1986 | 3,500 7,541 | 2,561 5987 2150 5312 8,211 18,840 | 9,891 14,261 2,667 2,981 (15435 30120
1987 | 2,427 5237 | 1,066 2,527 | 1,114 2,872 4,607 10,636 | 6,922 10,043 1,204 1,446 | 10235 19,233
1988 | 2635 5724 | 1,914 4464 ( 1105 2,045 5654 13,133 | 4,716 6,607 1,206 1,449 | 9,074 18381
1989 | 2,236 . 4,810 | 1,512 3485| 1,631 4,086 5,379 12381 | 6,560 9437 250 279 | 11,689 21,539
1990 | 2,406 5,178 1,085 2515| 1,271 3,260 4,762 10953 | 5486 7,018 560 626 | 9,688 18,245
1991 | 1,800 4,050 965 2,200 421 1,071 3,276 7,321 | 7,337 10563 1,257 1,405| 9,356 16479
1992 | 1,788 3,923 631 1488 | 480 1,236 2,899 6647 | 6,878 9,809 1,052 1,176 | 8,725 15,280
1093 876 1,897 | 1,006 2321| 564 1498 2446 5716 | 4318 5371 1,054 1,166 | 5710 9,921
1904 833 1,845 242 561 305 773 1,380 3,179| 2,099 3,729 697 815 | 3,682 6,083
1995 759 1,582 666 1,565 518 1,339 1,043 4486 | 3,042 3,831 313 346 | 4,672 7.971
1996 | 1,231 2,692 604 1,404 894 2,293 2720 6380 | 4498 5,665 720 812 | 6,507 11,242
1997 607 1,299 170 387 301 1,026 1,078 2,712 2,567 3,210 550 611 | 3,085 5,311
1908 |>>>»>>apme>>> | 103 3,888 <<<<<<<<<<cd 1,103 1888 1,625 2115 304 340 | 2424 5,683

Spawners = returns minus removals whare: )
"returns" are fram App 5(xa), where revisions to methods for SFAs $9-21, 1998, and SFA 23 1993-1998 are outlined {1997 values for SFAs 19-21 rewsed on basis of final
estimate of recreational catch).
removals” of 25W fish in SFAs 19-21have been few, largely illegal and unascribed since the caltch-and-release angling regulations in 1985; remavals in SFA 23
1985-1997 had been in total the assessed losses 10 stocks originating above Mactaquac.  The revised method {App S{ixa)), 1993-1998 incorporates-5th and 95th percentile values
for losses rioted on the Nashwaak raised to the total production area downstream of Mactaguac and the previcusly assessed and used values for tocks upstream of Mactaquac.




Appendix 6 x. Global evaluation of the number of recruits and spawners for all the Quebec's river, 1969-1998.

Recruits of small salmon

Recruits of large salmon

Spawners of small salmon

Spawners of large salmon

Year Min Mean Max Min Mean Max Min Mean Max Min Mean Max
1969 25,355 31,694 38,032 74,653 93,316 111,979 16,313 20,392 24,470 25,532 31,915 38,299
1970 18,804 23630 28,356 82,680 103,350 124,020 11,045 13,806 16,568 31,292 39,115 46,937
1971 14,969 18,711 22,453 47 354 59,192 71,031 9,338 11,672 14,007 16,194 20,243 24,292
1972 12,470 15,587 18,704 61,773 77,217 92,660 8,213 10,267 12,320 31,727 39,658 47,590
1973 16,585 20,731 24,877 68,171 85,214 102,256 10,987 13,734 16,480 32,279 40,349 48,419
1974 16,791 20,988 25,186 91,455 114,318 137,182 10,067 12,583 15,100 39,256 49,070 58,884
1975 18,071 22,589 27,1086 77,664 97,080 116,497 11,606 14,507 17,409 32,627 40,784 48,940
1976 19,959 24,948 29,938 77,212 96,515 115,818 12,979 16,224 19,469 31,032 38,790 46,548
1977 18,190 22,737 27,285 91,017 113,771 136,525 12,004 15,005 18,008 44 660 55,825 66,990
1978 16,971 21,214 25,456 81,953 102,441 122,930 11,447 14,309 17170 40,944 51,180 61,416
1979 21,683 27,103 32524 45,197 56,497 67,796 15,863 19,829 23,795 17,543 21,929 26,315
1980 29,791 37,239 44 686 107,461 134,327 161,192 20,817 26,021 31,226 48,758 60,948 73,137
1981 41,667 52,084 62,51 84,428 105,535 126,642 30,952 38,690 46,428 35,798 44,747 53,697
1982 23,699 29,624 35,549 74,870 93 587 112,305 16,877 21,096 25316 36,290 45,363 54,435
1983 17,987 22,484 26,981 61,488 76,860 92,232 12,030 15,038 18,045 23,710 29,638 356,565
1984 21,566 26,230 30,894 61,180 71110 81,041 16,3186 20,636 24,957 308610 37,674 44 739
1985 22,771 28,0186 33,262 62,899 73,545 84,192 15,608 20,374 25,140 28,312 35,897 43,482
1986 33,758 40,347 46,937 75,561 87,479 99,397 22,230 28,042 33,855 32,997 41,114 49,232
1987 37,816 45,925 54,034 72,190 82,920 93,650 25,789 33,135 40,481 29,758 356,610 43,462
1988 43,943 53,068 62,193 77,904 80,587 103,269 28,582 36,699 44,815 34,781 43,653 52,524
1589 34,568 41,488 48,407 70,762 81316 91,871 24,710 31,015 37,319 34,268 41,727 49,185
1890 39,962 47,377 54,792 68,851 79,872 €:: 893 26,594 33,210 39,826 33454 41,635 49,615
1991 31,488 37.121 42,755 64,166 73,675 83,184 20,582 25,508 30,433 27,341 33,569 39,797
1992 35,257 42 000 48,742 64,271 74112 83,953 21,754 27,668 33,583 26,489 32,893 39,497
1993 30,645 36,400 42,156 50,717 57,197 63,677 17,493 22,469 27,444 21,609 25,481 29,353
1994 29,667 34,918 40170 51,649 58,139 64,630 16,758 21,200 25,642 21,413 25,191 28,968
1595 23,851 28,109 32,368 59,939 67,083 74,227 14,409 17,978 21,548 30,925 35,122 39,320
1896 32,008 37,283 42 558 53,990 61,136 68,282 18,923 23,364 27,805 26,042 30,433 34,824
1997 24,300 28,659 33,018 44 442 50,315 56,187 14,724 18,467 22,210 21,275 24 871 28,466
1998 26,588 31,568 36,547 40,373 46117 51,862 16,152 20,477 24,801 19,729 23,299 26,869

£ce



APPENDIX 7
COMPUTATION OF CATCH ADVICE FOR WEST GREENLAND
The North American Spawning Target (SpT) for 2SW salmon has been revised to 180,495 fish in 1996.

This number must be divided by the survival rate for the fish from the time of the West Greenland fishery to their return
of the fish to home waters (11 months) to give the Spawning Target Reserve (SpR). Thus:

Eq. 1.  SpR=SpT * (exp{11¥M) (where M =0.01)

The Maximum Allowable Harvest (MAH) may be defined as the number of non-maturing 1SW fish that are available
for harvest. This number is calculated by subtracting the Spawning Target Reserve from the pre-fishery abundance
(PFA).

Eq.2. MAH=PFA - SpR

To provide catch advice for West Greenland it is then necessary to decide on the proportion of the MAH to be allocated
to Greenland (fy,). The allowable harvest of North American non-maturing 1SW salmon at West Greenland NATISW)
may then be defined as

Eq.3. NAISW =fy, * MAH

The estimated number of European salmon that will be caught at West Greenland (E18W) will depend upon the harvest
of North American fish and the proportion of the fish in the West Greenland fishery that originate from North America
[PropNA] '. Thus:

Eq. 4. EISW = (NAISW / PropNA) - NAISW

To convert the numbers of North American and European 1SW salmon into total catch at West Greenland in metric
tonnes, it is necessary to incorporate the mean weights (kg) of salmon for North America [WT1SWNA]' and Europe
[WT1SWE]' and age correction factor for multi-sea winter salmon at Greenland based on the total weight of salmon
caught divided by the weight of 1SW salmon [ACF]' . The quota (in tonnes) at Greenland is then estimated as

Eq. 5. Quota=(NAISW * WTISWNA + E1SW * WT1SWE) * ACF/1000

' New sampling data from the 1995 fishery at West Greenland were used 1o update the forecast values of the

proportion of North American salmon in the catch (PropNA), mean weights by continent [WT1SWNA, WT1SWE] and
the age correction factor [ACF] in 1996.
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Appendix 8a  Input data for NEAC Area Pre Fishery Abundance analysis using Monte
Carlo simulation - FINLAND

Unrep. as Lnrep. as
Catch % of tatal % of tolal Exp. rate Exp. rate
Year (numbers) 18W MSW 1SW (%) MSW (26)
18W MSW min max min max min max min max
1971 3,114 3,156 20 30 20 30 30 70 30 70
1972 4 BES 4,932 20 30 20 30 30 70 30 70
1973 7,395 7.496 20 30 20 30 30 70 30 70
1974 5,803 7.253 20 30 20 30 30 70 30 70
1975 6,732 7,178 20 30 20 30 30 70 30 70
1976 5,817 6,202 20 30 20 30 30 70 30 70
1977 5,238 5,584 20 30 20 30 30 70 30 70
1978 3,832 3,481 20 30 20 30 30 70 30 70
1979 3,082 2,208 20 30 20 30 30 70 30 70
1980 3,920 3,093 20 30 20 30 30 70 30 70
1981 3,617 4,874 20 30 20 30 30 70 a0 70
1982 2,598 5,408 20 30 20 30 30 70 30 70
1983 3,916 6,050 20 30 20 30 30 70 30 70
1984 4,889 4726 20 30 20 30 a0 70 30 70
1985 8,201 4,912 20 30 20 30 30 70 30 70
1986 5,131 3,244 20 30 20 30 30 70 30 70
1987 8,606 4,620 20 30 20 30 30 70 30 70
1088 5926 3,495 20 30 20 30 30 70 30 7Q
1989 10,385 5,332 20 30 20 30 0 820 30 80
1990 10,084 5,600 20 30 20 30 30 80 30 80
1991 9213 6,208 20 30 20 30 30 80 30 B0
1992 15,017 65,284 20 30 20 30 30 80 3Q 80
1993 11,157 8,180 20 30 20 30 30 80 30 80
1994 7,493 6,230 20 30 20 30 30 80 30 8O
1995 7.786 5,344 20 30 20 30 30 B0 30 80
1996 10,726 2,717 20 30 20 30 30 70 30 70
1997 9 469 4,272 20 30 20 30 30 70 30 70
1098 11,410 3,749 20 30 20 30 30 70 30 70
1999 0 1] 20 30 20 30 30 70 30 70
2000 Q Q 20 30 20 30 30 70 30 70
M{min)=  0.005 Retum time {(m)= 15w (min) 6 M SW {m in) 18
M{max)=  0.015 15W (max) -] MW (max) 20
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Appendix 8b

Input data for NEAC Area Pre Fishery Abundance analysis using Monte
Carlo simulation - FRANCE

Unrep. as Unrep. as
Catch % of total % of tolal Exp. rate Exp. rate
Yeoar {numbers) 15w MSW 1SW (%) rMSW (%)
15W MSW min_ | max min | max min max min max
Non-reporting included in exploitation rates
1971 1,740 4,080 0 0 0 0 8 15 22 37
1972 3,480 8,120 0 0 0 [¢] 8 15 22 37
1973 2,130 4,970 4] 0 0. a 8 15 22 37
1974 990 2,310 4] 0 0 0 8 15 22 37
1975 1,880 4,620 0 0 0 0 8 15 20 35
1976 1,820 3,380 0 0 0 0 8 15 20 35
1877 1,400 2,600 Q Q Q Q 8 15 20 35
1978 1,435 2,665 0 0 0 0 8 15 20 35
1979 1,645 3,055 0 0 0 0 2] 15 20 35
1980 3,430 6,370 0 Q o] 0 B 15 20 35
1981 2,720 4,080 0 0 d O 8 15 20 35
1982 1,680 2,520 0 0 4] 1] g 15 20 35
1983 1,800 2,700 8] o] ] 1] 8 15 20 35
1984 2,960 4440 0 0 1] [¢] 8 15 20 35
1985 1,100 3,330 0 0 o 0 8 - 15 20 35
1986 3,400 3,400 0 0 1] 0 -] 15 20 35
1987 6,000 1,800 0 0 0 0 8 . 15 20 35
1988 2,100 5,000 0 o] 0 0 B 15 20 35
1989 1,100 2,300 0 0 8] 0 8 15 20 35
1990 1,900 2,300 o] Y] 0 o] 8 15 20 35
1991 1,400 2100 [ 0 o] o] i 12 20 35
1992 2,500 2,700 [ 0 i) [¢] 7 12 20 35
1993 3,600 1,300 ¢] 0 1] 0 8 15 20 35
1584 2,800 2 300 [¢] 0 8] 0 B 15 20 35
1995 1,669 1,095 0 0 o] 0 B 15 20 35
1996 2,063 1,942 0 0 0 0 8 15 20 - 35
1997 1,060 1,001 0 0 0 Q 8 15 20 35
1998 2,085 B46 0 0 0 4] ] 15 20 35
1599 Q 0 Q 0 0 ] 8 15 20 35
2000 Q Q ] 0 Q 0 ] 15 20 35
M(min}=  0.005 Returh time (m)= 18W{min) 7 MSW (min) 16
M(max)= 0.015 18W{max; 9 MSW {max) 17
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Appendix 8c  Input data for NEAC Area Pre Fishery Abundance analysis using Monte
Cartlo simulation - ICELAND

i Unrep. as Unrep. as
Catch % of total % of total Exp. rate Exp. rale
Yoar (numbers) 18w MSW 1SW (%) MSW (%)
15W MSW min max min max min max min max
| 1971 21,403 13,083 0 0 0 1] 40 60 50 70
1972 19,588 21,134 0 0 1] [ 40 60 50 70
1973 20,052 18,021 0 0 0 4] 40 B0 50 70
1974 14,204 14,325 o o] ] 0 40 60 50 70
1975 20,328 18032 O 0 0 Q 40 50 50 70
1976 17,349 13,874 0O V] 1] o] 4 50 50 70
1977 19,454 17,419 0 4] 0 4] 40 60 50 70
1978 24,120 22,884 0 D 0 4] 40 50 50 70
1879 23,759 15,981 0 0 0 0 40 80 50 70
1980 7 649 20,158 0 0 0 4] 40 60 850 70
1581 15,543 9,516 0 0 0 4] 40 GO 50 70
1982 11,872 9,478 0 0 Q 4] A0 60 50 70
1993 16,031 11,483 0 1] Q 8] 40 B0 50 70
‘ 1984 9,988 11,920 0 0 0 0 A0 B 50 70
1985 | 20064 | 6882 0 0 0 0 40 60 50 70
i 1986 | 30769 | 12,521 g 0 0 a 40 60 50 70
| 1987 20,392 12 898 o] 0 o] o] 40 60 50 70
* 1988 | 37661 | 10516 0 0 0 0 40 60 50 70
1989 2,366 9,399 0 [s] 0 o] 40 60 50 70
1990 18 956 10,327 Q 0 Q 0 40 60 50 70
1991 22,878 8,614 o] Q 0 0 40 60 50 70
1992 30,676 11,633 0 Q 0 0 40 860 50 70
1993 29,360 9,665 0 4] 0 0 A% 60 50 70
| 1994 | 17,562 | 10480 0 0 0 0 40 60 50 70
1 1995 25,552 B.689 0 0 0 0 40 60 50 70
| 1996 21,624 7812 0 0 0 0 40 60 50 70
: 1997 21,476 7,164 0 0 8] 0 40 60 50 70
1998 35,537 7,791 0 0 [+ 4] 40 60 50 70
1969 [¢] 1] 0 0 o] 4] 40 60 50 70
2000 c 0 0 0 0 o] 40 60 50 70
M(min)=  0.005 Ratumn time (m)=  1SWimn) [ MSW (min} 17
M(max)= 0.015 15W (max) 8 MSW {max) 19
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Appendix 8d  Input data for NEAC Area Pre Fishery Abundance analysis using Monte
Carlo simulation - IRELAND I
Unrep. as Unrep. as
Catch % of total % of total Exp. rate Exp. rate
Year {humbers}) 15w MSW 18W (%) MSW (%}
1SW MSW min | max min | max min max ‘min max
Non-reporting included in exploitalich rales
1971 475,839 52,871 0 0 Q 0 54 83 47 55
1972 523,742 58,194 6] 4] O 0 54 63 47 55
1973 560,323 62,258 0 0 Q [¢] 54 53 47 55
1974 617,806 68,645 o] o] 0 0 54 63 47 55
1975 643,355 71,484 0 4] 0 0 54 63 47 55
1976 453,194 50,355 Q0 4] 0 Q 54 63 47 55
1977 398 323 44,253 Q 0 0 0 54 63 47 55
1978 357,087 39,677 4] [ o] 0 54 B3 47 55
1979 318,484 35,387 0 0 0 ] 54 iX] 47 55
1980 248,333 | 38,608 0 0 0 1] 54 63 47 55
1981 | 173667 | 32.159 0 0 0 0 B2 72 47 55
1882 31{,000 12353 0 0 0 Q 61 72 43 51
1983 502,000 | 29,411 0 0 0 0 54 63 A6 54
1984 242 666 19,804 4] 0 0 0 59 70 36 42
1985 408,333 19,608 0 0 0 o] 65 77 33 45
1986 498,125 28335 0 9] Q 4] 63 74 51 61
1987 358,842 27,609 0 0 1] 0 60 70 a5 41
1988 | 550207 | 30599 0 0 o 0 45 54 43 50
1989 305,667 24891 0 4] 0 0 80 70 48 56
1990 180,118 14,667 0 4] 4] Q 465 54 59 70
1991 125,389 10,211 0 [4] 0 o] 40 47 49 57
1992 217,446 17,707 0 0 0 Q 47 55 45 53
1993 186,901 15,220 Q 0 1] Q 46 54 71 a3
1994 268,839 21,892 4] o] 0 0 47 55 43 50
1995 A7 773 19,362 Q 0 0 1] 51 60 43 50
1996 | 230,826 | 18,797 0 0 0 0 50 52 60 75
1997 194,187 15,813 0 0 Q 0 30 45 40 50
1998 219,767 17,896 0 0 Q o] 30 40 40 50
1599 0 0 Q 0 o] ] 30 45 40 50
2000 1] 0 Q 0 0 0 30 45 40 50
M(min)=  0.005 Return time (m)=  1SW(min} 7 MSW (min) 17
M{max}= 0.015 15W (max 9 MSW {max) 18
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Appendix 8e

Input data for NEAC Area Pre Fishery AbUﬁdahb'e analysis using Monte
Carlo simulation - NORWAY

Unrep. as Unrep. as
Catch % of tolal % of fotal Exp. rate Exp. rate
Year (numbers) 1SW |MSW 1SW (%) MSW (%)

1SW MSW min max min max min max min max
1971 213,595 | 135,247 40 60 40 60 70 90 70 90
1972 279249 | 176,818 40 60 40 60 70 90 70 90
1973 305,439 | 193,402 40 60 40 60 70 90 70 90
1974 288,982 | 182,981 40 60 40 B0 70 90 70 90
1975 271,993 § 172224 40 60 40 B0 70 90 70 a0
1976 270,754 | 171,438 40 60 40 60 70 90 70 90
1977 263,322 | 166,73 40 60 40 60 70 90 70 90
1978 185,812 | 117,655 40 60 40 60 70 90 70 90
1979 324,020 | 205,167 40 80 40 B0 70 90 70 0
1980 323,843 | 205,055 40 60 40 60 70 90 70 90
1981 221 566 | 213,943 40 60 40 G0 70 90 70 90
1982 163,120 | 174,229 40 50 40 60 70 90 70 90
1983 278,061 | 171,361 40 60 40 60 70 90 70 a0
1984 294,365 § 176,718 40 60 40 60 70 a0 70 i)
1985 299,037 | 162,403 40 60 40 60 70 o0 70 90
1986 264,349 § 191,524 40 60 40 60 70 90 70 90
1987 235,703 | 153.5M 40 60 40 50 70 90 70 80
1988 217,817 | 120,367 40 G0 40 60 70 90 70 a0
1989 220,170 | 80,880 40 60 40 60 50 70 50 70
1950 192 500 91,437 40 60 40 50 50 70 50 70
1991 177,041 92,214 40 60 40 60 50 70 50 70
1992 150,580 97,586 40 60 40 60 50 70 50 70
1993 151,291 92,717 30 50 30 50 50 70 50 70
1994 153,412 99,519 30 50 30 50 50 70 50 70
1995 134,341 | 98656 30 50 30 50 50 70 50 70
1996 110,085 | 96,656 30 50 30 50 50 70 50 70
1997 124,387 64,290 25 45 25 45 45 65 45 65
1998 162,185 | 82,335 25 45 25 45 45 65 45 65
1999 G 0 25 45 25 45 45 55 45 65
2000 0 0 25 45 25 45 45 65 45 B85
M{min)= 0.005 Retum tima (m)=  18W(min} 5 MSW (min} 17

M{max)= 0.015 18W(max) 7 M3W (max 18
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Appsndix 8f

input data for NEAC Area Pre Fishery Abundance analy3|s usmg Monte
Carlo simulaticn - RUSSIA

Unrep. as Unrep. as
Catch % of total % of total Exp. rale Exp. rate
Year (numbers) 18w 4MSW 15W (%) MSW (%)
1SW MSW min max min max min max mih max
1971 48,312 1 8084 11 25 11 25 25 45 25 45
1972 53,626 | 67,407 11 25 11 26 25 45 25 45
1973 89,440 | 112,636 11 25 11 25 25 45 25 45
1974 82,141 | 103,444 11 25 11 25 25 45 25 45
1975 87,944 | 120,806 11 _ 25 11 25 25 45 25 45
1976 66,447 | 110,756 1" 25 11 25 25 45 25 45
1977 55463 | 83,195 1 25 11 25 25 45 25 45
1978 60,737 | 57.564 1 25 11 25 25 a5 25 45
1979 60,423 | 63844 11 25 11 25 25 45 25 45
1980 45,673 | 96,795 11 25 1 25 25 45 25 .45
1981 32,611 [ 52,528 11 25 11 25 20 40 20 40
1982 39702 | 42471 11 25 1 25 20 40 20 40
1983 57,870 | 68,306 11 25 11 25 20 40 20 40
1984 54901 | 72228 11 25 11 25 20 40 20 40
1985 72,803 | 80,292 11 25 11 25 20 40 20 40
1986 63,926 | 89465 11 25 11 25 20 40 20 40
1967 97,242 | 41,769 11 25 11 25 20 40 20 40
1988 53,158 | 46,848 11 25 11 25 20 40 20 40
1989 78,023 | 29454 11 25 11 25 20 40 20 40
1890 70,595 | 25,663 11 25 1 25 20 40 20 40
1991 40,603 | 17,543 33 47 33 47 10 25 10 25
1992 34,021 13,434 45 55 45 55 10 25 10 25
1993 28400 | 17,907 50 60 50 60 10 25 10 25
1904 30,877 | 13,668 55 85 55 85 10 25 10 25
1995 27,775 | 10023 55 65 55 65 10 25 10 25
1996 33,878 8,708 55 65 &5 75 10 25 10 25
1097 31,857 7,107 55 65 85 75 10 25 10 25
1998 34,870 7,024 55 65 65 75 10 25 10 25
1999 0 0 55 65 65 75 10 25 10 25
2000 0 0 55 65 65 75 10_ 25 10 25
M(min)= 0.005 Return time {m)}=  18W{min 7 MSW {min} 16
M(max): 0.015 13Wimax) 9 M3V (max) 18
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Appendix Bg Input data for NEAC Area Pre Fishery Abundance analysis using Monte
Canlo simulation - SWEDEN
Unrap. as Unrep. as
Calch % of lotal % of total Exp. rato Exp. rate
Year  [(numbers) 18W [Msw 1SW (%) MSW (%)

1SW MSW min max miin max min max min max
1971 6,330 420 20 50 20 50 70 95 55 100
1972 5,006 205 20 50 20 50 70 a5 55 100
1973 6,210 1,025 20 50 20 50 70 a5 55 100
1974 8,935 660 20 50 20 50 70 a5 55 100
1975 9,620 160 20 50 20 50 70 95 55 100
1976 5,420 480 20 50 20 50 70 95 55 100
1977 2,555 360 20 50 20 50 70 95 55 100
1978 2.917 275 20 50 20 50 70 95 55 100
1979 3,080 800 20 50 20 50 70 95 55 100
1980 3,920 1,400 20 50 20 50 70 95 55 100
1981 7,085 407 20 50 20 50 70 05 55 100
1982 6,220 1,460 20 50 20 50 70 85 55 100
1983 8,280 1,005 20 50 20 50 70 95 55 100
1984 14,680 1,410 20 50 20 50 70 95 55 100
1985 13,890 590 20 50 20 50 70 95 55 100
1986 14,635 570 20 50 20 50 70 95 55 100
1087 11,860 1,700 20 50 20 50 70 Q5 55 100
1988 9,930 1,650 20 50 20 50 70 95 55 100
1989 3,180 4,610 20 50 20 50 70 95 55 100
1990 7,430 3,135 20 50 20 50 70 95 55 100
1991 8,990 3,620 20 50 20 50 70 05 55 100
1992 9,850 4 655 20 50 20 50 70 95 55 100
1993 10,540 6,370 20 50 20 50 70 85 55 100
1954 8,035 4,660 20 50 20 50 60 B5 55 100
1995 4,761 2,770 20 50 20 50 50 75 vl 0
1998 6,008 3,547 20 50 20 50 50 75 55 90
1997 2747 2,307 20 50 20 50 50 75 55 g0
19548 2421 1,702 5 25 5 25 B0 85 55 a0
1959 0 0 20 50 20 50 50 75 55 90
2000 0 Q0 20 50 20 50 50 75 &85 90
M{min}=  0.005 Retum fime (m)=  1SW(min) 8 MSW {mn) 17

M{max}= 0.015 SW(man) 8 MSW {max) 18
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Appendix 8h  Input data for NEAC Area Pre Fishery Abundance analysis using Monte
Carlo simulation - UK{ENGLAND & WALES)
Urrep. as Unrep. as .
Calch % of total % of total Exp. rate Exp. rate
Yoar {num bers) 15w MSW 1SW (%) MSW (%)
15w MSW min max min max min max min max
1971 32,905 17,718 25 50. 25 50 30 60 30 60
1972 40,468 21,315 25 50 25 50 30 80 30 60
1873 40,076 20,645 25 © 50 25 50 3o 60 30 G0
1974 41,715 21,014 25 50 25 50 30 B0 30 60
1975 49,238 24 252 25 50 25 50 30 . B0 30 60
1976 20,842 14,369 25 50 25 50 31 51 3 51
1977 34,675 16,317 25 50 25 50 32 52 32 52
1978 39,117 17,958 25 50 25 5{} 33 53 33 53
1979 27,881 12,526 25 50 25 50 34 54 34 54
1980 36,451 | 15.997 25 50 25 50 39 ‘59 39 59
1981 48,057 20,596 25 50 25 50 44} 60 40 60
1982 29,791 12,466 25 50 25 50 41 61 41 61
1983 39,105 15972 25 50 25 50 42 G2 42 62
1984 35,539 14,166 25 50 25 50 44 64 a4 64
1985 36,236 14,092 25 50 25 50 45 65 45 B5
1986 48,023 18215 25 50 25 50 45 65 45 65
1987 42017 15,540 25 50 25 50 45 G5 45 G5
1988 56,248 20,280 25 50 25 50 45 65 45 65
1989 45,346 15,932 25 . 50 25 50 48 68 48 68
1990 42,802 14,651 25 50 25 50 50 70 50 70
1991 23,767 7.922 25 50 25 50 48 B8 48 . 68
1992 21,801 7.075 25 50 25 50 47 67 47 67
1003 30,484 7,151 30 a0 30 60 41 61 41 61
1994 41,792 12,483 30 60 30 60 40 60 A0 G0
1995 27,006 10,502 15 25 15 25 39 59 39 59
1996 22,400 12,062 15 25 15 25 33 53 33 53
1997 19,687 7,281 15 25 15 25 25 45 25 45
1998 22 893 4,689 15 .25 15 25 25 45 25 45
1999 0 o] 15 25 15 25 25 45 2?5 45
2000 0 0 15 25 15 25 25 45 25 45
M(min}= 0.005 Return time {m)=  1SW(min} 7 MSW {min} 17
M{max)= 0.015 18W(max) 9 MSW (max} 19

262




Appendix Bi

Input data for NEAC Area Pre Fishery Abundance analysis using Monte
Carlo simulation - UK(NORTHERN IRELAND)

lUnrep. as Unrep. as
Catch % of total % of lotal Exp. rate Exp. rate
Year (numbers) 15W MSW 1SW (%) MSW (%)

18W MSW min max min max min max min max
1971 70,760 9,375 10 33 10 33 62 76 41 51
1972 63,502 8,413 10 33 10 33 82 76 41 51
1973 55,035 7,201 10 33 10 33 62 76 H 51
1974 55,640 7,371 10 a3 10 33 62 76 4 51
1975 40,592 6,570 10 33 10 33 62 76 41 51
1976 34,170 4,527 10 33 10 33 62 76 41 51
1977 33,263 4,407 10 33 10 33 62 76 41 51
1978 44,754 5,929 10 33 10 a3 62 76 41 51
1979 20,937 3,966 10 33 10 33 62 76 41 51
1980 36,892 4,888 10 33 10 33 a2 76 41 51
1981 30,542 4,046 10 33 10 33 62 76 41 51
1982 39,816 5,289 10 13 10 33 G2 76 41 5%
1983 56,548 7,492 10 33 10 33 B2 76 41 51
1984 23,586 3,125 10 33 10 33 62 76 41 51
1985 20,634 3,926 10 33 10 33 62 76 41 51
1986 32,961 4,367 10 33 10 33 62 76 41 51
1987 16,934 2,243 10 33 10 33 62 76 41 51
1988 34,473 4,567 10 33 10 33 58 71 32 40
1989 42 940 5,689 10 37 10 37 80 98 54 66
1990 28,425 3,766 10 17 10 17 56 68 34 42
1991 16,631 2,203 10 17 10 17 58 71 39 47
1992 27,518 3,846 10 23 10 23 50 62 30 36
1893 25,098 3,325 10 17 10 17 37 45 11 13
1994 27,519 3,648 10 28 10 28 B3 77 36 44
1995 26,904 3,665 10 17 10 17 60 74 et ] 46
1996 23,343 3,093 10 20 10 20 47 67 24 44
1997 29,360 3,800 5 15 5 15 50 70 24 44
1998 26,539 3,517 5 15 5 15 30 40 20 35
1999 Q 0 5 15 5 15 30 40 20 35
2000 Q 0 5 15 5 15 30 40 20 35
M{min)j=  0.005 Return time (m)= 15W(mn) 7 MSW (min} 16

M{max)= 0.015 18W{max) e] MSW (max) 18
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Appendix 8§ Input data for NEAC Area Pre Fishery Abundance analy515 using Monte
Carlo simulation - UK(SCOTLAND)
Catch of |Unrep. as Unrep, as
Calch Scottish flsh | % of iotal % of totat 1EXp, rate Exp. rate
Year {numbars} in England 18w [Msw 1SW {9%) MSW (%)
1SW MSW (% 1SW) min max min max min max min max
70%
1971 262,160 | 161,601 57 335 20 40 20 40 20 40 30 50
1972 251,466 | 218,023 49,097 20 40 20 40 20 40 30 50
1873 293,090 | 237,920 59,700 20 40 20 40 20 40 Kli] 50
1974 | 289,415 | 188,357 50,118 20 40 20 40 20 40 an 50
1975 222345 | 207,978 50,778 20 40 20 A0 20 40 30 50
1976 188,492 | 114,582 14,759 20 40 20 40 20 40 25 45
1977 194,264 | 138,987 48 186 20 40 20 40 2Q 40 25 45
1978 204 470 | 162,954 47 500 20 44 20 40 20 40 25 45
1979 187,236 | 132,508 39 552 20 40 20 A0 20 44 25 45
1350 121,441 | 172,588 41,202 15 e 15 30 15 35 25 45
1981 150,738 | 174,721 61,511 15 30 15 30 15 35 20 40
1982 208,081 | 128,242 44 147 15 30 15 30 15 35 20 40
1963 209,617 [ 145981 67,231 15 30 15 ac 15 35 20 40
1984 213,079 | 107,213 50,994 15 20 15 30 15 - 35 20 40
1985 168,012 | 114,848 48 753 15 30 15 30 15 3s 20 40
19688 202,855 } 148,397 53,277 15 30 15 30 15 35 15 35
1987 164,785 | 103,994 28 999 15 a0 15 30 15 35 5 as
1568 149,088 { 112,162 41,696 15 o} 15 30 15 35 15 35
1983 174,941 ] 103,886 33 577 10 20 10 20 10 30 15 35
1890 81,094 | 67924 41,224 - 10 20 10 20 10 30 15 35
1991 73,608 | 65193 20,343 10 20 10 20 10 30 10 )
1992 101,678 | 82,841 15,115 10 20 10 20 10 30 10 30
1993 94517 | 71,776 33,440 10 20 10 20 10 ac 10 30
1994 98,459 | 85404 37,243 10 20 10 20 10 o 10 20
1995 89,921 | 7m4s2 42 588 10 20 10 20 10 30 10 30
1996 66,413 | 57,920 14,865 10 20 10 20 8 25 ] 25
1997 48526 | 40318 17,538 10 20 10 20 B 25 8 25
1998 51,338 | 35813 14,612 10 20 10 20 8 30 g 25
1869 0 0 4] 10 20 10 20 g 25 8 25
2000 O 0 0 10 20 10 20 a 25 8 25
M(min)=  0.005 Return tima (M= 18W({min} 7 MSW {min) 17
M{max)= 0.015 15W {max) 8 MSW (max) 18
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Appendix 8k Input data for NEAC Area Pre Fishery Abundance analysis using Monte
Carlo simulation - FAROES
Unrep. as Unsrep. as
Catch % of total % of total Exp. rate Exp. rate
Year (numbers) 15w |MSW 15W (%) MSW (%)
In/n+1
1SW MSwW min max min max min max min max
1971 2620 105796 5 15 0 o] 100 100 100 100
1972 2754 111187 5 15 0 0 100 100 100 100
1973 3121 126012 5 15 0 O 100 100 100 100
1974 2186 88276 5 15 0 0 100 100 100 100
1975 2798 112984 5 15 0 0 100 100 100 100
1976 1830 73900 5 15 4] [4] 100 100 100 100
1977 1291 52112 5 13 ] 0 100 100 100 100
1978 974 39309 5 15 0 0 100 100 100 100
1979 1736 70082 5 15 0 Q 100 100 100 100
1980 4523 182616 5 15 0 0 100 100 100 100
1981 7443) 300542 5 15 1] 8] 100 100 100 100
1982 /59 276957 5 15 0 o] 100 100 100 100
1983 15861 215349 5 15 0 4] 100 100 100 100
1984 5534 138227 5 15 0 0 100 100 100 100
1985 378 158103 5 15 4] 0 100 100 100 100
1986 1979 180934 5 15 0 1] 100 100 100 100
1987 90| 166244 5 15 0 Q 100 100 100 100
1988 8637 87629 5 15 0 0 100 100 100 100
1989 1788] 121965 5 15 0 0 100 100 100 100
1990 1989 140054, 5 15 0 0 100 100 100 100
1991 943, B4935) 5 15 1] o] 100 100 100 100
1992 688 35700 5 15 0 0 100 100 100 100
1993 6 30023 5 15 0 4] 100 100 100 100
1994 15 31672 5 15 0 0 100 100 100 100
1995 18 34662 5 15 [ 0 100 100 10G 100
1996 101 28381 5 15 QO O 100 100 100 100
1997 339 1,424 10 20 Q Q 100 100 100 100
19408 [¢] 0| 5 15 0 0 100 100 100 100
1999 0 0 5 15 0 o] 100 100 100 100
2000 0 0 5 15 '] 1] 100 100 100 100
M{min)=  0.005 Retum time (m)= 18wW(min) 0 MSW (mir 1
M(max)= 0015 18w (max) 1 MSW (max) 2
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Appendix 8l

Input data for NEAC Area Pre Fishery Abundance analysis using Monte

Carlo simulation - WEST GREENLAND

Unrep. as Unrep. as
Catch % of total % of total Exp. rate Exp. rate
Year {numbers) 15w MSW 18W (%) MSW (%)

1SW MSW min max min max min max min max
1971 0 439111 0 0 5 15 100 100 100 100
1972 ol 345051 0 0 5 15 100 100 100 100
1973 0 382283 D [+] 5 15 100 100 100 100
1974 0 292402 9] 0 5 15 100 . 100 100 100
1975 0 354886 Q Q 5 15 100 100 100 100
1976 0 198413 g 0 5 15 100 100 100 100
1977 0] 251475 0 0 5 15 100 100 100 100
1978 Q 145265 0 a 5 15 100 100 100 100
1979 Q0 244519, 4] 4] 5 15 100 100 100 100
1980 0 166716 )] 0 5 15 100 100 100 100
1981 v 246704 1] 0 5 15 140 100 100 100
1982 O 143800 0 i) 5 15 100 100 100 100
1983 0 BOSOK [¢] o] 5 15 100 100 100 100
1984 0 41200 0 o] 5 15 100 100 100 100
1985 0 161500 4] 0 5 15 100 100 100 100
1986 O 131900§ O Q 5 15 100 100 100 100
1987 0 126400 1) Q 5 15 100 100 100 100 -
1988 Q 168800 o] 0] 5 15 100 100 100 100
1989 Q 52700 0 0 5 15 1400 100 100 100
1990 0 21700 D o 5 15 100 104G 100 100
1991 1] 65400 1] 0 5 15 100 100 100 100
1992 [+ 39500 0 0 5 15 100 100 100 100 -
1893 0 2000 0 0 5 15 100 100 100 100
1994 0 2000 0 ] 5 i5 100 100 100 100
1995 v 11200] Q 0 5 15 100 100 100 100
1996 D) 152008 0 4] 5 15 100 100 100 100
1867 0 83300 1] 0 5 15 100 100 100 100
1998 0 1700 [H] 0 5 15 100 100 100 100
1999 Q! 0 ] o 5 15 100 100 100 100
2000 o] 0 0 0 5 15 100 100 100 100
M{min)=  0.005 Retum time (m)=  13W{min) 7 MSW [min) a
M{max)= 0015 18W imax) 8 MSW {max) 10
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Appendix 9a

Estimated numbers of fish killed, returning, spawning and recruits from Monto Cario simulation analysis

FINLAND
Estimated Estimated Estimated
Estimated Estimated number number maturing Est. non-
total catch total catch 1SW MSW 18w mat. 1SW Est. 1SW Est MSW
Year 18w MSW returns returns recruits recruits spawners spawners
Variance Variance mean Variance mean Variance Maan Variance mran Varianca SD sSD

1271 4,139] 2.7E+04 4227 3.5E-12) 8,675{ 5.4E+0D§] 8,839 5.7E+08) 9434 6.25E+06) 16,710 1.B6E+07] 4 536 2,326 4612 2,398
1872 8466] 5.7E+04 6,582| 0.0E+00 13,459] 1.1E+07 13,555] 1.1E+07, 14,591| 1.2BE+07| 26.210| 5.02E+07 6,993 3,269 6973 3,376
1973 9860f 1.5E+05 10012]  71E-12 209791  2.4E+07 21,489] 3.2E+07 22,679{ 2.85E+07 25.193] 3.42E+07 11,119 4,892 11,477 5679
1974 0056] 1.1E+05 9629 8.8E-13 19,114] 2.4E+07 20,6B3] 2.5E+07 20,617 2.83E+07 22 950| 3.24E+07 10,058 4 924 11,054 5,035
1975 B8,948] 1.1E+05 9541 3.5E-12 19.278] 2.6E+07 18.911] 2.3E+07 20.806| 2.96E+07. 22 381| 3.45E+07| 10,330 5110 9 370 4,753
1976 7,806 9.3E+04 B.28B] 3.5E-12 16,141 1.5E+07 18.200] 1.9E+07 17,402 1.74E+07| 19,715] 2.36E+07) 8,336 3,863 2912 4,365
1977 7,022 7.3E+04 7438| 59E-13 14,064 1.1E+07, 16,169] 1.6E+07 15,158] 1.30E+07 12,438 1.04E+07| 7,042 3,321 8,733 3,982
1978 5091 3.7E+04 4627 5.9E-13 10,514 8.3E+06 10,098 6.1E+08 11,327| 9.51E+06 8.344| 4.99E+06 5,423 2 BBB 5471 2478
19798 53421 4.4E+04 3065 29E-12 11,236] B.4E+06 6,790] 3.0E+06 12,136] 9.50E+06 10,5671 6.62E+08 5,893 2 887, 3,725 1,722
1980 52071  4.0E+04 4125 4.7E-12 11,278]  7.3E+08) 8.543] 4.2E+08) 12 339} 8.53E4+06) 16,9491 1.72E+07) 071 2,699 4418 2,054
1281 4 B815] 3.5E+04] 6,507 35E-12 10,482] 6.0E+06 13,865) 1.1E+07 11,617] 7.42E+06 18,697] 2.20E+07] 5,667 2,450 7,358 3,389
1282 3,468] 1.9E+04 7,228 1.8E-12 74731 35E+06 15,341]  1.4E+07 8,344| 4.0BE+06. 21,113| 3.07E+07] 4,005 1,872 8,114 3,735
1983 5,236 4.3E+04 8,086 1.2E-12 10,9581 7 4E+06 17,3721 2 0E+07 12,152 B.?SE-&O{:‘]L 16,112] 1.57E+07! 5,722 2710 9.285 4 483
1984 6.538] 6.0E+04 6310 4.7E-12 13,186] 1.2E+07 13,245 99E+06 14,338( 1.35E+07 17,143) 1.64E+07 6,648 3,412 6,935 3,139
1985 8279] 1.1E+05 6,575 1.2E-12 18,654 2.0E+07] 14146] 1.1E+07 20,157| 2.35E+07] 11,041| B.33E+06 10,375 4 465 7.570 3,352
1986 B174] 9.5E+04 4,315 0.0E+00 17,1411  1.9E+07 90321 54E+08 18,592| 2.29E+07 15,608 1.50E+07 8,967 4 396 4713 2326
1987 11,630] 2.0E+05 6024) 29E-13 24,184] 3.6E+07 12,806 9.2E+06 26,099) 4.13E+07 11,7221 9 86E+06 12,554 5,983 6,782 3,025
1988 7,894| B8.0E+04 4,658 24E-12 17,074] 1.8E+07 9612] 6.2E+06) 18,501| 2.14E+07 16,743| 2.33E+07] 9 180 4,240 4,954 2 497
1989 13,830 3.1E+05 7,137 1.2E-12 27,508] 6.5E+07 13,735 1.6E+07 29 642| 7.59E+07 17,612| 3.19E+07| 13 578 8,034 6,597 3976
1890 13,470 2.7E+05 7,517 15E-12 26,029 55E+07 14,5201 2.1E+07 28,012] B.36E+07, 18 670] 3.50E+07 12 560 7.410 7,003 4 636
1991 12.251]  2.1E+05 8,368 1.2E-12) 24757 5.3E+07 16,10 21E+07 26,614 6.12E+07 19,258| 2.B2E+07 12 507 7,246 7,823 4618
1992 19.996] 5.5E+05) 8311 5.9E-13 39,384 1.4E+08; 15857| 1.8E+07 42190 1.52E+08, 25702 6. ME+0Q7 19 388 11,710 7,546 4,239
1993 14,866] 2.6E+05 10,896 4.4E-13 20044 TAEHDT 21,208 4.3E+07 31,149| 8.04E+07 19,385] 2.78E+07 14 177 84241 10,312 6,540
1994 9971F 1.4E+05 8,318 1.2E-12 19 567 3.6E+07 15989 1.8E+07 21,024] 4.23E+07 17,902| 2.84E+07 9.596 6.009' 7.672 4,246
1995 10,329]  1.5E+05 7,002 Z22E-13 19,989 3.BE+07 14,726] 1.7E+07 21,478} 4.42E407 9,475 6.41E+06 9 660 6.162[ 7.634 4,170
1996 14,281)  3.5E+05] 3,631 5.9E-13 31644) 6.2E+07 7,793] 27E+06 33 989 7.36E+07 14,244 1.49E+07] 17,362 7,854I 4,162 1,932
1997, 12,572| 2.4E+05 5,688 1.5E-13 27930 4 3E+07 11,730 9.4E+06 29 955 4.94E+07, 13,100} 8.5BE+06 15,358 6,564] 5,042 3,066
1998, 15,275] 3.2E+05 5061| 0.0E+00] 33,326] 6.7E+07 108221 59E+06 35,745| 7.74E+07 1| 2. 13E-+00; 18,051 8,157 5,762 2,436
1999 0 0.0E+00 0 3.4E-23 0  0.0E+60 0l 52E-07 0l 0.00E+00) 0l B.56E-07 D 0 4] 0
2000 Dl 0.0E+0Q0 ¢ 2.0E-25 0] 0.0E+00 4] 5.5E-07 0| 0.00E+00 0} 0.00E+00 4] ) 0 0
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Appendix 9b

Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis

FRANCE
Estimated Estimated Estimated
Estimated Estimated nurnber number maturing Est. non-
total catch fotal catch 18w MSW 15w mat. 1SW Est. 1SW Est MSW
Yearw 18W MSW returns returns recruits recruits spawners spawners
Variance Variance | mean Yariance mean Variance | Mean Variance mran Variance SD SD

1971 1,740| 2 .94E-13 4,060 3.53E-12 15,572 8.70E+06 14,141| 4.35E+06 17,022| 1.05E+07 40,496 3.58E+07) 13,832 2,950 10,081 2,085
1972 3480{ 1.18E-12 8,120{ 0.00E+0Q 30,669[ 2.83E+07 2B,156| 1.83E+07] 33,410 3.43E+07| 24,664) 1.23E+07| 27,189 5,321 20,036 4,275
1973 2,130[ 1.1BE-12 49701 7.06E-12 19,124| 1.02E+407 17,370| 5.91E+06; 20,917 1.2BE+07| 15,137| 6.17E106 16,994 3,200 12,400 2,431
1974 990] 1.47E-13 2,310| B.82E-13] 8,564| 2.61E+06 7.991] 1.50E+06 9,392| 2.96E+06 22,870 1.33E+07 7,574 1,617 5681 1,225
1975 1,980 5.88E-13 4,620] 3.53E-12 17,405 1.09E+07 17,311] 7.72E+08] 19,019 1.31E+07| 21,0563] 1.15E+07 15,426 3,294 12,691 2,778
1976 1,820 5.BBE-13 3,380| 3.53E-12 16,063| 7.63E+08 12,523| 4.14E+06 17,494} B.50E4+06! 15,758| 6.47E+06 14,243 2,763 9,143 2,034
1977 1,400] 5.88E-13 2,600 5.88E-13 13,021] £.75E+06) 9,930] 2.58E+06] 14,192] 6.92E+06) 16,099] 6.53E+06 11,621 2.3 7,330 1,608
1978 1,435} 4.41E-13 2,665] 5.88E-13 13,104] 5.23E+08) 9,561} 2.49E+06 14,259| 6.12E406 15,967) 6.76E+06 11,669 2,286 6,896 1,579
1979 1,645] 2.94E-13 3,065] 2.94E-12 14,708] 7.58E+08) 11,285| 3.60E+06 16,032| B.64E+06 34,308| 2.66E+-07| 13,063 2,754 8,230 1,897
1980, 3,430/ 0.00E+00 6,370} 4.70E-12 29,818] 3.33C+07 24,086] 1.37E+07, 32 567 9.82E+07 22,278) 1.03E+07| 26,388 5772 17,716 3,70
1981 2,720] 1.76E-12 4,080 3.53E-12 24,901} 2.20E407 15,316| 6.60E+06 27,371} 2.65E+0 13,572| 4.58E+06 22181 4,694 11,236 2,569
1982 1.680] 1.1BE-12 2,520 1.76E-12 14,708 6.97E+06) 9,216| 2.05E+08 16,2681| 8.07E+06) 13,685| 4.92E+06 13.028 2641 6,696 1,430
1983 1,800] 5.88E-13 2,700| 1.18E-12 16,172] 9.00E+0 10,058y 3.00E+086| 17,925| 1.06F+07| 20,502| 8.65E4+06] 14,372 3,000, _7.358 1,7
1984 2,960 3.53E-12 4,440 4.70E-12 26,273| 2.07E+07 16,342| 5.B4E+06 28706 2.50E+07 15,422| 6.59E+06] 23313 4,655 11,902 2,41
1985 1,100] 4. HE-13 3,330] 1.18E-12 9,830| 3.43E+06 12,482{ 4.30E+06| 10,805] 4.19E+08) 17,597| 6.02E+06 B730 1,853 9,152 2,073
1986 3,400, 2.35E-12 3,400 0.00E+00 30,561 3.24E+07 12,613 2.99C+06 33,363 4.01E+07] 9,612 1.96E+06 27,181 5,692 9,213 1,727
1987 6,000{ 2.35E-12 1,800] 2.94E-13 54,027| 8.01E+07] 5,567] 9.63E+05 58,826] 1.04E+08] 23,737 1 41E+07 48,027 B,951 4,767 981
1988 2100} 5.88E-13 5000} 2.35E-12]  19,339] 1.27E+07 18,638] 9.20E+08] 21,151] 1.53E+07! 13,457 4.11E+06] 17,239 3,568 13,638 3,033
1989 1,100 1.47E-13 2,300 1.18E-12 10,323| 3.19E+06 8,731] 2.16E+06 11,327 4.04E+06 11,229| 3.36E+06] 9,223 1,787 6,431 1,469
1880 1,900{ 2.94E-13 2,300| 1.47E-12 17,196 9_32F+06] 8,855| 2.11E+06 18,735/ 1.10E+07 9,519{ 2 40E+06 15,296 3,053 6,555 1,454
1991 1,400{ 7.35E-13] 2,100} 1.18E-12 15,237 5.50E+06 7,907 1.64E+06 16,685] 6.82E+06 12,455| 4.53E+08 13,837 2,346 5,807 1,282
1992 2500; 1.1BE-12 2,700] 5.88E-13 76,887} 1.42E+07 9,889 2.65E+06 29,177] 1.65E+07] 6,299 9.01E+05 24 387 3,769 7,189 1,628
1993 3,600] 0.00E+00 1,300 4.41E-13) 33,475|- 3.59E+07 4,826| 5.76E+05|. 36,330| 4.29E+07 10,215 3.45E+06] 29,875 5,996 3,526 759
1994 2,800 4.12E-12 2,300 1.18E-12 24,905] 1.99E+07] 8,621| 2.27E+06 27,055| 2.49E+07| 4,895 6.90E+05 22,106 4,465| 6,321 1,508
1995 1,668] 2.94E-13 1,095 2.20E-13 14,994| 8.59E+06 4,121} 4.54E405) 16,305| 1.07E+07 8,843| 2.79E+06 13,325 293¢ 3,026 B7-
1996 2,063] 1.18E-12 1,042] 5BBE-13 18,958] 1.06E+07] 7,362] 1.67E+08 20,571 1.21E+07 4,690| 4.69E+05! 16,895 3,253 5,420 1,293
1997 1,060 7.35E-14 1,001 1.47E-13 9,654| 2.78E+08 3,783 3.33E+05| 10,369| 3.36E+08] 3,B83| 4.18E+05 8,494 1,667 2,782 577
1998 . 2,065} . 0.00E+C0 846| 0.00E+00 18,313 9.91E+06] 3,184 2. 21E+05 19,866] 1.20E+07! 156( 5.74E+01 16,248 3.148] 2338 470
1559, 0] 0.00E+00] 0] 3.42E-2 0] 0.00E+00 0] 3.71E-05 o] G.OOE}OO 0] B19E-07] 0 0 0, 0
2000 Ot 0.00E+00 0| 2.01E-25 0f 0.00E+00] 0] 3.55E-07 0| 0.C0E+00) 0] 0.00E+00 0 0 0 0




Appendix 9¢

Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis

ICELAND
Estimated Estirmated Estimated
Estimated Estimated number number maturing Est. non-
’L folal catch total catch 1SwW MsSW 18w mat. 1SW Est. 1SW Est MSW
Yea 1SwW MSW returns returns recruits recruits spawners Spawners
Variance Variance mean Variance meaan Variance Mean Variance mrah Variance sD SD
1971 21,403 0 13,083 0 43,618| 2 3E+07] 22034 4.6E+06] 46 735 2.69E+07] 42,968| 2.25E+07| 22215 4,810 8,951 2,149
1972 15,588 0 21,134 0 39,1031 1.7E+07 35,038] 1.1E+07 41.903) 2.06E+07] 36,8917 1.35E+0 19,515 4,141 13,904 3,201
1973 20,052 Q 18,021 0 40,588] 2.3E+07 30,005] 7.4E+06 43,485| 2.60E+07 30,150 1.1BE+07 20,535 4,747] 11,984 2,728
1974] 14,204 of 14325 of 28,017 1.1E+07] 24.498] 62E+08] 30030 1.376+07]  36s88] 1.66E+07] 13813 3335) 10,173 2 483
1975] 20,328, 0 18,032 O 40,101 2 3E+07 ag,121]  9.0E+06 42 9B5| 2.78E+07| 28,350] 1.06E+07 19,773 4,748 12,089 3,003
1976/ 17,349 O 13,874 0 35M4{ 17E+07 23,065] 59E+06 37,635 2.1BE+07 35641} t.60E+07 17 665 4,166 9,191 2 421
1977 19,454 0 17,419 0| 40,073]  2.2E+07] 29,334 7.8E+06 42 952] 2.77E+07 45.840] 2.34E+07| 20,619 4,743 11,914 2, 7B6]
1978 24,120 0 22,884 0 48,960] 3.5E+07] 37,909] 1.2E+07 52.447] 4.00E+0Q7 33,207] 1.33E4+07 24,839 5,944 15,025 3,420
1979 23,759 0 15,981 0 47,412]  3.4E+07] 27.284| 7.2E+08 50,796] 3.99E+07 42 345] 2.35E+Q7] 23,653 5,870 11,303 2,693
1880 7,649 0 20,158 0 154220 3.0E+06 34,2130  1.2E+07 16,6231 3.42E+06 21,046 5 30E+06] 7,773 1,720 14,055 3 464
1881 15,643 0 9,516 0, 31,968| 1.3E+07| 15,819] 2.4E+06 34,244] 1.4BE+07 21,085] 5.92E+06 16,424 3,625 6,303 1,650
1982 11,872 0, 9,478, 0 23,429) 7.3E+06 16,010] 3.0E+08 25,110 8.87E+06 24,189} 6.65E+08 11,557 2,708 6,532 1,735
1983 16,031 [y 11,483 0 32,301]  1.4E+07 18,948] 3.2E+06 4,616 1.72E+07 25,051 8.61E+06 16,270 3,774 7,465 1,777
1984 9 988 Of 11,929 0 20,1871  55E+06 20,0421  4.2E+06 2t 627{ 6.3BE+06 15,168{ 3.23E+06 10,199 2,356 8,113 2,038 ...
1985 20,064 0 8,882 0f 41,303] 2.2E+07| 11,784] 1.5E+06) 44 259] 2.57E+07 26,871] 8 43E+06 21,239 4,645 4902 1,225] -
1986] 30,769 0 12,521 0 63,457] 5.5FE+07 21,447]  3.7E+08] 68,015] 6.71E+07 27,238] 9.86E+06 32 688 7,392 8,926 1,9321
1987 20,392 0 12,898 0 41,701)  2.6E+07] 21,7991 4.9E+06] 44 664] 2.95E+07 21,992] 5 47E+06 21,309 5,138 8,901 2,218
1988 37,561 0 10,516 0 76,6191 8.2E+07] 17,823  2.8E+06) 82,0941 9.58E+07. 19,545| 4.69E+086 39,058 9,068 7,307 1,658
1989 20,266 0 9,399 0, 41,334 29E+07 15584| 2.2E+06 44,277] 3.2BE+07 21,794] 6.29E+06 20,967 5,374 6,185 1,491
1990, 18,956/ 0 10,327 O 38,5371 2.5E+07 17,544 3.3E+06] 41,284] 2.80E+Q7 17,856] 4.10E+06) 19,581 4,965 7,217 1,806}
1991 22,878 0 8614 0 46,763 3.1E+07 14 ,633] 1.9E+08 50,107} 3.67E+07, 23,296| 6.68E+06 23,885 5,601 6,019 1,391
1992 30,676 4 11,633 0 61,195] &L 5E+07 19,3161 3.4E:906 65,549 6.21E+07| 19,320| 3.B4E+06 30,519 7.422 7.683 1,857
1993 29 360 0 9,665 0 58,808] 4.4E+07 16,023] 2.2 . 56 62,994 4.89E+07| 21,482] 6,06E+06 28,448 6,617 5,358 1,488
1994 17,662 0 10,480 0 35,7811  1.8E+07 17,817 3.1E+08 38,348] 2.21E+07 18,073 4.72E+08 18,219 4,250 7,337 1,755
1995 25,652 0 8,689 0 5Q,770f 4.0E+07 14,846] 2.3E+06}] 54 415] 4.95E+07 15,992] 3.47E+06 25,218 6,355 6,257 1,50
1996 21,624 0 7,812 0 43,121 2.5E+07 13,223  1.8BE+06 46,223] 3.16E+07 14,618} 2 11E+06 21,497 5,021 5411 1,341
1997 21,476 v 7,164 O 42,983 2.6E+07 12,199 1.3E+06 45,033] 2.80E+07 15,574 3.04E+06 21,507 5,066 5,035 1,136
1998 35,537 O 7,791 Q 71,304] 67E+07 13,003] 1.6E+06 76,391) 7.73E+07 1] 2.13E+00) 35,767 8,200 5212 1,278
1999' 4] 4] 0 0 0l 0.0E+Q0, 0 2.6E-04 0| 0.00E+00 0] 4.78E-04 0| 0 8] 0
2000] 0 0 0 a 0] 0.0E+00 0] 25E-04 o] 0.00F+00 o] 0.00E+00} 0 0 0 0
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ppendix 9d Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis
IRELAND
Estimated Estimated Estimated
Estimated Estimated number numbar maturing 1 Est non-
total catch total catch isw Msw 18W mat, 1SW Est. 1SW Est MSW
Yea+ 18W MSW returns returns recruits recruits spawners spawners
Variance Variance mean Variance mean Variance Mean Variance mran Variance Sh sD
1971 475,841] 1.77E+00)] 52,871 2.05E-02] B820,231] 1.56E+09 103,756] 2.19E+07] B8B83 893] 2.28E+09 183,290] 1.26E+08] 344,450 39,490 50,884 4 677
1972 523,744 2.56E+00 58,194 2.65E-02] B97,076[ 1.98E+09 114,582] 3.05E+07] 973,497 3.4BE+09) 177,196] 1.06E+08 373,332 44 522 56,389 5,523
1873 560,326| 2.75E+00 62,268) 2.88E-02] 966,827} 2.50E+09 122,734] 2.98E+07] 1,045,016 3.86E+09 197,899] 1.52E+08 406,501 50,038 60,476 5,459
1974] 617,810 3.03E+0)) 68,645 3.84E-02| 1,064,073] 2.B6E+D9 134,590| 3.93E+07] 1,154,105} 3.80E+09 188,525| 1.54E+08) 446 263 53,442 65,944 6,271
1975] 643,358] 2.95E+00 71,484} 4.72E-02] 1,109,007 2.64E+09 140,683] 3.89E+07f 1,203,223] 417E+09 157.620] 9.18E+07] 465,739 51,417 69,199 6,239
1976] 453,196] 2.03E+00 50,355| 1.98E-02] 779,163 1.49E+09 99,165 2.10E+07] 845,158] 2.09E+09 129,896| 6.36E+07] . 325,967 38,573 48,810 4,581
1977] 398,324] 1.19E+00 44258| 1.62E-02] 688 131} 9.79E+08] B7,405) 1.54E+07} 746,454] 1.650E+09 122,846) 5.64E+07] 2B9,BO7 31,287, 43,145 3,926
1978] 357,098] 9.51E-01 39,678 1.40E-02}] 618,716] 7.90E+0g] 78,637 1.18E+07] 671,081 1.15E+00 101,679 3.51E+07] 261,618 28 114 38,959 3,433
1979] 318,485| 7.99E-01 35387 1.19E-02 547 698} B6.95E+08 69,378] 9.85E+06 594 351| 1.22E+09 136,361] 6.86E+07) 229,212 26,357 33,991 3,138
18 248 334} 6.00E-01 39,608 1.24E-02 426,906 4.03E+08§ 78,210] 1.4BE+07] 463,418} 539E+ 117,472] 3.65E+07 178,572 20,085 38,602 3,851
1981 173,668 2.33E-01 32,158] 1.01E-02] 259,379 1.45E+08 63,580 7.96E+06] 282054} 228C.+08] . 63,219] 1.45E+07 B5,711 12,042 31,421 2,821
1982]  310,001] 6.71E-01 12,353] 1.16E-03 470,158 5.12E+08) 26.271F 1.65E+06) 510,651 B.27E4+08 93,654 2 65E+07 160,157 22,630 13,918 1,244
19831 502,002{ 2.02E+00 29 411| 7.23E-03] B58,358( 1.56E+09 58,700 8.07E+06] 931,689] 2.30E+09 77.909] 2.09E+07] 356,355 39 468 29,289 2,840
1984 242 667| 5.63E-01 19,804| 3.32E-03 379,292} 3.09E+08 51,728] 6.55E+06] 411,758 4.68E+08| 59,693| 1.58E+07 136,625 17,576 31,924 2,560
1985 498,335] 2.2BE+00 ‘19,608 3.28E-03] 702,963] 1.06E+09 47 161] 544E+06] 762,829] 1.83E+09 85816] 2.40E+07 204,628 32,519 27,553 2,331
1986] 498,128] 1.86E+00 28,335 B8.01E-03] 728,167 1.01E+09 50,976 5.38E+06] 790,174] 1.64E+09 107,162| 3.71E+07] 230,040 31,794 22,64 2 3208
1987 358,844] 1.0BE+00 27,609] 6.01E-03 559,275] 6.61E+08] J2712) 113E+07] . 606,877| 9.88E+08B 94,687) 2 87E+07 200,432 25,712 45,103 3,365
1988 559,300 2.47E+00) 30,599} 7.50E-03] 1,12B,528] 3 33E+09 66,664) 9.27E+06] 1,224 476] 5.26E+05 81,730] 1.9BE+07] 569,228 57,745) 36,065 3,045 ’
1989 305,668| B.22E-01 24831 5.04E-03 469,599| 5.34E408 47 933] 5.35E+06 509,618 B.63E+08 38,646 3.89E+06 163 931 23,109 23,042 2,313
1990 180,119| 2.59¢-01 14,667] 1.74E-03 365,342 2.92E+08 22,860| 1.25E+06 396,352 3.93E+08| 26,883) 2.78E+06 185,224 17,081 8,192 1,118
1991 125,350 1.39E-01 10,211] 8.56E-04, 290,602 1.81E+ 19,119 6.85E+05 315,285 2.79E+08 48,5250 9.63E+06, 165,212 13,446 8,909, B2
1992 217,447] 5.22E-01 17,707 3.02E-03 426 6569 3.58F+08 35,998| 2.86E+06 462,674 5.42E+08 28,061] 3.26E+06 209,122 18,912 18,291 1,693
1993 186,902| 2.31E-01 15,220 1.93E-03] 375253] 3.16E+08 19,737) 9.09E+05] 407,020| 4.72E+08 57,936] 1.55E+07 188,351 17,781 4,517 553
1994) 26BB40| 6,.13E-01 21,8921 401E-03] 530,417| 6.09E+08 47 139{ 4.98E+06] 575,304 9.12E+08| 51,823 1.16E+07] 261,577 24,677 25_,_247 2,232
1995y 237774} 4.57E-01 19,362] 2.B6E-03] 424 826{ 4.21E+08] 41,B95| 4.39E+06] 460,833| 6.54E+08 35,583) 6.8B9E+06! 187,052 20,530 22,632 2,095
1996] 230,827] 4.36E-01 18,797 3.15E-03] 451,037) 3.57E+07 27 946 3.02E+08] 489.214] 1.87E+08 A3 287] 9.2BE+08] 220,210 5,974 9,149 1,737
19971 194,188 3.25E-01 15813] 2.26F-03] 533,969 4.34E4+09 35044| 5728E+06] 579,349| 553E+09 48,7301 1.56E+07] 339,781 65,861 C 19,231 2,299
1998 - 219,768 3.47E-01 17,896| 2.91E-03] 634682 2.6BE+(09 40,182| 6.52E+06] 688,211) 3.28E+09 82| 3.13E+02 414914 51,787 22,286 2,554
1999 0] 0.00E+00 0| 7.GBE-1§ 0} 0.00E+00) 0} 1.99E-08) 0] 0.00E+00, ~_ 0} 517E-08 0 0 0 o
2000 0] 0.00E+Q0 Q] 9.15E-18 0} 0.00E+00 0] 2.15E-08 0| 0.00E+00 0| 0.00E+00 0 0 0 0




Appendix 9e

Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis

NORWAY
Eslimated Estimated Estimated
Estimaled Estimated number number maturing Est. non-
total catch total catch 1SW Msw 185w mat. 1SW Esl. 1SW Est MSW
Y931 18w MSwW retums retums recruits recruits spawners spawners
Variance Variance Variance Variance Variance Variance SD SD

1971] 439,846 2.73E+09] 274,382] 9.38E+08] 554.111) 5.88E+09f 343,231] 2.26E+09] 589,592] 671E+09} 591,498| 6.86E+09] 114,265 56,134 68,850 36,262
1872]  567,311] 5.03E+09] 359,001] 2.02E+09] 715537 1.04E+10{ 449,756 4.42E+09| 761,222| 1.20E+10) 648,603| B.48E+09] 148,226 73,569 90,755 49,060
1973] 624,796] 5.58E+08} 369,332| 2.46E+09] 784.514] L19E+10]  495,198] 5.22E+09] 834,724] 1.3BE+10| 812,745| 7.35E+09] 159,719 79,376] 105,865 52 535
1974)  587,847| 6.69E+00] 378952| 2.06E+09) 737.511) 1.04E+10] 475.653] 443E+00) 784628 1.24E+10f 566,180} 588E+09) 149,653 68,571 96,701 48,671
1975] 547,541 4.67E+09] 347.667] 1.41E+09] 695371 9.77E+08] 432.157| 3.55E+09] 739.402| 1.06E+10f 562 964 5.88E+09 147,830, 71,364 84,490 46,199
1976] 546327| 4.19E+09] 346,306 1.65E+08] 695,837| B.B2E+09| 438,916] 3.54E+09] 739,758 9.82E+09] 524,694| 5.12E+09] 149510 68,040 92 610 43,489
1977) 534,618 4.21E+09] 332838| 1.61E+09f 670,264 BABE+09| 417.251| 3.09E+00] 712.315) B.90E+09] 380,071) 3.1BE+09] 135,636 63,017, 84,413 38,455
1978] 375331 1.89E+09] 240,345| 9.68E+0B] 469.594] 4.45E+09) 209,056 1.85E+09] 499,344| 5.15E+09] 660,398 B.04E+09 &4 263 50,59 £9,511 29,685
1979] 549400 643E+09] 414,528| 2.26E+09] B07,887) 1.34E+10] 526.868) 4.51E+09} 858,198] 1.56E+10} 712,733] 8.01E+08] 158,488 83,7 112,339 47,538
1960] 638,857| 6.12E+09] 421,154 2.49E+09] 791,931f 1.19E+10] 529,435| 4.86E+09] 843,138 1.40E+10] 782,778 1.05E+10 153,074 75,980 108,280 48,778
1981}  451,268] 3.02E+0 433,045| 2.69E+08] 569,950| 6.77E+09] 546,021| 6.57E+08] 607,914| 7.83E+09] 643,275 5.77E+09] 118,682 61,2621 112,976 62,234
1982] 331,762] 1.69E+09] 348,334] 1.55E+09] 416,960/ 3.40E+09] 437,430| 3.68E+09] 445192] 3.99E+09] 615,273 4.91E+09 85,198 42 487, 89,096 46,234
1983] 562,976] 4.24E+09] 344,596| 142E+09] 703,695 9.95E+09] 435,781] 3.23E+09] 750,128| 1.14E+10] 605,976] 573E+09] 140,719 75,572 41,185 42,472
1984] 600,649 5.19E+09] 384,410 1.80E+09] 751,198 1.01E+10] 4562,341| 3.52E+09] 799.418| 1.15E+10) 559,794| 5.74E+09] 150,549 69,732 87,931 41,440
1985] 612712) 6.08E+09f 327,136| 1.43E+09 775,190] 1.36E+10] 413,434| 3.64E+09] B24,792] 1.59E+10] 651,477 7.73E+Q9) 162,478 B6,467] 86,298 47,027
1986¢ 54556971 4.02E+00 385,094] 2.04E+09) 694,785] 9.68E+09] 484 474{ 440E+09] 739,342 1.09E+10] 532558) 5.B9E+09] 149,188 75,260 99,380 48,596
1987]  473,385| 3.28E+09] 308,886] 1.29E+09] 595915/ 7.20E+09] 3B6,778| 3.65E+09] 634,336| 8.34E+09] 402,356] 2.55E+09] 122531 62,570 77,893 48,512
1988] 445637 2.84E+00] 242921 7.97E+08] 555,098 6.13E+09] 303,600| 1.52E+Q9f 590,807 6.92E+09] 388,613] 3.23E+09] 109,461 57,358 60,678, 26,825
1989] 444580 3.03E+09) 166,243 4.17E+08] 759,687 1.489E+10] 281,516| 2.09E+08] 808,081) 1.71E+10] 411,865| 3.55E+09] 315,097 10¢.102] 115,273 40,848
1990f 388,087] 2.23E+08] 180,754] 3.99E+08] 655456] 1.08E+10] 303,138] 2.16E+09| 697,164] 1.25E+10] 402,726| 3.56E+09] 267,369 92,787] 122,384 41,903
1991 366,006 1.95E+09] 187,830 4.71E+08] 628,644 8.83E+09F 320,293| 2.27E+09] 668,670] 1.07E+10] 411,050 3.87E+09] 262,638 62,9701 132,464 42 446
19921  306,831) 1.31E+09] 200,110| 4.87E+08] 509,807 4.92E+09] 336,695 2.50E+09] 541,775 5.52E+09] 316,503] 2.70E+09] 202,976 60,105 136,585 44,853
1993 259,812 6.93E+08] 154,235| 2.29E+08] 434,152| 3.8B1E+09] 257,931] 1.49E+09] 461,421 4.30E+09] 351,870 2.74E+09 1743400 55,847 103,696 35,462
1994] 255,126] 6.31E+08] 169,433 2.57E+08| 436,896 3.37E+09] 287,295 1.67E+09] 464,324| 3.77E+09] 350,360 1.95E+09] 181,770 52,330) 117,862 37,580
1995| 223.959| 5.04E+08] 167,045| 2.12E+08] 371,712 2.83E+09] 285,304] 1.31E+00] 395047] 3.13E+09| 328,647 2.34E+08) 147,753 48,221 118,259 33,146
1996) 183,470) 3.37E+08] 157,998 2.30E+08] 307,603] 1.74E+09] 267,100f 1.32E+09] 327135] 2.10E+08] 243,906] 1.37E+09 124,133 37,620 109,103 33,037
1997] 194,058] 2.75E+08] 108,494 9.36E+07] 360,454] 2.20E+09] 203,492 7.B9E+08] 383,228 2.66E+09) 278,691| 1.74E+09] 166,395 43,835 94 998 26,364
1998) 252 680[ 544E+08 128,7821 1.19E+080 467,801] 3.91E+08] 2335751 1.02E+090 497 208l 4.64E+09 151 5.74E+01 2151241 58,037 104,793 30,633
1999 0] 0.00E+00 0] 1.B1E-08 0| 0.00E+00 0f 1.24E-07 0| 0.00E+00 0] 2.80E-07 0 0 [4] 0
2000 0| 0.00E+00 O] 2.02E-08 0| 0.00E+00) 0] 1.73E-07 0 0.00E+00 0] 0.00E+00 0 Q 0 0
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Appendix 9of Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis
RUSSIA
Estimated Estimated Estimaled
Estimated Estimated number number maluring Est. non-
l total catch total catch 15W Msw 15W mat. 1SW Est. 1SW Est MSW
Yeal 1SW MSW returns relurns recruits recruits spavwnars spawners
Variance Variance mean Variance mean Variance Mean Variance mran Variance SD SO

1971 58,982] 0.00E+00 98,508) 2.47E+07 172,636] 7.90E+08] 287,089 2.70E+Q00 186, 643] 9.79E+08 305,786] 2.63E+09 113,554, 28,101 188,581 51,687
1972 64,732] 9.33E+085) B2 403] 1.53E+07 190,675 1.25E+09] 240,006] 1.82E+09] 206,116] 1.46E+09 508,691| 7.65E+08 125,943 35,271 157,693 42,539
1973 108,134! 2.57E+07, 138,091 4.12E+07, 319,477} 3.652E+09 409 396! 5.26E+00] 345354 4.22E+09 A47 555 6.44E+09 211,343 59,081 271,305 72,159
1974 100,227} 2.71E+07 124 669| 3.89E+07] 299 420| 2. 76E+09] 363,356 4.40E+098] 323,443] 3.24E+09 562 506| 9.83E+09 199,193). 52,298] 238,687 66,004
1975 107,987] 2.67E+07| 158,102] 6.27E+07] 316,749] 3.60E+09] 457 407| 6.67E+00] 342,139{ 4.26E+09 495,601 7.91E+09] 208,761 60,489 299,306 81,315
1976 133,328] 1.32E-08] 135225 4.72E407] 237.445] 1.71E+09] 406,821| 5.59E+09 2546-,594 2.06E+09 365,192{ 4.80E+09 104117] 41,32 271596 74,483
1977 657,851 9.69E+06 101,665| 2.46E+07] - 185,963 7.96E+08] 299 321| 2.76E+09] 200,887| 9.29E+08) 258,178| 2.38E+09 118,113 28,037 197,656 52,255
1978]  74.440] 1.30E+07|  70.464] 1.22E+07] 216633] 152E+00] 211674 1.62E+09] 234.067) 1.84E+09] 278161] 237E+00] 142193]  ssez4] t41.210] 40,070
1979 84 687| 1.81E+07 77.885| 1.35E+07]) 246 014] 1.87E+409] 223941 1.62E+0§]_ 265,943 2.32E+09 443,112| 6.45E+0D 161,327 43,035 146,057 40,116
1980 56,1291 7.22E+06 118,589] 3.53E+07] 163,299 9.09E+08] 345649 4.49E+09 176,855 1.10E+09 320411] 2.68E+09 107,170 30, 227,060 66,716
1981 39 778| 3.49E+06) 64,357] 1.09E+07 197,327| 8.64E+08] 221 .801{ 2.07E+08 148,995| 1.02E+09 261,904| 1.86E409 97 549 28,339 157,635 45,391
1982 48,728| 5.50E+06 51,777| 5.63E+06 172 114 1.3BE+09 1756 028] 1.29E+09 186,367] 1.58E409 387,878] 4.98E+09) 123,388 37,020 123,251 35,853
1983 71,100] 1.18E+07 83,751 1.64E+07] 247607 2.56E+09]) 291,395 3.33E+09| 268,278] 3.15E+09 413,403| 6.04E+08 176,507 50,529] 207,644 57,597
1984] 66,944 1.11E+07} 88462 2.03£+07) 227 195] 2,15E4+08] 324 205] 3.95F+09) 245611] 251Ew09] 442 731) 864E+09] 160251]  46291] 235743] 62607
1985 88,909| 1.94E+07 99,2311 2.06E+07 307 529| 4.31E+09 348 458| 5.64FE+09). 332 466| 5.1BE+09 472,910| .7.73E+09 218,620 65 474 249 227 74,992
19864 78,257 1.7BE+07 108,958] 2.69E+07¢ 266212 2.93E+DQ 372 528] 5.22E+09{ 287 647 3.33E+09 246 465{ 1.98E+09 187,955 53,961 263,589 72 03
1987 118,893 3.50E+07, 50,977 6.19E+06 412,601 7.2BE+09f © 181,462 1.38E+09 445 922| B.66E+09 268.089 2.92E+09 283,704 B5 135 130,486 37 034
1988 65,206] 1.02E4+07 57,199) 8.82E+06] 221 545| 2.32E+09] 203,869] 1.899E+09] 230519 2.74E+09 169,038] 9.05E+08 156,339 48 059) 146,670 43,327
1989 95 643| 2.1BE+07| 35 6711 2.99E+06] 336554] 4.B7E+(Q9 123 342 5.67E+08] 363,672| 5.83E+09 162.772) 7.57E+08) 240,910 69 61 87 471 23 741
1o90] se525] 1.60E+07]  21.499| 2.12E+06] 298,102| 4.00E+00) 100.955| S5.25E+08]  ar2 157 4.82E+09]  223178| 3.85E+08] 211576]  e3s0a] 78457 22870
1991 67,285 2.15E+07 20,600| 3.83E+06 414,014 1.1BE+10 180,854| 2 36E+09 446 581 1.31E+10] 206,167 3.44F+09 346,730 107,780 151,254 48,498
1992 58,488] 1.59E+07| 26,796f 2.4BE+06] 4205521 1.20E+10]  171,132] 2.4BE+09} 454 405] 1.46E+10 286 113| 7.54E+09] 352,064 108,891 144,336 49,760
1993!7 62,@ 1.62E+07 38,541) 7.A1E+06 372 700! 1.02E+10 238 401] 4.88E+09 402,921) 1.24E+10 252 210} 4.06E+09 310420 101,058 198,859 69,787
1994' 78,374] 3.10E+07: 34,087] 5.35E+06 475,605| 1.74E+10] 209,975 2.85E+09 512,855 1.94E+10] 195,757 2.74E+09 397,231 131,629 1?5,388 53,311
1995 70,789] 2.69E+07 24,888) 3.34E+06) 441 461] 1.50E+10 161,298) 1.80E+09] 476,734] 1.75E+10 209,154 3.66E+09 370,672 122,316 136,410 42,349
1996 84,320] 3.91E+07| 20,094| 8.04E+06 508,739] 2.05F+10 173,332] 2.58E+09 549 8421 2 46E+10 173,145| 2.63E+0% 424,419 142 887 144,238 50,745
1997 B0,913] 3.82E+07, 23.874) 5.37E406) 501 861| 1.B4E+10] 146187| 1.82E408] 542145 2.189E+10 168,3541 2.42E+09F 420,947 135,449 122313 42,619,
1898] -~ 87,745 4.95E+07 -23 613 5.44E+06] 514,736 1.93E+10] 142 394]| 1.86E+09] 554 900] 2.15E+10 0 4.B3E-05] 426,991 138,769] 118781 40,682
1999 0] 0.00E+00 0| 1.15E-07 0]_0.00E+00) o] 3.24E-05 0] 0.00E+00) 0 4.80E-05 0 0 0 0
20001 O D.00E4+00 0 1.14E-07 0| 0.00E+00 0] 3.45E-05 0| 0.00E+00 0| Q.00E+QQ 0 O] 0 0
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Appendix 9¢g Estimated numbers of fish killed, returning, spawning and recrutits from Monto Carlo simulation analysis -
SWEDEN
Estimated Estimated Estimated

Estimated Estimated number number maturing Est. non-

total catch tolal catch 15W MsSW 1SW mat. 18W Est. 18W Est MSW
YeavL 15w MSW returns returns recruits recruits spawners spawneis

Variance Varianoe mean Variance mean Varianca Mean Variance mran Variance sD sD

1971 9.740| 1.69E+06 636| 6.09E+03 11,887| 4.05E+06 850| 3.06E+04 12,843 4.78E+06] 4,309 7.99E+05 2,147 1,635 214 157]
1972 7,828| 1.21E+06 462| 4.01E+03] 9,599| 3.07E+06 588| 1.37E+04 10,404] 3.52E+06 6,285) 7.70E+05 1,771 1,367, 125 99
1973 9,880{ 1.64E+06 1,640 4426+04]  12,001] 3.60E+06 2,236 2.31E+05 12,990, 4.10E+D6) 4,652| 7.55E+05 2,121 1,399 596 432
1974] _ 14.091] 3.83F+06 1,035f 1.90E+04 17,202| B8.75E+06 1,430] 1.06E+05 18,605 1.04E+07 3,489| 2.00E+05 3,201 2218 394 294
1975 15,201 4.40E+06| 250| 1.1BE+03 18,437| 9.75E+06 337| 5.24E4+03 19,854 1.15E+07] 3,840| B.16E+05 3,236 2,312 a7
1976 8.494] 1.33E+06] 758| 1.16E+04}  10,457] 2.92E+08) 1,005 5.28E+04 11,272] 3.49E+06 2704} 3.63E+05 1,963 1,262 247 203
1977 3,983] 3.01E+05 570} 5.73E+03 4,920 645E+05 755 2.35E+04 5,328] 7.52E+05) 2260 3.61E+05 937 587 185 133]
1978 4,624] 4.36E+05 435) 2.97E+03 5731] 1.13E+06] 581| 1.55E+04 6,177 1.30E+06 4,023 3.50E+05 1,106 831 146 112
1979 4862] 4.51E+05 1,268] 3.27E+04] 5,948| 1.03E+06) 1,698| 1.34E+05 6,460] 1.20E+06 B 464| 1.37E+086) 1,086 763 430 218
1960 6,308} 8.40E+05 2,150] 9.62E+04) 7,649 1.73E+06 2,868| 4.68E+05 B421] 2.08E+086) B912| 8.12E+05 1,342 945 718 610
1981 11,178 2.44E+06 6a7] B.03E+03] 13456 5.07E+0§ 863| 3.44E+04 14,749| 5.98E+06 10,814] 1.96E+06] 2278 1,620 226 162
1982 9,763] 2.00E+08 2,289] 1.20E+05 12,075] 4.10E+08 3,020 4.14E+05 13,252) 5.02E+06) 8,125) 1.17E+08 2,311 1,448 731 543
1983 13,268] 2.95E+06 1,569 4.21E+04 16,182 &.99E+06] 2,062| 2.09E405 17,708| 8.68E+06 7.311] 1.27E+06 2,914 2,008 483 408
1984 18,118] 6.80E+06] 2169] 7.46E+04] 22,088] 1.44E+0 2.844| 4.22E+05) 23,816] 1.70E+07 5,394] 3.5BE+05 _9,968 2,766 675 589
1985 21,302 B.0BE+06 944| 1.60E+04 25,873 1.79E+07 1,224] 7.45E+04 27,821] 2.16E+07 5846 490E+05 4,571 3,140 281 242
1986 23,165] 9.07E+406 926 1.5BE+04 28,493| 2.16E+07] 1,201| 7.02E+04 30,677| 2.50E+07 8,363] 1.41E+06 5,328 3,535 276
1987 18,671] 6.4DE+06 2,641 1.21E+05 22,441| 1.23E+07] 3,468| 6.20E+05 24,148| 1.39E+07 6,416] 1.23E+06 3,770 2,429 827 708]
1988 15,284 3.56E+06 2,486| 9.B8E+04) 19.044] 9.27E+06 3,352] 5.76E+05 20,5231 1.02E+ 14,786| 7 41E+06 3,760 2.3 B66) 691
1989 4,914| 4.39E+05 7.281] 9.26E+06 5,984| 9.42E+05) 9,742] 5.00E+06] 6,623 1.15E+08 10,663| 2.75E+06 1,070 710} 2481 2,019
1990 11,867 2 80E+06] 5015| 4.39E+05 14,648] 5.45E+06] 6,507( 1.82E+06] 15,753 6.42E+D6 10,358 5.52E+06 2781 1,631 1,492 1,174
1991 14,161] 3.73E+06 5,793] 6.71E+05) 17.462] B.21E+06 7.690| 3.35E+08] 18,721 9.43E+06 12,136] 6.75E+08 3,301 2,115 1,896 1,637]
1992 15,663] 3.85E+06 7.452] 9.66E+05 18,955 7.90E+08] 9,741] 4.10E+08) 20,303 9.66E+06 16,277) 1.45E+07 3,391 2,012 2,289 1,770
1983 16,334] 4.79E+06 9,993] 2.01E+06 19,965| 9.75E+06 13,289] 9.42E+06) 21,358] 1.07E+07 12,482 7.93E+06 3,631 2,226 3,296/ 2,721
1994 12,418] 2 48E+08| 7,355 9.45E+05 17,443} 7.90E+086| 10,063| 4.92E+06] 18,675 9.23E+06 8,004 2.50E+08 5,025 2,324 2,707 1,994
1995 15.510] 4.74E+06 4,417] 3.6BE+05 25,617| 2 53E+07] 6,239] 1.6BE+06 27,328 3.02E+07 9,517| 3.56E+08 10,006 4,537 1,822 1,144
1996 9,447 1.B4E+06 5.464| 4.98E+05 15,420) 7.80E+H 7,543 2 47E+06 16,510} 9.10E+06 6,087 1.42E+06 5973 2,459 2,079 1,403
1997 4,246| 3.79E+05 3,590] 2.20E+05 6,889 1.94E+06 5,074] 9.88E+05 7.370] 2.25E+06 3,455 3.17E+05 2,643 1,249 1,484 877
1598 2.841| 3.32E+04 2,011] 2.10E+04 3,956| 2.17E+405 2,904] 2.21E+05 4,229) 2.58E+05 2| B5.38E+00 1,115 429 893 447
1999 0] 0.00E+00] 0] 4.24E-08 0] 0.00E+00 Of 1.55E-07 0| 0.00E+00 0f 3.43E-07 Q 0O D O
2000 o] 0.00E+00! 0p 5.17E-08 0} 0.00E+00 0] 2.26E-07 0| 0.00E+00 0} 0.00E+00 0 0 0 0l
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Appendix Sh Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis -
UK(E&W)
Estimatad Estimated Estimated
Estimated Estimated - number number maturing Est. non- : :
total catch total cateh 15w MSW 1SW mat. 15W Est. 1SW Est MSW
Ye_aw 15W MsW returns returns recruits recruits spawners spawiners
Variance Variance moan Variance mean Variance Mean Variance mran Variance SD

- ]

1971 52 731 3.45E+071 28,758  1.24E+071 122919 7.71E+0§ 67,844 2.37E+0§ 133,700 9.24E+04§ 140364  4.98E+08 70,184 27,144 39.08
187; 86,409 B59E+0 34727 1M E+01 159544 161E40 81,484 3.01E40 173,454 1.92E+09 122393 6.11E+08 93,135 39,2{&_ 48,757
197 64 546 _6.0BE+07 33,665 1.49E+07 148,789 1.56E +04 80,168 3.64E404 161,656 1.79E+0 128374 5.26E+0§ 84,243 38,714 46,513

197 66,99y ©.22E+01 33,730 1.54F+07 163,564  1.49E+0¢ 78699 3.15E+04 177,714 1.76E+09 126,866 7.34E+0 96,56 37,778 26
197! 793984 1.07E+04 38,784 1.94E+071 174603  1.64E+0 92,404 5.11E+04 190,017 2.08E+D/ 107,097 2.33E+0 95,206 39,13 53,616
1974 48 770  3.53E+073 22734 777E+0A 123598 5.43E+0 58,833 1.38E+04 134,313 6.47E+0§ 99799 2.61E+0 74 828 22,53 36,094
1977 56,228 4.42E+07 26237] 8.88E+04 135681 7.38E+04 63,484 1.58E+04 147,301 B.42E+0¢& 111,694 2.82E+04 79,453 26,341 37,250
1974 63,971 _469E+0 20220 1.08E+07 151.043 6.69E+0Q 70,052 1.66E+04 164,111 8.20E+04 73731  1.42E+0 87,07 24 93 40 83
1979 45 694 2.69E+03 20607 6.75E404 105,569 3.31F+04 47,9001 8.58E+07 114771 4.02E+0F 98,584 1.68E+04 £9.878 17.433: 27.298
1984 58,331 4.37E+04 25386 B8.16E+0 123.943 4.60E+0 51,903 9.08E +07 134,974 5.43E+40 110,669  1.83E+04 65 61 20,398 26,537
1981 79.691 9.07E+03 327568 1.33E+0 165,004 9.08E+0 66.5%_ 1.06E +04 179,834 1.10E+09 71,43 8.93E+07% 85313 28,601 33,8043
1982 49644 3.11E+07 20.383 6.00E+046 98,141 2.80E+0H 41,35 4.85E +07 107,179 3.32E+04 76,751  1.38E+0 4B 497 15 768 20,975
1983 63,979 6.95E+07 25894 1.07E+071 127,709  4.93E+08 50,987 8.00E+07 139,403 5.93E+04 62293 1.00E+0§ 83,72 20.56 25,097
1984 56924 4.93E+07% 23053 7.63E+0 106973  2.91E+08 43,144 6.02E+0 116,554 3.84E+0 57,004 6.91E+03 5004 15,64 20,099
1985 59,379 4. 52E+074 22707 7.37E+06 108,864 2.55E+0 41,263 455E+07 118484 318E+0d = 83864 1 26E+08 43 4184 14,486 18,558
1984 76231 B.26E+0 29787 1.34E+07 140,001 4.51E+0 54 118 7.89E +07 152,413 5.67E+0H 70,059 1.03E+04 83 770 19,184 24,329
1987 67,360 7.15E+03 25487 B8.03E+04 122,838 3.83E+0H 46,460 6.58E+09 133,553 4.28E+04 85594 1.41E+0 55 474 17,654 20,979

1988 91,393 1.09E4+04 33,160 1.71E+07 172258 7.03E+04 61,579 9.42E+074 _187.347 _ 8.49E 408 74884  9.11E+07 80,904 24 391 28.41

198! 73,551 8.51E+0 26,076 1.23E+07 126,374 4.11E+0 45404 5.10E+07 137,401 4.92E+Q 55,484 6,1BE+07 52,825 18,06 19,33

1280 70,534 7.71E+07 23 658  7.30E+04 119,394  3.09F +04 40274 3. 71E+07 129,758  3.71E+04 28839 2.00E+03 48 861 15,237 16,61
1991 38914 2.01E+07 12,927 2.76E+04 68,444 1.09E+0 22153 1.20E+07 74,387 1.30E+04 29631 _1.65E+07 29 536 9,438 9226
1994 35860 1.67E+07 11,440 1 48E+06 63,476 7.95E+07 20,779 1.05E+01 68916 9.44E+04 34,400 4 99E +07 27,616 798 2,336
1993 55269 7.51E+07 12903 521E+04 108204 4.10E+0§ 25469 3J.03E+071 117,550 5.14E+0f 58,388 1.59E+04 52.94Q 18,31 12,559

1994 78464 1.62E+04 23 52 1.35E+0 154,844 9.13E+0 47,996 9.95E+07 168,104  1.09E+09 33,74 2.34E+07 76, 27,394 24 47
1995 34008 1.60E+04 13,066 2.42E+05 71747 8.78E+0 27.43 1.33E+07 77957] 132E+0q4 44728 3.63E+07 37.74 9,286 14,372
1906 28,041 1.04E+04 15,088 2.99E+05 65378 7.47E+07 36,178 2.22E+07 71,028 9.42E+07 . 83,934  4.12E40% 37,334 8,581 21,077
1297 24,539 6.97E+05 9.11 1.24E+04 71,921 1.58BE+04 27, 143_2.51E+0? 78,048 1.85E+04 21,314 1.53E+03 47 381 12,541 18,035
1998 28674  1.03E+04 5879 4.66E+04 83,118 2 41E+04 17,234 9.67E+04 90,234 2.92E+08 83 2.17E+03 54,439 15,484 11,360
1904~ Of 0.00E+0( 0] 1.77E-01 0| ©.C0E +0( 0 4.63E-09. O] _0.00E+04 0 7.33E-04 0 0 4
2001 o 0.00E+D 0 239E-09 0| _0.00E+0 Q| 4.75E-0 0] 0.0DE+0 0 0.00E+0( 0 O 0



Appendix 9i

Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis -
UK(N IRELAND)

Eslimated Estimated Estimated
Estimated Estimated number number maturing Est. non-
total catch total catch 1SW MSW 1SW mat. 1SW Est. 1SW Est MSW
Year* 15W MSw returns returns recruits recruits spawners spawners
Variance Variance mean Variance mean Variance Mean Variance mran Variance sb 3D
1971 B9,673] 5.16E+07] 12,176] 0.00E+00]  130,201| 1.61E+08, 27,089} 6.18E+06] 141,108| 2.16E+08 27,798 1.05E+07 40,618 10,442 14,913 2,488
1972 81,249| 6.30E+07 10,713| 0.00E+00] 118801} 1.69E+ 23,494] 6.66E406f 128,618| 2.02E+08 24,216] 7.39E+06 37,552 10,767 12,781 2,581
1973 70,354] 3.53E+07 9,412] 0.00E+00] 102,374 1.00E+08 20,470] 4.62E+06] 110,850/ 1.29E+08 24,858 7.58E+08 32 019 8,085 11,058 2,149
1974 71,556] 3.77E+07 9,560] O.CO0E+00] 103,291] 1.07E+08 21,000 4.27E+06] 111,848 1.38E+08B] 21,675 6.81E+06 31,736 8,345 11,440 2,067
1975 62,500] 2.72E+07 B,446! 0.00E+00, 90,278] B.50E+07| 18,311] 3.98E+06) 897,780] 1 .06E-+08] 15046| 2 BSE+06 27,778 7,603 9 865 1,905
1976 43219 1.31E+07! 5.814; 0.00E+00 €3,139] 4.93E+07 12,705; 1.51E+06 68,418 6.65E+07 14,413] 2.93E+06 19,920 6,013 6,892 1,228
1977 43,043 1.42E+07 5,605| 0.00E+00 63,428 4.38E4+07] 12,180] 1.83E+06) 68,600 570E+07 19,512 4.89E+06 20,385 5,440 6,575 1,354F
1978 57,121 2 47E+07, 7,563] 0.00E+00) 83,447| 7.33E+07| 16,481] 2.74E+06 90,300 8.94E+07 13,133] 2.03E+06 26,327 6,972 8,919 1,654] .
1979 38,267] 1.08E+07 5,074] G.00E+00] 55,712 3.17E+07] 11,009] 1.23E+08 60,334] 3.73E+07] 16,285] 4.02E+06 17,445 4,572 6,025 1,109
1980 47,282] 1.86E+07 6.281] 0.00E+D9) 68,541 5.61E+07| 13,757] 2.39E+06 74,407 7.35E+07 13,325] 2.72E+06] 21259 6,123 7,476 1,544
1981 39,5801 1.18E+07 5,168] 0.00E+QQ] 57,359 3.83E+07] 11,246] 1.35E+06 62,413 4.86E+07] 17,251] 3.85E+06 17,779 5 1H 6,079 1,163
1982 50,929] 1.90E+Q7 6,712| 0.00E+00 74,358| 5.83E+07| 14,576 2.27E+06 80,781 7.BOE+07 24,858| 7.58E+08 23,429 6,268 7,864 1,607
19831 72,4721 3.66E+07 9,641f 0.00E+00] 108,869 1.02C+08 20999 417E406f 115,953] 1.22E+08 10,3741 1.51E+06 34,396 8,109 11,358 20410
1984 30,715] 6.13E+06 4,005] 0.00E+0D) 44,868| 2.45E407 8 757] 7.87E+05 48,740] 3.18E+07, 13 301] 2.64E+06) 14 154 4 280 4,752 887 -
1985 37,822{ 9.83E+06) 5.142| 0.00E400 55,018] 3.04E+07 11,220] 1.35E+406; 59,653] 3.80E+07| 14,488] 3.04E+06 17,196 4,633 6,087 1,180,
1966 42 820] 1.30E+07 5,613 0.00E+00 62 191 3.79E+07] 12,239| 1.81E+06 67,455] 4.60E4+07] 7,329] 6.63E+05] 18,371 4,987 6,626 1,345
1987 21,674} 2.67E+06 2,847] 0.C0E+00 31,327 7.94E+06 6,193 3.97E+0h 34,041 8.71E+08 19,385 B.31E+06 9,653 2,295 3,346 B30f
1988| 44 B76| 1,32E+07] 5,865] 0.00E+00, 69,539] 4.04E+07] 16,359| 3.28E+06 75,378] 4.89E4+07 14,715] 3.35E+06 24 663 5,217 10,494 1,806
1989 57.373f 3.84E407 7.389] 0.00E+00, 64,322| 6.10E407 12,433] 2.02E+06 69,659] 7.00E+07 13,615] 1.27E+06 6,949 4,750 5,044 1,422
1990 32,966| 534E+05 4,344} 0.00E+ 00! 53,3261 1.t3E+07 11,499} 5.10E+05 57 766] 1.52E+07 7,022) 2.81E+05) 20,360 3,282 7,155 714
1991 19,250] 2.15E+05 2,549 0.00E+00 30,085 3.56E+086) 5,932| 1.04E+05 32,695] 4.34E406 15,704] 2.29E+06] 10,845 1,830, 3,384 323
1992 33,064| 2.37E+06 4,386 0.00E+00 58,738| 2.42E+07 13,259| 9.83E+05 63,562 3.21E+07] 37,991 1.02E+07] 25674 4,671 8,874 981
1993 29,030 4.05E+05 3,840 0.00E+00 71,651 1.96E+07| 32,075 3.36E+06 77,542 2.98E+07 13,628| 1.89E+06 42 621 4,382 28,235 1,834
1994 34,568] 4.72E+06 4,554] 0.00E+00 50,050 1.688E+07] 11,517} 1.09E+08 54,166] 2.27E+07 11,707 9.51E+05 15,482 3,481 6,963 1,045
1995 31,258 4.74E+05 4,135] 0.00E+0QQ) 46,845 7.23E+06 9 BB8| 3.82E+05 50,707 1.11E+07] 12,831 5.63E+08 15 587 2,599 5,752 51
1996 27,502] 7.41E+405 3,639] 0.00E+00 48,987 2.42E+07| 10,844| 3.86E+06 53,014] 3.0BE+07 15,297] 1.04E+07 21,485 4,842 7,206 1,96
1997 32,449] 1.03E+08 4,302 0.00E+00D 54,698 3.48E+0 12,907| 6.49E+06 59,1861 4.54E+07 16,890{ 6.52E+06 22,249 5,815 8,605 2 547
1998, 29 573 B.66E+05 3,907{ 0.00FE+00 84,320 5.42E+07 14,286| 4.62E+06 91,184| 6.72F+07 0] 7.46E-05 54,747 7,304 10,379 2 150
1999 0] 0.00E+00 0l 0.00E+00) 0| 0.00E+00] 0| 5.29E-05 0| 0.00E+00 0] 5.77E-05 o] 0 4] 0
2000, 0] 0.00E+00 0| 0.00E+00 0] 0.00E+00 0] 4.05E-05 0] 0.00E+00) 0] 0.00E+00 0 0 0 0

e
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Appendix 9j Estimated numbers of fish Killed, returning, spawning and recruits from Monto Carlo simulation analysis -
UK(SCOTLAND)
) Estimated Estimated Estimated

Estimated Estimated number number maturing Est. non- . :

total catch total catch 1SW MSw 1SW mat. 1SW - Est. 18W Est MSW
Year| 1SW MSW returns returns recruits recruits spawners spawners

Variance Variance .mean Variance mean Variance Mean Variance mran Variance SD

1971 375,532] 1.13E+09] 235136/ 0.00E+00] 1,306,300} 7.29E+10] 609,204 114E+10] 1,409,9268] B.48E+10] 1,156474] 3.30E+10] 930,768 267,879} 374,068
1972 360,183] 9.59E+08] 309,396] 0.00E+00] 1,332,102| B8.08E+10] 803,129 1.90E+10} 1,438 145( 9.44E+10| 1,192,570| 3.94E+10] 962920 282,618 493,733
1973 421,053 1.35E+08 342,971 0.00E+00f 1,571,368] 1.21E+11 892,875 2.44E+104- 1,696,471 1.42E+11] 1,000,952] 1.98E+10] 1,150,315 345,405 549,903
1974] 412591 1.07E+09] 270,915{ O0.00E+00| 1427414 B.BIYE+10] 708240| 1.32E+10] 1.541,013] 1.04E+11 999,728] 1.72E+10] 1,014,823| 296,365] 437,325
1975]  319.400] 7.06E+08)  304,227| 0.00E+00] 1,184.116] 6.68E+10)  769.346] 1.11E+10} 1.278.337] 7.79E+10]. 767,065] 1.49E+10] 884717 257133 465119
1976f  269,557) 4.84E+08 165,464] 0.00E+00]  929.808| 4.79E+10] 502,541 8.87E+09] 1003792| 563E+10] B16463] 1.93E+10] 660,251 217,604] 337,077
1977]  281,052] 574E+08 198,061] 0.00E+00] 985213] 4.58E+10]  593438] 1.26E+10] 1,064,428| 5.50E+10] 971,666 3.10E+10] 704161 212710] 395377
1978]  291,259) 5.71E+0B] 235,660, 0.00E+00] 1,033,931) 4.04E+10] 708,932] 1.85E+10] 1,121,590] 455E+10] 761,143 1.72E+10] 748,671 199,617] 472,372
1979 269,808 4.BOE+08 193,092 O.00E+Q0] 958,334] 417E+10] 572,611 1.11E+10] 1,034,993] S5.00E+10] 966,357] 2.19E+10] 688,526/ 203,138 379,519
1980 156,764] 7.34E+07] 223752 0.00E+00] 706,149 3AHE+10{  661,072| 1.37E+10| 763488 3.70E+10] 1,120309] 3.58E+10] 549385 176,141 437,320
1981 196,028] 1.17E+08] 227 863] 0.00E+00]  870,713| 4.30E+10] 801909 247E+10] 941,381 5.11E+10] 840063 2.76E+10] 674,685f 207,195} 574,047
1982]  269,182] 2.13E+08 165,569) 0.00E+00] 1,211,260] 1.00E+11 599,623 1.62E+10] 1,308,484 {1.17E+11 899,121] 4.01E+10] 942077] 316,127] 434,054
19831  270,624| 2.03E+08 189,020 0.00E+00] 1,204,000 7.61E+10] 676,435| 239E+10] 1,209 056] 9.27E+10] @ 643,934] 167E+10] 930475 275407| 487,416
1984]  2765,154| 2.898E+CE) 140,265] 0.00E+00| 1,185696] 8.95E+10{ 4875701 1.05E+10] 1,280,693 1.05E+11 666,780 1.77E+10] 009 642| 298717 347,305
1985] 204,826] 1.37E+08 149,097 0.00E+00 8753801 3.98E+10 517,018] 1.08E+19 945,999] 4.B1E+10] 1,097,088 © 6.13E+10 670,554 199,195 367,922
1986 260,748] 2.12E+08]  191,412] O0.00E+00] 1,152,834 7.92E+10 836,160] 4 1BE+10] 1,245 306] 9.35E+10 772,132 3A2E+10K B892 086 Lﬂ, 107 644,747
1987]  213,958| 1.51E+08 135262 0.00E+00] 937996] 569E+10] 580236, 201E+10] 1,012,610 6.57E+10| 703826) 2.76E+10] 724.038( 238323] 444,983
1988 192,214] 1.23E+08 145055| 0.00E+00| 852272 384E+10]  614,340] 1.80E+10]  919.709] 4.34E+10 741753| 2.59E+10] 660,058 195654] 469,284
19891  205,581| 4.57E+07 122,176 0.00E+00| 1,154,350{ 1.45E+11 536,726 1.62E+10} 1,245,791 1.71E+11 574,820 1.76E+10] 948,768}  3B0,541 414,550
1990 96,082| 1.15E+07 102,918] 0.00E+00] 543 102| 3.26E+10| 445 517] 1147E+10] 5857821 3.72E+10] 523208 297E+10{ 447,021 180.675] 341,599
199 86,848| B.94E+06 76,641 0.00E+008  505,561| 2.74E+10)  425729| 2.00E+10] 545,843| 3.20E+10] 656328| 421E+10] 418713) 165540] 349,088
1992  119,7920 1.74E+07! 96,956] 0.00E+00| 662,806] 4.10E+10] 5292261 281E+10] 715770 4.87E+10] 576,126] 3.27F+10] 543.014] 202.40] 432270
1993 110,999 1.47E+07 83,085 0.00E+00} &16,781] 345E+10] 466,526 2.1BE+10] 666,575 4.17E+10] - 668655 4.68F+10] 505782 185,805F 382 541
1994 117,197] 1.58E+07 100,8682] 0.00E+00}  658,341] 3.94E+10] 553823 2.95E+10] 710,237] 4.48E+101  651,465] 4.79E+10] 541,144 198,371 452 941
1995 106,206 1.39E+07| 92,177] O00E+00] 6597915 3.53E+10] 538,905 3.10E+10| 645518] 4.12E+10] 557,380 349E+10] 491608] 187835] 446,728
1996 78,154 7.39E+06 68,255 O0.00E+00} 540775 2.9BE+10]  459232| 2.29E+10f  584.001| 3.47E+10| 390,298 1.46E+10] 462,621 171,784) 390,977
1997 54933 3.17E+06 47,430| O0.00E+00] 377292 16BE+10|  322,831| 1.08E+10| 407,481 201E+10]  354,951| 1.24E+108 322,280 129,786] 275,404
1998 60,308] 3.92E+06 42,095 0.00E+00] 392796 26BE+10] -295,435] 8.82E+09) 424530 3.20E+10] 361] 1.37E+03] 332,488} 163,570} 253340
1999 0] 0.00E+00 0| 0.00E+00 0] 0.00E+00) 0] 6.56E-04 0} 0.00E+0D 0Ol 1.14E-03 0 0 0
2000 0| 0.00E+0Q 0| 0.00E+00 0| 0.00E+00) 0| 7.67E-04 0} 0.00E+0Q0 0] 0.00E+00 0 0 0




Appendix 9k

Estimated numbers of fish killed and recruits from Monto Carlo simulation analysis -

FAROQES
Estimated Estimated Est. mat. Est. non-
total catch total catch 1SW mal. 15W Total 1SW

Year 15w MSw recruits recruits recruits Prop'n wild  |Stock composition

Variance Variance mean Variance mran Variance | means 5D 1SW MSW
1971 11,932 8.77E+06] 105796] B.21E-04 2,611 5.27E+05] 122,355] 6.24E+08] 124,966 2,601 1.00 France| 0.05 L]
1972 12,918] 1.16E+07] 111,187| 9.59E-04, 2,835] 7.50E+05) 138,184] 8.16E+06] 141,019 2,985 1.00 Finland 0.05 0
1973 4,558) 1.37E+06] 126,012 1,21E-03] 3,246] B.B9E+D5] 101,275 BOOE+08] 104,522 2,993, 1.00 lesland 0.006
1974 14,753] 1.23E+07 B88,276] 7.38E-04 2.236] 3.98E+05] 122,790 430E+06] 125,025 2 167 1.00 frefand 0.1 0.057
1975 8,290| 4.40E+08] 112,984] 9.95E-04 2,744] 5.50E+05 84,958| 5.92E+06 87,702 2,543 1.00 Norway 0.3 0.396
1976 10,174] 5.93E+086 73,900] 4.42E-04 1,756] 2.2BE+05 59,249f 2.43E+086 61,005 1,632 1.00 Russia 0.1 0.183
1977 22.149] 3.24E+07) 52,112] 1.88E-04 1,347| 1.59E+05 44,742 1.38E+06 46,089 1,241 1.00 Sweden] 0.05 0.023
1578 12,551] B.95E+06] 39,308 1.53E-04 1,000 B.55E+04] 74,789 1.00E+06 75,788 1,043 1.00 UK(E&W) 0.1 0.023
19794 5,119} 2.37E+ 700821 3.77E-04 1,814) 2.52E+0 192,070| 3.51E+06] 193,884 1,939 1.00 LIKIN 0.05 Q
1980 34,009] B.01E+07] 182,617| 2.86F-03 4 870f 2.07E+06] 322,762| 245E+07] 327,632 5,154 1.00 UK{S¢) 0.2 0.192
1981 B8,017! 3.72E+08] 300,542] 7.83E-03] 7,457 4.89E£+06] 308,128| L5.36E+07] 315,585 7,648 0.98
1982 31,274 567E+07] 276957 6.45E-03 6,878] 3.95E+06] 243.362{ 360E+07] 250,240 6,323 0.98 Other 0.122
1983 36,670] 4.63E+07] 215,350] 3.66E-03 8,023] 3.23E+06] 169,275 2.87E+07] 177,298 5,655 0.98
1984 18,600] 1.64E+07 138,227] 1.53E-03, 4,073 1.06E+06] 175,261| 1.0BE+Q7] 179,334 3,441 0.96 Total 1 1.002
1985 14,129 2.10E+07 158,103| 2.28E-03] 3,105] 1.26E+0 194,936| 1.33E+07] 158,041 3,815 0.92
1986 18 463! 2.64E+07] 180934} 2.85E-03 4,054] 1.65E+06] 183417 1.81E+07] 187,471 4,447 .96
1987 15,272 1.96E+07 166,244 2.16E-03 3,348| 1.10E+08] 101,035] 1.25E+07] 104,383 3,689 0.97
1988 17,275 7,08E+06 B87,629| 7.33E-04 3,791| 6.52E+05] 137,494] 4.BGE+06 141,285 2,348 0.92
1989 13,677] 1.28E+07] 121,965] 1.11E-03 3,000] 7.80E+05] 153,050] 8.49E+08] 156,051 3,044) 0.82
1990, 15,109 1.70E+07 140,054] 1.74E-03; 3,302 9.51E+05 98,182 1.13E+407] 101,484 3,498 0.54
19491 8,674] 5.72E+06 84 935 6.15E-04 1,907] 3.61E+05 43,083 3.659E+06 44,990 1,987 0.54
1992 3301] 9.126+05]  3s5700] 1.19E04 722| 52aE+04]  33100{ 577E+05]  33.823 793l 062
1993 2. BB2| 6.83E+05 30,023 7.43E-05 630 3.77E+04| 34,447| 4.64E+07 35,078 701 .69
1994 2.827| 8.13E+05 31,672 B.Y1E-05 G621 4.94E+O4I 37,438| 5.76E+05 38,060 7H 0.72
1995 3,251| B.67E+05) 34,662| 9.53E-05 713 5.23E+04l 31,391 6.14E+05 32,104 B16] 0.80
1996 2,524 B.74E+05 28,381] 7.35E-05 564 3.83E+04I 3,429] 4.20E+05 3,983, 677 0.75
1997| 503 2.93E+03 1,424 1.56E-07] 130} 3.95E+02 466 2.22E+03 596 51 0.B0
1998 Q] 0.00E+00 0] 0.00E+00 0 0.00E+0 0 0.00E+00] 0 0 0.80
1999 G| 0.00E+00 0| 0.00E+00 0| 0.00E+00] 0] 0.00E+0Y, 0 O 0.80
2000 0| 0.00E+00 0 0.00E+00 0] 0.0DE+00] 0 0.00E+00 0 4 0.80

LLT
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Appendix 91 Estimated numbers of fish killed and recruits from Monto Carlo simulation analysis - WEST GREENLAND
: Estimated
Estimated Estimated number European
total catch lotal catch 1sw Est. non-mat. : stock
YearJ 1SW MSW recruits 1SW recruits Prop'n EU [ composition
Varance Variance mean Varance mean Variance MSW
19714 0| 0.00E+QQ 486.483| 2.53E+08 0]  0.00E+00) 632,319 4.22E+08 050 France| 0.027
1972 0] 0.00E+00 385062 1.64E+08 0| 0.00E+00 304,664 1.48E+Ugr 0.50 Finland| 0.001
1973 0] 0.00E+00 423 686) 1.64E+08 0l 0.00E+00 421,353 2.79E+08 0.50 Iceland| ©0.001
1974 0] 0.00E+00 324.974] 9.68E+07 0|  0.00E+00 177 402 6.23E+07 0.50 ireland| 0.147
1975 0] 0.00E+00 395274  1.54E+08 0] 0.00E+00 463 615 3,99E+08] 0.50 Norway| 0.027
1976 0} 0.DDE+00 220747 5.51E+07 0| 0.00E+00 297.625 1.81 E+EE| 0.50 Russia| 0.000
1977 0| 0.00E+00 278,405 7.67E+07 0]  0.00E+00 355,645 2.05E+08 0.50 Swedenj 0.003
1978 0] 0.00E+00 162,083] 2.68E+0Q7 0}  0.00E+00 202,219 8.32E+07 0.48 UK(E&W)| 0.149
1979 0| 0.00E+00 271.913]  7.40E407 0l 0.00E+00 432,659 3.88E+08 0.50 UK(NI}] ©.000
1980 0]  0.00E+00 184.771] _4.19E+07 0|  0.00E+0Q| 300,396 ~ 1,30E+08 0.52 UK(Sc 0.645
1981 0] 0.00E+Q0 274,521] 7.25E+07 Q] D.00E+00 241,605 1.19E+08 0.41
1982 0| _0.00E+00 160,351] 2.22E+07 0| 0.00E+00 175,485 4. 84E+Q7 0.38 Other
1983] 0]  0,00E+00 67,675] 4.57E+06 0}  0.00E+00, 74,070 1,05E+07 D.60
1984 0] 0.COE+00 45 395 1,91E+06 0| ©.00E+00 49,681 4 25E+06 0.50 Totall 1.000
1985 @l 0.00E+00 180@57 3.14E+07 Q]  0.00E+09Q] 198,034 6.47E+07 0.50
1986 ~_0]_0.00E+Q0 145814]  2.01E+07). . 0| 0.00E+00 159 579 4.28E+07 0.43
1987 0] 0.00E+00 141,283] 2.31E407 0l 0.00E+00; 154,626 4, 41E+Q07) 0.41
1988 0} _0.00E+00 187,100 2.90E+07 0]  0.00E+00 204,779 7.29E+07 0.57
1989 0]  0.00E+00 £8,460] _3.21E+0B 0]  0.00E+D0Q 63,980 6.98E+06 0.44
1990 0] 0.00E+00 24 119] _6.79E+056 0| 0.00E+00 26,396 1.34E+06 0.25
1991 0] 0.00E+0Q0 72,812] 5.B1E+06 0]  0.00E+0Q 79,685 1. 16E+07| 0.35
1992 0| 0.00E+00 44.023] 2.03E+406 0l 0.00E+00 48,181 4.33E+06 Q.46
1993 0]  0.00E+00 2,240 4.23E+03 0] 0,00E+00 2 451 9.35E+03 0.4
1994 0} 0.00E+00 2,208 425E+03 0]  0.00E+00 2,416 8.77E+03 0.4
1995 0{ _0.00E+Q0 12,408] 1.67E+05 0| 0.00E+00, 13,578 3.17E+05 0.35
1996 0] 0.00E+00 16.838) 2.77E+05 0| 0.00E+00) 18,427 S5.77E+0D5 0.45
1997, _0f ~ 0.00E+00 9,317] 9.40E+04 0] 0.00E+00 10,197 1.98E+05 0.40
1998 0| 0.00E+D0 1,895] 3.83E+03 0]  0.00E+00 2,074 7.88E+03 0.27
1999 0 0.00E+00 0| 0.00E+00 ¢ 0.00E+00 0 0.00E+00
2000! 0| 0.00E+Q0 0] 0.00E+0Q 0] 0.00E+00] 0 0.00E+00




Appendix 10a Lagged egg deposition analysis and estimation of conservation limit options - FINLAND

Total

Est. 15VV | Est MSW Egg Lagged 15W 80,000

spawmers | spawners |deposition Smolt age camposition eyg dep. § recruits — 4— Opt. 2
Egg 003 130600 |egg w 107 3yr 4 yr 5 6 yr 5] R R/S 70,060 - . - - Opt.3
Fem 12% 7% o3 59 nig o legg x 107 —Opt.1

60,000 L

1971 45% a512] 8889 nia| 26,144 , ’
1972 E 993 6973] 73993 n/al 40 502 50000 t ool SEIAE SRESREEEEE
1973 1,019 11.477] 121550 wal 47872 ; St .
1974 10058]  11054] 116 pea 0 na] 43568 weey o ie
1975 10,330 9370} 99991 0 0 waf 43,167 20,000 4 25N , R
1676 8,336 9012] 104 225 0 o] 12711 nfal 37 116 ’ ya f ' + P
1977 7.042 8733 91542 i 0l 19.238] 28844 n/a| 27 596 j p ! +
1978 5423 5471 68,023 0 O 31 605] 43656] 6644 nfa) 19,672 20,000 ya | :
1979 £ 593 3725 40827 0 p| 30339 71720 10,359 489] 112907 “22703] D.20 . :
1960 6,071 4.418] 47 BBA 0 0| 25998 EBA46| 17.018 740 112602] 29280 0.2 logoo +  ° l .
1981 5 B67 7353] 77054 0 0] 27093 £8324} 16336 1216 1055450 30314] 0.9 e 1 .
1552 4,005 8,114] 83521 0 0f 23827] 61493] 13993 1,167] 100485 29.457] D24 0 ——t — '
1983 5722 8.285] 96378 i} 0| 15066 54068 14592 1000 oB4746] 28264] 0.33 0 20,000 40,000 60,000 20,000 100,000 120,000
1904 B 848 6935 73412 0 o] 10815] 34.234] 12830 1p42] s8721] 31482 054 Eage /1000
1985 10,375 7570 ©2.005 0 0] 12445 24088] 8,123 o15] 45572 31,198 0.68
1986 8,067/ 4718] s2605 0 o] 20034] 28240 5716 &80 54570 34200 063
1567 12 564 67821 75425 i 0 217420 454621 B701 8] 74313] 37 82| 0s1
1908 9,180 4954] 55099 0 of 25058] 43,337 10788 479] @5661] 35244 041 Median recruits 35 244
1989 13,579 6597] 74,188 0 0] 9;87] S6883] 11707 771 eBa28] 47254 053 90%lle recruits 48 593
1590 12,560 7003 775634 0 of 21321 433130 13403 86| 78984 475820 0mD 90%ile Rec /L 0.70
1991 12 607 7823 85800 0 0| 13677 48383] 103786 4] 73302 45972 063
1992 19,338 7546] 87,166 0 0] 19610 31037 11461 734 62862 67891] 1.08 Conservation limlts Eggs 1Sw | mMsw | Total
1993 14177 10312} 111733 0 0] 14326 44501] 7,365 820 67011 4D534] 0.75 Option 1 [MinLap. egos] 45,572 8,189 | 4062 | 12251
1004 9 5% 7672 82550 0 o] 19268| 32,508] 10559 s8] 62682] 38925 062 Option 2 kMedRs0%L)| 50 457 9067 | 4497 | 13,564
1995 9 660 7634 82213 Q 0| 20,165 43770 7714 764 72423 30853] 043 Option 3 Jao%Recso%l] 69712 [] 12527 | 6213 | 18,740
1996 17 362 4162 82078 i 0] 22310 45604] 10,385 551 79051 48233 061
1997 15 350 6042 BE9FI3 0 0| 22663] 40626] 10869 742 84900] 43055 051 15w MSw Tot.
1998 18 051 5782 68503 0 0| 29p50] 51428 12013 776] 93,268 1 - 10yr av. #] 14224
1599 a 0 0 0 ol z1463] 65922 12,203 as8| 100,447 ol aoo yrav.%| 67%
2000 0 i 0 0 0| 21375] 48.704] 15643 872 85,554 o| ooo cogsxit® | B 534

6LC
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ppendix 10b Lagged egg deposition analysis and estimation of conservation limit options - FRANCE

Tota!
Est. 18W [Est MSW|  Eogg Lagged 15w 90,000
_spawners | spawners| deposition |Smolt age composition egg dep. | recruits ’

Egal 35 s lemax10°] 1yt 2y 3y 4w By Gyr g R R/S 80,000 ts
Fem|  #5% 1% we | e | oo o e %, |egg w 10° } .

- 0,000 4 ’/
1971 | 13832 | 1oo81 | 77123 na | 57518 60,000 r s
1972 ) 27189 | 20036 | 152813 wa | 58,073 .’
i973]| 165994 | 12400 | 94333 nfa_ | 36053 L S peARLSLEEELELEER
1974 | 7574 5681 | 43119 | BE5E5 nfa__ | 32,262 g inom | et M e
1976 | 15425 | 12691 | 94002 | 120891| 11560 141459 | 40072 | ©28 A S U _
1976 | 14,243 9143 | 7258 gusnE| 22922 0 103,530 ] 33252 | 032 30,000 | A 13 + .
1977 | 11 b2l 7330 | 58503 | 36BR1| 14225 a a 50876 | 30291 | DO : o | es
1976 | 11669 6896 | 56,179 | 79902] baes 0 0 a 56370 | 30026 | 0.3 20,000 1 s :
1979 | 13083 8230 | B5771 61634 14700 0 i i of 75794 | 50339 | OEE | | e —&—0Opt.1
1930 | 26383 | 17716 | 138762 | 49728 10867 0 0 g 0] 60515 | 54845 | 0en oo + ! —a—0Opt.2
1981 | 22381 | 11236 | 96461 47752|  8775) g i 0 0f 56527 | 40943 | 072 . . Ad & --<-- Opt.3
1982 | 13026 6696 | 67,186 | 6hA54|  BAN D 0 a 0] 64281 | 29986 | 047 ' '
1983 | 14372 | 7358 | 62927 | 117047] oBar 0 0 o] oj 127804 | .47 § 030 0 20000 100,000 130,000
1994 | 23313 | 11802 | 101891 | 81992 20814 0 0 0 o] 1026806 | 44128 | 043 Epas /1000
1995 | 08730 9152 | 64072 | 48608] 14489 a 0 0 0] 63077 | 26402 | 045
1966 | 27,169 9213 | 93025 | 53488] 8478 0 0 a 0| 52066 | 42575 | 069
1957 | 48,027 4767 .| 100875 | 96607 9439 0 0 0 0| 96046 | 62563 | 086
1988 | 17299 | 13,638 | 102,048 | 54461| 15284 0 0 ] 0] 89745 | 34508 | 060 Median recruiis 13,252
1989 | 9223 6431 | 49820 | 79071 9611 0 0 0 0] 56582 | 22556 | 025 90%ila recruits 49 581
1990 | 15296 5565 | 59933 | 65744] 13954 0 0 0 D] 99697 | 28,254 | G.28 80%ile Rec./L 0.78
1991 | 13837 CA07 | 535% | ©e741l 15199 ] 0 0 0| 101872 | 29040 | 0.29
1992 | 24357 7189 | 77545 | 42347 15307 0 a 0 0 57654 | 35476 | 062 Conservation limits | Eggs 1SW | MSW | Total.
1953 | 29675 3526 | thpad | E0943] 7473 0 ] i o] 68416 | 46,545 | 080 Option 1 [Min Leag eggs] 50578 || 16,103 | 45668 | 20791
1994 | 221085 5.321 | 69,208 45505]  BO90 0 0 0 0] 54495 | 31980 | 059 Option 2 e Ro0%L)) 42506 || 13,454 | 3316 | 17370 |
1995 | 137325 | 3026 | 37390 | 65913] 9030 d i i o] 73843 | 25148 | 0.4 Option 3 l0%Recso%l] 63376 || 20,060 | 5840 | 25900
1996 | 16895 5420 | 56,151 55067 11632 0 0 0 0] 67599 | 25261 | 0.7
1997 | 8494 2762 | 26545 | 0827|9077 0 0 0 o] 66703 | 14251 | 0.1 1SW MSW Tot.
1998 | 16,248 2338 | 38,130 | 91781 30381 0 0 0 ol 12,163 : - 10yrav. #] 16953 | 40940
1999 il 0 D 778 5608 0 i i ol 53307 i 0m 0yr av.%|  77% 3%
200 O 0 0 24263] 8423 0 0 0 0] 32686 0 0,00 eogsx10° | 26,343 | 27,267




Appendix 10c Lagged egg deposition analysis and estimation of conservation limit options - ICELAND

Total
Est. 18W [Est MSW] Egg Lagged 15W 120,000
spawners | spawners |deposition) Smolt age composition egg dep. | recruits '
Egg| 4308 WA Jegg x 107 1yr 2yr Iyr 4yr Syr 6y S R R/S Ot |

Femn| 3% Yesh T ETHE 0%  Jegg x 107 100,000 1+ |—4—0pt.2 .

f--om- Opt.3--—-----.---f3£f -----
1971 | 22215 | 8951 | 130,163 wa | 89702 30,000 PR
19721 19515 | 13904 | 161315 na | 78795 e S 3,
1973 | 20535 | 11984 | 149164 na_ ) 7363 g — — e — — —
1974 | 13813 | 10173 | 116758 i na | B691B 5 60,000 ] R e
1975 ] 19773 | 12089 | 147903 0f 26033 na | 713% & . e
1976 | 17665 | 9191 | 1198522 0l 32063] 52085 wa | 73.176 40,000 s '
1977 | 20819 | 11914 | 146,854 0| 29833] 64526 52065 146424 | 88792 | D61 ’, . *
1978 | 24839 | 15025 | 184543 0| 23352| 5966B! 64525 i 147543 | B5654 | 058 / ;
1979 | 23653 | 11,303 | 152365 0] 29581| 46703| 59666 0 0| 135549 83121 | 069 20,000 K :
1980 | 7773 14055 | 130,480 G| 23924] 59161 45703 0 0] 129789 | 37569 | 039 1 s '
1981 | 16424 | 6303 | 93783 0l _29771| 47849] 55161 i 0] 135781 | 55529 | 040 . I\ S
1982 | 11567 | 6532 | 82,999 0] 36910] 59542 47549 i 0] 144301 | 48300 | 034 0 : = —
1983 ) 16270 | 7465 | 102337 0} 30474} 73820] 59542 0 0} 163835 ) F9667 | 036 0 50,000 100,000 150,000 200,000
1984 | 10198 | 8113 | 90885 0| 26096] 60948] 73820 g 0] 160,663 | 36786 | 0.23 Eogs /1000
1985 | 21238 | 4907 | o603 ol _18757] 521921 60948 0 0131896 | 71130 | 054
1986 | 32688 | 8926 | 158516 0| 16460] 37513 52192 g 0] 106,165 95254 | 0.90
1987 | 21309 | 8901 [ 127,302 0] 20479] 320190 37513 0 ol 90912 | 66656 { 073
1988 | 39058 | 7307 | 163,290 0| 18177| 40959] 32919 ()] o] 52055 | 101638 | 1.0 Median racrults 66 656
1989 | 20867 | 6,185 | 105254 019203 36354 40959 0 0| 9516 | 66071 | 058 90%ile recruits 93141
1990 | 19581 7217 | 109,493 0] 31703] 39405 36354 0 0 106483 | 59,180 | G.%6 90%ile Rec./L 073
1991 | 23885 | 6019 | 111914 0| 25480] ©3407| 38405 a o| 127272 [ 73403 | 053
1932 | 30519 | 7683 | 142338 0| 32658| 50921| 63407 0 0] 145985 { 64859 | 058 Conservation limits | Eggs 15W | MSW | Total.
1993 29,448 6358 129,716 0] 21051 B5316] 50921 0 0] 137,288 | B4 475 .62 Option 1 _[wnLag. sggs] 90 912 19329 4 915 24 244
1994 18,219 7337 106,717 0] 21899 42102f B&316 0 Op 129316 | 56421 0.44 Optlon 2 (Med RB0%LY $0912 12 329 495 24244
195 | 25218 | 6257 | 117401 0] 22383 43797 42102 i o] 1068362 ) 70407 | 065 Option 3 |ao%recmoxL] 127,034 || 27,008 | 6866 | 33877
1996 | 21497 | 5411 | 100676 0| J8583] 44766| 43797 0 ol 117,051 | e0g4r | 052
1997 | 21507 | 5035 | 97,779 0| 25943] 57175] 44766 0 0] 127683 | 61E08 | 048 1SW MSW Tot.
1998 | 35767 | 5212 | 138032 0| 21343] 587 67175 0 ol 130.405 - - Wyrav. #] 24F61 | 6271 | 30932
1999 0 i 1 0| 234B0| "42687] &io07 ] o] 118,054 0 0.00 yrav.%| A0% 20%
2000 1] 1] 1 Dl 20135( 46961 42667 D 0| 109,763 0 a.00 eggext0? B7 225 48,767 115 992

18¢
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Appendix 10d Lagged egg deposition analysis and estimation of conservation limit options - IRELAND

Total
Est. 15W [Est MSW|  Egg Lagged 1 1SW 1,400,000
spawners | spawners| deposition |Smolt age composition eqg dep. | recruits T . ]

Egy | 460 oy | eagx10? | Ay o 2yr 3yr _dyr  Syr By s R RIS 1200000 | !
Fem £l 55 % a3 i 1] 0 a2 i |epgx 1072 ,

: Lo § PR .-
1971 344 4500 50g84) 1,005 440 rfal 1,073,483 T o
1972 | 373332 s6389] 1097109 nfa| 1,150 693 s 800,000 | 7 *
1973 ] 406501)  60.478] 1189002 na| 1,246,915 5 Tl . s
1974 |  446263] 65944 1302746) 201 ngs nfa} 1,342 a0 g goppb — et —
1976 466738  59.199] 1361843| 219422 703 /08 n/al1 360 843 R ’: .
1976 324 967|  4B8I0| 955,989 237 818| 767.976] 100 544 1,106.339] 975064] 0.68 400,000 { J ‘ s . -
1977 | 299007] 43,146 0947 976| 260549 €32 3%64] 109,711 i 1202 624] 069300 072 / 5 gl NP
1978 D1 616]  39,950] 766408 272369 911,921] 116909 0 0 |1 303198 772659] 055 o] :
1979 29 217] 33991  669,841] 191 078] 953290} 130 274 0 il o[1 274 643] 730712] 057 ' / :
1980 178572|  3BE02| 593 966| 169506 6BB 772 135184 0 0 o| 974542 s80890] 0.60 :
E= 85711 31421]  361407) 153.101] 553548] 95539 0 ] 0] e42.188] 345273 041 o
1982 160,157] 130181 409534] 133960 535654 84793 0 0 of 754515 &0435| 0O 0 200,00 400,00 500,00 300,00 1,000,0 1,200,0 1,400,0
1983 | 355.955] 29.289]  901.232] 118.793] 468.000] 76551 0 0 0] 64 232]1 009599] 152 ¢ 0o © 0 00 & 0
1964 | 136526]  31024]  46bgbe| 72.361| 415776| 6b 904 0 0 0| &65.122] 4014511 dar Eggs /1800
1995 | J04628| 27553  581.381] B1.007| 253765 59397 0 0 o 394 568 648 £45] 215
To85 | 230,040] 22641 603.992] 180246] 206673 36181 i 0 ol 503101} 697 33| 178
1987 200432 45103|  677.242] 93732 G30862| 40953 0 0 0| 765 548) 701564 092
1988 | 56D 28| 36,085 1,376010] 116.276) 328,063] 90123 0 0 O] 534 463)1.306,206] 244 Median recruits B15.716
1958 163831 23042]  471518| 120,795 406,067 45 066| 0 0 0| arap3?| &4a 268 0.95 90%kile recruits 967 252
1990 185224f  BA192|  425599( 135 448] 422795] 58,130 Q 0 of 616381 423236 069 80%ile Rec/L 176
1901 | 165212] 8009 290040 275162] 474069| B0 399 0 0 o] ®0s631] 3810] 045
1992 | a9122| 18201  s35442] 94304 983087 G772 O 0 01.125 09| 450.7%| 0 a4 Conservation limits | Eggs 15W | msw | Total.
1993 188351  4517]  411,113] 65320 330063 137 581 i 0 0] 550 964] 4pA 956 084 Option 1 [vin Leg. coos] 394 568 || 160,960 | 11,124 | 172,004
1984 | 261 577| 25.247|  683036| 78008 298618 47.152 0 i) 0| 423779 527 127 148 Ontion 2 [med Reo%ly| 350387 || 142,945 | 9578 | 152624
1505 87 052] 22532]  515653| 107,088 273026 42560 0 0 ol 422777] 496.416] 117 Option 3 B0%RechnwL] 550 A54 (| 224 565 | 15 520 | 240 085
1995 Z0210]  9,149]  G036E6] 82223 374808 30,004 i i O 2960%6) 532504 1.07 '
1997 330781 19.231| 607579 136,767 207 779 63544 i i a| #7e0e0] Gae07e| 1.1 1SW MSW Tot,
1998 [ 414914] 22286 579.023| 105,131 478685 41,111 0 i of 62207 1 - 10yr av. #] 233537 | 16.140 | 249577
e ] - 0 D 0] 190 733| 360.957] 68,361 0 i O] 530,074 ol 0.00 Wyr av.%]|  94% 6%
2000 161 516 51 565 0 0 0| 565 647 ol 0.0 eansx10° | 476 416 | 95,031

0

0

0

352 566




Appendix 10e Lagged egg deposition analysis and estimation of conservation limit options - NORWAY

Total
Est. 15W |Est MSW Egg Lagged 15w 1,800,000
spawners | spawners {deposition| Smolt age composition egy dep. | recruits
Egg| 300 283 |eggx 10% 1yr 2yr  3yr dyr Syr Gyr 3 R R/S 1,600,000 1 ‘.
Fem| Al 5% 3 K % i Ak iy iw-  |agg % 107 1,400,000 _""""""'"""",”:" """"
» 5 &» 7
1 4 *
1971 | 114265 | 68850 | ss5688 nfa |1,181 089 1,200,000 ¢
1972 | 148226 | 90755 | 86095 wa  |1409915 & Lo l” T T A 1—3 ——-
1973 | 159719 ! 1055865 | 985 M9R na |1 447 4639 2 . .
1974 | 149663 | 96701 | 905778 0 nfa__|1.350608 3 800,000 J ot
1975 | t47.830 | 84,450 | 815291 0| 9955 nfa 1302367 500,000 | /s l : :,
1976 | 149510 | 92510 | a76.110 D) 130885} 313419 nfa  |1.64.452 L l ;
1977 | 135636 | 84,413 | 797 562 0] 149847| 411536] 192117 nfa_ |1,092.366 400,000 s | —a—Opt. ¢
1976 | 9473 ] 59511 | 560443 0| 137678 471230] 252260| 44587 na_ |1,159742 . I ¢ |—a—op2
1979 | 158,468 | 112,339 |1 030,727 0] 123924| 432%62| 286650 6B545] 3278| 907 559 1571930 1.73 200000 T L |--¢-- opt.3
1980 | 153,074 | 108,280 | 993320 D[ 133189] 309705] 285393| 67037  4305] 88912 |1625917] 1.89 . . A &
1981 | 118,682 | 112976 | 979,583 0| 121245 418780] 238880| 61593] 4929| B45 427 1251989 148 — ' * ' '
1982 | 85198 | 69,09% o0 0| 85168 301262] 256700] 55440] 4529] 763,139 |1 060 46a| 1.3 O 20000 400,00 6000 SN0 1O L0 140
1983 | 140719 | 91,185 | 853541 0] 156670 267895] 233715] 59575]  4nve| 721932 |1 356,104 188 Eaas 11000
1984 | 150,548 | 67931 [ A43471 0] 151076] 492687 164212] 54241  4391] ee6 05 [1.369.212] 157 o0
1985 | 162478 | 85,298 | B4B 318 0 1488971 475094 3020031 3sn11l 39sg| 968082 |1 476 260] 152
196G | 149,188 | 99380 | 924401 0| 115636] 466241] 291215] 700!  2802| 947 988 [1271.900[ 1.34
1987 | 122531 | 77893 | 732370 0| 129738| 363B46| 267018 67587| 5154| 853,143 1036693 1.22
1966 ¥ 10946t | GOG78 | 590128 O] 126268] 4079531 232905| 6e612]  4970) @30 747 | 979420 | 118 Median recruits 1,079 720
1989 | 316,097 [ 115273 [1.271,104 0| 12g020] 4m3371| 260088] 51732]  4g96] 839108 |1.219.845] 1.45 90%lle recruits 1 495 401
1990 | 267,369 | 122,384 [1.255 479 0] 140500] 405735| 247254] s8041| 330d| 855,343 |1 009800] 129 90%ila Rec/L 1.78
1991 { 262538 | 132464 1321432 D[ 111320] 441864) 2457041 57383] 4268l As3as39 [1oro 7200 1.25
1992 | 202975 | 136585 |1,267 561 0| 60829| 380073| 270850] Sr720|  4219| 772,567 | 858278 | 1.11 Conservation limits Eyqgs 15w | mMSw | Total.
1993 | 174,340 | 103,696 | 990,605 0| 193208] 282081 214585] 62858|  4244] 756577 | 813290 | 1.07 Option 1 M Lag. eges] 721,932 [[ 132533 | 74 479 | 207 112
1994 | 181770 | 117,862 {1.103085 0| 1o0833] Bovsas| 172008] 49801]  4622fv025751] @14GB4 | 0.79 Option 2 [iMed RB0%L)] 613017 1} 112523 63,242 ] 175866
1955 | 147,753 | 118,259 | 1,058,318 0| 200858] e00113| 372433]  4012¢] 3862|1,217201| 723594 | 059 Option 3 [so%Rec/ansL| 849,023 |[ 155,982 [ 57 500 | 243572
1995 | 124133 | 109,103 | 959,326 0] 192672] 631645] 367855] 66435 2951|1281 558] 571041 045
1997 | 166,395 | 94,598 | 916941 0| 150504] e0f504] 387160 B5373] 6356|1,235,396] 661,519 | 054 15W
1998 | 215,121 | 104793 [ 1,055 BRI D| 167669| 473547] 371401 89857 e277|1108752] - - 10yr av. #] 205759
1999 0 ] i 0| 1eo8e4] 527275] 290271 eBi1Se|  eeo7j1071212] O 0.00 0y av.% |  64%
2000 0 ] 0 0| 145818| 505B76| 323204| 67367 6336)1,048602] O 0.00 eggsx10° | 288063
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Appendix 10f Lagged egg deposition analysis and estimation of conservation limit options - RUSSIA

Est. 1SW |Est MSW| Egg Lagged | Total 15w/ 960,000
spawners | spawners|depositionfSmolt age compositian egg dep. | ractuits ’

Egy; 4500 1550 lepgx 107 1yr 2yr Iy 4yt Syr  fyr s - R RIS 800,000 1 .t
Fem| 45% S G0 L 0t 743 {120 3400 G0 |egy x 107 200000 Fommmemmm--- "r'i‘{' . S -

) ’ - ?71:1'.:_— —_— e —
1971} 113554 | 188,591 |1.614 027 n/a 492 479 600,000 1 B | : .
1972 | 125943 | 157 693 |1.579 552 na | 714807 2 500000 sl e ot
1973 | 211343 | 271305 |2 706 933 nfa | 792909 - ! [ :
1974 | 199,193 | 230,687 |2,408 339 0 nfa__| 885949 & 400,000 1 / ‘ \ .
1975 | 208761 | 299,306 |2.936 508 al 181.403 7 nfa | 37740 200000 | | !
1976 | 104117 | 271 596 2,492 743 ot 157 9661 2h0 B19 s | 621,766 g | |
1977 | 118,113 | 197 656 |1,899 49] 0] 270 593[1 106 761] 362806 1739 60| 459065 | 0.2 w0004 : ST
1978 | 142,193 | 141,210 |1.474,104 0[ 240 834]1 894 853| 315,932 0 2451 618 5127723 | 021 J | ; _:_Opt‘z
1979 | 161,327 | 186057 |1 553564 0 293 531 (1 635 898 541 387 i o0[2520,515] 709,055 | 038 100000 3 / ! o Opt 3
1980 | 107,470 | 227 060 12,124,324 0] 249 224]2 055 §36] 491 668 i 0[2.786 728] 497 265 | 0.18 J Lé :
1951 | 97549 | 157 535 1,520,830 0 189,549,744 570| 567 382 i 0|2521001] 410800 | 0.16 0 Ay —
1982 | 123,906 § 123,251 |1.285 163 O} 147 410]1,329 Hdd| 496 443 ] 0[1975503] 574235 | 029 O 000 LOCO0 1500 260000 250,00 3,00000
1983 | 176.607 | 207,64 |2,101 5% 0] 1553561 031 873 379698 0 B[1 567 128| 661681 | D43 e e
1984 | 160,251 | 235,743 }2.304.752 0] 212 432]1,087 4% 294 821 0 0]1,554748] 66341 | 0.43 Egos /1000
1985 | 210620 | 249227 |256%.210 0[ 1620831 487 027 | 310712 0 0|1949523) 805376 | 0 41
1986 | 187,955 | 253569 }2.594 591 0] 178.517) 1,064 531] 424,865 0 01517967 534172 | 033
1987 | 293704 | 130,496 |1,650 630 0| 210,164 893 £13| 304,166 0 0l1 4139470 704911 | 050
1885 | 156,339 | 146,670 | 1,548,614 0] 230.475]1 471.145) 257 034 a 0]1956,654) 408557 | 0.21 Madian recrufts 655,131
1969 | 240910 | 87471 {1,222 500 0| 253621 [1 613 327| 4203271 - 0 0{2.287 275| 516444 | 0.23 90%ile recruits 722 967
1990 | 211576 | 76,457 |1,007 478 0] 250.459] 1,776,347 460,950 0 0]2455757] 5463% | 02 90%ile Rec./L 0.50
1991 | 346730 | 151.254 |1 972657 D| 169.053[ 1,616 214] 507 242 0 0[2492.5%8| 652747 | 0%
1992 | 352084 | 144336 [1.925.353 ol 154 861(1.183.581] 518 918 0 0[1857 361 740517 | 04O Consarvation limits | Fygys 1SW | MSW | Total
1593 | 310,420 | 195,859 |2,293 020 n| 122,260(1 0B4 029] 330,166 0 01 E4d 456] 655,131 | 042 Option 1 [vinLeg. cgzs) 3 203,000 | 227 742 | B3 A15 | 316,056
1994 | 397,231 | 175088 |2.2061 849 0] 108748| 855820| 19,723 ] 01 274 90| 78612 | 056 Option 7 |mved Rsa0%0)| 1,314 096 || 248 769 | 96,460 | 545,238
1995 | 370672 | 13410 |1,896.453 0| 197 266] 781,234| 244 520 0 o[1,203,020] ee5888 | 057 Option 3 [0%Reci90%L] 1,450 205|| 274536 | 106,461 | 380596
1996 | 424 419 | 144238 |2,071 DAS 0 192 535|.390,860| 217 496 0 0[1790891| 722987 | 040
1997 | 420947 | 122,313 1,679 649 ol 229.002(1 347 747 394 531 0 0l1972.180| 710493 | 036 15W MSW Tot,
1908 | 426901 | 118,781 {1462414 0] 228.18511 509 314| 395,071 0 o2 22255 - : yr av. 4] 350195 | 135801 | 485057
1999 i 0 0 0] 189 545]1 597 295| 450 804 0 0224674 © .00 yr av. %l 72% 8%

i 0 0 0| 207 106[1,327 517| 4565 370 0 of19809%2] @ 0.00 egosx10” | 709147 |1.140725 |1 849 872

200




Appendix 10g Lagged egg deposition analysis and estimation of conservation limit options - SWEDEN

Total
Est. 1SW|Est MSW/| Egg Lagged 15W] 45.000
spawnhers] spawnergydeposition)Smolt age composition eqgg dep.| recruits '

Egg EXis feag x 107 1w 2yr 3yr Ay Syr 6 yr s Rl RS 40,000 e
Fem )% T, { [ B, g 7 g4 lemgx10? 1l bl Y ETETL SRRRERRR

35,000 W ;.! .
1971 2147 214] 4120 nfa| 17,152 30,000 L *
1972 1771 125 3183 nfa] 16689 S s
1973 2021 &%| 5883 wal 17 642 g B0 T T T e

t +

1974 3201 394  p459| a4 nfa| 22094 8 20000 1 [fl :
1975 32% g7 6220 637] 2472 nfa] 23534 t. : +
1976 1963 247| 3gei| 1137 1910] 924 3a70] 13576] 361 1so0t /L e
1977 937 85| 2183 1292 3410] 637 i 5338 7570 142 K ’ :
1978 1,106 146] 2272 1p4d] 3878 1437 0 0 605 10200] 168 10,000 + / . ——Opt. |
1979 1088 430] 3438|798 303 1292 0 i of 5220] 145 286 J [ " —4—Opt. 2
1960 1342 718] 5028 437] 2389 1044 0 i of a3m9) 1731} 448 5000 1 / ! —-o-opta|]
1981 2778 26| __4368]  454] 1310 7% 0 0 o] Z560] 25564] 9.98 COAAS
1982 2,311 73] 6539  667] 1363 437 0 i 0] 2485] 21377] 88D 0 . om0 om0 s 20000
1983 2914 293 6441] 1008|2080 454 a i 0f 3520 25018] 711 g : ' g
19684 3,968 675| ©788] 874 3017 687 0 i ol 4577] 29210] 6.8 Egge /1000
1985 1571 281 80635] 1308] 2521 1006 a 0 0 4934 33567 6.82
1986 5328 78] 9149) 1288| 3323] 674 0 0 0] 6085 39040] 6.42
1987 3770 827] 91| 1788] 3885 1308 1] i o 6930 30564 441
1988 3 760 86| 9276] 1607| 5273| 1288 D 0 of  B.168] 35308] 432 Median recrults 25 837
1639 1070]  2461] 11941] 1,830] 4821 1758 0 ] o] s8400] 17.188] 204 90%ile recruits 36,453
1950 2761) 1492] 10437) 1862 5409 1,607 0 i 0 8922 111] 293 90%ile Rec./L 7.08
1991 3301 18| 12915] 1855 5.477] 1830 ] ] o| 962 30857] 337
1992 3391 2289 14702 2388 5566 13% 0 0 o] o9780] 3ms80| 374 Conservation limits | Eggs 1SW | MSW | Total.
1993 3631l 3296 19290] 2067 765 1855 ) 0 o 11207 33san] 305 Option 1 _[Min Lag. eggs] 2 456 671 352 | 1,024
1954 50| 2707] 18909 2883 6262 2380 0 ] of 11234 2%pre| 237 Option 2 jMed R.e0%0)| 3,650 9E6 517 | 1503
1955 10006] 162 Z26e0] 2940 7748 2067 0 0 o| 12777 3B546| 268 Option 3 [90%Recm0%t] 5.150 1361 | 729 | 2120
1996 5o73] 2079 17690 3.8%8] BB21| 2483 0 a o 15262] 22598 148
1997 2643  14B4| 10497f 3782 11574 2940 ] 0 0] 1B82%| 10825 059 1SW MSW Tot.
1958 1,115 893 5.424] 4532] 11345 3858 [} i of 1973 1 - 10yrav. #] 3,394 2042 | 59%
1999 ] ] 0! 35| 135%| 3762 0 0 o 20916 ol ooo 0yrav.%| 66% 34%
2000 i i o] 203 i0p1al 4532 0 0 ol i7.185 o[ 000 egasx10® | & G4 8576 | 14417

1514
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Appendix 10h

Lagged egg deposition analysis and estimation of conservation limit options - UK(ENGLAND & WALES)

Total
Est. 1SW JEst MSW]  Egg Lagged | 15W 300,000
spgwners | spawners | deposition] Smolt age composition egg dep. | recruits !
Egy| 450 7506 |emax10° 1yr  zwr Iyr dyr 5 yr 6 yr S R RIS .
Fem| #0% T 348 R 054 1A SR 0.3 |egn x 107 250, 000 ) IR ;{' """"" P .
! *
Se
1871 70,188] 39,088] 384 0O nfa| 274 068 200000 f— — T+ e — i
1972 93135] 46757 492089 nfa 295847 LY .
1973 84243 46513 459,398 nfa 290029 £ / W !
1974 -op5e0| 44969 480447 153843 na| 304 577 5 +30.000 1 |
1975 95206) 53616] 524991] 192.835) 241 535 nfa| 297 114 o
1976 745281  36,009] 379217] 183.759| 266 143] 19230 468,138 234111] 060 100,000 | l o .
1977 79.453] 97 250] 396678 192,179] 252089] 24,104 i 460952 266993 055 l :
1978 87 072] 40832 434,775 209,096] 264 248 22970 i 0 157, 112] 237 842 D48 / '
1979 50 §76{ 27 298] 294 A60| 151,667, 208 745] 24 022 i 0 o 464 454] 213769] 046 50000+ | '
1980 B5512] 26537 304,217] 158671) 208569] 26 250 0 0 0] 393490] 245642] 062 / ;
1981 B5313] 33,803 391,621| 173.910] 218,173 19,961 0 0 o] #1028l 251 284] 061 J L&
1962 46497 20,875 232362] 117 B64{ 239.126] 19834 0 0 0| 376p24] 163927 0.49 0 ! ' y d
1963 6379| 25097] 291 73| 121 £a7| 162,063] 2173 0 (i ol 305.288] 201694 e 0 100000 200,000 300,000 400,000 500,800 600,000
1964 50049] 20,090 231.216] 156,673| 167 18] 14733 a 0 0| 339726] 173663] 051 Egps /1000
1905 49.084] 18566 221.372] ©2053] 215425] 15211 0 0 Df 323500 202347 063
1986 63770] 24 328] 287 560 116694 127 B10] 15504 i 0 0] 254 0ae| 222 471 oed
1987 55 476] 20,579 249,155] 92.486[ 160 455] 11619 0 0 0| 264 560] 219,147] 063
1986, 60.005] 28,419 351,330] B0,549] 127,169] 14,507 ] ] 0] 230304) 262233 114 Median recruits 201,774
1989 62825 19333 233.692] 115,032 121,754 11561 0 i 0| 245347 192,895 .78 90%kile recruits 250702
1390 48561| 16,518 200 164] 99662( 158,168] 11069 0 0 0| 26a500] 156507 D59 [50%ile Rec./L 0.97
1591 20836 9226 121.806) 140,532] 137,035 14,379 ] i 0f 291947] 104018 036
1992 7e6] 933l 117805 93.477| 193.232) 12450 0 a o] 299168] 103316] 0238 Conservation limits | _Fyge 1SW | MSW | Total.
1353 £2940] 125581 196 507] ©3.666] 120531) 17 567 i 0 0| 223763] 17593} 077 Option 1_[wn Lag. cgos} 124660 || 28268 | 9842 | 39,110
1804 76364| 24,473] 318656] 4B763] 115040 11,606 i i) Of 176.488] 201 954] 416 Option 2 [Med Rk A0%L) 208,032 || 4BB38 | 16423 | 65261
1985 37 742| 14,372 170.057] 47.162] E7043] 10 458 a 0 0) 124569] 122685] 0.98 Option 3 JoowRec0%L] 258.478 || 60681 | 20,406 | 81.087
19% 37334] 21.077| 206155 /0,603| B4pd8| 6095 0 i 0| 129546] 04 958] 070
1997 #7381] 1803| 213.447) 127 462 108079] 5,896 i 0 0] 24143] ©9.386] 0.41 1SW MSW Tot.
1998 544399 11360 193,476] 68023] 175.261] 9825 i 0 o] 253109 A Myt av. #] 46506 | 16649 | 62,145
1959 0 0 0] 82462] 93531 15933 i 0 0| 191827 ol _o.o0 yr avk|  75% 5%
2000 i 0 0| 85379] 113386 6503 i o o] 207 268 of 0o eggexts® | 1115614 | 66,483 | 198,057




Appendix 10i Lagged egg deposition analysis and estimation of conservation limit options - UK(N IRELAND)

Tatal
Est. 15V |Est MSW| Egg Laggad 15w
T, X 140,000
spawners | spawners |deposition| Smolt age composition egg dep. | recruits '

E 3440 P legg x 10 1yr 2y Iyr 4yr 5yr 6yr 5 R R/ » Ost.1

Fam| #0% | &i% e | mn | cw | G | e | 0% feggx 10° 120,000 + S —a—Opt. 2
i e Qpt.3
.......... 'f.-.".---o-------.--_-.

1871 ] 40618] 14913] 171595 n/al 168,907 100.000 /
1972 37ss2] 12781| 152652 wal 152534 Lt .,
1973 208 11088] 131,113 n/al 135809 g oo Tt —
1974 31736]  11.440] 132811] 34319 nfal 133523 g 4'.’ *
1976 27776) _ 9@65| 115361) 30530| 133644 wa| 112826 60,000 1 : .
1978 19920] B892 81643] 26223 119,068 3432 148723] 82831 056 :
1977 20385]  6575|  B0705| 26562] 102,260 3.053 [ 131884) 88202] 067 40,000 - !
1978 26327 8919 106772 23072( 1035831 252 0 0 129 2871 103433 _0e0 |
1979 17445 B,025] _71437| 16329 89982 2556 0 0 o 08267] 75519 070 20,000 - ;
1960 21259]  7A76] o7 859 16,141] 63682] 2307 0 0 o &1 67732 107 ;
1981 17779] _ 6.079] 72438 21354] 82950 1533 0 a o| 85937] 79peal 093 S
982 23429] _ 7PBA] 94584] 14287] B3282] 1614 g 0 0] 99,i8d] 10653)  1.07 ¢ —- - - y
1983 34.396] 11,359 137748] 17570| 55721] 2,135 0 0 0 7547 126337 167 ? 0,000 100,000 130,000 200,000 250,000
1684 14 154 4752  57.150] 14488 EBS24]  1.429 7] D o] s44a1] 62041 0.73 Egos /1000
1985 17196|  6087] 71298 18917 S6h02| 1757 0 0 o] 77176l 74141l 0%
1986 19371| _ 6628 78941] 27550] 73.776] 1,449 0 0 o] 02774| 74783] 073
1587 9653] 3346] 39596] 11.430| 107 443] 1692 0 0 0| 120765] &3.427] D44
1988 24663| 10494| 112752 14260| 44577| 2.7% i 0 o 615020 093]  148| [Median recruhs 78142
1989 6949] 5044 44.180] 15768] 6612|1143 a 0 0 72543 @3z74]  1.15| |S0%ile recruits 103245
1990 2090 7.155) e4q1i0f 79200 61574] 1426 0 0 0 70920] e4788) 091] [90%ile Rec.iL 1.43
1991 10B45|  3.384| 42258 22560 30.8a7| 1579 G 0 o| #5016] 45299 O0a8
1992 2674|  aprd] 105172] 8s3s| oroar|  Tm 0 0 o] o757 101563]  1.04] [Conservation limits | Eggs 15w | msw | Total.
1993 2621 2825| 254944| 16022] 34467] 2255 0 0 O 535:s| 91.169] 170, [Optoni [mnLes eass] 53544 || 12311 § 4778 | 17 (A9
1954 15482] 6983 73015] B451| 65605 @84 0 0 o 74940 65873] 088 |Option2 |edRio%0)| 54596 || 12553 | 4872 | 17 425
1995 15587] 5752 E6025| 21034] 32980 14682 0 0 0| 55676] 63538] 114] [Option 3 loo%Recran%i] 72,136 || 16585 | 6437 | 23,023
EES 21485]  7206] @6.703] 50989] €203 645 0 i of 133868] €8.371] 051
1897 22243]  8605| 96538 14.603| 198856 2,103 0 G o] 215563] 76,076] 0.3 1SW MSW Tat.
1998 54747]  10379] 173498| 13,206 ©6952) 5099 i i} o] 75.2% ) 1 Tbyrav.e] 23500 ] 960
1599 i i o] _i7341] 51499] 1460 0 o] o] 70,300 ol om0l [loyrav.s| 2% 8%
2000 0 0 o 19318] 67628 130 0 0 o] 85.266 O 000] [eausxe® | 48144 | 54500

L8T
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Appendix 10j Lagged egg deposition analysis and estimation of conservation limit options - UK(SCOTLAND)

Total
Est. 15W |Est MSW]  Egy N Lagged | 1SW 3,000,000
spawners | spawners JdepasitionjSmol age composition eqg dep. | recruits
Ego| HEH e Yeggx 10%] 1yr Zyr Iyt Ay S5yt Gyr L R RAL o
Fem| 40% Bl R 5% 455 i, £ 0% |egmx10? 2500000 § |TATOR2 P
; J; ; : {3, o O3 p

* -
1971 | 9an7ma] 374088} 4,105 841 nfa| 2,566 399 znuuuuuTE--'-"----------"----‘E: P
1972 | oe2920] 493 733) 4 pan 237 n/a] 2630 714 P -—_——— — 4
1973 | 1,150315] 549 903] 5 500 049 nial 2 697 423 3 L sonom § S ., ':’
1974 | 1014823] 437 325| 4 553 509] 410 594 ntal2.540 741 & ya '
1975 | O64717] 465,119)4 520 146) 438 8241 847 674 n/al 2 045 391 e l et
1976 | 680.251] 337,077) 3,342 963] 560,005] 2,199,707 |1 642,376 nfal1 520,256 1,000,000 ¥ e +
1977 | 704.161] 2395 377|3 760 53] 465 .360| 2 520 0221 556 295| 205 297 5 145.974[2,096,094] 0.40 i '[ '
1978 | 749671 472372| 4,331 579\ 452 0162 094 120[2,240 020] 244 412 il 5 030 5661 682 793] 037 500,000 . ) !
1979 { 633526 379,519]3 654 169] 334 296]2 034 0661 861 440] 260 M02 0 0f4 509 804{2 001 350] O 44 y :
1980 | 549385) 437 320)3 722.692] 370,068) 1,504 ,333]1 808 ,068) 232 550 i 0|3.923.130)1 563,797 048 e |
1981 | G7A 505|574 047) 4,793 650} 433,157 1 701 262|1 337 165| 226 07 0 0|3.597 £12}1 761 448] 048 0 - - -
1982 [ 942 077| 434054] 4,488 4611 365 417|171 949 208[1 512 233[ 167,148 0 0]3 994 p0B(2 207 BOs| 055 0 1,000,030 2,000,00 3,000,00 4,000,00 5,000,0 6,000,00
1963 | 930,475) 457 AVB| 4 785 445 372.760] 1 B44 3761 732.629] 189 029 0 ol3 938,204} 1 943 500| D 49 0 0 o o0 0
1984 | 909 542] 327 305|3.902 9124 479 385)1 B75 21111461 56B| 216 579 0 0)3,532 623)1 647 473] 051 Eggs /1900
1985 | 70554 367 922|3 548 637) 448 8482 157 .142[1 489 077| 182 708 0 0f4 277 776|2 043,087 0.48
1986 | B92006| 544 74715 652 f56| 478 5a4[2 019 A16[1 917 460{ 186,135 0 0(4 €01 9855|3017 438 044
1987 | 724.038] 444,683]4,117 977) 500 2512153 401,795 302] 235 632 0 la 578 816) 1 606 436] 039
1968 | 660,050| 459.284] 4,135 621] 354 864[1.756.310(1 914 178] 224 424 i o|a 229 776|7 651 462] 0.3 Median recruits 1 06 436
1980 | 545763 414 550] 4 304 537] 565 26| L 6962671 561.165| 239972 - 0 0l3 262 550(1 821 610]_0.46 90%ile recruity 2 056,094
1560 | 247 021] 341599|2.943 B37] 4117982 543 69511 419 455) 195,146 i 014,570,094[1 109 060] 024 90%ile Rec./L 0.43
1991 | 418713] 3490882 951 954] 413,582 1,853.050)2 261 063| 177,432 0 0} 705,186]1 20% 171} 0%
1902 | 543014] 432270| 3673 B4s| 435 .454|1.861,12001 £47 191| 282 633 0 0l4 229 427[1 201 pos] 031 Conservation limits | Eggs 1sw | msw | Total.
1993 § 505 782| 3825413 306 810| 224 3641 973177|1 554-323| 205 G99 0 ofa.127 7e8l1 338,730 032 Option 1 _[Win Leg. eass] 3,004 040 | 476,278 | 355247 | 631525
1994 | 541 144] 452941|3 790 936| 293,195t 324 BI6|1 753 935] 206 791 i of= 578 658f1 361 702 03B Option 2 _[iMed R 80%1){3 651 705 || 566 489 | 421,766 | 987 277
1995 | 491600} 446,728|3,663 562] 367.964]1,319,379(1,177 456] 219,242 0 0)3,084 0400 1,202,895] ©0.39 Option 3 Jo0wRecm0%L] 4,127 ,231]) 637,301 | 476,411}1,112.793
1996 | 4B2621] 380877|3,271,107| 330 681 )1 555,840(1 172.782| 147 182 i 0}3306,485) 974 298| 029
1997 | 3222001 275.401)|2.296 964| 379.994]1 408 064)1,471 o50| 145598 g 0]3.456 614] 762432] 0.22 : 15w
1988 | 332,488{ 253.340|2 185 018| 366,350 1,700.571{1 322 724{ 163 982 i 0f3 583 055 T - 10yr av. 4] 501 344
EEE] i i o] 32711111 648.612|1,5619.974] 155,340 0 o]3.661.057 o] oo yr av.%]  67%
2000 i 0 o| 229 696| 1 471 983[ 465 433 169 997 0 n|3.357 124 ol 000 eggssi0* | 1.002 688










