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l lNTRODUCfiON 

1.1 Main Tasks 

At its 1998 Statutory Meeting, ICES reso1ved (C. Res. 1998/2:4:11) that the Working Group on North Atlantic Salmou 
(Chainnan: Dr T.L. Marshal1, Canada) will meet in Quebec City, Canada, from 12-22 April, 1999 to consider questions 
posed to ICES by the N<Ith Atlantic Sabnon Conservation Organisatiou (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 2.1 & 2.2 

release, and wor1dwide production of farmed and ranch ed salmon in 1998; 

ii. evaluate non-catch fishing mortality for all salmon gear; 2.3 

iii. rep<It on significant deve1opments which might assist NASCO with the management of 2.4 

salmon stocks; 

iv. develop a framework for stock rebuilding programmes; 2.5 

v. provide a compilation of egg collections and juveni1e releases in 1998; 2.6 

vi. provide a compi1ation of mi~Totag, finclip and external tag releases by ICES Member 2.7 

Countries in 1998. 

h) 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; 3.1-3.4 

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; 

iii. further deve1op the age-specific stock conservation limiL' for smal1er stock unit~ in the 3.7 
Commission area, where possib1e based upon individual river -based estimates; 

iv. further deve1op methods to estimate the expected abundance of salmon for small er stock units in 3.6 
the Commission area; 

V. provide catch options or alternative managt!ment advice with an assessmcnt of risks relative to 3.8 
the objective of exceeding stock conservation 1itnits; 

vi. provide an estitnate of the hy-catch of salmon post-smo1ts in pelagic fisheries; 3.9 

vii. identify relevant data dcficiencies, monitoring needs and research requirements. 3.10 

c) With respcct to Atlantic salmon in the North American Commission area: -i. demi be the events of the 1998 fishcries and the status of the slocks: 4.1&4.2 

ii. update the eva1uation of the effects on US and Canadian stocks and tisheries of management 4.3 
measurcs itnp1emented after 1991 in the Canadian commercial salmon fisheries; 

·-
iii. update age-specific stock conservation limits based on new information as availab1e; 4.4 

iv. provide catch options or alternative management advice with an assessment of risks relative to 4.5 
the objective of exceeding stock conservatiou 1imits; 

v. identify relevant data deficiencies, monitoring needs and research requirements. 4.6 

f!!li d) With respect to Atlantic salmon in the West Greenland Commission area: 

i. describc the events of the 1998 fisheries and the status of the stocks; 
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iL evaluate lhe effects on European and Norlh American stocks of lhc West Greenlandic 5.3 
management measures since 1993; 

iii. provide a detailed explanation of an y changes to lhe model used to provide catch advice and of 5.4 
lhe impacts of an y changes to lhe model on lhe calculated quota; 

iv. provide age-specific stock conservation limits (spawning targets) for all stocks occurring in lhe 5.5 
Cornmission area based on best available information; 

v. provide catch options or alternative management advice wilh an assessment of risks relative to 5.6 
lhe objective of exceeding stock conservation limits; 

vi. identify relevant data deficiencies andresearch requirements; 5.7 

vii. comment on tlle report of Workshop on Peer Rcvicw of ICES Salmon Model or in the 5.8 
absence of a Workshop, examine critically lhe model used to provide catch advice, looking at all 
lhe assumptions, and comment on lhe confidence limits on lhe output from lhe model. 

The Working Group considered 44 Working Documents submilled by participants (Appendix l); otller references cited 
in lhe report are given in Appendix 2. 

1.2 Participants 

Amiro, P.G. 
Baum, E.T. 
Brown, R. 
Cairns, D. 
Caron, F. 
Chapul, G. 
Crozier, W 
Erkinaro, J. 
Fontaine, P-M. 
Friedland, K. 
George, S. 
Gudbergsson, G. 
Hansen, L.P. 
Holm, M. 
lnsulander, C. 
Kanneworff, P. 
MacLean, J. 
Marshall, L. (Chairman) 
Meerburg, D.J. 
6 Maoileidigh, N. 
Porcher, J.-P. 
Potter, E.C.E. 
Prevost, E. 
Prusov, S. 
Reddin, D.G. 
Trernblay, S. 
Whoriskey, F. 
Youngson, A.F. 

Canada 
USA 
USA 
Canada 
Canada 
Canada 
UK (Norlhern lreland) 
Finland 
Canada 
USA 
Canada 
lceland 
Norway 
Norway 
Sweden 
Greenhmd 
UK (Scotland) 
Canada 
Canada 
Ireland 
France 
UK (England & Wales) 
France 
Rus sia 
Canada 
Canada 
Canada 
UK (Scot!and) 

A full address list for lhe participants is provided in Appendix 3. 
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2 ATLANTIC SALMON IN THE NORlH ATLANTIC AREA 

2.1 Catches of North Atlantic Salmon 

2.1.1 Nominal catches ofsalmon 

Total nominal catches of salmon reported by country in all fisberies for 1960--98 are 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 fisb (sce Section 3). 

The Icelandic catches are presented llllder two separate categories; wild and ranched. lceland is the only North Atlantic 
counlry where large scale ranching takes place and where the intent is to harves! all returns at the release &ite. While 
ranching does occur in other countries it is on a much smaller scale than in lceland, some are cxperimental operations 
and at others harvesting does not occur solely at the release sile. As such, 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, lreland, UK (England 
and Wales), UK (Northern lreland) 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 t is 755 t less than the total for 1996 of 3,132 t. While the 1998 
catches in most counlries remain helow the previous 5-year and lO-year averages, about 50% of the counlries reported 
an increase in catch compared to the final 1997 values. Figures for 1998 (2,401 l) are provi&ional, but the tina! total is 
likely to exceed the 1997 value. 

The Jack of information on fishing effort presents major difficulties in interpreting catcb data for an y one year and also 
in comparing catches in different years. However, it is clear that management plans in most counlries have d<x:reased 
fishing effort in recent years. 

Reported nominal catches for several counlries by numher 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 counlries include both wild and reared salmon (excluding ranched !isb from 
!celand) and fish farm cscapees and the figur es for 1998 are provisional Different counlries use different methods to 
partition their catches by sea-age dass. 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 (aften termcd hook and release) in rod (recreational) !isheries has heen used as a 
conservation measure for large salmon in same areas of Canada and USA since 1984. Recent declines in salmon 
ahundance in the North Atlantic has resulted in an increased usc of this management option. The nominal catches 
presented in Section 2.1 are comprised of !ish which have been caught and retaincd and do not includc catch-and­
release salmon. Table 2.1.2.1 presents catcb-and-release information from 1991 for those counlries which have records. 
Catch-and-release may be heing practised in other counlrics white not heing formally recorded. There are large 
differences in the percentage of the total rod catch that is released among counlries ranging, in recent years, from less 
than 10% in Iceland to 100% in the USA, reflecting the varying management praclices among these counlries. 

2.1.3 Unreported catches 

Unreported catches by year and Commission Area are presented in Table 2.1.3.1. While comparisons of the 1998 
unreported catch can he compared to previous values, it most he rememhered that these figures are at hest guess­
estimates, and that the methods used to arrive at these figures have varied both within and arnong counlries. 
Consequently, these figures sbould he interpreted with caution. A discussion of the methods used to evaluate the 
unreported catches is provided in Section 13 of the 1996 report (ICES 1996/Assess:ll). A description of the methods 
uscd in Canada to evaluate unreported catches from 1997 onwards is presented in Section 4.1.2 of the 1998 report 
(ICES 1998/ACFM:I5). 

The total unreported catch in NASCO areas in 1998 was estimated to he 1210 t. Estimates were derived for the North 
American (91 t) and West Greenland (11 t) Commis&ion Areas and for two sub-groupings, Scandinavia and Russia 
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(504 t) and Southem Europc (604 t). 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 Comntission Areas is available prior to 1987. 

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

2.2 Farming and Sea Ranching of Atlantic Salmon 

2.2.1 Production of farmed Atlantic salmon 

The worldwide production of fanned Atlantic sahnon 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 industty and represented a further 12% incrcase compared to 
1997 (634,418 t) and a 50% increase on the 1993-97 avemge (475,032 t). The worldwide production of larmed Atlantic 
sahnon 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 cou.ntries with the 
!argest 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 O% and 4%. 

In areas other than the North Atlantic, the production of farmed Atlantic sahnon in 1998 was 172.331 t, 24% of the 
world production of farmed Atlantic sahnon. As in the North Atlantic, production has increased throughout the time 
series. However, the current rate of increase in these counlries is grcater than that in the North Atlantic countries, the 
1998 !igure showing an increase of 29% compared to 1997 (133,351 t) and a 107% increase on the 1993-97 average 
(83,406 t). The areas with the !argest 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 l% and 6%. 

2.2.2 Production of ranched Atlantic salmon 

Ranching has bccn defined as the production of salmon througb smolt releases with the intent of harvcsting the total 
population that retums to freshwater (harvesting may include collecting tish for broodstock) (!CES 1994/Assess:16). 
The total production of ranch cd Atlantic sahnon in countrics bordering the North Atlantic in 1998 was 47 ~ 10 t lower 
than in 1997 (57 t) and the lowcst valne since 1987 (Table 2.2.2.1 and Figure 2.2.2.1). Production in Iceland continued 
to show a decrease, due to fewer ranch ing facilities operated, but still accounted for 72% of the total nmched 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 cntirely from estuarine 
and freshwater ttaps at the ranching stations. 

2.3 Evaluation of Non-Catch Fishing Mortality for aU Atlantic Salmon Gear 

Fishing mortalities gcnerated directly or indircctly 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 !ishing gears that are used to 
capturc salmon. Cornmercial fishing reportedly dates back to the 12"' century and typically involves nets, ttaps and 
weirs whereby sahnon are enmeshed, encircled or actively or passively swim into the device where they are captured. 
Nets may be stationary (often refcrred to as ftxed engines), portable, drifted, thrown (east) or used to dip salmon. 
Sahnon are also taken cornmercially by long line, hand line (hook and line). and rod and line using natura! or arti!icial 
baits or lures; these types of gears are eurrently more typically used in recreational or sport fisheries for sahnon. As a 
result of the various types of fishing gear utilized to catch sahnon in marine and freshwater areas of the North Atlantic, 
non-catch !ishing mortality is cxlremely variable. Some of the faetors known to contribute to variation in non-catch 
!ishing mortality within and arnong !isheries include gear type, mesh type, duration of time that the gear is fished or se~ 
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 !ishing mortality were available in 1999, although information 
relating to six sources of non-catch mortality was presented to the Working Group in 1979 (ICES 1981) and another 
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source was extensively reviewed in 1998 (ICES 1998/ACFM:15). The following sources of non-catch fishing mortality 
for Atlantic salmon gear are known to occur throughout the North Atlantic. 

1. Predation mortality is caused by salmon caught in various twes of fishing gear that are subsequently removed, 
eaten, lost, or released from the gear (or badly darnaged) hy the activity of seals, 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 hy 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 tishing 
gear; it may also occur in recreational fisheries, as a result of salmon that escape or are voluntarily released in a 
weakened physical condition. White predation mortality is normally thought to be low in commercial tisheries, 
anecdotal evidence obtained from Labrador in 1997 indicated that predation mortality rnay 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 bauling the net. 

Dropout mortality does not apply to man y of the currently operating tisheries for salmon, since the methods and twes 
of gear used are not inunediately lethal to the tish. Observations of dropout losses from research vessel fishing with 
drift-nets at West Greenland in 1979 provided an estimate of 2-4% of the catch, while limited availahle evidence at that 
time suggested that dropout losses in gill-net tisheries in homewaters were similarly small. 

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

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

4. Escapement monality is caused when fish encounter and are tcmporarily caught by the gear, escape (or are 
intentionally released) from it or pass inunediately through the gear but die later from various injuries or stress 
from the "encounter," or from increased predation due to thcir greater vulnerability to various predators. 

Previous estimates of escapement mortality in commercial fisherics 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 thcm are approaching maturity and are physically and 
physiologically hardier. Escapement mortality in homcwalcr recreational fisheries is considcrcd to be lower than that 
for homewater commcrcial fisheries, due to the differences in the various twes of gear used and how and when they are 
operated. 

5. Discard monality occurs whcn fish that are caught are discarded (dead or ali ve) and not induded in the reported 
calches. 

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 wcre discarded. In 1980 the Working Group concluded that 
it~ magnitude in homewaters was negligible (ICES 1981). The recent shift to catch and relcase angling in many 
homewater fisheries has resulted in a similar type of potential "discard" mortallly which is discussed in greater detail 
below. 

6. Catch and release mortality (aften 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 stndies to date have indicated that catch and rclcase angling and associated handling results in mortalities of 0-
10%, although at water temperatures of 20°C, and especially above 23°C, mortality can incrcase lo much higher levels 
as temperatures continue to rise. However, at !hese high er water temperatures, the magnitude of rod catches also ten ds 
to decline very rapidly. Other factors rna y also increasc mortality associated with catch and release, such as bow long 
salrnon have been in freshwater prior to being angled, various water quality parameters (including levels and flows) and 
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the care used by anglers when releasing hooked fish. Although moce than 80,000 salmon were estimated to have been 
caught and released in 1998 (Table 2.1.2.1), the Workiug Group was unable to apply a general estimate ofmortality due 
to a Jack of information conceming the magnitude and extent of catch and release angling in many countries and the 
varying management practices in effect tbroughout the North Atlantic. 

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

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

2.4 Slgnificant Developments towards Management of Salmon 

2.4.1 Atlantic salmon post-smolt nurseries In the Northwest Atlantic 

The Workiug Group considered research on the early marine life history of Atlantic salmon and considered bow this 
new information may improve the procedures used to estimate pre-fishery abundance of the two seawinter stock 
component. The abundancc forecast is a multipie regression model tlmt 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 reiated to the environmental factors are not well understood. The 
retum 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 ri vers to spawn as grilse. The winter environmental signal has been hypothesized to be 
related to migration pattems and their effect on maturation variation (Friedland et al. !998b). Post-smolt survival 
factors are equally difficult to assess due the difficultics 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 exarnination 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 et 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 inshorc nursery 
areas (Dutil and Coutu, 1988) are in stark contras! to the ocean distributions of post-smolts reported in Europe. Using 
scale growth signals, Friedland et al. (1999) suggests that the North American post-smolt nursery area shifts in location 
annually and may include both offshore and estuarine waters. Considering the growth and catch rates for the three 
collcction years, the first year, 1982, clearly supported higher growth and abundance in the Gulf of St Lawrence. The 
following years, 1983 aod 1984, support slower growth and lower local abundancc. 

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 tavor growth or are related to other factors that co-vary with growth. 
In addition, chlorophyll abundance in spring, which was taken as an indicator of like! y recruitment succcss of the forage 
base, showed gradients between the Gulf and other areas. This preliminary work suggests optimal thcrmal conditions 
for post-smo1ts and production conditions for forage species nmy define nursery areas. 

2.4.2 l\IHgration of kelts in relation to sea water temperatures in Newfoundland 

Data storage tags (DST) manufactured by Kiwi Inc. werc applied to 139 Atlantic salmon kelts at enumeration facilities 
on Western Arm Brook, Humber, Carnpbellton and Highlands ri vers, Newfoundland. In total, 12 of these Kiwi DSTs 
were subsequently recaptured and water temperatures downloaded. Con tro! DSTs for verification purposes were applied 
to kelts held in a freshwater fluvarium and indicated that water temperatures recorded by the DSTs 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 usetul for determining temperature prefercnces. This information is important for marine clinmte 
change models and water tempcrature protocols for opening/closing angling fisberies in freshwatcr due to higb water 
temperatures. Unlike some Pacific salmon no diumal movements could be inferred. Salmon spent most of their time in 
water from 4.7 to 16.8° C. 
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2.4.3 Influence of release Jocation of hatchery smolts on location of return as adults 

Data from 401 recaptures of 56,960 Carlin-tagged reared smo1ts released between 1989 and 1997 in lhe River Daliilven 
(Bothnian Sea, Baltic) indicated lhat small distanees between release sites effected differenees in upstream migration 
patterns. Smolts were produced in and released directly from two hatcberies situated some 700 meters apart. In-river 
recovery rates of spawners recovered at a fishway located 800 m upriver of the most upriver hatchery were significantly 
bigher for fish originating from the upriver station tban !hose originating at the station 700m further down river. Salmon 
observed jumping at the outlet of the lowest station just prior to spawning suggested !hat batchery return rates for the 
two stations could be equal. In tbat case, the differenee in recovery rates at lhc fishway might be considered a 
proportionate measure of the stray rate effected by a distanee of 700 m. 

2.4.4 Relationships between biomass of Norwegian spring spawulng herring and survlval of Atlantic 
sal mon 

Post-smolts of Atlantic salmon from large area' of Europe have been observed in oceanic areas in lhe Norwegian Sea a 
few weeks and monlhs after leaving lheir home ri vers (Holm et al. 1998). In Ibis area lhe distribution of Norwegian 
spring spawning berting (NSSH) and mackerel overlaps witb salmon post-smolts in spacc and time (Holst et al. 1996). 
Post-smolts of Atlantic salmon may compete for food and spaee witb olher marine fish species. Herring Iarvae 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 
nortbeast Atlantic have declined. Thus it is reasonable to ask if herring affect growtb and survival of post-smolt salmon. 

Spawning biomass of NSSH and recapture rates of salmon tagged as smolts in lhe River Figgjo. soutbeast Norway, 
were inversely related (Figure 2.4.4.1). This supports the hypothesis lhat lhe presenee of large numbers of Norwegian 
spring spawning berting in the Norwegian Sea rna y contribute to increased mortality of salmon in the ocean. 

Many factors can affect survival of salmon in the marine environment, abiotic as well as biotic, and the interaction 
between !hem are little known. Species interaction rna y occur at severalievels, and in the present case it may be asked if 
salmon post-smolts and berring compete for food. It is recommended !hat !his should be tested. 

2.4.5 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 fishcrics tbroughout 
Scotland in 1997. Scales from adult rccaptures in Scottish hornewatcrs of North Esk salmon taggcd as emigrating 
srnolts were also analysed. 

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

For both lSW and 2SW salmon, lhe incidence of summer checks in 1997 was outside the 95% contidence lirnits for the 
historical data sets cxamined. 

All summer cbecks occurred during the first marine growing season in l SW sairnon or during the second marine 
growing season in 2SW salmon indicating that lhe checks were laid down in lhe same calendar year (1996) in bolh sea 
age groups. The incidence of summer checks in 2SW salmon was significantly less tban in 1SW salmon. Furlhermore, 
the incidenee of summer checks varied significantly among monlhs of capture for 1SW, although not for 2SW returns. 
In contras~ 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 retuming to the Scottish coast in 1997 was the highest on record. 
Wbile no significant link was shown wilh eilher growth or survival !hese observations further focus attention on the 
marine phase of the sahnon' s life cycle and on changes in the marine environment !hat rna y have an irnpact upon 
growth and survival. 
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2.4.6 Potential impact of seal and seabird predation on salmon in the North west Atlantic 

Altbough decliniug salmon numbers in eastem North America are statistically associated witb mcreasing harp seal 
populations, it cannot presently be determined whetber predation by seals and sea birds is a canse of the declines in 
North American salmon retums. For sucb a cause-and-effect relation to be plausible, it must be shown tbat seals oc 
otber predators can account for a suhstantial fraction of salmon mortality at sea, and tbat sucb predation mortality could 
have iucreased. 

Only nine records of sea! (arnong a total of 5,680 grey, harbour and harp) and orre record of seabird (otber !han gannet) 
predation on Atlantic salmon are available from marine diet studies in eastern Canada. Four of the sea! records may, 
however, been of salmon laken from nets. Of the six remaining records, two are for grey seals, two are for harp seals, 
one is for a harbour sea! and one is for a common murre. Three of these records are based on otolitbs, the growth 
cbaracteristics of which yielded unexpected calculated !ish lengtbs for the time of year of capture, i.e., lengtb 
calculations or species identification are erroneous. The remaining six rccords were used to derive consumption rate 
estimates. 

Working Group reviewed a model which estimated numbers of smolts leaving North American ri vers, daily numbers 
alive as post-smolts, salmon biomass, and vulnerability windows (sizc and age at whicb salmon are snsceptible) to 
predation by cstirnated sea! populations and potential seabird predators (inc. kittiwakes, fulmars, murres, shearwaters, 
gulls, and gannets). Estimates of salmon harvest based on calculated consumption rates and estirnated sea! populations 
were subject to numerous sources of error. Analysis suggests tbat predators could conccivably account for a substantial 
fraction, and possibly the majority, of salmon mortality at sea. Analyses also suggested !hat cxtremely large sarnple 
sizes would be required to detect and accurately cbaracterize salmon predation. 

Gannets are large seabirds which plunge-dive on pelagic prey, including post-smolts near the water's surface. Gannet 
diet is measured annua!! y iu August at Funk Island. o!I the northeast coast of Newfoundland. Salmon wcre infrequent iu 
tbeir diet, 1977-89, but inc-reased in the 1990s to a peak of 6.4% of diet in 1993. The mean value, 1990"98, was 3.1 %. 
Mean salmon consumption in August during the 1990s was estirnated to be 3.6% of post-smolt biomass. Gannet diet is 
unknown for otber montbs at Funk Island. and for otber colonies in Newfoundland. Jf diet at Funk in August represents 
July-September diet at the two gannetries in nortbeast Newfoundland, !ben 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 mucb larger tban thosc of Newfoundland. Should !bese larger colonies 
participate even rare! y in the harvest of post-smolts the loss of salmon biomass could be grcatcr. 

Populations of grey, harp, and hooded seals and of gannets and common murres have increased in eastem North 
America since the 1970s. Population tren ds for otber seabird predators are unknown. The rising populations of seals and 
some seabirds, suggest tbat it is plausible !hat consumption by thcse predators may have contributed to declining retums 
of North American salmon. However, marine trophic interactions are complcx and rising predator numbers do not 
necessarily depress prey populations. 

2.4.7 Stock-recruitment relationships to define a conservation threshold and targets for Quebec salmon 
ri vers 

Conservation thresholds for Atlantic salmon in Quebec are being establisbed using stock-recruitrnent (SR) analysis. The 
Ricker model (Ricker 1954) is appropriate for the species, which exbibits density dependence, at !east during the 
fresb water phasc. 

Ricker's parameters (a,~) were replaced respectively with the mean maximal catcb over many years (Copt), and the 
catcb rate at Copt (h*) (Scbnute and Kronlund 19%). The catcb rate is equal to (Coptl(Sopt + Copt)) where Sopt is the 
average spawner requirement needed to obtain Copt. A Bayesian approacb 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 favoriug fixed escapernents provide the best management and conservation results, 
providing the underlying assumptions are biologically realistic. 

Quebec salmon managers use two reference points: a conservation tbresbold and a management target. The new 
conservation tbresholds will be defined by !aking the MSY points deterutined from available SR relationships. These 
MSY points will initially be precautionarily fixed at 75% probability levels (Sopt75

"'). Management torgets should be set 
at a higher leve! !han tl1e conservation tbreshold, depending on Iong-term management objectives. 



SR relationships, associated reference pnints, and probability distributions, were calculated for six rivers (the 
Cascapedia, Dartmouth, Saint-Jean, York, Matane and de la Trinite, 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/m2 which corresponded to the conservation threshold, was used (see below). This permits 
comparisons among different rivers. 

Habitat suitability indicies (HSI) (Terrell et 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 areas (Power 1981)). HS!s were combined with basin wide habitat maps to generate estimates of 
Units of Production (UP). The HSI method is believed to be the most accurate approach, especially for rivcrs 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 sahnon. 

Two regressions were deri ved correlating either UP, Y=1.67*UP, r2= 0.89, or wetted areas Y=1.04*m2
, r'= 0.96, with 

Sopt""' values. The regression eqnations can be used to export Sopt values to rivers where SR relationships are 
unavailable; the slope is the eggs/units valne, and Y is the num ber of eggs needed to meet the conservation threshold. 

Further analysis on transpnrting conservation limits across ri vers is underway using Bayesian hierarchical analysis. The 
objectives are: 

l) 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 ri vers; 

2) to provide an evaluation of the uncertainty of the conservation limit when extrapnlating the results obtained on the 
6 index ri vers to a new river where no SR data are available. 

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

after standardizing the SR data for river size (in UP), the 6 index ri vers are considered as a sel of exchangeable SR 
experiments; 

the likelihood is deri ved from the SR data using a Ricker model with lognorrnal process errors; 

each of the six index rivers has a common, prior lognormal prohability distribution for Sopt whose parameters are 
included in the analysis and !hus con sider ed as uncertain. 

The output 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 01e six index rivers are 
consistent arnong systems. The a posteriori predictive distribution of Sopt for a new river falls among but has a greater 
dispersion than the dispcrsions observed for the index ri vers. This retlects the absence of SR data for 01e new river. 

2.4.8 Forecasting 1999 returnl\ and assessment of alternative management optiom on the R. Scorff, 
Brittany 

Since 1994, a scientific programme has been carried out on the Atlantic salmon population of the River Scorff 
(Southern Brittany, France). It aims at providing a belter insight in the population dynamics of the species and 
developing methods to improve the assessment of stock status and management strategies. Smolt output and adult 
returns are estimated annually by !rapping and mark/recapture techniques. At present the lSW returns (1996, 1997, 
1998) from three smolt cohorts (1995, 1996, 1997) have been observed. Information on the return rates as grilse can be 
derived from !hese data. By combining !his information and the estimate of smolt output for 1998, a first attcmpt was 
made to forecast 1999 ISW returns. The analysis was undertaken under a Bayesian framework and followcd two 
successive steps: 

a predictive posterior probahility distribution of the ISW 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 et al. 1995); 
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the posterior predictive distribution of the 1SW retum rates was then incorporated into a forecasting procedure to 
produce a predictive probabilty distribution of the 1999 1SW retums on the basis of the 1998 smolt output estimate. 

At both steps, the uncertainty of the estimates of smolt production and adult retums (measuremeot errors) were laken 
in to account. 

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

adult rerum is a binomial process where each smolt has equal probability of coming back into its natal river, this 
probabilty represeoting lhe retum rate which we anempt to make inferences on; 

prior knowledge is entered in to the analysis by restricting prior 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 lhat of a 
uniform distribution between O and 0.4. 

A comparison of the posterior predictive distribution of the 1SW retum 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 
parameter, although a wide range of values me still seemingly probable. This uncertainty might be reduced in lhe fu ture 
throngh additional data collected on forthcoming cohorts or by the introduction of covariables that can explain some the 
variability of the retum rate, such as lhc mean size of the smolts. 

The forecasting procedure used the same binomial model for adult retums from the smolt stage and lhe 1998 estimate of 
smolt production. lts output was a posterior prcdictive probability distribution for the 1999 grilse retums wbich showed 
a very wide 90% probability interval, from 130 to 1340 (Figure 2.4.8.1b). Although this result ntight appear rather 
disappointing, it must he emphasized that it certainly gives a more realistic view of our actual ability to predict rerums 
one year in advance, compared to a point cstimate, such as the most probable value. 

Since lhe grilse represent about 90% of the retums in the Scorff R. and account for most of the egg deposition, further 
analyses wcre carried out to cvaluate lhe probability that 1999 escapement will be abovc the conscrvation limit. Currcnt 
knowlcdge on the ranges of the MSW retums and of the exploitation rates hy sea age class, together wilh the current 
TAC hased system of regulation of lhc exploitation (Porcher and Prevost 1996) were laken into account. The 
distribution of lhc egg deposition indicates lhat lhc 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 flshery was allowed, the probability of falling 
below the conservation limit is still30% (Figurc 2.4.8.2b), mainly because of the rather poor smolt production in 1998. 

In order to evaluate the etlect of tllC currcnt T AC based control of the exploitation, the probability distribution of the 
egg deposition obtained with or without T AC werc compared. Both distributions could be exactly superimposed, 
suggesting tlmt the TAC was not providing an y protcction against overexploitation (i.e. escapement helow conservation 
limit). Even when considering an eventual doubling of the exploitation rates in 1999 relative to previous yems (from 
[5%, 20%] to [10%, 40%]), lhe TAC, as currently set, was not reducing the probability of not achieving the 
conscrvation limit. An alternative and much more constraining management option was tben evaluated. It delayed the 
opening of the fishing season to the 1st of July (from the present begining of March), conditioned lhis opening on the 
number of returns observed up to lhis date and used a TAC approximately reduced hy half from actual leve!. This 
alternative management option seemed to provide a belter protcction against overexploitation if the exploitation rates 
were to double in 1999. 

Although prelintinary the analyses suggest: 

lO 

current T AC levels used for regulating exploitation on the salmon ri vers of Brittany might be too high and further 
evaluation of the performance of the management strategy currently applied is required; 

Bayesian statistics me of great interest for providing more realistic view of stock status or management strategies as 
they allow for a betler description of the uncertainty in the asscssment process. Further work in this fleld should be 
promoted, such as full risk analysis considering consequences of management options heyond the next year. 



2.4.9 Salmon survey In the Labrador Sea In 1998 

Experimental fisbing was conducted by a Canadian researcb vessel fisbing in lhe Labrador Sea in lhe fall of 1998. In 
total, nine slalions were fisbed wilh fleets of monofilarnent gillnets of mesh size 77 mm, 89 mm, 102 mm, 115 mm, and 
127 mm set to fisb on lhe surface. In total, 38 salmon were caugbt, 24 of which were post-smolts and lhe remainder 
were 1SW salmon. Catcb data and biological information from whole fisb are: 

Date No. offiSh Llfestage Fork Iength (cm) Whole weight (kg) 

Sept22 4 post-smolt 33-35 0.42-0.45 

Sept25 17 post-smolt 33-38 0.37-0.62 

Sept26 5 adult 60-71 2.99-3.78 

Sept 27 6 adult 63-68 2.47-3.47 

Catcb rates ranged from O to 1.24 salmon per mile-hour of gear fished. Catcb rates were Iower !han previously 
experienced by researcb vessels fisbing in lhe same area in lhe late 1980s. These data will be added to lhc information 
base of researcb in the Labrador Sea. More researcb on post-smolt and adult salmon at sea is encouraged. 

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

A negative trend in recruitraent of North American (NA) Atlantic salmon (Salmo salar) has persisted in spite of 
severely reduced commercial salmon fisheries. At lhe same time juvenile salmon production may have increased as a 
result of reduced home water exploitation. The Working Group reviewed a document that explored lhe relationship 
between recruitraent of NA salmon, indices of smolt production hased on fifteen standard electrofishing sites in lhe 
Mirarnicbi River and eilher an index of salmon marine habitat (SHI) or annua! population estirnates of harp seals 
(Phoca groenlandica). Furtber analysis conducted at lhe meeting explored a weighted index of North American pre­
smolts (see Section 4.2.1). 

Over lhe muge of ycars observed, 1972 to 1998, recruits (!he surnmation of harvests and spawning escapement' of NA 
salmon) were significantly negatively correlated wilh pre-smolt indices and harp sea! populations for eilher one-sea­
winter or two-sea-winter salmon (Figure 2.4.10). There was correlation arnong lhe predictive variables. Habitat in eilher 
February or March of the first sea-winter was positively correlated with pre-smolt indices. Habitat was positively 
correlated wilh lhe residuals of a simple recruitrnent model of logarithmic transformed pre-smolt indices for both one 
and two-sea-winter recruits. Harp sea! populations were not significantly correlated with the residuals of the simple 
modcl of one-sea-winter recruits but were negatively correlated wilh lhe residuals of a simple model of two-sea-winter 
recruinnen t. 

Models proposing the use of habitat and harp seals accounted !nr a high proportion of lhe variation in recruitment of the 
NA stock of salmon, bad been reviewed previously (lCES 1998/ACFM:15). It was recommended that the appropriate 
rec'fUitrnent model be furlher specified and supported (see Section 5.7.3). The development of a more comprehensive 
indcx of the relative change in marine predators of salmon in the Western North Atlantic Ocean is required. Also, 
verification of lhe assumption of direct proportionate production of smolts from the pre-smolt indices is required in 
order to isolate lhe life-stage underlying the negative relationship between pre-smolt abundance and adult recruitrnent. 

The Working Group noted !he high degree of correlation arnong variables and lhe paucity of evidence of the 
consumption of salmon by harp seals. These conditions prevent lhe derivation of specific conclusions conceming the 
nature of the relationsbips atnong recruits, habitat or lhe harp sea! population. Because these variables cannot be 
controlled in the experimental sense, only additional years of data may provide the natura! 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 lirnits requires that stock 
rebuilding progmms are carried out when monitoring indicates !hat compliance with conservation values has not bcen 
achieved It will be necessary to consider a range of issues bcfore a decision is made to introduce a rebuilding program. 
It will also be necessary to decide whicb of a range of approacbes to 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 to provide a standard fratnework for decision making where targets or conservation levels are not 
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being met and stock rehuilding programs are heing 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 heen set previously as part of a stock management plan, 
and that the plan requires that the stock is monitored in order to assess cornpliance. If assessment shows that compliance 
has heen achieved, the monitoring cycle can he resumed without further action. In the special case of a recovering stock 
for which interim targets have heen set, compliance will he exceeded at each stage of recovery. In lb ese circumstances it 
will he 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 heen met, it hecornes necessary to consider the introductioo of 
a stock rebuilding program. The frrst course will he to assess the validity of the valne of the original conservation lintit 
or target. Setting values is expected to he a particular problem in the early stages of any new management plan. Initial 
values will aften he set in the absence of precise prior knowledge of the stock in question - some values will he set too 
high and some too low. lf the original valne is considered to he erroneous then the conscrvation valne is reset at a new, 
lower leve! and the cycle of monitoring and assessment resumes. 

lf the original conservation valne is considered to he valid, and the ohserved deficit is real, a more complex sequencc of 
decisioos must he made. In a well-established assessment program, an occasional failure to meet conservation limits 
might he judged acceptable. lndeed, frequency standards for the acceptance of occasional annua! deficits may he a part 
of the assessment plan. Occasional non-compliance may also he acceptable for other reasons - perhaps on the basis of 
sustaiued, superior levels of performance in the past. Occasional failurcs will he most significant tor stocks showing 
low levels of variation in total age at spawning. Wbere variation is greater, the effects of single-year deficits in egg 
deposition will he spread arnong several future spawning years. Considered in con text, 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 hecause of the large 
magnitude of the deficit, or hecause it is part of a sequence of marginal cvents, or part of a developing trend- a further 
sequence of decisions must he made. In particular, it may he 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 
possible effects of this kind, acting on a variety of scales, and they can he considered under a number of categorizations. 
Each of a suggested sel of categories is discussed separate! y towards the end of this sccti<n. 

If the causes, or candidate causes, of noo-compliance can he 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 
enbancement, can he directed at the appropriate leve!. lf the cause of non-cornpliance is known but no remedy is 
available, it may be neces.sary to reset the conservati.on value befare monitoring and assessment resumes. In the case of 
a deficit of indeterrninate cause, the precautionary principle requires !hat a stock rebuilding program is initiated, in order 
to expedite recovery while further information on the underlying problem is sought. It will he necessary to monitor the 
response of the stock during an y rebuilding program, as part of tl1e continuing assessment cycle. 

In some circumstances, a legal imperative may forhid the rcsetting of conservation values and a stock rebuilding 
program will be rcquired even when the cause of the deficit is known to he irremediahle. In the most unusual 
circumstances, where salmonids can no langer live in previously productive habitat, the conservation value rna y reset to 
zero. In this case, mitigation can he considered for temporary support of the stock while the problem is resolved. If the 
problem has no solution, self-sustaining salmen fisheries are lost, and put-and-take fishcries or fisheries on other 
species are the only options which remain. 

As regards targeting a stock rehuilding program, it is suggested that consideration of causes and correlates of non­
compliance centre oo changes with time in four categories of effect. The proposed categories are climate, biological 
interactions, physical habitat and fisheries and each of !hese is considercd separately helow. 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. 

Tbere are two primary steps in considering the relevance of any of the four categories in the 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, national 
or range-wide pattern - will direct attention to variables or issues operating on sintilar geographical scales. Secondly, it 
is necessary to determine at which stage of life the size of the stock is heing restricted hy unexpectedly low lcvcls of 
performance. For example, low fry densities resulting from adequate spawning escapement will direct attcntion towards 
adverse factors acting in fresh water - during spawning, egg incubation, hatch or dispersal. Low adult return rates from 
adequate levcls of smolt production will suggest that the limiting factor has operated at a later stage of life. It is 
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important to note !hat Ibis general guidance is not completely secure. The salmon life-cycle is complex and factors 
acting at any stage of life have the potential to affect growth and survivallater on. For example, variation in smolt size 
is likely to atiect predation risk earl y in the marine phase. 

Cllmatlc varlables are !hose !hat 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 !hus 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 slrong affect on levels of compliance with conservation values. 
Although climatic variations are beyond management conlrol, it may be possible to limit adverse effects by using 
compensatory management actions to alter variables in other categories of effect. 

Biological interactlons include a wide range of temporally variable effects relating lo interaclions with other species. 
These include the adverse effects on wild salmon of inler-specific competition in slrearns, inlroduction of non-native 
specie.s, low abundance of prey species in fresh water and in the sea, cxcessive mortalities due lo predalion, 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 ellects 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 man y interactive effects. 

Physical habitat effects that vary among years or over decadal scales are likely to affect compliance with conservation 
value.s. All of the physical habitat effects !hat have the potentiallo affect production and survival of salmon exert their 
effects in fresh water. Many of !hese 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 deslruction 
of strearn habita~ slrearn enrichment through fertiliser run-ofi· and sewage discbarge. Jmpoundment works reduce 
habitat by drowning streams, and they alter temperature regimes. In-slrearn conslruction works may limit acccss to 
potential ha bi tat. Because these effects are often caused by the activities of man, they are often open to direct remedy. 

Fishery effects are dealt with extensively in the other parts of this Report. Fisheries are particularly likely to contribute 
lo non-compliance with conservation value.• because they exploit adult fish towards the end of the life-cycle after other 
restrictions on stock size have bad their effect. In addition, the effect of uniform fisheries on adult recruitment is 
variable since exploitation rate often rises when abundance is reduced. Fishery effort is inherently manageable. The 
tisheries are well-documented relative to the other factors affecting stock sizc. So, fishery regulation is like! y to remain 
the most effective route towards ensuring compliance with conservation hmits or targets. Management of the ftshcrics is 
also a praeticable route towards managing compliance, because of the dose association of the regulatory authorities 
with the various parties who OCncfit from exploiting the resource, and because of dose association of both parties with 
those attempting to optimise produclion. 

2.6 Compilalion of Egg Collections and Juvenile Releases for 1998 

2.6.1 Egg collectlons and juvenile releases for 1998 

The Working Group compiled 1998 data surnmaries of artificially spawned eggs and egg and juvcnile releases in Table 
2.6.1.1. These data were provided to cstimate the cffects of egg collection on wild production and to characterize the 
overall scale of enhancement work by ICES member counlries. Although all countries except Finland artificially spawn 
eggs to support enhancement activities, on! y eight counlries reported summaries of artificially spawned egg numbers for 
1998. Two countries (Canada and the United States) collect eggs from domestidcaptive broodstock and/or captive sea 
run kelts in addition to collections from sea run fisb. Wbere possible, the number of eggs collected from each of these 
sources is reported. 

For most countries, the database has been expanded to include hislorical data from 1990 lo 1997, and these data are 
summarized in Appendix 4. As data reporting becomes more complete for the pre-1998 period, this information ean be 
used lo describe tempora! trends in enhancement activities. 
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2. 7 Compllation of Tag Releases and Finclip Data by ICES Member Countries In 1998 

2.7.1 Compllatlon of tag releases and finclip data for 1998 

Data on releases of tagged and fm-clipped salmon in 1998 were provided by the Working Group and are cornpiled as. a 
separate report (Annex to ræs 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 fisb 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 mark. Microtag marking 
declined by 5% from 1997. Secondary marks (primarily adipose fin clips) were applied to 0.87 million fisb. 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 Nominal 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 Gr1d. Grid. lceland lreland Norway Russia Spain St. P. (West) (E & W)N.Irelan<Scotland USA Other ReporteCNASCO International 

Year (1) (2) (3) Wild Ranch (4,5) (6) (7) (8) & M. (6,9) (10) Catch Areas waters (Il) 
1960 1636 60 100 743 1659 1100 33 40 283 139 1443 1 7237 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
199& 

1583 
1719 
1861 
2069 
2116 
2369 
2863 
2111 
2202 
2323 
1992 
1759 
2434 
2539 
2485 
2506 
2545 
1545 
1287 
2680 

2437 
1798 
1424 
1112 
1133 
1559 
1784 
1311 
1139 
911 
711 
522 
373 
355 
260 
292 
229 
149 

Means 
1993-19 302 
1988-19 610 

13 
3.3 
10 
9 
6 

3 

5 
7 
12 

9 
28 
20 
28 
40 
40 
37 
119 
536 
1025 
606 
678 
628 
566 
530 
576 
243 
364 
315 
95 
23 
23 
6 
5 

6 

7 
107 

32 
50 
76 
76 
66 
59 
37 
26 
34 
44 
54 
58 
46 
49 
37 
49 
36 
52 
60 
70 
77 
70 
49 
48 
44 
45 
48 

51 
55 

34 
12 
13 
25 
9 
19 
20 
10 
30 
20 
20 
16 
25 
22 
28 
27 
32 
14 
15 
13 
20 
16 
18 
9 
14 
8 
9 

13 
16 

<l 
6 
8 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

7 
19 

<0.5 
4 

4 
5 

2 
<0.5 

1 

2 

127 
244 
466 
1S39 
861 
1370 
1601 
1127 
2210 
2146 
2689 
2113 
2341 
1917 
2030 
1175 
1420 
984 
1395 
1194 
1264 
1077 
310 
297 
864 
960 
966 
893 
337 
274 
472 
237 

83 
92 
58 
Il 

47 
245 

l. Jncludes estimates of some local sa1es, and, prior to 1984, by-catch. 
2. Since 1991, tbere has only been a research fishery 01t Faroe ..... 

In 1997 no fishery took place, 

127 
125 
145 
135 
133 
104 
144 
161 
131 
182 
196 
245 
148 
215 
145 
216 
123 
285 
219 
241 
147 
130 
Hi6 
139 
162 
232 
181 
217 
140 
146 
130 
175 
160 
140 
!50 
122 
106 
130 

136 
149 

3. Includes catcbes made in the West Greenland area by Norway, 1-'aroe.~, 
Sweden and Denmark in 1965-1975. 

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

2 
2 

2 
13 
8 
5 
8 
lO 
21 
9 
7 
6 
6 
8 
16 
17 
32 
20 
55 
59 
40 
180 
136 
280 
345 
460 
496 
308 
298 
239 
50 
34 

278 
279 

707 
1459 
1458 
1617 
1457 
1238 
1463 
1413 
1730 
1787 
1639 
1804 
1930 
2128 
2216 
1561 
1372 
1230 
1097 
947 
685 
993 
1656 
&29 

1595 
1730 
1239 
1874 
1079 
586 
404 
630 
541 
804 
790 
685 
570 
624 

678 
796 

1533 
1935 
1786 
2147 
2000 
1791 
1980 
1514 
1383 
1171 
1207 
1578 
1726 
1633 
1537 
1530 

1488 
1050 
1831 
1830 

1656 
1348 
1550 
1623 
1561 
1598 
1385 
1076 
905 
930 
876 
867 
923 
996 
839 
7&7 
630 
740 

835 
883 

790 
710 
480 
590 
590 
570 
S83 
827 
360 
448 
417 
462 
772 
709 
811 
542 
497 
476 
455 
664 
463 
364 
507 
593 
659 
608 
564 
420 
364 
313 
215 
167 
139 
141 
128 
131 
111 
131 

130 
213 

20 
23 
28 
34 
42 
42 
43 
38 
54 
45 
16 
40 
24 
16 
27 
21 
19 
32 
29 
47 
25 
lO 
23 
18 
13 
27 
18 
18 
7 
7 
Il 
Il 
8 
lO 
9 
7 
3 
4 

7 

9 

2.5 

3 
3 
3 

2.5 
2 
2 
2 

1.9 
1.2 
2.3 
2.9 
3.4 
0.8 
1.5 
1.5 
2.3 

2 
2 

27 
45 
23 
36 
40 
36 
25 
20 
22 
20 
18 
18 
23 
32 
26 
20 
JO 
lO 
12 
17 
26 
25 
28 
40 
45 
54 
47 
40 
29 
33 
38 
49 
56 
44 
37 
33 
19 
15 

38 
38 

232 
318 
325 
307 
320 
387 
420 
282 
377 
527 
426 
442 
450 
383 
447 
208 
345 
349 
261 
360 
493 
286 
429 
345 
361 
430 
302 
395 
296 
338 
200 
!86 
263 
307 
295 
180 
!56 
143 

240 
262 

132 
356 
306 
377 
281 
287 
449 
312 
267 
297 
234 
210 
182 
184 
164 
113 
110 
148 
99 

122 
101 
132 
187 
78 
98 
109 
56 
114 
142 
94 
55 
91 
83 
91 
83 
77 
93 
75 

85 
92 

1185 
1738 
1725 
1907 
1593 
1595 
2117 
1578 
1955 
1392 
1421 
1727 
2006 
1628 
1621 
1019 
1160 
1323 
1076 
1134 
!233 
1092 
1221 
1013 
913 
1271 
922 
882 
895 
624 
462 
600 
547 
649 
588 
427 
296 
280 

501 
597 

l 
l 
l 
l 

l 
l 

2.7 
0.9 
1.7 
0.8 
2.4 
4.1 
2.5 
5.5 
6 

6.4 
1.3 
2.2 
2.1 
1.9 
1.2 
0.9 
1.7 
2.4 
0.8 
0.7 
0.6 

<0.5 
l 

7. Pigures from 1991 onwards do not include catches taken in the recently 
developed rccrcational (rod) fishery. ·111ese will be included in next year's report. 

8. Weighb prior to 1990 are estimated from 1994 rnean Weight. 
W eights from 1990 based on mean wt. from R. Asturias. 

9. Not including angling cutch (mainly 1SW). 

403 
893 
922 
471 
486 
533 
373 
475 
289 
192 
138 
193 
277 
313 
437 
466 
!OI 

6464 
8673 
8604 

10759 
9434 
9792 
11991 
9793 
11594 
11286 
10735 
10965 
12670 
11877 
12136 
9327 
9414 
7682 
8118 

10127 
9954 
8395 
8755 
6912 
8108 
9255 
8159 
7738 
5903 
4943 
4106 
4133 
3711 
3927 
3625 
3!32 
2377 
2401 

3354 
4359 

315 
2788 
3248 
2277 
1890 
1682 
1962 
1644 
1276 
1060 
1123 
827 
1210 

1186 
1699 

l O. [ncludes catches in Norwegian Sea by vessels from Derunark, Sweden, Germany, Norway and Finland. 
11. E.stimates refer to season ending in given year. 

180-350 
25-100 
25-100 
25-100 
25-100 

ni a 
ni a 
ni a 
ni a 



-"' Table 2.1.1.2 Nominal catch of SALMO.N in hom~waters by counlry (in tonnes round fresh weight), 1960·1998. (1998 figures include provisional data). 
S = Salmon (2SW or MSW fish). G = Grilse (ISW tish). Sm =smalL Lg =large. T = S + G or Lg + Sm 

lceland lreland Spain Sweden UKUK(N.I.) 
Year Canada ( 1) Finland Pram:e Wild Ranch (2,3) Norway (4) Russia (5) (West)(E&W) (3,6) UK(Scotland) 

LSmT SGT TTT SGT SGT T_TTTT LgSmT 
1960 1636 100 743 1659 1100 33 40 283 139 971 472 1443 
1961 1583 127 707 1533 790 20 27 232 132 811 374 1185 
1962 1719 125 1459 1935 710 23 45 318 356 1014 724 1738 
1963 1861 145 1458 1786 480 28 23 325 306 1308 417 1725 
1964 2069 135 1617 2147 590 34 36 307 377 1210 697 1907 
1965 2116 133 1457 2000 590 42 40 320 281 1043 550 1593 
1966 2369 104 2 1238 1791 570 42 36 387 287 1049 546 1595 
1967 2863 144 2 1463 1980 883 43 25 420 449 1233 884 2117 
1968 2111 161 l 1413 1514 827 38 20 282 312 1021 557 1578 
1969 2202 131 2 1730 801 582 1383 360 54 22 377 267 997 958 1955 
1970 1562 761 2323 182 13 1787 815 356 1171 448 45 20 527 297 775 617 1392 
1971 1482 510 1992 196 8 1639 771 436 1207 417 16 18 426 234 719 702 1421 
1972 1201 558 1759 32 34 24.1 :) 200 1604 1804 1064 514 1578 462 40 18 442 210 1013 714 1727 
1973 1651 783 2434 50 12 148 8 244 1686 1930 1220 506 1726 772 24 23 450 182 1158 848 2006 
1974 1589 950 2539 76 13 215 10 170 1958 2128 1149 484 1633 709 16 32 383 184 912 716 1628 
1975 1573 912 2485 76 25 145 21 274 1942 2216 1038 499 1537 811 27 26 447 164 1007 614 1621 
1976 1721 785 2506 66 9 216 9 109 1452 1561 1063 467 1530 542 21 20 208 113 522 497 1019 
1977 1883 662 2545 59 19 123 7 145 1227 1372 1018 470 1488 497 19 10 345 110 639 521 1160 
1978 1225 320 1545 37 20 285 6 147 1082 1229 668 382 1050 476 32 10 349 148 781 542 1323 
1979 705 582 1287 26 10 219 6 105 922 1027 1150 681 1831 455 29 12 261 99 598 478 1076 
1980 1763 917 2680 34 30 241 8 202 745 947 1352 478 1830 664 47 17 360 122 851 283 1134 
1981 1619 818 2437 44 20 147 16 164 521 685 1189 467 1656 463 25 26 493 101 834 389 1223 
1982 1082 716 1798 49 5 54 20 130 17 63 930 993 985 363 1348 364 10 25 286 132 596 496 1092 
1983 911 513 1424 51 7 58 16 166 32 !50 1506 1656 957 593 1550 507 23 28 429 187 672 549 1221 
1984 645 467 1112 37 9 46 25 139 20 101 728 829 995 628 1623 593 18 40 345 78 504 509 1013 
1985 540 593 1133 38 11 49 22 162 55 100 1495 1595 923 638 1561 659 13 45 361 98 514 399 913 
1986 779 780 1559 25 12 37 28 232 59 136 1594 1730 1042 556 1598 608 27 54 430 109 745 526 1271 
1987 951 833 1784 34 15 49 27 181 40 127 1112 1239 894 491 1385 564 18 47 302 ~ 56 503 419 922 
1988 633 677 1311 27 9 36 32 217 180 141 1733 1874 656 420 1076 420 18 40 395 114 501 381 882 
1989 590 549 1139 33 19 52 14 140 136 132 947 1079 469 436 905 364 7 29 296 142 464 431 895 
1990 486 425 911 41 19 60 15 146 2l:i0 586 545 385 930 313 7 33 338 94 423 201 624 
1991 370 341 711 53 17 70 13 130 345 404 535 342 876 215 11 38 200 55 177 285 462 
1992 323 199 522 49 28 77 20 175 460 630 566 301 867 167 11 49 186 91 362 238 600 
1993 214 159 373 53 17 70 16 160 496 541 611 312 923 139 8 56 263 83 320 227 547 
1994 216 139 355 38 11 49 18 140 308 804 581 415 996 141 10 44 307 91 400 248 649 
1995 153 107 260 37 11 48 9 150 298 790 590 249 839 128 9 37 295 83 364 224 588 
1996 154 138 292 23 21 44 14 122 239 685 571 215 787 131 7 33 180 77 267 160 427 
1997 126 103 229 29 16 45 8 106 50 570 389 241 630 111 3 19 156 93 182 114 296 
1998 70 79 149 29 19 48 9 130 34 624 445 296 740 Ill 4 15 143 75 157 123 280 

Means 
1993-97 173 129 302 
1988-97 327 284 610 

36 
38 

15 
17 

51 
55 

13 136 278 
16 149 271) 

l. Irrcludes estimatc.<l of .~ome local sales, and, prior to 1984, hy-~:atch. 
2. Catch on River Foyle a11ocated 50% Ireland and 50% N. Irdand. 
3. From 1994, indude.s increased reporting of rod catches. 
4. Before 1966, sea trout and sea charr induded (5% oftotaJ). 

678 
796 

548 286 835 
551 332 883 

130 7 
213 9 

5. Weights prior to 1990 are estimatcd from 1994 mean wcight. 
Weighls from 1990 based on mean wt. from R. Asturia.s. 

6. Not including angling catch (mainly 1SW). 

38 240 85 
38 262 92 

307 195 501 
346 251 597 

USA 
T 

2.7 
0.9 
1.7 
0.8 
2.4 
4.1 
2.5 
5.5 

6 
6.4 
1.3 
2.2 
2.1 
1.9 
1.2 
0.9 
1.7 
2.4 
0.8 
0.7 
0.6 

<0.5 
l 

Total 
T 

7177 
6337 
8429 
8138 
9220 
8573 
8422 
10390 

8258 
8484 
8206 
7575 
8357 
9768 
9567 
9603 
7821 
7756 
6514 
6341 
8120 
7342 
6275 
7298 
5883 
6668 
7744 
6615 
6596 
5200 
4339 
3531 
3856 
3676 
3912 
3534 
3038 
2316 
2382 

3295 
4000 
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Ta ble 2.1.1.3 Reported catch of SALMON in numbers and weight in toones (rouml fresh weight). Catches reported for 1998 may he provisiooal. Methods used for estimating age 
composition given in footnotes. 

Country Year JSW 2SW 3SW 4SW 5SW MSW1 l PS Total 
No. Wt No. Wt Nn. Wt No. Wt No. Wt No. Wt No. Wt No. Wt 

Canada 1982 358,000 716 . . . . 240,000 1,082 . 598,000 1,798 
1983 265,000 513 . . . 201,000 91t . 466,000 1,424 
1984 234,000 467 . . . . 143,000 645 . 377,000 l,Jl2 
1985 333,084 593 . . . . 122,621 540 . 455,705 1,133 
1986 417,269 780 . . . . 162,305 779 . . 579,574 1,559 
1987 435,799 833 . . . 203,731 951 . 639,530 1,784 
!988 372,178 677 . 137,637 633 509,8!5 1,311 
1989 304,620 549 . . 135,484 590 . 440,104 1,139 
1990 233,690 425 . . 106,379 486 . 340,069 911 
1991 189,324 341 . 82,532 370 . . 27!,856 711 
1992 108,901 199 . 66,357 323 . . 175,258 522 
1993 91,239 !59 . . . 45,416 214 . . 136,655 373 
1994 76,973 139 . . . 42,946 216 . . 119,919 355 
1995 61,940 107 . . 34,263 !53 . . 96,203 260 
!996 82,490 138 . . . . 31,590 !54 . 114,080 292 
1997 58,988 103 . . . . . . . 26,270 126 85,258 229 
!998 46 687 79 . . . . . . . 13 270 70 . 59957 149 

Faroe 1982/83 9,086 . 101,227 . 21,663 . 448 29 . . . . 132,453 625 
Islands 1983/84 4,791 . 107,199 . 12.469 49 . . 124,453 651 

1984185 324 . 123,510 . 9,690 . . . . . 1,653 135,776 598 
!985/86 1,672 . 141,740 . 4,779 76 . . . 6,287 . 154,554 545 
1986/87 76 . 133,078 . 7,070 80 . . . . . . 140,304 539 
1987/88 5,833 . 55,728 . 3,450 o . . . . 65,011 208 
1988189 1,351 . 86,417 5,728 o . . . . . . 93,496 309 
1989>90 1,560 . 103,407 6,463 . 6 . . 111,430 364 
J99om 631 . 52,420 . 4,390 8 . . . 57,442 202 
199W2 16 7,611 837 . . . . 8,464 31 
1992,<)3 4,212 1,203 . . . . . 5,415 

2!1 
1993>94 1,866 206 . . . . . 2,072 
1994>95 . 1,807 156 . . . . 1,963 
1995/96 . 268 14 . . . . . 282 l, 
1996197 . . . . . . . . . . o o 
1997198 339 1,315 l09 . . . l 763 6 

Finland 1982 2,598 5 . . 5,408 49 . . 8,406 54 
1983 3,916 7 . . . . . 6,050 51 . . 9,966 58 
1984 4,899 9 . . . . 4,726 37 . 9,625 46 
1985 6,201 11 . . . . . 4,912 38 . 11,113 49 
191!6 6,131 12 . . . . 3,244 25 . 9,375 

371 
1987 8,696 !5 . 4,520 34 . . 13,216 49 
1988 5,926 9 . . 3,495 27 . 9,421 36 
1989 10,395 19 . . . 5,332 33 . 15,727 52 
1990 10,084 19 . . 5,600 41 . 15,684 60 
1991 9,213 17 6,298 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 Il . 6,230 38 . . 13,723 49 
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Country 

Fram-;e 

Iceland 

(Wild fish 
only, 
ranchcd 
fish not 
includcd) 

Irdand 

Country 

Norway 

1995 
1996 
1997 
1998 
Ye..-

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

19SO 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

Ye..-

1981 
1982_ 

7,786 
10,726 
9,469 

11,410 

1SW 
No. 

1,074 
-

6,013 
2,063 
1,124 
1,886 
1,362 
2,490 
3,581 
2,810 
1,669 
2,063 
1,060 
2,065 

30,011 
38,955 
37,611 
25,480 
34,046 
28,039 
23,945 
35 537 

248,331 
171,667 
310,000 
502,000 
242,666 
498,333 
498,125 
358,842 
559,297 

-
-
-
-
-
-
-
-
-
-

1SW 

No. 
221,566 
163,120 

11 -
21 1,103 
16 2,157 
19 1,642 

2SW 
Wt No. 

-
-

18 
7 -
3 1,971 
5 2,186 
3 1,935 
7 2,450 

lO 987 
7 2,250 
4 1,073 
5 l ,891 
3 964 
5 S24 

- Il ,935 
- 15,416 
- 11,611 

62 14,408 
93 13,380 
69 9,971 
62 8,872 
90 8,!\72 

745 -
521 -
930 -

1,506 
728 

1,495 
1,594 
1,112 
1,733 -

-
-
-
- -
-
-
-

-
-
-

2SW 
Wt No. 

467 
363 -

- -
5 1.359 Il 242 

JO 1,742 17 161 
7 1,945 19 162 

3SW 4SW 
Wt No. Wt :\"o. Wt 

- - -
-

- -
- -

9 311 2 -
9 146 l -
9 190 l -

12 221 2 -
4 267 2 -

lO 40 l -
5 22 o 
9 52 0.4 -
5 37 O.l -
4 22 0.2 -

-
- -

- - -
7S -
57 - -
53 -
44 - - -
40 -

- - -
- - -
- - -

- -
- -
- -

- - - -

- -
- - - -
- - - -

- -
-

- -
-

- -
-

- -
- - -

3SW 4SW 
Wt No. Wt :'\o. Wt 

-
- -

- - 5,144 18 - - 13,130 48 
4 13 l - - - - 13,443 44 
2 lO o - - - - 13,741 45 

10 lO o - - - - 15,169 48 
5SW MSWL PS Total 

No. Wt No. Wt No. Wt No. Wt 
- - 1,278 - 4,152 22 

- - - 6,801 28 
- - 1,806 9 - 7,819 27 
- - 4,964 25 - 7,027 12 
- - - - - 3,406 14 
- - - - - 4,218 15 
- - - - - - 3,487 13 
- - - - - - - 5,161 20 
- - - - - - 4,835 16 
- - - - - - 5,100 18 
- - - - - - 2,764 9 

- - - - 4,005 14 
- - - - - 2,061 8 
- - - - - 2,911 9 
- - - - - - 41,946 130 
- - - - - 54,371 175 

- - - 49,222 160 
- - - - - - 39,888 140 
- - - - - 47,426 150 
- - - - - 38,010 122 
- - - - 32,817 106 
- - - - - - 43,328 130 
- - 39,608 202 - 287,941 947 

- 32,159 164 - 205,826 685 
- - - 12,353 63 - 322,353 993 

- - 29,411 150 - - 531,411 1,656 
- - 19,804 101 - 262,470 829 

- 19,608 100 - - 517,941 1,595 
- - 28,335 136 - - 526,450 1,730 

- - 27,6Ø 127 - - 386,451 1,239 
- 30,599 141 - - 589,896 1,874 

- - - - - - 330,558 1,079 
- - - - - - - 194,785 586 

- - - - - - 135,600 404 
- - - - - 235,153 630 
- - - - - 200,120 541 
- - - - 286,266 804 

- - - - 288,225 790 
- - 248,901 685 

- - - - - - 209,214 570 
- - - - - 237,663 624 

5SW MSW PS Total 
No. Wt No. Wt No. Wt No. Wt 

- 213,943 1,189 - - 435,5Ø 1,656 
- - 174,229 985 - 337 349 1,348 
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Russia 

Swedcn 

Country 

UK 
(England & 
Wales) 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
Year 

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

278,061 
294,365 
299,037 
264,849 
235,703 
217,617 
220,170 
192,500 
171,041 
151,291 
153,407 

-
134,341 
110,085 
124,387 
162,185 

97,242 
53,158 
78,023 
70,595 
40,603 
34,021 
28,100 
30,877 
27,775 
33,878 
31,857 
34,870 

3,181 
7,428 
8,987 
9,850 

10,540 
8,304 
9,761 
6,008 
2,747 
2,421 

ISW 
No. 

-
-

66,371 
76,521 
65,450 
53,143 
34,596 

-
-
-

593 -
628 
638 
556 
491 -
420 
436 
385 
342 
301 -
312 62,403 
415 
249 71,552 
215 6?,389 
241 52,842 
296 66,767 

- 27,135 
- 33,395 

- 23,123 
- 20,633 
- 12,458 
- 8,880 

11,780 
- 10,879 

62 9,642 
79 7,395 
72 5,837 
92 6 815 
7 -

18 -
20 -
23 
23 -
18 
22 
14 -
7 
6 

2SW 

Wt No. 
-

-

-
-
-
-

- - -
- - -
- - -
- -

- -
- - - -

-
- -
-
- -

284 35,147 327 - -
319 262 - -
341 27,104 249 -
322 27,627 249 - -
238 16,448 151 - -
306 15,568 139 - -

9,519 - 556 -
10,256 - 294 
4,118 - 26 
2,919 101 
3,060 650 
3.547 180 -
4,280 - 377 

- 2,183 51 -
50 1,803 15 6 o 
42 1,084 9 40 0.5 
28 672 6 38 0.5 
33 181 2 28 0.3 

- -
- - - -

- - -
- - -

- - - -
- - -
-

-
- -

-
3SW 4SW 

Wt No. Wt No. Wt 
-
-
-

- - -
- - -
- - -

- - -
- -
- - -
- -
-

- 171,361 957 - - 449,442 1,550 
- - 176,716 995 - - 471,081 1,623 
- - 162,403 923 - - 461,440 1,561 
- 191,524 1,042 - - 456,373 1,598 

- - 153,554 894 - - 389,257 1,385 
- 120,367 656 - 337,984 1,076 
- 80,880 469 - - 301,050 905 
- 91,437 545 286,466 930 

- - 92,214 535 - 263,255 876 
- - 92,717 566 - - 244,008 867 
- - - - 251,957 923 
- - - - 996 
- - - 232,977 839 
- - - 207,101 787 
- - - - - - 193,677 630 
- - - - - 244 520 740 

18 - - 2,521 - 139,011 564 
25 - 2,937 - 100,066 420 

- - 2,187 - 107,477 364 
- - - 2,010 - 96,258 313 

- - - - 1,375 - 58,146 215 
- - - 824 - 47,452 167 

- 1,470 - 46,007 139 
- - 555 - 44,545 141 

- - - 385 2 39,611 128 
- - 41 0.5 42,586 131 

- - 559 l 39,003 111 
638 3 42,532 [31 

- 4,610 22 - - 7,791 29 
- - 3,133 15 - - 10,561 33 
- 3,620 18 - - 12,607 38 

4,656 26 - - 14,507 49 
6,369 33 - - 16,909 56 

- 4,661 26 - 12,695 44 
- 2,770 14 - - 12,531 37 
- 3,542 19 9,550 33 
- 2,307 12 - - 5,054 19 
- 1,702 9 - 4,123 15 

5SW MSW' l PS l Total 
No. Wt No, Wt No. Wt No. Wt 

- - - - 95,531 361 
- - - 110,794 43C 
- - 17,063 - 83,434 302 
- - 33,642 110,163 395 

- - 19,550 - - - 85,000 296 
- - 33,533 - - - 86,676 338 
- - 17,053 - - - 51,649 200 
- - - - - - 48,168 186 
- - - - - - - 69,773 263 
- - - - - - 88,121 307 
- - - - - - - 80,478 295 
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1996 - - - - - - - - - 46,696 180 
1997 - - - - - - - - - 44,506 156 
1998 - - - - - - - - - - 42,194 143 

UK 1982 208,061 416 - - - - - - 128,242 596 - 336,303 1,092 
(Scotland) 1983 209,617 549 - - - - 145,961 672 - 320,578 1,221 

1984 213,079 509 - - - 107,213 504 - - 230,292 1,013 
1985 158,012 399 - - - - - 114,648 514 - 272,660 913 
1986 202,861 526 - - 148,398 745 - 351,259 1,271 
1987 164,785 419 - - - - - - 103,994 503 - - 268,779 922 
1988 149,098 381 - - - - - 112,162 501 - - 261,260 882 
1989 174,941 431 - - - - - - 103,886 464 - 278,827 895 
1990 81,094 201 - - - - 87,924 423 - - 169,018 624 
1991 73,608 177 - - - - - - 65,193 285 - - 138,801 462 
1992 101,676 238 - - - - - - 82,841 361 - - 184,517 600 
1993 94,517 227 - - - - - - 71,726 320 - - 166,243 547 
1994 99,459 248 - - - - 85,404 400 - 184,863 649 
1995 89,921 224 - - - - 78,452 364 - 168,373 588 
1996 66,413 160 - - - - - 57,920 267 - 124,333 427 
1997 46,878 114 - - - - - - 40,421 182 - - 87,299 296 
1998 54,294 123 - - - - - - 38,105 157 - 92,399 280 

USA 1982 33 - 1,206 - 5 - - - - 21 1,265 6.4 
1983 26 - 314 1.2 2 - - - - 6 348 1.3 
1984 50 - 545 2.1 2 - - - - 12 - 609 2.2 
1985 23 - 528 2.0 2 - - - - - 13 557 2.1 
1986 76 - 482 !.8 2 - - - - 3 541 1.9 
1987 33 229 1.0 lO - - - 10 282 1.2 
1988 49 - 203 0.8 3 - - - - - 4 259 0.9 
1989 157 0.3 325 1.3 2 - - - - 3 - 487 1.7 
1990 52 O.l 562 2.2 12 - - - - 16 - 642 2.4 
1991 48 O.l 185 0.7 l - - - - 4 - 238 0.8 
1992 54 O.l 138 0.6 l - - - - - - - 193 0.7 
1993 17 - 133 0.5 - - - - - - 2 - 152 0.6 
1994 12 - o - - - - - - - - 12 o 
1995 - - - - - - - - - - - o o 
1996 - - - - - - - - - o o 
1997 - - - - - - - - o o 
1998 - - - - - - - - - o o 

Country Y<= 1SW 2SW 3SW 4SV.: 5SW MSW1 PS Total 
No. Wt No. Wt No. Wt No. Wt No. Wt No. Wt No. Wt No. Wt 

West 1982 315,532 - 17,810 - - - - - 2,688 - 336,030 1,077 
Greenland 1983 90,500 - 8,100 - - - 1,400 - 100,000 310 

1984 78,942 10,442 - - - - - - 630 - 90,014 297 
1985 292,181 - 18,378 - - - - 934 - 311,493 864 
1986 307,800 - 9,700 - - - 2,600 320,100 960 
1987 297,128 6,287 - - - - - - 2,898 - 306,313 966 
1988 281,356 - 4,602 - - - - - - 2,296 - 288,233 893 
1989 110,359 5,379 - - - - - - - - 1,875 - 117,613 337 
1990 97,271 - 3,346 - - - - - - 860 101,478 274 
1991 167,551 415 8,809 53 - - 743 4 177,052 472 
1992 82,354 217 2,822 18 - - - - - 364 2 85,381 237 
1993 - - - - - - - - - - - - - -



1994 - - - - - - - - - -
1995 31,2Al - 558 - - - - - - - - 478 - 32,270 83 
1996 30,613 - 884 - - - - - - - - 568 - 32,062 92 
1997 20,980 - 134 - - - - - - - 12A - 21,238 58 
1998 3,901 - 17 - - - - - - 88 - 4,006 Il 

1 MSW includes all sea ages >l, when tl1is cannot be broken down. 
Different mellwds are used to separate lSW and MSW salmon in different coontrics: 

- Scale reading: Faroe Islands, Finland (1996), France, Russi;~ UK (England and Wales), USA and West Greenland. 
- Size (split weighlilength): Canada (2.7 kg for nets; 63cm for rods), Finland up untill995 (3 kg), Jceland (varioos splits used at different times and places), 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 wcight to catcTgorise catches into sea age classes. 

In Scotland, misclassification rna y be very high in some years. 
In Norway, catches showo as 3SW refer to salmon of 3SW or greater. 

N -
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Table 2.1.2.1 NJnt,æ; offuh caugbt anJ æl<a<OO in rod !i~s along v&h tre %of tre total rod catdl (æi<a«<i + rdainxl) far varioo; oourirics in tre NnhAilælic, 1991-1998. 

Year Canocia(l) lælarrl Russia UK(F&W)(2) UK(Swt) (2) USA 
Snnll Large Total %of total Thtal %of total Total %of total Total %of total ISW JIÆW 1btal %of total 1btal %of total 

rod rod rod rod rod rod 
C3tch C3tch C3tch C3tch o<dJ cach 

1991 3,211 51 239 50 
1992 17,945 28,505 46,450 34 10,120 73 @ 61 

1993 30,970 22879 53,849 41 11,246 82 1,448 10 9J/ 77 

1994 24,074 21,730 45,&!4 39 12,056 1!3 3,227 13 1,535 5,[Xi7 6,1lJ2 8 249 95 
1995 18,001 12,610 31,2ll J6 11,9()1 84 3,187 20 3,292 8,846 12,138 14 370 100 

1996 26,22) 10,7Ql 36,934 33 (ffi 2 10,745 73 3.428 20 2,282 8,127 10,4æ 15 542 100 

1997 26,810 21,759 48,569 49 1,558 5 14,823 87 3,132 24 2,7'1J 8,ll6 10,905 18 333 100 

1998 29,)18 20,797 50,315 52 2,826 7 12,776 81 5,116 30 4,951 8,460 l3,4ll 19 273 100 

l. ligl~Jirl992tol9XiarenDrmlei1itlll1el asrrlall aroshaw 

rt'JX!1:edcaidl andreleas:e Tre 1%6 figure ic; pu.isKml. 

2 ~h1mare!JUI!i<;imal 



Table 2.1.3.1 Guess·estimates of unreported catches in tonnes within national EEZs in the North-East 
AUantic, North America and West Greenland Commissions of NASCO, 1986-1998. In 1998, 
unreported catches in the North-East Atlantic have been split in to two regions. 

Year North-East North-East North-East North West Total 
Atlantic Atlantic Atlantic American Greenland 

Scandina:\oia & Soutbem Total 
Rus sia 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 Il 1,210 

Mean 
1993-1997 1,050 122 1.186 

23 
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.._'able 2.2.1.1 Production offarmed salmon in the North Atlantic area and in areas other tha.n the North Atlantic (in tonnes round fresh weight), 1980~1998. 

Year North Atlantic Area 

Norway UK Farocs Canada lreland USA Iceland UK 
(ScoL) (N.lre.) 

1980 4,153 598 o li 21 o o o 
1981 8,422 1,133 o 21 35 o o o 
1982 10,266 2,152 70 38 100 o o o 
l9R3 17,000 2,536 !lO 69 257 o o o 
1984 22,300 3,912 120 227 385 o o o 
1985 28,655 6,921 470 359 700 o 91 o 
1986 45,675 10,337 1,370 672 1,215 o 123 o 
1987 47,417 12,721 3,530 1,334 2,232 365 490 o 
1988 80,371 17,951 3,300 3,542 4,700 455 1,053 o 
1989 124,000 28,553 8,000 5,865 5,063 905 1,480 o 
1990 165,000 32,351 13,000 7,810 5,983 2,086 2,800 <100 

1991 155,000 40,593 15,000 9,395 9,483 4,560 2,680 100 

1992 140,000 36,101 17,000 10,380 9,231 5,850 2,100 200 
1993 170,000 48,691 16,000 11,115 12,366 6,755 2,348 <100 

1994 215,000 64,066 14,789 12,441 11,616 6,130 2,588 <100 

1995 295,000 70,060 9,000 12,550 11,811 10,020 2,880 259 

1996 305,000 83,121 18,600 17,715 14,025 10,010 2,772 338 

1997 331,367 99,197 22,205 19,354 14,025 12,140 2,554 225 

1998 345,590 115,483 20,362 22,610 18,000 13,166 2,686 114 

Mean 
1993-199' 263,273 73.027 16,119 14,635 12,769 9,011 2,628 204 

1998 data for same countries are provlsional. 

Outside North Atlantic Area 

Russ i a Total Chile West West Australia Turkey Other Total 
Coast Coast 
USA Canada 

o 4,783 o o o o o o o 
o 9,611 o o o o o o l 
o 12,626 o o o o o o 

~ o t9,97c o o o o o o 
o 26,94' o o o o o o ( 

o 37,196 o o o o o o o 
o 59,39c o o o 20 o o o 
o 68,089 3 o o 50 o o 53 
o 111,372 174 o o 250 o o 424 
o 173,866 1,864 1,100 1,000 400 o 700 5,06L 
5 229,035 9,500 700 1,700 1,700 o 800 14,400 
o 236,811 14,991 2,000 3,500 2,700 o 1,400 24,591 
o 220,862 23,769 4,900 6,600 2,500 o 400 38,169 
o 267,275 29,248 4,200 12,000 4,500 1,000 400 51,348 
o 326,630 34,077 5,000 16,100 5,000 1,000 800 61,977 
o 411,580 41,093 5,000 16,000 6,000 1,000 o 69,093 
o 451,581 69,960 5,200 17,000 7,500 1,000 600 101,260 
o 501,067 87,700 6,000 28,751 9,000 1,000 900 133,351 
o 538,011 125,000 3.000 32,931 10,000 1,000 400 172,331 

o 391,627 52,416 5,080 17,970 6,400 1,000 540 83,406 

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 Coa'it USA= Washington State 
_ West Coast Canada= Briti'ih Columbia 

Australia= Tasmania 
Other includes South Korea 

Worldwide 

Total 

4,783 
9,611 

12,626 
19,972 
26,944 
37,196 
59,392 
68,142 

111,796 
178,930 
243,435 
261,402 
259,æ1 
318,623 
388,607 
480,673 
552,841 
634,418 
710,342 

475,032 
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Tab le 2.2.2.1 Production of ranched salmon in the North Atlantic (tonnes round fresh 
weight) as barvested at ranching facilities, 1980-1998. 

Iceland Ireland UK(N .lreland) Norway Total 

Year commercial River1 River various production 
ranching Busb1 facilities1 

1980 8 8 
1981 16 16 
1982 17 17 
1983 32 32 
1984 20 20 
1985 55 17.5 17 90 
1986 59 22.9 22 104 
1987 40 6.4 7 53 
1988 180 11.5 12 4 204 
1989 136 16.3 17 3 169 
1990 280 5.7 5 6 291 
1991 345 3.6 4 5 353 
1992 460 9.4 Il 10 480 
1993 496 9.7 8 Il 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 57 
1998 34 12 l 2 47 

Mean 
1993-97 278 13 3 7 294 

• Total yicld in homewater fisberies and riven>. 1998 figure for lreland is provisional. 
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Table 2.4.5.1 

Incidence of summer checks in 1SW and 2SW salmon sampled from sites around Scotland in 1997. 

Sample site 1SW salmon 2SWsalmon 

Nurnber sampled Number with Number sampled Nurnber with 
summer checks (%) summer checks (%) 

Recaptures of North 50 13 (26.0) 41 5 (12.2) 
Esk smolts. Various 
sites 
North Esk, net & coble. 1115 223 (20.0) 528 14 (2.7) 

North Esk, rod & line 52 15 (28.8) 185 3 (1.6) 

Rcdpoint, fixed engine 32 13 (40.6) l o (0) 

Achiltiebuie, fixed 20 9 (45.0) l o (0) 
en~ine 

Strathy, tixed cngine 285 66 (23.2) 16 o (0) 

River Don. netting for 73 28 (38.4) 20 l (5.0) 
broodstock 

26 
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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. 
Estimatcd numbcr (nearcst 1,000) of eggs spawned by artificial methods from (Year) sea-run adults in auturnn/winter period of Year l Year+ 1). 

Examplc =eggs artificially spawneJ and recorded for 1997 were spawned during the falUwinter period of 1997/1998 

Total Eggs Eg~s Stockcd No. Fry Stocked No. Parr Stocked 

Country l Year Artificially (rounded to m~arest l,OOO) (rounded to nearest 1,000) (rounded to nearesl 1 00) 

Spawned c:reen l ~:y.d l All Unfed F<d l All IH- 1&1+ l 2or> 

1998 
Total l 384720001 17490001 1537000 32860001 21787000 66970001 284840001 4125100 17635701 10800 

Belgium o o o o o o o 193900 o o 
Canada (1) 5234000 2000 160000 162000 1303000 332000 1635000 1492400 1046000 10800 
Den mark o o o o 68000 68000 263600 212500 
Finland () o o o o o o o o 
France o 150000 150000 188000 2228000 2416000 414300 40500 o 
Iceland o o o 80000 289000 369000 253100 o o 
Ireland 10591000 o 1112000 Il 12000 4159000 502000 4661000 348900 o o 

Norway (2) 

Rus sia 1906000 o o o o o o o 33000 o 
Spain 950000 o o o o o o 432000 107500 o 

Sweden o o o o o o o o o 
UK (England· Wales () 2000 2000 o 173000 173000 264800 158200 o 
UK (Nurthern lreland) 1745000 () 1745000 485000 o 485000 o o 

(1) 

(2) 
(3) 

(4) 

UK (Scotland) 2000 113000 115000 3671000 2258000 5929000 o 123100 
USA (3) (4) 19791000 o o o 11901000 847000 12748000 462100 

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. 
1998 egg collection and stocking information from Norway is unavailable. 

42770 

Total eggs artffically 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. 
The Un~ed States also stocked 6,628 captive and domestic aduH Atlantic salmon. 
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Ta ble 2.7.1.1. 

Country 

Belginm 

Canada 

Demruui< 

FinLmd 

France 

led and 

lrdand 

Norway 

Rossia 

Spain 

Sweden 

UK (England & 

Wales) 

UK (Northern. 

lreland) 

UK (Scotland) 

USA 

TOTALS 

------------------------------

Number of microtags, external tags, marks and Oncllps appHed to Atlantic salmon by countries 

for 1998. ('Hatchery' and 'wild' refer to smolts or parr; adults are 'wlld' and/or 'hatchery') 

Prbnarv Markiru!: Method Auxlllary 
Ex terna l Adipose Other Marks 

Orig:in Microtags Tags Cllp Visible Applied 
On! y Clips/l\tlarks 

Hatchery 16961 4548 
Wild 

Adult 

Total 16961 4548 
Hatchery 12448 556830 4450 
Wild 
Adult 12535 
Total 24983 556830 4450 
Hatchery 27107 1900 45371 24000 27107 
Wild 

Adult 
Total 27107 1900 45371 24000 27107 

Hatchery 

Wild 

Adult 
Total o o o o o 
Hatcherv 35463 305423 3579 
Wild 123 524 123 
Adult 
Total 35586 305947 3702 

Hatcherv 146717 36 146717 
Wild 3852 3R52 
Adult 2439 
Total 150569 2475 150569 

Hatchery 257365 160089 257365 
Wild 3776 3776 
Adult 
Total 261141 160089 261141 

Hatchery 99741 
Wild 3720 
Adult 800 800 -
Total 104261 800 

Hatcherv 404000 
Wild 215 
Adult 1911 
Total 1911 404215 

Hatcherv 45331 97100 142431 
Wild 
Adult 

Total 45331 97100 142431 

Hatcherv 6456 
Wild 6'7 
Adult 
Total 7093 

lbtchery 103153 79420 174984 
Wild 2799 2799 

Adult 1425 
Total 105952 1425 79420 177783 

Hatcherv 34725 3368 34725 
Wild 2328 2328 
Adult 306 306 
Total 37053 3368 306 37359 

Hatchery 5997 2000 5400 7997 
Wild 14413 4593 19006 
Adult 182 
Total 20410 6775 5400 27003 

Hatcherv 5672 49.94 31222 
Wild 775 
Adult 2204 79 227 
Total 2204 5672 50748 31449 

Hatchery 672819 122581 1662673 73894 835125 
Wild 27291 8950 739 775 31884 
Adult o 21496 o 385 1333 
Total by Type 700110 153027 1663412 75054 868342 

Grand Total Salnton Marked"" 2591603 
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Figure 2.1.1.1 Nominal catches of salmon in four North Atlantic regions 196Q-98. 
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Figure 2.1.3.1. Total reported catch, unreported catch (in NASCO 
Areas) and% unreported catch of combined catch 1986-1998. 
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Figure 2.2.1.1. Wor1dwidefanned Atlantic salmon production, 1980-1998. 
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Figure 2.2.2.1. Productlon of ranched salmon in the North Atlantic, 1980-1998. 
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Figure 2.4.1. Temperature ("C) and chlorophyll (mg/m3
) distributions from satellites data during 1982-1984. 
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Figure 2.4.2.1 Frequency dislribution of water temperatures recorded by data storage tags applied to salmon kelts at 
Western Arm Brook, Campbellton, and Highlands ri vers in Newfoundland. 
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Figure 2.4.4.1. Recapture rates for salmon in the River 
Figgjo (A) and total spawning biomass for Norwegian 
spring spawning herring (B). 
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Figure 2.4.7.2: a) posteriori dislribution of the Sopt value on Matane river; b)posterior probability dislribution of Sopt 
(eggs/UP) for each of the index ri vers and posterior predictive probability dislribution of Sopt for a new river where no 
SR data are available. 
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38 



p 
0.000001 

SE-7 

6E-7 

4E-7 

A 

conservation limit 

2E-7 5 

p 
BE-7 

6E-7 

4E-7 

2E-7 

o 

o 
0000000000000000000000000000000 oooooooooooooooooooooooooooooo 

000000000000000000000000000000 oooooooooooooooooooogooooooooo 
00000000000000000000 000000000 
~NMV~W~OOmO~NMV~W~OO~O~NMVmw~oomo 

~~~~~~~~~~NNNNNNNNNNM 

1999 egg deposition 

B 

conservation limit 

5 

0000000000000000000000000000000 
000000000000000000000000000000 
000000000000000000000000000000 
000000000000000000000000000000 
000000000000000000000000000000 
~NMV~w~oomo~NMVmw~mmo~NM~~w~oomo 

~~~~~~~~~~NNNNNNNNNNM 

1999 egg deposition 
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Scorff if no exploitation was allowed. 
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Figure 2.4.10 Scatter plots of variables explored in North American salrnon recruittnent 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 

3.1 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 contiuued 
sampling inside the 200 mileEEZ during most of the period (ICES 1997/Assess:lO), including January-April, 1998. No 
buyout has been arranged for 1999 and the prospectS for a salmon fishery in the corning 1999/2000 fishing season is 
unknown. 

3.2 The Research Programme at the Faroes 

3.2.1 Gear, effort and catch In the research fishery 

The salmon lang-liner M/S "Polarlaks" conducted a research 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 sahnon 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 (!CBS 1996/Assess: Il). 

3.2.2 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 (TCES 1996/Assess:ll). As in previous fishing seasons, the 2SW sahnon 
dominated (75%), lSW (19%) and 3+SW (6%) were caugbt in lower proportions (Table 3.2.2.1). 

The proportion of discards in the catch (i.e., sahnon <60 cm) was 16.9% which is bigher than the previously noted 
range of 1.8 to 15.6 (!CBS 1996/Assess:ll). However, the fishery only took place from January 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 earl y part (October­
November) of the season. 

3.2.3 Origin of the research fishery catch 

Approximately 1000 scale samples were collccted from salmon in 1998, but they have not bccn analysed. Therefore 
there is currently no available information on the proportion of escaped tarmed salmon in the Farocsc area. 

In total, eight external lags wererecovered in the 1998 sampling with "Polarlaks". Seven tags carne from salmon which 
had originated in Norway and one tag originated from Sweden. Although 25 finclipped sahnon were caught. none of 
these bore codcd wire tags. Despite the small samplc size, the recovery of tags is consistent with pi'cviously estimated 
proportions of tagg ed fish from other countries (!CBS 1996/ Asscss: Il). 

3.3 Homewater Fisheries in the NEAC Area 

3.3.1 Significant events In NEAC home-waters 

A committee was appointed by the Norwegian Ministty of Environment to discuss and dcscribe the causes of the 
decline of wild salmon in Norway and lo propose mea,ures to counter-act the decline. The report of this committee has 
recently been published and will be considered by government following public hearings. 

White Iceland has had a general ban on fishing for salmon in the ocean, (with the exception of coastal fishery al five 
locations at the west coast), the rights to fish in these waters have now been 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 tishing effort were also applied in 1998. Efforts 
continucd in Ireland to comply with the recommendations of U1c Salmon Management Task Force which reported in 
1996. A national carcass lagging scheme for salmon caught by commercial and recreational fisheries has been designed 
and proposed. Funding was obfained to install and operate fish counters on 22 rivers in Ireland for the purposes 
managing fisheries on a real time basis. These initiativcs 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 occnrred in the operation of the barrier fences at the Tuloma and Umba Ri vers where all 
salmon returning to these rivers were allowed to ascend to lhe spawning grounds. Therefore, only five barrier fences 
were operated commercially compared to 7 in the two previous years, and lO in 1995. 

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 inlroduced in lhe UK (England and Wales) to protect early running MSW 
("spring") salmon. Most nets and fixed engine fisheries will be closed until 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 wilhin 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 applicd 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 permanent! y bought out prior to the beginning of the season. 

3.3.3 Effort 

The number of gear units Jicenced in several of the NEAC Area countties are shown in Table 3.3.3.1. This provides a 
relative a"essment of effort. However, there is no indication from !hese data on the actual nwnber of Jicences fished or 
the arnount of time each Jicencee fished. In most cases shown, the number of net licences has declined compared to the 
previous 5- and lO-year means. 

In 1998, the number of net fishing Jieences showet! further decreases compared to 1997 in UK (England and Wales), 
UK (Scotland), Norway. In UK (Norlhem Ireland) all three netting melhods showed a small increase in effort compared 
to 1997. In Ireland, the number of dcaft net licences issued increased while the number of drift net Jicences has 
remained constant over a number of years. 

The number of rod lieences showet! no clear trend, in contrast to lhe general decline in licences issued to lhe net 
fishcries over the last decade. In Ireland, lhe number of salmon licences issued in 1998 shows an increase on 1997 and 
on lhe previous 5- and lO-year means. In Finland, although effort in 1998 was up on 1997 it was down on both lhe 
previous 5- and l O-year means. In France, rod effort was up on lhe previous 5 year mean but down on lhe 1997 value 
and on lhe previous l 0-year mean. 

In lreland and UK (N. Ireland) wealher conditions were poor in lhe June and July. Water levels in man y ri vers were 
exceptionally high. 

3.3.4 Catches 

NEAC area catches are presented in Table 3.3.4.1. Figure 3.3.4.1 shows the percentage ch<mge in lhc 1998 NEAC 
homcwater catches relative to lhe previous 5-year (1993-97) and JO-year (1988-97) means. Witl1 lhe exception of 
Russia lhe 1998 catch in all countries showed substantial dccrea«es compared to lhe previous 5-and JO-year means. This 
is believed to reflect reductions in fishing effort (Section 3.3.3) and reductions in stuck (Section 3.4). The 1998 catch in 
Russia showet! a small increase over lhe previous 5-year mean but was substantially less lhan the previous JO-year 
mean. 

3.3.5 Catch per unit effort (CPUE) 

CPUE data for the NEAC area are presentert 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 showet! a significant 
decreasing trend for UK (Scotland) net fisheries (p =0.996) for the last JO years (Table 3.3.5.4). No trend was detected 
for the UK (England and Wales) net fisheries (p =0.3). 

In Finland (River Naatiimo), France and in UK (Norlhem lreland) (River Bush) CPUE for rod fisheries increased in 
1998 compared to 1997. However, CPUE of lhe River Teno (Finland) was slightly lower lhan in 1997. Catch per angler 
season (Finland, France) showet! a significant increasing trend in the past 10 years (Table 3.3.5.4, p =0.06) but not for 
Finland or N. lreland (p =0.12). Catch per angler season for rod fisheries in lhe Russian ri vers of the White Sea basin 
showet! a significant increase (p =0.001), whereas lhat of the Barents Sea basill ri vers decreased (p =0.997). 
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3.3.6 Age composition of catches 

The percentage of lSW salrnon in catcbes are presented in Table 3.3.6.1 and Figure 3.3.6.1 for !hose countries where a 
time series of data exist. The proportiou of lSW fir.h in the 1998 catcbcs is presented as a percentage of the 1993-97 
mean, and, where data are available, the 1988-97 mean. In Finland, France, Norway, Rnssia and UK (Scotland) the 
proportion of 1SW tish in the 1998 catcb has increased relative to both 1ong term indices. Compared to the previous 5-
year mean, the proportion of the catcb comprising lSW fish in 1998 bad increased in the UK (England and Wales), and 
decreased in Sweden. 

3.3. 7 Farmed and rancbed sa1mon in catches 

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

In Norway, the incidence of farmed salmon in cæstal fisheries in 1998 was estimated to be 45%, 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 catches was 8% whereas in hroodstock samplcs 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 fishcries 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 O.l 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 leve! 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
season 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 salmon, 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 exantined for escaped farmed salmon 
(Table 3.3.7.6). Data for both countries are presented togetl1er as they constitute a continuous part of the species' 
geographic range. Escaped farmed fish have been detected every year; the frequency being less than l% in most years. 
The 1998 figures remain at this leve!. 

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

Thcre were no signiticant catches of farmed salmon reported from the other NEAC countries. 

3.3.8 National 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 istand' of Møn and Bornholm. No other new information was made 
available to the Working Group. 

3.3.9 Exploitation ra les In homewater lisheries 

Exploitation rates for 14 wild stocks and three mixed stocks are shown in. Table 3.3.9.1. Exploitation rates increased in 
1998 from !hose 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 decrea,ed in 
two rivers. In the North Esk (UK Scotland) exploitation rates increased for lSW but were the same for 2SW as the 
previous year. Exploitation rates increased for ISW fish in the rod catch in River Ellidaar (Iceland) and in the net catch 
in River Lagan (Sweden) for both lSW and 2SW fish. Of eight rivers reported for Russia, exploitation rates had 
decreased in seven from the 1997 fishing season. Raute regression analysis shows that there was a significant 
downward trend for rivers flowing to the Barents Sea for both the past lO-year and 5-year periods and for the past lO­
year period for the ri vers flowing to the White Sea (Table 3.3.5.4). Raute regression analysis also shows a significant 
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downward trend in exploitation rates for 2SW stocks in UK Scotland, lceland, Norway and Sweden for the past 5-year 
period. 

3.3.10 Summary of bomewater ftsberles in the NEAC area 

Since the late 1980s there has heen a declining trend in salmon catches in the NEAC area This retlects attempts by 
many countries to reduce commercial fisbing activities because of conservation needs. Other associated factors are 
lower stock Jevels 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 (lceland, 
Norway, Finland, Russia) and in Ireland, Spain and France. This increase is due mainly to increased grilse catches. In 
con trast, catches in UK and Sweden have decreased from the previous year. Proportions of ISW salmon were general! y 
above the 1997 valnes and the JO-year 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 fisb is 
generally less than l% in fisheries in UK, Ireland and Finland. Rancbed fish comprise 40% of the salmon catch in 
Sweden and 20% in lceland, whereas the proportion in other countries is generally less than l%. 

Commercial fishery effort continued to decrease in net fJ.Sheries in UK. CPUE of the commercial tishery 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 ri vers of the White Sea basin showed a signiticant increase, wherea• that of the Barents Sea 
basin rivers has decreased. 

3.4 Status of Stocks in tbe NEAC Area 

3.4.1 Attainment of conservation limlts 

In order to provide a composite view for the NEAC area over the Ja.-t 10 years (1989-98), escapement levels were 
examined for rivers where egg deposition can annually be equated to a conservation limit (CL). Data was available for 
18 ri vers in the NEAC area. Egg depositions were assessed on the basis of pooled lSW and MSW spawners but future 
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 lreland, UK (Northem lreland), and UK (Scotland) bad sufficient data to 
be included in the JO-year analysis (Table 3.4.1.1). (The River Dec, UK [England & Wales] was included even though 
there were only seven years of data). For each river, escapement was divided by its CL so !hat cscapement status could 
be readily compared across ri vers independent of various river CLs. 

Of the 157 cells (year-by-river) 81 (52%) bad escapement levels below the CL (Tab1e 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: 

• five rivers in which egg deposition was most! y below CL (means of the river CL attaimnent rates of 0.44 to 0.78). 
Within !his group, only 10% of year-by-river cells bad depositions in excess of the CL, 36% of cells bad an 
escapemen t lower than half of the CL; 

• five ri vers in which egg deposition fluctuated arotmd CL (means of the CL attainment rates of: 0.94 to 1.17). Forty­
seven percent of the river-by-year cells bad deposition in excess of the CL. In 9% of the cells escapement was more 
!han twice the CL while in 6 % of the cases, deposition was less !han 50% of the CL. As a result, escapement 
varied between one-half and twice the CL 85% of the time; 

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

• two ri vers in which deposition was well above CL (means of the CL attainment rates of 2.48 and 2.88). These 
ri vers 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 Tivers examined could be classified into two groups 
(Figure 3.4.1.1): 
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• nine ri vers showing a decreasing trend (p <0.01. route regression); 

• seven ri vers with no trend around their mean (p =0.12, route regrcssion). 

No ri vers bad an increasing trend. 

In combination the two categories indicate that: 

• ri vers ha ving the lowest and thehighest egg depositions are stable (417) or decreasing (317); 
• ri vers 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 bad the poorest egg depositions with 10 to 12 rivers below their CL in each year. In 
contras~ 1989, 1993 and 1998 tended to be the most favourable years with 9 to 10 ri vers out of the 16 being in excess of 
the CL. In 1998, depositions in 12 of the 16 ri vers improved over !hose 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 ri vers, the small number of ri vers with data 
available and the absence of information for ri vers in Scandinavia. 

In summary, the ri vers of the NEAC area show a broad range of situations in term of escapement levels from ri vers 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 la't 10 years is cause for concern: 

• no tendency to recover is observed for the stock at low escapement levels; 

• in most instances, stocks having average egg deposition levels equal or grcater than their CL tend to exhibit some 
deterioration in their escapement; at best they just fluctuate arouud thcir 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 (ISW vs MSW). 

3.4.2 Measures of juvenile abundance 

Smolt counts or estimates of juvenile abundance are available for 17 ri vers (Tab le 3.4.2.1). About half of the values for 
smolt counts in 1998 are high er than in the previous year, whereas most of the values are higher than the 5-year rneans. 
The values for rivers Burrishoole (Ireland) and Bush (UK, Northern Ireland) were well above the earlier levels, whereas 
those for the Scotlish rivers wcre lower than befare. The Scandioaviau rivers showed hoth highcr and lowcr smolt 
abuudances than in the previous year. Two groups were roughly identified from plots of the data. Regression analysis 
revealed a significant positive trend for the past five years for the group that comprised the ri vers Halse! va, lmsa 
(Norway), Hogvadstm (Sweden), Oir (France), Burrishoole <md Bush (Table 3.4.2.2.). No trend was dclectcd for the last 
l O ycars. A significant lO-year decreasing trend was detectcd for the other group (ri vers Orkla (Norway), Ellidaar 
(Iceland), North Esk, Girnock and Baddoch (UK, Scotland)), whereas no trend was detected for the past 5-year pcriod. 

Estimates of juvenile salmon (fry and parr) abundance in 1998 were at the same leve! as in 1997 in the River Teno 
(Finland and Norway) and its two tributaries but lower than the 5-year rneans. The fry abundance estimate for the River 
Bush was well below the leve! of 1997 and the 5-year rnean. In UK (North em Ireland), record high flow levels during 
the spring and throughout the summer of 1998 are believed to have contribnted to much 1ower than normal survival of 
juvenile sahnon (and trout) in the R Bush and raise concerns ahout the knock-on effects on smolt runs in years 2000 
and 2001. 

Pre1iminary 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 siles and a significant increasing trend at on! y one sile. 
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3.4.3 Measures of adult returns back to the rivers 

In order to depict ternporaltrends in the adnlt retums into the ri vers of the NEAC area. an analysis was carried out using 
adult counts provided in Table 3.4.3.1. Tbese data of adult returns are interrnediate between recruitrnent back to the 
coast and spawning escapement, because in most cases the counting facilities are located below riverine fisheries. MSW 
and lSW fish are pooled. In the case of the Girnock and the Baddoch bums, two small tributaries of the Dee (Scotland) 
where fish enter at spawning time, only the fernales were taken into account These were considered to betler 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) wcrc 
considered. All rivers with at !east scven years of data out of ten were included in the analysis. In order to look only at 
temporaltrends, independent stock size, each series was divided by its mean. As a result, all the transformed series bad 
a mean = l. Therefore any data lower or greater than l corresponds to returns lower or greater than the last 10 year 
average respectively. Cluster analysis (Ascending Hicrarchical Classification based on an inertia criteria with a chi­
square distance) was used to help define groups of rivers showing common features in tempora! trends. This method 
provides a hierarchy of classcs which is of interest when trying to subdivide categories in to sub-categories (Lebart et al. 
1984). Inertia criteria take into account not on ly 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 bad decreasing salmon returns over time whereas 13 (39%) showed no lrend; 
• one river out of 33 which tended to increase (although no data was available for il for the last 2 years). 

The broad category of decreasing ri vers could be split in to four subgroups: 

• The first subgroup (five rivers) showed a continuous lrend over the study period. 

TI1e other three showed a two-step pattern i.e. fluctuations around values higher than the mean, followcd by fluctuations 
around values lower than the mean. The years of transition between these two steps were laggcd between the 3 
subgroups: 

• The second subgroup (5 ri vers) showed a strong decrease at the beginning of the period analysed (1989-91) with no 
recovery thereaftcr; 

• The !hird subgroup (5 ri vers) bad 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 identilied: one subgroup of these 
(nine rivers) rcflcctcd inconsistent variations between rivers whereas the other (four rivers) was characterised by a 
notable improvement in 1998 over 1997. 

In terms of geographical pattems (Figure 3.4.3.3), a partition of the 33 rivers into two broad regions, north-east 
(Scandinavian countries and Russia, 14 ri vers) and south-west (UK, Ireland and France, 19 ri vers) 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 ri vers decreasing or witl1 no trend was about balanced (9 declining against l O stable 
or showing some improvement). 

The pooling of MSW and ISW fish in the data sets available was a major limitation to the analyses. Each sea-age 
represents alternative life history slrategies which potentially maxiruise stock survival (e.g., coping with changes of the 
environment). As illustrated by the apparent decline in MSW stocks relative to grilse stocks, there is little rcason for 
sea-age components to have same pattern of return over time. More insight in to the trends in adult returns over time 
could be provided if the data were available for MSW and lSW salmon separately. 

In sununary, it must be ernphasised that adult returns to indcx rivers within the NEAC area have been declining or 
showed no trend over the last 10 years, but were almost never (1133) improving. Within the rivers having declining 
returns, a broad range of patterns of decrease was observed. Within the rivers showing no lrends 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 !hose from the South west region (UK, Ireland and France). 
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3.4.4 Survlvallndices 

Estimates of marine survival for wild smolts from 10 stocks returning to homewaters (i.e. before homewater 
exploitation) and for Il stocks rcturning to freshwater in 1998 are presented in Tables 3.4.4.1 and 3.4.4.2, rcspectively. 
Returns to homewaters are likely to present a clearer picture of marine survival than returns to frcshwater because of 
variation in exploitation in coastal fishery. In Table 3.4.4.2, indices of survival are also provided for auturnn age-o• 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 lSW fish route regression analysis showed no significant trend for the past 10-years bot there was a significant 
downward trend for the past 5-years. No significant trend was noted for 2SW fish for the past 5- and JO-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 lO­
year period, route regression analysis showed a downward trend for survival to home waters for JSW and 2SW fish bot 
no significant trend was observed for the past 5-year period. 

In general, there appears to be an overall decreasing trend in survival. 

3.4.5 Status of early-runnlng (or spring) salmon 

Early-running MSW salmon occur in the rivers of the central and southern European coasts. Catches of these fish have 
declined throughout the range, notably in lreland, 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 scquence ofmonths. New pairwise comparisons of cach of the five 
monthly trends for February - June has shown that the developing trends divergcd after about 1990. Since 1990, the 
February rod catch has declined rapidly. March and April catdles have continued to decline at comparable rates, white 
May and June catches have recovered slightly- although they are still below the long-term average. In Scottish ri vers, 
run-timing is strongly related to the distance fish move into ri vers before they spawn. The graded trends for the monthly 
rod catdl figures are reflected in graded egg dcposition rates at different levels in the ri vers. Egg deposition rates have 
declined most rapidly in the uppermost parts of catchments. 

The Baddoch and Gimock Bums 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 catd1 of 
adults ascending the Gimock Burn comprised only 29 fish of which only 11 were female. In the Baddoch Bum, 48 fish 
were captured of which only ten were female. In spile of greatly decreased levels of exploitation by estuary and coastal 
nets and the introduction in 1995 of an advisory (and e!Tcctive) catch-and-release policy on the river, spawning 
escapement is at an extremely low leve!. In both streams, minimum egg deposition levels equivalent to about 40 
females are considered to be required to ensurc maximal smolt production. Corrcnl failure to approach !hese levels is a 
res ult of high marine mortality rates among early-running MSW lish. 

3.4.6 Summary of status of stocks in the NEAC area 

The analysis of smolt output data indicated that the tempora! pattems were not consistenl between different rivers or 
regions. Same rivers showed a significant improvement in smolt production whereas the smolt output of otber ri vers 
declined. A significant downward trend was detected for wild smolt survival (l SW rctums) over thepast live years and 
for hatchery smolt survival (l 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 ri vers have never or seldom reached their CL over the last JO years, whereas others have been consistently 
above their CL. Man y ri vers !hat have reached their CL in most years show a decreasing trend in escapement, however, 
and no tendency to recover was observed for rivers with low escapement lcvels. 

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

Since 1991 the Farocse fishermen have agreed to suspend commercial fishing tor the salmon quota. set by NASCO, in 
exchange for compensation payments. The number of fish spared as a result of this suspension is the catch that would 
have been laken if the fishery bad operated, minus the catch in the research fishery. As for last year (ICES 1998/ 
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ACFM:15), the Working Group concluded !hat the full quota wou1d have heen laken, bad the quota purehase not heen 
in effect. Thus, the maximum cateh !hat would have heen laken in 1997/98 would have heen 380 t (Table 3.2.1.1). 

Data on the discard rate in 1997/98 was obtained from the researeh fishery, white the age composition of the cateh was 
derived from length-splits previously applied (IæS 1996/Assess:ll). No new values were available for the proportion 
of farm escapees in catehes, or to expected time to return to homewaters, so the same values used for the previous three 
years were applied. The assessment is shown in Table 3.5.1. This suggests that if the full quota was not laken, hetween 
3,000 and 21,000 additional ISW salmon and hetween 70,000 and 138,000 additional MSW salmon would have 
returned to homewaters eaeh year from 1992 to 1998. For the 1997/98 season, the numhers of fish helieved sa ved were 
20,000 lSW and 103,000 MSW, respectively. 

In addition, hetween 20,000-55,000 escaped farmed fish each season would have been savcd from capture in the 
Faroese fishery, however data from lagging experiments suggest it is probable that almost all might he expected to 
return to Norway (ICES 1998/ACFM:lS). The analysis carried out suggests that, for the 1997/98 season, up lo 30,000 
escaped farm ed fish rna y have heen sa ved. 

Estimates (means of 1000 simulations) of the total numhers of lSW and MSW salmon returning to homewaters (i.e., 
Pre Fishery Abundance estimates) in the NEAC area and to countries of norlhem and south em Europc are provided in 
Tables 3.6.2.1 and 3.6.2.2. The calculated additional returns represent hetween 6% and 14% of MSW fish and 0% lo 
l% of lSW fish retuming to homewaters hetween 1992 and 1998 (Table 3.5.1). However, data from adult lagging 
studies (Hansen and Jacobsen 1997), indicate that the majority (about 65%) of MSW salmon caught in the Faroe.~ 
fishery would retum to Scandinavian countries, Finland and Russia. If !his were the case, they might have represented 
from 8% to 19% of MSW returns and from 0% to l% of l SW retums to north em European homewaters between 1992 
and 1998 (Table 3.5.1). If stocks and fisheries bad remained stable, total catches would have been expected to increase 
by approximately the same proportions in respective areas. 

Catehes in homewater fisheries in four areas of Europe (Table 3.5.2) were examined for any significant cbange 
following the suspension of fishing at Faroes in 1991. There have been significant reductions in catches for ISW 
salmon in Northern Europe (Finland, Sweden and Norway) (R~'fi~ p =0.004) and southern Europe (lrehmd, UK 
(Scotland) and France) (R~'fit, p =0.04). No detectable ehange was noted for MSW calehes in norlhem Europe (Finland, 
Sweden and Norway) or for adult counts to Russian rivers in the same period. (It should be notcd that catehcs of MSW 
salmon in Europe in 1994 and 1995 should also have been affected by the suspension of salmon fishing in Greenland). 
MSW catches were signilicantly lower in the period following the cessation of commerciallishing at Faroes from 1992 
to 1998, compared to the period 1987 to 1991 for southem Europe (UK [Scotland] and France) (Rcrit, p =0.01). 
Although the additional returns would have been expected to have contributed to catches and spawning stocks, it 
appears !hat an y expected increase has been rnasked by other factors sueh as ehanges in marine survival or management 
measures in homewaters. 

3.6 Expected Ahundance of Salmon in the North East Atlantic for 1999/2000 

3.6.1 Previous development of a NEAC- PFA model 

In 1995, 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 (læS 1995/Assess: 14). The method empluyed a basic 
run-reconslruction approach similar to that describcd by Rago el al (1993b) and Potter and Dunklcy (1993). The modcl 
estimated tl1e PFA from the catch in nwnhers of ISW and MSW salmon in caeh country. Thcsc wcrc raised lo take 
account of minimum and maximum estimates of non-reported catches and exploitation rates of the two age groups. 
Finally !hese values were raised to take account of the natural mortality between January l in the first sea winter, which 
is laken a~ the date they recruit to the lirst lishery (Faroes), and the mid-point of the respective nationallishery scason. 

In 1997, the Working Group presented a Monte Carlo simulalion ('@Risk' in Excel) to generate distributions around 
the estimated PFA values(ICES, 1997:Assess:l0). The same minimum and maximum parameter values were used as 
previously (except where !hese 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 eaeh parameter in the simulation. The model 
was run separately to estimate the total nurnbers of maluring and non-maturing lSW recruits in the NEAC area; and in 
southem and northern European countries eaeh run was based on 500 simulations. 

The Working Group further refined and updated !his approach in 1998 (ICES 1998/ACFM:15). The Monte Carlo 
simulation was reformulated using the software package 'Crystal Ball' (Decisioneering, 1996) in Excel and was run 
separate! y 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.J, the number retuming to home waters (H";), the number of maturing ISW recruits (P.1), the number of non­
maturing recruits <Pnml and the number of spawners (W.iJ were estimated as follows: 

Knt = C,, l (1- R.,) 

Hni = Knt/Unl 

P H l -Mmtm 
nm = (n+l)m e 

where suffix 'i' refers to age groups 'i', while 'l' and 'm' refer to the ISW or MSW age groups SJXX-ifically. 

and: C = catch of sahnon in numbers; 

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

U = average leve! of exploitation of the sahnon stock (*); 

M =natura! mortality on salmon greater than ISW in the sea(*); 

t =time between homewater tisheries and 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). 

3.6.2 Improvements to the NEAC - PFA model 

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

l. catch data and other parameter values were added !or 1998; 

2. parameter values for earlier years were modified where new data or new estimation procedures were available; 

3. the numbers of recruits estimated from the catches in the distant wmer fisheries 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 deri ved from catches in the Faroes !lshery using 
estirnates given by Hansen et al (In press); 

5. estimated catches of salmon from UK (Scotland) in the UK (England & Wales) coastal drift net fishery were 
incorporated in to 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 Mon te Carlo simulation. 

Full results for each NEAC country are shown in Appendix 9a-91. Tables 3.6.2.1 to 3.6.2.6 snmmarise the outputs from 
the simulation, gi ving the mean estimates of the numbers of returns (lSW and MSW), re~-ruits (maturing and non­
maturing lSW), spawners (ISW and MSW) and total ISW recruits (plus variancesl 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 ISW recruits. With the exccption of lreland, these countries also produce 
200k to 600k non-maturing lSW recruits. lreland and the remaining counlries produce less than IOOk maturing ISW 
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recruits and less than 50k non-maturing lSW 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 bas previously divided the NEAC PFA estimates into two groups, representing the Nordic 
countries and Russia (northern Europe) and the UK, lreland and France (southern Europe). However, the Working 
Group bad previously noted particuiar 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 lSW catches in south, mid and north Norway revealed that catches 
from the south and mid areas 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: (l) 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 year. 

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

Southern European countries: 

Ire land 

France 

UK(England & Wales) 

UK(Northem lreland) 

UK(Scotland) 

Northern European countries: 

Finland 

Norway 

Russia 

Sweden 

Iceland 

Thesc groupings differ from !hose used in 1998 because recruitment estimate.s deri ved from catches at Farocs and West 
Greenland are now included in lbe national recruitment e.stimates and lceland has been included in the Northern group. 

Tables 3.6.2.1 to 3.6.2.6 show combined results from lbe PFA assessment for lbe Northern and Southcm European 
groups and lbe whole NEAC area. The PFA ofmaturing and non-maturing lSW salmon and the nurnbers of ISW and 
MSW spawners for !bese areas are shown in Figures 3.6.3.1 to 3.6.3.3. 

3.6.4 Trends in the PFA for NEAC stocks 

The 95% contidence limits (dotted lines for PFA and vertical bars for lbe spawning escapement) shown in Figures 
3.6.3.1 to 3.6.3.3 indicate the high le vel of uncertainty in Ibis assessment. However, lbe Working Group recognised lbat 
lbe model provided an interpretation of our current understanding of national fisheries and stocks based upon simple 
parameters. Errors or inconsistcncics in lbe output must !arg el y reflect errors in our best estimates of !hese parameters. 

Figure 3.6.3.1 suggests !hat Illere has been no overall trend in lbe recTuitment ufmaturing l SW salrnon (potential grilse) 
in lbe northern countries, although lbe nurnbers have tluctuated quite widely around a leve! of approximately one 
million recruits. 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 
!hese stocks in both the Faroes and homewater fisheries, particuiarly Norway and Russia. 

Nurnbers of non-maturing lSW recruits (potential MSW returns) for the norlbern group of countries appear to have 
fallen from approximately one million in lbe 1970s to about 0.6 million in the 1990s. The majority of thi< overall 
decline appears to have occurred in the mid 1980s, bul recruitment also fell for a two year period in the late 1970s. This 
reflects very similar patterns in lbe estimated production of MSW salmon for Norway and Russia over this period. 
Reductions in lbe leve! of exploitation have resultcd 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, allbough there 
have been quite large fluctuations (betwccn about 200k to 400k) over lbe period. 

For lbe southern European group of countries (Figure 3.6.3.2), the nurnbers of maturing lSW recruits is driven iargely 
by the Irish and UK (Scottish) stocks which are each estimated to have produced an annua! average of about 650k fish 
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in the past 10 years. Recruittnent for both of !hese countries has fallen substantially since the 1970s. Thus the southem 
group of countries show an overall halving of the num ber of maturing lSW rccruits over the period, with stocks falling 
to their lowest leve! in 1997. 

The abundance of non-maturing 1SW rccruits in the southem European countries is large! y driven by the UK(Scottish) 
stocks which account for about 80% of the estimated numbers of recruits over the past 10 years. lreland and 
UK(England & Wales) together account for about 15% of the recruits. All !hese countries have shown a very marked 
deeline in the numbers of non-matrtring 1SW recruits, such that overall production has fallen relative! y steailily to about 
one !hird of its level in the early 1970s. For !hese 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. 

3.6.5 Forecasting the PFA for NEAC stoeks 

In order to use the PFA estimates to provide catch advice, a forecast is required of the PFA of recruits in the year 
preceding the fisheries. Thus, for example. the PFA of non-maturing ISW recruits most be predicted for 1999 if we are 
to provide advice for: the West Greenland fishery in 1999; the Faroes fishery (MSW stock) in I999/2000; and 
homewater fisheries in 2000. Because the latest cstimate of non-maturing lSW 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 year's projection is sufficient. 

No new information WdS presented on methods to predict future leveis of PFA from the historie time-series. In view of 
the uncertainty in !hese PFA assessments, the Working Group considered that the catch adviee should be hased upon 
qualitative extrapolations from the historie estimates. These are discussed in Scction 3.8. 

3. 7 Development of Age-Specitic Conservation Umits 

3.7.1 Progress with river-specific conservation llmits 

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

Finland and Iceland: No progress was reported. 

France: Conservation lirnits have been set on a river-by-river basis for most of the north western stocks (33 out of 44 
salmon ri vers in France). The conservation liruits are computed on the basis of the assessment of production potential 
(running water surface area) and the stock-recruittncnt relationship deri ved from the population dynamic surve y of the 
River Oir (Prevost and Porchcr, 1996; Porcher and Prevost, 1996). The TAC per river is adapted each year during the 
fishing season according to the annua! fluctuations of returns. Provisional conservation limits have been developed for 
southcm ri vers (Loire and Adour). 

Ireland: Potential spawning escapement requirements have been estirnated for all rivers by applying reference egg 
deposition rates from the River Bush stock-re~TUittncnt relationship to the wctlcd area or catchment areas of each river 
to calculate spawning targets. While this provides a very approxirnatc estirnate, it is believed that the order of 
maguitude is broadly indicalive of the spawning requirements for thesc rivers. This prelirninary analysis is gradually 
being superseded by river specitic analyses or on ad vice from regional fisheries managers. 

Norway: Progress has been made with the use of GIS methods to estirnatc the productive eapacity of Norwegian ri vers 
using GIS (Erikstad et al. 1998). Digital maps (1:50 000) were used to estimate the wetted area of 11 Norwegian 
salmen ri vers from the river mouths to the liruit of upstream migration of salmon (usually easily detined hy a waterfall) 
(Table 3.7.1.1). Trihutaries and !akes were excluded in this prelintinary analysis. 

Production of salmon smolts in the River Irnsa, where emigrating smolts have been counted since 1976, has shown an 
average annua! production of about 15 individuals per 100m2 (Jonsson et al. 1998). Smolt production in the River 
Kvassheirnsåna wbich is in the same area as River Irnsa were estimated at 15 individuals per 100m2 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, to be an average of seven smolts per 100m2 with annual variations from four to 
eleven. Data from !hese investigations were modified and transported to other systems after personal communieations 
and discussions with biologists working on the different rivcrs, taking into account local conditions such as 
temperatures and water tlows, and unpublished data on electrofishing surveys and habitat quality. Guess-estimates of 
smolt production per unit of area were theu applied for the individual rivers, and the estirnated smolt productions are 
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shown in Table 3.7 .l. l. There was a significant relationship between estilnated 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 
shoold incorporate information on river gradien~ local vegetation and estimates of parr densities. 

Russia: Provisional conservation limits have been sel for the Kola ri vers where the fisheries have been condu~'led 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 recruitment curves as recommended by 
the Working Group. For those rivers wbere habitat data are available, conservation limits have been established by 
transporting reference points (2.73 eggs per m2 for the Barent Sea and 3.85 eggs per m2 for the White Sea ri vers). 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 coast is being 
considered by a Working Groop established in 1998. Provisional estimates of salmon smolt production are now 
available for 17 rivers in western Sweden (Table 3.7.1.2). 

UK (Nortbern lreland): Spawning targets that have been set to date range from single river targets deri ved from river­
specific stock-re~TUihnent 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 target~') have been developed for 
all principal salmon ri vers. These are being reviewed and fmalised as Salmon Action Plans are developed for each river; 
a Ministerial Direction issued to the Environment Agency in September 1998 requires that the Salmon 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 a stock-recruitment relationsbip for the River Bush, UK (Northern lreland) 
according to the quality and quantity of juvenile habital in each river, deri ved from a simple habitat model (Wyatt and 
Barnard 1997). 

UK (Scotland): Previous studies of genetic structuring arnong salmon populations in Scottish rivers has identified 
important structural differences within catchments. Radio-tracking studies in several rivers have demonstrated that 
those fisb boming to spawn in locations distant from the sea enter fresh water earlier than fisb homing to spawn in 
locations lower in the same catchments. Habitals lell 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 targcls for 
Scottish ri vers Iies far below the lcvels considered appropriate elsewhere. In order to overcome these difficulties an 
approach is being developed that is appropriate for Scottish circumstances. It is inlended lo derive estin~ates of optimal 
values for escapement based upon an analysis of rod calch 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 eslimating 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 mcans for relaring the estimatcs of spawners and recruits derived from the PFA model. 
This is addressed by converting the numbers of ISW and MSW spawners into numbers of eggs deposited. Thus, in each 
country and for cach year the total egg deposition (E) may be estimated as: 

where: suffixes 'l' and 'm' refer to 1SW and MSW age groups respectively 

and: W = thenumber of spawners in the age group (from the PFA simulation model); 

F = the% female in the age group; 

G = the average num ber of eggs produced hy a female in the age group. 

53 



The approach assumes that there have been no significant changes in the egg production or in the proportion of females 
for lSW and MSW salmon pver the time period. Males are also ignored in the foregoing analysis, the assumption being 
that their numbers have not limited the deposition of fertilised eggs, and thus the production, during the period 1971 to 
the present. 

The egg deposition in year 'n' is assumed to contribute to the recruitrnent in years 'n+3' to 'n+8' in proportion to the 
numbers of smolts produced of ages l to 6 years. Thus the number of 'lagged eggs' (L) which will contribute to the 
recruitrnent ofmaturing and non-maturing lSW fish in year 'n+8' is cstimated as: 

where: En = the estimated number of eggs deposited in year 'n' 

and p1 = the proportion of smolts of age 'i'. 

The lagged egg deposition estimates for each national stock is given in Appendix lOa-IOj along with the estimated 
numbers of ISW recruits, which have been carried over from the PFA analyses. The relationships between the lagged 
eggs ('stock') and ISW recruits are also shown in the Figures included in Appendix IOa-lOj. 

The plots of lagged eggs (stock) against the ISW adults in the sea (recruits) have been presented as 'pseudo-stock­
recruitrnent' relationships. As in 1998, three non-pararnetric methods have been used to estimate conservation timit 
'options' from !hese relationships. These have been proposed as methods for estimating the minimum biological 
acceptable leve! (MBAL) for marine fish stocks (ICES 1993/Assess:l2). (Conservation limits for salmon have been 
defined as being equivalent to MBAL (ICES 1995/Assess:14)). These methods therefore provide approaches for 
estimating provisional conservation limits from the 'pseudo-stock-recruitment' rclationships. 

These are: 

Option 1: 

Option 2: 

Option 3: 

the minimum observed spawning stock levet [i.e., CL""' = min L], 

the stock size where the 90th percentile of survival intersects the median rccruitment Ievel. [ie., 
CL,P" = ( R l L ),o.,u, x R moo ], and 

the stock size where the 90"' percentile of survival intersects the 90th percentile of recTuitrnent 
(Serebryakov, 1991); [i.e., CLopl2 = ( R l L ),o-.ue x R YO%ile ]. 

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 clcarly 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 dcposition conservation limit has been converted to numbers of 1 SW and MSW salmon based upon the 
average age composition of the spawning stock in the past 10 ycars. These results are sbown in Appendix lOa -IOj. The 
three conservation limit 'options' derived for each country are summarised in Table 3.7.2.1. Where river specitic 
conservation limit< have heen deri ved, !hese are provided as a fourth option. 

3.7.3 Evaluatlon of conservation limit options 

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

In UK (England & Wales) and France conservation limits have been independcntly derived for every river, although 
some values are still provisional. The sum of !hese river spccific conservation limit< in UK (England and Wales) is 226 
million eggs. This Iies 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 (55 
million eggs) Iies 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 deri ved for all ri vers in lreland and UK (Northern lreland), the output from 
the lagged egg deposition analysis was consistent with prelintinary analyses by alternative methods such as those 
proposed by the Workshop on Setting Conservation Limits for salmon in the NE Atlantic (læS 1998/ACFM:13). 

The Working Group bad some concems 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 dynarnics of Scottish stoclc., in comparison to Norway in particular, 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 retum to freshwater, but the effects of these differences on population dynantics is 
not known. Errors in the input data are most like! y 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 bad 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 catch 
advice. However, it was recognised that the uncertainty in these data must be laken into account when providing catch 
ad vice. 

In 1998, the Working Group providcd three conservation limit options for each country; ACFM chose to use the 
minimum summed value (Option 1), which is clearly the !east 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-recruibnent relationships' (Appendices !Oa-!Oj) and local 
knowledge. This evaluation is summarised below: 

Country 

Finland 

France 

Iceland 

lreland 

Norway 

Russia 

Swedcn 

UK(Eng. & Wales) 

UK(N. lrcland) 

UK(Scotland) 

Option Reason 

3 Recruiunent lower at Option l and 2levels. 

4 Based upon river specific estimates. 

l Options l & 2 equal; no increase in recruiunent for Option 3. 

3 Very wide spreadofbistoric stock estimates. 

3 Recruibnent lower at Option l and 2 levels. 

l No decrease in recruibnent at Option !leve!. 

3 Recruibnent lowcr at Option l and 2levels. 

4 Based upon river specific estimates. 

3 Recruibnent lower at Option l and 2 le veis. 

2 Recruibnent lower at Option l leve!. 

The selected options have been sununed in the appropriate stock groups. These are thcn increased to lake account of the 
natura! mortality between recruibnent and the time of rctum in order to provide spawner escapernent reserves (SERs) 
for rnaturing and non-maturing ISW salmon from the Northem and Southem stock groups. The SERs are shown as 
horizontallines in Figures 3.6.3.1 and 3.6.3.2; the dashed line indicates that these SERs rnay be less appropriate for 
evaluating the historie 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 leve!. 

3.,8 Catch Options or Alternative Management Ad vice 

3.8.1 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 man y individual river stocks and sub­
river populations are known to be at unsatisfactorily low levels. Annua! adjusbnents in TACs hased 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 fisberies, particularly where !hese 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 ditferences 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 fisberies could be used to 
provide catch advice for !hese fisberies. 

3.8.2 Catch options and management advice for 1999/20011 

In 1998, the Working Group provided catch advice for Northern and South em 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 !hese 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 sllltus 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 !hat the following qualitativc catch advice was 
appropriate based upon the PFA data and estimated SERs sbown in Figures 3.6.3.1 and 3.6.3.2: 

Maturing 1SW stocks: very few lSW salmon have becn caught outside homewater fisheries in Europe, even whcn 
fisheries were operating in the Norwegian Sea. The Working Group thcrcfore recommends !hat management of 
maturing lSW salmon sbould 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 fisberies in the Norwegian 
Sea in past years. The PFA of non-maturing lSW salmon from North em Europe has been declining since the mid 1980s 
and is now approaching the conservation limit estimates. The exploirnble 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 sbould be exereised in the management of !hese stocks particularly iu mixed stock fisheries. Management of 
single stock fisheries should be based upon local assessmcnts 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 JSW salmon from Southem Europe has been declining since the 1970s and the 
Working Group's analysis suggests that it fell below the conservation limits in 1996 and 1997. Simple projection of 
!hese data by eye suggests that the PFA is also likcly to fall below the conservation limits in 1999. The Working Group 
considers that extreme caution should be exercised in the management of thcsc stocks in mixcd stock tisheries and that 
reductions in levels of exploitation sbould be pursued. Management of single stock fisheries should be based upon local 
assessments of the status of stocks. 

3.9 Catebes of Post-smolts in the Norwegian Sea and Adjacent Areas 

3.9.1 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 des~-ribing the post-smolt distributiou in the noctheast Atlantic (Figure 3.9.1.1). Similar cruises were 
undertaken by Fishcries Research Services) FRS Scotland in 1996 and 1997. The resnlts of !hese surveys were reported 
to the Working Group in 1998 (ICES 1998/ACFM:lS). In summary, a surface trawl technique was developcd 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 Island (75°N), and in the order of 1,000 post smolts and 25 lSW salmon were 
caught. While large concentratious of post-smolts were found within the strong north-east running slope current along 
the north-west European continental sbelf edge, large numbers were also caught in the Norwegian Sea 

In 1998, !MR 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 cruises since 1990 sbows that capture sites 
coincide, to a large ex tent, with the prevailing surface current patterns in the area. This suggests that the stroug Atlantic 
Slope current and the Norwegian coastal currcnt (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 capturcs to 
the 9.0-10.9°C ternperature interval and in salinities of ;::;35.000 ppm (Figure 3.9.1.4), indicating a preference for the 
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warm, 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 different area.< in 1998 supported the conclusion 
from earlier cruises !hat due to their young sea age a relatively high proportion of the post-smolts caught in the 
Norwegian Sea was of southem European origin. This is in contras! to fish caught west of Lofoten !hat were older, and 
!hose 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 an y shortage of 
food. In contras! 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 Researcb Institute of Marine Fisheries and Oceanography (PINRO) carried out a survey in the northem 
Norwegian Sea (Table 3.9.1.1)_ No post-smolts were captured in !his area. lnterestingly, four adult salmon, three of 
which were classified as farmed salmon were caught 

3.9.2 Estimates of post-smolt by-cateh in pelagic flsheries 

Post-smolt and berring seem to overlap spatially mostly in July early August in the areas north of 68°N (Holst et al. 
1998). The purse seine fishery for berring takes place in the areas west of Iceland up to the Jan Mayen Island as earl y as 
April and in to June and is therefore not likely to intercept young salmon. In 1998, a limited cffort 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 !aking place in June in !hese areas. Crew members on two of ten Faroese purse seine vessels were 
asked to look specifically for post-smolts when sampling the herring catcb for mandatory documentation of weight 
distributions to the buyers on land. No post-smolts were reported. In addition post-smolts were not found in a sample of 
1-3% of the landed catcb 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 (PlNRO) 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 !hat both the migratory pattem and the distribution of older year classes of 
mackerel are very similar to !hat of the post-smolts. The mackerel start a northward summer migration from the waters 
north and west of lreland in May, and some stock components may migrate as far into the Norwegian Sea to 74°N in 
July before they turn 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. Catcb distribution diagrams 
for 1989-97 for mackerel indicate for som c ycars a strong overlap with the infcrred northward migratory routcs of post­
smolts in June and Jul y in the Shetland Faroes Channel, the North Sea and the Norwegian Sea (Belikov et al. 1998). 
One Norwegian Carlin tagg ed post-smolt found in a mackerel trawlcatch in 1996 is the only evidence of interception so 
far. The fishery with the greatest potential for catching post-smolts is probably the trawl fishcry for mackerel in the 
Farocs EEZ and the international area of the Norwegian Sea. This tishery is presently at a high levet 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 mus! be scTeened. Assessment of 
by-catches on board commercial fishing vessels may prove too time consuming to be carricd out in practice. However, 
efforts should be made to arrange screening of whole catches at landing sites. 

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

Despite the limitations of the current 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 !hat the tleet docs not operate their trawl with a flotation !hat will keep the 
floatline doser to the surface !han 5 -10m during longer periods oftowing. 
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The !CBS Working Group on Northem Pelagic and Blue Whiting Fisheries, Working Group on the Assessrnent of 
Mackerel, Horse Mackerel Sardine and Anchovy, and the Herring Assessrnent Working Groups asked WGNAS to 
expand on its' rcquest for information useful in the assessment of potential problems with by-catch of Atlantic salmon 
in pelagic fisheries. Details required are as follows: 

• 

• 

• 

• 

Mav: 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 surface trawl is fitted with extra flotation on the upper panel and sweepers. Areas of interest in May are !CBS 
Statistieal areas IV b-e and VII a-K (see attached map). Catches, swept area (or information allowing the 
calculation thereot), CPUE for such gear in May and possible recordings of post-smolt (12 -17 cm salmon) and 
older salmon (~30) in these catches. Other types of gear and trawl tows carried out with the upper panel deeper 
than 15 -20m are of lesser importance; 

June: Same catch characteristics as above for the above types of gear and depths but recorded in !CBS areas VI a-b; 
!Va and Vbl-2. Possiblc by-catch of post-smolt and salmon in this month will comprise size groups 13-20 cm and 
~30 cm, respectively; 

July; Same catch characteristics as above for the above types of gear and depths but recordcd in ICES area Ila 
delineated by -5"W to 13"E longitude and 66" to 72"N latitude. Possible by-catch of post-smolt and sahnon in this 
month will comprise size groups 16-26 cm and ~30 cm, respectively; 

August: Effort aud catches by the above spedfied gear in ICES area llb delineated by -3"W -21"E longitude and 72" 
-76"N latitude. Possible by-catch of salmon may comprise all sizes ~28 cm. 

It is recommcndcd that the sampling programme for post-smolt should be maintained and further extended with surveys 
in Jul y in the Norwegian Coastal current along the north em most cæst of Norway and Russia and in to the Barents Sea. 

3.10 Data Deficiencles and Research Needs In the NEAC Area 

3.10.1 Progress on ltems cited in 1998 report of NASWG 

l. Estimates of nu1rine mortality of salmon should be re-examined in the North-East Atlantic, and causes for this 
mortalily should be identified and quantified. 

No substantial progress was reportcd. 

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

A single in-shore cruise was undcrtaken by UK (Scotland), between 14-25 May, in 01e inner Moray Firth on the north­
eastem coast of Scotland. 

Six cruises covering three fjords in south-west Norway capturcd both wild and escaped-farmed smolts. Norway 
extended postcsmolt surveys, for the flrst time, 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. Ejforts slwuld be made to provide estimates of by-catch of salmon in marine waters. 

Progress isreportedin 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 Gro up are askedfor data regarding by-catches. 

Arequest for data has gone to the Working Groups via !CBS. 

5 The Working Group recommends a continuation of the researchfishery at Farves. 

A small research fishery took place in late winter, 1999. 
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6. Alternative ways to group salltWn stocks, or stock complexes should be examined to improve the catch advice for 
salmon in the North-East Atlantic. 

Studies of catches of lSW fish iu Norway showed a correlation between the southem and mid-Norway portions of the 
catch. No correlation was found betwecn !hese catches and !hose made iu northem 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 sensitiviry analysis of the input parameters to the pre-fishery aburuiance 
model should be carried out. 

Ajoint paper addressiug the item was presented at the annua! statutory meeting of ICES iu September, 1998. Additional 
progress is reported iu Sections 3.6 -3.8. 

8. More information is required on a river by river basis re lating to catches, exploitation rates and habital assessment 
and this should be referenced to the appropriate scale (eg., tributary populations etc.). Specific information on required 
age c/ass composition of the stocks shou/d 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 bul models are under developmenl 

l O. Transportability of existing targets derived from known SIR relationships must be evaluated in comparison with 
other indice s of abundance 

No progress was reported. 

11. Further refinement is required to the model to estimate PFA and Conservation Limits particu/arly with regard to 
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, panicularly with regard to establishing stock size (counters) and 
re lating productivity to suitah/e habitat area (catchment surveys, juvenile production swdies and application of GIS 
and other techniques). 

A comprehensivc prograrnme of fish counter installation is being canied out in lreland. There are approximatcly 135 
main stem salmon producing rivers iu lreland. It is hoped to have a total of 30 fish counters operational. Several 
ClL'Ographic Information Systems (GIS) are being developed for important catchments whicb are aimcd at produciug 
productivity estimates from habitat indices. 

In Norway, surne counters have becn 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 iuvestigate the use of hydroacoustic counters and to 
develop validation procedures. 

The two existing counters iu the River Foyle Fisheries Commission area, which is jointly managed by Ireland and the 
UK (N. lreland) are being supplemented by another three. It is planned to iustall up to five more iu rivers elsewhere. 
Habitat area is being quantified usiug GIS with a view to refiniug conservation limits and definiug relationships 
between productivity and habitat. 

In UK (Scotland) progress has been made in devcloping new statistical methods to deri ve measures of adult abundance 
from rod catch data. 

On the River Teno a split-bearn hydroacoustic counter system (SIMRAD) underwent preliutinary testing. Pilot studies 
will continue. Possible development of a permanent monitoring system will be decided after the 1999 experiment. 

59 



13. The implications of combining required adult escapement levels over districts must be examined and the scale to 
which this is appropriate identijied. 

No action repocted. 

3.10.2 Continuing requirements for data, research and monitoring 

l. More researcb into the biology of salmon in the earl y marine phase is required and extension of reeent researcb on 
the biology of post-smolts is recommended. Competitive interactions wilh olher marine species should be explored. 
Additionally, by-catches of post-smolts in marine fisheries for olher specie.' should be monitored and estimates of 
mortality from Ibis source shouid be derived. There is a continuing requirement to monitor trends in marine mortality 
for a wider range of stocks !han at presen~ and to identify causes for current low levels of marine survival. In lhe latter 
context, it is noteworlhy !hat an ICES Workshop on lhe Usefulness of Scale Growlh Analyses and Olher Measures of 
Condition in Salmon will be held in Ambers~ USA in Jul y, 1999. 

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

3. The quality of data used to set conservation limit' should continuc to be improved and the PFA model should 
continue development More and betler input data should be ohtained from a greater range of sources. Data 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 alternative divisions based on biological cbaracteristics such as se.a-age 
or run-timing) should continue to be explored, developed and validated. In particular, sensitivity analyses are essential 
to assess the conlidencc with whicb data derived from the theoretical models can be used in an applied management 
con text. 

4. Assessment methods for juvenile salmon and for freshwater habitat parameters should continue to be dcveloped. 
Atternpts should be made to couple these parameters wilh adult rctum parameters, via life-history models of appropriate 
scale. Habitat and life-history variables should be used togclher to cxamine the extent to which stock-recruitment 
relationships from a lirnited range of index rivers are transferable to other 'ri vers. 

5. The status of southem and central European rivers with respect to Gyrodactylus species, and particularly G. salaris, 
should be established without delay. Monitoring of the spre.ad 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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Ta ble 3.2.1.1 Nominallandings of Atlantic salmon by Faroese vessels in years 
1982-1998 and the 198111982 to 199811999 fishing seasons. 

1983 678 1982/1983 
1984 628 1983/1984 
1985 566 625 1984/1985 
1986 530 625 1985/1986 
1987 576 597 b 1986/1987 
1988 243 597 b 1987/1988 
1989 364 597 b 1988/1989 
1990 315 550 c 1989/1990 
1991 95 550 c 199011991 

Research fishery 
1992 23 550 1991/1992 
1993 23 550 1992/1993 
1994 6 550 1993/1994 
1995 5 550 1994/1995 
1996 470 1995/1996 
1997 425 1996/1997 
1998 6 380 1997/1998 
1999 NA 330 1998/1999 

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

Table 3.2.2.1 Sea age dislribution of Atlantic salmon caught in 
Faroese waters in the 199711998 lishing season. 

Sea age 
Num ber 
% 

lSW 
339 

19.2 

2SW 
1315 
74.6 

3+SW 
109 
6.2 

Total 
1763 

100 

625 
651 
598 
545 
539 
208 
309 
364 
202 

31 
22 

7 
6 
l 

6 
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Rl 
'.fable 3.3.3.1 Numbers of gear units licensed or autburised by country and gear type. 

Year 

1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

Mean 1993-97 

% change 2 

Mean 1988-97 

%change 
2 

England & Wales 
Gi11net Sweepnd Hand-held 
licences net 

232 209 333 
226 223 354 
223 230 375 
220 221 368 
213 20C'i 352 
210 212 284 
201 199 282 
200 204 292 
199 1&7 264 

203 15S 267 
187 151 259 
177 158 257 
163 156 249 
151 132 232 
139 131 231 
130 129 196 

163.4 

-20.4 
183 

-29.0 

145.6 

-11.4 
168.8 

-23.6 

245.6 

-20.2 
261.7 

-25.1 

1 Number of gearunits expreRsed as tmp or crew months. 
2 (97/mean- l)"' 100 

UK (Scutland) UK (N. Ireland) Norway 

Fixed Fixed Net and Driftnet Draftnet Bagncts Bagnet Bendnet liftnet Driftnet 

cnginc engine1 co ble and boxes (No. nets) 

74 
74 
69 
64 
68 
70 
75 
69 
66 
65 
55 

55 
47 
42 
35 

35 

46.8 

25.2 
57.9 

-39.6 

3,513 861 7,101 55 
2,982 836 7,106 2,827 48 
3,495 970 6,588 2,613 36 
3,239 849 139 311 17 6,012 2,756 32 
2.861 775 138 306 17 5,476 2,548 32 
3,069 802 142 305 18 4,608 2,421 26 
3,437 810 130 307 18 4,215 2,367 24 
3.241 884 130 303 20 4,047 2,996 32 
3,182 777 129 307 18 3,382 3,342 29 
2,978 768 127 314 20 3,150 3,549 25 
2,854 756 126 287 18 2,569 3,890 22 
2,742 677 126 293 19 2,680 4,047 26 
2,572 691 126 284 18 1,980 3,976 12 
2,698 747 126 274 20 1,835 5,001 17 
2,892 670 125 258 20 2,118 4,922 20 
2,704 647 123 239 19 2,060 5,546 19 
2,377 641 123 221 18 1,843 5,217 27 
2,514 659 120 207 17 1,735 5,428 21 
2,438 630 121 192 19 1,697 5,386 35 
1,999 524 122 168 19 l ,726 5,848 34 
1,976 583 121 148 18 1,630 5,979 14 
1,693 571 120 119 18 1,422 6,060 13 
1,536 390 ll5 Ill 18 1,322 5,702 Il 
1,224 347 ll7 108 19 1,888 4,100 16 
1.276 334 114 106 17 2,375 3,890 7 
1.144 306 118 102 18 2,343 3,628 8 

857 
909 
753 
737 
614 
672 
529 

737 

-28.2 
972.2 

-45.6 

296 
266 
245 
226 
203 
198 
126 

227.6 

-44.6 
281.1 

-55.2 

121 
120 
119 
122 
117 
116 
117 

118.8 

-1.5 
117.9 

-0.8 

91 
73 
68 
68 
66 
63 
70 

67.6 

3.6 
85.8 

-18.4 

19 
18 
18 
16 
12 
12 
13 

15.2 

-14.5 
16.7 

-222 

2,268 
2,869 
2,630 
2,542 
2,280 
2,002 
1,865 

2464.6 

-24.3 
2251.9 

-17.2 

3,342 
2,783 
2,825 
2,715 
2,860 
1,075 
1,027 

2451.6 

-58.1 
3292 

-68.8 

5 

.<2 
;;2 
.<2 
;;2 
;;2 
<2 

11,498 
9,149 
8,956 
7,932 
8,976 

13,448 
18,616 
14,078 
15,968 
17,794 
30,201 
23,301 
23,989 
25,652 
24,081 
22,520 
21,813 
21,210 
20,329 
17,945 
17,234 
15,532 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



Table 3.3.3.1 continued Number of gear units licensed or authorised by country and gear type. 

Ireland 5 
Finland Fmnce 

The Teno River R. Naatamo 
Driftnets No. Draftnets Other nds Rod Recr~ional fishery Local rod ;md Recreational Rod and line Com. nets in Ucencesin 

T ourist anslers net fishe!i: fishe!l: licences freshwater3 estuarl'4 

Yoar .FiBhin da: 8 Fishermen Fishermen Fishermen 
1966 510 742 214 11,621 

1967 531 732 223 10.457 
1968 505 681 219 9,615 
1969 669 665 220 10,450 
1970 817 667 241 Il, 181 

1971 916 697 213 10,566 
1972 1,156 678 197 9,612 

1973 1,112 713 224 11,660 
1974 1,048 681 21 l 12,845 
1975 1,046 ()72 212 13,142 
1976 1,047 677 225 14,139 
1977 997 650 211 1 l ,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 7,665 737 677 3,911 42 82 
1985 827 526 190 15,929 21,742 7,575 740 866 4,443 40 82 

1986 768 507 183 17,977 21,482 7,404 702 691 5,919 58 l 86 

1987 22,487 7,759 754 689 5,804 l 87' 80 
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 83 78 
1990 756 525 18') 15,395 19,5% 7,677 728 614 2,977 71 76 
1991 707 5U4 ll:\2 15,178 22,922 8,286 734 718 2,760 78 71 
1992 691 535 183 20,263 26,748 9,058 749 875 2,160 57 71 
1993 673 497 161 23,875 29,461 10,198 755 705 2,111 53 55 
1994 732 519 176 24,488 26,517 8,985 751 671 1,680 17 59 
1995 773 446 176 25.000 24,951 8,141 687 716 1,881 17 59 
1996 773 446 176 25,000 17,625 5,743 672 814 1,806 21 69 
1997 773 446 176 25,000 16,255 5,036 616 588 2,974 10 59 
1998 773 509 149 30,078 18,700 5,759 772 673 2,358 16 53 

Mean 1993-97 744.8 470.8 173 24672.6 22961.8 7620.6 696.2 698.8 2090.4 23.6 60.2 

% chan 'e ' 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 20222.2 22990.1 7956.0 717.5 693.5 2658.8 50.8 67.3 

% change ' 2.9 3.!) -16.0 48.7 -Ul.? -27.6 7.6 -3.0 -l 1.3 -68.5 -21.2 

"' 
1 Common licence for salmon and seatroul. 

w 2 Intrudu~;tion of quota.s/fisherman, ob1igation lo declare the catch<:~s, 
3 

The number oflicences indicaJ.es on ly the number of fi.~hermen (or boat.'! allowed to fish for salmon. It overestima.tes the actual numb<:lr offishermen fishing for salmon up to 2 or 3 times. 
4 Adour estuary only south west ofFrance. 
5 Since 1995 data for Ireland are provisionaJ. 



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

(1998 figures are Qrovisional) 
Homewater Other catches Total UnreEorted catches 
countrics Faroes in international Report ed NEAC International 

Year (l) waters Catch Area waters 
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 6281 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 
1975 7116 28 475 7619 
1976 5314 40 289 5643 
1977 5209 40 192 5441 
1978 4966 37 138 5141 
1979 5121 119 193 5433 
1980 5434 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 6099 
1986 6183 530 6713 
1987 4830 576 5406 2554 
1988 5284 243 5527 3087 
1989 4059 364 4423 2103 
1990 3439 315 3754 1779 180-350 
1991 2822 95 2917 1555 25-100 
1992 3343 23 3366 1825 25-100 
1993 3311 23 3334 1471 25'100 
1994 3563 6 3569 1157 25-100 
1995 3274 5 3279 942 n/a 
1996 2746 2746 947 ni a 
1997 2087 2087 827 ni a 
1998 2233 6 2239 1108 ni a 

Means 
1993-1997 2996 7 3003 1069 
1988-1997 3393 107 3500 1569 

l. Estimates refcr to season ending in given year. 
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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 1 Welsh North West 

1988 5.49 10.15 
1989 4.39 16.80 0.90 0.82 
1990 5.53 8.56 0.78 0.63 
1991 3.20 6.40 0.62 0.51 
1992 3.83 5.00 0.69 0.40 
1993 6.43 0.68 0.63 
1994 7.53 1.02 0.71 
1995 7.84 1.00 0.79 
1996 3.74 0.73 0.59 
1997 5.30 0.77 0.35 

1998 5.12 0.69 0.32 
Mean 

1993-97 6.17 0.84 0.61 

1 Fishery has not operated since 1993. 
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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!tra~ 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 
1957 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 43.67 188.61 
1966 44.86 210.59 
1967 . 72.57 329.80 
1968 46.99 198.47 
1969 65.51 327.64 
1970 50.28 241.91 
1971 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 
1990 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 75.03 139.72 
1996 60.35 109.56 
1997 33.72 55.45 
1998 36.85 76.23 

1 - Excludes catch and effort for Solway Region 
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Table 3.3.5.4 Fisheries in the North East Atlantic, summary of trend analyses based on non­
parametric method (1000 iterations) (p <O.l means significance upward trend, 
p>0.9 means significant downward trend). 

Section/Data 
type 

Section 3.3.5 

CPUE 

Section 3.3.9 

Exploitation 
rates 

Fisheries Life Period 'p' Trend 
stage (years) value 

UK (Scotland) net fisheries. Catchltrap month 10 0.996 Dn 

UK (England & Wales) net and flxed engines. Catch per 10 0.3 Nt 
licence-day 

Finland (Teno, Naatamo) and France. Rod 10 0.06 Up 
catch!season, 
Finland (Teno, Naatamo) 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 catch/day 

Burrishoole + Corrib (Irl), North Esk (UK Scot), l SW 
Bush (UK NI), Imsa + Drammen (Nor), Ellidaar 
(lee), Lagan (Swe), Frome + Leven +Lune (UK 
(E&W)) 
Burrishoole + Corrib (Irl), North Esk (UK Scot), l SW 
Imsa + Drammen (Nor), Ellidaar (Ice), Lagan 
(Swe), Fromc +Leven+ Lune (UK (E&W)) 

Corrib (Irl), North Esk (UK Scot), Bush (UK 2 SW 
NI), Imsa + Drammen (Nor), Ellidaar (lee), 
Lagan (Swe) 
North Esk (UK Scot), Bush (UK NI), Imsa + 2 SW 
Drammen (Nor), Ellidaar (lee), Lagan (Swe) 

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

Ponoy, Kitsa,Varzuga, Umba (Russia, White Sea All 
basin) ages 

lO >O.l Nt 

5 >O.l Nt 

10 0.97 Dn 

5 >0.1 Nt 

10 0.999 Dn 

5 0.999 Dn 
10 0.999 Dn 

5 0.22 Nt 
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Ta ble 3.3.6.1 The percent of ISW salrnon in catches from countries in the North East 
Atlantic Commission. 1987-1998. 

Year Finland France Norway Russia Sweden UK (Soot) UK(E&W) 
(l) 

1987 66 77 61 71 61 
1988 63 29 64 53 57 
1989 66 33 73 73 41 63 
1990 64 45 68 73 70 48 
1991 59 39 65 70 71 53 
1992 70 48 62 72 68 55 77 
1993 58 74 61 61 62 57 78 
1994 55 55 69 64 54 75 
1995 59 60 58 70 78 53 70 
1996 80 51 53 80 63 54 63 
1997 70 51 74 82 54 54 73 
1998 75 71 66 82 59 59 83 

1993-97 mean 64 58 49 72 64 54 72 
1988-97 mean 64 49 58 70 55 

l. Refers to rod and line catches only. 
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Ta ble 3.3.7.1 Estimated catcbes (in tounes round fresh weight) of wild, farmed and rancbed salrnon in 
natiooal catcbes in the North East Atlantic (figures for 1998 include provisional vatnes). 

Country Catches of Salrnon 

Year/ Season Wild FWFarmed SEAFarrned Total Ranched 
Farmed 

Norway 1989 707 29 166 195 3 
1990 709.8 29 185 214 6.2 
1991 6825 20 169 189 5.5 
1992 653.7 27 176 203 10.3 
1993 7ff7 18 191 209 7 
1994 781 18 187 205 lO 
1995 654 13 170 183 2 
1996 557 19 203 222 8 
1997 430 21 177 198 2 

F'"'"' 199111992 20.4 10.6 o 
199211993 16.1 5.9 o 
199311994 5.8 !.2 o 
199411995 4.8 !.2 o 
199511996 0.8 0.2 o 
199611997 o o o 
1997119985 

Finland 
1991 68 <l o 
1992 77 <l o 
1993 70 <l o 
1994 49 <l o 
1995 48 <l o 
1996 44 <1 o 
1997 45 <1 o 
1998 48 <l o 

Franre 
1991 13 o o 
1992 20 o o 
1993 16 o o 
1994 18 o o 
1995 9 o o 
1996 14 o o 
1997 8 o o 
1998 9 o o 

Ice-land1 1991 130 3 345 
1992 175 + 460 
1993 160 496 
1994 140 308 
1995 150 298 
1996 122 239 
1997 106 50 
1998 130 34 

Ireland2 1991 400 !.7 2.3 
1992 621 2.3 6.7 
1993 532 I.l 8.1 
1994 789 2.6 12.5 
1995 774 0.7 14.8 
1996 667 l.S 15.9 
1997 566 I.l 3.0 
1998 616 2.1 6.0 

Total 

905 
930 
877 
867 
923 
996 
839 
787 
630 

31 
22 

7 
6 
l 
o 
6 

69 
78 
70 
49 
48 
44 
45 
48 
13 
20 
16 
18 
9 

14 
8 
9 

478 
635 
656 
448 
448 
361 
156 
164 
404 
630 
541 
804 
790 
685 
570 
624 
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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 p1:ovisional values). 

Country Catches of Salmon 

Year/ Wild F<>nned TotalFanned Ranched Total 
Season 

Ru.~~ia 
1991 215 o o 215 
1992 167 o o 167 
1993 139 o o 139 
1994 141 o o 141 
1995 128 o o 128 
1996 131 o o l3l 
1997 111 o o l! l 
1998 131 o o 131 

Sweden 
1991 23 14 38 
1992 24 24' 49 
1993 35 2o' 56 
1994 15 l 293 44 
1995 12 l 24' 37 
1996 10 l 22' 33 
1997 9 o lo' 19 
1998 9 o 6' 15 

UK(E&W) 
1991 200 o o 200 
1992 186 o o !86 
1993 263 o o 263 
1994 307 o o 307 
1995 295 o o 295 
1996 180 o o 180 
1997 !56 o o 156 
1998 143 o o 143 

UK (N.Ire) 
1991 54 <l 55 
1992 85.3 1.1 2.6 89 
1993 80.5 0.2 2.3 83 
1994 90.1 0.5 0.4 91 
1995 80.6 1.5 0.9 83 
1996 74.7 ni a 2.3 77 
1997 90.7 0.07 2.2 93 
1998 74 0.03 LO 75 

UK (Scot)1 1991 448 14 o 462 
1992 569 31 o 600 
1993 516 31 o 547 
1994 644 5 o 649 
1995 586 2 o 588 
1996 427 <l o 427 
1997 296 <l o 296 
1998 280 <l o 280 

l "+" indicates a small but unquantified catch. 
2 Smolts released for enhancement of stocks or rod tlsheries are categorised as wild 
3 Fish released for mitigation purposesand not cxpected to contrihute to natura! 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 availahle. 

70 



Table 3.3.7.2 Proportion of farmed Atlantic salmon (unweighted means) in marine fisheries in 
Norway 1989-1998. n=number of salmon examined. 

Coast Fjords 
Year n No.localities % Range n No.localities % 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 l 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 1194 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 
(l 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). 

l June-18 A~ust 18 A~ust-30 November 
Year n R % Range n R % Range 

1989 5970 39 7 o- 26 1892 19 35 2-77 
1990 5380 39 7 o- 55 2071 23 34 2-82 
1991 4563 31 5 o- 23 1738 25 24 o- 82 
1992 4259 32 5 o -24 1489 22 26 o- 71 
1993 3979 27 4 0-22 1207 19 20 0-64 
1994 3243 18 4 o- 19 1699 19 22 o -75 
1995* 3554 27 4 0-20 1057 19 28 o -71 
1996* 3020 29 7 o- 54 1443 23 31 o- 82 
1997 2747 30 9 o- 34 1892 36 29 o- 83 
!998 3419 29 8 o- 37 1492 26 22 o- 95 

* In 199 5 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 farmcd Atlantic salmon in the River Teno (Finland, Norway) during the 
fishing season (June-August) and after the season (September-Octoher). 

Fishing season (Inne-August) 
Year nof noffanned %of 

samp1es fish farmed 

1987 1430 l 0.07 
1988 1026 l 0.10 
1989 2096 5 0.24 
1990 2467 11 0.45 
1991 3146 11 0.35 
1992 3748 2 0.05 
1993 2413 l 0.04 
1994 1529 6 0.39 
1995 1604 5 0.31 
1996 2173 3 0.14 
1997 3881 7 0.18 
1998 3722 10 0.27 

After season (September-Octoher) 
n of n of farmed % of 

samples tish farmed 

19 
7 

8 
28 

lO 
4 

l 
o 

47.3 
37.5 

12.5 
0.0 

Table 3.3.7.5 Salmon farm cscapees 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 1992 1993 1994 1995 1996 1997 1998 

Total run 
(exet. ranched) 2344 2570 3253 2064 1527 J)9 1681 2961 
No. escapees 3 24 18 54 6 2 4 6 
%in sample 0.13 0.93 0.55 2.62 0.39 0.18 0.24 0.20 

Table 3.3.7.6 Geographical dislribution by frequency(%) of escaped farmcd fish localed among commcrcial catch 
samples for UK (Northcm lreland) and lreland inshore catches (1991-1998). 

Frequency(%) 

Localion 1991 1992 1993 1994 1995 1996 1997 1998 

Northern lrcland (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 0.06 0.10 

S. West 0.00 0.01 1.05 1.08 0.19 0.42 0.47 1.10 

S. and East 0.00 
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Table 3.3.7.7 Frequency of occurrence of escapcd larmed salmon among Scottish fisherics for wild sahnon (1981-1998). 

Year Net 

East Riggs Redpoint Achiltibuic Culkein Strathy Bonar B. 

% % % Clachtol % % 

% 

1981 'O 'O 'O 
1982 'O '0.3 'O 
1983 'O 'O 'O 
1984 'O 'O 'O 
1985 "() 'O "() 'O 
1986 "0.6 "() 'O 

1987 'O '1.3 'o 'O 

1988 '1.5 '0.6 "() 

1989 '6.6 '6.1 '0.7 

1990 a,b,czz '4.7 '3.8 'O 
1991 '·'·'19.8 '8.6 '7.3 '0.4 

1992 '·'·'18.5 '3.5 '2.3 '0.5 

1993 '·'·'37.5 '·' 14.4 '·'15.2 a,b0.7 

1994 '·'7.7 a.b7. l a,b0.6 

1995 '·'14.5 '·'4.2 a.b4.1 

1996 '·'4.84 '·'6.9 a,b3.4 

1997 a, bo a, bo a,b2.1 

1998 ''3.45 a,b2.8 '·'o.5 

Detected by )norphological characters, bsGtles growth patterns or ccarotenoid pigment analysis. 

___, 

"' 

Spe y Dee 

% % 

a, bo 
a, bo a, bo 
a, bo ''O 
a, bo a, bo 
a, bo a, bo 
a, bo a, bo 
a,bo 

a,bo 

'·'0.08 
a,bo 

'·'0.14 
a, bo 

Rod 

N.Esk Tay Tweed N.Esk 

% % % % 

a, bo 
a,bo o,bo a,bo 

a,bo a, bo o., bo 
a,bo a, bo a, bo 
a,bo a, bo ''O a, bo 
a, bo ''O ''O •'o 
a, bo a,bo a, bo a, bo 
a. bo ''O a, bo a, bo 
a,bo a,bo a,bo •'o 
a,bo a, bo '·'0.13 ''O 
'·'0.13 a, bo •'o a, bo 
a,bo '·'0.13 "() ''0.16 
a, bo a,ho a, bo ''0.15 
a, bo '·'0.18 ''0.4 '·'0.3 
a, bo a,bo a, bo ''O 
a, bo a, bo •'o a, bo 

''O a, bo 
'·'0.05 ''O '·'0.35 
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1 aUI~ 3.3.9.1 Estimated exploitation rates (in %) of sal mon in homewater fisheries in the North East 
Atlantic area (lreland and UK) 

lrcland' UK (England and Wales l UK (Northem Ireland) ' UK (ScoUand)' 
Burrishoole Corrib Dee Dee Itchen Test Frome Leven Lune Lune River Bush North Esk 

nct net net rod rod rod rod rod rod rod net net net net ne! In-river netting 
Year HR w w w w w w w w w w w W/HR HR!+ HR2+ w w 

lSW lSW 2SW lSW MSW (all agesJ (all agesJ (all ages)(all agesl(a!l ages)(all ages) lSW 2SW lSW lSW lSW 2SW 

1985 86 66 11 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 25 26 
1990 52 31 45 47 36 lO 30 36 61 38 63 70 36 34 
1991 65 19 19 6 10 43 26 8 27 30 65 43 57 46 lO 15 
1992 71 24 28 14 18 29 25 9 - 33 30 56 33 74 75 28 27 
1993 71 31 82 11 15 39 33 11 27 21 30 41 12 67 71 25 18 
1994 73 50 o 15 21 39 32 13 28 35 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 19 10 
1997 68 38 8 9 14 14 7 26 25 29 60 79 75 12 12 

1998 3 nla nla n/a 10 lO 36 23 9 n/a 24 14 n/a n/a n/a ni a 23 12 
Mean 

1988-97 72 37 38 lO 14 35 29 10 33 27 32 63 38 73 69 22 21 

1993-97 75 44 44 10 13 31 26 11 33 26 29 56 31 73 72 18 14 

1 Estimate based on microtag recoveries raised to total catch and induding estimate of non-catch fishing mortality. 
2 Estirnatc hased on t:ounter and catch figures. 
3 Provisional figures. 
'Probably underestimated. 
HR = Hatchcry reared. 
W=Wild. Continued ........... 

'-' = -no data 



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

lce1and' 
E1lidaar Drammen 

rod rod 
Year w W/HR 

1SW 
1985 40 33 
1986 34 50 
1987 54 44 
1988 45 53 
1989 41 35 
1990 41 33 
1991 37 28 
1992 48 46 
1993 41 45 
1994 49 42 
1995 43 53 
1996 56 47 
1997 50 45 
1998 55 47 

Mean 
1988-97 45 43 
1993- 97 48 46 

1Estimate ba~;ed on counter and catch figurcs. 
2Estimatcs based on counter catch figures. 

ISW 
57 
81 
64 
70 
40 
23 
54 

20 
42 
29 
7 
15 
20 

33 
23 

Norwal::2 

net net 
HR' w 

2SW ISW 
73 

50 79 
52 56 
47 51 
59 65 
40 42 
59 37 
51 61 

53 
34 58 
40 
23 66 
23 58 
36 13 

42 55 
30 59 

3Estimate based on external tag recoveries anJ. be fore 1994 on as:.::umed 50% 

exploitation in the river brood stock fishery and in 1994-96 on mark-rccovcry cstimates. 
4HR in R. Drarrunen, R. Imsa and R. Lag an are poolcd groups of l+ and 2+ smolts. 
5Prnvisional figures. 

'Net on1y. 
W=Wild 

HR = Hatchery reared. 
'-' -; no data 

-.l 
V. 

Swcden' 
!ms a Las an 

net net 
HR' HR 4 

2SW ISW 2SW 1SW 2SW 
94 81 100 81 
82 78 90 93 82 
95 83 95 78 55 
80 78 91 73 91 
74 44 65 76 86 
42 47 68 80 82 
72 50 66 91 92 
76 74 91 73 98 
80 85 89 89 82 
80 70 94 70 100 
86 56 88 58 70 

80 89 64 78 
80 66 55 58 
40 JO 66 83 66 

74 65 82 73 84 
82 71 90 67 78 

Reporting rates for external lags: 

Norway 0.50 
Sweden 0.65 
E1sewhere 0.50 

Continued .......... 
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Table 3.3.9.1 (cont'd) Estimated exploitation ratcs (in%) of sal mon in homewater fisheries in the North East Atlantic area 
(Russia) 

Russia'·6 Barents sea basin l Russia 1'
6 White sea. bas in 

B.Z.Lilsa Ura Tuloma Kola Ponoi K~sa Varzuga Umba 
nei nei net nct nct and rods nei nei nei 

Year w w w W+HR w w w w 
all sea a~es 

1985 48 49 47 90 47 46 39 50 
1986 49 50 50 77 50 44 49 50 
1987 49 49 49 91 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 32 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 7 22 27 8 
1996 42 49 43 66 l() 7 20 14 8 
1997 30 32 16 43 19 21 12 9 
1998 24 24 o 31 14 20 32 o 

Mean 
1988·97 44 48 43 72 35 27 28 14 

_!2.93- 97 40 48 38 68 14 20 22 JO 

1Estimate based on counter and catch tigures. 

'Net on! y. 
7 Cornmerdal fisheries on the Ponoi werc closed in 1993 and catch-and~release rod fishing was introduccd. 

, ______ _ 



Table 3.4.1.1 

COUNTRY 

Conservation limits achievement (egg deposition /conservation limit) 
in rivers in the NEAC area. 

RIVER 

YEARS 
19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 

Rivers ranked by mean% Conservation Limit achieved over the last lO years. 

::l 

Fraction of conservation limit attained: > 2.0 
(egg deposition l conservation 1.0 - 2.0 

o .50 - 1 .o 
0.25 - o .50 

o - 0.25 
N/A 
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Table 3.4.2.1 Wild smol • -~~u~~ . -~~····-·-~, ~-~ ,~ '-····- ~ ·- ~~ ~u ' ""-'' •••--•• ~-- U~ AU --·~---~-~·--~ -~-,- ••• ......, •• ~ ...... .! ...... -~~··-~-.-f· 

Finland NOIWav 
Year River Teno River1 River River River" River" River.: River River River Orkla 

lnaTiioki Utsjoki Ylapulmankijoki Tsarsioki Karh:asioki Kuoppilaioki Halsclva Imsa 
Juvenile Juvenile Juvenilc Smolt Smolt Smolt Smolt Smolt Smolt Smolt 
Survey3 Survey3 Survey3 Total Trap Total Trap Tolal Trap Total Trap Total count Total Estimate 

Count 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
197R 
1979 19.9 18.0 93.2 
1980 26.4 37.2 46.2 
1981 13.45 17.9 52.3 3,214 
1982 36.6 19.7 70.5 736 
1983 53.4 51.8 86.5 1,287 121,000 
1984 39.1 40.6 70.7 936 183,000 

1985 60.8 40.8 84.2 892 173,000 

1986 52.0 40.5 41.5 477 227,000 

1987 45.1 45.5 70.8 480 238,000 

1988 33.4 46.2 49.0 1,700 152,000 

1989 36.1 37.9 81.3 2,500 2,495 7R8 1,194 -
1990 35.3 51.1 101.5 3,058 2,615 2,576 812 1,822 323,000 

1991 40.7 53.2 32.3 2,447 1,828 1,349 739 1,377 1,995 243,000 

1992 25.85 48.2 51.2 3,538 4,219 435 257 865 1,500 262,534 

1993 34.0 41.5 66.7 2,825 3,078 1895 70 613 398 297,264 

1994 50.8 60.9 96.9 1,268 2,794 706 142 494 - 165,875 

1995 45.7 40.5 63.5 - - - 497 338 174,677 

1996 32.3 27.1 48.7 - - - - 558 682 162,522 

1997 27.2 38.3 56.7 - - - - 1,013 1,180 225,471 

1998 24.1 38.4 57.0 - - 1,106 887 124,545 

Mean 
93-97 38.0 41.7 66.5 - - - - 635 650 205,162 
Major trihutary of River rena - L Tribut.a.ry of River Tcno. Smolt traps out of commission since 1995. 

'l Juvenile survcy rcprcsents mean fry and parr abundance (number 100m2 caught by electrofishing) al35, 10 and 12 sites respectively. 
4 Smolt lrap catch represents part of the run. 5 Incomplete data. Minimum numbcrs due to high water levels. 

Sweden 
River 

Hogvadsån 
Smolt 

Partial Count4 

9,771 
2,610 

367 
627 

1,564 
4,742 

242 
-
-

1,184 
184 
363 
247 
-
38 

103 
1,064 

500 
1,566 
2,982 
4,961 
4,989 
2,076 
3,173 
2,571 

882 
1,042 
1,235 
1,247 
1,305 

993 
1,525 

795 
703 

1,140 

1,064 

Continued ..... 



Tahle 3.4.2.1 (Cont'd) Wild smolt counts and estimates, and juvenile surve y data on various index stremns in lhe Norlh East Atlantic 
(lceland, France, Ireland, UK(N.Ireland), UK(E&W),UK(Scotland) 

Iceland Prance Ir~:: land UK (N Ire land) UK (Scotland 
Year River River River River River River River River Girnock Baddock 

Ellidaar Vesturdalsa Ni velle Oir Bresle B urrishoole Bush North Esk Burn Burn 
Smolt Smolt Juvenile Smolt Smolt Smolt Smolt Juvenile Smolt Smolt Smolt 

Estimate Estirnate Survev6 est. est Total trap To tal Tr"!!_ Surv~ est. Totallr!!l'_ Total Ir"!!_ 
1964 275,000 
1965 183,000 
1966 172,000 
1967 98,000 2,057 
1968 227,000 1,440 
1969 - 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 9,434 14,509 195,000 1,640 
1982 3,120 10,381 10,694 160,000 1,626 
1983 3,155 9,383 26,804 32.6 - 1,747 
1984 2,095 7,270 30,009" 19.5 225,000 3,247 
1985 29,000 882 529 4,130 6,268 30,5188 7.6 130,000 2,716 
1986 - 6,8819 1,312 1,940 5,376 18,442 11.3 - 2,091 
1987 - 11,0399 363 1,080 3,817 21,994 10.3 199,000 1,132 
1988 23,000 9,9469 419 2,400 6,554 22,783 8.9 - 2,595 
1989 22,500 14,642 6,6589 830 - 6,563 17,644 16.2 141,000 1,360 
1990 24,000 11,115 2,5059 808 - 5,968 17,133 5.6 175,000 2,042 1,907 
1991 22,000 9,300 5,2879 202 - 3,804 18,218 12.5 236,000 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 -Il 2,640 226 1,700 5,429 11,583 10 7.8 2,147 --
1994 14,500 -Il 8,0929 539 2,400 5,971 14,145 11.5 148,000 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 
1997 16,500 17,200 5,888 724 6,300 6,331 10,783 6.9 143,000 2,788 2.913 
1998 5,392 1,034 1,650 9,588 14,819 3.5 - 1,652 1,417 
Mean 
93-97 18,040 11,817 5,456 045 1,640 5,917 12,269 8.9 147.750 1,970 1,902 

Estimate of 0+ parr population size in autumn. 
7 

Juvenile surveys re present index of fry (0+) abundanct (numbcr per 5 minulcs clccrrofishing) al 137 sites, ba~ed on natural spawning in the prcvious year. 
~;The se smolt counts show effects of enhancemcnt. 9 lntlm:nced by enhancement (fry releascs). 10 Minimum cstimate due to severe flooding. 11 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 mcthod (1000 iterations). (p <O.l 
means significance upward, trend, p>0.9 mcans significant downward trend). 

Type of data Rivers (Countries) Life stage Perlod 'p' Trend 
(years) value 

Section 3.4.2 Oir (Fra), lrnsa. Halse! va (Nor), Bunishoole (Ir!), Bush Smolts 5 0.056 Up 
Smolt eounts (UK NI), Hogvadsån (Sweden), 

10 0.59 Nt 
Orkla (Nor), North Esk, Gimock, Baddoch (UK Scot), Smolts 5 0.523 Nt 
Ellidaar (lee). 

lO 0.997 Dn 

Section 3.4.4 Corrib (Id), Bush (UK NI), lrnsa (Nor), North Esk (UK lSWreturn 10 0.73 Nt 
Wild smolt Seot), Elidaar + Midfjardara(lce) to 

homewaters 
survival Corrib (Id), lrnsa (Nor), North Esk (UK Seot), lSWreturn 5 0.99 Dn 

Elidaar+Midfjardara (lee) to 
homewaters 

Corrib (Ir!), lmsa (Nor), North Esk (UK Scot), Midfjardara 2SW return 10 0.88 Nt 
(lee) to 

homewaters 
Corrib (lrl), lrnsa (Nor), North Esk (UK Scot), Midfjardara 2SW return 5 0.46 Nt 
(lee) to 

homcwaters 

Section 3.4.4 Kollafjordur+Midfjardara (lee), Bunishoole (Ir!), Bush lSW return 10 0.966 Dn 
Hatehery smolt (UK NI), lrnsa and Drammen (Nor), Lagan (Swe) to 

homewaters 
survival Kollafjordur + Midfjardara (lee), Burrishoole (Ir!), Bush lSWreturn 5 0.547 Nt 

(UK NI), lrnsa and Drammen (Nor), Lagan (Swe) to 
homewaters 

Kollaljordur + Midfjardara (lee), lmsa + Drammen (Nor), 2SW return 10 l Dn 
Lagan (Swe) to 

homewaters 
Kollafjordur + Midfjardara (lee), lrnsa +Drammen (Nor). 2SWreturn 5 0.931 Nt 
Lagan (Swe) to 

homcwatcrs 

Trends: Up = significant 
incrcasc 
Dn = signilicant 
decreao;;e 
Nt=no 
trend 
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Table 3.4.3.1 Wild adult counts to various ri vers in the North East Atlantic area (lceland, Sweden and Russia). 

lce1and Sweden Rus sia Russia Russia Russ i a Rus.o.;ia Russia Russia Russia Russia 

Year River River River River River River River River River River R.Zap. 
Ellidaar Hosvadsån Ura Kitsa Tuloma VarzuS:a Keret Ponox1 Kola Yokanga Lit ca 

Estimate Total Total Total Total Total Total Total Total Total Total 
traE traE: traE traE: traE: traE traE trae traE: traE: 

1952 3792 4800 
1953 2526 2950 
1954 2794 364 4010 
1955 4118 210 4600 4855 
1956 2911 144 4800 2176 
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 55480 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 
\967 4839 90 2679 1258 9011 20534 11527 7170 4993 1486 
1968 3024 172 1996 2755 6277 47258 18352 5008 3357 1971 
1969 3580 321 967 2329 4538. 53048 9267 6525 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 10975 8695 1620 1316 
1973 6014 100 2502 2091 9726 45750 20553 9780 869 1319 
1974 6925 270 1968 2352 12784 39360 24652 15419 280 2605 
1975 7184 138 3249 6702 11074 89836 41666 12793 736 2456 
1976 3331 65 2110 4310 8060 57246 44283 9360 2767 1325 
1977 3756 49 2784 4166 2878 35354 37159 7180 2488 1595 
1978 4372 23 1358 2047 3742 18483 24045 5525 1715 766 
1979 4948 15 888 2838 2887 40992 17920 6281 598 700 
1980 2632 260 957 1073 4087 43664 15069 7265 1052 548 
1981 2656 512 438 2173 3467 32158 11670 7131 472 477 
1982 4275 572 1205 1953 4252 26824 9585 5898 1200 889 
1983 3257 447 2108 1712 9102 59784 15594 10643 1769 1254 
1984 1659 629 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 6508 3212 1815 
1987 2191 1475 17X8 3495 5470 137419 3427 21212 6300 3468 1498 
1988 4435 1283 1252 3667 go69 72528 3294 20620 5203 2270 575 
1989 4329 480 2434 1305 8413 65524 3531 19214 10929 2850 2613 
1990 3383 879 1558 2299 11594 56000 2520 37712 13383 3376 1194 
1991 3020 534 1328 988 7253 63000 690 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 77SOO 753 28600 9730 2500 2100 
1995 2509 156 1461 700 4737 42290 1066 33100 6051 1153 1916 
1996 2170 249 1171 976 4424 67900 391 32600 7700 2700 2330 
1997 1132 189 2028 1076 4405 73430 180 32685 6180 2700 1350 
1998 875 160 1100 1031 3338 83050 607 41786 4848 1510 
Mean 
93--97 2294 367 1674 783 4280 69236 615 30757 8212 2263 1993 
'Mark recapture estimate from 1994. 

Continued .... 
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Ta ble 3.4.3.1 Con l' d Wild adult counts to various ri vers in the NE Atlantic area. (Russia and UK). 

Russia UK UK UK UK UK UK UK UK UK UK UK UK UK 
(E&Wl (E&W) (E&W) (F.&W) (E&W) (E&W) (E&W) (E&Wl (E&W) (N!) (ND (NI) (N!) 

Year Umba Usk Frome Test Itchcn Kent Leven Tamar Dee T"une Roe Bush Faughan Mourne 
Total trap Counter Countcr Counkr Counkr Counler Counter Counter Counter Counler Counter Total Counter Counter 

+ cakh + calch + calch tra 
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 2959 
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 3772 1820 3262 2226 
1980 5924 2863 3288 3146 
1981 6252 1539 3772 2399 
1982 8690 1571 2909 4755 
1983 7850 1030 2410 1271 
1984 6326 6721 2116 1877 
1985 12190 2443 9077 8149 
1986 8568 2930 4915 6295 
1987 10040 2530 907 2322 
1988 8455 7446 4093 1507 1336 2832 3228 7572 
1989 12029 1719 3186 1730 791 \\37 8785 1029 8287 9497 
1990 9040 2532 1880 790 367 2216 8261 1850 6458 11541 
1991 6400 2746 805 538 152 1736 667 7591 2341 4301 7987 
1992 8400 3108 900 614 357 \8\6 394 4643 5567 2546 7375 7420 
1993 8500 5197 1182 1249 852 1526 469 9757 10852 3235 8655 17855 
1994 6800 9120 1078 775 374 2072 562 6343 5285 9236 2010 7439 19908 
1995 7340 6189 1016 647 8RO 2762 329 5623 5703 61ll 1521 5838 7547 
1996 6450 6926 1353 623 437 3246 387 3975 4931 6080 1097 13297 5475 
1997 6200 nfa 1157 361 246 1476 233 2813 5496 4371 1677 6979 
1998 6440 nfa 1210 898 453 4871 3112 6661 7457 2600 2995 6077 
Mean 
93-97 7058 6108 1157 731 558 2216 396 4689 6234 7330 1908 6127.2 11553 

'Minimum count. 
Jn the UK(Scotl.)Girnock, the trap is located in the Gimock Burn, a tributary in the upper reaches of the River Dee (Aherdeenshire). Jn the UK(Scotl.) N. Esk, counts are recorded upstream of the in·river 
commercial fishcry and most important angling fishery. Thus, the counts do not necssarily reflect the numbers of .fish entering the river. 



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

UK UK UK UK France Franc c France .l'fance Norway Norwa Ire! and 
(Sootl.) (Scotl.) (Scotl.) (Scotl.) ~ 

Year N.E<k West Girnock Baddoch Nivdle Oir Scorff BresJe Imsa Burrishoole 
Water Halselva 

Counter Counter Total Tolal Trap est. Trap Trap Trap Total Total Total trap 
trap trap est. est. est. !rap !rap 

Fem ales Females 
1966 !56 
1967 115 
1968 Ill 
1969 31 
1970 34 
1971 61 
1972 79 
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 7007 58 33 307 110 32 319 
1985 9912 30 61 296 135 31 567 
1986 6987 75 204 216 210 22 495 
1987 7014 110 138 180 200 52 9 468 
1988 11243 112 47 130 235 105 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 43 547 
1992 10795 2809 35 32 234 60 225 35 70 360 
1993 10887 2699 21 27 472 176 75 18 39 528 
1994 11341 2976 37 40 317 155 694• 105 29 516 
1995 9864 2391 71 16 195 128 982 80 9 561 
1996 7993 2656 41 26 214 196 756 40 25 2 405 
1997 11315 2926 9 9 126 67 542 45 77 Il 538 
1998 10474 2422 Il 10 160 189 551 270 38 16 516 
Mcan 
93-97 10280 2730 36 24 265 144 744 69 32 17 510 

1 Grilse only 
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rable 3.4.4.1 Estimat ed survival of wild smolts (%) to re turn to homewaters (prior to coastal fisheries) for various monitored ri vers in the 

NE Atlantic area. 

Smolt lceland1 

rnigration Ellidaar R.V csturdalsa 4 

year 1SW lSW 2SW 

1975 20 
1980 
1981 
1982 
1983 2 
1984 
1985 9.4 
1986 
1987 
1988 12.7 
1989 8.1 l. l 2 
1990 5.4 l. O 1.0 
1991 8.8 4.2 0.6 
1992 9.6 2.4 0.8 
1993 9.8 
1994 9.0 
1995 9.4 1.6 1.2 
1996 4.6 1.4 0.3 
1997 5.3 0.7 
.Mean 

1993-1997 7.6 1.2 0.8 

1 Mkrotags. 
2 Car lin Lags, not corrcctcd for tagging mortality. 
3 Microtags, corrected for tagging mortality. 
4 Assumcs 50% cxploitation in rod fishcry. 
5 Minimum estimates. 
6 From 0+ stage in autumn. 
7 Incomp]ete retums. 
8 Assumes 30% exploitation in trap fishery. 

R.Midt]ardara4 

1SW 2SW 

2.4 1.4 
0.6 0.9 
0.2 0.7 
1.2 1.3 
I.l 0.5 
1.4 0.5 
l. O 1.1 
1.4 0.6 
0.3 0.9 
1.2 0.4 
1.2 

1.0 0.8 

Ireland UK (N.Jre1and)8 
Norwal:2 UK (Scotland)' 

River Corrib River Corrib R. Bush R.lmsa North Esk 

lSW 2SW ISW3 lSW 2SW !SW 2SW 

9.4 1.6 
11.8 3.8 17.3 4 13.7 6.9 
15.6 2.7 5.3 1.2 12.6 5.4 
10.6 1.2 13.5 1.3 
19.8 1.7 12.1 1.8 to 4.1 
15.4 1.4 10.2 2.1 26.1 6.4 

31.3 3.8 4.2 
12.0 l. O 35.1 17.3 5.6 13.9 3.4 
12.4 0.5 36.2 13.3 1.1 
5.3 1.0 25.0 8.7 2.2 7.8 4.9 
4.4 0.6 34.7 3.0 1.3 7.3 3.1 
5.6 O.l 27.8 8.7 1.2 11.2 4.5 
5.9 29.0 6.7 0.9 
9.0 0.8 15.6 
7.8 0.7 27.1 17.2 2.3 
6.7 ni a ni a 1.8 1.5 11.5 5.1 
4.1 ni a 31 3.5 0.7 10.7 3.2 
u/a ni a ni a 1.7 10.3 

6.9 cu: 29.1 5.7 I.l 12.4 3.5 

France 

Nivelle6 Bresle 

3SW All ages All ages 

0.3 
0.2 

O.l 
0.2 

15.1 
O.l 2.6 

2.4 
O.l 3.5 
0.2 1.8 

9.2 
8.9 6.9 
8.3 10.3 

O.l 7.2 7.5 
O.l 2.3 ni a 

4.2 ni a 
2.67 4.87 

O.l 5.5 8.9 



Tu.ble 3.4.4.2 E<>timated survival of wild smolts (%) into freshwater for various monitorcd ri vers in the NE Atlantic area. 

Iceland1 

Smolt River River River 
year 

Ellidaar Vesturdalsa5 
Mid ardara5 

JSW lSW 2SW !SW 2SW 

1975 20.8 

1979 

1980 

1981 

1982 

1983 2.0 
1984 

1985 9.4 
1986 

1987 2.4 1.4 
1988 12.7 0.6 0.9 
1989 8.1 I.l 2.0 0.2 0.7 
1990 5.4 l. O l. O 1.2 1.3 
1991 8.8 4.2 0.6 I.l 0.5 

1992 9.6 2.4 0.8 1.4 0.5. 
1993 9.8 !.O 1.1 
1994 9.0 1.4 0.6 
1995 9.4 1.6 1.2 0.3 0.9 
1996 4.6 1.4 0.3 1.3 0.4 
1997 5.3 0.7 1.2 

1 Microtags. 
2 Carlin tags, not corrected for tagging mortality. 
3 Minimum estimate. 
4Bcforc in~rivcr netting. 

00 
V. 

Treland lrcland UK(N.Ireland) 

River River 
Corrib8 Bmrishoolc River Bush 

!SW 2SW !SW !SW 2SW 

7.3 

2.6 0.8 3.1 

3.3 l.S 5.4 9.5 0.9 

5.7 1.6 5.8 7.8 0.8 

3.2 0.7 3.4 1.9' 1.7 
4.5 0.7 7.8 6.4 1.4 

4.0 0.8 7.9 7.9 1.9 
8.7 9.7 1.9 

6.0 0.4 12.0 12.0 0.4 

3.7 O.l !O.l 3.9 0.8 

2.5 0.4 3.5 9.3 1.4 

2.3 0.6 9.2 11.8 1.7 
2.5 O.l 9.5 12.0 22 

2.7 7.6 16.8 2.0 

1.9 0.2 9.5 15.1 2.0 

1.8 O.l 9.4 8.9 0.7 

1.9 n/a 6.8 nfa 2.4 
1.6 nfa 9.2 12.1 2.1 

nfa nfa n/a 14.5 

Norwai UK (Sootland) 1 France 

River lmsa North Esk4 Oir3 Nivelle6 Bresle 

!SW 2SW !SW 2SW 3SW All All All 

2.1 0.3 4.2 2.0 0.2 

0.7 O.l 4.9 2.2 0.2 

2.4 O.l 3.2 

3.2 0.3 3.9 2.1 O.l 7.7 

2.1 O.l 59 2.9 0.2 7.5 

1.7 0.8 3.6 15.1 

8.3 1.5 6.7 2.1 O.l 7.3 2.6 

4.5 0.6 2.0 2.4 

4.9 0.6 3.5 2.7 O.l 1.6 3.5 

1.7 0.3 4.2 2.1 0.2 3.5 1.8 

3.4 0.2 5.2 2.3 0.2 11.3 9.2 

3.1 0.2 5.4 8.9 5.8 

7.0 17.0 8.3 6.3 

4.9 2.0 OJ 3.0 7.2 4.3 

0.6 0.3 5.2 3.2 O.l 4.0 2.3 nfa 
1.5 0.4 5.5 2.8 4.0 4.2 2,7 

1.7 6.1 2.6 4.47 

5 A.ssumes 50% exploitation in rod fishery. 
6 Survival of O+parr to adults. 
7 Jncomplete returns. 
~ A<isumcs 30% exploilation in trap fishery. 
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... .,le 3.4.4.3 Estimated survival of hatchcry smolts (%) to adult rcturn to homewaters, (prior to coastal fisheries) for various monitored rivers and 
experimental facilitics in the NE Atlantic area. 

Iceland1 lreland1 

Smolt year R. Midfjardara3 R. Burris-
hoole3 

1SW 2SW 1SW 

1981 10.5 

1982 9.7 
1983 0.0 0.2 3.64 
1984 0.5 0.2 25.1 

1985 0.4 O.l 28.9 
1986 0.4 0.7 9.4 
1987 2.7 0.7 13.6 

1988 0.7 0.2 17.9 

1989 0.7 0.4 5.1 

1990 1.9 0.5 10.5 

1991 1.8 0.2 8.4 
1992 1.3 0.2 7.5 

1993 0.5 0.2 12.3 

1994 l. O 0.2 11.5 

1995 0.8 O.l 16.8 

1996 O.l 0.0 5.6 

1997 0.9 n/a 

1Microtagged. 
2Carlin tagged, not corrected for lagging mortality. 
3Retum mtes to rod fishery with constant effort. 

N. Ireland1 

R. Bush (lSW) 

1+ smolts 2+ smolts 
- -
- -

1.9 8.1 
13.3 -
15.4 17.5 
2.0 9.7 
6.5 19.4 
4.9 6.0 
8.1 23.2 
5.6 5.6 

5.4 8.8 

6.0 7.8 

1.1 S.R 

1.6 -
3.1 2.3 

2.0 n/a 
n/a 

NorwaY' Sweden2 

R. lmsa R. Drammen R. Lagan 

1SW 2SW 1SW 2SW 1SW 2SW 

!O.l 1.3 - - - -
4.2 0.6 - - - . 
1.6 O.l - - - -
3.8 0.4 3.5 3.0 11.8 1.1 
5.8 1.3 3.4 1.9 ll.8 0.9 
4.7 0.8 6.1 2.2 7.9 2.5 

9.8 1.0 1.7 0.7 8.4 2.4 

9.5 0.7 0.5 0.3 4.3 0.6 
3.0 0.9 1.9 1.3 5.0 1.3 
2.8 1.5 0.3 0.4 5.2 3.1 
3.2 0.7 O.l O.l 3.6 1.1 
3.8 0.7 0.4 0.6 1.5 0.4 

6.5 0.5 3.0 1.0 2.6 0.9 
6.2 0.6 1.2 0.9 4.0 1.2 
0.4 0.0 0.7 0.3 3.9 0.6 

2.1 0.2 0.4 0.3 3.5 0.5 

0.9 0.5 0.9 



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. 

Jceland1 Ireland1 N. lreland1 Norwa:[ Sweden4 

Smolt R.Burri- R. Bush (lSW) R. hnsa R. Drammen R. Lagan 
year R. Midfiardara' shoole3 

lSW 2SW lSW 1+ smolts 2+ smolts lSW 2SW lSW 2SW ISW 2SW 

1981 1.3 2.0 O.l 
1982 1.7 0.2 0.03 
1983 0.0 0.2 0.5 O.l 0.4 O.l 0.0 
1984 0.5 0.2 3.4 0.9 0.6 0.03 2.5 1.2 
1985 0.4 O.l 4.0 2.8 4.3 1.3 0.13 0.6 0.9 
1986 0.4 0.7 O.l 2.1 I.l 0.07 2.2 I.l 
1987 2.7 0.7 3.4 1.8 8.2 2.1 0.3 0.5 0.3 

1988 0.7 0.2 3.3 0.4 1.0 4.8 0.2 0.3 0.2 
1989 0.7 0.4 2.5 2.9 6.8 1.5 0.3 1.4 0.6 
1990 1.9 0.5 3.7 2.4 3.0 1.3 O.l O.l 0.2 

1991 1.8 0.2 2.5 1.4 2.2 0.8 O.l 
1992 1.3 0.2 2.2 2.0 2.3 0.6 O.l 0.3 0.4 O.l 

1993 0.5 0.2 3.3 0.3 2.0 2.2 o 1.7 0.6 1.1 0.6 

1994 1.0 0.2 1.8 0.5 2.6 O.l 0.8 0.6 3.0 0.6 

1995 0.8 O.l 3.1 0.57 0.55 O.l 0.0 0.7 0.3 1.4 0.3 

1996 O.l 0.0 1.8 0.41 0.57 0.7 O.l 0.3 0.2 1.6 0.5 

1997 0.9 n/a no rckase 2.76 0.9 0.4 0.2 

1 Microtagged. 
2Carlin tagg ed, not corrected for Lagging mortality. 
3Retum ratcs to rod fishcry with constant e!Iorl. 
4Carlin taggcd, not corrccted for Lagging mortality. Retum rate to hroodstock and rod fishery. Estimated exploitation in broodstock fishcry in 1994 and 1995 : 49% and 27%. 
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Tab1e 3.5.1 Assessment of tbe effects of the suspension of commercial fis bing at Faroes on the numbers of sal mon 
returning to home waters. 

Fishing season 
1991192 1992/93 1993/94 1994/95 1995/96 1996197 

NASCO quota (t) for the calender year if fisbery operated a 550 550 550 550 470 425 

Expected No. flsh landed if quota bad been taken b 147,Q48 162,850 182,027 172,931 142,037 128,438 

Discard rate 8.8% 9.4% 14.4% 15.1% 11.9% ' 11.9%' 

Discard mortality 80.0% 80.0% 80.0% 80.0% 80.0% 80.0% 

Expected No. fish l<illed if fisbery operated 158,399 176,367 206,524 197,536 157,422 142,350 

No. fish killed in research fishery 9,350 9,099 3,035 4,187 282 o 
Total number of fish saved per year 149,049 167,268 203,489 193,349 157,140 142,350 

Proportion of farmed fi.sh in catch 37.0% 27.0% 17.0% 19.0% 19.0% 19.0% 

N umber farm escapee..<; spared 55,148 45,162 34,593 36,736 29.857 27,046 

N umber of wild fish spared 93,901 122,106 168.896 156,613 127,283 115,303 

Sea age composition of wild fish: ISW 4.0% 12.0% 16.0% 10.6% 10.7% d 10.7% d 

2SW 83.0% 61.0% t\4.0% 80.8% 72.2% d 72.2% d 

2SW+ 13.0% 27.0% 20.0% 8.6% 17.2% d 17.2% d 

1992 1993 1994 1995 1996 1997 

Additional salmon 1SW 2,842 11~429 21,078 12,949 10,573 9,578 
expected to have returned: MSW 70,809 106,307 134,159 138,533 122,196 105,368 

Estimated lSW .returns to all European bomewaters: e 2,288,367 2,120,034 2,403,850 2,065,777 2,031,660 1,987,470 

% 1 SW retums deri. ved from suspension 
of commeria1 fishing at Faroes: O% 1% 1% 1% 1% O% 

Estimated MSW returns to aU European homewate.rs: o 1,161,890 1,095,400 1,210,235 1,104,759 1,010,548 780,398 

% MSW re turns deri ved from suspension 
of commerial fishing at Faroes: 6% 10% 117, I3% 12% 14% 

Estimated lSW returns to Nortb~rnjil!_rnpean bomewate.rs: ' 1,049.894 914,669 985.292 909,448 906,526 940,116 

% lSW returns deri ved from suspension 
of commerial fishing at Faroes: 0% 1% 1% 1% 1% I% 
(A'>suming 65% from N. Europe) 

Est:imated MSW retums to Northern European homewaters: e 552,741 546,852 541,139 482,513 468,991 378,683 

% MSW retums derivcd from suspension 
of commerial fishing at Faroes: 8% 13% 16% 19% 17% 18% 
(Assuming 65% from N. Eurupe) 

a. NASCO quota agrecd for the calender year in the latter part of the fishing season. 
b. Expected no. landed in year y calculated from quota: Sum(p;fw1 )*Quot:ay, p; is proport:ion of age gro up i, i= l: 2 and 2+SW, 

and W; is mean weight of sea age i. 
c. No data, cstimated from mean discard rate 1992-95. 
d. No data, mean values from 1992-95 data. 
e. Includes fanned escapees. 
f. Data not y et a vailable, mean value from 1994-1996 data 
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1997/98 

380 

140,927 

16.9% 

80% 

163,855 

1465 

162,390 

19.0% f 

30,854 

131,536 

19.2% 

74.6% 

6.2% 

1998 

19,699 
103,169 

2304352 

I% 

773018 

13% 

1091123 

I% 

402698 

17% 

l 
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Table 3.5.2 

Tæe of data 

l SW catches in 
N orthern Europe 

l SW catches in 
Southern Europe 

MSW catches in 
Northern Europe 

MSW catches in 
Southern Euro e 

Russian adult counts 
All ages 

Resu1ts of non-parametric ratio analysis to examine changes in homewater 
catches or retums after the cessation of commercial fishing at Faroes in 1991 

Area considered Periods compared p value Effect 

Finland, Sweden, Norway, Iceland 1987-91 VS 1992-96 0.004 Lower catch 

Norway only 1987-91 VS 1992-96 < 0.001 Lower catch 

Ireland (total catch), UK(Scot), 1987-91 VS 1992-96 <0.04 Lower catch 
UK (E&W), France 

Finland, Sweden, Norway, Iceland 1987-91 VS 1992-96 0.12 Not signitlcant 

Norway only 1987-91 VS 1992-96 0.12 Not significant 

UK (Scot), UK (E&W), France 1987-91 VS 1992-96 0.01 Lower catcb 

R. V arzuga, Ponoy, Kola, 
Y okanga, Zap Li tea, Tuloma, Kitsa, Ura 1988-91 VS 1991-98 0.838 Not significant 

89 
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'able 3.6.2.1 Estlmated number of RETURNING 1SW salmon by NEAC country and year 

Year o .. ~e>i~ 

1971 172,536 
1972 190,675 
1973 20,979 19,124 40 588 966,827 784,514 319,477 
1974 19,114 8564 28017 1064073 737511 299420 
1975 19,278 17,405 40101 1109 097 695 371 316,749 
1976 16141 16063 35014 779163 695837 237445 
1977 14,064 13,021 40,073 688,131 670,254 185,963 
1978 10,514 13104 48 960 618,716 469,594 216,633 
1979 11,236 14 708 47412 547,698 807,887 246,014 
1980 11 278 29 818 15 422 426 906 791 931 163,299 
1981 10,482 24,901 31,968 259,379 569,950 137,327 
1982 7,473 14,708 23,429 470,158 416,960 172,114 
1983 10,958 16,172 32,301 858,358 703,695 247,60/' 
1984 13186 26 273 20187 379 292 751 198 227195 
1985 18,654 9,830 41,303 702,963 775,190 307,529 
1986 17,141 30,561 63,457 728,167 694,785 266,212 
1987 24,184 54,027 41,701 559,275 595,915 412,601 
1988 17 074 19 339 76 619 1 128 528 555 098 221,545 
1989 27508 10323 41334 469599 75968~ 
1990 26,029 17196 38537 365342 6554561298102 
1991 24,757 15,237 46,763 290,602 628,64'!J. 414,014 
1992 39 384 26 887 61 195 426 569 509 807 420 552 
1993 29,044 33,475 58,808 375,253 434,152 372,70( 
1994 19,567 24,905 35,781 530,417 436,896 475,605 
1995 19,989 14,994 50,770 424,826 371,712 441,461 
1996 31644 18958 43121 451037 307603 508739 
1997 27,930 9,554 42 983 533 969 360 454 501,861 
1998 33,326 18,313 71,304 634,682 467,801 514,736 

Rovr A• 27,9181 18,984 493,221 

L UK(NI)I l Total 

E& SD E& SD E& SD 
11,887[_ 122,919(130,291(1306,30Ql2395373 384041 790827 81,878 3186200]" 
9,59a 159,541l118,80!l. 1 ,332, 10a 2,538,193 406,258 968 372 1 o8 3o7 3 506 56~ 

12,001 148788 102374 1571,368 2808481 494,492 1177558 124284 39860401 509.872 
17,292 163,564 103,291 1 427,414 2 766 906 425 305 1101 354 114,887 3 868 26!!1. 
18,437 174,603 90,278 1,184,116 2575501 370154 1089,936 116,229 36654361 387,97~ 

10,457 123,598 63 139 929 808 1 911 771 311 263 994 894 102 794 2,906,66!!1. 327,79S 
4,920 135,681 63,428 985213 1885474 305,219 915274 94,945 2800749 319,64< 
5,731 151,043 83,447 1,039,931 1 906 241 286 785 751 431 77 588 2 657 672 297,09< 
5,948 105,569 55,712 958,334 1682020 290145 1118497 123,880 2,800,518 315.48< 
7649 123943 68541 7061491355357 251344 989579 11319< 

13,456 165 004 57 359 870,713 1 377 355 296,563 763181 87 529 2140 536 309.21,9 
12075 98141 74,358 1,211,260 1868624 448,236 632052 69200 2500676 
16,182 127,709 106,869 1,201,000 2,310,107 391,398 1,010,743 111 986 33~,850 _3_07,10:: 
22086 106972 44868 1185696 1743103 423848 1033852 110634 2776955 
25,873 108,864 55,018 875,380 1 752 054 283 146 1 168 550 133,881 2 920 604 313,203 
28,493 140,001 62,191 1,152,834 2113755 399257 1070087 112,717 3183842 414863 
22,441 122,836 31,327 937 996 1 705 461 338 631 1 096 842 120,651 2 802 303 ~'Q 4A3 
19 044 172 298 69 539 852 272 2 241 976 279 741 889 379 92 521 3131 355 
5,984 126,376 64,322 1,154,350 1824969 539,071 1171067 141056 2996036 557220 

14648 119395 53326 543,102 1098362 256,647 1032772 122247 2131134 284275 
17,462 68,448 30,095 505,561 909 943 234,620 1131 640 143,398 2 041 583 274,972 
18955 63476 58738 662806 1238475 286632 1049892 1310431 315.16' 
19,965 108,205 71,651 616,781 1 205 365 264,418 914 669 119,019 2 
17,443 154,845 50,050 658,341 1 418 558 283,859 985 292 144,366 2 403 850 318 462 
25,517 71,747 46,845 597,915 1,156326 266,035 909448 133,870 2085774 29781~ 

15420 65375 48987 540775 1125133 243327 906526 149317 2031660 28548E 
6889 71921 54698 377212 1047354 184516 940116 143708 1987470 233,87 
3,956 83,118 84,320 392,796 1,213,229 232,495 1,091,123 152,815 2 304,352 278,220 

14,624 93,291 56,303 604,964 1,223,772 928,572 1,013,255 437,955 2,237,026 1,026,67.2 

l 
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Table 3.6.2.2 Estimated number of RETURNING MSW sal mon by NEAC country and year 

Year l l=inbn !:Ille:!. Cl l~ l UK(EW)I UK(NI] 1 Eurooe ' l'o 

Est 
1971 8839 14141 22034 103756 343231 287089 850 67846 27,0891 
1972 13 555 28 156 35 038 114 582 449 756 240 096 588 81 484 23 494 803 129 1 
1973 21,489 17370 30005 122734 495198 409396 2,236 80,168 20470 892875 11336171' 
1974 20 683 7 991 24 498 134 590 475 653 363 356 1 430 78 699 21 000 708 240 950 5201 
1975 18911 17311 30121 140683 432157 457407 337 92400 18,311 769346 10380511 
1976 18200 12523 23065 99165 438916 406821 1005 58833 12705 502541 685767 
1977 16169 9930 29334 87,405 417,251 299321 755 63486 12180 5934381 
1978 1 o 098 9 561 37 909 78 637 299 856 211 674 581 70 052 16 481 708 9321 
1979 6 790 11 285 27 284 69 378 526,868 223 941 1 698 47 900 11 099 572 61 
1980 8543 24086 34213 78210 529435 345649 2868 51,903 13757 661 072] 
1881 13.865 15.316 15,819 63,580 546,021 221,891 863 66,559 11,246 801 

L 1982 15341 9216 16010 26271 437430 175,028 3020 41357 14576 599623[' 691043 
1983 11372 10 os8 18 948 s8 100 435 781 291 395 2 062 50 987 20 999 676 43a 817.11J!J 
1984 13,245 16342 20042 51728 452341 324,205 2,844 43,144 8757 48757( 
1985 14146 12482 11784 47161 413434 348458 1,224 41262 11229 517018f 629153 
1986 9,032 12613 21447 50976 484474 372,528 1,201 54,115 12239 836,16( 
1987 12806 6567 21799 72712 386778181462 3468 46460 6193 580236 712168] 
1988 9,612 18,638 17 823 66 664 303 600 203 869 3 352 61 579 16 359 614,340 777,581 
1989 13,735 8731 15584 47933 281516 123342 9742 45409 12433 536726 
1990 14,520 8855 17544 22860 303138 109955 6507 40276 11499 445,51 
1991 16191 7907 14833 19119 320293 180854 7690 22153 5932 42572. 
1992 15 857 9 889 19 316 35 998 336 695 171 132 9 741 20 776 13 259 529 226 609. 
1993 21 208 4 826 16 023 19 737 257 931 238 401 13,289 25 462 32,075 466,526 548 625 
1994 15989 8621 17817 47139 287295 209975 10,063 47996 11,517 553,823 669097 
1995 14,726 4121 14 946 41,895 285 304 161 298 6,239 27,438 9,888 538,905 622 246 
1996 7.793 7.362 13.223 27.946 267.100 173332 7543 36172 10844 459232 541557 
1997 11 73o 3 783 12199 35 044 2o3 492T"t46~t871' 5 074T 21149[ 12 9o7f 322 8311 401 714 
1998 10,822 3,184 13,003 40,182 233,5751 142,3941 2,9041 17,2331 14,2861 295,4351 370,320 

t!,Ovr Av 14,257 6,728 15~4g~ _33~~ 277,634l165,68:zl 

"' -

7,8791 31,006j 13,4641 457,3~_542,37S 

SD l Est. 
152,357 
196,31 
222,622 
164 454 
152,401 
134,2121 888.007 
159,643 
193347 5601111 
149866 786581 
166 040 920 708 
222,7691 
180,0741 
219 207 765 557 
145 326 812 677 
147,58€, ' 

888,68: 
606,31< 

190 437 538 
180 434 443 91: 
153,414 451 66· 
199,877 
237 130 552 741 
209,157 
243,225 
249105 482 513 
214 204 468,99.1 
146,11~61 378,611< 
132,937 

634,337 

Total 

SD l Est. 
70,433 

J9,187 
!,091, 

94 091 1 836 140 
101 262 1 976 985 
95,70i 
76,625 
59,038 
78,366 

1,749,736 
_93,0211 1,757,071 

70 67' 
81 153 
86 505 1 420 217 
96 436 1 418 199 
98102 1. 
70 993 1 318 482 
58 410 1 315 836 
51 722 1 095 152 
52 0291 
68 232 1 020 501 
70 722 1 161 890 
80,115 1095477 
67 402 1 
55 932 1 

- 62,553 1 
51,20€ 
51,853 

SD 
167,850 
211 681 
?4~ OQR 

1HII,46H 
182,975 
164,842 
177,080 
202.160 
169,118 
192,191 
241,410 
193,448 

169,124 
176,30C 
305,73' 
213,122 
199,193 
187,701 
161,99€ 
211,202 
247,452 
223,97e 

155,622 
142,692 

663,879 
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Table 3.6.2.3 Estimated pre-fishery abundance of MATURING 1 SW salmon by NEAC country and year 

Year Russia UK(NIJI UK Total 

Est. SD Est. SD Est. - SD 
1971 9,434 17,622 46735 889893 589,592 186,643 12,843 133,700 141,109 1,409926 2591649 296,994 845246 87905 3436895 309730 
1972 14591 33410 41903 973497 761222 206116 10404 173454128618 1438145 2747124 316358 1034236 116293 3781360 337056 
1973 22,679 20917 43,485 1,049,016 834,724 345,354 12,990 161656 110950 1,696,471 3039010 384125 1259231 134,601 4298241 407025 

---- - -. --- . - ;4,269 

1980 12339 32567 16,523 463,418 843,138 176,855 8,421 134,974 74,407 763488 1468853 195,506 . --- ---
1981 11,617 27,371 34,244 282054 607914 148995 14,749 179833 62,413 941,381 1493051 229092 8175 
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 344102 678 255 74 695 2 701 628 352116 
1983 12152 17925 34616 931689 750,128 268,278 17,708 139,402 115,953 1299056 2504026 309,455 1082882 120613 3586908 332,129 
1984 14339 28706 21,627 411758 799,418 245,611 23,816 116,559 48,740 1,280,693 1886456 325870 1104811 118,689 2991267 346,812 
1985 20,157 10,805 44,259 762,829 824,792 332,466 27 821 118 484 59 653 945,999 1 897,770 224,342 1 249 495 145 278 3147 265 267 274 
1986 18,592 33,363 68,015 790,174 739,342 287,647 30,677 152,413 67,455 1,245306 2288711 309,457 1144272 119,891 3432984 331,86_§ 
1987 26099 58826 44664 606877 634336 445922 24148 133553 34041 1012610 1845908 259266 1175170 130734 302107 
1988 18501 21151 82094 1224476 590807 239519 20523 187347 75378 919709 2428059 222755 95144• OA"'O ••7o<n31 ?<l07q9 

.,...,." .. t"JAC "'7f'l~ .. ft"7.t ..,,..r A 'li~,......,.. .. ,..,.,. -onc:r ,..,.,. .,,.al .., ,..,..,.. 99"" • ........... 

1997 29955 10369 46"033 579,349 383,228 542145 7370 78048 -1 ':11 1DU! .,.._,l,"t"UII I,I,JO"t,"t~•J'I IVV,fVfl I,UUO,I~I[_ 1'-'f 1Ve..tl -'•l"tV_1_!~I .0:::~'+,00 

1998_l 35,74~ 19,86~ 76,392.1- 688,21!). 497,208 554,900 4,2291 90,2341 91,1941 424,5301 1,314,0351 188,8721 1,168,474[ 162,0911 2,4 

~Oyr Avl 29,9801 462,621 15,6771 101,3381 60,9391 653,2531 1,324,5481 721,4491 1,085,2451 472,6181 2,4i 862,47 



Table 3.6.2.4 Estimated pre·fishery abundance of NON-MATURING 1SW sal mon by NEAC country and year 

Year 

1971 
1972 
1973 

lr~l;:~ R~~~~~ 

16 710 40 496 42 968 183,290 591 498 305 786 
26,210 24 664 36,891 177196 648,693 508,691 
25 193 15 137 30 150 197 899 612 745 447,555 
22,950 22 870 36 888 188 525 566,161 
22 361 21 053 26 350 157 620 562 964t 495 601 
<O~<O '"756 35,641 129896 524694 365192 ........ ,.., . ,... . ... 

.-..-~ --- ~--1977 12,438 16099 45a40 122a46 3a0vfl <OO 110 

1978 a 344 15 967 33 201 101 579 66o 39a 21a 161 
1979 10567 3430a 42345 136361 712733 443112 
1980 16 949 22 27a 21 046 117 472 782 779 320 4 
1981 1a 697 13 572 21 oa5 63 219 643 275 261 9 
1982 21113 136a5 241a9 936546152?3 
1983 16112 20 502 25 051 77 909 605 976 413,4 

l 1984 17 143 15 422 15 15a 69 693 559 794 442,7 
l 1985 11 041 17 597 26 a71 a5 a16 651 477 472 910 

1986 1560a 9612 2723a 107162 532.55A ~46465 

1987 11 722 23 737 21 992 94 667 
1988 16743 13457 19545 a1730 388613 
1989 17612 11229 21794 38646 411a65 152,772 
1990 19670 9519 17856 268a3 402726 2_23,178 
1991 1925a 12455 23,296 48,525 411,050 
1992 25702 6299 19320 28061 316503 2a611: 
1993 19 385 10 215 21 4a2 57 936 351 870 252 210 
1994 17902 4a95 18073 51,823 350360 195757 
1995 9475 aa43 15992 355a3 328647 209154 
1996 14244 4690 14618 43,2a7 243,906 173145 
1997 13,100 3,aa3 15,574 48,730 278,691 16a,354 

10yr Av. l 17,309[ . 8,548[ 1a,755[ 46,1~_:3 

"' w 

l UK(EW~ UK(Ni) 1 Europa Total 

Est. SD Est. SD Est. SD 
4 309 140,36a 27,798 1 156'474 --1 548 426 183 529 961 271 97 637 2 509 697 207,884 
6285 122393 24216 1,192570 1541039 200466 1226771 127259 2767810 
4652128373 2485a 1000952 1367218 143133 1120296 117635 2487515 185270 
3,4a9 126866 21675 99972a 1359664 134740 1192014 125447 2551678 184097 
3840 107,097 15046 767055 1067871 123575 1113137 117201 2181008 170,314 
2704 99,799 14413 816463 1076328 140.293 947.946 99.773 2.024.274 172.153 

~~~ ......... ~- .. ~ .... 
<,<OV Ill O~< l~ OI.< 971 666 1 241 814 176 931 698,776 74 65a 1 940 590 192 037 
4 023 73 731 13 133 761 143 965 552 131 aa7 984133 102 155 1 949 686 166 823 
a 464 98 988 16 265 966 357 1 252 299 14a 962 1 211221 120 35a 2 469 520 191,509 
a912 110669 13325 1,120309 1384053 189940 1150097 115100 2534150 

10614 71,432 17251 a40063 1005538 16635a 955775 a7516 1961313 1a7973 
a125 76 751 24 a5a 899121 1108,068 200 590 1 056,578 9963 2164,647 223 972 
7311 62292 10374 643634 814911 12991a 1067854 10a603 1882765 169331 
5 394 57 094 13 301 666 7aO 822 290 133 375 1 040 220 120 020 1 862 511 179,426 
5 846 83 a63 14,48a 1 097 oa6 1 298 852 247 956 1168146 124 392 2 466 998 277 409 
6,363 70 057 7 329 772 132 966 292 176 936 830 233 8a a61 1 796 525 197,996 
6 416 a5 594 19,385 793 826 1 017 229 166 772 701 476 74 072 1 718 705 1a2 481 

14 786 74 8a6 14 715 741 753 926 542 161 163 608,724 64 561 1 535 266 173 613 
lO 663 55 4a5 13 615 574,a20 693 794 132 995 614 706 65 957 1 308 500 148 
10,358 28 832 7,022 523,299 595 555 172 512 673 789 a3 362 1 269 344 191_, 
12 136 29 631 15,704 655 32a 761 642 205 329 671 907 as 772 ---
16,277 34,400 37 991 576 126 682 877 1a1 049 663 914 101 5a6 1. 207,602 
12482 583aa 13628 668655 808821 216844 657428 a26a2 1. 232,072 
8,004 33,748 11707 651465 753638 219002 590096 68793 1343733 
9,517 44 728 12 831 557 380 659 365 1a6 961 572 785 77 544 1 232150 
6,087 33 934 15 297 390,298 487 506 121 005 452 000 63 399 939 506 136 608 

. 3,455 21,318 16,890 354,951 445,772 111,587 479174 64,618 92~46 128,9~ 

10,3771 41,535J 15,9.4() 681,551 
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Table 3.6.2.5 Estirnated number of 1 SW SPAWNERS by NEAC country and year 

Year France lrelanc Russ l .a 

l eruiSlF 5 000 ""3"450 5 800 3 400 3 500 4 soc 
o/o Fem 12% 77% 47% 60%1 40% 45% 
1971 4536 13832 22215 344450 114265 113554 
1972 6993 27189 19515 373332 
1973 11119 16994 20535 406501 159719 211343 
1974 10058 7574 13813 446263 149,663 199193 
1975 10 330 15,425 19 773 465 739 147,830 208 761 
1976 8336 1(243 17665 325967 149510 10411: 
1977 7042 11621 20619 289807 135636 118113 
1978 5 423 11 669 24 839 261 618 94 263 142193 
1979 5 893 13 063 23 653 229 212 158 488 161 327 
1980 6071 26388 7773 178572 153074 107170 

l 1981 5667 22181 16424 85711 118682 97549 
l 1982 4 005 13028 11 557 160157 85198 123,386 
l !.!!83 5,722 14,372 16.270 356,355 140.719 176,507 

1984 6648 23313 10199 136625 1505491160,251 
l 1985 10 375 8 730 21 239 204 628 162 478 

1986 8,967 27161 32688 230040 1491881187955 
1987 12 554 48 027 21 309 
1988 9180 17239 39058 569228 1094-. 
1989 13,579 9223 20967 163931 315097 
1990 12560 15296 19581 185224 267369 
1991 12 507 13 837 23 885 165 212 2S2 638 
1992 19 388 24 387 30 519 200 122 202 9: 
1993 14 177 29 875 29 448 188 351 174,3• 
1994 9596 22105 18219 261577 181,77oJ397231 
1995 9660 13325 25218 187052 147,7! 
1996 17,362 16,895 - 21 497 220,212[ 
1997 15 358 8 494 21 507 339 781 166 395 420 947 
1998 18 051 16 248 35 767 414 914 215121 426 991 

1 10yr.av. 13,337 17,067 24,990 248,969 195.193 323,1~ 

3,000 
50% 

2,147 
1 771 

__b!g1 
3 201 
3,236 
1 963 

937 
....1.1Q§ 

1,086 
1 342 
2,278 

IIKfFWll UK(NI) 1 Europ~_ 1 Europe l To tal 

11 Es1. l SD l Es1. l SD l Esl 
4,800 l 3,400 l s,ooo 4204 4453 4402 

se 

50% 60% 400/o 43% 48% 46% 

70 188 40 618 930 768 1 399 856 380 921 234 501 63 021 1 656 572 386 099 
93135 37552 962 920 1494128 403661 282933 81769 1796575 411859 
84243 320191150,315 1690072 491602 384302 99195 2094909 501509 
96 569 31 736 1 014 623 1 596 964 422 597 362 116 86 471 1 972 894 431 353 
95 206 27 778 864 717 1 468 865 367 915 370 157 93 839 1 858 795 379 694 
74828 19920 660251 1095.209 309569 263926 79819 1376799) 3196931 
79 453 20 385 704 161 1 1os 427 sos 164 261 727 69 21a 1 sa- --41 -·- --· 
87072 26327 748671 1135356 284580 242985 64126 1403 •o• <~• "0 

59 875 17 445 688 526 1 008 121 288 373 326 794 94 346 1 358 568 303 414 
65612 21259 549385 841216 250841 267657 81768 1116645 263831 
85,313 17 779 674 685 885 669 295 841 224 176 68 085 1 126 269 303 575 

3,429 942,077 1,187,187 447,671 214,901 56468 1,413,646 4§1,_21! 
34 396 930 475 1 399 328 390 653 325 863 91 049 1 741 46., ~u 1 ~~~ 

14154 900542 1,133683 423043 321416 83846 1465298 431272 
' 196 670 554 950 592 282 484 396 045 108 696 1 367 875 302 675 

5 3281" 63 770 19 371 892 086 1,232 428 398 501 351 438 93 072 1 616 554 409 226 
3.77QJ. 55476 9653 724038 1037626 337971 432558 105977 1491 ·-- --· ·--

5,02! 
10,00E 

5 973 
2 643 

__1,_1_1.!; 

) 905 24 663 660 058 1 352 003 278 888 278 7 40 75 535 
1825 6949 948768 1181695 538793 570656 129784 1773319 
, ON ""o~ • "',021 716 762 256 301 494 286 112 689 1 230 629 279 9801 

76,384 15 48< 
37,742 15,587 
37 334 21 485 
47 381 22 249 
54 439 54 747 

'13 638143 234496 625175 136341 1.287203 2712511 
:4"3014 829811 286512 577819 125861 1438149 312.9~ 
;os 782 819 569 264 o78 so2 568 11s gao 1 351 sss 

0 >i_1 ,144 916,691 283,223 593,622 142 045 1 528 533 >lo H471 

462,621 243,2911 571 ,88€ 
184,4921 

661,27 

1 854 1 308 622 296 865 
148 045 1 351 929 284.794 
142,6121 1 367 036 

1,569,881 

4,1581 49,1521 20,5911 534. 

872,8361 

869,881 _l 

_l 



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

Year Francel lcelandl lrelandl Russla UK(NI)I li 1 Europa 1 Europe Total 
~t. su Est su ~SL SD 

l eggs/F 13 000 6 900 10 800 7 000 9 000 10 500 6 000 7 900 7 000 10 000 
% Fem 77% 77''1<~ 72% 85% SOO/o 80% 70% 70% 85% 60% 
1971 4612 13832 8951 50884 68850 188581 214 39088 14913 374068 492785 152276 262257 63232 763993 164883 
1972 6 973 27 189 13 904 56 389 90 755 157 693 125 46 757 12 781 493 733 636 848 196 239 255 547 65105 906 299 206 757 
1973 11477 16994 11984 60476 105865 271305 596 46513 11058 549903 684944 222555 389243 89480 1086171 239870 
1974 11.054 7.574 10.173 65 944 96,701 ~38,687 394 44 969 11 440 437 325 567 253 164 360 346,837 82,201 924.263 183.770 
1975 9370 15425 12089 69199 84490 299306 87 53616 9865 465119 613224 152273 393253 93692 10185661 1787881 

l 1976 9 912 14 243 9191 48 810 92 610 271 596 247 36 099 6 892 337 077 443120 134 154 374 366 86 394 826 677 159 5661 
1977 8733 11621 11914 43146 84413 197656 185 37250 6575 395377 493968 159588 290987 65061 79687Qj_ 172.34.1j 
1978 5471 11669 15025 38959 59511 141210 146 40832 8919 472372 572750 193291 206338 50053 794 
1979 3 725 13 063 11 303 33 991 112 339 146 057 430 27 298 6 025 379 519 459 897 149 821 262 551 62 285 

l 1980 4418 26388 14055 38602 108280 227060 718 26537 7476 437320 536323 165991 340476 82746 
·-·· 7 358 22 181 6 303 31 421 112 976 157 535 226 33 803 6 079 574 047 667 531 222 709 278 095 77 119 951 929 

8.114 13.028 6.532 13918 89,096 123,251 731 20975 7864 434054 489839 180041 221192 58654 717563 18935<!1 
9 285 14 372 7 465 29 289 91 185 207 644 493 25 097 11 358 487 416 567 531 219 158 308 607 71 727 663 603 230 5971 
6 935 23 313 8 113 31 924 87 931 235 743 675 20 090 4 752 347 305 427 384 145 274 331 285 75 250 766 782 , ••. ouo 

1985 7570 8730 4902 27553 86298 249227 281 18555 6087 367922 428846 147536 343376 88589 777124 
1986 4718 27161 8926 22641 99380 263569 276 24328 6626 644747 725502 289518 367943 86943 1102371 302291 
1987 6 782 48 027 8 901 45 103 77 893 130 486 827 20 979 3 346 444 983 562 437 200 910 215 988 61151 787 326 210,010 
"!!!18 4 954 17 239 7 307 36,065 60 678 146 670 866 28 419 10 494 469 284 561 501 190 347 213 168 51 052 781 97E 
989 6 597 9 223 6 185 23 042 115 273 87 471 2 461 19 333 5 044 414 550 471 192 180 366 211 803 47 480 689 1801 186 510 

1990 7003 15296 7217 8192 122384 78457 1492 16618 7155 341599 388860 153367 209335 48011 605.41& 160,706 
l 1991 7823 13837 6019 8909 132464 151254 1896 9226 3384 349088 384443 199863 293,436 84,650 

1992 7,546 24.387 7,683 18,291 136,585 144336 2289 9336 8,874 _432,270 ~3,157 237,124 290 
1993 10 312 29 875 6 356 4 517 103 696 198 859 3 29E 12 559 28 
1994 7 672 22 105 7 337 25 247 111862 175 888 2 707 24 47: ' 6 
1995 7 634 13 325 6 257 22 532 118 259 136 410 1 822 14 372 5 752 446 728 502 709 249 104 264 124 
1996 4162 16895 5411 9149 109,103 144238 2079 21077 7206 390977 445304 214202 
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 
1998 

10vr.av. 382,61 · 

"' V. 

313,613 

443,636 256,142 

50,2281 

223,419 
l, 1951 251,815 

_1?3.09' 
222.61: 

50,S
43

1 706:1441 ' l 



Table 3.7.1.1 Provisional estimates of salmon smolt production in Il 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 5636918 3 169108 15252 

Figgjo 480660 15 72099 4176 

Gaula 6725297 5 336265 21663 

Orkla 6677277 7 467409 12590 

l ms a 12712 15 1907 

Lærdalselva 1799922 5 89996 

Numedalslågen 7645377 5 382269 19868 

Reppafjordselva 2463332 2 49267 3307 

Saltdalselva 2671002 1.5 40065 

Suldalslågen 1682614 3 50478 3009 

Surna 3103479 4 124139 6607 
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Table 3.7.1.2. Estimates ofareas ofuseable salmon rearing habitat in 
Swedish west-coast rivers. 

River No Main River Estimated* Estimated* 
All tribu taries rearin g area production 
included (ha) in ·ooo 

l R. Enningdalsalvel 5.7 (1.2) 2 (0.3) (Swedish part) 
2 R. Orekils alven 23 3.5 
3 R. Gota alv 15 15 .l 
4 R. Kungsbackaån 4.4 5 .l 
5 R. Rolfsån 3 .l 3 
6 R.Loftaån l 2.5 
7 R.Viskan 9.4 18 
8 River Himleån 3.6 4.3 
9 R. Tvååkersån 1.2 1.4 
lO R. Atran 55 37.6 
11 R. Suseån 9.5 9.6 
12 R. Nissan l 0.5 8.6 
13 R. Fylleån 17.8 15 .l 
14 R. Genevadsån 13.9 17.6 
15 R. Lagan 8.8 5 
16 R. Stensån 12.4 21.3 
17 R. Ronneån 27 20 

Total 216.8 188 Swedish part 

* Estimat es are bas ed on aerial ins pection s and ran dum electro-tish ing su rvcys. 

Rivers listed are only thosc cstimated to have an annualproduction of 

1,000 smolt or more. Six unlisted riven; are estimated to have an annua! 

production of less than 1000 smolt. In total, there are currently about 

229 ha of habitat with an estimated production potcntial of 223,000 smolt. 
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Table 3.7.2.1 Conservation limit options for NEAC stock groups from lagged egg deposition analysis 
(options 1-3) and river specific assessments (option 4) 

Individual countries European stock groupings 
Option •onoana t-rance oceoana oreoana rtorway HUSSI3 »Wea n U"li'OI) U"l:SC) 

Choice 3 4 1 3 3 1 3 4 3 2 Southern Northern 

1SW 
Opl.1 8,189 16,103 19,329 160,969 132,633 227,742 671 29,268 12,311 476,278 694,929 369,235 
Opl. 2 9,067 13,454 19,329 142,945 112,623 248,769 986 48,838 12,553 565,489 783,278 371,445 
Opl. 3 12,527 20,060 27,008 224,565 155,982 274,536 1,391 60,681 16,585 637,381 959,273 444,435 
Opl. 4 o 17,400 o o o o o 53,000 o o 

Chosen 12,527 17,400 19,329 224,565 155,982 227,742 1,391 53,000 16,585 565,489 877,039 397,641 

MSW 
Opl.1 4,062 4,688 4,915 11 '124 74,479 88,315 352 9,842 4,778 355,247 385,680 167,207 
Opl. 2 4,497 3,916 4,915 9,879 63,242 96,469 517 16,423 4,872 421,788 456,878 164,725 
Opl. 3 6,213 5,840 6,868 15,520 87,590 106,461 729 20,406 6,437 475,411 523,613 200,994 
Opl. 4 o 5,100 o o o o o 17,500 o o 

C hosen 6,213 5,100 4,915 15,520 87,590 88,315 729 17,500 6,437 421,788 466,345 182,847 

Spawner escapement reserve: 1SW 945,347 430,759 

MSW 552,761 216,730 

l 
~~------ - _ _j 



Table 3.9.1.1. Details of post-smolt cruises carried out during 1998. 

Year/ Gear used Time-frame 
Institute Surface traw1s 
ID 

1998 Firkløver 30.06- 21.07. 
trawl 

19981 Åkra trawl 01-30.07. 

19981 Åkra trawl 01-23.08. 

19981 Åkra trawl 28.08- 09.09. 

19981 Åkra trawl 25.08-09.09. 

19981 HarsUid lloat 20.05- 02.06 

19982 Pelagic trawl 14-25.05 

19983 Pelagic ttawl 02.06-01.07 

1 Inrstitutc of Marine Research, Norway 
2 Fisheries Research Services, Scotland 

Area 

West of Lofoten lsl;mds 

Norwegian Sea (SE - NW) 

Norwegian Sea (N)I Greenland Sea (E) 

Barenls Sea NW 

Barents Sea 

Fjords SW Norway, Trawl device tests 

Mora y Firth, north east Scotland 

Norwegian Sea (N) 

3 Polar Research Institute of Marine Fisheries and Oceanography, Russia 

'-0 

"' 

Total num- Mean towing Surface bauls Number of 
ber of hauls speed in with smolt% poststsmo1ts 

knots captured 

46 3.2 Il 16 

84 3.3 21 61 

22 3.7 16 8 

9 3.4 o o 

10 3.0 o o 

50 2-3 30 120 

49 >3.0 22 173 

28 4.3 o o 
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Figure 3.2.2.1 Length distribution of Atlantic salmon north of the Faroes in the 1997/1998 fishing 
scason. Sea age groups are indicated. 
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Figure 3.3.4.1. Nominal catches of sal mon 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 

Norway France Finland UK Russia UK Sweden 
(E&W) (Scot) 

Country 

D 1993-97 mean 

tll1988-97 mean 
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Figure 3.4.1.1 Rate of attainment of conservation 
limits : mean value and trend over the last 10 years 

Mean CL attainment Trend 

• >= 200% 

• 100-200% C» Stable 

o 50- 100% ~ Decreasc 

o o- 50% 
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Figure 3.4.1.2 Rate of attainment of conservation 
limits : 1997-1998 change 

• Increase 
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Figure 3.4.3.1 Standardized returns (Number of fish/Mean number of the last 10 years) for lndex Rivers showing a 
decreasing trend 
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Figure 3.4.3.2 Standardized retums (Number of fish/Mean number of the last lO years) for lndex Ri vers showing a 
stable or increa~ing trend 
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Figure 3.4.3.3 Trends in 
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Figure 3.6.3.1 Estimated PFA, spawning escapement and SER 
for maturing and non-maturing 1 SW components of 
Northern European stocks, 1971-98. 
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Figure 3.6.3.2 Estimated PFA, spawning escapement and SER 
for maturing and non-maturing 1 SW component of 
Southern European stock groups, 1971-98 

a) 1 SW salmon (Southern) 

4,000,000,.-------------------------, 

3,500,000 

"' 3,000,000 
.'!: 
:l ... 
u 2,500,000 
l!! 
en 
c: ·;: 2,000,000 
:l -"' E 
' c: 
o z 

1,500,000 

1,000,000 

500,000 

. . . 
• 

.. . ' . 
\ 
' 

• . ' 
.. 

, . . . ' 
' , ", 

l 

:: . . . ·. 

-Est. 

• • • • • • +95% el 
-------95%cl 

~Spawners 

--sER 

o+-----~------~----~------~------~----~ 
1970 1975 1980 1985 

Year 

1990 1995 2000 

b) MSW salmon {Southern) (Recruits in Year N become spawners in Year N+1) 

2,000,000 -.--------------------------, 

1,800,000 

1,600,000 

!1 ·s 1 ,4oo,ooo ... 
<> l!! 1,200,000 
en 
c: ·;: 1,000,000 
:l 
-:u 
E • c: 
o z 

800,000 

400,000 

200,000 

.. 

... ., . ' • •' , . . ' .. 

' 
' 

-Est. 

-----·+95%cl 
••••• ·-95% el 

--o--spawners 

-SER 

.• . 

o+-----~-----+----~------+-----~----~ 
1970 1975 1980 

110 

1985 

Year 

1990 1995 2000 



Figure 3.6.3.3 Estimated prefishery abundance.ofsalmon stocks 
and spawning escapement in the N EAC Area, 1971-98 

a) 1 SW sal mon (NEAC total) 
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Figure 3.6.4.1 Estimated PFA of maturing 1 SW sal mon for 
Norwegian and Russian stocks, 1971-98 
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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 whicb the Department and Fisheries and Oceans (DFO) manages the salmon fisheries are called 
Sa!mon Fishing Areas (SF As); for Quebec, the management is delegated to the Ministere de lEnvironnement et de la 
Faune and the fishing areas are designated by Ql through Qll (Fignre 4.1.l.J). Harvest (fish which are killed and 
retained) and catcbes (including harvests and fish caught-and-released in recreational tisheries) are categorised in two 
size groups: small and large. Small salmon in the recreational tisheries refer to salmon less !han 63 cm fork length, 
whereas in commercial tisheries, it refers to salmon less !han approximately 2.7 kg whole weight. Large salmon in 
recreational fisheries are greater !han or eqnal to 63 cm fork length and in commercial fisheries refer to salmon greater 
!han or equal to about 2. 7 kg whole weight. 

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

Native peoples' fisheries: In Qmobec, Native peoples' food fisheries took place subject to agreements oc through permits 
issued to the hands. There are nine hands with food fisheries in addition to the fishing activities of the Inuit in Ung a va. 
The permits generally stipulate gear, fishing effort and catcb lirnits. In the Maritimes and Newfoundland (SF As l to 23), 
food fishery harvest agreements were signed with several Native peoples' groups (mosUy First Nations) in 1998. The 
signed agrcements often included allocations of small and large salmon. For the first time, harvests by Native peoples in 
Labrador (SFA l) are also reported. Harvests whicb 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 pcoples 
with recreational or commerciallicenses are reported under the recreational and commercial harvest categories. 

Commercial fisheries: The moratorium whicb was placed on the commercial fishery in insular Newfoundland in J992 
continued in J998. In addition, the commercial fisbery in southern Labrador (SFA 14B) remained closed in 1998, as in 
1997. The commercial fishery in the rernainder of Labrador was closed in J998, with a voluntary buyback of licenses 
offered (Table 4.1.1.1). Commercial fisheries in Quebec in 1998 occurred only in zone Q9 (Jul y l to August 23) as the 
commercial quota normally fished by Native peoples' in Ungava Bay (zone Qll) 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 !his fisbery before the scason and resulted in man y fisherrnen not fishing. 

Re~-reational fisheries: Recreational fisheries management in J998 varied by area (Fignre 4.1.1.2). Except in Quebec 
and Labrador (SFA l and 2), on ly small salmon could be killed and retained in the re~Tcational fisheries. The seasonal 
bag lintits in the recreational fishery rernained at eight small salmon in New Brunswick (SFA 15, 16) and in SFA 18 of 
Nova Scotia, although in SF As 15 and 16, the small salmon retention limit was reduced from two to one fisb and tbe 
maximum daily catcb limit wa.s reduoed from fonr to two fish. For the Mirarnicbi River only, the daily catch limit was 
increased to four fish per da y after a mid-July in-season review. In SFA 17 (PEl), the season and daily bag limits were 7 
and l respectively. Catcb-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. SF As 20-23 of Nova Scotia and New Brunswick was closed to all salmon 
angling, except for four acid-impacted ri vers on the Atlantic coast of Nova Scotia, where retention of rctuming small 
hatcbery salmon was allowed. For insular Newfoundland (SF As 3 to l4A) and the Strait of Beile Isle shorc of Labrador 
(SFA 14B), the daily limits were ei !her one small salmon retained or two tish, caught and released. The sea.son started 
with a seasonal bag limit of one small salmon and was increased to four small salmon after an in-sea.son review in July. 
In the northern and southern SF As of Labrador (SFA l and 2), there was a seasonallimit of fonr fish, only one of whicb 
could be a large salmon. In Quebec, sea.son and bag limits varied by zone: for Ql to Q8 and QlO, the season limit was 
seven fish of any size. For rivers in zone Q9 and QJl, the season limit was JO fish with daily limits of two fish in Q8, 
three fish in Q9 and fonr tisb in Qll. In most rivers of zones Ql to Q7 and QlO, fishing for the day would end if the 
first fish kept was a large salmon. If the first fish kept was a small salmon, !hen fishing could continue until a sccond 
fish was caught, regardless of the size of tbe second fish. Seven ri vers in Quebec were restricted to retention of small 
salmon only at the start of the season, and !his regulation was extended to eleven more ri vers after mid-season reviews 
detected low retums of large salmon (Fignre 4.1.1.2). 

USA 
Angling for sea-run Atlantic salmon in tbe USA is perrnitted only in the State of Maine, and in 1998 the sport fisbery 
continued to be restricted to catcb and release. Effort, as measnred by license sales, declined by 16% in 1998 and was 
46% and 53% below the 5- and JO-year averages, respectively. 
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France (Islands of Saint-Pierre and Miquelon) 
For the Saint-Pierre and Miquelon fisheries in 1998, there were nine professional and 42 recreationallicenses issued. 
The number of professional fisherrnen has decreased slightly since 1995 and the number of r=eational licenses has 
remained ahout the same. 

Numherof Numherof 
Year Pr-ofessional Recreatlonal 

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 all 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 harves! was 46,687 small sabnon and 13,270 large salmon, a 21% and 49% decrease from the 1997 harvest' 
for small salmon and large salmon, 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 commercial fishery 
in 1992 and the closure of the Labrador commercial fishery in 1998 (Figure 4.1.2.1). These reductions were introduced 
as a result of declining ahundance of salmon. 

The 1998 harves! 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 
!argest proportion of lhe total harves! of small salmon and Quebec reportcd 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. U ulike previous years when commercial fishers took the !argest share 
of large salmon; Aboriginal fisheries accounted for lhe !argest share in 1998 (57% by number). Commercial fisheries 
harvested 2% (by num ber) of the total small salmon and 8% of the total large salmon laken in eastern Canada. 

Native peoples' tisheries:ln many cases, Native peoples' food fisheries harvests in 1998 were less lhan the allocations. 
Harvests in 1998 (by weight) were up 22% from 1997 and 17% above the previous 5-year averageharvesi. 

Native l!eoeles' tisheries 
%large 

Year Harves! (t) b~ weight · b~ numher 
1990 31.9 78 
1991 29.1 87 
1992 34.2 83 
1993 42.6 83 
1994 41.7 83 58 
1995 32.8 82 56 
1996 47.9 87 65 
1997 39.4 91 74 
1998 47.9 83 63 

Recreationallisheries: Harves! in recreational fisheries in 1998 totalled 45,959 small and large salmon, 30% below the 
previous 5-year average and 7% below the 1997 harves! leve! (Figure 4.1.2.2). The small salmon harvest of 41,246 fish 
was a decrease of 27 % from the previous 5-year mcan. The large salmon harves! of 4, 713 .fish was a 48% decline from 
the previous five-year 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 total harvests since the imposition of catch­
and-release rccreational 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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Recreatiooal catches (including retained and released fish) of small salmoo in 1998 were similar or above the 1984 to 
1991 mean in most fishing areas of Quebec, and the north-east coast and nortbem peninsula of Newfoundland and 
tbroughout Lahrador (Figure 4.1.2.3). Small salmon catcbes were among the lowest observed in the majority of the 
Maritimes (witb the exception of PEl) and in the west and south coasts of Newfoundland. Large salmon catcbes were 
among the lowest observed tbroughout mainland Canada (witb the exception of the Gulf shore rivers of Nova Scotia) 
bnt were among the highest in the west coast of Newfoundland, (SFA 12, 13, 14A) and Lahrador (SF As 1,2, and 148). 
Catcbes in PEl (SFA 17) were above average but more tban 90% of the returns originale 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 catcbes as 
indlces of abnndance. Therefore, the interpretation of trends in abundance relies mostly on rivers where returns have 
been estimated or comp1etely enumerated. Caught-and-released fish are not coosidered equivalent to retained fish and 
tbeir inclusion in catcb statistics further compromises the reliability of interpretatioo of trends. In more recent years, 
anglers have been required to release all salmon on some ri vers for conservation reasons and, on otbers, tbey are 
voluntarily releasing angled fish. In addition, numerous areas in the Maritimes Region in 1998 were closed to retention 
of all sizes ofsalmon (Figure4.1.1.2). 

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 52% of the total number caught, including retained fish. This was a 4% increase from the number 
released in 1997, the only otber 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%), Quebec (6%) and Prince Edward Island 
(<l%). Expressed as a proportion of the fish caught, tbat is, the sum of the retained and released fish, Nova Scotia 
released the highest percentage (87%), followed by New Brunswick and Newfoundland (56% eacb), Prince Edward 
Island (55%) and Quebec (22% ). 

Commercial fisheries: The commercial harvest in 1998 declined to 5 t from a peak of more tban 2,400 t in 1980 (Figure 
4.1.2.4) witb only area Q9 of Quebec reporting a commercial harvest. In Quebec, the harvest of large salmon in the 
commercial ftshery continued to decline in 1998, as a result of license retirernents. 

Unreported catcbes: Canada has been providing estimates of unreported catches of Atlantic salmon since 1986. Until 
1997, !bese numbers have previously been confidential and surnmed in the Working Group report• eitber 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 tbat most of the unreported catcb estimated for the North American Commission area has been Canada' s 
as based on its much higher reported catcb compared to the USA and Sainte-Pierre and Miquelon. 

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

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

USA 

StockArea 
Labrador 
Newfoundland 
Gulf 
Scotia-Fundy 
Quebec 
Total 

Unreponed Catch (t) 
7.5 

24.5 
37.8 
I.l 

20.1 
91.0 

There was no harvest of sea-run Atlantic salmon in the USA in 1998. The estimated number of salmon caughl and 
released wa~ 273 fish, whicb represented decreases of 18% from the previous year (333 fish) and 32% and 33% from 
the previous 5- and lO-year averages, respectively. Most of the reduced catch in 1998 occnrred in the Penobscot River 
and wa• attributed to a decline in salmon abundance, a reduction in the lengtb of the angling season (initiated in 1997), 
and a reduction in angler effort (as evidenced by reduced license sales). Unreported catches were estimated to be O in 
1998. 

France (Islands of Saint-Pierre and Miquelon) 
The harvest in 1998 was reported to be 2.3 t, up from about 1.5 t in 1997 and the !argest value sinæ 1994. Protessional 
fishermen harvested 1.0 t and recreational fishermen, 1.3 t in 1998. There was no estimate made of unreported catch for 
1998. 

119 



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 defmed as the progeny of fish where mate selection 
occurred naturally (eggs not stripped and fertilised artificially) and whose life cycle is completed in the natura! 
environment (ICES 1997/Assess:10). Hatcbery-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 deforrnations, and/or from scale 
cbaracteristics. Not all hatcbery fish could be identified as sucb in the retums because of stocking in the earl y life stages. 
Aquaculture escapees were identified from hatcbery fish on the basis of fin erosion ( especiall y of the tail) and from scale 
characteristics. 

The returns to the majority of the ri vers in Newfoundland and to most ri vers of the Gulf of St. Lawrcnce and Qm\bec 
were comprised exclusively of wild salmon (Figure 4.1.3.1). Hatcbery origin salmon made up varying proportions of 
the total retums and were most abundant in the ri vers of the Bay of Fundy and the Atlantic coast of Nova Scotia. 
Aquacui!Ute escapees were present in the returns to three ri vers of the Bay of Fundy (St. Croix, Magaguadavic and 
Saint John), two rivers of the Gulf of Maine (Dennys and Narmguagus), as well as three rivers (Middle, Baddeck and 
North) in Cape Breton Island (Table 4. 1.3. l). 

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 
Atlantic salmon in the Bay of Fund y area were estimated at 20,000 to 40,000 sahuon, an amount greater than the total 
returns of wild and hatcbery origin sahuon (both small and large) (13,000to 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 leve! of escapes in 1993 was similar to that of 
1994. Levels of escape.' for 1995 to 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) whicb is in dose proximity to the centre of the aquaculture production area 'F'igure 4.1.3.2 upper panel; lower 
panel is historical occurences). Escaped fish were not observed bctween 1983 and 198~. Since 1992, escaped fish have 
comprised bctween 33% and 90% of the total counts at the fisbway. Aquaculture cscapees comprised bctween 13% and 
54% of the total run of sahuon to the St. Croix River during 1994to 1998 (Table 4.1.3.1). 

USA 
Some salmon.that were caught in the sport fishery in 1998 may have been escapees from aquaculture operations in 
Maine and New Brunswick. In addition, a few of those caught and releasod originated from captive broodstock that 
were released into four Maine rivers. The incidence of aquaculture escapcs was low in 1998, although most Maine 
ri vers in the vicinity of aquaculture operations were not monitored. Thcrc were no aquaculture escapees observed in the 
Narraguagus River in 1998. 

4.1.4 Exploitation rates in Canadian and USA llsherles 

Canada 
In previous years, overall Canadian exploitation rates were calculated as the harves l of salmon divided by the estimat ed 
rcturns to North America. No estimates of returns to Labrador are possiblc for 1998, as there was no commcrcial 
fishery and no information was collected on freshwatcr 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, suhstantially in the 
case of large salmon, and it is expected that exploitation rates decreased from those of 1997 when value.s were estirnated 
to be between 0.14 and 0.26 for small and 0.15 and 0.25 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 Arnerican Connnission Area 

There are approximately 550 Atlantic salmon rivers in eastem Canada and 21 rivers in eastem USA eacb of which 
could contain at !east one population of salmon. Assessments are prepared for a limited num ber of specific rivers, 
because they compose significant fractions of the salmon resource or are indicators of pat~s within a region, or 
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because of the demands by oser groups, or as a result of requests for biological advice from fisberies management The 
status is evaluated by examining ttends in returns and escapement relative to the conservation requirements. 

4.2.1 Measures of abm~dance in monitored rivers 

Canada 
The returns represent the size of the poputation before any in-river and estuarine removals. Spawning escapement is 
dctermined by subtracting all the known removals, including food fisheries, recreational harvests, broodstock 
collections, and scientific sarnples from the ootal returns. 

A Wtal 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 fisbways and counting fences; six were obtained 
using mark and recapture experiments; 32 using visual counts hy snorkeling or from sbore; and 9 from angling catches 
or redd counts. 

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

Large salmon returns in 1998 decreased from 1997 in ri vers throughout the Maritime provinces and Quebec but were 
equally down or improved in Newfoundland (Table 4.2.1.1; Figure 4.2.1.1). In most of the ri vers of Newfoundland, except 
for rivcrs of the south-west coast (SFA 13), large salmon are mostly repeat·spawning ISW fisb. Small salmon returns in 
1998 relative to 1997 were generally improved throughout eastern Canada (Figure 4.2.1.1). Returns wcre siroilar to or 
improved (>90% in 1998 relative to 1997) in 71% of the assessed ri vers. The north-west and north-east coast 
Newfoundland ri vers sbowed the most consistent improvement in returns. 

1985-98 pattems of adult retums: Annua! returns of salmon by size group are availahle for 24 rivers in eastem Canada 
since 1985. These returns do not account for commercial fisberies removals in Newfoundland, Labrador, Quebec and 
Greenland and in some rivers include returns from hatchery stocking. Peak return years diffcred for regions within 
eastem Canada (Figure 4.2.1.2). The retums 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, Quebec and Greenland harvesting mainland Canada origin sahnon. The total returns to six 
Newfoundlandrivers doubled during 1993 to 1996 from the low levels observed during 1989 to 1991 (Figure 4.2.1.2). 
The returns in-river of small salmon in 1998 were collectively the second highest observed in the tiroe series and the 
large salmon are the highest recorded. 

The returns of large salmon in all areas except Newfoundland were the lowest observed during 1985 to 1998 (Figure 
4.2.1.2). Retums of small salmon lo six Gulf ri vers (NB, NS) in 1998 improved from 1997 but were 44% of the average 
returns during 1985 to 1991, prior to the Newfoundland commercial fisbery moratorium. Thereturns of large salmon in 
1998 wcrc the lowest of the time series at less !han 23,000 fish. Returns lo U1e rivers of the Atlantic coast of Nova 
Scotia and Bay of Fundy declined to new lows for large salmon. Returns to nine rivers of Quebec in 1998 were the 
second lowest since 1985 with large salmon returns declining the most to the lowest since 1985. The low abundance of 
2SW salmon was most evident in the Quebec and Gulf rivers. Low abundance of 2SW salmon in 1998 bad been 
anticipated from the low abundance of 1SW salmon in 1997. 

Smolt and juvenile abundance: Counts of smolt' provide direct measurements of the outputs from the freshwater 
habitat. Previous reports have documented the high annua! variability in the annua! smolt output in tributaries, smolt 
output can vary by five times but in the counts for entire rivers, annua! smolt output has generally varied in magnitude 
hy a factor of two. Wild smolt production has heen estimated in Il rivcrs of eastem Canada, although only nine ri vers 
have several years of data (Figure 4.2. 1.4). In other ri vers, juvenile abundance surveys have been conducted (Figure 
4.2.1.4), 

In the Quebec ri vers 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 Quebec Zone Q7 was attributed to the 
July 1996 llood which physically reconfigured a large number of ri vers 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 averagc 
in the indexed ri vers except for the south west coast river (Higblands) (Figure 4.2.1.5). 

Juvenile salmon abundance bas heen monitored annually since 1971 in the Miramichi (SFA 16) and Restigoucbe (SFA 
15) rivcrs and for sbortcr and variable time periods in othcr rivcrs (Figure 4.2.1.4). In the ri vers of the southem Gulf, 
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densities of young-of-the-year (fry) and parr Guveniles of one or more years old) have increased since 1985 in response 
to increased spawning escapements (Figure 4.2.1.6). Dt:nsities 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 Gulf of St. Lawrence (SFA 18) 
and in several Cape Breton Island streams (SFA 19). This is in con trast to juvenile densities from an inner Bay of Fund y 
river (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 leve! (Figure 4.2.1.6). 

The total number of smolts leaving Canadian ri vers is unknown. However, a combination of smolt counts and juvenile 
abundance indices, considered as surrogates 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 ri vers, lhe individual river surveys were standardized by the average within river abundance for the period 
1995 to 1998 .. 

where lnd;i 
Abund;i 
Average;1 

Adjusted index of juvenile or smolt abundance for year i and river j, 
Measured abundance of juvenile or smolts for year i an driver j, and 
Average abundance for years i' (1995 to 1998) in river j. 

This adjuslment places all lhe rivers on a common scale and provides a measure of the tempora! variahility in lhe smolt 
and juvenile measures. Juvenile measures were age l and older parr which were projected forward. one year to 
correspond to the smolt migration year. 

The index of smolts from the hroader geographic areas of eastern North America (Labrador, Newfoundland, Quebec, 
Gulf, Scotia-Fundy and U.S.) was obtained by weighting the annua! river indices by the relative proportion of the 
conservation egg requirements (O'Connell et al. 1997) of the SFA or Zone to the total conservation egg requirernents 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 Mirarnichi and Restigouche ri vers in the Gulf (SF As 15 and 16). The number of rivers with 
available data has increascd from two in 1971 to between 19 and 20 rivers in 1995 to 1998. The proportion of the 
indexed ateas represented hy the index ri vers has incTeased from 11% in 1971 to 25% in 1998 (Table 4.2.1.3). 

The relative change in smolt production or juvenlle abundance differs arnong 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 Miratnichi 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-lhird 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 indcx river size, the trend in smolt index is similar 
to the Miramichi index since this river represents at !east 45% of the total river-weight indcx (Figure 4.2.1.7, Tahle 
4.2.1.2). 

Estimates of the relative smolt index in the four gcograpbic areas correspond to the previously docume-nted status of 
ri vers (Figure 4.2.1.8). Smolt production from Newfoundland ri vers has approximately doubled over the 1971 to 1998 
time period (Figure 4.2.1.8). The Gulf smolt index is at its highest leve! in the 1990s. The Quebec smolt index has 
declined hetwecn 1983 and 1998, driven by de la Trinite 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 dec!ined. 

USA 
Documented adult salmon retums to ri vers in New England in 1998 arnounted to 1,745 salmon (Figure 4.2.1.3 ), which 
was about the same number observed (1,746) in 1997. Total salmon retums to the rivers of New England continued 
their downward trend, and were 15% and 37% lower than the previous 5'r and lO-year averages, respectively. Returns 
of 1SW salmon increased hy 13% (310 to 356), while MSW retums declined by 3% (1,436 to 1,389) from the previous 
year. The documented adult retums are minimal estimates, since man y rivers in Maine do not contain counting facilities 
and all counting facilities throughout New England are less than l 00% effective at capturing adult salmon. 

Most of the USA salmon retums were recorded in the rivers of Maine, with the Pcnobscot River accounting for about 
69% of the total. Retums to the Penobscot River (1,210 fish) werc 11% lower than lhe previous year, 20% lower than 
the previous 5-year average and 42% lower than the previous lO-year average. 

Adult salmon returns to many other Maine ri vers with fish counting facilities were similar to !hose 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. 
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About 17% of the USA retums (300 salmon) were recorded in the Connecticut River, a 51% increase from the previous 
year. Returns to the Connecticut River in 1998 were 28% and 29% above the previous 5- and lO-year averages, 
respectively. 

Salmon returns to the Merrimack River nurnbered 123 fish. This represented a 73% increase from the previous year, 
and increases of 132% and 3% above the previous 5- and lO-year averages, respectively. 

4.2.2 Estimates of total abundance by geographic area 

For assessment purposes, the following regions were considered: Labrador (SFA l, 2, & 148), Newfoundland (SFA 
3-14A), Quebec (Ql-Qll), Gulf of St. Lawrence (SFA 15-18), Scotia-Fundy (SFA 19-23) and USA. Returns of ISW 
and 2SW salmon to eacb 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 2SW returns on the basis of 
sea-age composition of one or more indicator stocks. 

In the con text used here "retums" are the nurnber of salmon that retumed 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 catcbes of Newfoundland and Labrador origin salmon in commercial fisheries in 
Newfoundland and Labrador to "returns" to Newfoundland and Labrador are referred to as total "recruits". Estimation 
of "recruits" to Quebec, 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 of2SW and 1SW salmon retums and spawners for Labrador (SF As l, 2 & 148) prior to 1998 
are catcb data from angling and commercial fisheries. Catcb and effort data from the angling fishery wcre collected by 
DFO enforcement staff in conjunction with angling reports submitted by fish camp operators and processed by DFO 
Science 8ranch personnel. In 1997 for SFA 148, the angling catcb statistics were derived from a licence stub system 
similar to insular Newfoundland while in SF As l & 2 the camp statistics data were used. Commercial catcb data were 
collected by DFO enforcement staff from fish plant landing slips and processed hy DFO Statistics and lnforrnatics 
8rancb personnel. 

In 1998, there was no commerciallishery 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 ISW and 2SW returns and spawners for insular Newfoundland (SF As 3-12 & 14A) are updated for 
1998. They are derived from exploitation rates estimated from ri vers with counting facilities which are subsequently 
applied to angling catcbes of small salmon, adjusted !Or the proportions of large: small salmon at counting facilities, and 
finally the proportion of large salmon that are 2SW. Exploitation rates for small salmon (retained only) were calculated 
by dividing the total count and the catcb (retained) from ri vers with enurneration facilities. In 1998, for SF As 3-12 and 
14A, angling catcb data was deri ved from the Jicence stub retum system (O'Conncll et al. 1997) while in previous years 
angling catcb data was collected by DFO Fishery Officers and Guardian staff. For SFA 13, retums and spawners come 
from four assessment facilities expanded to the entire drainage area based on their proportionate contribution. 

The mid-point of the estimated retums (187,000) of ISW salmon to Newfoundland ri vers in 1998 is 61% high er than 
1997 and 10% Iower than the average 1SW retums (170,300) for the period 1992-94 (Figure 4.2.2.1, Appendix 6). The 
1992-95 ISW retums are higher than the returns in 1989-91, but similar to the retums to the rivers between 1971 and 
1988. The ISW recruits to Newfoundland, before commercial fisheries, have declined significantly from about 500,000 
in 1988 to 187,000 in 1998. 
The ntid-point (8,000) of the estimated 2SW retums to Newfoundland ri vers in 1998 is 60% high er than in 1997 and the 
highest value in the time series (1971-98) of returns (Figure 4.2.2.2, Appendix 6). The 2SW recruits however in 1998 
are similar to 1992-97 and !hese years are the lowest obscrved in the time series (1969-98). 

Quehec 
The procedure to estimate retums was revised by using individual river information for 117 rivers for each year 
between 1984 and 1998 as described last year. The mid-point (31,600) of the estimated retums of ISW salmou to 
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Qnebec in 1998 is a 10% increase from the rerums 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 returns of 2SW salmon in Qnebec 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 valne is the lowest estimated and continnes a downward trend from the high of 98,000 2SW salmon in 
1980. 

Gulf of St. Lawrence, SF As 15-18 
The mid·point (53,300) of the estimated returns in 1998 of lSW salmon returning to the Gulf of St. Lawrence was a 
31% increase from 1997, however it is the second lowest valne since 1984. The low val nes noted in 1997 and 1998 
continne a downward trend from the high valne of abont 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. Retnrns of 2SW salmon have 
declined steadily since 1995. 

Scotia-Fundy, SF As 19-23 
The mid·point (16,700) of the estimate of the lSW retums in 1998 to the Scotia-Fundy Region was an 89% increase 
from the 1997 estimate, which was the lowest valne in the time series, 1971-1998. Rctums have generally bcen 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 valne in the time 
series, 1971-97 (Figure 4.2.2.2, Appendix 6). A declining trend in retums has bcen observed from 1985 to 1998. 

USA 
Total salmon returns and spawners for USA rivers in 1998 were calculated as described in ICES 1996/Assess:ll. Since 
harvest of salmon is not permitted in Maine and many ri vers do not contain fish connting facilities, run sizes for several 
small rivers in Maine continne to be nnderestimated. In recent years, the nnmbcr of USA spawners is considered to be 
the same as the number of estimated rerums because it is not possible to determine the age and origin of salmon canght 
in the sport fisbery, nor mortality associated with catch-and-release angling in Maine. 

The estimated lSW retums and spawners to USA rivers in 1998 were 403 salmon. This was 10% above the estimated 
retums in 1997, and 3% and 35% below the previons 5- and lO-year averages, respectively (Table 4.2.2.1, Figure 
4.2.2.1). 

The estimated 2SW returns and spawners to USA rivers in 1998 was 1,526 salmon. This was 5% bclow the 1997 
estimate, and was 18% and 41% bclow the previons 5- and lO-year averages, rcspectively. 

North America (combined Canada and USA) 
It is not possible to calculate the total numbcrs of rcturns in 1998 of either lSW or 2SW salmon to North America as no 
estimates exist for Labrador for reasons previously desLTibcd. 

4.2.3 Pre-flshery abundance esdmates of non-maturing and maturing lSW North American salmon 

North Ame ri can run-reconstruction mod el 
The Working Group ha.s used the North American rnn-reconstruction model to estimate pre-fishery abundance, which 
serves as the basis of abnndance forecasts used in the provision of catch advice. The catch statistics used to deri ve 
returns and spawner estimates have been updated from those used in ICES 1998/ACFM: 15 (Table 4.2.3.1). The North 
American run-reconstruction model has also been used to estimate the fisbery exploitation rates for West Greenland and 
in homewaters. 

Non-maturing 1SW Salmon 
The non-rnaturing component of lSW fish, destincd to be 2SW returns (excludes 3SW and previous spawners) is 
represented by the pre-fisbery abnndance estimator for year i designated as [NNl(i)]. Definitions of the variables are 
given in Table 4.2.3.2. It is constrncted by summing 2SW returns in year i+ l [NR2(i+l)], 2SW salmon catches in 
commercial and Aboriginal food fisheries in Canada [NC2(i+ l)] and catches in year i from fisheries on non-rnaturing 
ISW salmon in Canada [NCI(i)] andGreenland [NGI(i)]. 

There are two important changes to the calcuiations !hat determine pre-fishery abundance of non-rnaturing ISW salmon 
for 1997. The first change was made because of the inclusion of Aboriginal food harvests of small (AH_s) and large 
salmon (AH_!) in the reported catches for 1998. As Aboriginal harvests occurred in both Lake Melville and coastal 
areas of nortbern Labrador, a new parameter was added to define the fraction of !hese catches !hat 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-rnaturing salmon do occur in coastal marine areas in the remainder of northem 
Labrador. Consequently, af_imm for the fraction of Aboriginal harvei!ts that were non-maturing was set at 0.05 to O.l 
which is half of f_imm from commercial fishery sarnples. The new equations to calculate NC1 and NC2 are as follows: 

Eq. 4.2.3.1 

Eq. 4.2.3.2 

NC1(i) = [(H_s(i) tl-7.'"'1 + H_l(i) i'·7,14bl * q) * f_imm l 

+ [(AH_s(i) + AH_l(i) * q) * af_imm], and 

NC2(i+l) = [H_l(i+ l) ll-7,14'1 * (1-q)] + [AH_l(i+l) * (1-q)] 

The second change was necessitated by the closure of the commercial fisbery in Labrador in 1998. In past reports, 
salmon retums and spawners for Labrador which make up one of the six geographical areas contributing to NR2 for 
Canaria were based on commercial fishery data. Since the commercial fisbery was closed in Labrador in 1998 the time 
series also ended. However, in order to estimate pre-fisbery abundance it was still necessary to include Labrador retums 
for 1998. Consequently, a raising factor was developed by dividing pre-fishery abundance without Labrador into pre­
fisbery abundance with Labrador based on the time series of Labrador recruit estimates and pre-fisbery abundance data 
from 1971-96. Theraising factor (RFL2) to estimate retums 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-calælated nurnbers between the salmon fisheries on the 1SW and 2SW salmon (lO 
months) and between the fisbery on 2SW salmon and retums to the ri vers (l month) as shown below: 

Eq. 4.2.3.3 NN1(i) = [RFL2*((NR2(i+ l) l Si+ NC2(i+l))/S2 + NCl(i)] + NG1(i) 

where the parameters Sl and S2 are defined as exp(-M *l) and exp(-M *lO), respectively. A detailed explanation of the 
model used to determine pre-fishery abundance is given in Rago et al. (1993a). 

This estimated pre-fisbery 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 an y of 
the fisheries. This is because rates for non-catch fisbing mortality are not available on an annua! basis and are not well 
described for sorne of the fisheries harvesting potential or actual 2SW salmon. 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 Scction 4.1.1) There were no cornmercial fisberies in these areas for the years indicated. 

As the pre-fishery abundance estimates for potential 2SW salmon require estimates of retums to ri vers, the most recent 
year for which an estimate is available is 1997. The minimum and maximurn values of the catches and returns for the 
2SW cohort are surnmarized in Table 4.2.3.3. The 1997 abnndance estimates ranged between 69,710 and 126,088 
salmon. The mid-point of this range (97,899) is 23% lower than the 1996 valne (126,600) and is the lowest in the 26-
year time series (Figure 4.2.3.1). The most recent year is shown with hottow symbols as no Labrador values were 
estimated for this year and the raising factor described previously was uscd. The results suggest a continuation of the 
general decline from 807,000 in 1975. The Working Group expressed concem about the continued decline in the pre­
fisbery abundance and its intpact on spawner levels. The low pre-fisbery abundance estimatcs in 1997 are consistent 
with the low numbers ofmaturing 1SW salmon in 1997 which came from the same cohort. 

Maturing lSW 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 ctass. 

For the commercial catches in Newfoundland and Labrador, all small salmon are assurned to be 1SW fish based on 
catch sarnples which show the percentage of 1SW salmon to be in excess of 95%. Large salmon are primarily MSW 
salmon but some maturing and non-maturing 1SW are also present in cornmercial catches in SF As 1-7, 14B. Estimates 
of fractions of non-rnaturing 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 ISW salmon (Raga et al. 1993a; ICES 
1993/A~sess:10). Saimon catches in SF As 8-14A are mainly maturing salmon (!dier et al. 1981). These values were 
assurned to apply to the Aboriginal food fishery catches in marine coastal areas ofnorthern Labrador. 

Similar to calælations to determine non-maturing 1SW salmon, a raising factor was also required to include Labrador 
retums 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-fisbery abundance without Labrador 
into pre-fisbery 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 (RFLI) to estimatc rcturns to Labrador for 1998 for ISW 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 
[MNI(i)]. It is constructed by surnming maturing !SW returns in year i [MRI(i)] in Atlantic Canada and catches in year 
i from fisheries on maturing lSW salmon in Newfoundland and Labrador [MC!(i)). Au assumed natura! mortality rate 
[M] of 0.01 per mooth is used to adjust the back:-calculated numbers between the fishery on ISW salmon and returns to 
therivers (l month) as shown below: 

Eq. 4.2.3.4 MN!(i) = [MR!(i) l Sl+ MCl(i)J * RFLl 

where the parameter Sl is defined as exp(-M * 1). 

Eq. 4.2.3.5 MCI(i) = [(l-f_imm)(H_s(i)1,.7,l4bJ + q*H_l(i) 11.7,t4bJ)J + H_s(i){s-14•1 

+ [(1-af_imm)(AH_s(i) + q*AH_l(i))) 

This estimated pre-fishery abundance represents the extant population and does not account for the fraction of the 
populatioo present in a given fishery area. The model dues 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 annua! basis and are not well 
described for the lisheries harvesting !SW 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 vatnes of the catches andreturns for the !SW cohort are summarised in Table 4.2.3.4 and 
the ntid-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 describcd 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 estlmated 
in the time series 1971-97. Estimates for 1995 and 1994 decreased over those of the previous two years. The reduced 
vatnes 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 abundanæ of !SW maturing and ISW non-maturing salmoo from North America 
for the period 1971 to 1997 and Figure 4.2.3.2 shows fbese data combined to give the total ISW recruits. The steady 
decline in recruits over the last ten years is alarming. Although the declining trend appears common to bofh maturing 
and non-maturing portions of the cohort, non-maturing !SW salmon have declined at a steeper rate. Causes for the 
differenæs in rate of decline are uncertain. Figure 4.2.3.1 shows fhat grilsc are hecoming an increasingly larger 
proportion of the total North American stock complex. Tbis proportion has risen lrom about 45% at fhe beginning of the 
1970s to almost 80% in the last year. The Working Group exprcssed concerns about these stock trends and 
recommendcd further investigation in to their causes. 

4.2.4 Spawning escapement and egg deposition 

Canada 
Egg depositions in 1998 exceeded or equalled the river specific conservation requircments in 21 of the 71 assessed 
ri vers (30%) and were less than 50% of conservation in 24 other rivcrs (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 eight 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. On!y 25% of the Gulfrivers and 12% of 
the Quebec rivers had egg depositions wbich equalled or excceded conservation (Figure 4.2.4.1). In insular 
Newfoundland, 71% of fhe ri vers assessed met or exæeded the conservation egg requirernents and alm ost all the others 
(24%) had egg depositions which were less than 50% of requirement. The deficits occurred in the south west rivers of 
Newfoundland (SFA 13). 

Nineteen rivers in Newfoundland and Quebec are under rehabilitatlon or colonization programs where in recent years 
salmon have gained access to previously inaccessible habitat or to re-cstablish the wild production (Figure 4.2.4.1). 
Four of these ri vers mct or exceeded the conservation requirements in 1998. Egg depositions in 79% of these rivers 
were less than 50% of rcquirements. Egg depositions in 1998 relative to 1997 were similar or improved in 53% of fhese 
ri vers. 
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Escapements over time relative to conservation requirements have improved in some areas of eastem Canada but have 
dedined in others (Figure 4.2.4.2). The sta!Us of three Bay of Fundy/Atlantic coast of Nova Scotia rivers has severely 
dedined, especially since 1991. The proportion of the conservation requirements achieved were the lowest in all three 
rivers in 1998. For the Quebec rivers, spawning escapements declined continually from a peak median valne in 1988 
with a slight recovery in 1995. Escapements relative to conservation were arnong 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 requirements bot the median escapernents were helow conservation 
requirernents in the last five years. Newfoundland ri vers have shown the greatest improvernent in the proportion of the 
spawning requirernent 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-reconstructlon estlmates of spawning escapement 
Updated estimates for 2SW spawners were derived for the six geographic regions referenced in Section 4.2.2 (Table 
4.2.4.1). Estimates of 1SW spawners, 1971-98 are provided in Table 4.2.4.2. These estimates were derived by 
subtractiug the in-river removals from the estimates of retums to rivers. A comparison hetween the numhers of 
spawners, retums and spawning requirements for 1SW and 2SW salmon are shown in Figures 4.2.2.1 and 4.2.2.2 
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 Jack of 
assessment information. 

Newfoundland: The mid-point of the estimated nurnhers of 2SW spawners (8,000) in 1998 is 60% higher !han !hat 
estimated in 1997 and is 198% of the total 2SW spawner requirements for all rivers. This year is the fifth time !hat the 
2SW spawner requirement has been met or exceeded since 1984 (Figure 4.2.2.2). The 1SW spawners in 1998 increa,ed 
by 73% from 99,000 in 1997 to 170,900 in 1998. The 1992-96 and 1998 1SW spawners are bigher !han the spawners in 
1989-91 and similar to levels in the late 1970s and 1980s (Figure 4.2.2.1). The spawning levet in 1997 however was the 
!hird lowest in the data series, with 1989 and 1991 heing lower. There bad been a general increase in both 2SW and 
ISW spawners during the period 1992-96 and 1998 and !his is consistcnt with the closure of the commercial fisheries in 
Newfoundland. For 1997, decreases occurred most slrongly in the 1SW spawners. 

Quebec: The mid-point of the estimated numhers of 2SW spawners (17,000) in 1998 is lower (6%) !han !hat 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 !hird lowest in the time series (1971-98) and the lowest since 1979. Estimates of the nurnhers 
of spawners have consistently heen about one-third to three-quarters of the spawner requirement over the time series 
(1971-98). The mid-point of the estimated 1SW spawners in 1998 (20,500) was an 11% increase from 1997 (Figure 
4.2.2.1). Spawning escapement of ISW fish bas generally heen higher since the early 1980s !han it was before !his 
period. 

Gulf of St. Lawrence: The mid-point of the estimated nurnhers of 2SW spawners (11,300) in 1998 is 55% lowcr !han 
!hat estimated in 1997 and is about 37% of the total 2SW spawner requirements for all rivers in !his region (Figure 
4.2.2.2). This is the !hird time in nine years !hat !hese rivers have not exccedcd their 2SW spawner requirements. The 
mid-point of the estimated spawning escapement of 1SW salmon (29,600) increa,ed by 21% from 1997 and is the sixth 
lowest in the time series, 1971-98; the lrend has been downward' since the peak of about 153,000 reached in 1992 
(Figure 4.2.2.1). Spawning eseapement bas on average, however, been higher since the mid-1980s than it was before 
!his period. 

Scotia-Fundy: The mid-point of the estimated nurnhers of 2SW spawners (4,000) in 1998 is a 4% dccrcase from 1997 
and is about 16% of the total2SW spawner requirements for ri vers in !his regioo (Figure 4.2.2.2). Neither the spawner 
estimates nor the spawner requirements include ri vers of the inner Bay ofFundy (SFA 22 and parts of SFA 23) as !hese 
rivers do not conbibute to distant water fisheries and spawning escapements are extremely low. The 2SW spawning 
escapernent 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 
heen a general downward trend in 1SW spawners since 1990 (Figure 4.2.2.1). 

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

USA 
The estimated 2SW retums (1,526 salmon) to USA ri vers in 1998 represents about 5% of fhe spawncr requirements for 
all rivers. Estimated spawning escapements in the Penobscot, Connecticut and Merrimack 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 retumed to North Ameriea in the ahsenee of fisheries 
can be computed from estimate.' of the pre-fishery abundance taking into consideration the 11 months of natura! 
mortality at l% per month. These values, termed potential 2SW recruit,, along with total North American 2SW retums, 
spawners and requirernents are shown in Pigure 4.2.4.3 and indieate that the overall North Ametican spawner 
requirement could have been met, in the absence of all fisheries, in all years except 1993 to 1998. The differenee 
between the potential 2SW recruits and actual 2SW retums reflect the extent to which mixed stock fisheries at West 
Greenland and in SPA• 1-14 have reduced the populations. 

Similarly, the impact of the Greenland fishery can be considered by subtracting the non-maturing lSW salmon 
(accounting for natura! mortality) harvested there from the total potential 2SW recruits. These values, termed 2SW 
recruits to North Ameriea, are also shown in Pigure 4.2.4.3. The differenee between the 2SW recruits to North America 
and the 2SW retums reflects the impact of removals by the commercial fisheries of Newfoundland and Labrador. The 
2SW recruits to North Ameriea indieate tha~ even if there bad not heen a West Greenland commercial fishery, spawner 
requirements could not have been met sinee 1990. The differenee between the actual 2SW retums and the spawner 
numbers reflects in-river removals througbout North America and coastal removals in Quebec, Gulf and Scotia Pund y 
regions. 

In 1994, the Working Group (ICES 1994/Asse.•s:16) undertook a preliminary analysis of the effects of eseapemeut on 
potential fishery yield. It was noted that the stock-recruitrnent relationship ultimately defines the sustainable leve! of 
harvesting and its expected variability over time, although spawning stock sizc is aften not a significaut variable in 
models relating recruitrnent to stock and environmental variables. The establishment of strong correlations between 
recruits and au environmental variable is sometimes used to support the notion that spawning stock sizc is unimportanl. 
However, it was concluded that if environmental variability regulates survival in a density-independent fa•hion, then the 
importanee of stock size is enhanced. 

Pollowing on the technique out!ined in previous reports (Iæs 1994/Assess: 16, IæS 1995/Assess:14). the spawners in 
each geographic area were allocated (weighted forward) to the year of the non-maturing 1SW component in the 
North west Atlantic using the weighted smolt age proportions from each area (Table 4.2.4.3). The total spawners for a 
given recruitrnent year in each area is the sum of the lagged spawners. Because the smolt age dislributions in North 
Ameriearauge from ane 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 eau be estimated is 19·; c (although a valne 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 (exeept for Labrador) are known, the spawning stock 
conlributing to the pre-lishery abundanee up to 2001 is known for North America and up to 2002 except for Labrador 
(Figure 4.2.4.4, Table 4.2.4.4). 

Spawning escapement to several stock complexes has heen below the spawner requirement (Labrador, Quebec, Scotia­
Fundy, USA) 1980s (Figure 4.2.4.4). In Uw last four years, lagged spawner abundance has been increasing in Labrador 
aud Newfoundland but decreasing in all other areas. The relative contributions of the stocks from geographic area to the 
total spawning escapement of 2SW salmon has varied over time (Figurc 4.2.4.5). The reduced potential contribution of 
Scotia-Pundy stocks aud the increased proportion of the spawning stock from the Gulf of St. Lawrence and recently 
Labrador rivers to future recruitrnent is most evident. Tbus production of non-maturing 1SW salmon would not be 
expected to increase draruatically from most areas of North Amcriea even if the sea survival improves. On! y the Gulf 
and Newfoundland stock complexes have received spawning escapements which have exceeded the area requirements, 
all other complexes were below requirement and some declincd furthcr in 1998. 

4.2.5 Survival indices 

Canada 
Counts of smolts and adult salmon retums enable estimates of marine survival to be deri ved. Examination of tren ds over 
time provide insight into the irupact of changes in management measures or other factors !hat 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 
ava.ilable for the 1998 adult retums ranged from the Saint John River (SPA 23 Bay of Pundy) in the south, LaHave 
River (SPA 21) and Liscomb River (SPA 20) along the Atlantic coast of Nova Scotia, Saint-Jeau (Q2) in the Gaspe 
region, de la Trinite and aux Rochers (Q7) on the Quebec North Shore, aud several populations from southern (SPAs 9 
and 11), and eastem and northern Newfoundland (SPA 4, 14). In general, survival of hatchery stocks is lower and more 
variable than !hat of wild. 

There was a large decline in the retum rates of both hatchery and wild smolts as 1SW salmon in 1997. The decline was 
generally observed throughout eastem Canada. Survival rates to the river as ISW sahuon improved for most ri vers of 
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eastem Canada in 1998 relative to survival rates observed in 1997 (Figure 4.2.5.1 to 4.2.5.3). Survival rates to 1SW 
salmon of hatchery smolts in 1998 were less than 1% while survival rates to 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 Trinite River but remained well 
below the rates observed during the late 1980s (Figure 4.2.5.2). The LaHave River smolt survivals to 1SW salmon 
improved in 1998 relative to 1997 and were twice those observed for the Quebec rivers. The survivals to 2SW salmon 
in the Quebec ri vers declined in 1998 to the lowest levels of the time series (Figure 4.2.5.2). 

Following a ocief 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 south west 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 sabnon 
pnpulations from eastem 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 include physical, chemical and biological induced constraints. Documented losses 
include hydropnwer developmen~ acidification, and siltation. Suspected losses include interactions caused by the 
introduction of competitive or predator species, chemicals that disrupt endocrine development and localized effects 
associated with aquaculture. Mitigation of these losses has, for the most part, been insufficient. Fish passage is not 
generally complete, hatchery production has not generally replaced the loss of natura! production, the reduction in 
atrnospheric pollutants has not declined and numbers of suspected negative factors and sites has continued to increase. 

Fish passage efficiency, both upstream and downstrearn, limit populations at hydropower facililies such as on the Saint 
John River, St. Croix River, and several US ri vers. 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 conlinued to increase and documented negative intcraction with wild salmon 
stocks has occurred. Salmon populations of the Southern Uplands of Nova Scotia have fallen to crilically low levels in 
acid-impacted areas white the frequency and duration of acid episodes has increased. 

Collectively these factors have reduced the produclive capacity of North American salmon populalions but cannot 
account for the dccline in adult returns 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 Surnmary of status of stocks in the North American Commission Area 

The North American run-rcconstruction model was used to update the estimatcs of pre-fishery ahundance of non­
maturing and maturing ISW salmon from 1971-98. The eslirnate of pre-fishery abundance of 97,899 for 1997 of non­
maturing ISW sabnon was the lowest on recor<L and 23% below the previous year. Similarly, for maturing ISW 
salmon, there was a 32% decrease from 1996 in the 1997 estimate (319,065) 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 abundanæ. In addition to the steady decline in 
total recruits over the last lO years, grilse have become an increasingly larger proportion of the total North American 
stock complex. This propnrtion 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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Region 

Labrador 
Newfoundland 
Qut!bec 
Gulf 
Scotia-Fundy 
USA 

Rank of 1998 returns In 1971-98 Mid-point estimate of 2SW spawners as 
_,t!!im""':e':':se::'r:71e"'s:.:(~1c:-:!!h~lg,.,h!:e:::s!:!t)~::---- proportion of escapement requirement 

lSW 2SW ( %) 
Unknown 

9 
13 
22 
23 
13 

Unknown 
l 

28 
27 
28 
22 

unknown 
198 
28 
37 
16 
5 

In most regions the retums of 2SW fish are near the lower end of the 28-year time series except Newfoundland where 
they are at the highest leve!. Retums of ISW sahnon were at the lower end of the time series in Gulf lllld Scotia-Fundy, 
and about at the mid-point in Newfoundland, Quebec and USA. 

The text table above also shows the estimated total spawning escapernent of 2SW sahnon in each region expressed as a 
percentage of the spawning escapement requirement. Only in Newfoundland were requirements exceeded in 1998. The 
overall 2SW spawning escapement reqnirernent for Canada could have been met or exceedcd in only three (1974, 1977 
and 1980) of the pa~t 28 years (considering the mid-point' 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 ifall in-river harvests had been 
eliminated. 

The total population of lSW and 2SW Atlantic sahnon in the northwest Atlantic has osciUated around a generally 
declining trend since the 1970s, and the abundance recorded in 1993-98 wa' the lowest in the time series (Figure 
4.2.3.2). During 1993 to 1997, the total population of l SW and 2SW Atlantic sahnon was about one-half million ftsh, 
45% of the average abundance during 1972 to 1990. The dcclinc has bccn more scvere for the 2SW sahnon component 
than for the small sahnon (maturing as ISW sahnon) age group. 

Substantive increa'"s in spawning escapements in recent years in north east coast Newfoundland ri vers and high smolt 
and juvenile production in many rivers, in conjunction with suitable ocean climate indices were suggestive of the 
potential for improved adult sahnon 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 suhsequent adult sahnon production, however, low grilse rctums in 1997 provided a strong signal for low returns of 
2SW sahnon in 1998. 

Trends in abundance of small sahnon and large sahnon within the gcographic arcas show a general syncbronidty arnong 
the ri vers. Returns of large sahnon were generally the lowest observcd since 1987 while grilse retums improved marginal ly 
for stocks in man y areas. For the ri vers of Newfoundland, large sahnon returns were arnong the highesl in lhe last 12 ycars 
but large salmon returns in the Gulf of St. LaMcnce and Quebec were among the lowest. The differences in the relative 
abundance of large sahnon in Newfoundland as compared with the other areas of eastern Canada are consistent with the 
age structure. Large sahnon in Newfoundland are pred001inantly repeat-spawning 1SW salmon while in other areas of 
eastern Canada, 2SW and 3SW sahnon make up v.rrying proportions of the returns. 

The continuing absence of any clear factor(s) to explain tllC lower ISW returns in 1997 and the low 2SW retums in 
1998 make 'my predictions of river-specific abundance of small and large sahnon in eastern Canada in 1999 very 
uncertain. An additional concern is the low abundance levels which currently describe many salmon stocks in rivers in 
eastem Canada, particularly in the Bay of Fundy and Atlantic coast of Nova Scotia, and the south coast of 
Newfoundland. Despite major cbanges in fisheries management, retums have continued to dec1ine in !hese 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 sahnon declines, increasing numbers of predators, particularly seals and 
seabirds, at the same time that marine survival is dec1ining, suggests that there is a strong possiblity that predators and 
sahnon populations are linked (see Section 2.4.6 and 2.4.10, a~ well a~ last year' s report). 

USA salmon stocks exhibit the same downward trend thathas been shown for man y Canadian sahnon stocks, especially 
those located in the Bay of Fundy and along the Atlantic coast of Nova Scotia. Most sahnon rivers in the USA are 
hatcbcry-dependent and remain atlow leve1s compared to conservation requirements. 

The Working Group noted tllat induced freshwater habitat constraints were substantial in some areas and productive 
capacity has been redueed. Causes include physical, cbemical and hiological 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, cbemicals that disrupt endocrine development and localized effects 
associated with aquaculture. 

4.3 Effects on US and Canadian Stocks and Flsheries of Quola Management and Closure after 1991 in 
Canadian Conunerclal 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 cbanges on Newfoundland stocks (ICES 1997/Assess: 10). At that time, estimates were made 
of commercial exploitation rates on small salmon during premoratocium years (1984-91) whicb ranged from 29% to 
66%, averaging 49% for all areas combined. On large salmon, they ranged from 64% to 98% and averaged 76%. 

4.4 Update of Age-Specific Stock Conservatlon Lirnits 

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 Quebec 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 spawoing 
requirements for these ri vers (476 fish) be included in the total. 

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

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

Overview 
This is the third year that the Working Group bas been asked to provide catcb options for the North American 
Commission Area. Catcb options are provided only for the non-maturing ISW and maturing 2SW components which 
migrate between two Commission areas and the waters of two, three or four nations. The maturing ISW 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 fishcry, 1972-98, are provided in Tablcs 4.5.1 and 4.5.2. and 
expressed as 2SW salmon equivalents. The Newfoundland-Labrador commercial fishcrics have bistorically harvested 
both maturing and non-maturing 1SW salmon as well as 2SW maturing salmon. The harves! in these tlsheries of repeat 
spa\VIlers and older sea-ages has not been considered in the run reconstructions. Harvests of lSW non-maturing salmon 
in Newfoundland-Labrador commercial tisberies have been adjusted by natura! mortalities of l% per month for 11 
months and 2SW harvests in these same fisheries have bccn adjusted by one month to express all harvests as 2SW 
equivalcnts in the year and time they would reacb ri vers of origin. Starting in 1998, the Labrador commercial tlshery 
was closed. An Aboriginal food tlsbery occurred in 1998 wbicb rna y have harvested, to some degree, mixed stocks and 
catcbes for this tlshery have been included in Tables 4.5.1 and 4.5.2. Mortalities (principally in tlsberies) in mixed stock 
and terminal tlsheries areas in Canada are summed with those of USA to estimate total 2SW 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 laken as non-maturing fish in Labrador 
comprise about 5% of the total in North America. 

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

Table 4.5.2 shows the mortalilies expressed as 2SW equivalents in Canada, USA and Greenland for 1972-98. Harvest' 
within the USA of the total within North America approacbed 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 barvested in Canada during the 
time period indicated. The percentage of the total 2SW equivalents that has been laken in North American waters has 
nmged from 43-100%, with the most recent year estimated at 67%. The two years wben 100% of the mortality 
occurred in North America were the years wben the Greenland commercial tlshery did not operate. 
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It is possible to provide catcb advice for the North American Commission area for two years. The revised forecast for 
1999 for 2SW maturing fish is based on a new forecast of the 1998 pre-fisbery abnndance and acconntingfor fish whicb 
were already removed from the cohort by fisheries in Greenland and Labrador in 1998 as 1SW 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 
conseqnence of these annual revisions is that the catcb options for 2SW eqnivalents in North America may cbange 
compared to the options developed the year before. 

4.5.1 Catch advice for 1999 fisheries on 2SW maturing salmon 

A revised forecast of the pre-fishery abnndance for 1998 is provided in Table 5.6.1.1. This valne of 99,956 is lower than 
the valne forecast last year at this time of 113,899 (See Section 5.2 for more detailed derivation of the models nsed, 
etc.). A pre-fishery abundance of 99,956 in 1998 can be expressed as 2SW eqnivalents by considering natural mortality 
of l% per month for 10 months (a factor of 0.904837), resnlting in 90,444 2SW salmon equivalents. There have already 
been barvests of this cobort 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 2SW salmon equivalents already harvested. The text table below 
uses the probability density projections for the revised pre-fishery abundance cstimate of 99,956 and subtracts the 
spawning reserve (205,230), converL~ it to 2SW salmon cquivalents and thcn subtracl~ the 11,584 2SW equivalents 
already harvested (Tables 4.5.1 and 4.5.2). The calcnlation is as follows: 

[[PFA. - spawning reserve] x exp - (0.01 *10 months)] - harves! in Greenland and Labrador in 1998 of 1SW non­
rnaturing fish 

where PFA; = values from 25-90%. 
spawning reserve= 205,230 
barvests WG = lSW non-maturing in 2SW equivalents 

Catch Options for 1999 North American Fisheries (Prohability levels refer to 
........... ___ _ _ _pr_o_l>"_b}_lity_<l•'-'''!tx !111_1~!!<111.':"-t.i'!"!!e.~ "-~ p_r.e.:f.~:•!!~_ry_ .".bll'c'dll''~e )_ ____ .. ______ .... 

....... .J:'!.o.~llbilityL"v"l 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

Pre-rlShery Abundance 
Forecast ······----------····- ···········--·····.-·····-

16,337 
34,995 
52,277 
68,585 
84,405 
99,956 

115,444 
131,402 
147,627 
164,803 
183,333 
204,038 
228,282 
258,795 
304,286 

Catch Options in 2SW Salmon 
... __ -~quiy~lell~(noJ 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

9,274 
36,884 
78,046 

4.5.2 Catch ad vice for 2000 fisheries on 2SW maturlng salmon 

The text table below, as an exan~ple, assurnes a 40% Greenland/60% North America division of the surplus for harves! 
(after reserving the spawner requirement of 205,230) and expresse.' catch options as 2SW salmon equivalents for 2000 
(by considering lO months of mortality at l% 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 nse of the 50% level. Precautionary approaches would 
ntilise probabilities mucb 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 lisherles (probability Jevels refer to 
probability density function estimates of pre-fisbery abundance) 

Probability Leve! 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
9Ø 
95 

Pre-fishery 
Abundance Forecast 

795 
18,398 
34,579 
49,917 
64,810 
79,450 
94,097 

108,959 
124,344 
140,537 
158,302 
177,300 
200,047 
229,030 
272,057 

Catch Options in 2SW Salmon 
Eguivalents (no.) 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

12,921 
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 ftsh 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 ri vers reaching their conservation requirements, it is obvious that 
river-by-river management is necessary. On individual ri vers, 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 
requirernents 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. 

l. There is an urgent need to monitor salmon returns and develop habitat-based spawner requiremcnL' in Labrador and 
Ungava regions of Quebcc. 

2. There is a nced to investigate changes in the biological characteristics (mcan weighL sex ratio, sea-age composition) 
of returns to rivers, spawning stocks, and total recTUits prior to fisheries. These data and new information on 
measures of habitat and stock recruitment are ncccssary to reevaluate existing estimates of spawner requiremcnts 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 ri vers stocked with hatchery smolts should be exarnined to determine if hatchery return rates can 
be used as an index of sea survival of wild salmon elscwhcre. 

4. Further basic research is needed on the spatia! and tempora! distribution of salmon and their predators at sea to assist 
in explaining variability in survival rates. 
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Table 4.1.1.1. Licensed effort, quota, harvests and percent of total harves! comprised of large salmon in the Labrador 
and Quebec commercial fisheries, 1992 to 1998. The conunercial fishery in SPA 14B of Labrador was closed in 1997. 
A conunercial byback was in effect in Labrador in 1998. The conunercial fishery in Quebec Zone Q7 was closed in 
1993 and in Zone Q8 in 1994. A voluntary commercial buyback was in effect in Quebec Zone Q9 in 1998. 

1992 1993 1994 1995 1996 1997 1998 

Labrador (SFA 1, 2 and 14B) 

Li.censed effort 495 288 218 218 218 205 o 
Quota (t) 273 178 92 73.5 55 50 o 
Harves! (t) 204 112 93 55 48 47 o 
Harves! (number) 56,590 34,170 24,017 19,156 15,116 16,696 o 
%Large (by number) 57% 50% 64% 59% 48% 38% 

Quebec (Q7 to Q9) 

Licensed effort 147 94 90 90 87 87 31 

Quota (number) 23,400 15,325 15,!75 15,175 12,068 12.068 2,230 

Harvest (number) 19,363 14,657 13,800 13,653 11,718 10,437 2,110 

· Harves! (t) 63 46 43 42 32 30 5 

%Large (by number) 80% 75% 72% 71% 61% 66% 49% 

Quebec (Qll) 

Licensed effort 5 5 5 5 5 5 5 

Quo ta (num ber) 3,125 3,125 3,125 3,125 3.125 3,125 o 
Harvest (number) 337 212 485 300 268 296 o 
Harvest (t) 2 l 3 2 2 o 
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Table 4. 1.2. l. Percentages by user group and province of small and large salmon barvested (by number) in tbe Atlantic 
salmon fisberies of eastern Canada during 1998. 

% of Proviocial Harvest o/" of 

Aboriginal Recreational Commercial eastern Number 
rtsheries f"Isheries riSheries Canada offJSb 

Small salmon 

NeM'oundland l Labrador 14.3 85.7 0.0 44.8 20,930 

Quebec O.l 84.7 15.2 15.1 7,047 

New Brunsv.ick 6.9 93.1 0.0 37.9 17,712 

P .E.l. 7.7 92.3 0.0 0.8 365 

NovaScotia 19.7 80.3 0.0 1.4 633 

Large sabnon 

NeM'oundland l Labrador 88.2 11.8 0.0 19.4 2,572 

Quebec 46.2 43.6 10.3 76.3 10,124 

New Brunswick 100.0 0.0 0.0 3.5 466 

P.E.l. 0.0 o 
Nova Scotia 100.0 0.0 0.0 0.8 108 

Eastern Canada % by User Group 

Small sahnon 9.4 88.3 2.3 46,687 

Large salmon 56.7 35.5 7.8 13,270 
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Table 4.1.2.2 Hook-and-Released Atlantic salrron caught by recreational fisherræn in Canada, 1984-98 

Year 

1984 
1985 

1986 
1987 

1988 
1989 
1990 
1991 
1992 

1993 
1994 
1995 

1996 
1997 
1998 

Newfoundland NovaScotia New Brunswick Prince Edward Island 
i ::small Srrall Large Large 

Srrall Large Total Srrall large Total KeH Bright Keit Bright Total Srrall 

939 1,655 2,594 661 851 1,020 14,479 17,011 
315 315 1,323 6,346 7,669 1,098 3,963 3,809 17,815 26,685 
798 798 1,463 10,750 12,213 5,217 9,333 6,941 25,316 46,807 
410 410 1,311 6,339 7,650 7,269 10,597 5,723 20,295 43,884 

600 600 1,146 6,795 7,941 6,703 10,503 7,182 19,442 43,830 767 
183 183 1,562 6,960 8,522 9,566 8,518 7,756 22,127 47,967 
503 503 1,782 5,504 7,286 4,435 7,346 6,067 .16,231 34,079 

336 336 908 5,482 6,390 3,161 3,501 3,169 10,650 20,481 1,103 
5,893 1,423 7,316 737 5,093 5,830 2,966 8,349 5,681 16,308 33,304 

18,196 1,731 19,927 1,076 3,998 5,074 4,422 7,276 4,624 12,526 28,848 
11,105 2,343 13,448 796 2,894 3,690 4,153 7,443 4,790 11,556 27,942 577 
12,383 2,588 14,971 979 2,861 3,840 770 4,260 880 5,220 11 '130 209 
22,227 3,092 25,319 3,526 5,661 9,187 472 
17,362 3,810 21,172 729 3,528 4,257 3,457 4,670 3,786 8,874 20,987 210 
19,318 3,543 22,861 711 2,688 3,399 3,154 5,760 3,452 8,298 20664 278 

• totals for all years prior to 1997 are incornplete and are considered rrinirral estirrates 
blank cells indicate no inforrætion available 

Large Total 

67 

256 1,023 

1,066 
187 1,290 

1,250 

147 724 
139 348 
238 710 
118 328 
136 414 

Quebec CAN/IlJA* 

Srrall large Total SMALL LARGE TOTAL 
2,451 17,154 19,605 
6,384 28,285 34,669 

16,013 43,805 59,81E 
19,177 32,767 51,~ 

19,119 34,275 53,394 
19,646 37,026 56,67:i 
13,563 28,305 41,84X 

8,673 19,824 28,49' 
17,945 28,505 46,45( 
30,970 22,879 53,849 
24,074 21,730 45,804 

922 922 18,601 12,610 31,211 
1,718 1,718 26,225 10,709 36,934 

182 1,643 1,825 26,810 21,759 48,569 
297 2,680 2977 29518 20,797 50,315 



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 (SPA 23, Canada) and in three ri vers of easterm Maioe, USA. 

Magaguadavic River (SPA 23, Canada) 

Year lSW %Aqua' MSW %Aqua' Total %Aqua' 

1983 

1984 

1985 

1988 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

303 637 940 

249 534 783 

169 466 635 

291 398 689 

238 35 201 31 439 

208 46 177 29 385 

1064 94 228 73 1292 

540 90 198 85 738 

195 89 68 29 263 

94 63 47 49 141 

247 89 6 50 253 

Three ri vers of eastcm Maine 
St. Croix Dennys Narraguagus 

33 

38 

90 

89 

74 

58 

88 

Year Totalrun %Aqua' Totalrun %Aqua' Totalrun %Aqua' 
1994 181 54 47 89 52 2 
19951 60 22 9 44 56 o 
1996 152 13 31 68 64 22 
1997 70 39 2' 100 37 o 
1998 65 37 12 100 22 o 

1 High flows in 1995 may have affected accuracy of counts in all three rivers, especially the Dennys 
River 
2 lncomplete 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 ri vers of 
eastem Canada in 1998 relative to retums in 1997 and toretums in 1988 to 1997. 

Size group 

Small 

Large 

Small & Large 

Small 

Large 

Small & Large 

Small 

Large 

Small & Large 

Small 

Large 

Small & Large 

Size group 

Small 

Large 

Small & Large 

Small 

Large 

Small & Large 

Small 

Large 

Small & Large 

Small 

Large 

Small & Large 
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Number of ri vers in each category 

Returns in 1998 relative to returns in 1997 

Total <50% 50%to90% >=90% 

Bay of Fund y and Atlantic Coast of Nova Scotia (SF A 19 to 23) 

9 o 4 5 

9 3 3 3 

lO o 5 5 

Southern Gulf of St. Lawrence (SFA 15 to 18) 

lO o 3 7 

lO l 7 2 

10 o 6 4 

Quehec (Zones Q1 to Qll) 

12 o 2 10 

12 l 9 2 

36 o 17 19 

Newfoundland and Labrador (SFA 1 to 14) 

20 3 3 14 

20 l 6 13 

20 3 3 14 

R<mk of 199R within the 1988 lo 1998 period 

Number of ri vers Lowest Median 

Bay ofFundy and Atlantic coast of Nov-.t Scotia (SFA 19 to 23) 

3 11 5 

4 Il 9.5 

4 11 7 

Southern Gulf of St. Lawrence (SFA 15 to lS) 

6 11 8.5 

6 11 9.5 

6 10 9 

Quebec (Zones Q1 to Q11) 

11 11 8 

Il 11 11 

27 11 9 

Newfoundland and Labrador (SFA l to 14) 

lO 7 3 

lO 8 2 

10 7 2.5 

Highest 

8 

8 

4 

5 

5 

6 

5 

8 

l 

l 

l 



Table 4.2.1.2. lndex ri vers in eastern North America with availabk juvenilc abundance or smolt abundance estimates for 1971 to 1998. Tbe index area refers to the SF As or Zones 
which are assumed to be represented by the index ri vers surveyed in those zones. River locations are shown in Figure 4.2.1.4. 

-w 
'O 

---.. -- ···- ·--
Labrador 

Newfoundland 

Gulf 

Scotla·Fundy 

Quebec 

u.s. 

!North America 

... , z, Ull .. 

1 
2 

148 
3 
4 
5 
6 
7 
8 

9 

10 
11 

12 

" 14A 
15 
16 

17 
18 

19 
20 
21 
22 
23 
01 
02 
03 
04 
05 
06 
Q7 

08 
09 

010 
Maine 

Sub1o1al 

Abundance 
IIIU .. A IIY .. I =· 

Campbell\on Smolts 

NE T repassey Smolts 
Rocky Smolts 

Con ne Smolts 
Little Smolts 

Hiqhlands Smol\s 
WAB Smol1s 
Resti ouche Juveniles 
Mlramic:hi Juveniles 
Buctauche Juvenilas 
Morell Juveniles 
Margaree Juveniles 
Wesl Juveniles 

St. Marys Juvenlles 
LaHave Juvenlles 

Saint John Juveniles 

Saini-Jean Smolts 

de la Trinite Smolts 
Moisie Smolts 

Bec·scie Smol1s 
Juvaniles 

l 

Egg requlrement (mllllona) 
lndex river l River rela11ve to Alver as 

"'r"•"-u"" IIIU .. II. IIY"'I rtvers SFA. Zone %of Total ............... ------ ... , ---- -- -- ---

158.6 2.9 1.0% 1.8% 0.2% 
37.9 

16.2 O.l 0.0 0.9% 0.0% 
3.4 0.0 21.0% 0.3% 

7.8 
41.1 7.8 2.6% 19.0% 0.7% 

0.3 0.1% 0.8% 0.0% 

75.4 1.5 0.5"1 .. 2.0% 0.1% 
19.1 0.9 0.3% 4.8% 0.1% 
71.9 536 17.9% 74.5% 4.5% 
143.5 131.0 43.7% 91.3% 11.0% 

1.6 0.5% 1.1% O.l% 
1.9 0.6 0.2% 29.7% 0.0% 

23.1 6.7 2.2% 29.0% 0.6% 
O.B 0.3% 3.5% 0.1% 

21.2 
55.2 9.6 3.2% 17.3% 0.8% 
77.6 12.2 4.1% 15.7% 1.0% 
21.2 
99.5 32.3 10.8% 32.5% 2.7% 
38.7 
17.9 3.8 1.3% 21.0% 0.3% 
21.5 

6.0 
11.2 
39.7 3.0 1.0'% 7.6% 0.3% 

21.8 7.3% 54.9% 1.8% 
119.1 
46.4 0.0''/o 
15.2 0.2 0.1% 1.5% 0.0"1<> 
5.5 5.5 1.8% 0.5% 

1192.5 299.7 100.0% 25.1% 



Table 4.2.1.3. Number of ri vers and percent of total indexed area represented by the indexed ri vers in 1971 to 1998. 

RI vers River as% of 
Year Monitored Total lndexed Area 
1971 2 11.10% 
1972 3 15.60% 
1973 3 15.60% 
1974 3 15.60"/o 
1975 5 16.20% 
1976 4 "16.10% 
1977 5 16.30% 
1978 6 16.30% 
1979 7 20.00% 
1980 6 16.80% 
1981 7 20.00% 
1982 8 20.10% 
1983 6 19.90% 
1984 9 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% 
1992 14 22.30% 
1993 17 22.70% 
1994 19 22.80% 
1995 20 24.70% 
1996 18 23.60% 
1997 18 24.30% 
1998 19 24.70% 
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Table 4.2.2.1 Estimated numbers of 1SW returns in North America by geographic regions, 1971-98. 

Labrador Newfoundland Ouebec Gulf of St. Lawrence Scot1a-Fundy North America 
Year Min Max Min Max Min Max Min Max Min Max USA Min MaxMid-points 

1971 32966 115382 112266 224994 14969 22453 33118 57935 11515 19525 32 204866 440322 322594 
1972 24675 86362 108509 217092 12470 18704 42202 73635 9522 16915 18 197395 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 55 220943 447273 334108 
1975 53660 187809 111847 223890 16071 27106 58613 101822 25940 36316 84 268214 577027 422621 
1976 37540 131391 114787 229853 19959 29938 90308 155519 36931 55937 186 299711 602823 451267 
1977 33409 116931 109649 219106 18190 27285 31322 55963 30860 48387 75 223506 467748 345627 
1978 16155 56542 97070 194133 16971 25456 26008 45368 12457 16587 155 168816 338241 253529 
1979 21943 76600 106791 213327 21663 32524 50872 92258 30875 49052 250 232414 464212 348313 
1980 49670 173845 120355 240449 29791 44686 45716 81434 49925 73560 818 296274 614792 455533 
1981 55046 192662 156541 312697 41667 62501 70238 127028 37371 62083 1130 361994 758102 560048 
1982 38136 133474 139951 279115 23699 35549 79874 142291 23839 38208 334 305633 628971 467402 
1963 23732 83061 109378 218548 17987 26981 25337 43799 15553 23775 295 192282 396459 294371 
1984 12283 42991 129235 257256 21566 30894 37696 63675 27954 47493 598 229331 442907 336119 
1985 22732 79563 120816 240985 22771 33262 61255 110125 29410 51983 392 257376 516310 386843 
1986 34270 119945 124547 248688 33758 46937 114718 203902 30935 54678 758 338986 674908 506947 
1987 42938 150283 125116 249856 37816 54034 86564 155359 31746 55564 1128 325307 666223 495765 
1988 39892 139623 132059 263363 43943 62193 123578 222234 32992 56935 992 373457 745340 559399 
1989 27113 94896 59793 119261 34568 48407 72944 129134 34957 59662 1258 230634 452619 341626 
1990 15853 55485 96830 197276 39962 54792 83670 157477 33939 60828 687 272941 526546 399743 
1991 12849 44970 64016 127698 31488 42755 59721 112206 19759 31555 310 188143 359493 273818 
1992 17993 62094 116116 231954 35257 48742 146539 230349 22832 37340 1194 339931 611673 475802 
1993 25186 80938 131045 261721 30645 42156 89934 145477 16714 27539 486 293990 558297 426144 
1994 18159 56888 95487 190655 29667 40170 55639 117120 8216 11583 436 207603 416852 312227 
1995 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 298864 618855 458860 
1997 66812 155963 86230 146833 24300 33018 27514 53919 7173 10467 365 212395 400565 306480 
1998 119033 255093 26588 36547 38049 68540 13511 19826 403 

- Labrador: SFAs 1,2&148 
.... Newfoundland: SFAs 3-14A - Gulf of St. Lawrence: SF As 15-18 

Scotia-Fundy: SF As 19-23 (SFA 22 and a portion of SFA 23 are not included as they do not produce 2SW salmon) 
Ouebec: 01-011 
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Tabla 4.2.2.2 Estimated numbars of 2SW returns in North Amarica by gaographic regions, 1971-98. 

Labrador Newfoundland Ouebac Gulf of St. lawrence Scot1a-Fundy North Amenca 
Year Min Max Min Max Min Max Min Max Min Max USA Min Max Mid-points 

1971 4312 29279 2385 9104 34568 51852 29483 46780 11187 16410 653 82588 154078 118333 
1972 3706 25168 2494 9129 45094 67642 35640 59880 14028 19731 1383 102347 182933 142640 
1973 5183 35196 2995 11808 49765 74647 34911 59487 10359 14793 1427 104640 197358 150999 
1974 5003 34148 1968 6702 66762 100143 49081 83344 21902 29071 1394 146110 254802 200456 
1975 4772 32392 2382 8002 56695 85042 31175 51829 23944 31496 2331 121298 211093 166196 
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 
1978 3864 26147 2005 6419 59826 89739 30465 51395 16946 22561 4208 117314 200469 158891 
1979 2231 15058 1103 3691 32994 49491 8671 14280 8962 12968 1942 55903 97430 76667 
1980 5190 35259 2447 7794 78447 117670 43407 73765 31897 44823 5796 167184 285107 226145 
1981 4734 32051 2317 7475 61633 92449 17743 29518 19030 28169 5601 111058 195263 153161 
1982 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 2155 95438 162125 128782 
1984 1806 12252 2273 7117 44661 59160 20478 34063 17938 27899 3222 90379 143712 117045 
1985 1448 9779 961 3319 45916 61460 23106 43274 22841 38784 5529 99802 162144 130973 
1986 2470 16720 1592 5402 55159 72560 36214 70258 18102 33101 6176 119714 204217 161966 
1987 3289 22341 1338 4629 52699 68365 22668 47156 11529 20679 3081 94604 166251 130427 
1988 2068 14037 1553 5346 56870 75387 26140 49665 10370 19830 3286 100287 167550 133919 
1989 2018 13653 704 2452 51656 67066 17311 34907 11939 21818 3197 86825 143092 114959 
1990 1148 7790 1341 4562 50261 66352 24616 52184 10248 18871 5051 92665 154810 123738 
1991 548 3740 1057 3577 46841 60724 20983 43771 10613 17884 2647 82690 132343 107517 
1992 2515 15548 3024 10354 46917 61285 29101 60028 9777 16456 2459 93793 166130 129962 
1993 3858 18234 1487 5217 37023 46484 25753 51074 6764 11087 2231 77117 134328 105722 
1994 5653 24396 1889 6255 37703 47180 22097 56529 4379 6908 1346 73067 142613 107840 
1995 12368 44205 2296 7462 43755 54186 24276 62505 4985 8317 1748 89428 178423 133926 
1996 9113 32759 2606 9007 39413 49846 20379 42491 7227 12054 2407 81145 148563 114854 
1997 9384 23833 2837 7213 32443 41017 17563 37169 3845 5922 1611 67483 116765 92124 
1998 4327 11735 29472 37859 8261 19057 2728 6003 1526 

Labrador: SF As 1 ,2&148 
Newloundland: SF As 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 produca 2SW salmen) 
Ouabac: 01-011 



Table 4.2.3.1 Run reconstruction data inputs used to estimate prc-fishery abundance of maturing 
(MMl) and non-maturing (NNl) lSW salmon of North American origin (terms detincd in Table 
4.2.3.2). 

{1} {1-7, {8· {1-7. 14b} 
14b} 14a} 

1SW AH_Small AH_Large AH_Large H_Small H_Large H_Small H_Large H_Large 
Year {i) (i} (i+1) (i) (i) (i) (i) (i+ 1) (i+1) 

1971 o o o 158896 199176 70936 42861 144496 
1972 o o o 143232 144496 111141 43627 22m9 
1973 o o o 188725 22m9 176907 85714 196726 
1974 o o o 192195 196726 153278 72814 215025 
1975 o o o 302348 215025 91935 95714 210858 
1976 o o o 221766 210858 118779 63449 231393 
1977 o o o 220093 231393 57472 37653 155546 
1978 o o o 102403 155546 38180 29122 82174 
1979 o o o 186558 82174 62622 54307 211896 
1980 o o o 290127 211896 94291 38663 211006 
1981 o o o 288902 211008 60668 35055 129319 
1982 o o o 222894 129319 77017 28215 108430 
1963 o o o 166033 108430 55683 15135 87742 
1984 o o o 123774 87742 52813 24383 70970 
1985 o o o 178719 70970 79275 22036 107561 
1986 o o o 222671 107561 91912 19241 146242 
1987 o o o 281762 146242 82401 14763 86047 
1988 o o o 198484 86047 74620 15577 85319 
1989 o o o 172861 85319 60884 11639 59334 
1990 o o o 104788 59334 46053 10259 39257 
1991 o o o 89099 39257 42721 o 32341 
1992 o o o 24249 32341 o o 17096 
1993 o o o 17074 17096 o o 15377 
1994 o o o 8640 15377 o o 11176 
1995 o o o 7980 11176 o o 7272 
1996 o o o 7849 7272 o o 6943 
1997 o 2269 o 9753 6943 o o o 
1998 2988 2269 o o o o o 

143 



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

VARIABLE 

i 

M 

ti 

Sl 

H_s(i) 

H_l(i) 

AH_s 

AH_! 

f_imrn 

af_imm, 

q 

MCl(i) 

i+ l 

MRl(i) 

NNl(i) 

NR( i) 

NR2(i+l) 

NCl(i) 

NC2(i+1) 

NG(i) 

S2 

MNl(i) 

RFLl 

RFL2 
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DEFINITION 

Year of the fisbery on lSW salmon in Greenland and Canada 

Natura! mortality rate (0.01 per month) 

Time between the mid-point of the Canadian fishery and retnrn to river= 2 months 

Snrvival of lSW salmon between the homewater fishery and retnrn to river { exp(-M tl)} 

Number of "Small'' salmon caught in Canada in year i; tish <2.7 kg 

Number of "Large" salmon caught in Canada in year i; fish >=2.7 kg 

Aboriginal harves! of small salmon in northern Labrador 

Aboriginal harves! of large salmon in northern Labrador 

Fraction of lSW salmon that are immatnre, i.e. non-maturing; range= O.l to 0.2 

Fraction of ISW salmon that are immatnre in native tisheries inN Labrador 

Fraction of lSW salmon present in the large size market category; range= O.l to 0.3 

Harvest ofmaturing lSW salmon in Newfoundland and Labrador in year i 

Year of fishery on 2SW salmon in Canada 

Retum estimates of rnaturing lSW salmon in Atlantic Canada in year i 

Pre-fishery abundance of non-matnring lSW + matnring 2SW salmon in year i 

Retnrn estimates of non-matnring + maturing 2SW salmon in year i 

Rctum estimates of matnring 2SW salmon in Canada 

Harves! of non-rna luring lSW salmon in Nt1d +Labrador in year i 

Harvest of malnring 2SW salmon in Canada 

Catch of lSW North American origin salmon at Greenland 

Survival of 2SW sahnon between Greenland and homewater fisheries 

Pre-fishery abundance of maturing lSW salmon in year I 

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

Labrador raising factor for 2SW used to adjust pre-fishery abundance 



Table 4.2.3.3. Run reconstruction data inputs and estimated pre-fishery abundance for non-maturing 1 SW 
salmon (potential 2SW sal mon) of North American origin (terms defined in Table 4.2.3.2). 

1SW NG1 NC1 NC2 NR2 NN1 
Flshery min max min max min max min max 
Year (i-) (i) (i) (i) (i+1) (i+1) (i+1) (i+1) (i) (i) 

1971 287,672 17,881 43,730 144,008 172,907 102,347 182,933 578,955 726,699 
1972 200,784 15,768 37,316 203,072 248,628 104,640 197,358 557,789 733,183 
1973 241,493 21 '150 51,412 223,422 262,767 146,110 254,802 672,662 867,737 
1974 220,584 21,187 50,243 223,332 266,337 121,298 211,093 623,993 800,812 
1975 278,839 32,385 73,371 243,315 285,486 1 16,562 212,148 710,244 904,537 
1976 155,896 24,285 57,005 225,424 271,703 162,615 280,928 610,837 826,772 
1977 189,709 24,323 57,902 146,535 177,644 117,314 200,469 506,934 667,717 
1978 118,853 11,796 29,813 86,644 103,079 55,903 97,430 288,809 371,345 
1979 200,061 19,478 42,242 202,634 245,013 167,184 285,107 630,107 831,343 
1980 187,999 31 '132 70,739 186,367 228,568 111,058 195,263 549,070 729,314 
1981 227,727 31,000 70,441 125,578 151,442 116,344 196,140 527,385 684,484 
1982 194,715 23,583 52,338 104,116 125,802 95,438 162,125 439,899 567,062 
1983 33,240 17,688 39,712 76,554 94,103 90,379 143,712 236,421 337,375 
1984 38,916 13,255 30,019 74,062 88,256 99,802 162,144 245,428 347,472 
1985 139,233 18,582 40,002 97,329 118,841 119,714 204,217 399,013 538,538 
1986 171,745 23,343 50,988 121,610 150,859 94,604 166,251 435,092 575,040 
1987 173,687 29,639 65,127 74,996 92,205 100,287 167,550 398,157 527,749 
1988 116,767 20,709 44,860 75,300 92,364 86,825 143,092 317,617 423,435 
1989 60,693 18,139 39,691 53,173 65,040 92,665 154,810 241,038 345,076 
1990 73,109 11,072 24,518 37,739 45,590 82,690 132,343 218,194 295,743 
1991 110,680 9,302 20,175 22,639 29,107 93,793 166,130 249,702 348,471 
1992 41,855 2,748 6,790 11,967 15,386 77,117 134,328 143,913 215,597 
1993 o 1,878 4,441 10,764 13,839 73,067 142,613 95,337 178,931 
1994 o 1,018 2,651 7,823 10,058 89,428 178,423 l 09,491 212,937 
1995 20,263 910 2,267 5,090 6,545 81,145 148,563 117,379 195,601 
1996 16,181 858 2,006 4,860 6,249 67,483 116,765 97,740 155,435 
1997 12,538 1,045 2,367 1,588 2,269 46,314 76,180 69,71 o 126,088 
1998 3 026 161 367 

mid-point 
(i) 

652,827 
645,486 
770,200 
712,403 
807,391 
718,805 
587,326 
330,077 
730,725 
639,192 
605,935 
503,481 
286,898 
296,450 
468,776 
505,066 
462,953 
370,526 
293,057 
256,969 
299,086 
179,755 
137,134 
161,214 
156,490 
126,588 

97,899 
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Table 4.2.3.4. Run reconstruction data inputs and estimated pre-fishery abundance 
for maturing 1 SW salmen (grilse) of North american orig in (terms defined in 
Table 4.2.3.2). 

MC1 MR1 GN1 rnid-

1SW min max min max min max point 
Year (i) (i) (i) (i) (i) (i) (i) (i) 

1971 213,987 267,720 204,866 440,322 420,912 712,467 566,690 
1972 237,286 279,064 197,395 412,726 436,665 695,938 566,302 
1973 346,109 408,260 224,183 433,253 572,545 845,868 709,206 
1974 322,772 379,370 220,943 447,273 545,936 831,137 688,536 

1975 351,015 422,105 268,214 577,027 621,925 1,004,931 813,428 
1976 313,060 375,300 299,711 602,823 615,783 984,182 799,983 
1977 252,058 318,032 223,506 467,748 477,810 790,480 634,145 

1978 132,546 172,340 168,816 338,241 303,059 513,981 408,520 

1979 218,442 252,711 232,414 464,212 453,192 721,588 587,390 
1980 343,344 412,617 296,274 614,792 642,596 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 158,852 187,900 229,331 442,907 390,487 635,258 512,873 

1985 227,928 259,284 257,376 516,31 o 487,890 780,783 634,337 

1986 278,654 321,357 338,986 674,908 621,046 1,003,049 812,048 

1987 319,510 375,472 325,307 666,223 648,087 1,048,391 848,239 

1988 240,291 276,488 373,457 745,340 617,501 1,029,319 823,410 
1989 205,998 239,495 230,634 452,619 438,950 696,663 567,807 

1990 134,630 156,382 272,941 526,546 410,314 688,220 549,267 

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 19,983 293,990 558,297 311 ,972 583,890 447,931 

1994 8,142 11 ,928 207,603 416,852 217,832 432,969 325,400 

1995 7,278 10,200 201,233 451,064 210,533 465,797 338,165 

1996 6,861 9,028 298,864 618,855 308,729 634,102 471,416 

1997 8,358 10,652 212,395 400,565 222,888 415,243 319,065 

1998 3,054 3,302 197,584 380,41 o 210,729 614,232 412,480 
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Table 4.2.4.1 Estimated numbers of 2SW spawners in North America by geographic regions, 1971-98. 

Labrador Newfoundland Ouebec Gulf of St. Lawrence Scotia-Fundy North America 
Year Min Max Min Max Min Max Min Max Min Max USA Min MaxMid-points 

1971 4012 28882 1810 8230 11822 17733 4303 8185 4496 9032 490 26933 72551 49742 
1972 3435 24812 1985 8358 23160 34741 17803 32941 7459 12699 1038 54880 114588 84734 
1973 4565 34376 2275 10720 23564 35346 20505 38068 3949 7844 1100 55957 127453 91705 
1974 4490 33475 1534 6043 28657 42985 31702 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 33960 14821 29640 11045 18337 1126 56633 126944 91788 
1977 4042 31969 1134 5131 32602 48902 32535 60108 13578 23119 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 8234 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 105312 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 52545 
1984 1478 11822 2082 f/829 22345 32659 15332 27133 14245 23650 2547 58030 104640 81335 
1985 1258 9530 949 3300 20668 31742 . 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 31727 19877 42370 10235 19233 2781 58833 122536 90684 
1988 1625 13452 1529 5310 25390 38343 23392 44584 9074 18381 3038 64048 123108 93578 
1989 1727 13270 697 2441 25016 35905 14758 30450 11689 21539 2800 56686 106403 81545 
1990 923 7493 1321 4532 24422 36219 22554 48567 9688 18245 4356 63262 119412 91337 
1991 491 3665 1044 3557 19959 29052 19590 41299 9356 16479 2416 52856 96468 74662 
1992 2012 14889 2968 10270 19337 28833 27448 53092 8725 15280 2292 62783 124655 93719 
1993 3624 17922 1437 5139 15774 21428 25218 45605 5710 9921 2065 53828 102080 77954 
1994 5339 23981 1825 6156 15631 21147 20315 53592 3682 6093 1344 48137 112313 80225 
1995 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 119648 88673 
1997 9221 23646 2809 7167 15531 20780 15832 34540 3095 5311 1611 48099 93055 70577 
1998 4278 11656 14402 19614 6408 16238 2424 5663 1526 

-.... 
-.J Labrador : SF As 1 ,2& 148 

Newfoundland: SF As 3-14A 
Gulf of St. Lawrence: SF As 15-18 
Scotia-Fundy: SF As 19-23 (SFA 22 and a portion of SFA 23 are not included as they do not produce 2SW salmon) 
Ouebec: 01-011 



~ 
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Table 4.2.4.3. Smolt age distributions in six stock areas of North America used to weight forward the spawning 
escapernent in the current year to the year of the non-rnaturing lSW component in the North west Atlantic. 

Smolt age (years) 
Stock area l 2 3 4 5 6 
Labrador 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 
Qua>ec 0.0 0.058 0.464 0.378 0.089 O .Dl O 
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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Tab le 4.2.4.4 The mid-point of2SW spav.ners and lagged spawners for North America and to each of the geographic are as Lagged refers to the allocation of spawners to the year 
in which the y would have contributed to the year of prefishery abundance. 

North America 
Totai2&/V Lagged 2&/V 

Prefishery Recruits/ 
abundance 2SW l agg ed 

Labrador (L) Nev.foundland (N) Quebec (Q) Gulf of St Lawrence (G) Scotia-Fundy (Sl USA(US) 

Year spawners spawners recruits spalfllrler Total Lagged Total Lagged Total Lagqed Total Lagged Total Lagged Total Lagged 

71 
72 
73 
74 
75 
76 
77 
78 
79 
BO 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
96 

99 
00 
01 

49742 
84734 
91705 

117272 
95880 
91788 

127202 
84838 
39573 

121440 
76322 
80647 
52545 
81335 
94940 

119737 
90684 
93578 
81545 
91337 
74662 
93719 
77954 
80225 

107714 
88673 
70577 

Spawners lagged by: 

95492 
107083 
96196 

104089 
107258 
82157 
79784 
85256 
79229 
77705 
78779 
93669 

103269 
99689 
89280 
91716 
88733 
89142 
84338 
82372 
75776 
79664 
86805 
85807 

652827 
645486 
770200 
712403 
807391 
718805 
587326 
330077 
730725 
639192 
605935 
5tl3481 
2138891 
296450 
468776 
5tl5tl66 
462953 
370526 
293057 
256969 
299086 
179755 
137134 
161214 
156490 
126588 
97899 

3.46 
6.82 
6.64 
5.82 
4.69 
3.49 
3.72 
5.5tl 
6.37 
596 
4.70 
3.13 
2.49 
300 
2 01 
150 
182 
176 
150 
1.19 

16447 
14124 
19470 
18982 
18341 
2æ42 
18006 
14425 
8175 

19579 
18009 
13104 
9546 
6650 
5394 
9255 

12358 
7538 
7498 
4208 
2078 
8451 

10773 
14660 
27866 
20617 
16434 

14759 
17486 
18903 
18795 
19695 
18710 
15422 
11576 
15361 
17772 
14762 
10875 
7793 
6285 
8072 

10649 
9247 
7453 
5293 
3511 
6285 
99]] 

14098 
22118 

5020 
5171 
6497 
3788 
4657 
4582 
3132 
3646 
2249 
4411 
4404 
5663 
4765 
4456 
2124 
3457 
2963 
3420 
1569 
2926 
2300 
6619 
3288 
3990 
4786 
5697 
4988 
7967 

5901 
4752 
4441 
4517 
3679 
3457 
21322 
3682 
4377 
5171 
5tl29 
4506 
]]32 
3043 
3110 
3197 
2275 
2480 
2652 
4946 
4358 
3894 
4509 
5309 

Labrador= 0.0768 x i-5 spawners + 0.542 x i-6 + 0.341 x i-7 + 0.0401 x i-8 

14777 
28951 
29455 
35821 
29772 
28316 
40752 
37362 
16008 
44492 
32666 
33115 
21636 
27502 
26205 
30013 
26725 
31866 
30461 
30320 
24506 
24085 
18601 
18389 
25639 
22216 
18155 
17008 

Nev.foundland = 0.0408 x i-4 spawners + 0.5979 x ~5 + 0.3237 x i-6 + 0.0375 x i-7 
Quebec = 0.0577 x i-4 spawners + 0.4644 x r-5 + 0.3783 x i-6 + 0.0892 x i-7 + 0.0104 x i-8 
Gulf= 0.3979 )( i-4 spawners +0.5731 li i-5 +0.0291 )( 1-6 
Scotia-Fundy;: 0.6002 x i-4 spaVYTlers + 0.3942 x i-5 + 0.0055 x i-6 
USA = 0.3767 x "3 spawners + 0.520 x i-4 +O.l 033 x ~5. 

28016 
32232 
31940 
30266 
34821 
36526 
28065 
m59 
35728 
33119 
27538 
25762 
26580 
28072 
28227 
29616 
30646 
30138 
27289 
24550 
21312 
19459 
22055 
22898 

6244 
25372 
29286 
44780 
25822 
22231 
46321 
17118 
5172 

28745 
7297 

15627 
10813 
21233 
30450 
48663 
31123 
33988 
22604 
35561 
30445 
40270 
35411 
36954 
41353 
28862 
25186 
11323 

35340 
3679J 
24947 
31923 
34005 
13216 
149JO 
19526 
11236 
13471 
15100 
24599 
37432 
41159 
32777 
29378 
28093 
33151 
34506 
38055 
36170 
38663 
36259 
27766 

6764 
10079 
5896 

12752 
15345 
14691 
18348 
8973 
6459 

19949 
9612 
8496 
4017 

18947 
25882 
2'1177 
14734 
137213 
16614 
13966 
12917 
12002 
7816 
4888 
6322 
8875 
4203 
4044 

10034 
14270 
14937 
18888 
12699 
7514 

14569 
13668 
8998 
5813 

13002 
23026 
23978 
17965 
14173 
15464 
15007 
13350 
12373 
9493 
6080 
5764 
7845 
6056 

490 
1038 
1100 
1147 
1942 
1126 
643 

3314 
15æ 
4263 
4334 
4643 
1769 
2547 
4884 
5570 
2781 
3038 
2800 
4356 
2416 
2292 
21J65 
1344 
1748 
2407 
1611 
1526 

1442 
1553 
1029 
1699 
2358 
2733 
4006 
4443 
3528 
2359 
3347 
4901 
4449 
3166 
2922 
3410 
3464 
2570 
2219 
1817 
1571 
1954 
2039 
1661 



Table 4.4.1. 2SW spawning requirements for North America by country, management zone and overall. Management 
zoues are shown in Figure 4.1.1.1. 

Country Stock Area ~anagen1entzone 2SW spawner requirement 

Canada Labrador SFA1 7,992 
SFA2 25,369 

SFA 14B 1,390 
Subtotal 34,746 

Newfoundland SFA3 240 
SFA4 488 
SFA5 233 

SFA6 to 8 13 
SFA 9 to 12 212 

SFA13 2,544 
SFA 14A 292 

Subtotal 4,022 

Gulf of St. Lawrence SFA 15 5.656 
SFA 16 21,050 
SFA 17 537 
SFA18 3,187 

Subtotal 30,430 

Quebec Q1 5,002 
Q2 3,116 
Q3 3,596 
Q5 1,326 
Q6 1,966 
Q7 6,461 
QS 20.026 
Q9 7,794 

QIO 3,963 
Qll 7,500 

Subtotal 60,750 

Scotia-funJy SFA 19 3,138 
SFA20 2.691 
SFA21 5,817 
SFA22 o 
SFA23 13,059 

Subtotal 24,705 

Total 154,653 

USA Connecticut 9.727 
Merrimack 2,599 
Penobscot 6.838 
Other Maine ri vers 9.668 
Paucatuck 3f>7 

Total 29,199 

North American Total 183,852 
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Table 4.5.1 Fishing mortalities of 2SW salmen equivalents by North American fisheries, 1972-98. 
Only mid-points of the estimated values have been used. 

CANADA 
Year MIXED STOCK TERMINAL FISHERIES IN YEAR i 

NF-LAB 
% 1SWof Comm NF-Lab Nfld Scotia-

NF-LAB Comrr total 2SW 2SW (Yr i} comm Labrador rivers Quebec Gulf Fund y Canadian 
1SWtYri-1)b eauivalent~ b total rivers (al (a) Reaion Reaion Reaion to.@/ 

1972 27874 11 156881 184755 314 640 27417 22389 6801 242316 
1973 24016 8 223603 247619 719 904 32751 17913 6680 306586 
1974 32828 9 240676 273504 593 547 47631 21432 12734 356441 
1975 32316 9 242398 274715 241 535 41097 15680 12375 344641 
1976 47846 13 261770 309616 618 414 42139 18093 11111 381991 
1977 36777 10 246090 282867 954 962 42301 33435 15562 376081 
1978 37200 14 160477 197677 580 566 37421 23812 10781 270836 
1979 18825 13 93918 112742 469 148 25234 6303 4506 149403 
1980 27923 8 221596 249520 646 709 53567 29841 18411 352692 
1981 46088 14 205403 251492 384 491 44375 16334 13988 327064 
1982 45894 18 137132 183026 473 438 35204 25715 12353 257208 
1983 34348 15 113815 148163 313 448 34472 27102 13515 224014 
1984 25969 18 84479 110448 379 239 24408 6038 3971 145484 
1985 19578 14 80351 99929 219 16 27483 2740 4930 135318 
1986 26504 15 107010 133514 340 40 33846 4573 2824 175137 
1987 33629 16 134879 168508 457 21 33807 3788 1370 207950 
1988 42874 26 82769 125643 514 30 34262 3914 1373 165735 
1989 29665 20 82998 112663 337 9 28901 3505 265 145679 
1990 26163 22 58518 84682 261 25 27986 2839 593 116387 
1991 16102 18 41250 57352 66 17 29277 1932 1331 89975 
1992 13336 18 25616 38952 581 70 30016 4294 1114 75027 
1993 4315 9 13540 17856 273 64 23153 3002 1110 45458 
1994 2859 7 12179 15038 365 82 24052 2359 756 42652 
1995 1660 5 8852 10511 420 93 23331 2037 330 36723 
1996 1437 4 5760 7197 320 109 22413 2573 766 33378 
1997 1296 5 5499 6795 175 37 18574 2180 581 28342 
1998 1544 7 1909 3453 268 64 16657 2336 322 23100 
1999 239 

NF-Lab comm as 1SW ~ NC1(mid-p1) • 0.904837 
NF-Lab comm as 2SW ~ NC2 (mid-pt) • 0.99005 
Terminal fisheries = 2SW returns (mid-pt)- 2SW spawners (mid-pt) 
a- starting in 1993, includes estimatad mortality of 10% on hook and released fish 
b- starting in 1998, there was no commercial fishery in Labrador; numbers reflect size of aboriginal fish harvest in 1998 

USA Total 

Yr i 

346 242661 
327 306913 
247 356688 
389 345031 
191 382182 

1355 377436 
894 271730 
433 149837 

1533 354225 
1267 328331 
1413 258621 
386 224399 
675 146159 
645 135963 
606 175743 
300 208251 
248 165983 
397 146076 
696 117083 
231 90206 
167 75194 
166 45624 

1 42653 
o 36723 
o 33378 
o 28342 
o 23100 



Table 4.5.2 History of fishing-related mortalities of North Ame ri can salmon as 2SW equivalents 
1972-98. 

North Harves! in 
Ame rica %USA of homewaters 

Canadian USA Grand Total Nortl Greenland NW Atlantic as %of total 
Year total total Total American total Total NW Atlantic 

1972 242316 346 242661 0.14 260296 502958 48 
1973 306586 327 306913 0.11 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 464677 56 
1983 224014 386 224399 0.17 176185 400585 56 
1984 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 
1989 145679 397 146076 0.27 105655 251732 58 
1990 116387 696 117083 0.59 54917 172000 68 
1991 89975 231 90206 0.26 66152 156357 58 
1992 75027 167 75194 0.22 100147 175342 43 
1993 45458 166 45624 0.36 37872 83496 55 
1994 42652 1 42653 0.00 o 42653 100 
1995 36723 o 36723 0.00 o 36723 100 
1996 33378 o 33378 0.00 18335 51713 65 
1997 28342 o 28342 0.00 14641 42983 66 
1998 23100 o 23100 0.00 11345 34445 67 

Greenland harves! of 2SW equivalents = NG1 * 0.904831 
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Figure 4.1.1.1. Map of Salmon Fishing Areas (SF As) and Quebec Management Zones (Qs) in 
Canada. 
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Figure 4.1.1.2. Summary of recreational fisheries management in eastem Canada at the start of the angling season 
(upper map) and after adjuslments 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. 
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Figure 4.1.2.2. Harvest (number) of small salmon and large salmon and both sizes combined in the recreational fisberies 
in Canada, 1974 to 1998. 
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Figure 4.1.2.3. Ang]ing catches (including kept and released fish) of small and large salmon hy management area in 1998 (black 
square) expressed as a percentage of the average catches for the period 19&4 to 1991. The verticallines represent the minimum to 
maximum range. The 1984 to 1991 standard period was selected to represent the period of no commercial fisberies in SF As 15 to 23 
and Zones Ql to Q6 and befare the commercial salmon moratorium in Newfoundland SF As 3 to 14Aintroduced in 1992. 
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Figure 4.1.2.4. Harvest (l) 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, aquamlture) of Atlantic salmon returning to monitored ri vers of eastem Canada 
in 1998. On! y ri vers in which more than one origin t)JJC werc observed are indicaled. 
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Figure 4.1.3.2. Location of Atlantic salmon marine grow-out sites in eastern North America (upper panel) and 
dislribution of ri vers with observed juvenile or adult aquaculture escaped Atlantic salmon (lower panel). 
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Figure 4.2.1.1. In-riverretums of small salmon and large salmon for 51 monitored ri vers of eastern Canada in 1998 
relative to 1997. 
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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 
eastem Canada from 1985 to 1998. The in-river returns do not account for removals in marine fisheries. Rivers by area 
are: Newfoundland (Exploits, Middle Brook, Terra Nova, Northeast Brook, Torrent, Western Arm Brook), Quebec 
(Bonaventure, Cascapedia, St-Jean, Y ork, Darmouth, Madeleine, Matane, de la Trinite, Bec-scie), Gulf (Restigouche, 
Miraruichi, Philip, East Pictou, West Antigonish, Margaree), and Scotia-Fundy (Liscomb, LaHave, Saint John at 
Mactaquac). 
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Figure 4.2.1.4. Ri vers with smolt and juvenilemonitoring programs in eastem 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 ri vers of eastern Canada in 1971 to 1998 relative to the 
average smolt output (by individual river) for the 1990 to 1995 period. 
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Figure 4.2.1.6. Mean juvenile Atlantic salmon densities in the Miramichi River (SFA 16), Restigouchc River (SFA 15) 
and the Stewiacke River (SFA 22), Canada based on sampling at standatd index sites in each river. 
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Figure 4.2.1.7. Relative. index of smolt production in the three lon gest 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 lon gest time series of smolt and juveniles in eastern 
Canada 
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Figure 4.2.2.1 Estimatad mid-points of 1 SW retums (eire les) to rivers of Nfld & Labrador and to SF As 
of the other geographic areas, 1SW racruits of Nfld & Labrador origin before commercial fisheries in Nfld 
& Labrador (dashed lines), 1SW spawners (squares), 1971-98. Returns and spawners for Scotia-Fundy do 
not include thosa 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 2SW returns (circles) to rivers of Nfld & Labrador 
and to SF As of the other geographic areas, 2SW recruits of Nfld & Labrador origin befare commercial fisheries 
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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Fig u re 4.2.3.1. Pre-fishery abundance estimate of maturing 
and non-maturing sal mon in North America (A), and 
proportion of smolt class maturing after 1 SW (B). 
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Figure 4.2.3.2. Totai1SW 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 ri vers (upper map) and for 19 ri vers 
of eastem Canada and five rivers of U.S. uuder colonization or rehabilitation (lower map). The black slice represents the 
proportion of the conservation requirement acbieved 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 ri vers in four geographic area of eastern 
Canada, 1984 to 1998. The verticalline represents the minimum and maxirnum ptoportion acbieved in individual ri vers, 
the black square is the median ptoportion and the number above the verticalline is the number of ri vers included in the 
annua! summary. The horizontalline defmes the location of \00% 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, 
2SW recruHs available to North America, 1971-98 and 2SW retums and spawners for 1971-97, 
as 1998 data for Labrador are unavailable. Triangles indicate the 2SW spawner threshold. 
Bottom panel: comparison of potential maturing 1 SW recruits, 1971-98 and retums a1 
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 conlributions (mid-points) to potential recruiunent in the given year for six geographic 
areas of North America. The horizontalline represents the spawning requirement (in terms of 2SW fisb) 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 Americarelative to the 
totallagged spawner escapement contributing to the year of pretishery abundance. The horizontalline represents the 
theoretical spawner proportions for each area based on the 2SW spawner requirement for North America. 
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Figure 4.2.5.1. Tren ds in survival rates (%) ofhatchery released smolts from the Saint John River (SFA 23), LaHave 
River (SFA 21), Liscomb River (SFA20), and auxRocher River (Q7) as lSW, 2SW returns to the river. 
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Figure 4.2.5.2. Trends in survival rates (%)of wild srnolts as lSW aod 2SW salmon from the ri vers in Nova Scotia 
(LaHave, SFA 21) aod Quebec (Saint-Jeao, Q2; de la Trinite, Q7; Bec-scie, QlO). 
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Figure 4.2.5.3. Trends in survival rates (%)of wild smolts as ISW salmon from the ri vers in Newfoundland 
(Campbellton. SFA 4; NE Trepassey. SFA 9; Rocky, SFA 9; Conne, SFA lO; and Highlands, SFA 13). 
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Figure 4.2.5.4. Marine survival of hatchery-reared Atlantic salrnon srnoHs 
released into the Penobscot River, Maine, USA. 
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5 ATLANTIC SALMON IN THE WEST GREENLAND COMMISSION AREA 

5.1 Description of Fisbery at West Greenland 

5.1.1 Catcb and effort in 1998 

At its annua! meeting in 1998 the West Greenland Commission of NASCO agreed !hat the catch at West Greenland 
should be restricted to !hat amount used for internal consumption in Greenland. which in the past bas been estimated 
at 20 t. The Greenland authorities subsequently set !his amount as total allowable catch. 

The fisbery was opened on August 16, and the season lasted to the end of the year. The total nominal catches 
amounted to 11 t (Table 5.1.1.1) of whicb a substantial part was laken 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, private! y 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 fisbery have been issued to fisbermen f!Shing for the local markets, 
hotels, hospitals etc., white fishing for personal use was permitted without licence for resident.' of Greenland. In total, 
321 licences were issued, however only 49 of !hese reported landings to local market.' and private sales. Landings to 
local markets and salmon caught by food fishermen account for the !argest part of the reported amount. Twenty-one 
persons were identified as food tishermen. Due to the new reporting system, the tishermen being personally 
responsible for reporting their catches, and due to the extremely scattered fisbery a relatively large part of the total 
catches is considered to remain unreported. The unreported catches are estimated to be approximately Il t in 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. ID (August 17 to 21) and 8 samples 
from Div. lE (August 12). Within the limited spatia! and tempora! scope of catch sampling, a randomised sampling 
design was used to obtain samples from salmon landed by tishing vessels in !hese areas during the local food fisbery. 
The Working Group noted !hat samples were collected over a five-day period and only at two sites, one in NAFO Div. 
ID and the otber in lE. White the Working Group recognized the difficulties with sampling a fisbery with very small 
catches potentially well spread out in time and space, it was felt !hat the spatia! and tempora! distribution of the 
samples were not adequate to well detine the characteristics of salmon in the local consurnption fishery. Nevertheless, 
the samples are valid for defining biological characteristics and proportions of North American/European origin 
witbin the time and geographical scale from which they were collected. 

Since 1969, discriminant analysis of scak characters from scales laken from salmon caught in the commercial fishery 
has been used to determinc the proportions of the two continental stock groups in !his fisbery. The technique has 
proven to be a reliable method for discriminating and identif)ing salmon caught in !his tishery (Lear and Sandeman 
1980; Reddin 1986; Reddin et al. 1988; Reddin et al. 1990). Beginning in 1986, a combined genotypidphenotypic 
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 !his subset were used as a database for discTiminant analysis to determine the 
proportions of North American and European salmon in all of the samples from !his fisbery. In 1995, the genetic 
technique was changed from protein polymorphisms to nuclear and mitochondrial DNA, which have been sbown 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 
Green land. 

Samples ofmuscle tissue were laken from salmon landed in Nuuk, Greenland during the 1998 sampling prograrnme 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 numbcr 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 fisbery samplcs. This procedure was repeated 1,000 times outputting the 
probabilities of group membership wbich were !hen 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 ±l%. This is an acceptable leve! of error. The method of Pella and Robcrtson (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 
5.1.2.1). 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 l % from the samples determined by scale analysis. 

Applying the results of the abovc 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 
nnrubers of European salmon caught is reduced by 7,400 (89 %). The data for 1982 to 1998 (no data for 1993-94) are 
surnmarised 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 ofknown origin. 
This is a previous recommendation of the Working Group as it is felt that this type of analysis will allow for betler 
classifications with lower error rates. A similar procedure was followed to that descTibed 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 technique gave the following: 

North American % European% 
Year DNA Scales DNA Sca1es 
1998 78 79 22 21 
1997 72 77 28 23 
1996 67 73 33 27 
1995 89 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 same ycars, the correspondence is best when samples are most similar, i.e. 
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 proporlion of North American salmon in 
the local food fishery in 1998 and previously in the commercial fishery, 1995-97, has been 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. 

5.1.3 Biologicai characteristics of the catches 

Biological characteristics (length, weight, and age) were recorded from 540 samples of catchcs from NAFO Div. l C 
and lE in 1998 using the results of discriminant analysis to dividc samples into North American and European 
components. The data for 1998 are comparcd with those for previous years in Tahles 5.1.3.1 to 5.1.3.3. 

The downward trend in mean Jength of both European and North American lSW salmon sincc 1969 changed in 1996, 
a< mean lengths increased. From 1996 to 1998 the mean lengths dccreased 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 samplcs is shown in Table 5.1.3.2. The 
proportion of the European origin saimon that were river-age three fish increased through 1995-97 to 37.8% in 1997, 
which is much greater thao 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 lSW 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 lSW salmon in the European component in 1998 
remained at the high leve! observed in 1997 (changed from 99.7% to 99.4%). Both components exhibit the highest 
recorded proportion of l SW fish since 1969. 
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5.2 Status of the stocks in the West Greenland area 

The saimon caugbt in the West Greenland fishery are non-maturing lSW sabnon or older, nearly all of which wouid 
return to homewaters in Europe or North America as MSW fish if they survived. While non-maturing 1SW saimon 
make up more than 90% of the catch there are also 2SW sabnon and repeat spawners including sabnon that bad 
originally spawned for the first time after 1-sea-winter. The most ahundant European stocks in West Greenland are 
thonght to originale from the UK and lreland although low numbers may originale from northem European ri vers. For 
North American MSW saimon, the most abundant stocks in West Greenland are thought to originale in the southern 
area of the range. 

For the Northeast Commission area, a run-reconstruction model was used to update the estimates of pre-fishery 
abundance of non-maturing lSW salmon (Tahle 3.6.2.4). The main contributor to the abundance of the European 
component of the West Greenland stock complex is non-maturing lSW saimon from the southem areas of Europe. 
These stocks appear to have been more volatile, with large fluctuations occurring in the first half of the time series. 
Over the past 12 years, however, there has been a steady decline in non-maturing lSW sabnon from Southem 
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 bad egg depositions above their conservation limits in the later years. There were no significant trends 
noted in the spawner attainment over the last ten years 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, bul 1998 represented an improvement over 1997 for 12 out of the 16 ri vers. 

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 lO-year periods. Marine survival rates for six hatchery 
stocks showed a downward trend in survival to homewaters for lSW and 2SW sabnon for the past lO-year period, bul 
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 ri vers showed a significant downward trend for the last five years but "1 trend for the last lO years. 

For 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 lSW sabnon from 1971-97. The 1997 estimate of 
pre-fishery abundance of non-maturing 1SW saimon was the lowest on record. Pre-fishery abundance in 1997 has 
declined by 23% from the 1996 valne (Section 4.2.3, Figure 4.2.3.1). In addition to the steady decline in total recruit< 
(both maturing and non-maturing 1SW saimon) over the la<t ten years, maturing ISW 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 nurnber of 2SW saimon returning to Newfoundland ri vers and coastal waters of other areas of 
North Amcrica 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 pa<t lO years and second lowest in the 28 year time series, 1971-98 (Table 
4.2.2.2). The estimates of retums 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 retums of 2SW fish in 1998 are near the lower end of the twenty-seven 
year time series. However, returns of2SW saimon to Labrador in 1995 and 1996 were the best in the time series. The 
estimated returns decreased again in 1997. No estimate is 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 ri vers of Maine. The estimated 2SW re turns and spawners to 
USA ri vers in 1998 was only 5% below the 1997 estimate, but was 18% and 41% below the previous 5-year and JO­
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 ri vers (30%) that were 
assessed in Canada and were less than 50% of requirements in 24 other ri vers (34% ). Large deficiencies in egg 
depositions were noted in the Bay of Fundy and Atlantic coasl of Nova Scotia wherc eight of the 12 ri vers assessed 
(67%) bad egg depositions that were less than 50% of conservation requirements (Figure 4.2.4.1). 

185 



North American salmon stocks remain at low levels relative in the 1970s. The lSW non-maturing component 
continues to be depressed with river returns and total production amongst the lowest reeorded. In addition, returns in 
1998 of maturing lSW salmon (grilse) to North American ri vers were among the lowest in the 28-year time series. 
This being the case, improvement in 2SW salmon returns and spawners is unlikely in 1999. Only Newfoundland 
achieved its spawning requirements for 2SW salmon in 1998, where 2SW salmon comprise on ly a small proportion of 
salmon production. The next highest was the Gulf of St. Lawrence, where 2SW salmon are a high proportion of 
production and very important in terms of their contribution to both North American and Greenland fisheries (Section 
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. 

5.3 Eva]uation of the EITects on European and North Amerlcan 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 escapernent requirements for !hese stocks. This resultcd in a substantial reduction in the TAC 
agreed to by NASCO from 840 t 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 Atlantic Salmon Fund. Due to the closure of the fishery 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 !hose 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 
137t, respectively, correspond to the T ACs calculated in accordance with the quota allocation computation model !hat 
was agreed by NASCO at its annua! meeting in 1993. For the successive years nominal catch figures are used. The 
Table shows the num ber of salmon returning to home waters provided no fishing of the given magnitude took place in 
Greenland. The biological parameters given in the Ta ble represent the annua! san1pling data. 

The mean number for 1993-98 of potentially returning fish per ton caught at Greenland is calculated. to 176 and 131 
salmon, respectively. 

In the years 1972-92 exploitation rates in Greenland of the North American component of the salmon stock fluctuated 
between 10 and 45% around an average of 30% (Figure 5.3. 1). The management measures in force sincc 1993 
resultOO in an average exploitation rate of this component of 13%. about one-third of its previous levcl, for the period 
1995-97, atter reopening of the fishery in 1995. 

5.4 Changes to the 'Model' Used to Provide Catch Advice .and lrnpacts 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 Work:ing 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:l5 in the data used to estimate pre-fisheries abundance resulted in only a very small change in the pre­
fishery abundancc cstimates for most years or no change at alL In addition to the changes discussedabove, we also 
note that the 1998 catch advice of O t would not have been different if the 1998 assessment bad been done with the 
revised input data from !his year. Although not completely appropriate, an assessment of what the forecast value 
would have been is 108,700 (Table 5.6.1.1). 
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5.4.2 Irnpact of changes on the catch ad vice 

Modifications 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 to 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 tit that was only slightly different than in the 1997 assessmen~ we can 
conclude no change would have occurred to the 1998 forecast. 

5.5 Age-Specific Stock Conservation Limlts for All Stocks in the West Greenland Commission Area 

Sampling of the fishery at West Greenland (Tahle 5.1.3.3) since 1985 has shown that both European and North 
American stocks harvested there are primarily (greater than 90%) lSW non-maturing salmon that would mature as 
either 2 or 3 SW salmon, if surviving to spawn. Usually less than l% 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 lSW salmon of 
European origin. For this reason, conservation limits defined previously for North American stocks have been limitcd 
to this cohort (2SW salmon on their return to homewaters) that may have been at Greenland a• lSW 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 requirernents of salmon stocks from North America which may be present in the 
West Greenland Commission Area totall83,852 fish, with 154,653 and 29,199 required in Canadian and USA ri vers, 
respectively. 

The Working Group revised their estimates of provisional conservation limits for MSW salmon in Europe based on 
the methods developed in 1998 (lCES 1998/ACFM:15) and the improvements outlined in Section 3.7.1 (Table 
3.7.2.1). The conservation limits were split into 1SW and MSW componennts on the basis of the average age 
composition of catches in the past ten years. The stocks have also been partitioned into northem and southem groups, 
and tagging information and biological sampling indicates that the majority of the European salmon caught at West 
Greenland originate from the southem group. The provisional conservation limit for southem 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 ad vice 

The Working Group was asked to advise on catch levels based upon maintaining adequate spawning escapernents 
sufficient to achieve conservation lirnits. Although advances have been made in our understanding of the population 
dynamics of Atlantic salmon and the exploitation occurring in the fisheries, the concems about the implications of 
applying TACs to mixed stock fisheries are still relevant. In principle, adjustrnents 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 to individual stocks are difficult to identify. 

In 1993, the Working Group considered bow the predictive measures of abundancc could be uscd to give annua! catch 
advice (ICES 1993/Assess:lO; Sections 5.3 and 5.4). The aim of management would be to limit catches to a leve! that 
would facilitate achieving overall spawning escapcment equivalent to the sum of spa'WI1ing requirements in individual 
North American and European rivers (when the latter have been defined). In order to achieve the desired leve! of 
exploitation for a given leve! of predicted abundance, a T AC could be fixed or some form of effort adjustment 
introduced. 

The advice for any given year is dependent on obtaining a reliable predictor of the abundance of non-maturing lSW 
North American stocks prior to the start of the fishery in Greenland. Gill net fisheries in Greenland and Labrador 
harves! one-sea-winter (lSW) salmon about one year before they mature and return to spawn in North American 
rivers. This component is also harvested on their retum as 2SW salmon in commercial fisheries in Quebec, angling 
and native fisheries throughout eastem Canada and angling fisheries in the northeastem USA. The fishery in 
Greenland barvests 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 Quebec barvests maturing lSW and MSW salmon. 

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. White the approach ha• been consistent 
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since 1993, the models themselves have varied slightly over the years. The changes have heen made to these models in 
attempts to improve the prediction and add more biological reality. The modcls of previous years included using the 
following predictor variables: 1993 - thermal habitat in March; 1994 - thermal habitat in March; 1995 -thermal 
habitat in January, February, and March; and 1996-97 - thermal habitat in February and lagged spawners from the 
Labrador, Newfoundland, Quebec, and Scotia-Fundy regions of Canada. 

North Amerlcan 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 2SW fish adjusted hy natura! mortality to the time prior to the West Greenland lishery 
(See Section 4.2.3). Region-specilic estimates of 2SW retorns are listed in Table 4.2.2.2. Bstimates of 2SW returns 
prior to 1998 in Labrador are derived from estimated 2SW catches in the fishcry using a range of assumptions 
regarding exploitation rates and origin of the catch. With the closure of the Labrador lishery, 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 relationsbip between marine habitat, 2SW spawners and pre-lishery 
abundance to forecast pre-lishery abundance (!CBS 1993/Assess: lO; !994/Assess: 16; 1995/ Assess:14; 1996/Assess:ll, 
1997/ Assess: 1'0; 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 & Atrnospheric Administration and previously published catch rates for 
salmon from research vessels lishing in the northwest Atlantic (Reddin et al. 1993 and !CBS 1995/Assess:14). The 
SST data were determined by optimally interpolating SSTs from ships of opportunity, earth observation satellites 
(A VHRR), and sea ice cover data. The area uscd to determinc available salmon habitat encompassed the north west 
Atlantic north of 41 oN latimde and west of 29°W longimde and includes the Da vis Strait, Labrador Sea, Irminger Sea. 
and the Grand Bank of Newfoundland. 

Thermal habitat has heen updated to include 1998 data. Two periods of decline in the available habitat are identilied 
(1980 to 1984 and 1988 to 1995) in the February index (Table 5.6.1.1 and Figure 5.6.1.1). Available habitat for 
February was reduced in 1999 below the 1998 leve! from 1849 to 1741, a decline of approximately 6%. The 1999 
February value is still well above the long-term mean. 

5.6.2 Forecast model for pre-flshery abundance of North America 2SW salmon 

The 1999 forecast of pre-lishery abundance was based on regression analysis to predict the pre-lishery abundance of 
non-maturing 1SW lish prior to the start of the Greenland lishery. This makes the fourth consecutive year tlw same 
model has been used in the forecasting procedure. The basis for the model is two predictor variables: thermal habitat 
for February (term H2) and Jagged spawners (sum of lagged spawners from Labrador, Newfoundland, Scotia-Fundy 
and Quebec, term SLNQ) (!CBS 1996/Assess:ll). This was justilied 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; Fricdland 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-lishery abundance estimates and then 
the 1999 pre-lishery abundance was forecasted. 

The linear lit to the 1999 model of pre-lishery ahundance versus February thermal habitat and lagged spawncrs 
(SLNQ) produced a signilicant relationship between observed and predicted values (F2,11 =37.4) and all model 
parameters were signilicant at less than the 5% leve! (Tahle 5.6.2.1). lndividually, the two predictor variables used are 
also signilicantly related to pre-fishery abundance (Figure 5.6.2.1). 

The contribution of the two variable.~ to the model lit 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 bul with SLNQ spawners included, the contribution of February hahitat was 
only 15% of the overall variability while the contribution of SNLQ spawners was 28% (Table 5.6.2.1). The jackknife 
and simulated predicted values for pre-lishery abundance for 1978-99 are shown in Table 5.6.1.1 and Figure 5.6.2.2. 
The predicted values are shown to lit the observed data quite well except during the period of low abundance in 1978 
and in the late 1980s and 90s when ahundance was low. The high correlation between the observed and jackknifc 
predictions (r=+0.859) can be seen in Figure 5.6.2.3A. The residual pattcrn 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 hy simulation of pre-lishery abundance for 1999 using the February thermal habitat 
and lagged spawner model is about 79,500 at the 50% probability leve! (Table 5.6.1.1). Using the current model to 
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estimate the 1998 pre-fishery abundance yields a valne of 108,890, which is similar to the previously reported valne 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 primarily by the spawning stock leve! in the predictive relationship for pre­
fisbery abundance (Table 5.6.2.1). Tbus, the prediction of pre-fisbery abnndance would be moderated during periods 
of higb levels of babitat and low levels of spawning stock. The alternate case would be an in~Tease in predicted pre­
fisbery abnndance wben spawniug stocks were bigb and thermal babitat was low. The former bas occurred with the 
predicted valnes for 1998 and 1999, as thermal habitat has increased considerably, the predicted pre-fishery abnndance 
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 
Althougb the exact error bounds for the estimates of NNI(i) are unknown, minimum and ma:ximurn values of 
component catch and return estimates have been estimated. Simulation methods, implemented in the software package 
SAS (SAS Institute, 1996), were used to generate the probability density function of NNl(i). This was done as a six­
step procedure as follows: 

l. Annua! values (1978-97) of pre-fisbery abundance (NN!) were generated assuming a uniform distribution of the 
minimum to maximum values of input parameters NCl, NC2, and NR2. 

2. The parameter values of the regression model of pre-fishery abundance on the February thermal habitat (H2) 
variable and the !agg ed spawners (SLNQ) variable were estimated from the data set generated in sLep l. 

3. A single pre-fishery forecast valne for 1988 was obtained by drawing at random from a normal distribution defined 
by the mean forecast valne 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 lit. 

5. Steps l to 4 were repeated 1,000 times to generate 1,000,000 predictions (l,L(:l times 1,000) of pre-fishery 
abundance. This resampling incorporates the uncertainty of the input parameters (step l) and the unexplained 
variance in pre-lisbery abundance from the regression (step 4). 

6. The probability profile of these stocbastic forecasts (in 5% intervals) of the pre-lishery 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 relative risks borne by the stock (i.e., not meeting spawning requirements) versus the 
flshery (e.g., reduced short-terrn catches). 

5.6.3 Development of catch options for 1999 

Development of catch ad vice 
Atlantic salmon are managed on the basis of ensuring adequate numbers of spawncrs in individual ri vers. A composite 
spawning requirement for the North American 2SW stock complex was developed by summing the spawning 
requirements of Salmon Fisbing Areas in Canada and river basins within the USA. Details on tl>e methodology to 
estimate and update the spawning requirements are provided in (ICES 1996/Assess:ll) 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 sbown 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 lSW fisheries in 1999, whereas the allocation for North America can 
be barvested in fisheries on ISW salmon in 1999 and/or in fishcries on 2SW salmon in 2000. To acbieve spawning 
requirements, a pool of fish must be set aside prior to fishery allocation in order to meet spawning requirements and 
allow for natura! mortality in the intervening months between the flshery and return to river. In last year's report, a 
spawning requirernent of 183,852 fish was reported for all North American ri vers (ICES 1998/ACFM: 15). Tbus, 
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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 ahundancc, the probability of the expected stock abundance 
being greater or lower than the value selected can be estirnated. This probability leve! also provides a measure of the 
probability of reaching conservation requirements assuming tishery allocations are laken without error. 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 value 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 [NN!], stock composition by 
continent [PropNA), mean weights of North American and European ISW salmon [WTISWNA and WTISWE, 
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 approxirnate 50% confidence limits, are summariscd below. 

Parameter Forecast Minus ISE Plus ISE 
PropNA 0.584 0.503 0.667 
WTISWNA 2.62 2.47 2.78 
WT1SWE 2.74 2.56 2.92 
ACF l. liS 1.018 1.21 

The Working Group recommends that as !hese parameters have changcd in the past, thcy should be updated with new 
data from sampling programs to ensure the greatest possible accuracy in the quota calculation. However, the absence 
of an adequate sample from the 1998 fishery precludes a new analysis. 
Greenland quota levels for H2-SLNQ forecast of prc-tishery abundance were computed. The quota values based on !his 
forecast between interquartile lirnits of the probability density function are presented in Table 5.6.3.1. For the point 
estirnate leve! and the stochastic regression estimate using NN!, the quota options are all O t, regardless of the 
proportion allocated to West Greenland (FN A) or selection of a probability leve! between 25% and 75%. 

The 50% risk level is intendert to produce spawning escapements in North America that will meet the requirement 
leve! for all rivers combined 50% of the time. Even if this overall requirement is achieved, it is like! y that some stocks 
will therefore fail to meet their individual spawner requirements while others will exceed requirement levels. Tbis may 
result !rom random variation between years or from systematic differences in the pattems of exploitation on fish from 
different ri vers or regions. In the latter case, adoption of a 50% risk approach may res ult in some stocks failing to meet 
requirement Iewis over an extendcd period if the full TAC is harvested. Tbis could result in the long-term decline in 
!hose stocks. 

The Working Group concludes that it is evident from both the indicators of stock status thal the North Amcrican stock 
complex is in tenuous conuition. lf the forecast is accurate then pre-fishery abundance in 1999 will be lower than an y 
other pre-fishery abundance value previously estirnated dcspilc n.carly complctc closures of mixed and single stock 
fisheries, a continuing trend of below requirement spawning escapements for 2SW salmon, and the low marine 
survival rate.."' for some monitored stocks. The increasing advantagc associated with cach additional spa\Vller 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 ofprecision. 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 different and profound consequences on 
the catch options t()r risk-averse compared to risk-prone approaehes (Figure 5.6.4.1). In a theoretical exarnple, two 
assessments provide the same point estirnate (50% probability value) but the precisions are very different. Under a 
risk-prone management approach, the allowed catch would be greater for the irnprecise assessment: at a 70% risk 
leve!, the advised catch under the precise assessment would be 500 t bul 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 
irnprecise assessment: at a 20% risk leve!, the precise assessment would provide a catch option of about 400 t bul 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 involvcs three steps: l) 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 undesirab1e) 
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 ri vers in North America. The conservation 
requirements to North America are considered to be a threshold reference point. All potential recruits in exccss of the 
conservation requirement are considered to be available for harvest. The undesirab1e event to be assessed is that the 
spawning escapement to North America will be below the conservation limit. 

A risk analysis of catch options for Atlantic salmon from North America incorporates all the unccrtainty in the 
estimates of the probable returns: 

l. the conservation requirement risk plot, 
2. the unccrtainty of the pre-fishery abundancc forecast, and 
3. the unccrtainty in the biological parameters used to translate catches (weighl) into numhers of North 

American origin salmon. 

The risk analysis 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/ A,gess: 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 annua! variability in the proportion female in each stock area 
was described in terms of a uniform distribution corresponding to values for cach stock area. A total of 1,000 
simulations were run for each spawning escapement Ievcl. The sex ratio varied independently in each stock for each 
simulation. The risk plots were expressed as the probability of meeting or excceding the spawning requirements 
concurrently in all six stock areas. In addition, plots of the probahility of meeting or excceding 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 ri vers. 

Under the assumption of equal production from all stock areas (i.e., recruitmenl 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 leve!. This value is higher than the point estimate for the North American 
stock complcx (183,852 2SW salmon, Tab! c 4.4.1) because it includes the annua! variation in proportion female. 

Pre-fishery forecast ahundance uncertainty 
Model fitting and the confidence intervals for the pre-fishery abundance of non-maturing North American ongm 
salmon are desLTibed 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 tab1e (Table 5.6.3.1) is calculated using the probability density function of the pre-tlshery abundance 
forecasts and point estimates for the remaining parameters including: fhe spawner reserve for NorU1 America, 
proportion of the 1SW catch which would be of Norrh American origin, weight of 1SW 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 
assnming 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 exccption was for the age correction factor (ACF) for which the 
lower bound was trintmed to unity. The resultant distributions from 1,000 iterations appropriately represented the 
initial input parameters with the exccption of the ACF distribution (Figure 5.6.4.3). An alternative to the normal error 
distribution for the ACF parameter was not explored at fhis meeting. 

Using the bio1ogical 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-tishery 
abundancc forecast and discounting for the 11 months of natura! mortality between the time of the Greenland fishery 
and return to homewaters. An example of the distribution ofharvest (nnmbers) of North American origin salmon for a 
quota of 100 tat West Greenland, which inoorporated the unccrtainty 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 nnrnhers, is shown in 
the bottorn panel ofFigure 5.6.4.2. 

Catch options and risk sunnnary for 1999 
The final slep in the risk analysis of the catch options involves combining the cnrnulative risk plots from the 
conservation 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 atleast 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 attaining 50% of the conservation requirement in atleast 
one of the six stock areas) was derived in exactly the same way by substituting the cnrnulalive distribution for a 
different conservation requirement proportion. 

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 2SW salmon to North America in 2000 will be below the conservalion requirement in 
at lea<t one of the six stock arcas, cven in the absence of any lisheries-induced mortality on Ibis 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 !east 
one of the six stock areas will be severely underescaped (by 50%). The risk protile is shallow over the range of catch 
options illustrated (O to 1000 t) which reflects the degree ofuncertainty in the expe<:ted 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 25% of the 2SW 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 
tisheries and Closure of many ang !ing lisheries (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 fbe conservation requirements in at !east one of the six stock areas (Figure 5.6.4.4 lower 
panel). This assnrnes 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 Ibis is not 
true (see Section 4.1.4, 4.2.2), it was the only scenario considered by the Working Group at Ibis meeting. Under 
further reduced exploitation rates in North America, there is no less fban an 85% chance that conservation 
requirements will not be met. 

The cnrnulative consequences of lishcries at Grccnland (1999) and in North America (2000) on the potential spawning 
escapements to Norfb American stock areas increases the risk of severe underescapement (50% of conservation 
requirements) in North Amcrica. 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 0.25 in North America 
(Figure 5.6.4.4). Considering the uncertainty in the assessment of fbe abundance of North American salmon in West 
Greenland in 1999, precautionary approach principles in managing the both the Greenland and North American 
salmon fisheries are advised. 

5. 7 Critical examination of the Confldence Limits on the Output of, and Assumptions in, the 'Model' 
Used to PrOvide Catch Advice 

5. 7-1 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 adopted 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 cxisling models the Working Group 
focused on several initiatives. 

Brief descrlption of the 'model' 
The Greenland pre-lishery abundance estimate (PFA) is generatcd as described in previous reports (!CBS 
1998/ACFM:15, section 5.5). First, the 2SW returns of salmon to specific regions in North America (Labrador, 
Newfoundland, Qu6bec, Gulf of St. Lawrence, Scotia-Fundy and the USA) are estimated by various means (counting 
fences, catches, mark-recapture estimates, etc.), and the numhers 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 Fehruary 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 contributing 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 limils 
Currently, estimates ofpre-fishery abundance forecast error in the model to forecast salmon in the North west Atlantic 
are based on a series of empirically derived confidence intervals develuped for some, but not all of the variable.' 
included in the regression model. The Working Group considered an alternate estimation procedure that utilizes the 
error structure from the ba.e regression model residuals to develop a bootstrap sarnple of forecasts. The resultant 
probability density function from the bootstrap sarnple was compared to the current assessment re.,ult,. The bootstrap 
sarnple appeared to contain bias, a feature not uncommon for this class of models. The probability density distribution 
of the bootstrap sarnple was close to 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 bootmapping approach until this bias could be betler 
understood and a correction procedure appropriate to the data could be developed. The Working Group encourages 
further work on the bootstrapping approach. 

5.7.2 Impact ofmeasurement 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 
February habitat. Twenty years of data are available to fit the model (1978 to 1997) and a prcdiction is deri ved for 
1999 based on the observations of the independent variablcs collected for that year. This linear regression can be 
treated under a Bayesian approach (Gelman et al. 1995). The posterior predictivc distribution of the 1999 PFA 
foreca't is a Student-l centered on the point estimates that would be obtained under cJa»icalleast squares filting. The 
posterior uncertainty of this prediction is shown in Figure 5.7.2.1. Negative values are excluded a' a priori 
impossibilities. 

Measurement errors can have disruptive effects on model filting and on the uncertainty of the predictions. An analysis 
was conducted to a.sess the potential effect of measurement errors on the PFA and the lagged spawners, because both 
are deri ved from estimation procedures and are not readily observable. In con trast, the habitat variable was regarded a' 
an actual measure witbout 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 procedurc (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 consequcnce, the uncertainty of the 1999 prediction should innease. 

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 ea,ily carried out by Monte-Carlo simulation. For the purpose 
of the analysis prcsented 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 levet 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 each leve! 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 result' are sururnarized in Figure 5.7.2.1. Measurernent 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 laken into account. As the predictive variables becorne less informative about PFA. the most 
probable value of the PFA approaches the mean. In a !east squares regression sense, the slope of the relationship 
would decrease and the intercept would become more significant. Jf the independent variables were above their 
average leve!, which would lead to a high PFA forecasl, 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 series 
with increased uncertainty. 

Part of the range of values of the PFA given in Figure 5.7.2.1 might he considercd impossible given complimentary 
information available, such as observations of returns in homewaters over the last years. This can readily he 
introduced in the Bayesian analysis by means of a prior distribution of the PFA which would put a null probability a 
priori on implausible values. Even within a narrower range of possible values, it is impossible to assign contrasting 
levels of credibility to the PF A predicted values. 

l. It is recommended that the extent of the measurement error inherent in the run-reconstruction model should he 
estimated to descrihe the potcntial 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 
in~Teased uncertainty, alternative risk levels to the 50% point should be considered, consistent with the 
precautionary approach. 

3. Other indices of adult salmon abundance should he examined and used as prior information to constrain the 
plausible range of ahundance levels. 

4. Alternative models should he explored (lor example different predictive variables, model formulations, univariate 
time series, non-parametric change-of-state analyses,) to provide some index of plausibility of the quantitativc 
forecasts. 

5.7.3 Alternative models for characterizing salmon abundance 

Two explanatory variables are presently used to model the prefishery abundance (PFA) of non-maturing lSW salmon 
in the Northwest Atlantic heforc the Greenland fishery: spawning stock and environment (Section 5.6). The 
coefficients of the explanatory variables indicate that PFA is positively corrclalcd with both the spawning slock size 
and the environmental signal. PFA would he expected to decline as spawning stock and/or environment declines. In 
1996 to 1998, PFA has declined, consistent with the decline in spawning stock bul despilc an improved environmental 
signal. 

The spawning stock variable used in the modcl excludes the spawners from the Gulf and USA and therefore only 
considers part of tl1e spawners contributing to PFA in the Northwest Atlantic. Also, the spawning stock variable on ly 
considers 2SW spawners while other age groups (lSW, 3SW and previous spawners) also contribute to egg 
depositions and undoubtedly salmon maturing as 2SW flsh. 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 requireruent during the 1990s in contras! to other areas where spawning 
stock has declined. 

A more useful variable for characterizing salmon abundancc in the ocean would be an estimate of the annua! smolt 
output from ri vers of North America. Jf smolt output is known, factors determining mortality at sea could be explored 
directly using a standard survival relationship (Ricker 1975): 

NJN, = ez 
where N, = population size at time t (for example PFA before West Greenland fishery) 

N, = population size at an earlicr time (for example smolt output) 
Z = instantaneous mortality rate 

When stocks are exploited in fisheries, Z can be described in terms of the mortality due to the flshery (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 toM. 

Some of the factors contributing to natural mortality could he characterized by an environment signal (as in the 
currently used model) and predation (Section 2.4.6). The survival model with !hese two variables could he written 
(Hilborn and Walters 1992): 

Nt/No= e-C<>Pred +13Env+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) 
ex = coefficient of the relative instantaneous mortality per unit predator 
~ = 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 instantaneous 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 an y predator or environment effect modifying survival, then survival is proportional to abundance. 

The coefficients of the parameters could be estimated under a linear model assurnption after transformation: 

ln(NtfN,) =-(c+ aPred + J3Env) + e 
where In( ) refers to a naturallogarithm transformation 

f is the residual error, assurned N(O, cr) 

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 eastern North America has increased by a 
factor of three with relative smolt production generally constant since 1986 (Figure 4.2.1. 7). 

PFA was considered as the sum of the maturing and non-maturing components to eastern North America (Table 
4.2.3.3, 4.2.3.4). The predator index was the population size of harp seals in the Northwest Atlantic (Section 2.4.10). 
The environmental variable was the February babitat index in the North west 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 corre1ated 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 absence 
of contrasting states in the variables examined inhibits the testing of alternative hypotheses to describe the observed 
declines in Atlantic salmon survival rates. 

From Ibis preliminary analysis, it can be concluded that: 

l. the increased relative smolt production from North America has been insufficient to compcnsate for the increased 
mortality factors on Atlantic salmon; 

2. the observed decline in relative survival associated with the increased relative smolt production is not sufficient to 
draw an y conclusions on the nature of the mortality function, i.e., densily dependent or density independent; and 

3. in the absence of evidence for density-dependent mortality of Atlantic salmon at sea, the objcctivc of achieving 
conservation in all salmon ri vers of eastem North America remains valid. 

5.8 Data Deficiencies and Research Needs in tbe WGC area 

5.8.1 Progress on data deficiencies and researcb needs In the WGC area 

Same progress was made on the recommendations for resolving data deficiencics 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 fishermcn 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 <lid not adequatcly 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 Recomrnendations for 1999 

l. 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 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 tempora!! y cover as much of the landings as possible. 

2. Efforts should be made to improve the estimates of the annua! catches of salmon taken for local Consumption at 
West Greenland. 

3. 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 vicw of the evidence of a lang-term 
decline in the European stock components contributing to this fishery (southern European non-maturing lSW 
recruits) the Working Group emphasised the need for information from thesc stocks to be incorporated into the 
assessments as soon as possible. 

4. The bootstrapping approach to improve confidence intcrvals for the pre-tishery abundance forecast error estimates 
shows promise, and should be explored further. 

5. 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 catcbes and assessed 
returns (hard data), and what fraction results from less certain information such as scaling factors for potential 
productive habi!Jlt. 

6. It is recommended that the extent of the measurement error inhercnt in the run-rcconstruction model should be 
estirnated to describe the potential bias in the made and the description of uncertainty associated with the forecast. 

7. 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. 

8. Other indices of adult salmon abundance sbould be examined and used as prior inforroation to constrain the 
plausible range of abundance levels. 

9. Alternative models should be explored (for cxample different predictive variables, model fornaulation<, univariate 
time series, non-parametric change-of-s!Jlte analyses) to provide somc indcx of plausibility of the quantitative 
forecasts. 
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Table 5.1.1.1. Nominal catches of salmon, West Greenland 1960-98 (rnetric tons round fresh 
wei ht). 

Year Norway Faroes Sweden Denrnark Greenland1 Total Quota2 

1960 60 60 
1961 127 127 
1962 244 244 
1963 466 466 
1964 1539 1539 
1965 3 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 21464 

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 1171 2030 1191 
1976 1175 1175 1191 
1977 1420 1420 1191 
1978 984 984 1191 
1979 1395 1395 1191 
1980 1194 1194 1191 
1981 1264 1264 12656 

1982 1077 1077 12536 

1983 310 3 \(1 1191 
1984 297 29'i 870 
1985 864 864 852 
1986 960 960 909 
1987 966 966 935 
1988 893 893 7 

1989 337 337 
1990 274 274 
1991 472 472 840 
1992 237 237 258 8 

1993 o' o' 899 

1994 o' o' 1379 

1995 83 83 77 
1996 92 92 1748 

1997 58 58 57 
1998 11 11 2010 

1 For Greenland vessels: all catcbes up to 1968 were taken with set gillnets only; after 1968, the catches wcre taken with set 
gillnets and drift nets. All non-Greenland catches 1969-75 were taken witb drift nets. 

2 Quota figures apply to Greenland fishery only. 
3 Figures not available, but catch is known to be less than Faroese catch. 
4 Including 7 t caught on longline by one of two Greenland vessels in the Labrador Sea earl y in 1970. 
5 The fishe:ry wa.<> suspended. 
6 Quota corresponding to specific opening dates of the fishery. 
7 Quota for 1988-90 was 2,520 t with an opening date of l August and annual catches not to exceed the annual average (840 t) by 

more than l 0%. Quota adjusted to 900 t in 1989 and 924 t in 1990 for later opening dates. 
8 Set by Green land authorities. 
9 Quotas were bought out. 
10 Fishery restricted to catcbes used for internat consumption in Greenland. 
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Table 5.1.1.2. Distribution of nominal catches (metric tons), Greenland vessels. 

NAFO Division Total East Total 
Year lA lB !C ID lE lP NK Westgrl. Greenland 6 Gr 

ee 
ni 
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 64 4 43 32 5 297 + 297 
1985 85 124 198 207 147 103 864 7 871 
1986 46 73 128 203 233 277 960 19 979 
1987 48 114 229 205 261 109 966 + 966 
1988 24 100 213 191 198 167 893 4 897 
1989 9 28 81 73 75 71 337 337 
1990 4 20 132 54 16 48 274 274 
1991 12 36 120 38 108 158 472 4 476 
1992 4 23 5 75 130 237 5 242 
19931 

19941 

1995 + 10 28 17 22 5 83 2 85 
1996 + + 50 8 23 10 92 + 92 
1997 l 5 15 4 16 17 58 l 59 
1998 l 2 2 4 l 2 11 11 

1
) The fishery wa..;; suspended 

+)Small catches <0.5 t 
-)No commcrciallandings 
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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 (1998). 

Samplesize Continent of ori~;~in (%) 
Source Year Len@! Scales NA (95%CD1 E (95%CI)1 

Research 1969 212 212 51 (57,44) 49 (56,43) 
1970 127 127 35 (43,26) 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 (59,39) 51 (61,41) 
1974 834 834 43 (46,39) 57 (61.54) 
1975 528 528 44 (48,40) 56 (60,52) 
1976 420 420 43 (48,38) 57 (62,52) 
1977 45 55 

19782 606 606 38 (41,34) 62 (66,59) 
19783 49 49 55 (69,41) 45 (59,31) 
1979 328 328 47 (52,41) 53 (59,48) 
1980 617 617 58 (62,54) 42 (46,38) 
1982 443 443 47 (52,43) 53 (58,48) 

Commercial 1978 392 392 52 (57,47) 48 (53,43) 
1979 1653 1653 50 (52,48) 50 (52,48) 
1980 978 978 48 (51,45) 52 (55,49) 
1981 4570 1930 59 (61,58) 41 (42,39) 
1982 1949 414 62 (64,60) 38 (40,36) 
1983 4896 1815 40 (41,38) 60 (62,59) 
1984 7282 2720 50 (53,47) 50 (53,47) 
1985 13272 2917 50 (53,46) 50 (54,47) 
1986 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 9366 2227 56 (60,52) 44 (48,40) 
1990 4897 1208 75 (79,70) 25 (30,21) 
1991 5005 1347 65 (69,61) 35 (39,31) 
1992 6348 1648 54 (57,50) 46 (50,43) 
1995 2045 2045 65 (69,61) 35 (39,31) 
1996 3341 1297 55 (67,42) 45 (58,33) 
1997 794 282 60 (66,55) 40 (45,34) 

Local cons. 1998 540 406 79 (84,73) 21 (27,16) 

l Cl - confidence interval calculated by method of Pella and Robert-;on ( 1979) 

for 1984 ·86 and by binomial distribution for the others. 

2 During Fishery. 
3 Research samples after fishery closed. 
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Tab le 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 
b):' 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 lcngths and whole weights of Atlantic salmon caught at West Grccnland, 1969-92 and 1995-98. 
Fork length (cm); wholc wcight (kg). NA =North America; E = Europe. 

Whole wcight (kgl Fork length (cm) 
Sea age & origin Sea age & origin 

1SW 2SW PS All sea ages TOTAL 1SW 2SW PS 
Year NA E NA E NA E NA E NA E NA E NA E 

1969 3.12 3.76 5.48 5.80 5.13 3.25 3.86 3.58 65.0 68.7 77.0 80.3 75.3 
1970 2.85 3.46 5.65 5.50 4.85 3.80 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 72.0 
1972 2.96 3.46 5.85 6.13 2.65 4.00 3.25 3.55 3.44 64.2 67.9 80.7 82.4 61.5 69.0 
1973 3.28 4.54 9.47 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 3.42 3.22 3.86 3.58 64.1 68.1 82.8 87.4 66.0 
1975 2.58 3.42 6.12 6.23 2.60 4.80 2.65 3.48 3.12 61.7 67.5 80.6 82.2 66.0 75.0 
1976 2.55 3.21 6.16 7.20 3.55 3.57 2.75 3.24 3.04 61.3 65.9 80.7 87.5 72.0 70.7 
1977 
1978 2.96 3.50 7.00 7.90 2.45 6.60 3.04 3.53 3.35 63.7 67.3 83.6 60.8 85.0 
1979 2.98 3.50 7.06 7.60 3.92 6.33 3.12 3.56 3.34 63.4 66.7 81.6 85.3 61.9 82.0 
1980 2.98 3.33 6.82 6.73 3.55 3.90 3.07 3.38 3.22 64.0 66.3 82.9 83.0 67.0 70.9 
1981 2.77 3.48 6.93 7.42 4.12 3.65 2.89 3.58 3.17 62.3 66.7 82.8 84.5 72.5 
1982 2.79 3.21 5.59 5.59 3.96 5.66 2.92 3.43 3.11 62.7 66.2 78.4 77.8 71.4 80.9 
1983 2.54 3.01 5.79 5.86 3.37 3.55 3.02 3.14 3.10 61.5 65.4 81.1 81.5 68.2 70.5 
1984 2.64 2.84 5.84 5.77 3.62 5.78 3.20 3.03 3.11 62.3 63.9 80.7 80.0 69.8 79.5 
1985 2.50 2.89 5.42 5.45 5.20 4.97 2.72 3.01 2.87 61.2 64.3 78.9 78.6 79.1 77.0 
1986 2.75 3.13 6.44 6.08 3.32 4.37 2.89 3.19 3.03 62.8 65.1 80.7 79.8 66.5 73.4 
1987 3.00 3.20 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 3.36 6.77 6.78 4.75 4.64 2.93 3.41 3.18 63.0 66.6 82.1 82.4 74.7 73.8 
1989 2.56 2.86 5.87 5.77 4.23 5.83 2.77 2.99 2.87 62.3 64.5 80.8 81.0 73.8 82.2 
1990 2.53 2.61 6.47 5.78 3.90 5.09 2.67 2.72 2.69 62.3 62.7 83.4 81.1 72.6 78.6 
1991 2.42 2.54 5.82 6.23 5.15 5.09 2.57 2.79 2.65 61.6 62.7 80.6 82.2 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 83.4 81.1 77.4 82.7 
1995 2.42 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 2.75 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 2.72 62.6 63.1 85.3 84.2 69.0 
1998 2.72 2.83 6.44 3.n 4.77 2.76 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 (o/~ for all North American and European origin 
salmon caught at West Greenlan , 1968-92 and 1995-98. 

River age 
Year l 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 45.8 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 1.2 32.9 36.5 16.5 9.4 3.5 0.0 0.0 
1972 0.8 31.9 51.4 10.6 3.9 1.2 0.4 0.0 
1973 2.0 40.8 34.7 18.4 2.0 2.0 0.0 00 
1974 0.9 36.0 36.6 12.0 11.7 2.6 0.3 0.0 
1975 0.4 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 2.7 31.9 43.0 13.6 6.0 2.0 0.9 0.0 
1979 4.2 39.9 40.6 11.3 2.8 1.1 O.l 0.0 
1980 5.9 36.3 32.9 16.3 7.9 0.7 O.l 0.0 
1981 3.5 31.6 37.5 19.0 6.6 1.6 0.2 0.0 
1982 1.4 37.7 38.3 15.9 5.8 0.7 0.0 0.2 
1983 3.1 47.0 32.6 12.7 3.7 0.8 O.l 0.0 
1984 4.8 51.7 28.9 9.0 4.6 0.9 0.2 0.0 
1985 5.1 41.0 35.7 12.1 4.9 I.l O.l 0.0 
1986 2.0 39.9 33.4 20.0 4.0 0.7 0.0 0.0 
1987 3.9 41.4 31.8 16.7 5.8 0.4 0.0 0.0 
1988 5.2 31.3 30.8 20.9 10.7 1.0 O.l 0.0 
1989 7.9 39.0 30.1 15.9 5.9 1.3 0.0 0.0 
1990 8.8 45.3 30.7 12.1 2.4 0.5 O.l 0.0 
1991 5.2 33.6 43.5 12.8 3.9 0.8 0.3 0.0 
1992 6.7 36.7 34.1 19.1 3.2 0.3 0.0 0.0 
1995 5.3 29.1 35.2 20.2 8.4 1.9 0.0 0.0 
1996 7.4 23.8 35.2 21.9 10.7 0.9 0.2 0.0 
1997 2.0 18.7 45.3 16.7 16.0 1.3 0.0 0.0 
1998 0.4 20.4 50.4 22.9 2.9 2.5 0.4 0.0 
Mean 4.3 36.2 35.9 16.2 6.1 I.l O.l 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 O.l 0.0 0.0 0.0 
1973 26.0 58.0 14.0 2.0 0.0 0.0 0.0 0.0 
1974 22.9 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 8.4 0.6 0.3 0.0 0.0 0.0 
1977 
1978 26.2 65.4 8.2 0.2 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 25.8 56.9 14.7 2.5 0.2 0.0 0.0 0.0 
1981 15.4 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 34.7 50.2 12.3 2.4 0.3 O.l O.l 0.0 
1984 22.7 56.9 15.2 4.2 0.9 0.2 0.0 0.0 
1985 20.2 61.6 14.9 2.7 0.6 0.0 0.0 o,o 
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 18.4 61.6 17.3 2.3 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 0.0 0.0 
1992 11.8 38.2 42.8 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 49.2 31.5 10.2 1.3 0.2 0.0 0.0 
1997 3.6 55.0 37.8 2.7 0.9 0.0 0.0 0.0 
1998 28.6 60.0 7.6 2.9 0.0 l. O 0.0 0.0 
Mean 19.6 59.8 17.4 2.9 0.4 0.0 0.0 0.0 
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Table 5.1.3.3. Sea-age composition (%)of samples from commercial catches at West Greenland, 
1985-98. 

North American European 
Year Previous Previous 

ISW 2SW SQawners ISW 2SW SQawners 
1985 92.5 7.2 0.3 95.0 4.7 0.4 
1986 95.1 3.9 l. O 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 92.3 5.2 2.4 95.5 3.8 0.6 
1990 95.7 3.4 0.9 96.3 3.0 0.7 
1991 95.6 4.1 0.4 93.4 6.5 0.2 
1992 91.9 8.0 O.l 97.5 2.1 0.4 
1993 
1994 
1995 97.3 1.3 1.4 96.0 2.5 1.6 
1996 92.1 5.4 2.5 97.1 1.7 1.2 
1997 98.0 0.9 1.1 99.7 0.5 0.8 
19981 96.8 0.5 2.7 99.4 0.0 0.6 

1 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 
cornputation model, agreed by NASCO in 1993. 

1993 1994 1995 1996 1997 1998 
NA spawning target: 193741 193741 186486 180495 180495 183852 
Mpermonth: 0.01 0.01 0.01 0.01 0.01 0.01 
No. of months 11 11 11 11 Il 11 
M (in migration period): 0.11 O. li 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 0.4 0.4 0.4 
WT1SWNA: 2.525 2.525 2.525 2.420 2.647 2.623 
WT1SWE: 2.660 2.660 2.660 2.620 2.750 2.740 
PropNA: 0.540 0.540 0.540 0.592 0.557 0.584 
ACF: 1.121 1.121 1.121 1.133 1.133 1.118 
Max allow. harvest (MAH), NA-fish: 41559 63981 35830 -11483 -4625 -91331 

Surplus for harvest in Grl. of NA1SW: 16624 25592 14332 -4593 -1850 -36532 
Surplus of harvest in Grl. ofE1SW: 14161 21801 12209 -3162 -1472 -25980 

TAC in Greenland (numbers): 30785 47393 26541 o o o 
TAC (tons): 89 137 77 o o o 

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 0.540 0.650 0.550 0.600 0.790 

Proportion of EU fish in catch (PropEU): 0.460 0.460 0.350 0.450 0.400 0.210 

Mean weight, NA lish, all sea ages (kg): 2.860 2.860 2.510 2.940 2.700 2.760 

Mean weight, EU fish, all sea ages (kg): 2.740 2.740 2.700 2.830 2.740 2.840 

Mean weight of all sea ages (NA+EU fish): 2.805 2.805 2.577 2.891 2.716 2.777 

Proportion of !SW fish in catch: 0.919 0.919 0.969 0.921 0.980 0.968 

Catch of JSW NA fish: 15492 23850 20828 15851 12631 3048 

Catch of l SW EU fish: 13774 21206 10426 13473 8298 787 

Natura! mortality during migration: 0.10 O. JO O .JO 0.10 0.10 0.10 

Additional fish if no fishery at Greenland: 

2SW fish returning toNA (numbers): 14017 21580 18846 14343 11429 2758 
2SW fish returning to EU (numbers): 12464 19188 9434 12191 7508 712 

Average number of salmon potentially retuming to home waters per ton caught in Greenland: 
2SW fish returning toNA (nurnbers per ton, average of 1993-1998): 176 
2SW fish returning to EU (numbers per ton, average of 1993-1998): 131 
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Table 5.6.1.1. Pre-Fishery abundance estimates, thermal habitat index for February based on sea surface temperature, 
lagged spawner index for North America excluding GuH and US spawners (SNLQ), resuKs of a jackknife cross-validation 
of the forecast model, and simulated forecasts. 

Thermal Jackknife 
Pre-Fishery Abundance Habitat Lagged Spawners Cross-Validation 

Year Low High Mid Feb rua ry Low High Mid Prediction Residuals 
1971 578,955 726,699 652,827 2,011 
1972 557,789 733,183 645,486 1,990 
1973 672,662 867,737 770,200 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 
1977 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 549,070 729,314 639,192 1,823 43,222 97,219 70,221 568,465 70,726 
1981 527,385 684,484 605,935 1,912 43,287 97,645 70,466 612,907 -6,972 
1982 439,899 567,062 503,481 1,703 43,393 98,396 70,895 553,105 -49,624 
1983 236,421 337,375 286,898 1,416 40,425 91,991 66,208 396,013 -109,115 
1984 245,428 347,472 296,450 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 435,092 575,040 505,068 1,688 39,891 89,038 64,464 442,924 62,141 
1987 398,157 527,749 462,953 1,627 36,298 87,453 61,875 383,103 79,849 
1988 317,617 423,435 370,526 1,698 37,061 83,602 50,331 389,013 -18,487 
1989 241,038 345,076 293,057 1,642 41,944 86,394 64,169 442,898 -149,841 
1990 218,194 295,743 256,969 1,503 40,952 81,826 61,389 342,161 -85,192 
1991 249,702 348,471 299,086 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 
1993 95,337 178,931 137,134 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 53,421 153,143 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 99,956 , 
1999 1,741 25,587 52,506 39,047 79,450 , 

1. S1mulated forecast values. 
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Tab le 5.6.2.1 Results of analysis of prefishery abundance (NN1) on February 
thermal habitat (H2) and North American spawners 

General Linear Models Procedure 

Dependent Variable: NN l 
Sum of Mean 

source DF Squares Square 

Model 2 530671065624 265335532812 

Brror 17 120469105657 7086417980 

Corrected Total 19 651140171281 

R-Square C. V. Root MSE 

0.814987 24.37104 84180.865 

Source DF Type I ss Mean Square 

H2 l 351184699546 351184699546 
G_US l 179486366078 179486366078 

Source DF Type III SS Mean Square 

H2 l 97115957923 97115957923 
G_US l 179486366078 179486366078 

Regress ion statistics 
T for HO: Pr > IT l 

Parameter Estimata Parameter= O 

INTERCEPT -1087783.498 -6.50 0.0001 
H2 341.585 3.70 0.0018 
G_US 14.852 5. 03 0.0001 

Summary of Stepwise Procedure for Dependent Variable NNl 

Step 
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l 
2 

Variable 
Entered Removed 

G_US 
H2 

NUm!:> er 
In 

l 
2 

Partial 
R**2 

0.6658 
0.1491 

Mod el 
R**2 

0.6658 
0.8150 

C(p) 

14.7045 
3.0000 

(SLNQ), 1978-97. 

F Value Pr > F 

37.44 0.0001 

NNl Mean 

345413.55 

F Va lue Pr > F 

49.56 0.0001 
25.33 0.0001 

F Va lue Pr > F 

l3. 70 0.0018 
25.33 0.0001 

Std Error of 
Estimate 

167284.3934 
92.2713 
2.9511 

F Prob>F 

35.8664 
13.7045 

0.0001 
0.0018 



Table 5.6.2.2 Estimata of pre-fishery abundance in 1999. 
forecasted by H2-SNLQ regression model 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 (ml) for 1999 at West Greenland based on H2-SNLQ regression 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 levels derived from the probability density function. 

Prob. Proportion at West Greenland (Fna) 

lev el o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

25 o o o o o o o o o o o 
30 o o o o o o o o o o o 
35 o o o o o o o o o o o 
40 o o o o o o o o o o o 
45 o o o o o o o o o o o 
50 o o o o o o o o o o o 
55 o o o o o o o o o o o 
60 o o o o o o o o o o o 
65 o o o o o o o o o o o 
70 o o o o o o o o o o o 
75 o o o o o o o o o o o 

Sp. res= 205,230 
Prop NA = 0.5844 
WT1SWNA= 2.623 
WT1SWE= 2.740 
ACF= 1.118 
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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. Extant exploitation of the non-maturing component of 
North American salmon as 1 SW salmon in North America and Greenland 

from the run reconstruction statistics. 
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Figure 5.6.1.1 Thennal 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 (8) 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 jackknifed predictions (B). 
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Figure 5.6.2.3. Jackknifed predictions versus observed (A) and 
residuals versus observed (8) pre-fishery abundance. Open 
symbols, 1997. 
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Figure 5.6.4.1. Theoretical risk analysis plots showing the riskcprone 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 prefJshery abundance forecasts for 1999 (upper 
panel), number of North American origin salmon captured in a 100 t fJshery at West Greenland in 
1999 (middle panel) and the post-ftshery returns to North America in 2000 (bottom panel). 
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Figure 5.6.4.3. Summary of the distributions of the predicted biological characteristics of Atlantic 
salmon at West Greenland in 1999 generated from 1000 resampling events. The distribution ofthe 
weight of l SW 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 requirernent in at least o ne 
of the six stock areas in North America) of catch options on the preflshery 1SW non-maturing 
salmon component in 1999. Risk is expressed relative to catch options at West Greenland in 1999 
without ftsheries in North America in 2000 (upper panel) and for combined ftsheries 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 0.25 on the returning large salmon (Section 4.1.4). 
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Figure 5.7.2.1. Approximate posterior prcdictive distributions (5000 Monte Carlo simulations) of the 1999 PFA under varying levels ofmeasurement 
errors in the PF A and !agg ed spawner variables. The poiut estimate without error refers to the mo de of the posterior predictive distribution. 

:::~~~L No measurement errror 

~ 0.03 
:li 
.li e o.o2 

Point estimate without o. 
measurement enror 

0.01 

0.00 

o 250,000 500,000 750,000 1,000,000 

Forecasted PF A in 1999 

0.05 

0.04 25% error on PF A and LagSpawner 

~ 0.03 
:li • .<> 
2: 0.02 
o. 

0.01 

0.00 

o 250,000 500,000 750,000 1,000,000 

Forecasted PF A in 1999 

l 
0.05 

0.04 

~ 0.03 
:li • .<> 

~ 0.02 

om 

0.00 

0.05 

0.04 

~ 0.03 
:li • .<> 
2 0.02 
o. 

0.01 

0.00 

o 

o 

1 O% error on PF A and lagSpawner 

250,000 500,000 750,000 1,000,000 

Forecasted PFA in 1999 

50% error on PF A and LagSpawner 

250,000 500,000 750,000 1 ,000,000 

Forecasted PFA in 1999 

- ----- ----------· 



Figure 5.7.3.1. Relationship between estimated PFA ofmaturing and non-maturing ISW 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: LNSURV = ln(maturing and non-maturing prefishery abundance 
relative to the area-weighted smolt index), FEBRUARY = index ofhabitat in February, SEALS98 = 
index of predator abundance based on harp sea! population size, SMOLTS = area-weighted relative 
smolt index. 
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6 RECOMMENDATIONS 

6.1 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 April4. Therefore the Working Group should con vene at ICES Headquarters 
on April l l. 

6.2 Data Deficiencies and Research Needs 

l. More research in to the biology of salmon in the earl y 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 deri ved. There is a continuing requirernent 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 Jul y, 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 liroits should continue to be iroproved and the PFA model should 
continue development. More and hetter input data should be obtained from a greater range of sources. Data 
collection should be targeted at tiner scales. New ways of handling data, including GIS applications, and 
particularly new 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 explorcd, developed and validated. In 
particular, sensitivity analyses are essential to assess the contidence with which data derived from the theoretical 
models can be used 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 used together to examine the extent to which stock­
recruitment relationships from a liroited range of index ri vers are transferable to other ri vers. 

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. sa/aris should be 
encouraged in salmon-producing countries, and in other countries that are possible sources for transfer of the 
parasite. 

6. Therc is an urgent need to monitor salmon returns and develop habitat-based spawner requirernents in Labrador 
and Ungava regions of Quebec. 

7. 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 recTuits 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. 

8. 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 deterrnine if hatchery return rates 
can be used as an index of sea survival of wild salmon elsewhere. 

9. Further basic research is needed on the spatia! and tempora! distribution of salmon and their predators at sea to 
assist in explaining variability in survival rates. 

10. 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 are known to vary over time, the Working Group 
recommends that the sampling progranune, which occurred in 1995-98, be continued and iroproved to spatially 
and temporally cover as much of the landings as possible. 
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11. Efforts should he made to improve the estimates of the annua! catches of saltnon taken for 1ocal consumption at 
West Greenland. 

12. The catch options for the West Greenland fishery are based altnost entirely upon data derived from North 
American stock:s. In view of the evidence of a long-term decline in the European stock components contributing to 
!his fishery (southern European non-maturing 1SW recruit•) the Working Group emphasised the need for 
information from !hese stocks to be incorporated in to the assessments as soon as possible. 

13. The bootstrapping approacb to improve confidence intervals for the pre-fishery abundance forecast error estimates 
shows promise, and should be explored further. 

14. The Working Group recommends !hat 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 ba..OO on catches and assessed 
returns (hard data), and what fraction results from tess certain information such as scaling factors for potential 
productive habitat. 

15. It is recommended that the extent of the measurement error inherent in the run-reconstruction model should he 
estimated to describe the potential bias in the mode and the description of uncertainty associated with the forecast. 

16. 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. 

17. Other indiccs of adult salmon abundance should he exarnined and used a.• prior information to constrain the 
plausible range of abundance levels. 

18. Alternative models should he exptored (for exarnple different prcdictive variables, model forrnulations, univmiate 
time series, non-parametric change-of-state analyses) to provide some index of plausibility of the quantitative 
forecasts. 
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Appendix 4. Eggs laken and juvenile Atlantic salmon and eggs stocked (excluding private commercial sea ranching). 
Blank fields indicate data not available. 

&timated number (nearest l ,000) of eggs spawned by artificial methods from (Year) sea-run a.dults in autumn/wintcr pcriod of Year l Year+ 1}. 

Example = eggs artificially spa\\ned and recorded tor 1997 were spawned during the faiVwinter period of 1997/1998 

Total Eggs Eggs Stocked :\'o. Fry Stocked 

Country l Year ArtJftdally (rounded to nearest l ,000) (rounded to nearcst 1 ,OOQl 

Spawned Gre'" l Eyed l All Unfed l Fed l All 

Belgmm 
Total l o l o l 59000 5~.mool l l l 

1990 o o 15000 15000 

1991 o o o o 
1992 o o 25000 25000 

1993 o o 5000 5000 

1994 o o 14000 14000 

1995 o o o o 
1996 o o o o 
1997 o o o 
1998 o o o o 

Comments: 

(1) All eggs andjuveniles stocked are obtained from foreign eggs (french, irish, scottish} which are reared in haichcry in Belgium 

(2) Parr stocked: parr 0+ from 50 to 100 mm, with amajority of 50 mm 

Canada 
Total l 296160001 872000 710000 15820001 281 nooo 7496000 279470001 

1990 6742000 o o o 6752000 910000 7662000 

1991 2734000 o o 56X7000 689000 6376000 

1992 2604000 o o o :H51000 948000 4099000 

1993 1088000 o o o 3578000 680000 4258000 

1994 1749000 o o o 2923000 930000 3853000 

1995 1279000 o o o 1183000 617000 1800000 

1996 1190000 o o o 1963000 855000 2818000 

1997 6996000 870000 550000 1420000 1573000 153-'iOOO 3108000 

1998 5234000 2000 160000 162000 1303000 332000 1635000 

Comments: 

(l) Total eggs artif1cially spawned includes some egg collcctions from captive s~,a mn keit~. 

(2) Eggs artiticially spawned, 1990-1996, incompklt\ eggs and unfcd fry in 1997 are provisiona.l. 

~·o. Parr Stocked 

(ruunded to nearest lOQl_ 

0+ l l & l+ l 2or > l All 

763400 OI o l 7634001 

51400 o o 51400 

55900 o o 55900 

71500 o o 71500 

42000 o o 42000 

57400 o o 57400 

59400 o o 59400 

111200 o o 111200 

120700 o o 120700 

193900 o o 193900 

1m11oo1 2091900 t79100l 170587001 

. 

2237500 62200 1400 2301100 

1953400 55500 2600 2011500 

1743800 174200 2900 1920900 

1395900 157300 15700 1568900 

1269200 55900 14200 1339300 

1396700 152100 106000 1654800 

1720200 45400 o l 765600 

1578600 343300 25500 1947400 

1492400 1046000 10800 2549200 

No. Smolts 

_l!ounded to nearest 109) 

l .l2or morel 

104001 o l 

500 o 
500 o 
700 o 

400 o 
1100 o 

1800 o 
900 o 

o o 

4500 o 

7274700 15630001 

803000 229600 

802600 177900 

775600 211600 

804000 148500 

721200 156100 

796300 293000 

871500 44000 

1061000 183900 

639500 118400 

All 

10400 

500 

500 

700 

400 

1100 

1800 

900 

o 
4500 

8837700 

1032600 

980500 

987200 

952500 

877300 

1089300 

915500 

124490~ 

7579001 



Denmark 
Total 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 
-~ 

N 
w 
w 

Finland 
Total 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

o o o o 

o o o o 
o o o o 
o o () o 
o o () o 
() o o o 
o o o o 
o o o o 
o o () () 

o o o o 

1546!Xl 154600 

50100 50100 

7600 7600 

7300 7300 

5800 5800 

ll800 11800 

o o 
4000 4000 

o o 
68000 68000 

-

o o o 

o ( ( 

o o ( 

o ( ( 

o ( ( 

o ( ( 

o ( ( 

o ( ( 

o () ( 

o o ( 

368000 2218300 2586300 864500 104100 96860( 

10900 139900 150800 25900 o 2590( 

8800 131800 140600 120300 o 12030( 

9500 139700 149200 135700 o 13570! 

36000 105700 141700 109300 30800 14010! 

28900 178400 207300 70100 46600 ll670! 

10300 395000 405300 85200 6000 9120( 

o 450700 450700 ll6l00 o ll6l0( 

o 464600 464600 106400 o 10640( 

263600 212500 476100 95500 20700 ll620! 

o o o o o o o 

o o o o o o o 
o o o o o o o 
o o o o o o o 
o () () o o o o 
o o o o o o o 
o o o ( o o o 
o o o ( o o o 
o o o ( o o o 
o o o o o o o 



~ 

"" 
France 

Total l o 296000 296000 1952000 12074000 1402600ol 3885900 717400 o 46033001 14984001 1291001 1627500 

1990 o o o 334000 377000 711000 406400 100700 o 507100 44000 23500 67500 

1991 o o o 58000 570000 628000 903400 1100 o 904500 103200 72500 175700 

1992 o o o 113000 657000 770000 289100 111300 o 40040C 114600 9400 124000 

1993 o 94000 94000 352000 709000 1061000 320100 131600 o 45170C 189200 13100 202300 

1994 o o o 58000 568000 626000 342500 85900 o 42840C 207200 6500 213700 

1995 o o o !19000 2441000 2560000 468200 77700 o 54590( 277100 800 277900 

1996 o o o 310000 2416000 2726000 477900 120600 o 598500 248500 o 248500 

1997 o 52000 52000 420000 2108000 2528000 264000 48000 o 312000 163700 o 16370( 

1998 o 150000 150000 188000 2228000 2416000 414300 40500 o 454800 150900 3300 15420( 

lee land 
Total o o o l 1365000 46310001 59960ool 1173500 o o l 117350of 3798400 71600 3870000 

1990 o o o 307000 660000 967000 97000 o o 97000 259500 5400 264900 

1991 o o o 109000 687000 796000 110600 o o 110600 331700 o 331700 

1992 o o o 25000 688000 713000 134100 o o 134100 427800 o 427800 

1993 o o o 97000 547000 644000 33400 o o 33400 362300 o 362300 

1994 o o o 240000 525000 76500 51500 o o 515()( 304400 2000 30640 

1995 o o o 287000 436000 723000 112300 o o 112300 334300 5000 339300 

1996 o o o 91000 458000 549000 263100 o o 263100 645000 3500 648500 

1997 o o o 129000 341000 470000 118400 o o 118400 617800 11000 628800 

1998 o o o 80000 289000 369000 253100 o o 253100 515600 44700 560300 

i 
___ _j 
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Ireland 
Total l 328530001 o 1637000 1637oool 114200001 4395oool 158150001 1476200 

1990 

1991 

1992 

1993 

1994 

1995 6751000 113000 113000 464000 3032000 3496000 488500 

1996 7322000 186000 186000 1209000 217000 3426000 307200 

1997 8189000 o 226000 226000 3588000 644000 4232000 331600 

1998 10591000 1112000 1112000 4159000 502000 4661000 348900 

Norway 
Total l l 597000 10565000 3573000 141380001 51848001 

1990 

1991 

1992 327000 254000 581000 745900 

1993 2230000 523000 2753000 1043800 

1994 1788000 783000 2571000 909900 

1995 42000 22R7000 490000 2777000 975500 

1996 98000 2651000 1009000 3660000 776200 

1997 457000 1282000 514000 1796000 733500 

1998 
-- -

Commenl~ 

(l) 1992 data. are incomplete 

(2) 1990, 1991, and 1998 data are currenllyunavai1ablc. 

(3) In addition, 195300, 73733, 22000, and 150 Atlantic salmm1 of unspecified li fe .~lage.~ wert~ rdea~OO from 1993 lo 1996, re.<;pectively. 

o l o l 147620ol 1776100 10ol 1776200 

488500 295200 295200 

307200 520200 520200 

o o 331600 500400 100 50050( 

348900 460300 46030{ 

623900 2061001 601480ol o l o 1704900 

17100 59700 82270( 65600 

47200 75000 1166000 277400 

126400 o 1036300 320200 

232000 59400 1266900 333600 

30300 7800 814300 345700 

170900 4200 908600 36240 
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Russia 
Total 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

Spain 
Total 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 
-

l 233610001 o l 

5431000 o 
3492000 o 
2535000 o 
1780000 o 
2291000 o 
2183000 o 
206700 o 
167600 o 
190600 o 

l 25150001 l 

25000 

40000 

80000 

40000 

230000 

200000 

270000 

680000 

950000 
--

o o l o l o o 267800 

o o o o o 
o o o o o 

o o o o o 

o o o o o 
o o o o o 
o o o o o 217000 

o o o o . o o 
o o o o ( 50800 

o o o o o 

l l l 1556500 

539500 

426000 

o 
o 
o 

74000 

o 

85000 

432000 

127000 787600 1182400 o 57446001 5744600 

130700 130700 o 621000 621000 

143000 143000 o 778800 778800 

57900 579Qi: o 773600 773600 

250000 25000( o 600900 600900 

151000 15100C o 360000 360000 

34000 55000 3060<JC o 270800 270800 
40000 o 40000 o 836300 836300 

20000 o 70800 o 669000 66900( 

33000 o 33000 o 834200 83420( 

4853001 o 204180ol 2855ool o l 285500 

o o 539500 17500 o . 1750 

18000 o 444000 6100 o 610 

o o o 28900 o 28900 

10900 o 10900 42200 o 42200 

28100 o 2810( 6000 o 6000 

100000 o 17400 27000 o 27000 

114800 o 114800 71500 o 71500 

106000 o 191000 52800 o 52800 

107500 o 539500 33500 o 33500 

i 
--- ---- -- ------- ____ j 



Sweden 
Total l l o l o ol 8oool 

1990 o o o o 

1991 o () o o 

1992 o o o o 
1993 o o o o 
1994 o o o 801XJ 

1995 o o o o 
1996 o o o o 

1997 o o o o 
1998 o o o o 

UK· (England & Wales) 
Total 28059000 o 706000 7061XJO 17010001 

1990 5025000 o 20000 20000 109000 

1991 510300( o 12000 12000 373000 

1992 358700( o 220000 220000 171000 

1993 513000( o o o 172000 

1994 359000( o 48000 48000 688000 

1995 320900( o 379000 379000 139000 

1996 241500( o 25000 25000 49000 

1997 o o o o 
1998 o 2000 2000 o 

Comments: 

(l) Total eggs artificially spawned is estimated hy backcalculating from egg and juvenile relea.~e~. 

N 
w _, 

o l 

o 

o 
o 

o 

o 
o 

o 

o 

17511000 

1812000 

1561000 

1830000 

1248000 

2024000 

1386000 

7200000 

277000 

173000 

8oool 1075001 300 o l 10780~ 6014001 875300 1476700 

o 107500 o o 10750( 77100 141600 218700 

o o o o ( 17800 155800 173600 

o 300 300 73300 99600 172900 

o o o o o 71900 60700 132600 

8000 o o o o 63000 120800 183800 

o o o o o 88400 79400 167800 

o o o o o 61200 99000 160200 

o o o o o 56400 72700 129100 

o o o o o 92300 45700 13800 

19212000 7518500 18255001 o 93440001 14424001 o 1442401 

1921000 331700 201400 o 533100 121200 o "12120( 

1934000 1186700 216600 o 1403300 126000 o 126001 

2001000 1203300 391000 o 1594300 183000 o 183001 

1420000 872000 173700 o 1045700 218700 o 218701 

2712000 812300 199100 o 1011400 152500 o 152501 

1525000 578900 143100 o 722000 203800 o 203801 

7249000 1127800 143200 o 1271000 127300 o 127301 

277000 1141000 199200 o 1340200 185400 o 185401 

173000 204800 158200 o 423000 124500 o 124501 
--------- ----



N 
w 
00 

UK· (Northern Ireland) 
Total l tA 

1990 

1991 

1992 . 

1993 

1994 

1995 

1996 

1997 

1998 

UK · (Scotland) 
Total l 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 
-

2595000 o 1S311000 714000 

850000 o 85000 229000 

1745000 o 1745000 485111111 

316000 13930!XI 1709000 7525000 

296000 2fi30!XI 559000 385401111 

20000 ll10000 1150000 3671000 

o 714000 o o o o 38000 12000 5000C 

o 22900l o o o _jj 1000 10000 11000 
o 485000 o o o _jj 37000 2000 39000 

4039000 11564000 o 182100 o 1821001 o 31200 31200 

1781000 5635000 o 59000 o 59000 o 24000 24000 

2258000 5929000 o 123100 o 123100 o 7200 7200 



USA 
Total l 4l5l600ol o l o ol 593830001 19918000 793010001 58694001 933900 o l 68033001 

1990 411700 o o o 1788000 1288000 3076000 799900 387300 o ll8720( 

1991 448800 o o o 2713000 1467000 4180000 948900 168900 o 111780( 

1992 500500 o o o 2437000 2114000 4551000 918400 152400 o 107080( 

1993 336900 o o o 5481000 1981000 7462000 825900 73200 o 89910( 

1994 3455000 o o o 8111000 2784000 10895000 347900 25400 o 37330( 

1995 5292000 o o o 9113000 2325000 ll438000 493600 18300 o 51190( 

1996 5353000 o o o 7990000 3072000 11062000 562100 35400 o 59750( 

1997 5662000 o o o 9849000 4040000 13889000 510600 30200 o 54080 

1998 4775000 o o o 11901000 847000 12748000 462100 42800 o 504900 

Comments: 

(l) Total Eggs Artificially Spawned include only eggs collected from sea-run fi.~h. Significant numbers of eggs are also collected from captive/broodstock and captive sea-run kelts. 

s 'ummar 
1990 2134000 o 35000 35000 

1991 1585700 o 12000 12000 

1992 1381100 o 245000 245000 

1993 ll40700 o 99000 99000 

1994 1131500 o 62000 62000 

1995 1891400 o 492000 492000 

1996 1861700 o 211000 211000 

1997 2320300 2016000 1091000 3107000 

1998 2345600 1767000 2554000 4321000 

Grand Total l 157920000 37830001 48010001 85840001 

Cumments: 

(l) Summary table is incomp1ete due to missing data for some countriL\~. 

N 
w 
'D 

9290000 5097100 14387100 4581800 891500 132100 5605400 

8940000 4981600 13921600 5593700 591900 145600 6331200 

6224000 6498300 12722300 5ll5600 986000 120500 6222100 

11910000 5693800 17603800 4569100 699600 340700 5609400 

13816000 7625800 21441800 3819600 699200 165200 4684000 

13592000 l 0727000 24319000 4874400 1152200 220400 6247000 

16263000 15231000 31494000 5345700 980400 7800 6333900 

20924000 ll240000 32164000 4934200 1441200 29700 6405100 

21787000 6697000 28484000 4125100 1763600 10800 5899500 

1227460001 73791600 1965376001 429592001 9205600 11728001 53337600 

86616001 137700 8799301 

1244500 33100 1277601 

1226100 88300 1314401 

1301400 8100 1309501 

1099700 o 1099701 

lll3600 o lll3601 

665000 o 665001 

654300 2800 657101 

666500 5400 671901 

690500 o 690501 

2593200 1054200 3647400 

2734300 1273300 4007600 

3041000 ll02300 4143300 

2897700 854000 3751700 

2639100 692000 333ll00 

2774100 655000 3429100 

3316500 985600 4302100 

34ll400 976100 4387500 

2844100 1076200 3920300 

262514001 86687001 34920100 



APPENDIX5 

SAS program to calculate Atlantic salmon pre-fishery abundance witb an estimate of precislon based on 
empirically deri ved distrlbutlons of observed patterns of pre-fisbery abundance. 

FILENAME CATCH DDE 'EXCEL Years78-99 R4Cl 'R2 5C14'; 

OPTIONS NOCENTER LINESIZE SO; 

* ... DATA FOR CATCH ADVICE FOR 1999 FROM RISKVAR99.XLS ; 

*<><><><><><><><>< don't farget to update columns by one in FILENAME STATEMENT <><><>; 

DATA CATCH; 
INFILE CATCH; 
INPUT YEAR NGl NCl_L NCl H NC2_L NC2_H NR2_L NR2_H NNl L NNl_H NNl_M H2 GUS_L GUS_H 

GUS_M=(GUS_L+GUS_H)/2; 

PROC PRINT; 

PROC REG; 
MODEL NNl_M = H2 GUS_M/P R; 

DATA D2; SET CATCH; 
SEED O; 

DO SIM = l TO 1000; 
RAN_Cl NCl_L + ( (NCl_H - NCl_L) * RANUNI l SEEDI l ; 
RAN_C2 ~ NC2_L + l INC2_]1 - NC2_L) * RANUNI l SEEDI l ; 
RAN_R2 NR2_L + l INR2_H - NR2_L) * RANUNI l SEED) ) ; 
RAN_PFA II(RAN_R2/.99005) + RAN_C2)/.904831 + RAN_Cl + NGl; 

* RAN_SP GUS~L + IIGUS_H- GUS_L) * RANUNI(SEEDI); 

OUTPUT; 

END; 

PROC SORT; BY SIM; 

PROC REG NOPRINT; 
BY SIM; 
ID YEAR; 
MODEL RAN_PFA ~ H2 GUS_M/ P R; 
output out=predic p=pran_pfa stdi=stdi_pfa; 

*<><><><>< REMEMBER TO CHANGE THE YEAR 

data univ; 
set predic; 
if year::l999; 
do i=l to 1000; 

<><><><><><>; 

new_pfa=prari_pfa+((stdi_pfa)*rannor(O}); 
output; 

end; 

run; 

PROC UNIVARIATE DATA ~ UNIV; 
VAR NEW_PFA; 
OUTPUT OUT~D4 PCTLNAME~ 

MEAN~M STD~S 

PCTLPRE~PFA 

PCTLPTS~S 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95; 

proc print; 

run; 

240 
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:·APpendix 6{i). ·Esb~~t~d-~umbers.Of.1svi·S~ini~~·~~~ruits. retums aiid spawners for·Lab~ado~.· 

:Year 

'1969 

'1970 
'1971 

'1972 
'1973 
1974 

1975 

1976 

1977 
1978 
1979 

1980 

1981 
1982 
1983 

1984 

1985 
1986 

1987 
1988 
1989 

1990 

1991 
1992 

1993 
1994 

1995 

1996 
:
20 1997 

Commercial catches of 

smau salmon 
SFA 1 SFA 2 SFA 14B 

10774 

14666 
19109 
14303 

3130 
9848 

34937 
17589 

17796 

17095 
9712 

22501 
21596 

18478 
15964 
1147< 

15400 

17779 
13714 

19641 
13233 

1736 
1410 

9588 
3893 
3303 

3202 
1676 

1728 

21627 

29441 
38359 
28711 
6282 

31145 

57560 
47468 

40539 

12535 
28808 
72485 
86426 
53592 

30185 
11695 

24499 
45321 
64351 
56381 

34200 

20699 

20055 

13336 
12037 

4535 

4561 

5308 
8025 

Eslimate5 are based on: 

6321 

8605 

11212 
8392 
1836 

9328 

19294 
13152 

11267 
4026 

7194 

8493 

6658 
7379 
3292 
2421 

1460 
8296 

11389 
7087 
9053 

3592 
5303 

1325 
1144 
802 

217 
865 

labrador origin small recruits before 

commercial fishery in Labrador 

SFA 1 SFA 2 SFA 146 

Min Max Min Max Min Max 

12929 

17600 
22931 
17164 
3756 

11818 

41924 

21107 

21355 
20514 
11054 

27001 
25915 

22174 
19157 
13769 

18480 
21335 
16457 

2~·569 

15880 

10483 
1692 

14646 

9514 
10659 

14471 
1484) 

28730 25952 

39110 35319 

57672 7585 16856 
78509 10326 22947 

50958 46031 102291 13454 29898 
38141 34454 76563 10~?0 22378 
8346 7533 16753 2103 4896 

26261 44574 99053 11194 24875 
93165 69072 153493 23153 51451 

469()4 56962 126581 15782 35072 

47456 48647 108104 13520 30()45 
45587 15042 33427 4S31 10736 

25899 34570 76821 8633 19184 

60003 86982 193293 10192 22648 

57589 10m 1 23046s 
49275 64310 142912 
42571 36222 80493 
30597 14034 31187 

41067 29399 65331 

7990 17755 

8855 19677 
3950 8779 

2905 3456 

3952 19893 
47411 54335 120856 9955 22123 

36571 77221 171603 13667 30371 
52376 67657 150349 8504 18899 

35288 41 04·J 

23296 24839 

91?00 10364 24141 

55197 4310 9579 
3760 24066 53480 6364 14141 

34950 20371 48613 2024 4830 
23619 29417 73030 2796 6941 
26807 14635 33805 2588 6509 
36647 20613 51201 981 2464 
37772 47029 119627 7664 19495 

Min 

10343 

14080 
18345 

13731 
3004 
9454 

33540 
16885 

17084 
16411 

9324 

21601 
20732 

17739 
15325 
11015 

14784 

17068 
13165 
18855 
12704 

8387 

1354 
11716 

7611 

8527 

11577 

mao 

Labrador grilse recruils prior to 
comrnercial fishery 

SFA 1 SFA 2 

Max Min Max 

25857 20752 51905 

35199 28263 70658 

45862 36825 92062 
34327 27563 68907 

7511 6031 15077 
23635 35659 89148 

83849 55258 108144 
42214 45569 113923 

42710 38917 97294 
41028 12034 30084 

23309 27656 69139 

54002 69586 173964 

51830 82969 207422 
44347 51448 128621 
38314 28978 72444 
27538 11227 28068 

36960 23519 58798 

SFA 148 
Min Max 

6068 15171 

8261 20652 
10763 26908 
8056 20140 
1763 4407 
8955 22387 

18522 46306 
12626 31565 
-,0816 27041 

3865 9662 

6906 17266 

8153 20383 

6392 15979 

7084 17710 
3160 7901 

2324 5810 

7162 17904 
42670 435J8 103770 7S64 19910 

32914 61777 154442 10933 27334 
47138 54126 135314 6804 17C09 
31759 32832 82080 8691 21727 

20966 19871 49678 3448 8621 
3384 19253 48132 5091 12727 

31455 16296 43751 1619 4347 
21257 23534 65727 
24126 11708 33125 

32982 16491 46981 
33005 37623 107664 

2237 6247 
2071 5858 

185 2235 
6131 11545 

Grilse Recruits 

SFA 1 .2& 14B+Nftd 
Min Max 

48912 

66584 
86754 
64934 

142J8 
71142 

141210 

98790 

87918 
42513 
57744 

130710 
144859 

100357 

62452 
32324 
!:9822 
90184 

112995 
104980 

71351 

41718 

33812 
29632 
33382 

22306 

28852 

55634 
72138 

122280 

166459 
216884 
162335 
35520 

177856 

353024 
246976 

219796 
106282 
144360 

326776 

362147 
250892 

156129 
80811 

149555 
225461 
282486 
262449 

178377 

104296 

84531 
79554 
93231 

63109 

82199 
1592()4 

162610 

Gn Ise to rivers 

SFA 1 ,2&146 

Mn Max 

18587 65053 

25302 88556 

32966 115382 
24675 86362 
5399 18897 

27034 94619 

53660 187809 
37540 131391 

33409 116931 
16155 56542 

21943 76800 

49670 173845 

55046 192662 
38136 133474 
23732 83061 

12283 42991 

22732 79563 
34270 119945 

42938 150283 
391392 139623 
27113 94896 

15853 55485 

12849 44970 

17993 62094 

25186 
18159 

25022 
51867 

66812 

80933 
56888 

76453 
153553 

155963 

Labrador grilse spawners 

Mgling catch suDtracted 
SFA 1,2&148 

M1n Max 

15476 

21289 
29032 
21728 

o 
24533 

49688 
31814 

28815 
13464 

17825 

45870 

49855 
34032 
19360 
9348 

19631 
30806 

37572 
34369 
22429 

12544 
10526 

15229 
22499 
15228 

22144 
48362 

64049 

61942 

84543 
111448 
83415 

11405 
92118 

183837 
125665 

112337 

53851 
72682 

170()45 

181471 

129370 
78689 

40056 

76462 
116481 

144917 
134100 
90212 

52176 
42647 

59331 

78251 
53958 

73575 
150048 

153200 

EST SMALL RETURNS ~ (COMM CATCH'PROP LAB ORIGINVEXP RATE PROP SFA;1 ,2&148= 6-.8, SFA 1 0.36-0.42&SFA 20 75~0 85(97) EXP RATE~SFAs1,2&146= 3~ 5(69-91),.22-.39(92). 13- 25(93), 
- .10~ 19(94), 07- 13(95), 'J4~ 07(96), SFA lO 07-0 14&SFA 2.0.04-007 (97) 

EST GRILSE RETU!l~S CORREClED FOR NON-MATURING 1SW- (SMALL RET"PROP GRILSE). PROF GRILSE SFAs1,2&14B=O 8~0 9 

EST RETT O FRESHWATER- (E2T G'liLSE RET~GRILSE CiiTCHES) 

EST GRILSE SPAWNERS = EST GRILSE RETUR NS TO FRESHWATER ~ GRILSE ANGLING CATCHES 

~catches for 1969-73 are Labrador totals distnbulec into SF As as the proportion of land1ngs by SFA in 1974-78 
Furthermore small catches in 1973 were adtusted by ra11o ollarge:small in 1972&74 (SFA 1-1.4591, s~A J.2.2225, s~A 146~ 1 5506). 

uPreliminary values adjustad for change 1n size categ-?ry 



~ 
AppendiX 6\il). Estimated numbers of 2SW salmon recruils, returns and spa-Mlers for Labrador salnon stocks inclid1ngv.rest Greenland. 

Commercial catche~. of laroe 
salmon 

labrador Origin Large returns befare commermll fishery LOOradoc 2SW Recruits prior to comrnercial f1sher~ LabrOOor 2SW Recruits.NF & Greenland Labre dor salmon Labrador 2SW to ri'Ærs Labrador 2SW 5pawners 
SFAs1.2&148 Labradorat Totai-~-NF+WG SFAs1,2&148 SFAs1,2&14B 

Year SFA 1 SFA 2 SFA 14B SFA 1 SFA2 SF,\ ·J4B SFA 1 SFA2 SFA 14B Greenana Ang~l19 C3!Gh sublractEJd . 

'1969 
'1970 
'1971 

'1912 
'191J 
1974 
1975 
1976 
1977 

1978 

1979 

1980 
1981 
1962 
1983 

19&4 
1G85 

1986 
1987 
1988 

1989 
199J 
1991 
1992 
1995 
1994 
1995 

1996 
n1997 

18929 48822 
17633 45479 
2o127 64806 
21599 55?03 

30204 77901 

13666 93036 
28601 71168 
38555 17798 
28158 70158 
30824 48934 
21231 27070 
2875C 87067 
36147 68581 
2!; 192 52.085 

19403 33320 

11726 25253 
13252 16789 
19'52 34071 
18257 43799 
12621 32386 

16261 26836 
7313 17316 

1369 76/l 
9~81 19608 

3825 ::J€51 

3464 11056 

2150 8114 

1375 5479 
1393 5550 

Estimate3 are bafed on: 

10300 
9595 

13673 
11753 
16436 

15363 
14752 
15189 
18664 

11715 

3874 
9138 
7606 

5966 
7489 

6218 
3954 

5342 
11114 

4591 

4&46 
2358 
4417 
2752 

3620 
857 
312 

418 

Mm 

12620 
11755 

16751 
14399 
20136 
9144 

19067 
25703 
18772 

20549 

14194 
19167 
24098 
16128 

12235 

7817 
8835 

12756 
12171 

8414 

10841 
4875 

913 
7219 

3581 

4124 
5132 

3609 

Max 

16826 
20152 
28716 

24685 
34519 

15&47 
32687 
44063 
32181 
35227 

24333 
32E57 
41311 
27648 

2217~ 

13401 

15145 

21888 
20865 
14424 

185&4 
8358 
156!5 

1 3760 

8021 

il453 
12100 

8664 

M1n Max Min Ma~: M1n Max Mm Max Min fl:lax Min Ma:< Mm Max 

32543 55797 6867 11772 
30313 5':976 6397 ~0960 

43204 74064 9115 15626 
37136 ti3f::H:il:i 7!:35 13432 

51935 89031 10957 18784 

62024 106327 10575 13129 
47445 81335 9835 15859 

51364 889~0 10126 17359 

46772 80181 12443 21330 

32623 55925 731D 13389 

18~9 30941 2583 4427 
58045 99505 6092 10443 

L;57:!.1 732>78 5071 8693 
3539·:) 60669 3S7: 6318 

22213 38080 499:". 3559 

16839 28366 4141j 7106 

11192> 19187 2636 4~19 

21714 38938 o561 8105 
33199 56913 7409 12702 

21591 37013 3()61 5247 

11891 30670 3097 5310 
11544 19790 1805 3263 
5119 S776 2945 5048 

14132 2TJ32 19~0 3794 

9290 20238 3485 7~91 

ll1C2 30170 101'3 2339 
20801 49043 745 1758 

14382 3452:) 1C97 2634 

8834 

8229 

11726 

10080 
14095 

6471 
13347 

17992 
13140 
14385 
9336 

134.,7 

16869 
11290 

9055 

5472 
6184 

8938 
85:20 
5390 
7518 
3413 
639 

5053 

2577 

2387 

35S3 

2526 

15144 19529 44637 

18137 18191 41581 
25845 25922 59251 
22216 22283 50933 

31067 31161 71225 

14262 37214 85061 
29418 26467 65068 
30657 31113 71128 
28963 28063 64144 
31705 1~574 44-740 

21899 10829 24752 
29571 34827 79604 
37180 27432 62703 
24883- 21234 48535 

19G57 13328 30454 

12061 10103 23093 
13631 6716 15350 
19699 ~3613 31151 
18779 1 9921) 45531 

12982 12954 29610 

16720 10734 245:36 
7522 6926 153~2 

1408 3072 7D21 

12384 8509 21626 
7219 5~74 16190 

8507 7897 24t36 
10890 12481 39235 

7798 8629 27819 

4120 
3833 
5469 
4?01 

6574 
6345 
5901 
6()76 

7466 

4686 

1550 
5655 
2.04-2 
2386 

2996 

2487 
1532 

2137 
4446 
1836 
1858 

1143 
1767 
1104 
2C91 

612 

447 

653 

9418 
8773 

12501 
10746 

15027 

14503 
13438 
13887 
17054 

10711 
3542 

S355 
€954 
5455 

6E47 

5€85 
3615 
4834 

10161 

4197 
4248 
2613 
4C38 
3035 
6073 

1871 
1405 

2107 

32483 69198 
30258 63490 
43117 97596 
37064 83895 
51330 111319 

50030 113827 
47715 107S74 
55186 124671 
48669 110171 
38544 87155 

22315 50194 
51899 1 "17530 
47i43 106836 
34913 78873 

25378 57268 

18063 408\9 
14481 32596 
24703 55734 
323(!5 74471 

20681 46739 

20181 45509 

11482 25967 
5477 12467 

14756 37045 
10242 ?948? 

11396 34514 
',6520 51530 

11814 37523 
13187 23647 

34280 80636 
56379 99561 
2421:9 85831 
592(12 112096 

22?43 96314 

38035 109433 
40919 109012 
67730 146485 
:/8482 97937 

32668 37816 

18636 50481 
2'.426 JE490 
32768 100351 

43678 93497 

~03f.4 67021 

4026 29802 
3977 24644 

11733 52991 

29695 76625 

27842 57355 

26728 55528 

9771 26158 
7779 15596 

137~3 28469 
6592 16834 

o 11390 
o 16520 

4312 16128 
3i!V6 16973 

133032 

154121 
165577 

178927 

189771 

200476 
195006 
245646 

185706 

157045 

90267 
189152 
185233 
156236 

112531 

623C6 
50481 
97275 

135970 

94614 

91673 
46828 
25571 
50158 
36074 

34514 

51530 

41835 

32453 

Min 

3248 
3016 
4312 
3706 
5183 
5003 
4172 
5519 
4867 
3864 
2231 
5190 
4734 
3491 
2538 
1806 
1448 
2470 

3289 
2068 

2018 
1148 
548 

2515 
3858 

5653 
12368 

9113 
93&4 

Max 

20760 

20547 
29279 
25168 

35196 
54148 
31392 
37401 
33051 

26147 
1505il 
35259 
32051 
23662 
17181 

12251 
9779 

18720 
22341 
14037 

13653 
7790 
3740 

15548 

18234 

24396 
44205 

32759 

23833 

Mm 

289(1 

2676 
4012 

343.5 
4565 

4490 
4564 
49&4 
4042 
3361 

1823 
4633 
4403 
3080 
2267 

1478 
1258 
2177 
2895 
1625 

1727 

923 
491 

2012 
3624 
53% 

1:!.006 

8838 
9221 

Max 

20287 
20085 
28881 
24812 
34376 

33475 
31119 
36701 
31969 

25490 
14528 
34525 
31815 
23127 

16824 

11822 

9030 
13334 
21821 
13452 
13270 
7493 
3665 

14889 
17922 

23981 
43726 

32195 
23646 

EST LARGE RETURNS- (COMM CATCH'PROP LAB ORIGI")HP RATE, PROP SF /\51 2&143= 6- B.SFA 1 OH-O 72 & SFA2 O FS-0 95 (97). EXP RA1E-SF!\si,2&14B= 7- 9(69-91) ~~ 83{92). 38- 61(93),.29- 50(94). 15- 26(95). 13- 23{96), 

-SF' 1 O 22-C 40, SeA 2 O 16-0 ?8 (97) 

EST 2SW RETURNS- (EST LARGE RETURNS'PROP 2SW). PROP 2SW SFA 1= 7-.9.SFAc 1& 148= 6-.3 

WG- are North Amencan 1SW salmm of nver age 4 and oljer of ~hl c~, 7J% are Labrador or ·~in 

EST RET TO FRESifiNATER- lEST 2SW RET-2SW CP.TCHESj 
EST 2SW SPN/vNERS = EST 2SW RETURNS TO FRESHWATER- 2SW ANGLI% C:'ITChES 
TCatches for 1969-7_3 are Labrador totals dlstnbul:ed i:"Jto SFA?. as the propo1ton ot lardtngs by SFf!. 1n 19t4-l'd 

n1997 Preiirrdnarj ·~alues adjusted for s1ze categcry 



: AppendiX· 6( u i f ·· ·Atiantic··saimon · raiUm·s ·to· tre·s~ate·r :· total·recr-Liits ·pno;-· b. the· c·ommer·ci~i fishe·ry ·and· spawnars··summed ·ror· sa1mor1 F·~·shi ng ·Ne a· J: ·14A· ·insuiar· NewtOUiidiaiid: ·196ii.1998 ·.· · · 

Year 

1969 
1970 
1971 
1972 
1973 
1974 
1975 
1975 
1977 
1970 
19H 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

~ 

Ret. = reta1ned fish: Rei. = released fish. 

SmaØ caic~ Small retliiis ID riVer ~mall recrwts Small spawners Lar~e reiliTls To nver Lar2e recru1is Large cakh lar2e s~w111ers ~§'iN returns to nver 
Ret211nOO Min Max Min Max Min Max Min Max M1n Max Retained Min Max Min Max 

34944 108807 217349 217613 724497 73863 182405 10484 26767 34946 267666 2310 8174 24457 2245 9324 
30437 139570 279594 279139 931980 109133 249157 12627 30508 42091 305081 2138 10490 28371 3184 11851 
26666 112266 224994 224532 749980 85600 198328 9857 24146 32856 241462 1602 8255 2:2044 2385 9104 
24402 108509 217092 217018 723640 84107 192690 10046 23996 33485 239955 1380 8666 22616 2494 9129 
35482 143729 287832 287457 959438 108247 252350 13292 33061 44308 330613 1923 11369 31138 2995 11808 
26485 84667 169103 169335 563676 58182 142618 10821 21662 36009 216616 1213 9608 20449 1968 6702 
33390 111847 223890 223694 746300 78457 190500 12222 24478 40741 244782 1241 10981 23237 2382 8002 
34463 114787 229853 229573 766175 80324 195390 10756 21550 35855 215501 1051 9705 20499 2327 7663 
34352 109649 219106 219299 730354 75297 184754 9750 19493 32499 194933 2755 6995 16738 1880 6309 
28619 97070 194133 194141 647109 68451 165514 7873 15786 26243 157860 1563 6310 14223 2005 6419 
31169 106791 213327 213582 711091 75622 182158 5549 11113 18496 111128 561 4988 10552 1103 3691 
35849 120355 240449 240709 801497 84506 204600 9325 18691 31084 186909 1922 7403 16769 2447 7794 
46670 156541 312697 313083 1042325 109871 266027 9553 19144 31845 191442 1369 8184 17775 2317 7475 
41871 139951 279115 279902 930383 980$0 237244 9528 19097 31758 190971 1248 8280 17849 2975 9228 
32420 109378 218548 218756 728495 76958 186128 8911 17871 29703 178711 1382 7529 16489 2511 7915 
39331 129235 257256 258469 857521 89004 217925 8007 15995 26691 159955 511 7496 15484 2273 7117 
36552 120816 240985 241633 803283 84264 204433 3612 7680 12041 76800 o 3581 7649 961 3319 
37496 124547 248688 249094 828961 87051 211192 6850 14103 22832 141030 o 6770 14023 1592 5402 
24482 125116 249856 250232 832852 1J0634 225374 8357 13068 21190 130684 o 6316 13027 1338 4629 
39841 132059 263363 264119 877877 92218 223522 6369 13330 21231 133299 o 6309 13270 1553 5346 
18462 59793 119261 119587 397537 41331 100799 3260 6752 10865 67518 o 3241 6733 704 2452 
29967 98830 197276 197659 657588 68863 167309 5751 11868 19170 118675 o 5701 11817 1341 4562 
20529 64016 127698 128032 425661 43487 107169 4449 9173 14831 91734 o 4416 9140 1057 3577 
23118 116116 231954 115116 231954 92434 208272 15797 31897 15797 31897 o 15656 31756 3024 10354 
24693 131045 261721 131045 261721 104712 235387 7955 16227 7955 16227 o 7791 16063 1487 5217 
28959 95487 190655 95487 190655 65691 160859 7915 16099 7915 16099 o 7709 15894 1889 6255 
29055 111889 223758 111889 223758 81877 193746 8972 18182 8972 18182 o 8753 17963 2296 7462 
36715 141232 287587 141232 287587 102657 249011 11844 24487 11844 24487 o 11580 24223 2606 9007 
17388 86230 146833 86230 146833 68519 129122 12072 20872 12072 20872 o 11943 20743 2837 7213 
15207 119033 255093 119033 255093 102827 238887 19121 37273 19121 37273 o 18920 37072 4327 1m5 

SRR (Small returns to river) are the sum of Bay St. George smeill returns (Reddin & Mullms 1996) plus Humber R small returns (Mullins & Reddin 1996) plus small returns in SF .As 3-12 & 14A. 
SSR (Small recruits) = SRRI(1-Exploo11ltion rate commercial (ERC)) where ERC=O 5-07, 1969-91 & ERC=O. 1992-98. 
SS (Small spawners) = SSR-(SC>(SR'0.1)1 
SC = small salmon catch retained 
SR =small selmon c:~tch released with assumed mortal1t1es at 10% 
RL {RATIO large:sma~) are from counting faciht,es in SF .As 3-11, 13 & 14A, angling catches in SFA 12 
LRR (large re1urns to e~ver) = SRR 'RL 
LR (Large recrui1s) = LRR'(1-E>pt~tation ra1e large (ERL)L where ERL=0.7-0 9, 1969-91: & ERL=O, 19S2-98. 
LS (Large spawners) = LRR-Iarge catch retained (LCHO 1'1arge catch released) 
2SW-RR (2SW re1ums 1o nver )= LRR'propor1ion 2SW of 0.4-0.6 for SFP.s 12-14,~ & O. 1-0 2 for SF As 3-11. 
2SW-S (2SW sp"""ers) = LS' proportion 2S'IV of O 4-0.51or SF As 12-14A & O. 1-0.2 for SF As >-11 
2SW-R (2SW recrui1s) =LR' propor1JOn 2SW of O 4-0.6 for SF As 12-14A& O. 1-0.2 for SF As 3-11. 

~W s~aM""~ers ~:;w recru1fs 
Min Max Min Max 

1408 8054 7483 93240 
2384 10642 10613 118509 
1810 8230 7951 91039 
1985 8358 8314 91288 
2275 10720 9982 118082 
1534 6043 6559 67021 
1959 7355 7940 80018 
2003 7160 7758 76630 
1134 5131 6267 63094 
1564 5728 6682 64194 
992 3506 3677 36906 

1894 6928 8157 77936 
1935 6874 7723 74746 
2635 8691 9915 92276 
2167 7364 8372 79148 
2082 6829 7576 71166 

949 3300 3205 33186 
1560 5354 5308 54020 
1322 4605 4461 46293 
1529 5310 5177 53459 
697 2441 2347 24517 

1321 4532 '4470 45620 
1044 3557 '3524 35771 
2968 10270 3024 10354 
1437 5159 14€7 5217 
1825 6156 1889 6255 
2223 7350 2296 7462 
2519 8874 2606 9007 
2809 7167 2837 7213 
4278 11656 4327 11735 
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Appendix 6(iv). Small, large and 2SW return and spawner estimates for SFA 15. 

Smallsalmon Large salm on Proportion 2SW salmen 
Year of2SW 

Retums Spawners Retums Spawners in large Retums Spawners 
Min. Max. Min. Max. Min. Max. Min. Max. sal mon Min. Max. Min. Max. 

1970 3513 7505 1497 4418 24955 36452 1917 5548 0.65 16221 23694 1246 3606 
1971 2629 5566 1116 3246 12096 17412 846 2335 0.65 7863 11318 550 1518 
1972 2603 5537 1092 3235 10621 21963 4323 12085 0.59 6266 12958 2550 7130 
1973 5146 9852 1589 4720 10588 21653 4184 11686 0.74 7835 16023 3096 8648 
1974 2869 6007 1159 3422 13102 27353 5345 15221 0.73 9564 19968 3902 11112 
1975 3150 6567 1262 3717 7229 13894 2413 6660 0.79 5711 10976 1906 5261 
1976 11884 20582 2619 7647 12318 25396 5005 14313 0.76 9362 19301 3804 10878 
1977 7438 14652 2606 7527 14011 28399 5728 15988 0.83 11629 23571 4754 13270 
1978 5215 9595 1477 4244 9716 19224 3768 9917 0.75 7287 14418 2826 7437 
1979 5451 11163 2223 6260 3655 6267 1114 2602 0.51 1864 3196 568 1327 
1980 9692 18781 3164 9285 11473 22537 4577 11997 0.81 9294 18255 3708 9717 
1981 11367 21188 3362 9669 12078 21265 3163 8305 0.47 5677 9995 1487 3903 
1982 8889 16834 2736 7978 9431 15011 181 o 4599 0.59 5565 8856 1068 2713 
1983 3621 6207 799 2268 9281 14864 1654 4489 0.59 5476 8770 976 2648 

1984 11861 18589 1646 4732 6924 12237 3603 7403 0.79 5470 9667 2847 5848 

1985 8525 18272 3639 10801 9802 20224 7600 16096 0.63 6175 12741 4788 10140 

1986 12895 27635 5490 16311 13324 27128 10333 21470 0.76 10126 20617 7853 16317 

1987 11708 24768 4930 14408 9627 19058 6932 14401 0.64 6161 12197 4437 9217 
1988 16037 34159 6796 20027 12796 26222 9932 20804 0.72 9213 18880 7151 14979 
1989 7673 16088 3185 9249 9905 19797 7319 15185 0.57 5646 11284 4172 8655 

1990 9527 19902 3975 11418 8125 16280 6066 12636 0.68 5525 11070 4125 8592 

1991 5276 10962 2219 6270 6185 12207 4621 9388 0.50 3092 6104 2311 4694 

1992 10529 22220 4462 12930 9530 19257 7125 14911 0.54 5146 10399 3848 8052 

1993 6578 13541 2739 7643 4407 8742 3156 6647 0.40 1763 3497 1262 2659 

1994 10446 21861 4390 12580 8493 17143 6379 13317 0.60 5096 10286 3828 7990 

1995 3310 6832 1344 3830 5590 10880 3977 8132 0.65 3636 7077 2587 5290 

1996 7468 15529 3259 9043 7796 15745 5902 12275 0.65 5067 10234 3836 7979 

1997 7666 16238 3572 9898 5302 10602 4008 8295 0.65 3446 6891 2605 5392 

1998 7657 18381 3710 12036 2871 7562 600 3976 0.65 1866 4916 390 2584 

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 angling catch with assumed exploitation rates between 50% (min.) and 30% (max). 
The proportion of 2SW in large salmen numbers is based on aged scale samples from angling, trapnets, and broodstock. 
_No scala samples were available for 1970~71, 1995-96: the mean value of 0.65 is used he re. 
Salmen in the Quebec portions of the Restigouche Riverwere subtracted from the total. for the watershed. 
The retums and spawners estimates thus derived for the SFA 15 portion of the Restigouche were then multiplied by the minumum (1.117) 
and maximum (1.465) ratios of angling catch in SFA15:SFA 15 portion of Restigouche catch to obtain estimates for SFA 15. 



Appendix 6(v a). Reb.Jrns and escapement of large salmon to SFA 16. 

Retums to the Miramichi River 
Pro p. 

2SW returns to SFA 16 L"'lJe 
retums 

0.8 1.33 2SW ?.SW Returns to Miramict-
Year 

1971 
1972 
1973 
1974 
1975 
1976 
19n 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

Min. Max. 

19697 32746 
24645 40972 
22896 38065 
33999 56523 
21990 36558 
17118 28459 
4:3160 71753 

18539 30822 
5484 

30332 
9489 

21875 
19762 
12562 
15861 
23460 

13590 
15599 
9880 

15474 
15929 
19191 
21662 
14582 
18879 
13034 
10957 
4129 

9117 
50426 
1sns 
36368 
32854 
20884 
26369 
39003 

22594 
25933 
16426 
25725 
26482 
31905 
36012 
37515 
48135 
24328 
20049 

6882 

24407 
29049 
27192 
42592 
2B817 
22801 
51842 

24493 
9054 

36318 
16182 
30758 
27924 
15137 
20738 
31285 

19421 
21745 
17211 
28574 
29949 
37000 
35200 
27450 
32627 
24812 
18422 
9500 

Min. 

19526 
23239 
21754 
34074 
23054 
18241 
41474 

19594 
7243 

29054 
12946 
24606 
22339 
12110 
16590 
25028 
15537 
17396 
13769 
22859 
23959 

29600 
28160 
18278 
19747 
17443 
14183 

7500 

Ma~ 

32461 
38635 
36165 
56647 
38327 
30325 
68950 

32576 
12042 

48903 

21522 
40908 
37139 
20132 
27582 
41609 

25830 
28921 
22891 
38003 
39B32 
49210 
46816 
47023 
50348 
32557 
25953 
12500 

0.918 
0.965 
0.958 
0.908 
0.868 

0.854 
0.947 

0.861 
0.689 

0.95 
0.667 
0.809 
0.805 
0.944 

0.87 
0.853 

0.796 
0.816 
0.653 
0.616 
0.605 
0.590 
. 0.7 

0.726 
0.87 
0.68 

0.703 
0.501 

Min 

17924 
22427 
20S35 
30939 
20011 

15578 
39275 

16871 
4991 

27602 
8635 

19907 
17983 
11431 

14434 
21349 

12367 
14195 
8991 

14081 
14495 
17464 
19712 
13270 
17180 
11861 

9971 
3758 

Max 

29799 
37284 

34639 
51436 
33267 

25898 
65296 
28048 

9297 
45888 
14355 
33095 

29897 
19005 

23996 
35493 
20561 
23599 
14948 
23410 
24098 
29034 
32771 
34139 
43803 

22139 
18245 
6263 

Returns 1o the Miramichi are !rom the assessment. Min. and max values are based on capture etficiencies of Millbank 
lrapnet which gave a lower Cl ol -20% of estimate and upper Cl of 33% of estimata. 

For 1992 and 1993, lower 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 pen:;entiles 1rom the assessmenl. 
Prop. 2SW are !rom scale ageing. 
Miramichi makes up 91% of total rearing area of SFA 16. 
Retums to SFA 16 are Miramichi returns l 0.91 or (Min., Max.) 2SW retums to Miramichi l 0.91 
Same procedure for escapements as used to calculate retums. 

Escapements to the Miramichi River 
Escapement or 2SW to SFA 16 

Year Min 

1971 3508 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

1981 
1982 
1983 

1984 
1985 

1986 
1987 

1988 
1989 
1990 
1991 
1992 

1993 
1994 
1995 
1996 
1997 
1998 

14992 
17134 
27495 
16366 
10760 
27404 

8197 
2751 

15762 

2702 
9429 
5986 

12189 
15390 

22659 
12635 

15050 
8921 

14940 

15472 
18984 

21755 
14207 
18345 
12510 
10319 

3923 

Max 

5832 
24924 
28486 
45711 
27209 
17889 
45560 
13627 
4573 

26204 

4492 
15676 
9951 

20264 
25586 

37670 
21006 

25021 
14831 
24838 
25721 
27603 

31632 
37140 
47600 
23804 
19411 
6725 

Large 

4347 
17671 
20349 
34445 
21448 
14332 
32917 
10829 

4541 
1BB73 

4609 
13258 
9459 

14687 
20122 

30216 
18056 

20980 
15540 
27588 
29089 
35927 

34702 
27147 
32093 
23478 
17596 

9000 

0.8 1.33 Prep. apement ol 2SW 
Min. Max. 2SW Min 

3478 
14137 
16279 
27556 
17158 
11466 
26334 

9663 
3633 

15098 

3886 
10606 
6766 

11750 
16098 

24173 
14445 

16784 
12432 
22070 
23271 
29281 

28282 
17808 
19188 
16741 
13357 
7000 

5782 
23502 
27064 
45812 
28526 
19062 
43780 
14403 

6040 
25101 

6129 
17633 
11249 
19534 
26762 

40187 
24014 

27903 
20668 
36692 

38688 
42573 

41122 
46553 
49789 
31855 
25127 
12000 

0.918 
0.965 
0.958 
0.908 
0.868 
0.854 
0.947 
0.861 
0.689 

0.95 

0.667 
0.809 
0.805 

0.944 
0.87 

0.853 
0.796 

0.816 
0.653 
0.616 

0.605 
0.590 

0.7 
0.726 

0.87 
0.68 

0.703 
0.51 

3192 
13643 
15592 
25021 
14893 

9792 
24938 

7459 
2503 

14343 

2459 
8581 
5447 

11092 
14005 

20619 
11498 
13696 

8118 
13595 

14079 
17275 

19797 
12929 
16694 
11384 
9390 
3570 

Max 
5307 

22681 
25922 
41597 
24760 
16279 
41459 
12401 

4161 
23846 

4088 
14265 
9056 

19440 
23283 
34280 
19116 
22769 
13496 
22602 

23406 
25118 
28785 
33797 
43316 
21661 
17664 
6120 

Returns o! large 
salmen to SFA 16 

Min Max 

21457 35672 
25538 

23905 
37444 
25334 
20045 
45575 
21532 

7960 
31928 
14226 
27040 
24549 
13307 
18231 
27503 
17073 
19116 
15131 
25120 
26329 
32527 
30945 
20086 
21700 

19168 
15586 
8242 

42456 
39742 
62250 
42117 
33325 
75769 

35797 
13233 
53080 
23651 
44954 

40812 
22123 
30309 
45724 
28385 
31781 
25155 
41762 
43772 
54077 
51446 
51674 
55327 

35777 
28520 
13736 

Escapement of large 
salmen to SFA 16 

Min Max 

3822 6353 
15535 
17889 
30281 
18855 
12600 
28938 

9520 

3992 
16592 
4051 

11655 
7436 

12912 
17690 
26564 
15873 
18444 
13662 
24253 
25573 
32176 
31079 
19569 
21086 
18397 
14678 
7692 

25827 
29741 
50343 
31347 
20947 
48109 
15827 

6637 
27584 

6735 
19377 
12362 
21466 
29409 

44162 
26390 
30663 
22712 
40321 
42515 
46784 
45189 
51157 
54713 
35005 
27612 
13187 

245 



Appendix 6(v b). Returns and escapements of small salmon to SFA 16. 
Returns to the Miramichi River Prop. 1 SW Returns to Miramichi 

tSW retums to SFA 16 0.8 1.33 1SW 0.97 1.00 
Yeac 

1971 
1972 

1973 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

1982 
1983 
1984 
1985 
1986 
1987 
1988 

1989 
1990 
1991 
1992 
1993 
1994 

1995 
1996 
1997 
1998 

Min. 
30420 

39461 

37986 
62607 
55345 
78095 
23658 

20711 
43460 

35464 
55661 
68543 

21476 
25333 

51847 
100240 

72327 
103966 

64153 

71160 
51906 

132610 

80271 
44288 
20998 

40133 
18980 

29313 

Max. 
52tH 
67633 

65104 
107303 
94857 

133848 
40547 

35496 
74487 

60782 
95399 

117477 
36807 

43418 
88862 

171802 
123962 

178189 
109953 

121962 

88962 
198777 
120323 
92257 
85127 
73318 

33143 
45055 

Small 

35673 
46275 
44545 
73418 
64902 
91580 
27743 
24287 
50965 

41588 
65273 
80379 
25184 
29707 
60800 

117549 
84816 

121919 

75231 
83448 
60869 

152647 
92400 
56929 

54145 
44377 
22565 
33000 

Min. 

28538 

37020 
35636 

58734 

51922 
73264 
22194 

19430 

40772 

33270 
52218 

64303 

20147 

23766 
48640 
94039 

67853 

97535 

60185 

66758 

48695 

124407 

75306 

41549 

19699 
37651 
17806 

27500 

Max. 

47445 

61546 

59245 
97646 

86320 

121801 

36898 

32302 
67783 

55312 
86813 

106904 
33495 
39510 

80864 
156340 
112805 
162152 
100057 
110986 

80956 

180887 

109494 

B3954 

77466 

66719 
30160 

41000 

Min 

27682 

35909 

34567 

56972 
50364 
71066 
21529 

18847 
39549 

32272 
50652 

62374 

19543 

23053 

47181 

91218 

65817 
94609 
58379 

64756 
47234 

120675 

73047 

40303 

19108 

36521 

17272 
26675 

Max 

47445 

61546 
59245 
97646 

86320 
121801 
36898 

32302 
67783 

55312 
86813 

106904 
33495 

39510 
80864 

156340 

112805 
162152 
100057 
110986 
80956 

180887 

109494 

83954 
77466 
66719 

30160 
41000 

Re turns to the Miramichi are from the assessmenl Min. and max va!ues are based on capture efficiencies ai Mill bank 

trapnet which gave a lower Gl of -20°/o of estimata and upper Gl of 33% of estimata. 

For 1992 and 1993, lower and upper Cl are based on estimata bounds of -18.5% to +18.5%. 

For 1994to 1997, min and max are 5th and 95th percentiles from the assessment. 

P rop. fSW are from scale ageing. Proportionsvary from 0.97 to 1.00. Ref. Moore et aJ. 1995. 

Miramichi makes up 91% of total rearing area otSFA 16. 
Retums to SFA 16 are Miramichi ratums/ 0.91 or (Min., Max.) 1SW retums to Miramichi /0.91 
Same procedure for escapements as used lo calculate returns. 
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Year 

1971 
1972 
1973 
1974 

1975 
1976 

1977 
1978 

1979 
1980 

1981 
1982 

1963 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

1991 
1992 
1993 

1994 
1995 
1996 
1997 
1998 

Escapement of 

1SW to SFA 16 
Min 

18714 
23139 
26169 
47060 
41332 
53194 
11296 
12239 
26306 

22934 
34049 
47754 

12662 
16142 
35658 

76234 

53533 
76984 

41260 
50759 

41161 
112317 

66385 
27829 

13079 
19278 

8762 
11725 

32075 
39659 
44852 
80656 
70839 
91171 
19361 

20977 
45086 
39307 
58358 
81846 
21702 
27665 
61114 

130659 

91751 
131945 

70717 
86997 

70547 
168359 
99509 

75289 
53561 
51818 

22609 
26923 

Escape ment to the Miramichi 

Small 

21946 

27135 

30688 
55186 

48469 
62380 
13247 
14353 

30848 

26894 
39929 

56000 
14849 
18929 
41815 

89398 
62m 
90278 

48385 
59524 
48269 

129288 
76416 

42479 
34084 

24812 
12979 

16500 

0.8 1.33 
Min. 

17557 
21708 

24550 
44149 
38775 
49904 

10598 

11482 
24678 
21515 

31943 
44800 
11879 
15143 

33452 
71518 
50222 

72222 

38708 
47619 

38615 

105370 

62279 
26108 

12270 
18086 

8220 
11000 

Max. 

29188 

36090 
40815 

73397 

64464 
82965 

17619 
19089 
41028 
35769 
53106 
74480 
19749 

25176 

55614 

118899 
B3493 

120070 
64352 

79167 
64198 

153206 
90553 
68513 
48740 
47154 

20574 
24500 

Pro p. 
1SW 

Escapement o l 1SW 

Min Max 

0.97 1 

17030 29188 
21057 
23814 
42824 
37612 

48407 

10280 
11138 

23938 
20870 
30985 

43456 
11523 
14689 
32448 
69373 
48715 
70056 

37547 
46191 
37457 

102209 
60411 

25325 

11902 

17543 

7973 

10670 

36090 
40815 
73397 

64464 

82965 

17619 
19089 
41028 

35769 
53106 

74480 
19749 

25176 
55614 

118899 
83493 

120070 
64352 

79167 
64198 

153206 
00553 
68513 
48740 
47154 
20574 
24500 

-l 



Appendix6(vi). Estimated Atlantic salmon returning recruits and spawners to the Morell River, SFA 17, 1970~98. Ret. = reta.ined fish, Rei. = released fish. 

Estimated Atlantic salmon returning recruits and S(:!awners to the Morell River, SFA 17, 1955-1998. Rct. = retained fish; Hel. = released fish. 
Small !<63 cm} Laæe (> 63 cm) Total !Small+ Laæe) Per cent Small recruits Small Sj!awners Large recruits Laæe Sl:!awners 2SW recruits 2SW spawners 

Year Ret. Rei. Tot. Ret. RP. l. Tot. Ret. Rei. Tot. smal Min Max Min "'"" Min Max Min Max Min Max Min Max 
1970 o 13 13 o o o o o o o o o o o o o 
1971 o o o o o o o o o o o o o o o 
1972 o 7 7 o o o o o o o o o o o o o 
1973 2 o 2 100 5 9 3 7 o o o o o o o o 
1974 o 2 2 o o o o o o o o o o o o o 
1975 o o o o o o o o o o o o o o o 
1976 6 1 -, 86 14 28 8 22 2 5 1 4 2 5 1 4 
1977 o o o o o o o o o o o o o o o 
1978 o o o o o o o o o o o o o o o 
1979 1 2 3 33 2 5 1 4 5 9 3 7 5 9 3 7 
1980 5 1 ti 83 12 23 7 18 2 5 1 4 2 5 1 4 
1981 108 4 112 87 259 498 151 390 40 77 36 73 40 77 36 73 
1982 73 6 81 92 175 336 102 263 16 31 8 23 16 31 8 23 
1963 7 2 9 50 17 32 10 25 17 32 15 30 17 32 15 30 
1984 7 o 7 56 17 32 10 25 13 26 13 26 13 26 13 26 
1985 47 o 47 93 113 217 66 170 8 15 6 15 8 15 8 15 
1966 236 o 236 99 566 1088 330 852 5 11 5 11 5 11 5 11 
1987 476 o 476 94 1141 2194 665 1716 66 126 66 126 66 126 66 126 
1968 643 o 643 94 1542 2963 899 2320 96 165 96 165 96 185 96 185 
1989 167 o 16! 73 400 770 233 603 149 287 149 287 149 287 149 287 
1990 766 o 768 87 1842 3539 1074 2771 284 545 284 545 284 545 284 545 
1991 657 1033 1690 o 164 164 657 1197 1854 89 1576 3028 919 2371 188 381 168 361 188 361 188 361 
1992 781 o 781 95 1873 3599 1002 2816 95 183 95 183 95 183 95 183 
1993 533 o 533 98 1277 2454 745 1922 22 43 22 43 22 43 22 43 
1994 92 111 203 3 99 102 95 210 305 55 209 383 117 291 166 309 165 306 168 309 165 306 
1995 473 146 595 4 95 99 477 241 718 93 1058 1915 585 1442 85 154 81 150 85 154 81 150 
1996 422 270 692 4 150 154 426 420 846 88 1159 2573 737 2151 158 351 154 347 158 351 154 347 
1997 202 92 294 1 36 37 203 128 331 94 484 931 282 729 31 59 30 58 31 59 30 58 
1998 269 135 404 2 69 71 271 204 4!5 89 645 1240 376 971 80 153 78 151 80 153 78 151 

55-88X 85 2 87 64 203 391 119 306 14 27 13 27 14 27 13 27 
89-98X 436 298 646 1 102 105 438 400 755 86 1052 2043 616 1607 126 245 125 243 126 245 125 243 
Notes 
CPUE is retained catch per rcd·day. 
In the above table a period indicates no data 
Relained fish include native harvest and estirn~lerJ lnmk-~rrd-releaset.l rrrmtiility 
Size of angled salmon was not recorded in 1955-1969. Numbers of small and large salmon for these years are estimated 

from tho overall small:large ratio for 1970-1980. 
Number of small retained salmen 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. Fnr 1970-1~80, pP.rcent smAll i~ calculated from 

numbers of small and large salmon in the ret1:1im:d catch in each year. ror 1981·1997, percent small is calculated from 
numbers of small and large sa.lmon taken at the Leerd's Pond trap. For 1998, percent smaU is takcn from seining c!ltchcs at Mooneys Pool. 
Small recruits are caloulated as small retained salmon/exploitation rate. Angler exploitation was caluulated as 0.34, 0.347, and 0.264 

of estimated returns in 1994, 1995. and 1996, respectively. For otheryears the mean of these values is used. The min and max numbers of small recruits are calculated us ing 
mHX nurnl.ters uf small recruits are calculated using t~xpluitalion + ur ~ 0.1; e.y. 0.34 + ur - 0.1 giws 0.24 and 0.44. 
Small spawners = number of small recruits ~ number of small n:tu.ined 
large recruits = (number of small recruitsf(0.01"pcrccnt smilll))-number ot small recruits 

N large spawners = number of large recruits ~ number of large retained ... __, It is asssumed that large salmon and 2SW salmon are equivalent 
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Appendix 6(viia). Tota/2SW retums and spawners to SFA 18, 1970-1998. 

LARGE RETURNS Commerclal catches TOTAL2SW SPAWNERS TOTAL 
Margaree SFA 18 2SWRETURNS 2SWclch RETURNS Margaree SFA 18 SPAWNERS 

Large salmon 1.24 2.15 0.77 0.87 Zone 6 0.77 0.87 (inc. comm.) 
Year Min Max Min Max Min Max (kg) Min Max Min Max 
1970 581 1,000 723 2,151 556 1,871 30,440 4,262 4,815 4,818 6,686 
1971 254 437 316 940 243 818 12,001 1,680 1,898 1,923 2,716 
1972 284 488 353 1,050 272 914 31,840 4,458 5,037 4,729 5,950 
1973 316 544 393 1,170 303 1,018 27,694 3,877 4,381 4,180 5,399 
1974 289 498 360 1,070 277 931 37,437 5,241 5,922 5,518 6,853 
1975 173 298 215 641 166 558 23,631 3,308 3,738 3,474 4,296 
1976 222 381 276 819 213 713 18,361 2,571 2,904 2,783 3,617 
1977 378 651 470 1,400 362 1,218 26,221 3,671 4,148 4,033 5,366 
1978 427 735 531 1,581 409 1,375 30,216 4,230 4,780 4,639 6,155 
1979 219 377 272 811 210 705 7,917 1,108 1,252 1,318 1,958 
1980 378 651 470 1,400 362 1,218 24,412 3,418 3,862 3,780 5,080 
1981 375 647 466 1,391 359 1,211 15,562 2,179 2.462 2,538 3,672 
1982 484 833 602 1,791 463 1,559 26,664 3,733 4,218 4,196 5,776 
1983 402 693 500 1,490 385 1,297 24,280 3,399 3,841 3,784 5,137 
1984 327 583 407 1,254 313 1,091 15,140 2,120 2,395 2,433 3,486 
1985 1,109 2,217 1,379 4,768 1,062 4,148 o o 1,062 4,148 
1986 2,738 5,680 3,405 12,216 2,622 10,628 o o 2,622 10,628 
1987 2,976 6,540 3,701 14,065 2,850 12,237 o o 2,850 12,237 
1988 1,286 2,494 1,599 5,364 1,231 4,666 o o 1,231 4,666 
1989 1,708 3,693 2,124 7,942 1,635 6,910 o o 1,635 6,910 
1990 3,481 7,933 4,329 17,061 3,333 14,843 o o 3,333 14,843 
1991 1,853 5,785 2,304 12,441 1,774 10,824 o o 1,774 10,824 
1992 4,875 9,375 6,062 20,162 4,668 17,541 o o 4,668 17,541 
1993 2,408 6,158 2,995 13,244 2,306 11,522 o o 2,306 11,522 
1994 2,350 4,500 2,922 9,678 2,250 8,420 o o 2,250 8,420 
1995 1,750 3,815 2,176 8,205 1,676 7,138 o o 1,676 7,138 
1996 2,214 4,050 2,753 8,710 2,120 7,578 o o 2,120 7,578 
1997 3,268 5,435 4,064 11 ,689 3,129 10,169 o o 3,129 10,169 
1998 2,283 3,798 2,839 8,168 2,186 7,106 o o 2,186 7,106 

Margaree retums. 1970-84. equal catch lm1n (0215) or max (O 37) explo1totion rate 
Retum of large salmon (MIN) and (MAA)to all SFA 18 equals Margaree returns • ratio Margaree calch to SFA 18 catch. 

Margaree retums 1984-1998 ba sed on vanous Margaree CAFSAC . DF O AtL Res and CS.<\S Res Do es. 
Margaree catch to SFA 18 catch: MIN _MAX 2SW based on Itle ratio O 77-0 87 2SW fiSh amorg MSW f1sh 

Min 
657 
256 
272 
287 
318 
214 
267 
393 
510 
265 
497 
451 
555 
480 
296 

1,025 
2,583 
2,860 
1,143 
1,583 
3,347 
1,692 
4,722 
2,274 
2,209 
1,693 
2,001 
3,006 
2.107 

Margaree escapements 197Q-1983 = retums minus removals: 1984-1996 from vanous Margaree CAFSAC, DFO AU. Fish. and CSAS Res. 
Docs e.g., Mars hall et aL (MS 1998) 2SWequal 0.77-0.87 of MSW fish: Ma.~garee raised to SFA by respective ratios in sport catch 

1.24 2.15 0.77 0.87 
Max Min Max Min Max 
1,145 817 2,462 629 2,142 

446 318 959 245 834 
474 338 1,019 261 887 
499 356 1,074 274 934 
554 396 1,191 305 1,036 
372 266 800 205 696 
465 332 1,000 256 870 
683 488 1,469 376 1,278 
888 635 1,909 489 1,661 
461 330 991 254 863 
865 618 1,860 476 1,618 
785 561 1,688 432 1,469 
965 690 2,076 531 1,806 
834 596 1,794 459 1,561 
532 368 1,144 283 995 

2,133 1,275 4,587 981 3,991 
5,525 3,212 11,882 2,473 10,338 
6,424 3,557 13,816 2,739 12,020 
2,351 1,421 5,056 1,094 4,399 
3,568 1,969 7,673 1,516 6,676 
7,799 4,162 16,773. 3,205 14,592 
5,624 2,1 04 12,095 1,620 10,523 
9,222 5,872 19,833 4,522 17,255 
6,024 2,828 12,955 2,177 11,271 
4,359 2,747 9,375 2,115 8,156 
3,758 2,105 8,082 1,621 7,031 
3,837 2,488 8,252 1,916 7,179 
5,173 3,738 11,125 2,878 9,679 
3,622 2,620 7790 2,018 6,777 

SFA Marg-
Yr 18 aree Ratio 
84 449 305 1.47 
85 1706 1215 1.40 
86 4448 2636 1.69 
87 3012 1857 1.62 
88 3078 1932 1.59 
89 3206 1570 2.04 
90 2391 1507 1.59 
91 3470 1757 1.97 
92 3315 1938 1.71 
93 2370 1102 2.15 
94 2043 1479 1.38 
95 1633 1040 1.57 
96 3921 1864 2.10 
97 2609 2098 1.24 
98 2318 1466 1.58 

Min 1.244 
Max 2.151 



Appendix 6(vflb). Totai1SW returns and spawners to SFA 18, 1970-1998. 

RETURNS SPAWNERS i 

Margaree SFA 18 Margaree SFA 18 
0.37 0.21 1.214 2.378 1.214 2.378 

Year MIN MAX MIN MAX MIN MAX MIN MAX 
1970 230 395 279 940 145 310 176 738 
1971 57 98 69 232 36 77 43 182 
1972 114 195 138 465 72 153 87 365 
1973 449 772 545 1,836 283 606 343 1,441 
1974 162 279 197 664 102 219 124 521 
1975 97 167 118 398 61 131 74 313 
1976 259 447 315 1,062 163 351 198 834 
1977 186 321 226 763 117 252 143 599 
1978 68 116 82 277 43 91 52 217 
1979 1,614 2,777 1,959 6,604 1,017 2,180 1,234 5,184 
1980 451 777 548 1,847 284 610 345 1,450 
1981 2,430 4,181 2,950 9,944 1,531 3,282 1,859 7,806 
1982 1,868 3,214 2,267 7,643 1,177 2,523 1,429 6,000 
1983 184 316 223 752 116 248 141 590. 
1984 400 688 486 1,636 158 446 192 1,061 
1985 634 1,167 770 2,775 125 658 152 1,565 
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 6,923 795 2,032 965 4,832 
1989 591 977 718 2,323 30 416 36 989 
1990 940 5,077 1 '141 12,074 291 4,428 353 10,530 
1991 794 3,891 964 9,253 42 3,139 51 7,465 
1992 1,258 2,419 1,527 5,753 701 1,862 851 4,428; 
1993 1,489 3,851 1,808 9,158 906 3,268 1 '1 00 7,772 
1994 573 1 '101 696 2,618 259 787 314 1,872 
1995 538 1,083 653 2,576 329 874 399 2,079 
1996 1,277 2,960 1,550 7,039 935 2,618 1,135 6.:026 
1997 316 1,517 384 3,608 74 1,299 90 3,089 
1998 357 1 625 433 3 864 132 1 400 160 3 329 

Margaree returns. 1970-83, equal catch div1ded by MIN (0.215) and MAX (0.37) exploitation rate 

Return of small salmon to all SFA 18 equals Margaree returns" MIN and MAX rat10 of 
Margaree catch to SFA 18 catch. Margaree retums. 1984-1998, based on annual assessments 
in CAFSAC and DFO Atl. Fish. and Can_ Sec_ Assess Stocks Res. Docs, eg., Marshall et al. (MS 1998) 

SpaiNilers for 1970-1983 equal returns minus removals; 1984-1996 from various Margaree CAFSAC, 
All. Res. and CSAS Res Doc. series. eg .. Marshall et al. (MS 1998) 

~ 

Recreational ctch: 
Marg-

Year SFA18 aree Ratio 
1984 298 242 1.23 
1985 618 509 1.21 
1986 1,180 782 1.51 
1987 1,289 977 1.32 
1988 1,349 879 1.53 
1989 928 581 1.65 
1990 1,206 649 1.86 
1991 1,262 752 1.68 
1992 1,242 678 1.83 
1993 1,218 777 1.57 
1994 659 429 1.54 
1995 710 333 2.13 
1996 2,021 918 2.20 
1997 558 316 1.77 
1998 849 357 2.38 

Min 1.214 
Max 2.378 
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lppendix 6(viii). Tota11SW retums and spawners, SF As 19, 20, 21 and 23, 1970-1998. 

RETURNS TOTAL SPAWNERS TOTAL 
River_ returns Co mm- SFA23 RETURNS Spawners SFA23 SPAWNERS 

SFA 19-21 ercial \Mid \Mid Hatch SFAs 19,20,21,23 angled 19-21 H+W rtns Harves! 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 5,206 7,421 100 16,731 27,578 3,609 4,627 13,259 5,306 7,521 1,420 8,513 19,360 
1971 6,345 13,062 1,922 2,883 4,176 365 11,515 19,525 2,761 3,584 10,301 3,248 4,541 2,032 4,800 12,810 
1972 6,636 13,354 1,055 1,546 2,221 265 9,522 16,915 2,917 3,719 10,437 1,831 2,506 2,558 2,992 10,385 ; 
1973 8,225 16,744 1,067 3,509 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 29,385 2,050 6,204 8,910 3,991 26,723 44,336 6,340 8,138 23,045 10,195 12,901 2,124 16,209 33,822 
1975 5,096 10,393 2,822 11,648 16,727 6,374 25,940 36,316 2,227 2,869 8,166 18,022 23,101 2,659 18,232 28,608 
1976 12,421 25,398 1,675 13,761 19,790 9,074 36,931 55,937 5,404 7,017 19,994 22,835 28,864 5,263 24,589 43,595 
1977 13,349 27,943 3,773 6,746 9,679 6,992 30,860 48,387 5,841 7,508 22,102 13,738 16,671 
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 
1979 12,365 25,381 3,154 11,529 16,690 3,827 30,875 49,052 5,428 6,937 19,953 15,356 20,517 
1980 16,534 33,825 8,252 14,346 20,690 10,793 49,925 73,560 7,253 9,281 26,572 25,139 31,483 
1981 18,594 38,329 1,951 11,199 16,176 5,627 37,371 62,083 8,163 10,431 30,166 16,826 21,803 
1982 10,008 20,552 2,020 8,773 12,598 3,038 23,839 38,208 4,361 5,647 16,191 11,811 15,636 
1983 4,662 9,562 1,621 7,706 11 ,028 1,564 15,553 23,775 2,047 2,615 7,515 9,270 12,592 
1984 12,398 25,815 o 14,105 20,227 1,451 27,954 47,493 4,724 7,674 21,091 15,556 21,678 
1985 16,354 34,055 o 11,038 15,91 o 2,018 29,410 51,983 6,360 9,994 27,695 13,056 17,928 
1986 16,661 34,495 o 13,412 19,321 862 30,935 54,678 6,182 10,479 28,313 14,274 20,183 
1987 18,388 37,902 o 10,030 14,334 3,328 31,746 55,564 7,056 11 ,332 30,846 13,358 17,662 
1988 16,611 33,851 o 15,131 21,834 1,250 32,992 56,935 6,384 10,227 27,467 16,381 23,084 
1989 17,378 35,141 o 16,240 23,182 1,339 34,957 59,662 6,629 10,749 28,512 17,579 24,521 
1990 20,119 41,652 o 12,287 17,643 1,533 33,939 60,828 7,391 12,728 34,261 13,820 19,176 
1991 6,718 13,870 o 10,602 15,246 2,439 19,759 31,555 2,399 4,319 11,471 13,041 17,685 
1992 9,269 18,936 o 11,340 16,181 2,223 22,832 37,340 3,629 5,640 15,307 13,563 18,404 
1993 9,104 18,711 o 7,610 8,828 foot- 16,714 27,539 3,327 5,777 15,384 5,762 6,868 
1994 2,446 4,973 o 5,770 6,610 note·"a" 8,216 11 ,583 493 1,953 4,480 4,965 5,738 
1995 5,974 12,364 o 8,265 9,458 14,239 21,822 1,885 4,089 10,479 8,025 9,218 
1996 9,888 20,791 o 12,907 15,256 22,795 36,047 2,211 7,677 18,580 11,576 13,892 
1997 2,665 5,488 o 4,508 4,979 7,173 10,467 493 2,172 4,995 3,971 4,433 
1998 4.308 9,025 o 9,203 10,801 13,511 19,826 O_ 4,308 9,025 8,72§___10,348 

SF As 19,20.21: Retums estimated as run size (1SW recreational catch l expL rate [O 2 tO O 45]: where MIN and MAX selected as 5th and 95th percentiles 

values from 1.000 monte car1o E:Jstlrnates) + estirnaled_1SW fish in commercr2111andrngs 1970-1983 (Cuttlny et al. MS 1985). 

SFA 22: lrlflli::lr Fundy stocks l::lnd inner-Fundy SFA 23 (prirnanly 1SW frsh) do not go to the Norttr Atlantic 

4,542 16,704 
2,015 5,678 
3,716 18,577 
5,542 28,878 
9,021 18,236 
5,279 12,179 
4,138 7,747 
5,266 17,964 
4,892 18,158 
3,549 21,204 
3,101 21,589 
3,320 23,288 
4,455 23,873 
3,795 22,753 
3,546 13,814 
4,078 15,125 
foot 11 ,539 

note:"a" 6,918 
12,114 
19,253 

6,143 
13 083 --

SFA 23. Si mi lar <:~pproach as for SF Æ:: 19-21 excepttlr<:~l u~Urnated wild 1 SW return~-destined for Mc:~cbJquac Dam. Saint JotnLRiwr, replaced values fur f(JCroational 
catch and estimatod proportions that prorluction above Mact3qrJAc is of the total ( 0_4-0 6) river replaccd exploitata1on rates. Marshall (MS 1992) (commercial 

harvest. bi-catch etc., i nei in esttmated returns): hatchery returns altrihtJted to above MadAquac only: 1SW production in rest of SFA (outer Fundy) omitted 

a- Revision of methor1, SFA23, 1993-1998. estimated returns to Nash\Naak fence rAised by proportion of area be1ow Mactaquac (O 21-0.30) and adrled to total 

estimated retums originating upriver of Mactaquac (Marshall et aL 1998b ), MIN and MAX removals below Mactaquac bas ed on Nashwaak losses, Mactaquac losses 

are a s1ngle value and together summed and removed from returns-to establish esttmate of spawners 

SF As 19-21, estimate of returns for 1998 based on regresston of L al lave Wild counts on MIN and M.A.X esttmates ot total SFA 19-21 returns, 

1984-1997, because there was no angling in SF As 20-21 in1998. 

Values in SF As 19-21. revised from previous yearusing final estimates of recreabonal catch for 1997 

34,231 
9,808 

36,754 
52,513 
42,948 
26,548 
15,969 
37,503 
40,731 
44,947 
45,407 
47,231 
48,578 
49,642 
25,610 
29,633 
22,252 
10,218 
19,697 
32,472 

9,428 
19,373 



Appendix 6(1xa). Total 2SW returns to SFAs 19, 20, 21 and 23, 1910-1998. 

SFA23 
SFA 19 SFA 20 SFA21 Total Wild Wild Htch Htch TOTAL 

MIN MAX MIN MAX MIN MAX Comm- MIN MAX MIN MAX SFAs 19,20,21,23 
2SW=0.7-0.9 2SW=0.6-0.9 2SW=0.5-0.9 ercial 2SW= 0.85-0.95 2SW= 0.85-0.95 

Year EXD. rate=0.2-0.45 Exo. rate=0.2-0.45 EXD. rate=0.2-0.45 19-21 o. abv= 0.4-0.6 MIN MAX 
1970 1 '170 2,537 658 1,535 597 1,525 2,644 8,540 12,674 o o 13,609 20,915 
1971 600 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 '198 4,549 7,362 10,809 507 559 14,028 19,731 
1973 726 1,571 665 1,532 546 1,437 4,217 3,773 5,559 432 477 10,359 14,793 
1974 1,035 2,225 691 1,588 548 1,397 8,873 8,766 12,790 1,989 2,198 21,902 29,071 
1975 376 824 149 343 882 2,321 9,430 11 ,217 16,490 1,890 2,088 23,944 31,496 
1976 791 1,672 346 822 441 1 '146 5,916 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 28,606 39,215 
1978 810 1,739 429 995 655 1,706 6,827 6,059 8,903 2,166 2,391 16,946 22,561 
1979 532 1 '169 431 978 508 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 3,989 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 8,696 12,690 2,330 2,577 19,030 28,169 
1982 917 1,990 316 746 682 1,756 5,819 8,266 12,198 1,516 1,673 17,516 24,182 
1983 477 1,030 641 1,475 552 1,434 2,978 8,718 12,793 944 1,043 14,310 20,753 
1984 828 1,768 638 1,500 766 2,004 o 14,753 21,573 953 1,054 17,938 27,899 
1985 1,495 3,132 2,703 6,355 2,102 5,469 o 15,793 23,002 748 826 22,841 38,784 
1986 3,500 7,541 2,561 5,987 2,150 5,312 o 9,210 13,507 681 754 18,102 33,101 
1987 2,427 5,237 1,066 2,527 1 '114 2,872 o 6,512 9,590 410 453 11 ,529 20,679 
1988 2,635 5,724 1.914 4,464 1.105 2,945 o 3,936 5,836 780 861 10,370 19,830 
1989 2,236 4,810 1,512 3,485 1,631 4,086 o 6,159 8,994 401 443 11,939 21,818 
1990 2,406 5,178 1,085 2,515 1,271 3,260 o 4,994 7,375 492 543 10,248 18,871 
1991 1,890 4,050 965 2,200 421 1,071 o 6,739 9,902 598 661 10,613 17,884 
1992 1,788 3,923 631 1,488 480 1,236 o 6,213 9,074 665 735 9,777 16,456 
1993 876 1,897 1,006 2,321 564 1,498 o 4,318 5,371 foot- 6,764 11 ,087 
1994 833 1,845 242 561 305 773 o 2,999 3,729 natt~ "a" 4,379 6,908 
1995 759 1,582 666 1,565 518 1,339 o 3,042 3,831 4,985 8,317 
1996 1,231 2,692 604 1,404 894 2,293 o 4,498 5,665 7.227 12,054 
1997 607 1,299 170 387 301 1,026 o 2,567 3,210 3,645 5,922 
1998 :>>>>>>>>> .>>>>> 1 '103 3,888 <<<<<<<<<<<<:<< o 1,625 2,115 2,728 6,003 

SF As 19,20,21. Retums estimated as run size (MSW recreatlonal catc.:h .. prop 2SW [range of valuesV expl rate [range of values]: where MIN and MAX se!ected as 5th and 

95th percentile value~ from 1.000 mur1le cc:~rlo estim<3h:os) + eslirn21ted 2SW fish in commerciallandings 1970-1983 (cutting et al MS 1985) 
SFA 22 lnner Fundy stock::; do rrot yu lo rrorttr Allwrlic. 

SFA 23· Similar approach as for SF As 19-21 except that estimated wrld MSW returns de sti ned for Mactaquac Dam, Saint John River, replaced values for recreational 

catch; and estimated proportions that production above Mactaquac rs of the total river r€tplaced exploitation rates. Marshall (MS 1992) (comm€trcial harv€tst. 
bi-catch etc., lncl. in estlmated returns) 1 est. 0.85-0.95' MSW hatchery returns to Mactaquac; 2SW production in rest of SFA ignor€td 

ti -
a- Revsion of method, SFA 23, 1993-199S, estrmated MSW returns to Nashwaak fence rarsed by proportron of area below Mactaquac (0.21-0.30) "proportron 

2SW (0.7-0.9) and added to estrmated MSW hatchery and wrld retrJms ... (MarshaU et al MS 1998) (O SS-0 95; 2SW) orrgrnatrng uprrver ot Mactaquac. 

SFAs 19-21, estirnate of returrrs fur 1998 busHd orr re!Jrtcl~;siorr of LaHave wild counts on MIN and MAX. estirrrc:rtes of toiHI SFA 19-21 MSW returrrs. 

1984-1997 because there was no anglrng in SF As 20-21 in1998 

Values in SF As 19-21, revised from previous year using final estimates of recreational catch for 1997. 
'; _:.; ·': 
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• Jppendix 6(ixb). Totai2SW spawners in SFAs 19, 20, 21 and 23, 1970-1998. 

SFA23 
RETURNS REMOVALS SPAWNERS RETURNS REMOVALS TOTAL 

SFA 19 SFA20 SFA21 angled (19-21) SF As (19-21) SPAWNERS 
Year MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 
1970 1 '170 2,537 658 1,535 597 1,525 941 1,375 1,485 4,222 8,540 12,674 7,004 7,828 3,021 9,068 
1971 600 1,266 344 802 481 1,199 541 812 884 2,455 7,155 10,536 3,543 3,960 4,496 9,032 
1972 735 1,614 421 1,002 454 1,198 623 922 987 2,892 7,869 11,368 1,397 1,562 7,459 12,699 
1973 726 1,571 665 1,532 546 1,437 740 1,108 1,197 3,432 4,205 6,036 1,454 1,625 3,949 7,844 
1974 1,035 2,225 691 1,588 548 1,397 871 1,277 1,404 3,933 1 O, 755 14,988 2,632 2,942 9,526 15,979 
1975 376 824 149 343 882 2,321 534 867 874 2,621 13,107 18,578 2,120 2,369 11,861 18,830 
1976 791 1,672 346 822 441 1 '146 603 887 975 2,754 14,274 20,281 4,203 4,698 11 ,045 18,337 
1977 999 2,152 660 1,509 873 2,354 967 1,463 1,565 4,552 16,869 23,995 4,856 5,427 13,578 23, 119 
1978 810 1,739 429 995 655 1,706 723 1,088 1 '171 3,352 8,225 11,294 2,879 3,218 6,517 11,428 
1979 532 1,169 431 978 508 1,288 560 851 911 2,585 5,165 7,207 1,393 1,557 4,683 8,234 
1980 1,408 3,051 746 1,714 1,483 3,989 1,390 2,131 2,247 6,623 19,056 26,865 7,033 7,860 14,270 25,628 
1981 886 1,856 926 2,133 1,754 4,475 1,338 2,125 2,228 6,339 11 ,026 15,267 7,384 8,253 5,870 13,353 
1982 917 1,990 316 746 682 1,756 734 1,096 1 '181 3,396 9, 782 13,871 5,307 5,932 5,656 11 ,335 
1983 477 1,030 641 1,475 552 1,434 633 971 1,037 2,968 9,662 13,836 9,194 10,275 1,505 6,529 
1984 828 1,768 638 1,500 766 2,004 267 419 1,965 4,853 15,706 22,627 3,426 3,829 14' 245 23,650 
1985 1,495 3,132 2,703 6,355 2,102 5,469 6,300 14,956 16,541 23,828 4,656 5,204 18,185 33,580 
1986 3,500 7,541 2,561 5,987 2,150 5,312 8,211 18,840 9,891 14,261 2,667 2,981 15,435 30,120 
1987 2,427 5,237 1,066 2,527 1' 114 2,872 4,607 10,636 6,922 10,043 1,294 1,446 10,235 19,233 
1988 2,635 5,724 1,914 4,464 1 '105 2,945 5,654 13,133 4,716 6,697 1,296 1,449 9,074 18,381 
1989 2,236 4,810 1,512 3,485 1,631 4,086 5,379 12,381 6,560 9,437 250 279 11,689 21,539 
1990 2,406 5,178 1,085 2,515 1,271 3,260 4,762 10,953 5,486 7,918 560 626 9, 688 1 8, 245 
1991 1,890 4,050 965 2,200 421 1,071 3,276 7,321 7,337 10,563 1,257 1,405 9,356 16,479 
1992 1,788 3,923 631 1,488 480 1,236 2,899 6,647 6,878 9,809 1,052 1 '176 8,725 15,280 
1993 876 1,897 1,006 2,321 564 1,498 2,446 5,716 4,318 5,371 1,054 1 '166 5,710 9,921 
1994 833 1,845 242 561 305 773 1,380 3,179 2,999 3,729 697 815 3,682 6,093 
1995 759 1,582 666 1,565 518 1,339 1,943 4,486 3,042 3,831 313 346 4,672 7,971 
1996 1,231 2,692 604 1,404 894 2,293 2,729 6,389 4,498 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 3,095 5,311 
1998 >>>>>>>>>>>>> 1,1 03 3 888 <<<<<<<<<<<<< 1,103 3 888 1,625 2,115 304 340 2,424 5,663 

SpFMr~ers = retums minus removals where: 

"retums" are from App.5(xa). where revisions to methods for SF As 19-21, 1998, and SFA 23 1993-1998 are outlined (1997 values for SF As 19-21 rev1sed on ba=is of final 

estimate of recreational catch). 

removals" cf 2SW fish in SFA=> i9-21have been few. largely illegal and unascnbeci since the catch-and-releac;e angling regulations in 1985; removAis in SFA 23 

1985-1997 had been in total the assessed losses to sto eks originating above Mactaquac The revised method (App 5(ixa)). 1993-1998 1ncorporates- 5th and 95th percentile values 

for losses r.oted on the Nashwaak raised to the total production area downstream of Mactaquac and the previously assessed and used values for Stocks upstream of Mactaquac 



Appendix 6 x. Global evaluation of the number of recru~s and spawners for all the Quebec's river, 1969-1998. 

Recru~s 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 18,904 23,630 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 91,455 114,319 137,182 10,067 12,583 15,100 39,256 49,070 58,884 
1975 18,071 22,589 27,106 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 18,006 44,660 55,825 66,990 
1978 16,971 21,214 25,456 81,953 102,441 122,930 11,447 14,309 17,170 40,944 51,180 61,416 
1979 21,683 27,103 32,524 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 62,501 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 25,316 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 35,565 
1984 21,566 26,230 30,894 61 '180 71 ,110 81,041 16,316 20,636 24,957 30,610 37,674 44,739 
1985 22,771 28,016 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 36,610 43,462 
1988 43,943 53,068 62,193 77,904 90,587 103,269 28,582 36,699 44,815 34,781 43,653 52,524 
1989 34,568 41,488 48,407 70,762 81,316 91,871 24,710 31,015 37,319 34,268 41,727 49,185 
1990 39,962 47,377 54,792 68,851 79,872 8<>,893 26,594 33,210 39,826 33,454 41,535 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 74,112 83,953 21,754 27,668 33,583 26,489 32,993 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 40,170 51,649 58,139 64,630 16,758 21,200 25,642 21 ,413 25,191 28,968 
1995 23,851 28,109 32,368 59,939 67,083 74,227 14,409 17,978 21,548 30,925 35,122 39,320 
1996 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 46,117 51,862 16,152 20,477 24,801 19,729 23,299 26,869 

N 
V. 

"' 
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APPENDIX7 

COMPUTA'IJON OF CATCHADVICEFOR WEST GREENLAND 

The North American Spawning Target (SpT) for 2SW salmon has been rcvised to 180,495 fish in 1996. 

This numher must he divided by the survival rate for the fish from the time of the West Greenland fishery to their retum 
of the fish to horue waters (Il months) to gi ve the Spawning Target Reserve (SpR). Thus: 

Eq. l. SpR = SpT * (exp(ll *M) (where M = 0.01) 

The Maximum Allowable Harves! (MAH) may be defined as the number of non-maturing ISW fish that are available 
for harvest. This number is calculated by subtracting the Spawning Target Reserve froru 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 (fNAl· The allowable harves! of North American non-maturing ISW salmon at West Greenland NAISW) 
may then be defined as 

Eq. 3. NAISW = f NA * MAH 

The estimated number of European salmon that will be caught at West Greenland (EISW) will depend upon the harvest 
of North American fish and the proportion of the fish in the West Greenland fishery that originale from North America 
[PropNA] 1

• Thus: 

Eq. 4. EISW = (NAISW l PropNA) - NAISW 

To convert the numbers of North American and European ISW salmon into total catch at West Grcenland in metric 
tonnes, it is necessary to incorporate the mean weights (kg) of salmon for North America [WTISWNAl' and Europe 
[WTISWE] 1 and age correction factor for multi-sea winter salmon at Greenland based on the total weight of salmon 
caught divided by the weight of ISW salmon [ACF]' . The quota (in tonnes) at Greenland is then estimated as 

Eq. 5. Quota= (NAISW * WTISWNA+ElSW * WTISWE) * ACF/1000 

New sampling data from the 1995 fishery at West Greenland were used to update the forecast values of the 
proportion of North American salmon in the catch (PropNA), mean weights by contincnt L WTISWNA, WTISWEl and 
the age correction factor [ACF] in 1996. 

254 

·l 



Appendix Ba 

Catch 
Year (numbers) 

1SW 

1971 an4 
1972 4 865 
1973 7 395 

1974 6,803 
1975 6 732 

1976 5,817 

1977 5,238 
1978 3 832 
1979 3 982 

1980 3,920 
1981 3,617 

1982 2,598 
1983 3 916 
1984 4,899 

1985 6,201 
1986 6 131 

1987 8,696 

1988 5 926 
1989 10 395 

1990 10,084 
1991 9 213 
1992 15 017 
1993 11 157 
1994 7.493 
1995 7,786 
1996 10,726 
1997 9 469 
1998 n,410 

1999 o 
2000 o 

M(min)= 0.005 
M(max)~ 0.015 

Input data for NEAC Area Pre Fishery Abundance analysis using Monte 
Carlo simulation - FINLAND 

Unrep. as Unrep. as 
%of total %of total 
1SW MSW 

MSW min max min 

3 156 20 30 20 
4 932 20 30 20 
7.496 20 30 20 
7,253 20 30 20 
7 178 20 30 20 
6,202 20 30 20 
5,584 20 30 20 
3,481 20 30 20 
2 298 20 30 20 
3,093 20 30 20 
4,874 20 30 20 
5,408 20 30 20 
6,050 20 30 20 
4,726 20 30 20 
4,912 20 30 20 
3 244 20 30 20 
4,520 20 30 20 
3 495 20 30 20 
5,332 20 30 20 
5,600 20 30 20 
6,298 20 30 20 
6 284 20 30 20 
8 180 20 30 20 
6,230 20 30 20 
5,344 20 30 20 
2,717 20 30 20 
4 272 20 30 20 
3,749 20 30 20 

o 20 30 20 
o 20 30 20 

Retumtime(m)= 1SH(min) 

lSW(max) 

max 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

6 
8 

Exp. rate 
1SW (%) 

min 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

MSW(min) 

MSW(max) 

max 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
80 
80 
80 
80 
80 
80 
80 
70 
70 
70 
70 
70 

18 
20 

Exp. rate 
MSW(%) 

min 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

max 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
80 
80 
80 
80 
80 
80 
80 
70 
70 
70 
70 
70 
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Appendix8b 

Catch 
Year (numbers) 

1SW 

1971 1 740 

1972 3 480 

1973 2,130 

1974 990 
1975 1980 

1976 1820 
1977 1.400 

197a 1,435 

1979 1,645 
19aO 3 430 

19a1 2720 
1982 1,680 

1983 1,800 

19a4 2960 

19a5 1 100 
1986 3 400 

1987 6,000 
19aa 2,100 

1989 1,100 

1990 1 900 

1991 1 400 

1992 2 500 
1993 3,600 

1994 2 aoo 

1995 1,669 

1996 2,063 
1997 1,060 

199a 2 065 

1999 o 

2000 o 

M(min)= 0.005 
M(max)= 0.015 
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Input data for NEAC Area Pre Fishery Abundance analysis using Monte 
Carlo simulation - FRANCE 

MSW 

4,060 

8,120 

4,970 

2,310 

4,620 

3,380 

2,600 

2,665 

3,055 

6,370 

4 oao 

2,520 

2.700 

4440 

3,330 

3,400 

1 aoo 

5,000 

2,300 
2 300 

2100 

2,700 

1,300 

2,300 

1,095 

1 942 

1,001 

a46 

o 
o 

Unrep. as Unrep. as 
%of totaJ %of total 
1SW MSW 

min l max min l max 
Non-reporting included in exploitation rates 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

Retum time (m)= iSW(m1n) 

1SW(ma:<) 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

7 
9 

Exp. rate 
1SW (%) 

min 

a 

a 

a 

a 

a 

a 

a 

a 

8 
8 

8 
8 

a 

a 

a 

a 

a 
a 

a 

a 

7 

7 

a 

a 

8 

8 
a 

a 

a 

8 

MSW(mlnl 

MSW(max) 

max 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

12 

12 

15 

15 

15 

15 
15 

15 

15 

15 

16 
17 

Exp. rate 
MSW(%) 

min max 

22 37 

22 37 

22 37 

22 37 
20 35 

20 35 

20 35 

20 35 

20 35 

20 35 

20 35 

20 35 

20 35 
20 35 

20 35 

20 35 

20 35 

20 35 

20 35 
20 35 

20 35 

20 35 

20 35 

20 35 

20 35 

20 35 

20 35 

20 35 

20 35 

20 35 



Appendix Se 

Catch 
Year (nllllbols) 

1SW 

1971 21 400 

1972 19,588 

1973 20,052 

1974 14,204 

1975 20328 

1976 17 349 

1977 19,454 

1978 24,120 

1979 23,759 

1980 7 649 

1981 15 543 
1982 11,872 

1983 16,031 
1984 9988 

1985 20,064 

1986 30,769 

1987 20392 

1988 37,561 

1989 20,366 

1990 18 956 

1991 22,878 

1992 30 676 

1993 29,360 

1994 17,562 
1995 25,552 

1996 21 624 
1997 21,476 

1998 35,537 
1999 o 
2000 o 

M(min)= 0.005 
M(max)= 0.015 

Input data for NEAC Area Pre Fishery Abundance analysis using Monte 
Carlo simulation - ICELAND 

Unrep. as Unrep. as 
% ot total %of total 
1SW MSW 

MSW min max min 

13083 o o o 
21134 o o o 
18,021 o o o 
14325 o o o 
18032 o o o 
13874 o o o 
17,419 o o o 
22,884 o o o 
15,981 o o o 
20158 o o o 
9 516 o o o 
9,478 o o o 
11 483 o o o 
11929 o o o 
6,882 o o o 
12,521 o o o 
12898 o o o 
10,516 o o o 
9,399 o o o 
10327 o o o 
8,614 o o o 
11633 o o o 
9,665 o o o 
10,480 o o o 
8,689 o o o 
7,812 o o o 
7,164 o o o 
7,791 o o o 

o o o o 
o o o o 

Retum lime (m)= 1SW(mln) 

1SW(max) 

max 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

6 
8 

Exp. rate 
1SW(%) 

min 

40 

40 
40 

40 

40 

40 
40 

40 

40 
40 

40 
40 
40 

40 
40 
40 

40 
40 

40 
40 

40 

40 
40 

40 
40 

40 
40 
40 
40 

40 

MSW(min) 

MSW(max) 

max 

60 

60 
BO 

60 

BO 

60 
60 

60 

60 
60 

BO 
60 

BO 
BO 

60 
60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

17 
19 

Exp. rate 
MSW (%) 

min 

50 
50 
50 

50 

50 

50 
50 

50 

50 
50 

50 
50 

50 
50 

50 

50 
50 

50 

50 
50 

50 

50 

50 

50 
50 

50 

50 

50 

50 

50 

max 

70 

70 

70 

70 

70 

70 

70 

70 

70 
70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 
70 

70 

70 

70 
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Appendix Sd 

Catch 
Yea< (numbers) 

1SW 

1971 475,839 

~972 523,742 

1973 560,323 

1974 617,806 
1975 643 355 

1976 453,194 
1977 398,323 

1978 357 097 
1979 318,484 

1980 248,333 

1981 173,667 
1982 310,000 

1983 502,000 

1984 242 666 

1985 498 333 
1986 498,125 

1987 358,642 

1988 559 297 

1989 305,667 
1990 180118 

1991 125,389 

1992 217,446 

1993 186,901 

1994 268,839 
1995 237 773 

1996 230 826 
1997 194,187 

1998 219,767 
1999 o 
2000 o 

M(min)= 0.005 
M(max)= 0.015 
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Input data for NEAC Area Pre Fishery Abundance analysis using Monte 
Carlo simulation - IRELAND 

MSW 

52,871 

58194 

62,258 

68,645 

71 484 

50 355 

44,258 

39,677 

35,387 

39608 

32159 

12,353 

29,411 
19804 

19,608 

28,335 

27,609 
30599 

24891 

14,667 

10,211 

17,707 

15,220 

21,892 
19,362 

18,797 

15813 

17 896 

o 
o 

Unrep. as Unrep. as 
%of total %of total 
1SW MSW 

min l max min l max 
Non-repor1i.llil_includ9d in e>m!oitation rates 

o o o 
o o o 
o o o 
o o o 
o l o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 

Aeturn lime (m)= 1SW(m1n) 

1SW(max) 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

7 
9 

Exp. rate 
1SW (%) 

min 

54 
54 

54 

54 
54 

54 

54 

54 
54 
54 

62 
61 

54 
59 

66 

63 

60 
45 

60 

48 
40 
47 

46 

47 

51 

50 
30 

30 
30 

30 

MSW(min) 

MSW(max) 

max 

63 

63 

63 

63 

63 

63 

63 

63 

63 

63 

72 

72 

63 
70 

77 
74 

70 

54 

70 

54 

47 

55 

54 

55 
60 

52 

45 

40 

45 

45 

17 
18 

Exp. rate 
MSW (%) 

min max 

47 55 

47 55 

47 55 

47 55 

47 55 

47 55 

47 55 

47 55 

47 55 

47 55 

47 55 

43 51 

46 54 

36 42 

38 45 

51 61 

35 41 

43 50 

48 56 

59 70 

49 57 

45 53 

71 83 

43 50 

43 50 

60 75 

40 50 

40 50 

40 50 

40 50 



Appendix Be 

Catch 
Year (numbers) 

1SW 

1971 213,595 
1972 279,249 
1973 305 439 
1974 288 9B2 
1975 271,993 
1976 270,754 
19n 263,322 

1978 185,812 

1979 324 020 
1980 323 843 

1981 221 566 

1982 163,120 
1983 278,061 
1984 294 365 
1985 299 037 
1986 264,849 

1987 235 703 

1988 217 617 
1989 220,170 
1990 192 500 

1991 177,041 

1992 150,580 
1993 151 291 

1994 153,412 

1995 134 341 

1996 110,085 
1997 124 387 

1998 162,185 

1999 o 
2000 o 

M(min)= 0.005 
M(max)= 0.015 

Input data for NEAC Area Pre Fishery Abuiida'nce analysis using Monte 
Carlo simulation - NORWAY 

Unrep. as Unrep. as 
%at toeaJ %of total 
1SW MSW 

MSW min max min 

135,247 40 60 40 
176,818 40 60 40 
193 402 40 60 40 
182,981 40 60 40 
172 224 40 60 40 
171 439 40 60 40 
166,733 40 60 40 
117 656 40 60 40 
205 167 40 60 40 
205,056 40 60 40 
213,943 40 60 40 
174 229 40 60 40 
171 361 40 60 40 
176,716 40 60 40 
162,403 40 60 40 
191,524 40 60 40 
153,534 40 60 40 
120 367 40 60 40 
80,880 40 60 40 
91.437 40 60 40 
92214 40 60 40 
97,586 40 60 40 
92,717 30 50 30 
99 519 30 50 30 
98656 30 50 30 
96,656 30 50 30 
69,290 25 45 25 
82,335 25 45 25 

o 25 45 25 
o 25 45 25 

Retum time (m)= 1SW(min) 

1SW(max) 

max 

60 
60 
60 
60 
60 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

60 
60 
60 
60 
60 
60 
60 
50 
50 
50 
50 
45 
45 
45 
45 

5 
7 

Exp. rate 
1SW (%) 

min 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
50 

50 
50 
50 

50 
50 
50 

50 

45 

45 
45 

45 

MSW(min) 

MSW(mall) 

max 

90 
90 
90 
90 
90 
90 
90 
90 

90 
90 

90 
90 
90 
90 
90 
90 
90 
90 
70 
70 
70 
70 
70 
70 
70 
70 
65 
65 
65 
65 

17 
18 

Exp. rate 
MSW(%) 

min 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
50 
50 
50 
50 
50 
50 
50 
50 
45 
45 
45 
45 

max 

90 
90 
90 

90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
70 
70 
70 
70 
70 
70 
70 
70 
65 
65 
65 
65 
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Appendix Bl 

Calch 
Yea< (numbers) 

1SW 

1971 48,312 
1972 53,525 
1973 89,440 
1974 82 141 
1975 87,944 

1976 66447 
1977 55,463 
1978 60,737 

1979 69,423 

1980 45,673 
1981 32,611 
1982 39702 
1983 fil 870 
1984 54,991 

1985 72,803 

1986 63,926 
1987 97,242 
1988 53,158 

1989 78,023 

1990 70 595 
1991 40,603 

1992 34,021 

1993 28,100 
1994 30877 
1995 27775 

1996 33,878 
1997 31,857 
1998 34,870 
1999 o 
2000 o 

M(min)= 0.005 
M(max)~ 0.015 
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Input data for NEAC Area Pre Fishery Abundance analysis using Monte 
Carlo simulation - RUSSIA 

Unrep. as Unrep. as 
~of total %of total 
1SW MSW 

MSW min max min 

80,841 11 25 11 
67,407 11 25 11 
112636 11 25 11 
103,444 11 25 11 
129,896 11 25 11 
110,756 11 25 11 
83,195 11 25 11 
57,564 11 25 11 
63,844 11 25 11 
96 795 11 25 11 
52528 11 25 11 
42,471 11 25 11 
68,396 11 25 11 
72,228 11 25 11 
80,292 11 25 11 
89465 11 25 11 
41 769 11 25 11 
46,848 11 25 11 
29454 11 25 11 
25,663 11 25 11 
17543 33 47 33 
13431 45 55 45 
17,907 50 60 50 

13,668 55 65 55 
10,023 55 65 55 
8.708 55 65 65 
7,107 55 65 65 

7,024 55 65 65 
o 55 65 65 
o 55 65 65 

Return time (m)= 1SW(mlnJ 

1SW(max) 

max 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
47 
55 
60 
65 
65 
75 
75 
75 
75 
75 

7 
9 

Exp. rate 
1SW (%) 

min 

25 

25 
25 
25 
25 
25 
25 
25 
25 
25 

20 

20 
20 
20 

20 
20 
20 

20 
20 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 . 

MSW(mln) 

MSW(max) 

max 

45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

16 
18 

Exp. rate 
MSW(%) 

min max 

25 45 
25 45 
25 45 
25 45 
25 45 
25 45 
25 45 
25 45 
25 45 
25 45 
20 40 
20 40 
20 40 

20 40 
20 40 
20 40 
20 40 
20 40 
20 40 
20 40 
10 25 
10 25 
10 25 
10 25 
10 25 
10 25 
10 25 
10 25 
10 25 
10 25 



Appendix Sg 

Catch 
Year (numbers) 

1SW 

1971 6,330 
1972 5 005 
1973 6,210 
1974 8 935 
1975 9,620 

1976 5,420 
1977 2,555 
1978 2 917 
1979 3 OBO 
1980 3,920 

1981 7,095 

1982 6230 
1983 8,290 
1984 11 680 
1985 13 890 

1986 14,635 
1987 11,860 
1988 9 930 

1989 3 180 
1990 7 430 
1991 8 990 
1992 9,850 

1993 10,540 
1994 8 035 
1995 g 761 

1996 6,008 

1997 2 747 
1998 2 421 
1999 o 
2000 o 

M{min)= 0.005 
M(max)= 0.015 

Input data for NEAC Area Pre Fishery Abundante analysis using Monte 
Carlo simulation - SWEDEN 

Unrep. as Unrep. as 
%of total %of total 
1SW MSW 

MSW min max min 

420 20 50 20 
295 20 50 20 
1,025 20 50 20 
660 20 50 20 
160 20 50 20 
480 20 50 20 
360 20 50 20 
275 20 50 20 
800 20 50 20 

1 400 20 50 20 
407 20 50 20 

1,460 20 50 20 
1,005 20 50 20 
1,410 20 50 20 
590 20 50 20 
570 20 50 20 

1,700 20 50 20 
1 650 20 50 20 
4 610 20 50 20 
3,135 20 50 20 
3 620 20 50 20 
4 655 20 50 20 
6 370 20 50 20 
4,660 20 50 20 
2 770 20 50 20 
3 542 20 50 20 
2,307 20 50 20 
1 702 5 25 5 

o 20 50 20 
o 20 50 20 

Retum lime (m)= 1SW(min) 

lSW(max) 

max 

50 
50 
50 
50 
50 
50 
50 

50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
25 
50 
50 

6 
B 

Exp. rate 
1SW(%) 

min 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
60 
50 

50 
50 

60 
50 
50 

MSW(mm) 

MSW(max) 

max 

95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
85 
75 
75 
75 
85 
75 
75 

17 
18 

Exp. rate 
MSW(%) 

min max 

55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
55 100 
'. 90 
55 90 
55 90 
55 90 
55 90 
55 90 
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Appendix Bh 

Catch 
Year (numbers} 

1SW 

1971 32,905 
1972 40,468 
1973 40 076 

1974 41 715 
1975 49,238 
1976 29,842 
1977 34,675 
1978 39,117 
1979 27,881 
1980 36 451 

1981 48,057 

1982 29,791 
1983 39,105 
1984 35539 
1985 36236 
1986 48,023 
1987 42 017 
1988 56248 
1989 45,346 

1990 42,802 
1991 23 767 
1992 21 801 

1993 30,484 

1994 41,792 
1995 27,006 
1996 22400 
1997 19,687 

1998 22,893 
1999 o 
2000 o 

M(min)= 0.005 
M(max)= O.Q15 
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Input data for NEAC Area Pre Fishery Abundance analysis using Monte 
Carlo simulation- UK(ENGLAND & WALES) 

Unrep. as Unrep. as 
%of total %of total 
1SW MSW 

MSW min max min 

17,718 25 50 25 
21,315 25 50 25 
20645 25 50 25 
21,014 25 50 25 
24 252 25 50 25 
14 369 25 50 25 
16,317 25 60 25 
17,988 25 50 25 
12,526 25 50 25 
15,997 25 50 25 
20,596 25 50 25 
12466 25 50 25 
15972 25 50 25 
14,166 25 50 25 
14,092 25 50 25 
18215 25 50 25 
15 540 25 50 25 
20,280 25 50 25 
15,932 25 50 25 
14,651 25 50 25 
7,922 25 50 25 
7,075 25 50 25 
7 151 30 60 30 

12 483 30 60 30 
10,502 15 25 15 
12,062 15 25 15 
7,281 15 25 15 
4 689 15 25 15 

o 15 25 15 
o 15 25 15 

Return time (m)= 1SW(min) 

1SW(max) 

max 

50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
60 
60 
25 
25 
25 
25 
25 
25 

7 
9 

Exp. rate 
1SW (%) 

min 

30 

30 
30 

30 
30 
31 
32 

33 

34 
39 
40 
41 
42 
44 

45 
45 

45 
45 
48 
50 

48 
47 
41 
40 
39 

33 
25 
25 
25 
25 

MSW(m1n) 

MSW(max) 

max 

60 
60 
60 
60 
60 

51 
52 
53 
54 
59 
60 
61 
62 
64 
65 
65 
65 
65 
68 
70 
68 
67 
61 
60 
59 
53 
45 
45 
45 
45 

17 
19 

Exp. rate 
MSW(%) 

min 

30 
30 
30 
30 
30 
31 
32 
33 
34 
39 
40 
41 
42 
44 
45 
45 
45 
45 
48 
50 
48 
47 
41 
40 
39 
33 
25 
25 
25 
25 

max 

60 
60 
60 
60 
60 

51 
52 
53 
54 
59 
60 
61 
62 
64 
65 
65 
65 
65 
68 
70 
68 
67 
61 
60 
59 
53 
45 
45 
45 
45 



Appendix Si 

Catch 
Year (numbers) 

1SW 

1971 70 760 

1972 63 502 
1973 55,035 

1974 55,640 

1975 49,592 
1976 34,170 
1977 33,263 
1978 44754 
1979 29,937 

1980 36,892 
1981 30,542 
1982 39,916 

1983 56,548 
1984 23 586 
1985 29634 
1986 32,961 

1987 16,934 

1988 34,473 
1989 42940 
1990 28,425 

1991 16,631 
1992 27,518 
1993 25098 

1994 27,519 

1995 26,904 
1996 23,343 
1997 29,360 
1998 26,539 

1999 o 
2000 o 

M(min)= 0.005 
M(max)= 0.015 

Input data for NEAC Area Pre Fishery Abu~dance analysis using Monte 
Carlo simulation - UK(NORTHERN IRELAND) 

Unrep. as Unrep. as 
%of total %of total 
1SW MSW 

MSW min max min 

9,375 10 33 10 
8,413 10 33 10 
7 291 10 33 10 
7 371 10 33 10 
6 570 10 33 10 
4,527 10 33 10 

4,407 10 33 10 
5,929 10 33 10 
3,966 10 33 10 
4,888 10 33 10 
4,046 10 33 10 
5 289 10 33 10 
7 492 10 33 10 
3,125 10 33 10 
3,926 10 33 10 
4 367 10 33 10 
2243 10 33 10 
4,567 10 33 10 
5,689 10 37 10 
3,766 10 17 10 
2,203 10 17 10 
3,646 10 23 10 
3,325 10 17 10 
3 646 10 28 10 
3,565 10 17 10 
3,093 10 20 10 
3 890 5 15 5 
3 517 5 15 5 

o 5 15 5 
o 5 15 5 

Retum time (m)= 1SW(mm) 

1SW(max) 

max 

33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
37 
17 
17 
23 
17 
28 
17 
20 
15 
15 
15 
15 

7 
g 

Exp. rate 
1SW(%) 

min 

62 

62 
62 

62 
62 

62 

62 
62 
62 
62 

62 
62 
62 

62 
62 
62 

62 
58 

BO 
56 
58 

50 
37 
63 
60 
47 
50 

30 

30 

30 

MSW(min) 

MSW(ma:o:) 

max 

76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
71 
98 
68 
71 
62 
45 
77 
74 
67 
70 
40 
40 
40 

16 
18 

Exp. rate 
MSW(%) 

min max 

41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
41 51 
32 40 
54 66 
34 42 
39 47 
30 36 
11 13 
36 44 
38 46 
24 44 
24 44 
20 35 
20 35 
20 35 

263 



Appendix 8j 

catch 
Year (numbars} 

1SW 

1971 262 160 

1972 251 465 

1973 293 090 
1974 289 416 

1975 222 345 

1976 188 492 

1977 194 264 

1978 204 470 

1979 187 236 

1980 121 441 

1981 150,738 

1982 208 061 

1983 209 617 

1984 213 079 
1985 158012 

1986 202 855 

1987 164 785 

1988 149 098 

1989 174 941 

1990 81 094 

1991 73 608 

1992 101 676 

1993 94 517 

1994 99 459 

1995 89 921 

1996 66 413 

1997 46 526 

1998 51 398 

1999 o 
2000 o 

M(min)= 0.005 
M(max)= 0.015 

264 

Input data for NEAC Area Pre Fishery Abundance analysis using Mante 
Carlo simulation- UK(SCOTLAND) 

Catch of Unrep. as Unrep. as 
Scottish flsh %of total %of total 
in England 1SW MSW 

MSW (%1SW) min max min 
70% 

161 601 57 335 20 40 20 
218 023 49 097 20 40 20 
237 920 59 700 20 40 20 
188 357 50 118 20 40 20 
207 978 sona 20 40 20 
114582 14 759 20 40 20 
138 987 49 186 20 40 20 
162 954 47 500 20 40 20 
132 509 39 552 20 40 20 
172 588 41 202 15 30 15 
174 721 61,511 15 30 15 
128 242 44 147 15 30 15 
145,961 67 231 15 30 15 
107 213 50 994 15 30 15 
114648 48 753 15 30 15 
148 397 53 277 15 30 15 
103 994 29 999 15 30 15 
112162 41 696 15 30 15 
103 886 33 577 10 20 10 
87924 41 224 10 20 10 
65 193 20 343 10 20 10 
82 841 16 115 10 20 10 
71 726 33 440 10 20 10 
85404 37 243 10 20 10 

78 452 42 568 10 20 10 
57 920 14 865 10 20 10 

40316 17 538 10 20 10 
35,913 14 612 10 20 10 

o o 10 20 10 
o o 10 20 10 

Return time {m)= 1SW(m1n} 

1SW(rnall) 

max 

40 
40 
40 
40 

40 
40 
40 
40 
40 
30 
30 
30 
30 
30 
30 

30 
30 

30 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 

7 

8 

Exp. rate 
ISW{%) 

min 

20 
20 
20 
20 

20 
20 
20 
20 
20 
15 
15 
15 
15 
15 
15 
15 
15 
15 
10 

10 
10 
10 

10 

10 
10 
8 

8 

8 

8 
8 

MSW(m~n) 

MSW(Il"IQX) 

max 

40 

40 
40 
40 

40 
40 
40 
40 
40 
35 
35 
35 
35 
35 
35 
35 
35 
35 
30 
30 
30 
30 
30 
30 
30 
25 
25 
30 
25 
25 

17 
18 

Exp. rate 
MSW(%) 

min 

30 
80 
30 
30 

30 

25 
25 
25 
25 
25 
20 
20 
20 
20 
20 
15 
15 
15 
15 

15 
10 
10 

10 
10 
10 
8 

• 
8 

8 
8 

max 

50 
50 
50 

50 
50 
45 
45 
45 
45 
45 
40 
40 
40 
40 
40 
35 
35 
35 
35 

35 
30 
30 
30 
30 

• 

30 

25 
25 
25 
25 
25 



Appendix Bk 

Catch 
Year (numbers) 
nln+1 

1SW 

1971 2620 

1972 2754 
1973 3121 
1974 2186 
1975 2798 
1976 1830 
19n 1291 
1978 974 
1979 1736 
1980 4523 
1981 7443 
1982 6859 
1983 15861 
1984 5534 
1985 378 
1986 1979 
1987 90 
1988 8637 
1989 1788 
1990 1989 
1991 943 
1992 68 
1993 6 
1994 15 
1995 18 
1996 101 
1997 339 
1998 o 
1999 o 
2000 o 

M(min)= 0.005 
M(max)= O.D15 

Input data for NEAC Area Pre Rshery Abundance analysis using Monte 
Carlo simulation - FAROES 

Unrep. as Unrep. as 
%of total %of total 
1SW MSW 

MSW min max min 

105796 5 15 o 
1n1a7 5 15 o 
126012 5 15 o 
88276 5 15 o 

112984 5 15 o 
73900 5 15 o 
52112 5 15 o 
39309 5 15 o 
70082 5 15 o 

182616 5 15 o 
3005~ 5 15 o 
276957 5 15 o 
215349 5 15 o 
138227 5 15 o 
158103 5 15 o 
180934 5 15 o 
166244 5 15 o 
87629 5 15 o 

121965 5 15 o 
140054 5 15 o 
84935 5 15 o 
35700 5 15 o 
30023 5 15 o 
31672 5 15 o 
34662 5 15 o 
28381 5 15 o 
1,424 10 20 o 

o 5 15 o 
o 5 15 o 
o 5 15 o 

Aetum time (m)= 1SW{mln) 

iSW(max) 

max 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 

Exp. rate 
1SW (%) 

min 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

MSW(min) 

MSW(max) 

max 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

1 
2 

Exp. rate 
MSW(%) 

min max 

100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
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Appendix Bl 

Catch 
Year (numbers) 

1SW 

1971 o 
1972 o 
1973 o 
1974 o 
1975 o 
1976 o 
1977 o 
1978 o 
1979 o 
1980 o 
1981 o 
1982 o 
1983 o 
1984 o 
1985 o 
1986 o 
1967 o 
1988 o 
1989 o 
1990 o 
1991 o 
1992 o 
1993 o 
1994 o 
1995 o 
1996 o 
1997 o 
1998 o 
1999 o 
2000 o 

M(min)= 0.005 
M(max)= 0.015 

266 

Input data for NEAC Area Pre Fishery Abundance analysis using Mante 
Carlo simulation- WEST GREENLAND 

Unrep. as Unrep. as 
%of total %of total 
1SW MSW 

MSW min max min 

439111 o o 5 
345051 o o 5 
382283 o o 5 
292402 o o 5 
3548aE o o 5 
19841 o o 5 
251475 o o 5 
145265 o o 5 
244519 o o 5 
166716 o o 5 
246704 o o 5 
143800 o o 5 

60500 o o 5 
41200 o o 5 

16150< o o 5 
13190( o o 5 
126400 o o 5 
168800 o o 5 

52700 o o 5 
21700 o o 5 
65400 o o 5 
39500 o o 5 
2000 o o 5 
2000 o o 5 

1120! o o 5 
1520< o o 5 
8300 o o 5 
1700 o o 5 

o o o 5 
o o o 5 

Retum time (m)= 1SW(min) 

1SW(max) 

max 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

7 
8 

Exp. rate 
1SW(%) 

min 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

MSW(min) 

MSW(max) 

max 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

8 
10 

Exp. rate 
MSW(%) 

min max 

100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
100 100 
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Appendix 9a 

Estimated 
total catch 

Yea 1SW 

1971 4 139 

1972 6466 

1973 9860 

1974 9056 

1975 8948 

1976 7 806 

1977 7022 

1978 5 091 

1979 5 342 

1980 5207 

1981 4815 

1982 3468 

198 5236 

1984 6 538 

1985 8 279 

1986 8174 

1987 11 630 

1988 7894 

1989 13930 

1990 13 470 

1991 12 251 

1992 19 996 

1993 14 866 

1994 9 971 

1995 10 329 

1996 14 281 

1997 12 572 

1998 15275 

1999 o 

Estlmated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis 
FINLAND 

Estimated Estimated Estimated 
Estimated num ber num ber maturing Est. non· 
total catch 1SW MSW 1SW mat 1SW Est 1SW 

MSW returns re turns recruits recruits spawners 

Variance Variance mean Variance mean Variance Mean Variance mran Variance 

2.7E+04 4227 3.5E·12 8675 5.4E+06 8839 5.7E+06 9434 6.25E+06 16 710 1.86E+07 4536 

5.7E+04 6582 0.0E+00 13 459 1.1E+07 13555 1.1E+07 14 591 1.28E+07 26210 5.02E+07 6993 

1.5E+05 10 012 7.1E-12 20,979 2.4E+07 21 489 3.2E+07 22 679 2.85E+07 25 193 3.42E+07 11 119 

1.1E+05 9 629 8.8E-13 19 114 2.4E+07 20 683 2.5E+07 20 617 2.83E+07 22950 3.24E+07 10 058 

1.1E+05 9 541 3.5E·12 19 278 2.6E+07 18 911 2.3E+07 20806 2.96E+07 22 381 3.45E+07 10 330 

9.3E+04 8288 3.5E·12 16 141 1.5E+07 18200 1.9E+07 17 402 1.74E+07 19715 2.36E+07 8336 

7.3E+04 7436 5.9E·13 14064 1.1E+07 16169 1.6E+07 15158 1.30E+07 12 438 1.04E+07 7042 

3.7E+04 4627 5.9E-13 10514 8.3E+06 10098 6.1E+06 11327 9.51E+06 8 344 4.99E+06 5423 

4.4E+04 3065 2.9E-12 11 236 8.4E+06 6 790 3.0E+06 12 136 9.50E+06 10 567 6.62E+06 5893 

4.0E+04 4 125 4.7E-12 11 278 7.3E+06 8 543 4.2E+06 12 339 8.53E+06 16 949 1.72E+07 6 071 

3.5E+04 6 507 3.5E-12 10 482 6.0E+06 13 865 1.1E+07 11 617 7.42E+06 18697 2.20E+07 5 667 

1.9E+04 7 228 1.8E-12 7 473 3.5E+06 15 341 1.4E+07 8 344 4.08E+06 21113 3.07E+07 4 005 

4.3E+04 8086 1.2E-12 10 958 7.4E+06 17 372 2.0E+07 12 162 8.75E+ot 16 112 1.57E+O 5 722 

6.0E+04 6 310 4.7E-12 13186 1.2E+07 13245 9.9E+06 14 339 1.35E+07 17 143 1.64E+07 6 648 

1.1E+05 6575 1.2E-12 18 654 2.0E+07 14 146 1.1E+07 20157 2.35E+07 11 041 8.33E+06 10 375 

9.5E+04 4 315 O.OE+OO 17 141 1.9E+07 9 032 5.4E+06 18592 2.29E+07 15 608 1.50E+07 8967 

2.0E+05 6 024 2.9E-13 24 184 3.6E+07 12 806 9.2E+06 26 099 4.13E+07 11 722 9.86E+06 12 554 

8.0E+04 4 658 2.4E-12 17 074 1.8E+07 9 612 6.2E+06 18 501 2.14E+07 16 743 2.33E+07 9 180 

3.1E+05 7 137 12E-12 27 508 6.5E+07 13 735 1.6E+07 29 642 7.59E+07 17612 3.19E+07 13 579 

2.7E+05 7 517 15E-12 26029 5.5E+07 14 520 2.1E+07 28 012 6.36E+07 19670 3.50E+07 12 560 

2.1E+05 8368 12E-12 24 757 5.3E+07 16 191 2.1 E+07 26 614 6.12E+07 19258 2.B2E+07 12 507 

5.5E+05 8 311 5.9E-13 39 384 1.4E+08 15 857 1.8E+07 42190 1.52E+OB 25702 6.31 E+07 19 388 

2.6E+05 10896 4.4E-13 29 044 7.1E+07 21 208 4.3E+07 31149 8.04E+07 19 385 2.78E+07 14177 

1.4E+05 8 318 1.2E-12 19 567 3.6E+07 15 989 1.8E+07 21 024 4.23E+07 17 902 2.84E+07 9 596 

1.5E+05 7 092 2.2E-13 19 989 3.8E+07 14 726 1.7E+07 21 478 4.42E+07 9 475 6.41E+06 9 660 

3.5E+05 3 631 5.9E-13 31 644 6.2E+07 7793 3.7E+06 33 989 7.36E+07 14244 1.49E+0 17 362 

2.4E+05 5 688 1.5E-13 27930 4.3E+07 11 730 9.4E+06 29 955 4.94E+07 13100 8.58E+06 15 358 

3.2E+05 5061 O.OE+OO 33326 6.7E+07 10822 5.9E+06 35 745 7.74E+07 1 2.13E+00 18 051 

O.OE+OO o 3.4E-23 o O.OE+OO o 52E-07 O O.OOE+OO o 8.56E-07 o 
-- 2000 --- O _O.OE+OO L__ o 2.0E-g§ L o O.OE.±QQ - o 5.5E-07 , __ o O.OOE+OO O O.OOE+OO o 

EstMSW 
spawners 

SD SD 

2 326 4 612 2398 

3269 6973 3376 

4892 11 477 5679 

4924 11 054 5035 

5110 9 370 4 753 

3 863 9 912 4 365 

3 321 8 733 3982 

2868 5471 2478 

2887 3 725 1 722 

2699 4 418 2054 

2450 7 358 3 389 

1 872 8 114 3 735 

2 710 9285 4483 

3 412 6935 3139 

4465 7 570 3352 

4396 4 718 2,326 

5983 6 782 3025 

4240 4 954 2497 

8034 6 597 3 976 

7 410 7 003 4636 

7 246 7823 4618 

11 710 7546 4239 

8424 10312 6540 

6009 7672 4246 

6162 7 634 4 170 

7 854 4 162 1 93 

6 564 6042 3 066 

8 157 5762 2436 

o o o 
o o o 
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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 num ber num ber maturing Est. non-
total catch total catch 1SW MSW 1SW mat.1SW Est. 1SW 

Yea 1SW MSW re turns re turns recruits recruits spawners 

Variance Variance mean Variance mean Variance Mean Variance mran Variance 

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 

1972 3480 1.18E-12 8,120 O.OOE+OO 30,669 2.B3E+07 28,156 1.B3E+07 33,410 3.43E+07 24,664 1.23E+07 27,189 
1973 2130 1.18E-12 4970 7.06E-12 19 124 1.02E+07 17370 5.91E+06 20 917 1.28E+07 15 137 6.17E+06 16 994 

1974 990 1.47E-13 2 310 8.82E-13 8564 2.61E+06 7,991 1.50E+06 9392 2.96E+06 22 870 1 .33E+07 7 574 
1975 1,980 5.BBE-13 4 620 3.53E-12 17,405 1.09E+07 17,311 7.72E+06 19,019 1.31E+07 21,053 1.15E+D7 15425 

1976 1,820 5.B8E-13 3,380 3.53E-12 16,063 7.63E+06 12,523 4.14E+06 17,494 8.50E+06 15,758 6.47E+06 14,243 

1977 1400 5.B8E-13 2,600 5.88E-13 13,021 5.75E+06 9,930 2.58E+06 14,192 6.92E+06 16 099 6.53E+06 11 621 

1978 1,435 4.41E-13 2,665 5.BBE-13 13,104 5.23E+Ot 9,561 2.49E+06 14259 6.12E+06 15,967 6.76E+06 11,669 

1979 1,645 2.94E-13 3,055 2.94E-12 14,708 7.59E+06 11 ,285 3.60E+06 16,032 B.64E+06 34,308 2.66E.07 13,063 

1980 3,430 O.OOE+OO 6370 4.70E-12 29,818 3.33E+07 24,086 1.37E+07 32,567 3.82E+07 22,278 1.03E+07 263BB 

1981 2,720 1.76E-12 4080 3.53E-12 24,901 2.20E+07 15,316 6.60E+06 27,371 2.65E+0 13 572 4.58E+06 22,181 

1982 1680 1. 18E-12 2,520 1 .76E-12 14,708 6.97E+06 9,216 2.05E+06 16,281 8.07E+06 13,685 4.92E+06 13,028 

1983 1,800 5.BBE-13 2,700 1.18E-12 16,172 9.00E+Of 10,058 3.00E+06 17,925 1.06E+07 20,502 8.65E+06 14,372 

1984 2,960 3.53E-12 4,440 4.70E-12 26,273 2.07E+07 16,342 5.84E+06 28,706 2.59E+07 15,422 6.59E+06 23313 

1985 1 100 4.41E-13 3,330 1.18E-12 9,830 3.43E+06 12 482 4.30E+06 10 805 4.19E+06 17,597 6.02E+06 8,730 

1986 3,400 2.35E-12 3,400 O.OOE+OO 30 561 3.24E+07 12,613 2.9BE+06 33,363 4.01E+07 9,612 1.96E+06 27 161 

1987 6,000 2.35E-12 1 800 2.94E-13 54,027 8.01 E+07 6,567 9.63E+05 58,826 1.04E+08 23,737 1.41 E+07 48,027 

1988 2 100 5.BBE-13 5,000 2.35E-12 19,339 1.27E+07 18 638 9.20E+06 21,151 1.53E+07 13,457 4.11E+06 17,239 

1989 1 100 1.47E-13 2,300 1.18E-12 10.323 3.19E+Of 8,731 2.16E+06 11,327 4.04E+06 11,229 3.36E+06 9,223 

1990 1,900 2.94E-13 2,300 1.47E-12 17,196 9.32E+06 8,855 2.11E+06 18,735 1.10E+07 9,519 2.40E+06 15,296 

1991 1,400 7.35E-13 2,100 1.18E-12 15,237 5.50E+06 7,907 1.64E+06 16,585 6.82E+06 12,455 4.53E+06 13,837 

1992 2 500 1. 18E-12 2,700 5.88E-13 26,887 1.42E+07 9,889 2.65E+06 29,177 1.65E+07 6,299 9.01E+05 24 387 

1993 3600 O.OOE+OO 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 

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 4895 6.90E+05 22,105 

1995 1,669 2.94E-13 1 095 2.20E-13 14,994 8.59E+06 4,121 4.64E+05 16 305 1.07E+07 8,843 2.79E+06 13325 

1996 2,063 1.18E-12 1,942 5.88E-13 18,958 1.06E+07 7 362 1.67E+06 20,571 1.21E+07 4,690 4.69E+05 16895 

1997 1060 7.35E-14 1,001 1.47E-13 9,554 2.78E+06 3,?83 3.33E+05 10,369 3.36E+06 3,883 4.18E+05 8,494 

1998 2,065 O.OOE+OO 846 O.OOE+OO 18,313 9.91 E+06 3,184 2.21E+05 19,866 1.20E+07 15 5.74E+01 16,248 

1999 O O.OOE+OO o 3.42E-g3 O O.OOE+OO o 3.71E-05 O O.OOE+OO o 6.19E-07 o 
2000 O O.OOE+OO o 2.01E-25 O O.OOE+OC o 3.55E-07 O O.OOE+OO O O.OOE+OO o 

Es1MSW 
spawners 

SD SD 

2 950 10,081 2 085 

5 321 20 036 4,275 

3200 12 400 2 431 

1 617 5681 1225 
3 294 12,691 2,778 

2,763 9143 2,034 

2,398 7,330 1,608 

2286 6,896 1,579 

2,754 8,230 1,89 

5,772 17,716 3,70 

4,694 11,236 2,569 

2 641 6,696 1,430 

3,000 7 358 1 ,7&; 

4,555 11,902 2 41E 

1,853 9,152 2,073 

5,692 9,213 1,727 

8 951 4,767 981 

3,568 13 638 3,0&; 

1,787 6,431 1,469 

3,053 6,555 1,454 

2,34f 5 807 1,282 

3,769 7,189 1,628 

5,996 3,526 759 

4 465 6,321 1,508 

2,931 3,026 67 

3,253 5420 1,293 

1,667 2,782 577 

3,148 2338 470 

o o o 
o o o 



Appendix9c 

Estimated 
total catch 

Yea tSW 

1971 21 403 

1972 19 588 

1973 20052 

1974 14 204 

1975 20328 

1976 17,349 

1977 19,454 

1978 24120 

1979 23 759 

1980 7649 

1981 15 543 

1982 11 872 

1983 16 031 

1984 9,988 

1985 20,064 

1986 30769 

1987 20 392 

1988 37,561 

1989 20 366 

1990 18,956 

1991 22878 

1992 30,676 

1993 29,360 

1994 17,562 

1995 25,552 

1996 21,624 

1997 21,476 

1998 35,537 

1999 o 
2000 o 

~ 

Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis 
/CELAND 

Estimated Estimated Estimated 
Estimated num ber num ber maturing Est. non-
total catch tSW MSW tSW mat. tSW Est. tSW 

MSW re turns re turns recruits recruits spawners 

Variance Variance mean Variance mean Variance Mean Variance mran VariBilce 

o 13,083 o 43,618 2.3E+07 22,034 4.6E+06 46 735 2.69E+07 42 968 2.25E+07 22 215 
o 21.134 o 39,103 1.7E+0 35,038 t. 1E+07 41,903 2.06E+0 36,891 t.35E+0 19 515 
o 18 021 o 40 588 2.3E+07 30 005 7.4E+06 43 485 2.60E+07 30 150 t.t8E+07 20535 

o 14 325 o 28 017 t.1E+07 24 498 6.2E+06 30030 t.37E+07 36888 t.66E+07 13 813 
o 18,032 o 40,101 2.3E+07 30,121 9.0E+06 42,985 2.78E+07 28350 t.06E+07 19 773 

o 13 874 o 35,014 1.7E+07 23 065 5.9E+06 37,535 2.t8E+07 35,641 t.60E+07 17 665 

o 17,419 o 40,073 2.2E+O 29334 7.8E+06 42,952 2.77E+07 45 840 2.34E+07 20619 

o 22884 o 48 960 3.5E+0 37 909 1.2E+07 52,447 4.00E+07 33207 t.33E+07 24839 

o 15 981 o 47 412 3.4E+0 27,284 7.2E+06 50,796 3.99E+07 42 345 2.35E+07 23653 

o 20 158 o 15,422 3.0E+06 34 213 t.2E+07 16,523 3.42E+06 21 046 5.30E+06 7773 

o 9,516 o 31 968 t.3E+07 15,819 2.4E+06 34244 1.48E+07 21085 5.92E+06 16424 

o 9 478 o 23,429 7.3E+06 16,010 3.0E+06 25,110 8.87E+06 24,189 6.65E+06 11 557 

o 11 483 o 32,301 1.4E+07 18,948 3.2E+06 34,616 t.72E+07 25,051 8.61E+06 16,270 

o 11 929 o 20.187 5.5E+06 20,042 4.2E+06 21,627 6.38E+06 15,158 3.23E+06 10,199 

o 6882 o 41,303 2.2E+07 11,784 t.5E+06 44,259 2.57E+07 26,871 8.43E+06 21,239 

o 12 521 o 63 457 5.5E+07 21,447 3.7E+06 6B,ot5 6.71E+07 27,238 9.86E+06 32 688 

o 12 898 o 41,701 2.6E+0 21 799 4.9E+06 44,664 2.95E+07 21,992 5.47E+06 21,309 

o 10,516 o 76,619 8.2E+O 17,823 2.8E+06 82,094 9.58E+07 19,545 4.69E+06 39,058 

o 9 399 o 41,334 2.9E+07 15,584 2.2E+06 44,277 3.28E+07 21 794 6.29E+06 20,967 

o tO 327 o 38,537 2.5E+07 17,544 3.3E+06 41 284 2.80E+07 17,856 4. 10E+06 19,581 

o 8614 o 46,763 3. t E+07 14,633 t.9E+06 50,107 3.67E+07 23296 6.68E+06 23,885 

o 11,633 o 61,195 5.5E+07 19,316 3.4E' 06 65,549 6.21E+07 19,320 3.84E+06 30,519 

o 9665 o 58,808 4.4E+07 16 023 2.2[ .•J6 62,994 4.89E+07 21,482 6.06E+06 29 448 

o 10,480 o 35,781 1.8E+07 17,817 3.1E+06 38,348 2.21E+07 18073 4.72E+06 18,219 

o 8,689 o 50,770 4.0E+O 14,946 2.3E+06 54,415 4.95E+07 15,992 3.47E+06 25,218 

o 7,812 o 43.121 2.5E+07 13,223 1.8E+06 46,223 3.16E+07 14,618 2.11E+06 21 ,497 

o 7,164 o 42,983 2.6E+07 12,199 t.3E+06 46,033 2.80E+07 15,574 3.04E+06 21,507 

o 7,791 o 71,304 6.7E+07 13,003 1.6E+06 76,391 7.73E+07 1 2.13E+00 35,767 

o o o o O.OE+OO o 2.6E-04 o O.OOE+OO o 4.78E-04 o 
o o o o O.OE+OO o 2.5E-04 O O.OOE+OO o O.OOE+OO o -

EstMSW 
spawners 

SD SD 

4 810 8951 2 149 
4 141 13 904 3 291 

4 74 11 984 2 728 

3335 10 173 2 483 
4,748 12 089 3 003 

4 166 9 191 2421 

4,743 1 1 914 27& 

5 944 15 025 3420 

5 870 11 303 2893 

1 720 14 055 3464 

3625 6303 1 550 

2708 6 532 1,735 

3 774 7 465 1 777 

2356 8,113 2,038 

4645 4,902 1,22 

7392 8926 1932 

5,138 8901 2,21 

9,068 7307 1 658 

5374 6 185 1,491 

4 965 7,217 1 806 

5 601 6019 1,391 

7 422 7 683 1,857 

6 617 6,358 1,488 

4250 7,337 1,755 

6355 6257 1 51)1 

5,021 5,411 1,341 

5,066 5035 1 136 

8,200 5212 1,278 

o o o 
o - o _Q 
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.ppendix 9d 

Estimat ed 
total catch 

Yea 1SW 

1971 475 841 

1972 523,744 

1973 560,326 

1974 617,810 

1975 643,358 

1976 453,196 

1977 398 324 

1978 357,098 

1979 318,485 

198( 248 334 

1981 173,668 

1982 310,001 

1983 502,002 

1984 242 667 

1985 498,335 

1986 498,128 

1987 358 844 

1988 559 300 

1989 305 668 

1990 180,119 

1991 125 390 

1992 217,447 

1993 186,902 

1994 268 840 

1995 237,774 

1996 230,827 

1997 194,188 

1998 219,768 

1999 o 

Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis 
IRELAND 

Estimated Estimated Estimated 
Estimated num ber number maturing Est. non· 
total catch 1SW MSW 1SW mat.1SW Est. 1SW 

MSW re turns returns recruits recruits spawners 

Variance Variance mean Variance mean Variance Mean Variance mran Variance 

1.77E+00 52 871 2.05E-02 820 291 1.56E+09 103 756 2.19E+07 889 893 2.2BE+09 183 290 1.26E+08 344 450 
2.56E+00 58,194 2.55E-02 897,076 1.98E+09 114,582 3.05E+07 973 497 3.48E+09 177,196 1.06E+08 373,332 
2.75E+00 62,258 2.88E-02 966 827 2.50E+09 122,734 2.98E+07 1,049,016 3.86E+09 197,899 1.52E+08 406,501 

3.03E+00 68645 3.84E-02 1 064,073 2.B6E+09 134,590 3.93E+07 1,154,105 3.80E+09 188,525 1.54E+08 446263 
2.95E+00 71484 4.72E-02 1,109,097 2.64E+09 140,683 3.89E+07 1,203 223 4.17E+09 157,620 9.1BE+07 465,739 

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 

1.19E+00 44,258 1.62E-02 688,131 9.79E±Q€ 87,405 1.54E+07 746,454 1.50E+09 122 846 5.64E+07 289 807 

9.51 E-01 39,678 1.40E-02 618,716 7.90E+08 78 637 1 .1BE+07 671,081 1.15E+09 101,579 3.51E+07 261,618 

7.99E-01 35387 1.19E-02 547,698 6.95E+DB 69,378 9.85E+06 594,351 1.22E+09 136,361 6.B6E+07 229,212 

6.00E-01 39,608 1.24E-02 426,906 4.03E+08 78,210 1.4BE+07 463 418 5.39E+08 117,472 3.65E+07 178,572 

2.33E-01 32,159 1.01E-02 259,379 1.45E+08 63580 7.96E+06 282,054 2.28E+08 63,219 1.45E+07 85,711 

6.71E-01 12,353 1.16E-03 470,158 5.12E+Oe 26,271 1.55E+06 510,651 8.27E+08 93,654 2.65E+07 160,157 

2.02E+00 29,411 7.23E-03 858,358 1.56E+09 58,700 8.D7E+06 931 689 2.30E+09 77,909 2.09E+07 356,355 

5.63E-01 19,804 3.32E-03 379,292 3.09E+08 51 ,728 6.55E+06 411,758 4.6BE+08 69,693 1.5BE+07 136,625 

2.28E+00 19,608 3.28E-03 702 963 1.06E+09 47,161 5.44E+06 762,829 1.83E+09 85,816 2.40E+07 204,628 

1 .86E+00 28,335 6.01E-03 728,167 1.01E+09 50,976 5.38E+06 790,174 1.64E+09 107 162 3.71E+07 230,040 

1.08E+00 27,609 6.01E-03 559,275 6.61E+Oe 72 712 L13E+07 606,877 9.88E+08 94,687 2.87E+07 200 432 

2.47E+00 30,599 7.50E-03 1,128,528 3.33E+09 66,664 9.27E+06 1,224,476 5.26E+09 81,730 1.9BE+07 569,228 

8.22E-01 24,891 5.01E-03 469,599 5.34E+08 47,933 5.35E+06 509,618 8.63E+OB 38,646 3.89E+06 163,931 

2.59E-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 

1.39E-01 10,211 8.56E-04 290,602 1.81E+Of 19,119 6.85E+05 315,285 2.79E+OB 48,525 9.63E+06 165,212 

5.22E-01 17,707 3.02E-03 426,569 3.58E+08 35,998 2.86E+06 462,674 5.42E+OB 28,061 3.26E+06 209,122 

2.31E-01 15,220 1.93E-03 375,253 3.16E+OB 19,737 9.09E+05 407,020 4.72E+08 57,936 1.55E+07 188,351 

6.13E-01 21,892 4.01E-03 530,417 6.09E+08 47,139 4.98E+06 575 304 9.12E+08 51,823 1 .16E+07 261,577 

4.57E-01 19,362 2.B6E-03 424,826 4.21E+OE 41,895 4.39E+06 460,833 6.54E+08 35,583 6.89E+06 187,052 

4.36E-01 18 797 3.15E-03 451,037 3.57E+07 27,946 3.02E+06 489,214 1.87E+08 43,287 9.28E+06 220,210 

3.25E-01 15 813 2.26E-03 533,969 4.34E+09 35,044 5.28E+06 579,349 5.53E+09 48,730 1.56E+07 339,781 

3.47E-01 17,896 2.91E-03 634,682 2.68E+09 40182 6.52E+06 688,211 3.28E+09 82 3.13E+02 414,914 

O.OOE+OO o 7.68E-18 o O.OOE+OO o 1.99E-08 o O.OOE+OO o 5.17E-08 o 
2000 O __Q,OOE+QQ o 9.15E-18 o O.OOE+OO o 2.15E-08 O O.OOE+OO o O.OOE+OO o 

--

----

EstMSW 
spawners 

SD SD 

39490 50 884 4 677 

44,522 56,389 5,523 

50,038 60,476 5,459 

53,442 65 944 6,271 

51 417 69,199 6239 

38,573 48,810 4,581 

31,287 43,146 3,926 

28114 38,959 3,433 

26,357 33 991 3,138 

20 085 38,602 3,851 

12,042 31 421 2,821 

22,630 13,918 1 244 

39468 29,289 2,840 

17,576 31 924 2,560 

32,519 27,553 2 331 

31,794 22,641 2 32C 

25,712 45,103 3 365 

57,745 36,065 3 045 

23 109 23,042 2,313 

17,081 8,192 1 118 

13 446 8,909 82 

18,912 18,291 1,693 

17,781 4,517 953 

24,677 25 247 2,232 

20,530 22,532 2 095 

5,974 9,149 1,737 

65,861 19,231 2,299 

51.787 22,286 2,554 

o o o 
o o o 



Appendix 9e 

Estimated 
total calch 

Yea 1SW 

1971 439646 

1972 567 311 

1973 624,796 
1974 587 847 

1975 547 541 
1976 546 327 

1977 534 618 

1978 375 331 

1979 649 400 

1980 638 857 

1981 451,268 

1982 331,762 

1983 562,976 

1984 600,649 

1985 612,712 
1986 545,597 

1987 473,385 

1988 445 637 

1989 444590 
1990 388 087 

1991 366 006 

1992 306,831 
1993 259,812 
1994 255,126 

1995 223 959 

1996 183,470 
1997 194 059 

1998 252,680 
1999 o 
2000 o 

~ -

Estimated numbers of fish kili ed, returning, spawning and recruits from Monto Carlo simulation analysis 
NORWAY 

Eslimated Eslimated Estimated 
Estimated num ber num ber maturing Est. non-
total catch 1SW MSW 1SW mat. lSW Est 1SW 

MSW re turns re turns recruits recruits spawners 

Varlance Variance Variance Variance Variance Variance 

2.73E+09 274 382 9.38E+OB 554,111 5.8BE+09 343,231 2.25E+09 589,592 6.71E+09 591 498 6.86E+09 114 265 
5.03E+09 359,001 2.02E+09 715,537 1.04E+10 449 756 4.42E+09 761 222 1.2DE+10 648 693 8.48E+09 148 226 
5.58E+09 389 332 2.46E+09 784,514 1.19E+10 495,198 5.22E+09 834,724 1.36E+10 612 745 7.35E+09 159 719 
5.69E+09 378 952 2.06E+09 737,511 1.04E+10 475,653 4.43E+09 784,628 1.24E+10 566,180 5.B6E+09 149 663 
4.67E+09 347,667 1.41E+09 695,371 9.77E+09 432,157 3.55E+09 739.402 1.06E+10 562 984 5.88E+09 147,830 
4.19E+09 346 306 1.65E+09 695,837 8.82E+09 438 916 3.54E+09 739 758 9.82E+09 524 694 5.12E+09 149 510 
4.21E+09 332 838 1.61 E+09 670,254 8.18E+09 417,251 3.09E+09 712 315 B.90E+09 380 071 3.18E+09 135 636 
1.89E+09 240 345 9.68E+OB 469,594 4.45E+09 299 856 1.85E+09 499,344 5.15E+09 660 398 B.04E+09 94263 
6.43E+09 414,528 2.25E+09 807 887 1.34E+10 526,868 4.51E+09 859 198 1.56E+10 712 733 8.01 E+09 158,488 
6.12E+09 421 154 2.49E+09 791,931 1.19E+10 529,435 4.86E+09 843,138 1.40E+10 782 779 1.05E+10 153,074 
3.02E+09 433 045 2.69E+09 569 950 6.77E+09 546,021 6.57E+09 607 914 7.83E+09 643,275 5.77E+09 118 682 

1.59E+09 348 334 1.55E+09 416,960 3.40E+09 437,430 3.69E+09 445 192 3.99E+09 615,273 4.91E+09 85198 
4.24E+09 344,596 1.42E+09 703,695 9.95E+09 435,781 3.23E+09 750,128 1.14E+10 605,976 5.73E+09 140,719 
5.19E+09 364,410 1.80E+09 751,198 1.01E+10 452,341 3.52E+09 799,418 1.15E+10 559,794 5.74E+D9 150,549 

6.08E+09 327,136 1.43E+09 775 190 1.36E+10 413,434 3.64E+09 824,792 1.59E+10 651 ,477 7.73E+09 162,478 
4.02E+09 385,094 2.04E+09 694,785 9.6BE+09 484,474 4.40E+09 739,342 1.09E+10 532 558 5.89E+09 149188 
3.28E+09 308,886 1.29E+09 595,915 7.20E+09 386,778 3.65E+09 634,336 8.34E+09 402,356 2.55E+09 122 531 
2.84E+09 242 921 7.97E+08 555 098 6.13E+09 303,600 1.52E+09 590,807 6.92E+09 388 613 3.23E+09 109,461 
3.03E+09 166,243 4.17E+08 759,687 1.49E+10 281 516 2.09E+09 808,081 1.71E+10 411 865 3.55E+09 315 097 
2.23E+09 180,754 3.99E+08 655,456 1.08E+10 303,138 2.16E+09 697,164 1.25E+10 402,726 3.56E+09 267 389 

1.95E+09 187 830 4.71E+08 628,644 B.B3E+09 320,293 2.27E+09 668,670 1.07E+10 411,050 3.87E+09 262 638 
1.31E+09 200 110 4.87E+OB 509,807 4.92E+09 336,695 2.50E+09 541 775 5.52E+09 316,503 2.70E+09 202,976 

6.93E+08 154 235 2.29E+08 434,152 3.81 E+09 257,931 1.49E+09 461,421 4.30E+09 351,870 2.74E+09 174 340 

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 

5.04E+08 167,045 2.12E+08 371,712 2.83E+09 285,304 1.31 E+09 395,047 3.13E+09 328,647 2.34E+09 147,753 

3.37E+0 157,998 2.30E+08 307 603 1.74E+09 267,100 1.32E+09 327 135 2.10E+09 243,906 1.37E+09 124 133 

2.75E+08 108 494 9.36E+07 360,454 2.20E+09 203,492 7.89E+OB 383,228 2.66E+09 278,691 1.74E+09 166,395 

5.44E+08 128 782 1.19E+OB 467,801 3.91 E+09 233,575 1.02E+09 497,208 4.64E+09 15 5.74E+01 215,121 
O.OOE+OO o 1.81E-08 o O.OOE+OO o 1.24E-07 o O.OOE+OO o 2.80E-07 o 
O.OOE+OO L.. _Q 2.:.Q.2E-06 - o O.OOE+OO o 1.73E-07 o O.OOE+OO - o O,OOE+OO o 

Es1MSW 
spawners 

SD SD 

56134 68 850 36,282 

73,569 90,755 49,000 

79 376 105,865 52 535 
68 571 96 701 48,671 

71 364 84,490 46,199 

68040 92 610 43 489 
63 017 84 413 38455 
50 595 59 511 29695 

83 700 112 339 47 538 

75 980 108 280 48 778 

61,262 112976 62 234 
42487 89 098 46234 

75,572 91 185 42,472 

69 732 87,931 41 440 

86467 86,298 47,027 

75,260 99 380 48,596 

62,570 77 893 48,512 

57 358 60 678 26,825 

109,102 115,273 40 848 
92,787 122 384 41 903 

82,97 132,464 42 446 

60105 136 565 44,853 

55847 103 696 35,462 
52 330 117,862 37,580 

48,221 118 259 33,146 

37,520 109,103 33,037 

43,835 94 998 26,384 

58,037 104,793 30 033 

o o o 
o o o -
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Appendix 91 

Estimated 
total catch 

Yea 1SW 

1971 58,982 

1972 64,732 

1973 108134 

1974 100,227 

1975 107,987 

1976 133 328 

1977 57,851 

1978 74440 

1979 84 687 

1980 56,129 

1981 39778 

1982 48728 

1983 71,100 

1984 66 944 

1985 88,909 

1966 78,257 

1987 118 898 

1988 65,206 

1989 95643 

1990 86 525 

1991 67,285 

1992 68,488 

1993 62280 

1994 78,374 

1995 70 789 

1996 84,320 

1997 80913 

1998 .. 87 745 

1999 o 
2()()() _j) 

Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis 
RUSSIA 

Estimated Estimated Estimaled 
Estimated num ber number maturing Est. non-
total catch 1SW MSW 1SW mat. 1SW Est. 1SW 

MSW re turns re turns recruits recruits spawners 

Variance Variance mean Variance mean Variance Maan Variance mr an Variance 

O.OOE+OO 98 508 2.47E+07 172 536 7.90E+OB 287 089 2.70E+09 186 643 9.79E+08 305 786 2.63E+09 113554 
9.33E+06 82,403 1 .53E+07 190,575 1.25E+09 240 096 1.B2E+09 206,116 1.46E+09 508,691 7.65E+09 125 943 

2.57E+07 138 091 4.12E+07 319 477 3.52E+09 409 396 5.25E+09 345 354 4.22E+09 447 555 6.44E+09 211 343 
2.71E+07 124,869 3.89E-t-07 299,420 2.76E+09 363,356 4.40E+09 323,443 3.24E+09 562,506 9.83E+09 199 193 
2.67E+07 158,102 6.27Et07 316,749 3.69E+09 457,407 6.67E+09 342,139 4.26E+09 495 601 7.B1E+09 208,761 

1.32E·08 135 225 4.72E+07 237 445 1.71E+09 406 821 5.59E+09 256 594 2.06E+09 365 192 4.BOE+09 104 117 

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 2.36E+09 118113 

1.30E+07 70464 1.22E+07 216 633 1.52E+09 211 674 1.62E+09 234 067 1.B4E+09 278 161 2.37E+09 1'42 193 

1.81 E+07 77 885 1.35E+07 246 014 1.87E+09 223 941 1.62E+09 265943 2.32E+09 443112 6.45E+09 161 327 

7.22E+06 118,589 3.53E+07 163,299 9.09E+08 345,649 4.49E+09 176,855 1.10E+09 320 411 2.6BE+09 107,170 

3.49E+06 64357 1.09E+D7 137 327 8.64E+08 221 891 2.07E+09 148,995 1.02E+09 261 904 1.86E+09 97 549 

5.50E+06 51 777 5.63E+06 172114 1.38E+09 175 028 1.29E+09 166 357 1.58E+09 387 878 4.9BE+09 123 386 

1.18E+07 83 751 1.64E+07 247,607 2.56E+09 291,395 3.33E+09 268,278 3.15E+09 413,403 6.04E+09 176,507 

1.11E+07 88482 2.03E+07 227 195 2.15E+09 324,205 3.95E+09 245 611 2.51 E+09 442 731 8.64E+09 160 251 

1.94E+07 99,231 2.06E+07 307,529 4.31 E+09 348,458 5.64E+09 332,466 5.1BE+09 472,910 7.73E+09 218,620 

1.78E+07 108,958 2.69E+07 266,212 2.93E+09 372,528 5.22E+09 287,647 3.33E+09 246 465 1.9BE+09 187 955 

3.50E+07 50 977 6.19E+06 412 601 7.2BE+09 181 462 1.38E+09 445 922 B.66E+09 258989 2.92E+09 293 704 

1.02E+07 57,199 8.82E+06 221 545 2.32E+09 203,869 1.89E+09 239,519 2.74E+09 169,038 9.05E+OB 156,339 

2.18E+07 35 871 2.99E+06 336 554 4.B7E+09 123 342 5.67E+08 363,672 5.83E+09 152 772 7.57E+08 240 910 

1.69E+07 31 499 2.12E+06 298 102 4.02E+09 109 955 5.25E+08 322 157 4.82E+09 223 178 3.35E+09 211 576 

2.15E+07 29,600 3.83E+06 414,014 1.16E+10 180,854 2.36E+09 446,581 1.31E+10 206,167 3.44E+09 346,730 

1.59E+07 26 796 2.4BE+06 420 552 1.20E+ 10 171,132 2.4BE+09 454 405 1.46E+10 286113 7.54E+09 352 064 

1.62E+07 39 541 7.41 E+06 372 700 1.02E+10 238 401 4.88E+09 402 921 1.24E+10 252 210 4.06E+09 310 420 

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 

2.69E+07 24888 3.34E+06 441 461 1.50E+10 161 298 1.BOE+09 476 734 1.75E+10 209 154 3.66E+09 370 672 

3.91 E+07 29,094 8.04E+06 508,739 2.05E+10 173,332 2.58E+09 549,842 2.48E+10 173,145 2.63E+09 424,419 

3.B2E+07 23874 5.37E+06 501 861 1.84E+10 146187 1.82E+09 542,145 2.19E+10 168,354 2.42E+09 420,947 

4.95E+07 23 613 5.44E+06 514 736 1.93E+ 10 142 394 1.66E+09 554 900 2.15E+10 o 4.83E-05 426 991 

O.OOE+OO o 1.15E-07 o O.OOE+OO o 3.24E-05 o O.OOE+OO o 4.80E-05 o 
O.OOE+OO o 1.14E-07 o 0,29~ o 3.45E-05 o O.OOE+OO o O.OOE+OO o --

EstMSW 
spawners 

SD SD 

28 101 188 581 51 867 

35 271 157 693 42,539 

59,081 271 305 72 159 

52 298 238687 66,004 

60,489 299,306 81 ,315' 

- 41 32 271 596 74483 

28,037 197,656 52,255 

38,834 141 210 40070 

43005 146 057 40 1161 

30,03:' 227,060 66,716 

29 339 157 535 45 391 

37 020 123 251 3585 

50,529 207644 57 59 

46 291 235 743 62697: 

65,474 249,227 74 992 

53,961 263,569 72,03 

85 135 130 486 37 034 

48,059 146,670 43,327 

69 61E 87 471 23 741 

63303 78 457 22 870 

107,780 151,254 48,498 

109 691 144 336 49 750 

101 OSE 198859 69787 

131,829 175,888 53 311 

122316 136 410 42 349 

142,887 144,238 50,745 

135,449 122,313 42,619 

138769 118781 40 682 

o o . o 
c o o 
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Appendix 9g 

Estimated 
total catch 

Yea 1SW 

1971 9,740 

1972 7 828 

1973 9,880 

1974 14 091 

1975 15,201 

1976 8,484 

1977 3 983 

1978 4824 

1979 4862 

1980 6 308 

1981 11 178 

1982 9,763 

1983 13,268 

1984 18118 

1985 21,302 

1986 23,165 

1987 18 671 

1988 15,284 

1989 4,914 

1990 11 867 

1991 14,161 

1992 15,563 

1993 16,334 

1994 12,418 

1995 15 510 

1996 9,447 

1997 4,246 

1998 2,841 

Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis -
SWEDEN 

Estimated Estimated Estimated 
Estimated num bar num ber maturing Est. non-
total catch 1SW MSW 1SW mat. 1SW Est. 1SW 

MSW returns returns recruits recruits spawners 

Variance Variance mean Variance mean Variance Mean Variance mran Variance 

1.69E+06 636 6.09E+03 11,887 4.05E+06 850 3.06E+04 12 843 4.78E+06 4309 7.99E+05 2,147 

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 1771 

1 .64E+06 1 640 4.42E+04 12,001 3.60E+06 2,236 2.31E+05 12,990 4.10E+06 4,652 7.55E+05 2,121 

3.83E+06 1 035 1 ,90E+04 17.292 8.75E+06 1 430 1.05E+05 18,605 1.04E+07 3489 2.00E+05 3 201 

4.40E+06 250 1.18E+03 18,437 9.75E+06 337 5.24E+03 19,854 1.15E+07 3840 8.16E+05 3 236 

1.33E+06 758 1.16E+04 10,457 2.92E+06 1,005 5.28E+04 11 272 3.49E+06 2 704 3.63E+05 1 963 

3.01E+05 570 5.73E+03 4,920 6.45E+05 755 2.35E+04 5,328 7.52E+05 2 250 3.61E+05 937 

4.36E+05 435 2.97E+03 5,731 1.13E+06 581 1.55E+04 6,177 1.30E+06 4,023 3.50E+05 1 106 

4.51E+05 1,268 3.27E+04 5,948 1.03E+06 1,698 1.34E+05 6,450 1.20E+06 8464 t.37E+06 1 086 

8.40E+05 2,150 9.62E+04 7,649 1.73E+06 2,868 4.68E+05 8,421 2.08E+06 8 912 8.12E+05 1 342 

2.44E+06 637 8.03E+03 13 456 5.o7E+06 863 3.44E+04 14,749 5.98E+06 10,814 1.96E+06 2 278 

2.00E+06 2 289 1.20E+05 12,075 4.10E+06 3,020 4.14E+05 13,252 5.02E+06 8,125 1.17E+06 2,311 

2.95E+06 1,569 4.21E+04 16,182 6.98E+06 2062 2.09E+05 17,708 8.68E+06 7,311 1.27E+06 2 914 

6.80E+06 2169 7.46E+04 22 086 1.44E+O 2844 4.22E+05 23 816 1.70E+07 5 394 3.58E+05 3 968 

8.08E+06 944 1.60E+04 25,873 1.79E+07 1,224 7.45E+04 27,821 2.16E+07 5846 4.90E+05 4,571 

9.07E+06 926 1.58E+04 28,493 2.16E+O 1,201 7.02E+04 30,677 2.59E+07 8,363 1.41E+06 5,328 

6.40E+06 2,641 1.21E+05 22,441 1.23E+O 3,468 6.20E+05 24,148 1.39E+07 6,416 1.23E+06 3 770 

3.56E+06 2,486 9.88E+04 19,044 9.27E+06 3,352 5.76E+0 20,523 1.02E+OI 14 786 7.41E+06 3,760 

4.39E+05 7,281 9.26E+05 5,984 9.42E+05 9,742 5.00E+06 6,523 1.15E+06 10,653 2.75E+06 1,070 

2.80E+06 5 015 4.39E+05 14 648 5.46E+06 6,507 1.82E+06 15,753 6.42E+06 10,358 5.52E+06 2 781 

3.73E+06 5,793 6.71E+05 17,462 8.21 E+06 7,690 3.35E+06 18,721 9.43E+06 12 136 5.75E+06 3,301 

3.85E+06 7,452 9.66E+05 18,955 7.90E+0E 9,741 4.10E-t-06 20,303 9.66E+06 16,277 1.45E+07 3 391 

4.79E+06 9993 2.01E+06 19 965 9.75E+06 13,289 9.42t+06 21,358 1.o7E+07 12,482 7.93E+06 3 631 

2.49E+06 7,355 9.45E+05 17,443 7.90E+06 10,063 4.92E+06 18,675 9.23E+06 8004 2.50E+06 5 025 

4.74E+06 4,417 3.68E+05 25,517 2.53E+0 6239 1.68E+06 27,328 3.02E+07 9,517 3.56E+06 10,006 

1.84E+06 5,464 4.9BE+05 15,420 7.89E+O€ 7,543 2.47E+06 16,510 9.10E+06 6 087 1.42E+06 5,973 

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 

3.32E+04 2,011 2.10E+04 3,956 2.17E+05 2,904 2.21E+05 4,229 2.58E+05 2 6.38E+00 1 '115 

1999 O O.OOE+OO o 4.24E-08 o O.OOE+OO o 1.55E-07 O O.OOE+OO o 3.43E-07 o 
2000 o O.OOE+OO o 5.17E-08 o O.OOE+OO o 2.26E-07 o O.OOE+OO -- o 0.00E+00 '~ ~ __ o ----

EstMSW 
spawners 

SD SD 

1 535 214 157 

1 367 125 99 

1 399 596 432 

2 218 394 294 

2 312 87 64 

1 282 247 203 

587 185 133 

831 146 112 

763 430 318 

945 718 610 

1620 226 162 

1 448 731 543 

200B 493 408 

2765 675 589 

3140 281 242 

3 535 276 233 

2429 827 706 

2~9( 866 691 

710 2 461 2,019 

1 631 1 492 1,174 

2,115 1 896 1 637 

2,012 2 289 1 770 

2,226 3296 2 721 

2 324 2707 1,994 

4,537 1 822 1,144 

2,459 2,079 1 403 

1249 1,484 877 

429 893 447 

o o o 
o o o 
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Appendix 9h 

Estimated 
total catch 

Yea 1SW 

1971 5273 

197 6640 
197 64 54 
197 66 99 
197E 79 39! 

197€ 48 77( 

1977 5622 
197E 63 971 
197( 4569 
198( 58 33 
1981 79 691 
198; 49 64 

198 63 97 
198' 5692 

198 59 37 

198 76 231 
198 67 36 

198 91 39 
198( 73 551 
199 70 53 

1991 38 91 

199 _3586 

199 5526 

199' 7846 
199 34 00 
199 28 041 

199 24 53 
199 2867 

199 o 

200 o 

Estimated numbers of fish kili ed, returning, spawning and recruits from Monto Carlo simulation analysis­
UK(E&W) 

Estimated Estimated Estimated 
Estimated number number maturing Est. non-
total catch 1SW MSW 1SW mat.1SW 

MSW returns returns recruits recruits 

Variance Variance mean Variance mean Variance Mean Variance mr an Variance 

3.45E+O 28 75E 1.24E+O 122 91 7.71E+O 67 84 2.37E+O 133 70 9.24E+O 14036 4.98E+O 
6.59E+O 34 727 1.4tE+O 159 54 1.61E+O 81 48 3.01E+O 173 45 1.92E+O 122 39 Jl.11E+0 
6.08E+0 33 65E 1.49E+O 148 78 1.56E+O 80 16 3.64E+0 161 65 1.79E+O 128 37 5.26E+O 
6.22E+O 33 73C 1.54E+0 163 56 1.49E+O 7869 3.15E+O 177 71; 1.76E+0 126 86 7.34E+O 
1.07E+O 38 78 1.94E+O 174 60 1.64E+0 92 40 5.11E+O 190 01 2.08E+O 1Q7.09 2.33E+0 
3.53E+O 2273 7.77E+O 123 59 5.43E+0 5883 1.38E+O 134 31 6.47E+O 9979 2.61E+O 
4.42E+0 26 237 8.88E+0 135 68 7.38E+0 6348 1.58E+0 147 301 8.42E+0 111 69 2.82E+O 
4.69E+0 2922 l.OBE+O 151 04 6.69E+O 70 05 1.66E+O 164111 8.20E+O 73 731 1.42E+O 
2.69E+0 20 5o; 6.75E+O 105 56 3.31E+0 47 90 8.58E+O 114 771 4.02E+O 9898 1.68E+O 
4.37E+O 25 36 8.16E+O 123 94 4.6DE+0 51 90 9.08E+0 134 97 5.43E+O 110 66 1.83E+O 

9.07E+O 3275 1.33E+0 165 00 9.09E+0 66 55 1.06E+O 179 83 1.10E+O 71 43 8.93E+O 

3.11E+O 20 38 6.00E+0 98 141 2.80E+0 41 35 4.85E+O 10717 3.32E+O 76 751 1-.3BE+0 

6.95E+O 2589 1.07E+O 127 ZO! 4.93E+O 50 98 8.00E+0 139 40; 5.93E+O 6229 1.00E+O 
4.93E+O 23 05 7.63E+0 10697 2.91E+0 43 14 6.02E+O 116 55 3.64E+O 57 09 6.91 E+O 

4.52E+0 2270 7.37E+D 108 86 2.55E+0 41 26 4.55E+O 118 48 3.18E+d 83 86 1.26E+O 

8.26E+0 29 78 1.34E+0 140 001 4.51E+O 54 11 7.89E+0 152 41 5.67E+O 70 05 1.03E+0 

7.15E+0 25 48 8.03E+O 122 83 3.83E+O 46 46( 6.58E+O 133 55 4.28E+O 85 59 1.41E+0 

1.09E+O 33 16 1.71E+O 17229 7.03E+O 61 57( 9.42E+O 187 34 8.49E+O 74 66 9.11E+O 

8.51 E+O 26 07 1.23E+O 126 37 4.11E+O 45 4Q!; 5.10E+O 137401 4.92E+O 55 4!l; 6.18E+0 

7.71E+0 23 65 7.30E+O 119 39 3.09E+0 4027 3.71 E+O 129 75 3.71E+O 28 es; 2.00E+O 

2.01E+O 12 92 2.76E+O 68 44 1.09E+0 22 15 1.20E+O 74 38 1.30E+O 29 631 1.65E+O 

1.57E+O 11 44 1.46E+O 63 47 7.95E+O 2077 1.05E+0 68 91 9.44E+O 34 40 4.99E+0 

7.51E+O 12 90 5.21E+O 108 20 4.10E+O 25 46 3.03E+O 117 55 5.14E+O 58 38 1.59E+0 

1.62E+<>l 23 52 1.35E+D 154 84! 9.13E+0 47 9ft€ 9.95E+O 16810 1.09E+O 33 74 2.34E+O 

1 .60E+O 13 06 2.42E+0 71 74 B.78E+O 27.43 1.33E+O 77 95 1 12E+O 44.72E 3.63E+O 

1 .04E+0 15 09 2.99E+0 65 37 7.47E+O 3617 2.22E+O 71 02 9.42E+O '33 93 4.12E+O 

6.97E+O 9 11 1.24E+0 71 921 1.58E+0 2714 2.51E+0 78 04 1.85E+O 21 31 1.53E+O 

1.03E+O 5 87< 4.66E+0 83 11 2.41 E+O 17 23 9.67E+0 90 23 2.92E+O 83 3.17E+O 

O.OOE+O o 1.77E-O '' o O.OOE+O o 4.63E-0 o O.OOE+O o 7.33E-0 

O.OOE+O o 2.39E-0 o O.OOE+O o 4.75E-O o O.OOE+O o O.OOE+O 

Est. 1SW EstMSW 
spawners spawner1: 

SD 

70 18! 2714 3908 
93 13 39 24 46 75 
8424 38 71 46 51 

96 56 3777 44.96 
95 2Q( 39 13 53 61 
74 82 22 53 36 09 

7945 26 341 3725 
87 07 2493 4083 
59 87 17 43 27 29 
65 61 20 39 26 53 
85 31 28 601 3380 
48 49 15 76 2097 

63 72 20 56 25 09 
5004 15 54 20 09 

49 48 14 48 18 55 

6377 19 18 24 32E 
55 47 17 65 20 97( 

8090 24 39 28 41~ 

5282 18 06 19 33~ 
48 861 15 23 16 6H 

29 53 943 9 22€ 

27 61 798 9336 

5294 18 31 12 55( 

7638< 27 39 2447 

37 74 928€ 14 372 
37 33 8 581 21 07 

47 381 12 54 18 03 

54 43 15 48 11 3§!: 

o o o 

o o o 



Appendix9i Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis -
UK(N IRELAND) 

1i 

Estimated 
total catch 

Yead 1SW 

1971 

1972 

1973 

19741 

19751 

1976 

1977 

19781 

1979 

19801 

1981 

1982 

19831 

1984i 

19851 

1986 

1987. 

19881 

1989 

1990' 

1991 

1992 

19931 

1994. 

19951 

1996 

1997 

19981 

1999 

20001 

Variance 

89.6731 5.16E+071 

81.2491 5.30E+071 

70.3541 3.53E+07 

71.5561 3.77E+07i 

62.5001 2.72E+07 

43,2191 1.31E+071 

43.0431 1.42E+07 

57,1211 2.47E+07, 

38.2671 1.08E+071 

47,2821 1.86E+07, 

39,5801 1.19E+07' 

50.9291 1.90E+07 

72,4721 3.66E+07· 

30.7151 6.13E+06 

37,822 

21.6741 2.67E+06 

44.8761 1.32E+0 

57,3731 3.84E+071 

32.9661 5.34E+05• 

19,2501 2.15E+05I 

33.0641 2.37E+06 

29,0301 4.05E+05 

34,5681 4.72E+061 

31,2581 4.74E+05~ 

27.5021 7.41 E+05 

32,4491 1.03E+06 

29.5731 8.66E+05 

OI O.OOE+OOI 

OI O.OOE+OO, 

Estimated 
lotal catch 

MSW 

Variance 

12.1761 O.OOE+OOI 

10,7131 O.OOE+OO 

9.4121 O.OOE+OO 

9.5601 O.OOE+OOI 

8.4461 O.OOE+OO 

5.8141 0.00E+001 

5,6051 O.OOE+OO 

7,5631 O.OOE+OOI 

5.0741 O.OOE+OOI 

6,2811 O.OOE+OOI 

5,1681 O.OOE+OOI 

6.7121 O.OOE+OO 

9,6411 OOOE+OO 

4,0051 O.OOE+OOI 

2,8471 O.OOE+OO 

5.8651 O.OOE+OOi 

7,3891 O.OOE+OOI 

4,3441 O.OOE+OO' 

2,5491 O.OOE+OOI 

4,3861 O.OOE+OO 

3,8401 O.OOE+OO 

4.5541 O.OOE+OOi 

4.1351 O.OOE+OOI 

3,6391 O.OOE+OO 

4,3021 O.OOE+OO 

3,9071 O.OOE+OO 

OI O.OOE+OOi 

OI O.OOE+OO. 

Estimated 
num ber 

1SW 
re turns 

mean Variance 

130,2911 1.61E+OB 

118.8011 1.69E+08 

102.3741 1.00E+081 

103,2911 1.07E+08 

90,2781 8.50E+071 

63.1391 4.93E+071 

63,4281 4.38E+0 

83,4471 7.33E+071 

55,7121 3.17E+071 

68,5411 5.61 E+071 

57,3591 3.83E+0 

74.3581 5.83E+071 

106,8691 1.02E+081 

44,8681 2.45E+07 

55,018 

62.191 

31,3271 7.94E+O§ 

69.539} 4.04E+0 

64,3221 6.10E+07 

53.3261 1.13E+07' 

30,0951 3.56E+061 

58.7381 2.42E+O 

71,6511 1.96E+071 

50,0501 1.86E+071 

46,9451 7.23E+OE 

48,9871 2.42E+071 

54,6981 3.4BE+0 

84,3201 5.42E+071 

OI O.OOE+OOI 

OI O.OOE+OOI 

Estimated 
num ber 

MSW 
returns 

mean Variance 

27,0891 6.1BE+061 

23.4941 6.66E+06I 

20,4701 4.62E+06I 

21.0001 4.27E+06 

18.3111 3.98E+06I 

12.7051 1.51E+061 

12.1801 1.83E+06I 

16,4811 2.74E+06I 

11.0991 1.23E+06 

13,7571 2.39E+06: 

11,2461 1.35E+06' 

14,5761 2.27E+06I 

20.9991 4.17E+06 

8.7571 7.87E+05 

11,229 

12,239 

6.1931 3.97E+05I 

16.3591 3.26E+06' 

12,4331 2.02E+06 

11.4991 5.10E+051 

5.9321 1.04<'+05 

13.2591 9.83E+05I 

32,0751 3.36E+06 

11,5171 1.09E+06 

9,8881 3.B2E+05' 

10,8441 3.86E+061 

12,9071 6.49E+06; 

14,2861 4.62E+06 

OI 5.29E-05 

OI 4.05E-05 

Eslimated 
maturing 

1SW 
recruits 

Mean Variance 

141.1091 2.16E+081 

128.6181 2.02E+08 

110,9501 1.39E+08 

111.8481 1.38E+OBI 

97,7801 1.06E+08 

86.4181 6.65E+071 

86.6901 5.70E+07 

90.3001 8.94E+07 

60,3341 3.73E+071 

74,4071 7.35E+07 

62.4131 4.86E+0. 

80.7811 7.60E+07 

115,9531 1.22E+OB 

48.7401 3.1BE+07 

34,0411 9.71E+06 

75.3781 4.89E+07' 

69,6591 7.00E+07• 

57,7661 1.52E+07' 

32,5951 4.34E+061 

63.5621 3.21E+071 

7.7,5421 2.98E+07 

54,1661 2.27E+07 

50,7071 1.11E+O 

53.0141 3.08E+07 

59,1861 4.54E+071 

91,1941 6.72E+07 

OI O.OOE+OO 

OI O.OOE+OOi 

Est. non­
mat 1SW 

recruits 

mran Variance 

27.7981 1.05E+071 

24.2161 7.39E+06 

24.8581 7.58E+06 

21.6751 6.81E+061 

15.0461 2.85E+06 

14.4131 2.93E+061 

19.5121 4.89E+06 

13.1331 2.03E+06 

16.2851 4.02E+06I 

13.3251 2.72E+061 

17,2511 3.85E+06I 

24,8581 7.5BE+06 

10,3741 1.51E+06 

13.3011 2.64E+06i 

7,329 

19.3851 6.31E+06 

14,7151 3.35E+06' 

13,6151 1.27E+06! 

7,0221 2.81E+051 

15,7041 2.29E+061 

37,9911 1.02E+071 

13,6281 1.89E+06 

11.7071 9.51E+05 

12,8311 5.63E+061 

15,2971 1.04E+07 

16,8901 6.52E+06 

OI 7.46E-05 

OI 5.77E-D5 

OI O.OOE+OO; 

Esl. 1SW 
spawners 

40.618 

37,552 

32.019 

31.736 

27.778 

19.920 

20.385 

26.327 

17.445 

21.259 

17,779 

23.429 

34.396 

14.154 

17,196 

19.371 

9,653 

24.663 

6.949 

20.360 

10.945 

25,674 

42.621 

15.482 

15.587' 

21,485 

22.249 

54,747 

o 
o 

so 

10.4421 

10,7671 

8.065 

8.345, 

7.6031 

6.0131 

5.4401 

6.972 

4.572 

6.1231 

5.137' 

6.2681 

8,109 

4.280 

4,5331 

4.987 

2.2951 

5,217' 

4.750 

3,282 

1.830; 

4.671 

4,382 

3.481 

2.599' 

4,842 

5.8151 

7,304 

o 
o 

EstMSW 
spawners 

14.9131 

12.781 

11.058 

11.440 

9.865 

6.892 

6.575 

8.919 

6.025 

7.476 

6.079 

7,864 

11.358 

4.752 

6,087 

6,626 

3.346 

10.494' 

5,044 

7.155 

3.384 

8,874 

28.235 

6.963 

5.752 

7,206 

8,605 

10,379 

o 
o 

SD 

2,4861 

2.581 

2,1491 

2.0671 

1.995! 

1,2281 

1.354 

1.6541 

1.109 

1.5441 

1.16 

1.50 

2,041 

8871 

~··· 
~~-> 
~-

1,8061 

1.422 

714' 

~3 
991 

1,8341 

1,045; 

618 

1.965 

2,5471 

2,1501 

o; 
OI 
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Appendix 9j 

Estimated 
total catch 

Yea 1SW 

1971 375 532 

1972 369,183 

1973 421,053 

1974 412 591 

1975 319,400 

1976 269,557 

1977 281,052 

1978 291,259 

1979 269,808 

1980 156,764 

1981 196,028 

1982 269,182 

1983 270 524 

1984 276 154 

1985 204 826 

1986 260,748 

1987 213,958 

1988 192214 

1989 205,581 

1990 96,082 

1991 86,848 

1992 J 19 792 

1993 110,999 

1994 117,197 

1995 106,306 

1996 78154 

1997 54933 

1998 60,308 

1999 o 
2000 o 

Estimated numbers of fish killed, returning, spawning and recruits from Monto Carlo simulation analysis -
UK(SCOTLAND) 

Estimated Estimated Estimated 
Estimated number number- maturing Est. non~ 
total catch 1SW MSW 1SW mat. 1SW Est.1SW 

MSW re turns re turns recruits recruits spawners 

Variance Variance _mean Variance mean Variance Mean Variance mran Varianc.e 

1.13E+09 235 136 O.OOE+OO 1,306 300 7.29E+10 609,204 1.14E+10 1,409,926 8.48E+ 10 1 156,474 3.30E+10 930 768 

9.59E+08 309,396 O.OOE+OO 1 332,102 8.08E+10 803,129 1.90E+ 10 1,438145 9.44E+10 1,192,570 3.94E+10 962 920 

1.35E+09 342,971 O.ODE+OO 1,571,368 1.21 E+11 892,875 2.44E+ 10 1,696,471 1.42E+11 1,000,952 1.98E+10 1,150315 

1.07E+09 270,915 O.OOE+OO 1,427414 8.89E+10 708240 1.32E+10 1,541,013 1.04E+ 11 999,728 1.72E+10 1 014,823 

7.06E+08 304,227 O.OOE+OO 1184,116 6.68E+10 769,346 1.11E+ 10 1,278,337 7.79E+10 767,055 1.49E+10 864,717 

4.84E+08 165,464 O.OOE+OO 929,808 4.79E+10 502,541 8.87E+09 1,003,792 5.63E+ 10 816 463 1.93E+10 660 251 

5.74E+08 198,061 O.OOE+OO 985,213 4.58E+10 593,438 1.26E+ 10 1 064,428 5.59E+ 10 971,666 3.10E+ 10 704 161 

5.71E+08 236,560 O.OOE+OO 1,039,931 4.04E+10 708,932 1.85E+10 1,121,590 4.55E+ 10 761,143 1.72E+10 748,671 

4.80E+08 193,092 O.OOE+OO 958,334 4.17E+10 572,611 1.11E+10 1,034,993 5.00E+10 966,357 2.19E+10 688,526 

7.34E+07 223,752 O.OOE+OO 706,149 3.11E+10 661,072 1.37E+10 763,488 3.70E+ 10 1,120,309 3.58E+10 549 385 

1.17E+08 227,863 O.OOE+OO 870,713 4.30E+10 801,909 2.47E+ 10 941,381 5.11E+10 840,063 2.76E+10 674 685 

2.13E+08 165,569 O.ODE+OO 1,211,260 1.00E+11 599,623 1.62E+10 1,308,484 1.17E+11 899,121 4.01E+10 942,077 

2.03E+08 189,020 O.OOE+OO 1,201,000 7.61E+10 676,435 2,39E+ 10 1,299 056 9.27E+10 643,834 1.67E+10 930,475 

2.88E+08 140 265 O.OOE+OO 1 185 696 8.95E+ 10 487 570 1.05E+ 10 1,280 693 1.05E+ 11 666 780 1.77E+10 909 542 

1.37E+08 149,097 O.OOE+OO 875 380 3.98E+10 517,018 1.08E+10 945,999 4.81E+10 1,097,088 6.13E+10 670,554 

2.12E+08 191,412 O.OOE+OO 1,152,834 7.92E+10 836,160 4.18E+10 1,245,306 9.35E+ 10 772,132 3.12E+10 892,086 

1.51E+08 135 252 O.OOE+OO 937 996 5.69E+10 580 236 2.01E+10 1,012,610 6.57E+'10 793,826 2.76E+10 724,038 

1.23E+08 145,055 0.00E+00 852,272 3.84E+10 614,340 1.80E+10 919,709 4.:>4E+10 741 753 2.59E+10 660 058 

4.57E+07 122,176 O.OOE+DO 1,154,350 1.45E+11 536,726 1.62E+10 1,246,791 1.71E+11 574,820 1.76E+10 948,768 

1.15E+07 103,918 O.ODE+OO 543 102 3.26E+ 10 445 517 1.17E+10 585 782 3.72E+10 523 299 2.97E+10 447 021 

8.94E+06 76,641 O.OOE+OO 505,561 2.74E+ 10 425,729 2.00E+10 545,843 3.20E+ 10 655,328 4.21E+10 418713 

1.74E+07 96,956 O.OOE+OO 662,806 4.10E+ 10 529,226 2.81E+10 715,770 4.87E+10 576,126 3.27E+ 10 543,014 

1.47E+07 83,985 O.OOE+OO 616,781 3.45E+ 10 466,526 2.18E+10 666,575 4.17E+ 10 668,655 4.68E+ 10 505,782 

1.58E+07 100,882 O.OOE+OO 658,341 3.94E+10 553,823 2.95E+10 710,237 4.48E+10 651,465 4.79E+10 541,144 

1.39E+07 92,177 O.OOE+OO 597 915 3.53E+ 10 538,905 3.10E+10 645 518 4.12E+10 557,380 3.49E+10 491 608 

7.39E+06 68 255 O.OOE+OO 540,775 2.95E+10 459,232 2.29E+10 584,001 3.47E+10 390,298 1.46E+10 462,621 

3.17E+06 47,430 O.OOE+OO 377,212 1.68E+10 322,831 1.08E+10 407,481 2.01E+10 354,951 1.24E+10 322,280 

3.92E+06 42,095 O.OOE+OO 392,796 2.68E+10 295,435 8.82E+09 424,530 3.20E+10 361 1.37E+03 332,488 

O.OOE+OO o O.OOE+OO o O.OOE+OO o 6.56E-04 o O.OOE+OO o 1.14E-03 o 
O.OOE+OO o 0.0_9E+00 o O.OOE+OO --- Q _7.67E-04 o O.OOE+OO o O.OOE+OO o 

EsiMSW 
spawners 

SD 

267 879 374 068 

282,618 493,733 

345 405 549,903 

296,365 437 325 

257,139 465,119 

217,694 337,077 

212 710 395 377 

199,617 472,372 

203 138 379,519 

176,141 437,320 

207,195 574,047 

316,127 434,054 

275,407 487,416 

298 717 347 305 

199,195 367,922 

281 107 644,747 

238 323 444,983 

195 654 469 284 

380,541 414,550 

180 575 341,599 

165 540 349,088 

202,410 432270 

185,80 382 541 

198 371 452 941 

187,835 446728 

171,784 390,977 

129,786 275,401 

163,570 253,340 

o o 
o o 



Appendix 9k Estimated numbers of fish killed and recruits from Monto Carlo simulation analysis­
FAROES 

Estimated Estima!ed Est. mat. Est. non-
total catch total catch 1SW mat. 1SW Total 1SW 

Yea 1SW MSW recruits recruits recruits Prop'n wild 

Variance Variance mean Variance mran Variance means SD 

1971 11932 8.77E+06 105 796 8.21E-04 2,611 5.27E+05 122,355 6.24E+06 124 966 2,601 1.00 

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 

1973 4,558 1.37E+06 126 012 1.21E-03 3,246 8.69E+05 101,275 8.09E+06 104,522 2,993 1.00 

1974 14,753 1.23E+07 88 276 7.38E-04 2,236 3.98E+05 122 790 4.30E+06 125 025 2,167 1.00 

1975 8,290 4.40E+06 112,984 9.95E-04 2,744 5.50E+05 84,958 5.92E+06 87 702 2,543 1.00 

1976 10 174 5.93E+06 73,900 4.42E-04 1,756 2.28E+05 59,249 2.43E+06 61005 1 632 1.00 

1977 22149 3.24E+07 52112 1.88E-04 1 347 1.59E+05 44 742 1.38E+06 46089 1 241 1.00 

1978 12 551 8.95E+06 39 309 1.53E-04 1 000 8.55E+D4 74 789 1.00E+06 75 788 1 043 1.00 

1979 6 119 2.37E+06 70,082 3.77E-04 1,814 2.52E+05 192,070 3.51E+06 193,884 1,939 1.00 

1980 34 009 8.01E+07 182,617 2.86E-03 4,870 2.07E+06 322,762 2.45E+07 327,632 5,154 1.00 

1981 8 017 3.72E+06 300 542 7.83E-03 7,457 4.89E+06 308,128 5.36E+07 315,585 7 649 0.98 

1982 31274 5.67E+07 276,957 6.45E-03 6,878 3.95E+06 243,362 3.60E+07 250,240 6,323 0.98 

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 1.08E+07 179,334 3,441 0.96 
1985 14,129 2.10E+07 158,103 2.28E-03 3,105 1.26E+06 194,936 1.33E+07 198,041 3,815 0.92 

198E 18463 2.64E+07 180 934 2.85E-03 4 054 1.65E+06 183,417 1.81E+07 187471 4,447 0.96 

1987 15272 1.96E+07 166,244 2.16E-03 3,348 1.10E+06 101,035 1.25E+07 104,383 3,689 0.97 

1988 17,275 7.09E+06 87,629 7.33E-04 3,791 6.52E+05 137,494 4.86E+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+06 156,051 3044 0.82 

1990 15,109 1.70E+07 140,054 1.74E-03 3,302 9.51 E+05 98 182 1.13E+07 101,484 3 498 0.54 

1991 8,674 5.72E+06 84 935 6.15E-04 1,907 3.61E+05 43 083 3.59E+06 44,990 1,987 0.54 

1992 3 301 9.12E+05 35 700 1.19E-04 722 5.23E+04 33 100 5.77E+05 33,823 793 0.62 

1993 2 882 6.83E+05 30023 7.43E-05 630 3.77E+04 34,447 4.54E+O!":i 35,078 701 0.69 

1994 2,827 8.13E+05 31,672 8.71E-05 621 4.94E+04 37,439 5.76E+05 38060 791 0.72 

1995 3,251 8.67E+05 34,662 9.53E-05 713 5.23E+04 31,391 6.14E+05 32,104 816 0.80 

1996 2 524 6.74E+05 28,381 7.35E-05 554 3.83E+04 3,429 4.20E+05 3,983 677 0.75 

1997 593 2.93E+03 1,424 1.56E-07 130 3.95E+02 466 2.22E+03 596 51 0.80 

1998 O O.OOE+OO O O.OOE+OO o O.OOE+OO O O.OOE+OO o o 0.80 

1999 O O.OOE+OO O O.OOE+OO O O.OOE+OO O O.OOE+OO o o 0.80 

- ____gQOO -- O O.OOE+OO -- O~OE+OO L__ _9 O.OOE+QQ -- _Q LQ.OOE+OO o o 0.80 

'::'! 
--.} 

Stock <;Omposition 

1SW MSW 

France 0.05 o 
Finland 0.05 o 
lee land 0.006 

lreland 0.1 0.057 

Norway 0.3 0.396 

Russla 0.1 0.183 

Sweden 0.05 0.023 

UK(E&Wl 0.1 0.023 

UK( NO 0.05 o 
UK( Se 0.2 0.192 

OI hor 0.122 

Total 1 1.002 
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Appendix 91 Estimated numbers of fish killed and recruits from Monto Carlo simulation analysis- WEST GREENLAND 

Estimated 
Estimated Estimated num ber European 
total catch total catch 1SW Est. non-mat. stock 

Yea 1SW MSW recruits 1 SW recruits Prop'n EU composition 

Variance Variance mean Variance mean Vatiance MSW 

1971 o O.OOE+OO 486 483 2.53E+08 o O.OOE+OO 532 319 4.22E+08 0.50 France 0.027 
1972 o O.OOE+OO 385 062 1.64E+08 o O.OOE+OO 304 664 1.48E+08 0.50 Finland 0.001 
1973 o O.OOE+OO 423 586 1.64E+08 o O.OOE+OO 421 353 2.79E+08 0.50 lceland 0.001 
1974 o O.OOE+OO 324 974 9.58E+07 o O.OOE+OO 177 402 6.23E+07 0.50 lreland 0.147 
1975 o O.OOE+OO 395 274 1.54E+08 o O.OOE+OO 463 615 3.99E+08 0.50 Norway 0.027 
1976 o O.OOE+OO 220 747 5.51E+07 o O.OOE+OO 297 625 1.81E+08 0.50 Russia 0.000 
1977 o O.OOE+OO 278 405 7.67E+07 o O.OOE+OO 355 645 2.05E+08 0.50 Sweden 0.003 
1978 o O.OOE+OO 162 083 2.68E+07 o O.OOE+OO 202 219 8.32E+07 0.48 UK(E&Wl 0.149 
1979 o O.OOE+OO 271 913 7.40E+07 o O.OOE+OO 432 659 3.86E+08 0.50 UKCNI 0.000 
1980 o O.OOE+OO 184 771 4.19E+07 o O.OOE+OO 300 396 · 1.30E+08 0.52 U KISe 0.645 

1981 o O.OOE+OO 274 521 7.25E+07 o O.OOE+OO 241 605 1.19E+08 0.41 
1982 o O.OOE+OO 160351 2.22E+07 o O.OOE+OO 175 485 4.84E+07 0.38 Other 
1983 o O.OOE+OO 67 675 4.57E+06 o O.OOE+OO 74070 1.05E+07 0.60 
1984 o O.OOE+OO 45,395 1.91 E+06 o O.OOE+OO 49,681 4.25E+06 0.50 Total 1.000 

1985 o O.OOE+OO 180 957 3.14E+07 o O.OOE+OO 198 034 6.47E+07 0.50 

1986 o O.OOE+OO 145 814 2.01E+07 o O.OOE+OO 159 579 4.28E+07 0.43 

1987 o 0.00E+00 141 293 2.31E+07 o O.OOE+OO 154 626 4.41E+07 0.41 

1988 o O.OOE+OO 187,100 2.90E+07 o O.OOE+OO 204 779 7.29E+07 0.57 

1989 o O.OOE+OO 58 460 3.21 E+06 o O.OOE+OO 63 980 6.98E+06 0.44 

1990 o O.OOE+OO 24119 6.79E+05 o O.OOE+OO 26 396 1.34E+06 0.25 

1991 o O.OOE+OO 72 812 5.81E+06 o O.OOE+OO 79685 1.16E+07 0.35 

1992 o O.OOE+OO 44 023 2.03E+06 o O.OOE+OO 48181 4.33E+06 0.46 

1993 o o.OOE+OO 2240 4.23E+03 o O.OOE+OO 2 451 9.35E+03 0.4 

1994 o O.OOE+OO 2208 4.25E+03 o O.OOE+OO 2 416 8.77E+03 0.4 

1995 o O.OOE+OO 12408 1.67E+05 o O.OOE+OO 13 578 3.17E+05 0.35 

1996 o O.OOE+OO 16.838 2.77E+05 o O.OOE+OO 18 427 5.77E+05 0.45 

1997 O l · O.OOE+OO . 9 317 9.40E+04 o O.OOE+OO 10 197 1.98E+05 0.40 

1998 o O.OOE+OO 1 895 3.83E+03 o 0.00E+00 2 074 7.88E+03 0.27 

1999 o O.OOE+OO o O.OOE+OO o O.OOE+OO o O.OOE+OO 

L_ _ _____1000 o 0.00E+00 o O.OOE+OO o 0.00E+00 o O.OOE+OO 



Appendix 1 Oa Lagged egg deposition analysis and estimation of conservation limH options - FINLAND 

Egg 
Fem 

1971 
1972 
1973 
1974 

Est. 1 SW l Est MSW l Egg Lagged 
egg dep. 

Total 
1 S\IV 

recruits 

W.JJ S R 
1~ egx1~ 

_!§36 _!,§11l_ 48~ n!L:/6,144 
6,993 6,9731 73,99' ni~l 40,802 

11,119 11 .4771 t21,55~ rVal 47,872 
10,05E It ,0541 116 ,68E o -.;;.1 43,5681 

3,37( ni al 43,1871 

RIS 

1;:,ro ( o.~.Jo( 9,912) IU'I,.::-"o( uj uj 1.0::,1 n/a 37,1161 l 
............ ... ..... ..... ..... ............ ..... .......... .... .... ... .. -
t:Jff f,U'IL OI>J.:J :JID'I.C U U t:JL.JO .. Æ844 n/a 275961 
1978 5,423 5 471 58 023 o o 31 ,605 43 656 6,844 n/a 19 5; 
1979 5 893 3 725 40 827 O O 30 339 71 720 10 359 489 112 907 22 70o "·"" 
'900 6,071 4,418 47,865 O O 25,998 68,846 17,018 740 112,602 29,288 n ~ 

J81 s 667 7 358 77 054 o o 27 099 sa 994 16 336 1 216 1æ 645 3D 314 
1982 4005 8114 83621 o o 23827 61,493 13999 1167 100485 29457 
1983 5,722 9,285 96,378 o o 15,086 54,[69 14,592 1.000 84,746 28264 o 
19M_ 6,648- 6,935 73,412 o o 10,615 34,234 12,830 1,042 58,721 31,482 054_ 
19§§_] __ _10,3751_. 7,57DI B2,Q05I Dl Dl 12.4451 24,0881 8.1231 9161 45,5721 31,1981 0613_ 
1986 l 8,9671 4,7181 52,6051 Dl ____Q[_ 201J34I 28,2401 __§2161 5801 54,5701 34;JJOI 0.63 
1987 l 12,5541_ 6,7821 75~251 Dl Dl 21,7421 45.4621 6,7011 4081 74,3131 ..E_,B21I 0.51 

15 J88 9,180 4,954 55,099 O O 25,058 49,337 10,788 479 85,661 3! 
,999 13 579 6 597 74 186 o o 19 æ7 ss æ3 11 707 m 88 428 4i.254i o.s3 
1990 12.sso 7,003 77,634 o o 21,321 43,313 13.493 8:13 78,964 47,6q -
·~ 12,507 -- 7,823 85,808 o o 13/i77 48,383 10,278 964 73,302 45,87: 

1992 t.æ 
1993 0.75 
199!1 _9,5961 __ 7,6721 82,5501 OI Dl 19,2881 32,5091 10,5591 5261 62,8821__ 38,9251 0.62_ 

J95 l 9,6601 7,6341 82,2131 Dl Dl 20,1851 43,7701 7,7141 7541 72,4231 30,9531 0.43 
T 
:c -;;;t-;~:;;::;t---;;t---;;t--""'~f---;:~:;;;t---;;:""';t-~~~--~;r--;;;-48,23' 43.0551 o.c 

1998 l 18,0511 5,7621 68,5031 Dl Dl 29/]501 51,4281 12,0131 7761 93,2681 -1 
19~ l or ol - Dl o l- Dl -21,463165,9221 -,2,2031 8581 100,4471 OI 0.00 l 
2000 l OI OI OI OI OI 21,3751 48.7041 15,6431 8721 UU,"'"' l"'tol"' ,.,.,, o 0.00 

~ 
'oO 

80,000 ---------------;:=:::;;:~in 

70,000 • 
60,000 

' ' 
/ 

---- ------;~~·--·--------50,000~-------- -<i • • --j ' --+--. 40,000 - - ?'""< -: •• • -- / l • l. . 
30,000 / l : 

• 
/ l : 

/ 

20,000 

10,000 

o L=---:;;:~y~oo o 20,000 40,000 60,000 80,000 100,000 120,000 
Eoos 11000 

Median recrults 35.244 
9DIIIIe recrui1S 48 693 
90'.111e RecJl 0.70 

Conservatlon Umlts 
Qe!ion 1 kMin Lag eggs 
Option 2 kMed R./90%1..) 

Op_tion 3 I90%Reci90%L 

1SW 
14,224 
67% 

eggsx111-~ l B ,534 

Eggs 1SW 
45,572 8,189 
50,457 9,067 
69.712 12,527 

MSW Tot. 
7,055 l 21,279 l 
33% 

70,622 l 79,156 l 

MSW Total. 
4,062 12.251 
4,497 13,564 
6.213 18,740 
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1ppendix 1 Ob Lagged egg deposition analysis andestimation of conservation limit options- FRANCE 

Est. 1 SVV Est MSW Egg 
spawners spawners deposition Smolt age composition 

ECIQ 3.1~] f-901] egg x 10·3 1 r 2 3 r 
l:_em :::_~-~~- fJ.!·r~ 

1971 l 13.632 l 10.061 l 77,123 
19721 27.169 l 20.036 l 152,813 
~3_1 16,994 l 12.400 l 94,833 
_lli'41 -7,574 l _5,68_1_ l 43,119 l 65555 
19J5I 15.42~ l 12,691_1 __!3!.oo.LJ 129891[_11569 

176 l - 14,243 l 9.143 l 72.581 l 80608 l 2292; 
~77 11,621 7J:30 ss,sæ 36651 14225 
1978 11 ,669 6,896 æ 179 79902 6468 

179 13,063 8,230 65,711 61694 141001 

4vr 5yr 6yr 
''W L l"' l il'"· ._,.(· _· _>__!_:_:____ -_!:_.· 

Lagged 
egg dep. 

s 
leB.g x 10·3 

Total 
1SVV 

recruits 

R 

nla l 57,516 
nla l 58,073 
nla l 313,053 
nla l 32,262 

RiS 

l 141.459 l 40,072 l 0.28 
103,530 l 33,252 l 0.32 
50 !376 l 3D ,291 l 0.60 

~ 

t98o 26.388 17,716 138,762 49728 1osa71 or or or or 60,515 
1981 22,181 11,2313 96.461 47752 877'R QJ_ QJ_ QL ~,527 1 4D,94:l_Con_ 

-1982T13;D28TG.696I57}86 ['558541 B427j- Dl ol _ol__ QL64,2Bt 1 29,96.§.1_ 047_ 
19831 -14,3721 7,358 T 62:927 11179471 -98571 ·ol Dl oJ DI127,BD41 38.427 1 0.30 

90,000 ,---------------------, 

80.000 +; 

10,000 / 

60,000 / . ' 
~::: ~----------. -;:;--·------;-----~ . 

~ ·~ 3~000 - /1'7 t -. -----;- -
' l ' •• ' . 

20,00J + / : 
10,000 / l :• ____...........Opt.l 

-.c..-Opt.2 

0~---~~~----~~~~~ 

• 50,000 100,000 150,000 

1984 o o 102,806 44,128 043 l ..... ,.... l 
1985 o o 63,077- 26 402 0.45 
19861 27.161 l 9,213 l ~.02_~-_l~ssl 857BI _ _o_L_ _Qj_ _o l _ ol 62.066 1 42,975 1 069 
1987 46,027- 4,767- 100,675 66607 9439 o o o o 96.046 62,563 0.66 l 
1_986 17 ;.239 13,638 102,048 54461 15264 o o o o 69.745 34,606 050 l 
1969 9,223 6,431 49,820 79071 9611 o o o o 88,662 22,556 025 
'990 15.296 6,555 _§9,933 _ _§744 _13954 _o _ _Q _o _ o 99.697 28,254 o.28 

-19911 -13.6371 5.807-r 5:3.5:'6 1 8674tl 1sn11 -ol o1 ol _ DI1D1,87_2I 29.o4ol o.29 

19921 24,3~7 l 7,169 l 77,545 l 423471 153071 ol ol ol o[ 57,554 l 35~476 l 0.62 
50~ 

45! 
~ 000 
lli os 

1995 l 13,325 l 3,026 l 37.390 l 659131 80301 Dl OI _Dl_ Dl 73,943 l 25,146 l 0.34 
1996 0.37 
1997 0.21 
1998 l -16,248 l 2.338-l 38,130 l 317811 103811 Dl OI _DL _Ql_ 42,163 L__:______l __ -
1999 l o l o l o T477::l'll 56osr or - Dl - QL_ Dl 53,337 L_o_j o 00 
2000 l _o_ L o_ l o l 242631 64231 Dl ill Dl OI 32.686 l o l 0.00 

Nledizm racruits 33,262 
90%11& recruits 49,581 
901\ile Rec.IL 0.76 

Conserv;ation limits 
Option 1 [Min Lag. eggs 

..!!Ul! 
50,876 
42,506 
63,376 

1SW 
1B:i03 
13,454 
20,060 

1SW MSW lot. 

110yrav.#l 16,966 l 4,940 ~21.9'id 
~av.% 77% 23% l :::::m 
""""''"' l 26,343 l 27,267 l 53,610 l 

MSW 

4:600 
3,916 
5.640 

T(]ta.L 
20,791 
17,370 
25.900 



Appendix 1 De Lagged egg deposition analysis and estimation of conservation limit options- ICELAND 

Est. 1SW Est MSW Egg 
spawners spawners deposition Smolt age composition 

Eoc o>'IW 11.J'i'J' egg • 10"3 1 2 r 3 r 
Fem ~7% 'l'L% 

Lagged 
egg dep. 

~yr 6yr l S 
C% l ll%eggx10'3 

Total 
1SW 

recruits 

R 

1971 l 22,215 l 8.951 lm,163 l _ l _l L l l _ l nt• L s9,7o2 
19721 19,515 l 13,904 l 161,315 l l l l l l l ni a l 78,795 
1973 l 20,535 l 11,9841 149~164T- -, - l - --~ - 1- ~- ~-n/a l 73.635 

19741 13.813 l 10,173 1116,7581 o] L__j _]_ l n/a ~1§_ 
_197li_19,773 _1_12,009 U47 ,9_D3 l _ aj 260331 l l l l nla l 71,335 
_197U_ 1l,665_l 9J91 U19,622l _ Dl 322631 520651 l l l nla l 73,176 

RIS 

_1977_1_ 20,619 _l_ 11~14 U48,854 l - Dl 298331 645261 520651 l 1146,424 l 88,792 l 0.61 
_1978 l 241!39 _l_15P25 lJ.84,5,49 l _ Dl 233521 596661 645261 Dl 1147,5431 85~54 l 0.58 
~9 l 23,653 _l_11 ,303 ~,3.§_9 l _ Dl 295?11 467031 596661 OI Dl 135,949 l 93,141 l 0.69 
1980 l 7,773 _l_1.4P55 LJ]o,4]0 l - OI 239241 591611 467031 OI 01129.789 1_37,569 l Q19 
1981 16,424 6,303 93 783 o 29771 47849 59161 o o 136,781 55,329 0.40 
1982 11 557 6~2 82 299 o 36910 59542 47849 o o 144 301 49 300 0.34 l 
1983 16 270 7 465 102.3~7 o 3~r--7382o~gg _o _ ~~_ms ~661_ o.36 
1984 ,199 1 8,113 1 90,885 1 OI 2602§L 609481_1_38201 ___QJ _ _Ql_J§o_11!i3l 3678§._1 023 
1Y85 1 21239 1 4,902 I.JlM1l..J __ OL1B7.ill 52192L.Bæ~l _OI_ .QL131..§96 Ll1,13J 1 o.s4 
19861 32,688 l 8,926 l 158,51§.1 _OL 164601 375131_ 521921 - OI .QL 106~165l_j)5,254 l 0.90 

~ 19 8,901 127,302 o 20479 32919 37513 o o 90,912 66,656 0.73 
ooodJ oo,u58 7,307 163,290 O 18177 40959 32919 O O 92,065 101,638 1.10 1 
1989J 20 967 6 185 105,254 o 19203 36354 4æ59 o o 96 516 66,071 0.68 1 
1990_l 19,581 7,217 109,493 o 31703 38405 36354 o o 106.463 59,140 0.56 
1991 1 23.8s5- 1 s:o19=r 11f,914T -OJ -254.6QL 634o7] 384Q5J_o]_ olm.272_) 73-:403TI58 
1992 30,519 7,683 142,938 o 32658 50921 63407 o o 146,985 84,869 0.58 
1993 29,448 6,358 129,716 o 21051 65316 5æ21 o o 137,288 84,475 o.62 
1994 18,219 7,337 106,717 o 21899 42102 65316 o o 119,316 56,421 044 

_1995 25,218 6,257 117,401 o 22383 43797 42102 o o 100,282 70,407 0.65 
1996 1 21,497 1 5,411 l 100.676 l o l 285881 447661 437971 - o] -01117.151 1 BO/l41 1 o 52 
19971 21,507 l 5,035 I97.77Ll _ol_259~ 571751 447661 _OI tl)127,884l61,608__( 0.48 

19991 o l o l 1 l OI 234m: 42 
2000 o o 1 o 20135 4§· 

N 

"" -

120,000 ,------------~ 

--r-Opt. l 

100,000 -A-0pt.2 . ' 
-•--<>-- Opt.3~------~---.f+----· 

'' 
80,000 

" ' .. 
/ ' • 

"". t. 

~ 60,0001-- --r0 r---: . / ' . = : • 
40,000 

20,000 

/ 
' 

' 

/ 

/ :. 

' • . 
• 

0~~~--~~----_J 
200,000 o .so,ooo 100.000 lSO,OOO 

Eggs /1000 

Median recrults 66,656 
90%ile recrults 93141 
90%11e Rec./L 0.73 

ConseNation limits J:glJ!' 1SW I.ISW Total. 
Option 1 tMn Lag. c:ggs 90,912 19,329 4,915 24,244 
QJ!!ion 2 j(Mad R_J90%L) 90,912 19,329 4,915 24,244 
QJ!!Ion 3 I90%RecJ'30%L 127,034 27.008 6.868 331l77 

1SW MSW To!. 
~~ Bm 
00% W% 

&M ~~ 
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Appendix 1 Od Lagged egg deposition analysis and estimation of conservation limit options - l RE LAND 

Est. 1 SVI' Est MSVI' Egg 
spawners spawners deposition Smolt age composition 

E!=!g ::"-4DO 7000 egg x 10·3 1 r 2 3 r 
Fem f.f{:'.- f{;t~ Q __ __l}_ ~· o 

~ 
:-:: 

Lagged 

6 vr l egg ;w 
---;j'le~q x 10"3 

Total 
1 SVI' 

recruits 

R 

l971 l -344,4501-~.8841 1-,005,4401 l l l l l l r1al1 ,073,183 

19n l 373~332!56,3891 1P!l7:109l l l l l l 1- r1ai1Ji0,693 
19731 406.5011 60.4761 1.1æ,o921 l l l l 1- - 1- -;;,,,, ?A"o'' 
19741 448,2631 65,9441 1J02,745I201,o8sl l l l 1- - 1- -;;,,11342630 --------
1975 465,739 69,199 1361843 219,422 703,808 "'' 1,36084: 

RIS 

1976 325 967 48 810 955,389 237,818 767,976 100 544 1,106,339 975,05< 
1977 289,807 43,146 847,926 260,549 832,364 109,711 o 1.202 624 869 3ool Ou 1 
1978 261618 38,959 765506 272,369 911921 118,909 o o_:_ ·_ 1~,199 772,659 0.59 l 
'""" """.212 33.991 669,841 191.078 953290 130,274 o o o 1,274,643 730,71~ o.= 1 
1980 178,5n 38 602 593,%6 169,585 668,772 136,184 o<- - o- - o 974 542 ssb s9o o. 
1981 85,711 31,421 361,807 153,101 593,548 95,539 o o o 842,188 345,273 o 
1932 160,157 13,918 409,534 133,968 535,854 84,793 o o o 754,615 604,305 o 
1983 356,355 29,289 901,232 118.793 468.889 76.551 ___ o o o 664,232 1 ,oo9,599 1 

31,924 4613 E .662 72 361 415,776 66,984 o o o 555,122 481,451 0.87 
.......... .............. .... ........ 

1~::1 LU'+,OLO .U ,8a..J ~01 .J81 81 907 253 265 59,397 Q Q Q 394,568 848,6-45 2.15 
1986 230 040 22 641 603,992 100,246 286,673 36,181 o o o 503 101 897,336 1 78 
1987 200,432 45,103 677,242 93,732 630,862 40,953 o o o 765,548 701 ~64 0.92 
1988 569,228 36,065 _1,375,810 116,276 328,063 90,123 o o o 534,463 1,306,206 244 
1939 
1990 
1991 l 165,2121 8,9091 390,0401 275,1621 474,0691 &1,3931 OI or or 009,6311 353,8101 0~45 

-1994 261 ,577 25,247 683,836 78,008 238,619 47 ,1<>2 O( O( Dl 413,7791 ;;ij 
1935 187,052 22.532 515,653 107,088 273,028 42,660 Dl Dl Dl 422,777( 4_9E 

o 
o 

·995 220.210 9,149 5[)3,666 IJ2,223 374.809 39,004 f!l li [JL 496,D36J. 532.so1( r 
19971 339,7811 19,2311 -807,5791136,7671 287,7791 53,5441 dl lil or 478,0901 628,0191 131 
,938 414,914 22,286 979,023 1o3,131478,6854D11-- or---o-o'622,927 . . 
1993 . o o o 100,733 360,957 68,384 o o o 530 074 o 0.00 
oooo o _ o _ _o 161 ,516 352,565 51,565 o o o 565,647 o o.oo 

1,400,000 -.-----------------, 

• 
1).00,000 

l 

1,000,000 t ····----·----/--*···----··-·---­•• i 800,000 l : + . ' 
' i 600,000 f--

l + 
400,.000 f 1 ----r-Opt. l 

l •• 

200,000 ., l 
, -li.-Opt.2 
' ' ' 

--~- Opt.:3 

o+-~r-~~Lr--~--r-~--~ 
O 200,00 400,00 600,00 800,00 l,OOOP 1,200.0 1,400,0 

o o o o 00 00 00 

Eggs 11100 

Median recruits 615,716 
90">1i1e recrui1s 967 282 
90%ile RecJL 1.76 

1SW 
233,537 

94% 
cgg~1o-l l ·476,416 

s 

350,387 
550,454 

1SW 
160':969 
142,945 
224,565 

MSW lot. 
16,140 

6% 
96,031 1 57 

IASW Total. 
11,124 172,æ4 
9,879 152,824 
15 ,520 240,085 



Appendix 1 Oe Lagged egg deposition analysis and estimation of conservation limit options - NORWAY 

Esl. 1 SVV Est MSW Egg 
spawners spawners deposition Smolt age composition 

Eoc 3'W 9lo.J egg x 10·' 1 r 2 r 3 r 
Fem 4G''!~ en·~ ::; C(: l} i{-_; D.4)3 

4yr 5yr 
•) ·:·e< [• !li 

Lagged 
egg dep. 

6 yr l S 
---;::-J__ egg x 10·3 

Total 
1SVV 

recruits 

R 

1971 l 114,265 l 68,8&J l655,6æ l l l \ __ l___B/!__h1R1 n""l 
1972 l 148,226 l 90,765 l 860,954 l _ \ __ \ _ \ __ \ /__ l ria .JLA1l<i "'" 
19731 l§9,719l_t05,8651 985,Eil6l l l l l l l ria _11 ,447,469 
197~ l 149,663 J96,701 l 005,778 l o\ \ \ \ l l n/a 11350 BOE 
1975 
1976 
jj)771 135,636 l 84.413 l 797,6621 OI 1498471 4115361 1921171 l l ria 11.092.3Bii 
1978_1 _94,263 l.J;9,511 l 560,449 l O[ 137678[ 471230[ 252260[ 44587[ l n/a j1,159,74: 

RIS 

19791 158,468 l 112,33911,030,7271 O[ [23924[ 432962[ 2800&l[ 56545]" 32781 907,55911,571,9301 17~ 
1980 l 153,074 .UQ!l,26_Q l 993,!120 l O[ 1~169[ 389709[ 265393[ 670371 43051 859,612...11&25,9_171 18!l_ 

1076 49~68--7- 164212 r~,..,~•l A"\n<l nf".-..r-nt" l< --.rn..,~.-.1 < .r 
J,'J"+::JIUr,.:>..JI U"+..J 1UII U I..J .._ 

),298 848.818 0 1-48897 475094 3020æ .,)01 11 -:!:;'100 ::'co ::JL i'! "Ho,.ro91 
1,380 924,401 o 115636 468241 291219 70089 2802 947,988 11 ,271 ,90'?1-

1987 122,531 77,893 732,370 o 129738 363646 267018 67587 5154 653,!43 
1968 109,461 60,678 590,126 o 126268 407993 222905 66612 4970 830,747 l 979,420 
1989 ._315,097 115,2!2_ 1_,27!,104 o 129020 4~71 250088 51732 _4898 839,10811.2199451 145_ 
1~ 1æ 
1æ1 1.25 

l992l 202,976 l_136,585j1,267,_5_81j O\ 89699\ 350073J 270850\ 57720\ 4219l772,561j 858,278 l 111_ 
1993 1 174.340 LLæ.B9Q 1 99oJ;\J5 1 o[ 193208[ 282081[-214565[ 62859[ 42441 756,9771813,290 1 107_ 
1994 181,770 117,862 1,103,085 o 190833 607588 172908 49601 4622 ,, ,025,751 814,684 0.79 
1995 147,753 118,259 1,056,318 o 200658 600119 372433 40129 3662 1,217,201 723,694 059 
1996 124,133 109,103 959,326 o 192672 631645 367855 86435 2951 1,281,558 571,041 0.45 
1997 166,395 94,998 916,941 o 150584 605904 367180 85373 6356 1.235,396 661,919 0.54 
•nnn ....,,,. ,...,, 

-

N 
00 
w 

1,800,000 ,-----------------, 

1,600,000 

' 

• • • 
400,000 / ----.-.-- Opl. l 

o 200,00 400,00 600,00 800,00 1,000,0 1,200.0 1,400,0 
o o o o 00 00 00 

Eggø/1000 

Median recruits. 1 ,079 ,720 
90%11e recrults 1,495,401 
90%ilø RecJl 1.76 

Conservation limits l Eqøs 1SW MSW l Total. 
Option 1 _~t.<;"_,.__ eoosJ 721 ,932 
Op1ion2 [(MedRI90%LJ[ 613,017 
Option 3 [OO%Reci90%LI 849,023 

132,633 74,4791 207,1121 
112,623 63,2421 175,8661 

67 .590 l 243.572 l 155.982 

1SW MSW Tot. 

;;:,:;,;;:::;.._1-1'-';15 ,54: 

., 
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Appendix 1 Of Lagged egg deposition analysis and estimation of conservation limit options - RUSS lA 

Est MSW Egg 
spawners spawners deposition Smolt -age composltlon 

Eqc 45=)1 4 D5f.IO egg x 10"3 1 r 2 r 3 

Fem 45% fl:"J% D.OG D.i:J r:_?:1 

Est.1SW Lagged 1Totai1SW 
egg dep. recruits 

'~ r;, legg ~ 10"3 R 
4vr 5yr 
C\.20 G 00 

RiS 

1971 l 113.554 l 18!!.581 h ,814,0271 l l - l -~ l l nla ] 492,429 
19721 125.943 l157.693lt.579.658l -- 1- T - ,---1 l l n!a l 714.807 
1973 l 211.343 l 271.305 12.706.9331 1- l - r -l -- l n/a l 792,909 
1974 l 199.193 l 238.687 12.408.3391 ol l - l -l - l n/a l 885.949 

l975 208.761 299 306 2,936 908 O 181,403 - -- -- -r-- n/a 837.740 _1_ 

1976 104,117 271.596 2492243 O 1579661.269.819 n/a 621.786_1 _j 
1977 118113 197656 1,899491 o 270,6931,105761 362,805 1.739260 459.065 l 0.26 J 
1976 142,193 141 210 1,474 104 O 240,834 1,694,653 315 932 O 2 451,618 512.228 n n• 

1979 161,327 146,057 1,553 564 o 293,691 1 685 838 541 387 o o 2 520,915 709J.J55 

-
107,1]0 227,060 2j24,324 _Q 2422242Q_55,8:3_6 481,668 o o 2.786.728 497,265 
_97.~9 _1_157,~5_11,520,830 o 189,949 1.744,570 587,382 o - o 2.521:901 410,900 

285,168 o 147,410 1,329,644 498,449 o o 1,975,503 574,235 
2,101635 o 155,3561,031,873 379,898 o o 1.567,128 681,681 

1984 l 160,251 l 235.743 2,304.752 o 212,432 1,087 495 294,821 o o 1 ,594 748 -
1985J 218,620_1249,227 2,536,210 o 152,0831,487,027 310.713 o o 1,949,8231 805,376 

- 1986 1sl,955 263,569 2 594 591 -o -128.517 1,064.931 '424-;-865 o --o'1.6f7.962 534,112 
1987 293.704 130,486 1,690,830 o 210,164 899,618 304,166 o o 1,413,947 704,911 
1988 156,339 146,670 1,548,614 o 230.475 1.471.145 257,D34 o o 1.958,654 408J 
19891 240,910 l 87.471 11,222,6051 - Ol2s3:621I1,613~27]42D,3271 OI 012,287.2751 516. 

78,457 1,087,478 o 2,495.757 545, 
151,254 1,972,657 o 2.492,539 652,: 

0.16 
0.29 
043 

1992 352.064 144.336 1,925.353 o 154,861 1,183,581 518,918 o o 1,857,361 740,517 0.40 
1993 310,420 198,859 2,299,020 o 122,2601,084.029 338,166 o o 1,544,456 655,131 042 
1994 397,231 175.888 2,281,849 o 108.748 855,820 309,723 o o 1,274,290 700,612 056 
1995 37o,s72 136,4fil 1,896.453 - o 197,266 761,23-4 244,520- o - o 1.2o37J2o 685.888 -o.57 
1996 424,419 144,238 2,071,049 o 192,535 1,380,860 217,496 o o 1,790,891 722,981 040 
1997 420,947 122,313 1,879,849 o 229,902 1,347.747 394,531 o o 1,972,180 710,499 0.36 
1998 426.991 118.781 1,862,414 o 228,185 1,609,314 385,071 o o 2,222,569 - -
1999 000 
2000 0.00 

900,000.--------------, 

800,000 ' + 
100,000 ------------- • .... /_- • .,.!V-----~---

'' ~ 
600,000 - - - r;- - ---+-

l ' • i 500,000 / l : • • • • 
l:i ~ ' 
~ 400,000 l ' ... • 

300.000 l l 
200,000 l l 
100,000 l l ' 

' 

--.--Opt.l 

o ~,______.__l.l&,___,__==:::;::::::::::c 
o 500,000 1,000,00 1,500,00 2,000,00 2,.500,00 3,000,00 

o o o o o 
Eggs 11000 

Median recrults 655,131 
90%ile recruils 722.967 
90%ile Re c./l O. 50 

ConseiV3tion limits l Eggs 1SW l MSW l Total. 
Option 1 ~Min Lag_ eggsj 1 ,203,020 271.742 1 æ,315l 316,056 
Option 2 kMedR,.O%Lll1.314,096 248,769 l 96 ,469 l 345,238 
Option l )lo%Reci90%LI1.450.205 274,536 1106,4611 380,996 

1SW MSW Tot. 
350,196 

72% 
eggs)C10', l 709,147 

135,801 l 485,997 l 
28% 

1 ,140.7~1~,sW 

.. 
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Appendix 1 Og Lagged egg deposition analysis and estimation of conservation limit options - SWEDEN 

Est. 1 SW Es1 MSW Egg 
spawners spa'v\lners deposition Smolt age composilion 

E~~ :>JW !:UJJ egg x to·' 1 r 2 r 3 r 
Fem ~·iO'f.~ 7C'1" O l _Q_ 

.tyr !iyr 

-~-: __ ___2_ 

Lagged 
egg de p 1 

6 r S 
(l egg X 10"3, 

Total 
1SW 

recruit 

RI RIS 

1971 l 2,1471 2141 4.1201 / J J J l - ~--nla/ -1-7T52 

1s1ir - 1.ml 1251 3,1831 1 1 1 1 1 1 n1al 16,689 
1973 l 2.1211 5961 5.6831 l l l l l l n!al 17,642 

_1_9741 _ ).2011 3941_ _6.4581_ B<& L J J J / n/al_ 22.004 
1975 3 236 Bl 5 220 637 2 472 n/a 23 694 
1976 1%: 247 3 981 1 137 1 910 824 3 670 13 976 fM 

_ 1977 _ 937 185 2,183 1,292 3,410 637 O __§,33_1l _]_fj76 14;' 
1978 l 1,1061 1461 2.212r 1,044j-3,875l -1.137[- -Dl - O[_ - [ _!i,DS§I 1!1,2001 16El 
1979 1 086 430 3 434 796 -3.i32 --1.292 o - o -- o 5,2:20 14,915 2.86 
1980 1 ;342 718 5)J2E 437 2,369 1,044 o o o 3,669 17,333 4.46 
1961 2,278 226 4;368 454 1,310 796 o o o 2,560 25,564 9.98 
1982 2,311 731 6539 687 1,363 437 o o o 2,486 21,377 8.60 
1983 2,914 493 6,441 1,006 2,060 454 o o o 3,520 25,019 7.11 
1984 
1965 
1986 5 328 - 276 9149- 1 288-3 §23 --874 O - O O 6 085 39,040 6Æ 
1987 3,770 827 9,129 1,758 3,865 1,308 o o o 6,930 30,564 44' 
~ _ 1760,__ _866 _ 9.276 1.607 5,273 _1,2JlE _ o o o 8,168 35,3æ u: 

1989 l - 1_._070[_ 2,4611 ____1JJI41I 1 ,83QL 4_,_8211_1,7~1 - -OI Dl OI 8.4091 17,1861 2.04 
1960 2æ 
19~ 337 

1962 l 3;3911 2.2891 14.7021 2,3881 5,566/ t.s26/ o/ aJ aJ 9.78DI 3_6,580/ 3.74 
1993 - -3 631 3,296 19,290 2,007r-----y,165 1,855 o - o -o 11,10-7 33,!140 3.05 
1994 5,025 2.707 18,909 2,583 6,262 2,388 o o o 11,234 26,679 2.37 
1995 10,006 1,822 22,660 2,940 7,749 2,087 o o o 11.777 3~.846 2.88_ 
1996(- 5.973T 2,0791 17,6901 3T58Q,821J 2,583f- oJ oJ -OI 15,2621 22,5961 148 
19971 2,6431 1,4841 10,1971 3,7821 11,5741 2,9401 OI OI __ !JI 18,296J 10,825L!J59_ 
1996 1,115 -893 5;424- 4,532 11.345 3,858--0 o o 19,735 - -
1999 o o o 31038 13,596 3,782 o o o 20,916 o 000 

_100D_ - - o - o - o 2,039 10,614 _4,5]2 - o o o 17,185 o 0.00 l 

Bl 

45,000 .-------------------, 

40,000 •• 
35.000 + ---------;----.-- .... ·---•----------· 

Al • 
'' 

30,000 l ' • • ••• 
~ 25,000 -.-~ -- --Ao- ~ -- -- --

0 'l : ~ 20,000 ; : • 

15,000 , r ~ : ,. : 
• 

10,000 + l : • ...._....._Opt.l 

-4-0pt.2 
s,cm; ~~ 

·:---~~~~-----~------~1:--=~==-=0=·=·~-':J 
5,000 o 10,000 

Egg~~/1000 

15,000 20,000 

Median recrults 25,837 
90%ile recruits 36,453 
'90%ile Rec./L 7.08 

Conservation limits l ~ 1SW l MSW l Total. 
Optlon 1 tWin Lag. eggsj 2.486 671 l 352 l 1,024 
Qetlon 2 icMod R.!!l0%LJI 3,650 986 l 517 l 1,503 
QJ!_tion 3 [90%Roc/30%kl 5.150 1.391 l 729 l 2.120 

___!iW MSW Tut. 
I1Dyrav.#l 3,8! 
[_1Dyr ov. %1_ 66' 

3~40 

,·J -•t 
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Appendix 1 Oh Lagged egg deposition analysis and estimation of conservation limit options- UK(ENGLAND & WALES) 

Total 
Est 1 SW Es! MS\IV Egg Lagged 1 S\IV 
spawners spawners deposition Smolt age compositlon egg dep. recruits 

Eggj" 4i)]JJ ?900 egg x 1!J' 1 r 2 r S R l RIS 
Fem l ~o·:;.s 7C:% egg x 10-: 

--
1971 --
19n 
1973 
1974 

175 

70,1881 39,0881 3S4,6æl l l l l l l n/al 274,06E 
93.1351 46.7571 482,0991 l l l l l l n!al 295,847 

290 02~ 
304,57i 

95,200 53616 524991 192,835 211535 n/a 297,114 
'"'" 74828 36089 379,217 183,759 265.149 19.230 468,133 234,111 om 
1977 79453 37,250 396,678 192,179 252,669 24,104 o 468952 258993 055 
197s 87 n 40,832 434775 209996 264246 22.970 o o 497,212 237,842 D.48 ''l 
'979 59,875 27 298 294.680 151,687 288,745 24,022 o o o 464A54 213,759 0.46 11 

_!880 ss.s12 26,537 304,217 158,671 208,5~ 26,2§1] o __Q'- _ __Q~ 245.§9 o.6;c 
0.6' 
0.4~ 

,983 T 63.729T 25.097 291.736 121 687 162,063 21.739T DT 6T Of 305.488T 201.694[ oH 
1984 l 50,0491 20090 231,216 156,673 167,319 14.7331 Dl Dl OI 3387251 1736531 051 
1985 _L 49,48~ 18,555_221.37~ 92.~ 215,425 15,211j_ __ !)/__ OI OI 323p88l 2023471 0.63 

-1986 -1 -6'(770J24~2137,5BOI116]94I121,81DI 19pB41 Dl o1 Dl 264,æB[ 222.47f( 084 
1987 l 55,4761 20,9791 249,1551 92,486j 160,4551 11 ,619j Dl _QL__QL 264,5601 219,147~ 

-19æ-_ so]o5r- 28,419 351 ,33o æ:s49 127,169 14,587 o o o 230,304 262,233 114 
1989 52,825 19,333 233,692 115,032 121.754 11,561 o o o 248,347 192,885 0.78 
1.990 _ 48,86_1 _16&18 _208,1~ _9@,66_2 _1§8,169c___11~'---___Q- __()L_ __ o 268,900 1!'Æl,587 o sg_ 
1001 - 1 29,5361 9.2261 121_,9D§I140,532I137,035I _14,379l __ ol of OI 291.9471 104.0181 o.3E 

-1992 -l - 2i.s1Gf -9,3361 117 ~os! 93,4771193,2321 12,4581 of of ol_ 299,16§1 1D3,31BI o.JS_ 
1993 l 52.9401 12,5591 190,5071 83.6661128,531117,5671. -ol _IlL _IlL 229,7631 J75,9381_077 
1994 1 76,3841 24,4731 318.6561 4B.763f115,o4ol 1T;æsj - -ol oj oj 175.4881 201,8541 115 
1995 0.98 
1990 0.70 

- 1997 -,- 47.38fl 18,0351 213,4471127,4621108,0791 5,æ5j Dj _QL_ OI 241.4361 99,3661 0.41 
1998 l 54,439T1T)6ijf193,476l 68,023T17S,261j 9,8251 OI . Dl_ - m_ 25_3,1091 - - -L--=c 
1999 l OI OI -O)B2,462T 93,53fl 15,9331 -ol - _::Q[_ _____:__gl_ 19f,927l___DI DOO 
2ooo 1 ol ol -or s5-;379l113,386l s,<ml - oj . o L Oj_ 207,2681 _ o1 o(IJ 

-

300,000 ,--------------------, 

. ' . 
:250,000 +.----- -------- -.r------ ........ ---

l• •• 
' . 

' . 
200,000 -- t-+ ~ .....- -- --

'l ' • . ;' . : . 
~ .• 
~ l50,000 / l : 
Il l ' 

100,000 l • l .i * 
l l ' 

l l ' 
__..._Opt.l 

50,000 -h.--Opt. 2 

--<>-- Opt.J 

o 
o 100,000 200,000 300.000 400,000 500,000 600.000 

Eggs !1DOO 

Median recrui1s 201,774 
90%ile recruits 250,702 
90%ile Rec./l 0.97 

Conservation limits l !.99.~> 1SW MSW l Total. 
~ion 1 ~MinLag.eggsj 124,669 29,268 9,842 l 39,110 
QIJ!ion 2 kMedROO%L)/ 208,002 481!38 16,4231 65,261 
~~on 3 lsD%Rooi90%Lj 258,478 60,681 20,406 l 81,007 

SlflL _ ~S1/IL_ _ Tot 
1~yr ""· # 46,506 15.639 62,145 

l10yr av. 'Ill 75% 25% 
111,614 ffi,483 198,007 J 



Appendix 1 Oi Lagged egg deposition analysis and estimation of conservation limit options - UK(N l RE LAND) 

Total 
Est. 1SW Est MSW Egg Lagged 1SW 
spawners spawners deposition Smolt aga composltlon egg dep. recruits 

E~g )4()[1 );J)l; egg x 10"3 1 r 2 r 3 r S R RIS 
Fem f.if.Jll:: ah% egg 11: 10·3 

1971_ _!o~L 14m3L_ 17W~I _ l l l l l - l ntal 168,9:17 
1972 37/j52l 12.7811 152S52I l l l l l - l - ntal 152.834 

1973 32,0191 1l,058I 1J1,1131 l l l l l l ntal 135.809 
1974 31,7361 11.4401 1321l11l 34,3191 l l l l l nial133,523 

•,7781 9,8651 115,3611 30.530I133.844l_ _ j _ l _ l _ l ---"'"- 112.8~ 

- l 920 6 892 81 643 26 223 119 068 3 432 148 723 82 831 0.5§ 
.0,385 6S75 80,705 26,562 102,268 3,053 O 131,884 98,2m 0.671 

'"" 26~27 8:J19 106 772 23072 103.593 2.622 o o 129 287 1æ 433 0.80 
1979 17 445 6 025 7! 437 16 329 89 982 2 656 O O O 108 967 76 619 n 7 n 

1980 21 ;259 7,476 87.852 16,141 63,682 2,307 o o o 82.130 87.7321 
1981 17779 6,079 72438 21;354 62950 1S33 o o o 85937 79SG41 0.' 

140,000 ,------------;::===:::l 
,• 

1 
--A--Opt.l 

120.00J ' / -.e.-Opt.2 

il ··<>-- Opt.J 

100.000 f ------- t- -.~--·l----·------------. 
/• . :. . 

i ao.ooo r- _ 
1
. :..- ~ _. __ . 

j •o.oooJ / +• • 
,' ' • 

40,000 

l 
20,000 l 

l 

' ' ' l 

o V A 6 l l l l 982 23,429 7,864 94,584 14,287 83,282 JR14 - o - o - o 99.,1_84 105.~ _1Q! 
,983 34 396 11 358 137 748 17 570 55 721 2 135 o o o 75,427 126 327 1.67)1 o 50,000 100,000 150,000 200,000 250,000 l 
1984 14,154 4,752 57,150 14,488 68,524 1,429 o o o 84,441 62,041 o 731 '"""""" 
1985 17196 6087 71298 18S17 56502 1,757 O O O 77176 74141 096J 
1986 19 371 s 626 78 941 27 550 73 776 1 449 o o o 102 774 74,784 o 7c 
1987 9,653 3~6 39/j98 11 ,430~7.443r--1 .892 _ _or- _o _o_ 120.765 53,427 _Q44 
1988 363 10,494 112.752 14;260 44/j77 2.755 O O O 61,592 90,093 1.46 Modlon recrulfs 78,142 

1989 6,949 5,044 44,188 15,788 55,612 1,143 O O O 72,543 83,274 115 90%11o recrults 103;245 
1990 20,360 7,155 84,110 7,920 61,574 1.426 O O O 70,920 64.788 0.91 90'11ile Rec./l 1.43 
1991 ~ - 3;384 - 42,256 . 22,550 -30,887 1.§79 o - o - o 55,016 48,299 _[1.88 

19921 _1?.6741 8,8741 105,1721 8,838! 87,9471 7921 o! o! ol 97,57"1 101PSJI 1.04 
12,621 28;235 254~44 16.822 34,467 2.255 o o o 53,5::, 91,169 1.70 

""" l 15,482 6,963 73,D15 8.451 65,605 884 o o o 74,940 65,873 0.88J 
1995 l 15,587 5,752 66,025 21,034 32,960 1,682 o o o 55,676 63/j38 1141 
1996_l 21,485 7 ;200 86.703 50989 82.034 845 o o o 133.868 68.311 0.511 

76,0761 -035 
21 5.099 o o o 75.2561_ -L -1 

·-..~ '-' OI OI 11,-'"t!L ;.;1"1:::;1:31_ 14W o o o 703001 OI 0001 
2000_1__ __QL __ QL ___QL_ 192_1~ 67,628_1 1 .~2o _ o _o _o _ 88,26§1._ _QL o.oo 

N 
00 __, 

Cunservatiun limits Eggs 1SW 
Optlon 1 lM1n Lag_ eggs 53,544 12.311 
Op1ion 2 !(Mod R.I90%LJ 54,596 12,553 
QJ!!.ion 3 ]90%Reci90%L 72.136 16/j85 

1SW MSW Tot. 
!'Dyr av. #l 23,600 l 9,160 ~ 32,760 l 
1~ av.% 72% 28% l 
........ , l 48,144 l 54,500 l 102,644j 

MSW Total. 
4,778 17 ,D89 
4,872 17,425 
6,437 23.023 

q ,, 
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Appendix 1 Oj Lagged egg deposition analysis and estimation of conservation limit options- UK(SCOTLAND) 

Est. 1 sw lEst Mswl Egg 
:.posrtion Smolt age composition 

Lagged 
egg dep. 

Total 
1SW 

recruits 

Egg egg x 10·' 1 r 3 r ~ 6;~: legg~ 10 3 
R RIL 

_fem ~~::'->'(. ~·J~. [:"1.;. 

-1sl1T 930.ii{374.ossl4.1os.s41 nhl? 'iliiJ.,39!' 
1972 l 962 .92ol 493.73314 .æa 237 nial2 631]]1• 

__1273j_L150,31§l 549,@31~ Rmn.t.q ntal2,697,42' 
1974 l 1 ,014,8231 437 ;3251 ~.653,5991 A10 '"' nial2,540,741 

1975 l ""' 46_. 
337,0 

l,146l 488,82411 ,847 nial2.045,391 
1/a 976 

977 
1978 
1979 
1980 
1981 
1982 
983 
984 
985 

1986 
1987 
1988 
1989 
1990 
1991 

1992 
1993 
1994 
1995 
1996 
1997 
1996 
1999 
2000 

660 
7M 
48, 

.6851 

:l 
4< 

,19 
5145,974 2 036 094 0.40 

.o15l· o 5.030,556 1,682,733 0.37 
o o 4,509,804 2.001,350 044 

4,4 
l,O 

,680 o o 3,923,130 1,003,797 048 
i3.6s0!:433.157 1.701,2621,337,185 226,007 o o 3,697,6121.781,445 o4s 
ll,4811_365,417 1,949,200 1,512,233 167,148 o o 3,994,006 2,207,605 056 

41614.785.44~372.269 1,64~._1231,g! 1E)3,029 o o 3,938.~ 1,942,890._Q49 
305 3,902.912 479.365 1,675,2111.461,668 216,579 o o 3,832.8231,947,473 0.51 

,-- 367,922 3,548,637 448,848 2,157,142 1.489,077 182,708 o o 4;277.776 2,043,087 0.48 
892 Offi 644 747 5 652,656 476,544 2,019.816 1,917 460 186135 O O 4 601,955 2,017,436 044 
724,038 444,963 4,117.977 390?.91 2,153,450 1.796,392 239,682 o o 4,578.816 1,Bæ,436 o.39 

ll/]58 469,284 4,135,821 354,864 1,756,310 1,914,178 224,424 o o 4;249,776 1,661,462 0.39 
948,768 414,550 4,384,637 565 266 1,596,887 1 561,165 239,272 o o 3,962 590 1 821,610 0.4~ 

447!:121 341,599 2,943,637 411J96 2,543,6951,419,455 195,146 o o 4,570,094 1,1æ,oso _0.2• 

28 3,663,582 367,964 1,319,3791,177,455 219,242 o o 3,084!]40 1,202,699 0.39 
- 462,62!)_ 390,977 3;271,107 330,681 1,655,8401,172,762 147.182 o o 3.306,485 974,299 029 

275,401 2,296,964 379,994 1,488,064 1,471,858 146,598 _Q __ O 3,48~14 )'_62,432.._0.22 
:253 34012,185,0181366,358 1,709,971 1 ,322J24 183,982 o o 3,583,035 . . 

327,111 1,648.6121,519,974 165,340 o o 3,661.037 o 000 
229,6961,471,9981,465,433 189,997 O _0~57,~ __ O._OJIO_ 

3,(0J,OOO r--;::====:;----------~ 
............--Opt.l 

2,500,000 -~-Opt.2 

--<>--- Opt.3 . ,/ 
2.000,000 

1 
_____________________ ~ ·~- -.· 

- - - - ......".-~ +---
~ / :. 
5 1,500,000 " .1' j : 
.!! / l t• • 

' ' . 
1,000,000 / • : 

·l : 
/ : 

/ l : 
' : 

500,000 

0~---r---+----~~~---+----
o 1,000,00 2,000,00 3,000,00 4,000,00 5,000,00 6,000,00 

o o o o o o 
Egge 11110 

Median recruits 1,806,436 
90%ile recrnits 2.036,094 
90%ile RecJL 0.49 

Conservation limits l !!Jg_s 
_9-ption 1 kMinLag.eggsj3,084,0.40 

1SW IIISW 
10 r av.# 5ll1 ,344 373,944 
10 Ml.% 57% 43% 

1,002,688 2,243,661 

1SW 
476,278 
565,489 
637.361 

IIISW l Total. 
355,2471 831 ,525 
421 ,786 987 ,277 
475,411 1,112,793 
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