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ABSTRACT

During 1991, 956 MSW and 2,522 1SW salmon were harvested by
anglers in the Restigouche River (MSW salmon were harvested in
Québec tributaries only). Angling catches (including catch and
release of MSW salmon in N.B.) of MSW and 1SW salmon in 1991 were
35% and 49% below previous 5 year averages, respectively. Catches’
per unit effort for 1SW and MSW fish, respectively, were 48% and
33% below the prev1ous 5 year averages for New Brunswick, and the
same as the previous 5 year averages for Québec. Native harvest of
MSW fish was 32% below the previous 5 year average and harvest of

grilse was 81% below average. Based on angling data and an angling

exploitation rate assumed to be somewhere between 0.3 and 0.5,
returns of Atlantic salmon to the Restigouche River during 1991
were estimated to be between 8,580 and 13,560 MSW (34% below
previous 5 year means) and between 5,884 and 9,795 1SW salmon (49%
below previous 5 year means). Spawning escapement was estimated as
the difference between -total returns and losses to angling and
native fisheries, poaching, disease, and hatchery broodstock. 1991
escapement was between 5,093 and 9,276 MSW salmon (38% below
previous 5 year means) and between 2,522 and 5,885 1SW salmon (49%
below previous 5 year means). These spawners would result in a
total egg deposition of 30 to 56 million eggs (43% to 78% of
requirements). Probabilities that 1991 returns, spawners, and egg
deposition were less than previous 5 year means were estimated by
a randomization procedure, to be 100%. Probabilities that MSW
spawners and egg deposition were below target were 100%, but the
target for 1SW spawners was almost certainly met. Electrofishing
surveys indicated that densities of 0+, 1+, and 2+ juvenile salmon
exceeded previous 5 year averages by 118%, 28%, and 0%
respectively. The multiplicative model was used to compare 0+ and

1+ densities in 1991, with previous years. 0+ fry were
significantly more abundant in 1991 than in 1972-1987 but not
different than in years since. 1+ parr were significantly more

abundant in 1991 than in 1972, but not different than all other
years. : : '

Assuming average (1987 to 1991) returns of MSW and 1SW salmon
in 1992, total returns will be between 11,515 and 18,165 MSW and
10,297 and 17,097 1SW salmon.



RESUME

Au cours de 1991, les pécheurs sportifs ont capturé 956 saumons
pluribermarins (PBM) et 2522 saumons unibermarins (UBM) dans la
riviére Restigouche (les saumons PBM n'ont été capturés que dans
les affluents du Québec). En 1991, les prises sportives de saumon
PBM et UBM (ce qui comprend les saumons PBM capturés et remis a
l'eau au N.-B.) étaient respectivement de 35 p. 100 et 49 p. 100
inférieures aux prises moyennes des cing derniéres années. Les
prises par unité d'effort pour le poisson UBM et PBM respectivement
étaient de 48 p. 100 et de 33 p. 100 inférieures aux moyennes des
cing années antérieures au Nouveau-Brunswick mais elles
n'accusaient aucun changement au Québec. Les prises de saumons PBM
par les autochtones ont baissé de 32 p. 100 par rapport aux
moyennes des cing années précédentes et celles des madeleineaux de
81 p. 100. Selon les données sur la péche récréative et le taux
d'exploitation estimatif de cette péche situé entre 0,3 et 0,5, on
a évalué que de 8580 a 13 560 saumons de l'Atlantique PBM étaient
retournés dans la riviére Restigouche en 1991 (34 p. 100 de moins
que la moyenne des cing années précédentes) et que de 5884 a 9795
saumons UBM étaient remontés (49 p. 100 de moins que la moyenne des
cing ans). Le taux d'échappée des géniteurs a été calculé comme
étant la différence entre les remontées totales et les pertes dues
a la péche récréative et autochtone, au braconnage, a la maladie et
a la capture de géniteurs destinés aux écloseries. En 1991, entre
5093 et 9276 saumons PBM se sont échappés (38 p. 100 de moins que
la moyenne des cing années précédentes), et de 2522 a 5885 saumons
UBM ont réussi & s'échapper (49 p. 100 de moins que la moyenne des
cing ans). Ces géniteurs seraient responsables d'une ponte totale
de 30 a 56 millions d'oeufs (de 43 a 78 p. 100 des besoins de
ponte). On a évalué a 100 p. 100 la probabilité que la montaison,
la quantité de géniteurs et la ponte de 1991 socient inférieures a
la moyenne des cing années précédentes. Cette probabilité avait
été calculée selon la méthode de la randomisation. La probabilité
gue la quantité de géniteurs PBM et la ponte soient inférieures a
l'objectif était de 100 p. 100 mais l'objectif 1ié aux géniteurs
UBM a presque certainement été atteint. Des relevés par péche
électrique indiquent que les densités des tacons d'ge 0+, 1+, et
2+ dépassaient les moyennes des cing années précédentes par 118 p.
100, 28 p. 100 et 0 p. 100 respectivement. On a utilisé le modile
multiplicatif pour comparer les densités des poissons d'dge 0+ et
1+ de 1991 avec celles des années antérieures. Les alevins d'age
0+ étaient beaucoup plus abondants en 1991 qu'entre 1972 et 1987,
mais ils étaient de quantité égale & compter de 1988. Les tacons
de 1+ étaient beaucoup plus abondants en 1991 qu'en 1972 mais pas
différents de toutes les années suivantes.

En présumant que les remontées de saumons pluribermarins et
unibermarins en 1992 soient conformes aux moyennes de 1987 & 1991,
la remontée totale devrait se situer entre 11 515 et 18 165 saumons
PBM et entre 10 297 et 17 097 saumons UBM.



INTRODUCTION

During 1991, two user groups exploited Atlantic salmon in the
Restigouche River: anglers and native fishermen. Regulations
controlling the harvest of salmon in 1991 were similar to
regulations in 1990. Anglers in New Brunswick tributaries were
obliged to release all multi-sea-winter (MSW) salmon (> 63 cm) back
into the river. Catches of one-sea-winter (1SW) salmon were
restricted by season, possession and daily bag limits to ten, six
and two fish, respectively. 1In Québec tributaries, anglers were
allowed to retain both 1SW and MSW salmon with daily and seasonal
bag limits of one and seven fish, respectively. As in 1990, if the
first fish caught in a day was <63 cm, a second fish could be
caught and retained irrespective of size. Season opening for
Matapedia River was moved ahead to June 1 in 1991. Québec/New
Brunswick boundary waters were regulated by the New Brunswick catch
and release policy for MSW salmon. Native fishermen at
Restigouche, Québec, were allocated a qguota of 6818 kg. Native
fishermen at Eel River Bar, New Brunswick, were not regulated by
quota.

Commercial fisheries in Baie des Chaleurs have been closed in
Québec since 1984, and in New Brunswick since 1985. Historical
records of commercial landings prior to 1985 can be found in
Randall et al. (1990). For both provinces, fishermen were
prohibited from landing salmon caught in non-salmon fishing gear
(by-catch}).

The objective of this report is to provide an evaluation of
the status of Atlantic salmon in the Restigouche River for 1991.
Angling and native catch and effort data are summarized. Numbers
of spawners and egg deposition are estimated from angling data and
exploitation rates believed to represent lower and upper limits
(the true rate is unknown). Juvenile salmon densities at 8
standard electrofishing sites are presented. Projections of adult
salmon returns in 1992 are given.

METHODS

1. Angling catch and effort data.

Angling data from Québec tributaries of the Restigouche River
in 1991 were provided by the Ministére du loisir, de la Chasse et
de la Péche (MLCP): most estimates come directly from angling camp
logbooks. Angling data from New Brunswick were provided by DFO
fishery officers and by the New Brunswick Department of Natural
Resources and Energy (DNRE). DFO fishery officers collect angling
data directly from angling camps (daily logbooks) on a monthly



basis. 1In the New Brunswick portion of the Restigouche systen,
most angling (82% of 1991 catch) occurs at private or government
camps which keep individual records of angling catches. Angling
catches in Crown Open waters (3% of 1991 catch) are rough estimates
based on personal observations and interviews by the DFO fishery
officers. Crown reserve data (15% of 1991 catch) are summarized by
DNRE from data records returned by each angling party.

For both Québec and New Brunswick, angled salmon were
identified as being either MSW or 1SW. Effort was measured in rod-
days, where one rod-day was one angler fishing a river for any
portion of one day.

2. Native landings,

Landings of Atlantic salmon at Restigouche, Québec (Figure 1)
are reported on a weekly basis by the Band Office to MLCP.
Landings of salmon at Eel River Bar are reported on a weekly basis
by individual gear types (gill nets vs traps) to DFO fishery
officers. Based on personal observations of the Eel River fishery,
fishery officers adjusted nominal 1landings upwards by 15% to
account for underreporting. This adjustment has been made since
1987.

3. Within-river mortalities.

Poaching and disease (PAD) mortality rate was assumed to be
0.14 of the population entering the river (i.e, after estuary
harvest, but before angling) for 1SW salmon and 0.16 for MSW
salmon, as in previous assessments (Randall et al. 1988). The
calculation was made as follows:

headwaters estuary
angling estuary harvest
B A
MSW
PAD = 0.16[B/0.84] because,

PAD = 16% of the population at point a and,

The population at point A = B + 0.16 A
= B/0.84

B, the population available to anglers = angling catch/exploitation
rate
B = Catch/Exp


http:0.16[8/0.84

Therefore, MS8W PAD = 0.16[(Catch/Exp)/0.84]
By similar logic, PAD for 1SW was calculated as:
18W PAD = 0.14[ (Catch/Exp)/0.86]

The mortality rate associated with catch-and-release of MSW
salmon was assumed to be 6% (Courtenay et al. 1991).

4. Total returns and spawning escapement,

Total returns were calculated as the sum of estuary harvest
(native catch), river harvest, poaching and disease removals, and
spawning escapement.

Returns = Estuary harvest + River harvest 4+ PAD + Escapement

River harvest for 1SwW fish is the sum of fish lost to angling.
River harvest for MSW fish is the sum of fish lost to angling
(Québec), mortality associated with catch and release (N.B.), and
broodstock collection (Charlo hatchery, N.B.).

Spawning escapement was calculated as angling catch divided by
angling exploitation rate minus river harvest. Angling exploitation
rate is unknown for the Restigouche River, but Randall et al.
(1990) argued that it is probably somewhere between 0.3 and 0.5.
Therefore, spawning escapements were calculated for these limits.

A second method of estimating spawning escapement on the
Restigouche River is direct counts of spawners during canoe
surveys. These data are reported, but not used in calculating
total returns or egg depositions, because their accuracy has not
yet been adequately calibrated, and because these data have been
collected only since 1982.

5. arget e depositions d re ed spawners.

Egg deposition requirements for the Restigouche River, to
provide a deposition rate of 2.4 eggs per square meter, are
71,443,200 eggs (Randall 1984). About 12,200 MSW salmon are
required to produce these eggs, and an additional 2,600.1 SW salmon
are required to ensure. a 1l:1 sex ratio at spawning. Total egg
deposition is calculated in this assessment as follows:

# Eggs = (MSW spawners*eggs/MSW fish)+(1SW spawners*eggs/1SW fish)

where: eggs/MSW fish=5,933
eggs/1SW fish= 86


http:O.14[(Catch/Exp)/O.86
http:O.16[(Catch/Exp)/O.84

Eggs/fish were calculated by Randall (1984) from egg counts made on
fish harvested in 1983 by the freshwater, commercial, and native
fisheries, and sex ratios of salmon sampled at the Dalhousie trap,
1972~-1980.

The probability that spawning escapement, total returns, and
egg deposition were different from prior 5 year means and from
targets in the case of escapement and eggs, were assessed through
a randomization procedure which used the uncertainty in angling
exploitation rate (from which returns, escapement and eggs are
calculated). The procedure was as follows:

a) Difference from mean of previous 5 vears

1. Estimate spawners in the current year and each of the past 5
years, as catch divided by an exploitation rate drawn at random
from a uniform distribution between 0.3 and 0.5.

2. Calculate a mean number of spawners (for example) for the
previous 5 years, and express the number of spawners in the
present year as a proportion of this mean.

3. Repeat steps 1 & 2 1000 times and plot the distribution of
the proportions.

b) Difference from target

1. Estimate spawners in the present year, as catch divided by an
exploitation rate drawn at random from a uniform distribution
between 0.3 and 0.5.

2. Subtract the spawning target from spawners in present year,
target.

3. Repeat steps 1 & 2 1000 times and plot residuals.

The SAS program used for these randomization tests is shown in
Appendix 1.

6. Recruitment.

Densities of juvenile Atlantic salmon in headwater tributaries
of the Restigouche River were determined by electrofishing surveys
at 8 of the usual 15 sites during late July, 1991. Densities were
calculated by the removal method (Zippin 1956). Ninety-~five
percent confidence intervals in mean densities among the 8 sites
were calculated after individual site counts were transformed
(natural logarithms). Densities of salmon fry and parr have been
estimated at the same 8 sites each year since 1972.

Densities of fry (0+) and parr (1+) in 1991 were compared to



densities measured from 1972-1990, using the following
multiplicative model:

LOGPOP = LOGAREA + YEAR + RIVER + STRORD

Where: LOGPOP: log (population estimate for site)
LOGAREA: log (area of electrofishing site)
YEAR: 1972-1991
RIVER: river of electrofishing site, being the Little Main
Restigouche, Main Restigouche, or Kedgwick River.
STRORD: stream order of electrofishing site, being 4,5,6 or
7.

1972-1990 data include all 15 electrofishing sites; 1991 data

include only 8 sites. Reference categories were chosen as 1991,
Kedgwick River, and stream order 6; the last two being chosen
because they contained data in most years. Cells with zero counts
were deleted from analysis, because preliminary runs indicated that
neither the above model, nor simpler models with one or more
predictors omitted, were appropriate. SAS programs used are
included in Appendix 2.

7. Forecast.

Returns of MSW salmon and 1SW salmon were predicted from
previous 5 year averages. Indices of spawning levels (age 1 parr)
in years that will contribute to 1SW and MSW salmon returns in 1992
were also considered. Returns of 1SW fish in 1990 and 1991 were
examined as an index of relative survival at sea of cohorts
contributing to MSW returns in 1992.

RESULTS AND DISCUSSION

1. Catch and effort.
Angling fisheries

In Québec tributaries of the Restigouche River (Matapedia,
mainly upper Patapedia and the upper Kedgwick River), angling catch
of MSW salmon in 1991 was 956 fish, a decrease of 8% from the
previous 5 year average (Table 1, Appendix 3). (It should be noted
that the 1990 data have been revised and so differ from those
presented in last year's assessment.) Effort was down 11% from the
previous 5 year average to 7,264 rod-days (Table 2). Catch-per-
unit-effort (CPUE) was the same as the previous 5 year average, at
0.13 fish/rod-day.

The number of MSW salmon estimated to have been caught and
released in New Brunswick waters in 1991 was 2,181 fish, a 42%
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decrease from the previous 5 year average (Table 1). Effort
decreased 11% from the previous 5 year average to 9,217 rod-days
(Table 2). CPUE decreased 33% from the previous 5 year average to
0.24 fish/rod-day.

The total angling catch of MSW salmon in 1991 (Québec and New
Brunswick) was 3,137 fish, a decrease of 35% from the 1986-1990
mean (Table 1).

Angling catch of 1SW salmon in Québec tributaries was 535
fish, a decrease of 11% from the previous 5 year mean (Table 1).
CPUE was the same as the previous 5 year mean, 0.07 fish/rod-day
(Table 2). (Estimates of effort are those reported above for MSW
salmon.)

Angling catch of 1SW salmon in New Brunswick was 1,987, a
decrease of 54% from the previous 5 year average (Table 1). CPUE
decreased 48% from the previous 5 year mean, to 0.22 fish/rod-day
(Table 2).

The total angling catch of 1SW salmon (Québec and New
Brunswick) was 2,522 fish, 49% below the previous 5 year mean
(Table 1).

Native fisheries.

Native landings from Baie des Chaleurs and Restigouche River
for the years 1975 to 1991 are presented in Appendix 4. Operating
dates of these fisheries, 1979 to 1991, are summarized in Appendix
5. Data sources are given in Appendix 7.

Native fishermen at Restigouche, Québec, reported catching 859
MSW salmon and 9 1SW salmon in 1991 (Table 3), constituting 5,131
kg of the 6,818 kg gquota. These harvests are down 19% and up 13%
from previous 5 year averages for MSW and 1SW respectively.

Nominal landings by native fishermen at Eel River Bar, New
Brunswick, were 252 MSW salmon and 10 1SW salmon, 56% and 89% below
previous 5 year means (Table 3).

Total nominal landings of Atlantic salmon in the Restigouche
River from all fisheries in 1991 indicate a 23% decrease from the
previous 5 year mean for MSW salmon, and a 50% reduction for 1Sw
salmon (Table 3). Landings from 1970 to 1991 are presented in
Table 4. Historical 1landings prior to 1970 can be found in
Courtenay et al. (1991). Previously undocumented 1SW to MSW ratios
for angling landings for 1951-59 are given in Appendix 6.
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2. Within river mortalities,

Poaching and disease mortalities for MSW salmon were estimated
to be 1,992 and 1,195 for exploitation rates of 0.3 and 0.5
respectively. Comparable figures for 1SW salmon were 1,369 and
821.

Mortalities associated with the catch and release of 2,181 MSW
salmon in N.B. were estimated to be 131.

The number of MSW fish removed from the river to be used as
broodstock at the Charlo hatchery was 94.

3. Spawning escapement and total returns,

ndex: Cou ction

Counts of MSW and 1SW salmon at the NW Upsalquitch protection
barrier are not directly comparable to counts in other years
because high water conditions in 1991 caused the removal of the
barrier on October 16, 2 weeks earlier than counting is normally
terminated. Counts to October 16 indicate an average spawning
escapement: 930 MSW and 1,267 1SW salmon (both 7% below the 1986~
1990 annual neans) (Table 5).

For the second year, we report counts of 1SW and MSW at a
barrier on the Causapscal River - a tributary of the Matapedia
River (Table 5). This fence has been operated by MLCP since 1987,
but counts are available only since 1988. Counts of MSW fish (451)
were 14% below the 1988-90 average. Counts of 1SW fish (9) were
71% below the 1988-90 average.

Spawning escapement, 1991.

Spawning escapement was estimated using angling catches of
3,137 MSW salmon and 2,522 1SW salmon (Table 1). Total river
harvest of MSW salmon was calculated as:

1997 1990 (revised)
Angling harvest 956 893
Broodstock ’ 94 82
Catch/release mortality 131 171

Total 1181 1146
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Returns and spawning escapement were calculated as:

Exploitation % Change from
0.3 0.5 Previous 5 yr mean
MSW_SAIMON .
1. Total returns 13,560 8,580 -34
2. Harvest in estuary 1,111 1,111 -32
3. Harvest in river 1,181 1,181 -9
4. PAD 1,992 1,195 -35
5. Spawners 9,276 5,093 -38
6. Target spawners ‘ 12,200 12,200 -
$ of target (no.) 76 42 -38
1SW SAIMON
1. Total returns 9,795 5,884 -49
2. Harvest in estuary 19 19 -81
3. Harvest in river 2,522 2,522 -49
4. PAD 1,369 821 -49
5. Spawners 5,885 2,522 -49
6. Target spawners 2,600 2,600 -
% of target (no.) 226 97 -49
% of target (eggs) 78 43 -38

T T S T T - G T T - U S - G W G W G S G T W W T S - D G T — - - -

PAD is poaching and disease, which was assumed to be 0.16 and 0.14
of river returns of MSW and 1SW salmon, respectively.

Spawning escapement was estimated to be between 42% and 76% of
target for MSW, and between 97% and 226% of target for 1SW.
Resulting egg deposition was estimated to be between 43% and 78% of
target.

In the 1990 assessment of Atlantic salmon in the Restigouche
River, returns of MSW and 1SW salmon forecasted to return in 1991
were:

Method Forecast

MBW salmon 18W salmon

Five year mean 13,174 - 20,868 11,544 - 19,173

Forecasts were based on returns estimated using angling
exploitation rates of 0.5 and 0.3. Actual returns in 1991
calculated in the present assessment were, for MSW fish: 8,580 -
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13,560 (65% of the forecast); for 1SW fish: 5,884 - 9,795 (51% of
the forecast).

4. Bpawning escapement and egg depositions, 1970 to 1991.

Spawning escapements, assuming exploitation rates of 0.3 and
0.5, are summarized for the period 1970 to 1991 in Tables 6 to 9.
Spawning escapement for MSW was between 5,093 and 9,276 fish, 38%
below previous 5 year averages. Spawning escapement for 1SW was
between 2,522 and 5,885 fish, 49% below previous 5 year averages.

Estimated total egg depositions in 1991 were between 30.4 and
55.5 million eggs, 38% below the previous 5 year averages (Tables
10 and 11; Figure 2). In 1991, as in the previous 5 years, 99% of
eggs are estimated to have been deposited by MSW fish.

Egg depositions from 1971 to 1990 showed evidence of
correlation with resulting 0+ and 1+, but not 2+ juvenile densities
(Tables 10 & 11; Figures 3 & 4).

The preceding results indicate that returns, spawners and eggs
deposited were fewer in 1991 than average for the previous 5 years,
and were below targets. The following results indicate the
significance of these differences. (Numbers in brackets refer to
Figures showing the distribution of: proportions in the case of
comparison to average, residuals in the case of comparison to
target):

ABILIT T IS LESS N
5 YEAR MEAN TARGET
TOTAL RETURNS  MSW 100% (5) -
1SW 100% (6) -
SPAWNERS MSW 100% (7) 100% (8)
1SW 100% (9) <10% (10)
EGGS MSW + 1SW 100% (11) 100% (12)

These analyses suggest that 1991 returns, spawners, and egg
deposition were significantly smaller than previous 5 year
averages. MSW spawners and egg deposition were significantly below
target, but the target for 1SW spawners was almost certainly met.
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This type of analysis facilitates investigation of other
guestions about the data, such as, how much would a certain error
in catch data change our conclusions about spawning escapement? We
investigated this by postulating that the accuracy of our estimates
of angling for 1986-1991 was within 20% of true catch (i.e., true
catch is between reported catch/1.2 and reported catch/0.8), and
repeating the comparison of spawners with prior 5 year mean with
catches chosen randomly from this range. These analyses (Figures
15 and 16) show slightly greater standard deviations than the
analyses without error (0.138 ve =-.120 for MSW; 0.156 vs 0.140 for
1SW) but do not noticeably change the probability that spawners
were fewer in 1991 than average.

It is also possible to incorporate additional information in
this analysis, when it is available. For example, had we known
that the angling exploitation rate in 1991 was between 0.3 and 0.4,
rather than 0.3 and 0.5 as assumed for 1986 - 1990, results of the
comparison of 1991 spawners to the average would have appeared as
in Figures 13 and 14. Despite the larger estimates of spawners in
1991, the probability that 1991 was below average remains 100%.

Taken together, these analyses suggest that even if our
estimates of angling catch are fairly inaccurate, the exploitation
rate in 1991 would have had to have been dramatically smaller than
average for the spawning population to be average.

5. Recruitment.

Average densities of 0+ and 1+ Jjuvenile salmon in 1991
exceeded previous 5 year averages by 118% and 28% respectively
(Tables 10 & 11; Figure 17), while the density of 2+ juveniles did
not change from the previous 5 year average. These data suggest
that spawning levels and/or 3juvenile survival rates have been
increasing in recent years. Variation in densities among
individual sites was considerable however, as indicated by the wide
confidence intervals (Figure 17).

Analysis by the multiplicative model indicated that fry
density (0+) in 1991 was significantly greater than densities
measured from 1972-1987, but not significantly different from
densities measured in the past 3 years (Figure 18). All predictors
used in the model (year, stream-order, area of electroseining site)
were significant, with the exception of river. The model explained
43% (r?) of the variation in the database and appeared to fit the
data well (Figure 19).

Parr density (1+) in 1991 was significantly greater than the
density measured in 1972, but not significantly different from
densities measured in years since then (Figure 20). All predictors
used in the model (year, stream order, river) were significant,
with the exception of area of electroseining site. The model
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explained 35% (r?) of the variation in the database, and appeared
to fit the data well (Figure 21).

6. Forecast for 1992,

Based on mean returns from 1987 to 1991 estimated using a
range of angling exploitation rates of 0.5 to 0.3, returns of MSW
salmon in 1992 will be 11,515 to 18,165 fish. 1SW returns will be
10,297 to 17,097 fish.

Indices of spawning escapement and adult survival in years
that will produce 1SW and MSW salmon returns in 1992 were also
considered. For MSW salmon, average returns of 1SW salmon in 1990 -
and 1991 (i.e., same smolt years that will produce 2SW and 3SW
salmon in 1992) were compared to the previous five year averages,
as a possible index of sea survival. Also, average 1+ juvenile
densities for the period 1987 to 1989 were compared to the previous
five year average, as a possible index of recruitment strength.
Similarly, for potential returns of 1SW salmon in 1992, age 1+ parr
densities for 1989 and 1990 were considered. Forecasting from
juvenile densities in these years is based on the fact that in the
Restigouche River, most 1SW salmon return to spawn as 3 or 4 year
old fish, and most MSW salmon return to spawn as 4 to 6 year old
fish (unpublished data). Forecasts from juvenile densities and 1swW
returns are as follows:

Spawning or survival index

1SW returns 1+ parr density
Exploitation rate: 0.3
MSW salmon (1992) -29% +26%
(index years) (1990, 1991) (1987 - 1989)
1SW salmon (1992) - +54%
(index years) (1989, 1990)
Exploitation rate: 0.5
MSW salmon (1992) -29% +26%
(index years) - (1990, 1991) (1987 - 1989)
1SW salmon (1992) +54%

(index years) (1989, 1990)
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The potential index of sea survival (catch of 1SW in 1990,
1991) predicts a below average return of MSW fish in 1992. The
potential recruitment index (1+ density) predicts an above average
return of MSW and 1SW fish in 1992.

7. Recommendations,

1. The utility of data gathered at index angling camps, canoe
surveys, and barriers should be reviewed. For example, are angling
catches of 1SW fish in year x a good predictor of MSW returns in
year x+1? Are canoe counts an accurate measure of spawning
escapement?

2. The utility of estimates of juvenile abundance for hindcasting
parental numbers, and forecasting returns, should be investigated.
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Surmary Sheet

Stock: Restigouche River, SFA 15
Life Stage: juveniles (0+,1+,2+4), 15W and NSW saimon
Target: 71.4 million eggs (12,200 MSW, 2,600 1SW salmon)

1986 1987 1988 1989 1990 1991 86-90  91/86-90 MIN MAX

River harvest
MSW 1693 1073 1207 1336 1146 1181 1291 9% 688 6707
s 5413 5005 6776 X301 4324 2522 4964 ~49% 896 6776
Estuary harvest
Msy 1576 1902 1430 1649 1606 1M 1633 -32X 23 18180
15W 30 100 73 163 136 19 100 -81% o 7339
Soawning Escepement®
MSW (X 1000) 11-19 7-13 10-17 8-13 &1 5-9 8-15 -38% 1-2 11-19
1sW (X 1000) 5-13 5-12 7-16 3-8 4-10 3-6 5-12 ~49% 1-2 7-16
Total itgtm'ng1
MSW (X 1000) 16-26 12-18 15-23 12-19 10-16 9-14 13-21 ~34% 6-9 23-26
15w (X 1000) 13-21 12-19 16-26 8-13 10-17 &-10 12-19 ~49% 3-4 16-26
% _egg target g;l 89-15¢ 59-105 83-146 63-113 53-95 43-78 70-124  -38% 9-20 89-159
Cance counts Spawner:
MSW 9542 8535 9520 12362 { )2 7513 9990 -25% 23973 12362
1suW 5190 3930 3861 3970 ¢ ) 3836 4238 -9% 986 5190
Barrier Counts of Spawners
Upsalquitch: MSW 1166 1000 993 894 946 930 1000 -T% 3014 1166

isw 1738 1557 1" 1051 1324 1267 1358 -T% 430 1738
Causapscal: MSW 505 605 456 451 522° -14%3

1sw 49 7 37 ¢ n 71X
Juvenile Densities
0+ 23.9 42.0 53.2 72.1 83.2 106.5 48.9 +118% 5.26 106.5
1+ 7.5 9.4 6.1 12.1 12.9 12.3 9.6 +28% 2.4 12.9
2+ 2.8 4.7 2.1 1.9 3.1 2.9 2.9 0X 0.4 4.7

1 Range given reflects uncertainty of angling exploitation rate (assumed to be between 0.3 and 0.5), from which
2 spawning escapement (and therefore eggs), and totsl returns are derived,
High water prevented field survey.
3 MIN WX for yesrs 1982 to present.
4 MIN MAX for years 1980 to present.
5 For 15W and MsW counts at Causapscal River, aversge is 1988-1990 rather than 1985-90.
6 MIN MAX for years 1972 to present.

»

Recreational cstches: Have ranged from 2068 - 6181 MSW and 896 - 6776 15W salmon during the past 10 years.
{MSW catch includes catch and release in N.B.) Effort (rod-days) and catch have
decreased over recent years.,

Methodology: Spawning escapement, Losses to poaching and disease, and total returns are all cslculated
from angling catch divided by exploitation rate. Exploitation rate has not been measured
on the Restigouche River since 1977, but is assumed to be between 0.3 and 0.5. Spawning
escapement has also been estimated by cance surveys since 1982 - but was prevented in 1990
by high water. Salmon are counted at headwater protection barriers on the Upsalquitch
River (since 1980) and Causapscal River (Matapedia) (since 1968). Juvenile salmon
densities were estimated from electrofishing at 15 standard sites (since 1972) except in

o
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1991 when only 8 gsites were fished.

MIN MAXs in summary table are for the perfod 1970 to present unless otherwise stated.
River harvest includes mortalities associated with catch and release, and broodstock
removals. Estuary harvest is native catch. Upsalquitch barrier counts are incomplete
in 1989, 1990, and 1991. Causapscal barrier counts are incomplete in 1990, Juvenile
densities are number per 100 scuare meters.

Because angling exploitation rates have not been measured in recent years, true spawning
escapements are unknown. Potential indices of spawning escapement (canoe counts, barrier
counts, and juvenile densities) suggest that the stock is larger now than it wss in the
early 1980s.

Based on the mesn returns from 1987 - 1991, between 12 and 18 thousand NSW and between
10 snd 17 thousand 1SW sslmon are expected to return in 1992, There is no evidence to
suggest that returns will be significantly greater or smaller than average. The ranges
given reflect upper and lower exploitation rates used in calculating returns, not
confidence limits.

1f angling statistics are to be used to estimate spawning escapement, exploitation rates
must be measured annually. The utility of data on juvenile densities for hindcasting
parental stock and forecasting returns should be investigated. The utflity of data from
canoe surveys, barrier counts, and fndex angling camps for estimating spawning escapement
should be investigated.
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Table 1. Estimated angling catches of salmon in the Restigouche River, 1970 to 1991. Dats for 1951-1969
are available in Appendix 6.

MSW 1w Proportion MSW
Year PQ NB Total (4] NB Totsl ] NB Totsl
1970 326 176 2042 166 1340 1506 0.66 0.56 0.58
97N 259 7 1016 173 999 1172 0.60 0.43 0.46
1972 1n 3870 5041 m 978 1089 0.91 0.80 0.82
1973 1146 3746 4892 147 1423 1570 0.89 0.72 0.76
1974 1163 4785 5948 129 1038 1167 0.90 0.82 0.84
1975 741 2160 2901 149 1130 1279 0.83 0.66 0.69
1976 1029 4481 5510 k144 2345 2722 0.73 0.66 0.67
1977 1579 5128 6707 459 2333 2792 0.77 0.69 o.M
1978 1652 3373 5025 282 1322 1604 0.85 0.72 0.76
1979 826 97 1823 556 1990 2546 0.60 0.33 0.42
1980 2059 4098 6157 409 2833 3242 0.83 0.59 0.66
1981 1408 2832 4240 635 3010 3645 0.69 0.48 0.54
1982 962 1620 2582 402 2649 2851 0.7 0.40 0.48
1983 587 1481 2068 181 715 8%  0.76 0.67 " 0.70
1984a 570 1672 2242 348 1474 1822 0.62 0.53 0.55
1985 752 3563 4315 259 3258 3517 0.74 0.52 0.55
1986 1418 4763 6181 498 4915 5613 0.74 0.49 0.53
1987 873 3203 4076 591 4414 5005 0.60 0.42 0.45
1988 1007 4546 5553 692 6084 6776 0.59 0.43 0.45
1989 1006 3441 L4647 450 2851 3301 0.69 0.55 0.57
1990 893 2842 3735 765 3559 4324 0.54 0.44 0.46
1991 956 2181 3137 535 1987 2522 0.64 0.52 0.55
Mean (86-90) 1039 3759 4798 599 4365 4£964 0.63 0.47 0.49
1991/Mesn -8% -42% -35% -11% -54% -49% +2% +11% +12%

a Estimates of MSW salmon (1984 to 1991) include relessed fish in New Brunswick. New Brunswick cstch-and
-relesse dats were estimates from angling lLodge Logbooks, crown reserve angler questionnaires and DFO
fishery officers.
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Table 2. Preliminary estimates of angling catch, effort and CPUE in New Brunswick and Guebec portions of the

Restigouche River, 1991,

Catch, effort and CPUE in 1990 are given for comparison,

1991 1990 Mean (86-90) 1991/Mean
Cateh Effort CPUE Catch Effort CPUE Catch Effort CPUE Catch Effort CPUE
N.B. 1SV 1987 9217 0.2 3559 11164 0.32 4365 10371 0.42 -54% -11%  -4BX
MSWa 2181 9217  0.24 2842 11164 0.25 3759 10371 0.36 -42% -11% -33%
P.Q. 1SVW 535 7264 0.07 765 ™07 0.10 599 8193 0.07 -11% -11% 0x
NS 56 7264 0,13 893 7907 0.1 1039 8193 0.13 -8% -11% ox
s Estimates of N.B. MSW salmon are released fish.
Teble 3. Preliminary estimates of harvest (numbers) of 15U and NSW salmon in Restigouche River, 1991.
Harvests of saimon in 1990 are given for comparison.
1991 1990 Kean (856-90) 1991/Mean
Fishery 15v nsw 15w MSW 15w MSW 15V HSW
Native
N.B. 10 252 120 471 92 579 -39%  ~56%
P.g. 9 859 16 1135 8 1054 +13%  -19%
Angling
N.B. 1987 3559 4365 -54%
p.Q. 535 956 765 893 599 1039 -11% -8%
Total 2541 2067 44560 2499 5064 2672 -50% -23%
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Table 4. Commercisl, angling and Native ssimon landings from Baie des Chaleurs and Restigouche River, 1970 to

1991. Data sources given in Appendix 7.

Commercisl Argling Native
Year 15w MSW 15w SV isv MSW Total
1970 18180 1506 2042 21728
171 8967 1n 1016 11155
1972 36 i 1089 5041 6189
1973 12zR 295 1570 4892 8029
1974 132 68 167 5948 7315
1975 163 1026 1279 2901 3 132 5504
1976 5107 225 2722 5510 13 1641 15218
1977 1134 168 2me 6707 19 2950 13770
1978 1522 156 1604 5025 3 129 8459
1979 83 671 2546 1823 169 896 6188
1980 1986 ] 3242 6157 58 1827 13279
1981 3045 3534 3645 4240 20 211 14695
1982 2202 4437 2851 2582 160 1676 13908
1983 1582 4569 896 2068 32 %76 10593
1984 7161 2026 1822 570 178 1283 13040
1985 0 0 3517 752 35 1217 5521
1986 0 0 5413 1%18 30 1576 8437
1987 0 o 5005 873 100 1902 7880
1988 o 0 6776 1007 73 1430 9286
1989 ) 0 3301 1005 163 1649 6119
1990 0 ] 4324 893 136 1606 6959
1991 o 0 2522 956 1% 1Mn 4608
Mesn (86-90) 0 ] 4964 1039 100 1633 75
1991/Mean ox ox -49% -8% -81% -32x -40%
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Table 5. Counts of salmon at two fish barriers in the Restigouche River system.

Year 15 MSW Total MSU/1SM

W Upsalgquitch barrfer

1980 843 887 1730 1.05
1981 789 481 1270 0.61
1982 819 622 1441 0.76
1983 430 301 731 0.70
1984 518 642 1160 1.24
1985 748 517 1265 0.69
1986 1738 1166 2904 0.67
1987 1557 ‘ 1000 2557 0.64
1988 1121 993 2114 0.89
19892 1051 894 1945 0.85
1990b 1324 946 2270 o.n
1991c 1267 930 2197 0.73
Mean (86-90) 1358 1000 2358 0.75
1991/Mean -7% -7X% -7X -3%

Causapscal barrier

1988 4 505 554 10.31
1989 7 605 612 86.43
1990d 37 456 493 12.32
1991 9 451 460 50.11
Mean (88-90) 3 522 553 34,35
1991/Mean -71% -14% 7 +38%

8 Count incomplete. Barrier removed October 22 (c.f. October 26-28 in other years) due to budget
constraint.

b Count incomplete. Barrier breached October 14 due to high water.

¢ Count incomplete. Barrier removed October 16 due to high water.

d Count incomplete. Barrier breached August 14 due to high water.
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Table 6. Estimated spawners (S) and total returns (R) of MSW salmon in Restigouche River, 1970 to 1991.
Spawners were estimated using an angling exploitation rate (u) of 0.3.

Harvest MSu Field

Released Spawners Spawner Returns
Year Estuary River plus P.Q. PAD s) Counts (R)
1970 18180 2042 1297 4765 26284
1971 8967 1016 645 37 12999
1972 23 5041 3201 11762 20027
1973 295 4892 3106 11415 19708
1974 68 5948 3777 13879 23672
1975 1158 2901 1842 6769 12670
1976 1866 5510 3499 12857 23732
1977 3118 6707 4259 15650 29734
1978 285 5025 3191 11725 20226
1979 1567 1823 1158 4254 8802
1980 1836 6157 3910 14366 26269
1981 3745 4240 2692 9893 20570
1982 6113 2582 1640 6025 3563 16360
1983 6045 2068 1313 4825 2397 146251
19842 3309 488 2242 14624 6785 5233 12206
1985 1217 1074 4315 2740 13309 7898 18340
1986 1576 1693 6181 3925 18910 9542 26104
1987 1902 1073 4076 2588 12514 8535 18077
1988 1430 1207 5553 3526 17303 9520 23466
1989 1649 1336 4447 2824 13487 12362 19296
1990b 1606 1146 3735 2372 11304 16428
1991 1M 1181 3137 1992 9276 7513 13560
Mean (86-90) 1633 1291 4798 3047 14704 9990 20674
1991/Mean -32% -9X -35% -35% -37% -25% -34%

8 River harvests (1984 to 1991) include catch and release mortalities and broodstock removals.
b High water prevented field spawner count.
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Table 7. Estimated spawners (S) and total returns (R) of MSW salmon in Restigouche River, 1970 to 1991,
Spawners were estimated using an angling exploitation rate (u) of 0.5.

Harvest MSW Field

Released Spawners Spawner Returns
Year Estusry River plus P.Q. PAD ) Counts (3]
1970 18180 2042 778 2042 23042
1174 8967 1016 387 1016 11386
1972 i) 5041 o1 5041 12026
1973 295 4892 1864 4892 119463
1974 68 5948 2266 5948 14230
1975 1158 2901 1105 2901 8065
1976 1866 5510 2099 551¢ 14985
1977 3118 6707 2555 6707 19087
1w . 285 5025 1915 5025 12250
v 1567 1823 695 1823 5908
1980 1836 6157 2346 6157 16496
1981 3745 4240 1615 4240 13840
1982 6113 2582 984 2582 3563 12261
1983 6045 20468 788 2068 2397 10969
19842 3309 688 2242 854 I 5233 8647
1985 1217 1074 4315 1644 7556 7898 11491
1986 1576 1693 6181 2355 10669 9542 16293
1987 1902 1073 4076 1553 7079 8535 11607
1988 1430 1207 5553 2116 9899 9520 14652
1989 1649 1336 4447 1694 7558 12362 12237
1990b 1606 1146 3735 1423 6324 10499
1991 11 1181 3137 1195 5093 7513 8580
Hean (86-90) 1633 129 4798 1828 8306 9990 13058
1991 /Mean -32% -9% -35% . -35% -39% -25% -34%

a River harvests (1984 to 1991) include catch and release mortalities and broodstock removals.
b High water prevented field spawner count.
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Yabie 8. Estimsted spawners ($) snd totsl returns (R) of 1SV salmon in Restigouche River, 1970 to 1991,

Spawners were estimated using sn angling exploitation rate (u) of 0.3.

ERELEEETR EBE

Harvest Fisld

Spawners Spavner Returns
Year Estusry River PAD (s) Counts (R)
1970 0 1506 817 3514 11174
L4] 0 "7n 636 arss 4543
1972 3% 1089 591 2541 4257
1973 1272 1570 852 3663 7387
1974 132 1167 £33 b3ra 4655
1975 186 Fag % 2984 513
1976 5120 T2 w77 6351 15670
1977 1153 w2 1515 6515 11978
1978 1545 1604 870 3743 762
1979 252 2548 1382 £941 10121
1980 2044 3242 1759 " T565 14610
1981 3065 3645 1978 8505 17193
1982 23682 2851 1547 5652 1577 13412
1983 1584 896 486 2091 986 5057
198 e 1822 989 ¥.3 1374 16401
1985 35 3517 1909 8206 2111 13667
1986 30 5413 %7 12630 5190 21010
1987 100 5005 2718 11678 3930 19499
1988 £ 8776 3677 15811 3861 26337
1989 163 3301 1791 7702 3970 12957
1990 136 4324 348 10089 16895
1991 19 2522 1369 5885 3836 LZ247]
Mean (BS-90) 100 4964 2693 11582 4238 19340
1991 /Mean -81% -49% ~49% -49% -9%X -49%

# High uster prevented field spawner count.
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Tebie 9. Estimated spawners (S) and total returns (R) of 15W salmon in Restigouche River, 1970 to 1991.
Spawners were estimated using an angling exploitation rate (u) of 0.5.

Harvest Field

Spawners Spawner Returns
Year Estusry River PAD ($) Counts (R)
1970 0 1506 490 1506 3502
1971 0 1 382 1r 2728
1972 36 1089 355 1089 2569
1973 1212 1570 511 1570 “3
1974 132 1167 380 1187 2846
1975 166 1279 416 127 3140
1976 5120 2722 886 2122 11450
1977 1153 2792 909 2792 7646
1978 1545 1604 522 1604 5275
1979 252 2546 829 2546 (3£
1980 204k 3242 1056 3262 9584
1981 3065 3645 1187 3645 11542
1982 2362 2851 928 2851 1577 8992
1983 1584 8% 292 896 986 3668
1984 7339 1822 593 1822 1374 11576
1985 35 3517 1145 3517 21 8214
1986 30 5413 1762 5413 5190 12618
1987 100 ~ 5005 1630 5005 3930 11740
1988 n 6776 2206 6776 3851 15831
1989 163 3301 1075 3301 3970 7840
19902 136 4324 1408 4324 10192
1991 19 2522 821 2522 3836 5884
Mean (86-90) 100 4964 1616 4964 4238 11644
1991/Mean -81% -49% -49% -49% - -49%

8 High water prevented field spawner count.
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Table 10. Estimates of total egp deposition and resulting juvenile densities of Atlantic salmon in

the Restigouche River, 1971 to 1991,

rate (u) of 0.3.

Egg depositions were estimated using an angling exploitation

Egg deposition Juvenile salmon dengities
Year (millions) 0+ 1+ o+
(i) (year ) (year {+1) (year i+2) (year §+3)
1. 2. 3. 4.
wn 14.3 5.2 2.8 0.6
1972 66.8 22.0 6.1 1.5
1973 72.3 13.1 4.8 1.0
1974 84.5 28.6 6.9 1.4
1975 % 13.3 3.9 1.0
1976 83.0 %.7 6.3 1.4
1977 85.2 19.5 5.9 2.1
1978 n.s 6.1 3.8 0.4
1979 26.8 °.3 2.4 0.4
1980 68.3 18.9 3.3 3.1
1981 59.4 11.2 7.8 2.5
1982 36.3 5.4 7.3 1.6
1983 28.8 25.1 10.4 2.8
1984 40.7 25.2 7.5 4.7
1985 ».7 23.9 9.4 2.1
1986 113.3 42.0 6.1 1.9
1987 75.2 53.2 12.1 3.1
1988 104.1 72.1 12.9 2.9
1989 80.7 53.2 12.3
1990 68.0 106.5
1991 55.5
Mean (86-90) 88.3 48.9 9.6 2.9
1991/Mean -37% +118% +28% 0%
Correlations: n r P
in. 1. with In. 2. 20 - 0.52 0.02
In. 1. with In. 3. 19 0.46 0.05
{n. 1. with (n. 4. 18 0.35 0.16
tn, 2. with In, 3. 19 0.81 <0.01
In. 2. with in. 4. 18 0.74 «0.01
In. 3. with in, 4. 18 0.73 <0.01
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Table 11. Estimates of total egg deposition and resulting juvenile densities of Atlantic salmon in

the Restigouche River, 1971 to 1991.

rate {(u) of 0.5.

Egg depositions were estimated using an angling exploitation

Egg deposition Juvenile salmon densities
Year (millions) 0+ 1+ 2+
i) {year i) (year i+1) C(year i+2) (year i+3)
1. 2. 3. 4.
1971 6.1 5.2 2.8 0.6
1972 28.6 22.0 6.1 1.5
1973 31.0 13.1 4.8 1.0
1974 36.2 28.6 6.9 1.4
1975 19.2 13.3 3.9 1.0
1976 35.6 1.7 6.3 1.4
1977 36.5 19.5 5.9 2.4
1978 30.7 6.1 3.8 0.4
1979 1n.4 9.3 2.4 0.4
1980 29.2 18.9 3.3 3.1
1981 25.5 11.2 7.8 2.5
1982 15.5 25.4 7.3 1.6
1983 12.4 25.1 10.4 2.8
1984 22.7 25.2 7.5 &7
1985 45.1 23.9 9.4 2.
1986 3.8 42.0 6.1 1.9
1987 42.4 53.2 12.1 3.1
1988 59.3 . 12.9 2.9
1989 45.1 53.2 12.3
1990 37.9 106.5
1991 30.4
Mean (856-90) &9.7 48.9 9.6 2.9
1991/Mean -39% +118% +28% ox
Correlations: n r P
tn. 1. with In, 2. 20 0.63 <0.01
in. 1. with {n. 3. 19 0.55% 0.02
In. 1. with in. &. ‘18 0.42 0.08
tn. 2. with in. 3. 19 0.81 <0.01
in. 2. with Ln. &. 18 0.7 <0.01
in. 3. with in. 4. 18 0.73 <0.01
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Restigouche
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Egg deposition

0
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FIGURE 2. Egg deposition rates, 1970-1991, estimated from angling
catch data and assumed exploitation rates of 0.3 (squares) and
0.5 (dots). Horizontal line indicates target deposition rate.
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FIGURE 3. Relationship between egg deposition rate and resulting
densities of 0+ and 1+ parr in the Restigouche River, 1972~
1991. Egg deposition rates were estimated from angling catch
and and assumed exploitation rate of 0.3.
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FIGURE 4. Relationship between egg deposition rate and resulting
densities of 0+ and 1+ parr in the Restigouche River, 1972-
1991. Egg deposition rates were estimated from angling catch
and assumed exploitation rate of 0.5.
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Th; 528 Zystem : 15:31 Thursday, January 16, 1992

ESTSPMOL Cum. Cm.

Midpoint Freq Freq Percent FPercent
0.000 } o 0 0.00 0.00
0.12% } 0 [ 0.00 0.00
0.250 { 0 ] 0.00 0.00
0.37% :“* ' 18 16 1.60 1.60
0.500 }.01’.0“0.0"!*“QOQQOOQ.QQQOQ.i"‘t'QQQ‘O'Q‘..Q‘Q..‘QQﬁtt..Q'OQ.O.QOQ‘O‘Q"Q“.‘QQ 414 430 41.40 43.00
0.862% }t.'.tﬂ‘tt.".i'.cit.'..'.itt.0!‘0.9"0".'0""‘.Qttt'ﬁt.ﬂ.!t’ttt".ﬁtt 357 787 35.70 78.70
0.750 fnn.o.n"onao¢nonauo'ncnn“‘un 194 981 19.40 98.10
0.873 ;"" ' 19 1000 1.50 100.00
1.000 t 0 1000 0.00 100.00
1.128% : 0 1000 0.00 100.00
1.280 % 0 1000 0.00 100.00
1.378 } 0 1000 0.00 100.00
1.500 { 0 1000 0.00 100.00
1.625 } R 0 1000 0.00 100.00
1.750 : 3 0 1000 0.00 100.00
1.878 } ‘ 0 3000  0.00 100.00
2.000 ! 0 1000 0.00 100.00
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FIGURE 5. Estimated MSW total returns in 1991 as a proportion of
the average 1986-1990 from randomization procedure, based
on exploitation rates drawn from uniform distribution of
0.3-0.5, 1000 simulations, assume no error in catch data.
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LSTSP1S) Cum. Cun.

Midpoint Freq UPreq Percent FPercent
0.000 } 0 o 0.00 0.00
0.12% { o ] 0.00 0.00
0.250 {'" 21 21 2.10 2.10
0.378 ;nn:onntoatatntocq.oo'otOQQGQQQQQQ-o.*Qc'uut'auatoaqtaﬁt-aaaoﬁanﬁc 487 508 .70 $0.80
o.soo {t.ttlt..ttti.t’t.'t't.'ﬂo..t'ttt"t.ﬂa"tl’tt.'."t.t 401 909 40.10 890.90
0.62% }"“"'*"" 91 1000 9.10 100.00
0.750 { 0 1000 0.00 100.00
0.87% ; 0 1000 0.00 100.00
1.000 } ¢ 1000 0.00 100.00
1.12% } 0 1000 0.00 100.00
1.25%0 } 0 1000 0.00 100.00
1.37% { 0 1000 0.60 100.00
1.500 { 0 1000 0.00 100.00
1.625 } 0 1000 0.00 100.00
1.750 { 0 1000 0.00 100.00
1.87% ! 0 1000 0.00 100.00
2.000 : 0 1000 0.00 100.00

. i P & e .

30 60 90 120 150 180 210 240 270 360 330 350 390 420 céo 480

Proquancy

FIGURE 6. Estimated 1SW total returns in 1991 as a proportion of
the average 1986-1990 from randomization procedure, based on
exploitation rates drawn from uniform distribution of
0.3-0.5, 1000 simulations, assume no error in catch data.
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ESTSPMS1 ' : Cus. Cum.

Midpoint Freq FPFreq Percent Percent
0.000 : 0 0 0.00 0.00
0.12% : ¢ 0 0.00 0.00
0.2%0 } [ ¢ 0.00 0.00
0.378 {-a.aaae-.-eo........--.‘a*go..;}e. 111 in 17.10 17.10
0.500 !ltoct..pot'otcaooo.ootooaatiito.oa"t.Q.nto.ot.ao.ooaoota'o.-ooo.onn‘t.ttt 371 s42 37.10 84.20
0.625 :tt'.".........'..'!.t.'Iti'i"l"iil'.tiiitit..tt..tiil. 2.5 ‘27 2..50 82.70
0.7%0 :tttﬁotootttot..ot'.noo.tdtt'tl 182 959 1%.20 $7.90
0.97% }"" 21 1000 2.10 100,00
1.000 : 0 1000 0.00 100.00
1.12% } . o 1000 0.00 100.00
1.25%0 } 0 1000 0.00 100.00
1.37% : 0 1000 0.00 100.00
1.500 ! 0 1000 0.060 100.00

20 40 60 80 180 120 140 160 180 200 220 240 260 280 360 320 340 360

Frequency

FIGURE 7. Estimated MSW spawners in 1991 as a proportion of
the average 1986~-1990 from randomization procedure, based
on exploitation rates drawn from uniform distribution of
0.3-0.5, 1000 simulations, assume no error in catch data.



37

The SAS Systex

Midpoint

~7050
-6750
-6450
-5150
~5850
~5550
-5250
-4950
~4650
~4350
~4050
~-3750
=3450
~3180
-2850

lt.‘t”..'.‘.t*'.Q"‘QO'.QQQ‘QC..Q
l.‘Q‘ﬂtﬁﬂ"'.'t‘.t.ittt‘Q!Q.Q’t.!i*".'t."..lltlt“'
lQQ"‘QQ‘.OQ...‘t.".ttt"ti’..’Q.t.iﬁ.ti‘.t.".h".’s’.
‘Qi..‘t""t.‘tt.0Q"ﬁ“'0"."0'0"‘.."'.,‘1
’..t’t'*’."‘OQQO’lOQ'.!Q’.QO.Q.QQ.'.‘Q&O.QQ'O
lt'ﬁ.t."QQQQQ‘;'.t,'QCQ‘QQ‘QQQ..O.'.Q.OQO'
l'.t'.‘*tt'i“.QOCQ"*O"OOQ.'QQ‘Q.CQ‘
l'ti.'ﬁt"i.‘Q..."OOOQQ‘O‘Q‘O'QQ‘QQ
‘.QC'.‘*'.!.""Q.t!..t"'."‘
"t't"ttt..t...Oi'ttt..'l’...".t.'
I'ttt.ttit".‘.t"‘iﬁ”“

l."t.ﬁ"'tﬁ'..".".’.

}‘.ﬁ""’.‘t".‘."'ﬁ"‘

‘.CQ‘...Q"C’OO.CQ'O‘

Iti.i.i

N N " : N FY— & &

10 20 30 40 S0 6 0 80 90 100 110

Fraquency

rreq
3]
103
110
89
89
84
73
70
58
70
48
4"
46
40
11

Cum.
freq

63
168
278
367
456
S840
813
683
41
811
a5y
$03
949
989

1000

Percent
§.50
10.30
11.00
8.90

8.90

11:23 Thussday, January 16, 1992

Pezcent
6.50
16.80
27.80
35.70
45.60
54.00
61.30
68.30
74.10
81.10
85.%0
90.30
94.90
98.90
100.00

FIGURE 8. Estimated MSW spawners in 1991 - spawning target (12,200)
based on exploitation rates

from randomization procedure,
drawn from uniform distributio
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assume no error in catch data.
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LSTSP191 Cum. Cum,
Midpoint . freq Freq Percent Percent
0.000 } 0 0 0.00 0.00
0.125 } 0 0 0.00 0.00
0.2%0 :...-.a-.-;o..no..a..na.a...gcg.. 160 160 16.00 16.00
0.375% }a.ltﬁat.tgto.aa.n...gcg‘a.ttt“‘ctd..ncot.a00ttﬁQta.'..ittdcth'aggt.ao.. 359  S19 3%.90 51.90
0.500 %0"'0gé.’ta.t...éé’n'.ntﬁo.o'Qﬁnﬁttttdt.tﬁtﬁﬁﬁhdﬁﬁtt 258 T 25.80 7.70
0.62% {ttat'natﬁﬁt"ttit.ot.ﬁ.tt.t:tc 140 92% 14.80 92.50
0.750 }ttt..‘....tt’ 66 991 6.60 99.10
0.875 ;“ 9 1u00 0.%0 106.00
1.0600 : 0 3000 0.00 100:00
1.12% : o 1000 0.00 100.00
1.250 1l o 1000 6.00  100.00
1.375% = 0 1000 0.00 100.00
1.500 : ¢ 1000 0.00 100.00

20 40 &0 80 100 120 140 1;0 180 200 220 240 260 280 300 320 340 360

Frequency

FIGURE 9. Estimated 1SW spawners in 1991 as a proportion of
the average 1986-1990 from randomization procedure, based on
exploitation rates drawn from uniform distribution of
0.3-0.5, 1000 simulations, assume no error in catch data.
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11:23 Thursday, January 16, 1992

FIGURE 10. Estimated 1SW spawners in 1991 - spawning target (2,600)
from randomization procedure, based on exploitation rates
drawn from uniform distribution of 0.3-0.5, 1000 simulations,
assume no error in catch data.
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PE Cum. Cum.
Midpoint Freq Freq Percent Percent
0.42 }*OQ'.Q‘COQC 21 b3 8 2.10 | 2.10
0.4¢ :ttoooau't-o‘aapt-eocoaotaanttitt-ontict-aoc 1.3 106 8.5 10.60
0,50  |*oneessttasnst sttt sata st ittt astraestasaststrsssunanseanasstananess 3133 238 13.20 231.80
0.54 R e L L L ] 128 166 12.80 36.60
0.58 R L L R e L T 116 482 11.60 48.20
- B e e L e S L DAL L L 128 607 12.5%0 60,70
0.66 ltt.t.tt'ttti'..t'ttttttttt't.t..t..ttt'ttﬁ.ttti'.t 100 707 10.00 70,70.
0.70 [SasassnaeiseersnstttirtaiReRireetaettares 81 788 8.10 78.80
0.74 :ttit.iiittbtiitt‘.titittﬁtttt’it‘.iﬁi 74 862 7.40 86.20
0.78 %t‘.ttﬁt"tc&"it’.tt't".tOQOO 60 922 6.00 92.20
0.82 :’.t"t.'t"i"tt". 17 1.1 1.70 95.90
0.86 {""‘*""*" 25 984 2.50 98.40
0.50 ;"“* 10 994 1.00 99.40
0.94 }“‘ 6 1000 0.60 100.00

& n & e i " " - i o -
* - + ¥ -+ ¥

10 20 30 40 50 60 70 80 90 100 110 120 130

Frequency

FIGURE 11. Estimated egg deposition in 1991 as a proportion of
the average 1986~1990 from randomization procedure, based on
exploitation rates drawn from uniform distribution of
0.3-0.5, 1000 simulations, assume no error in catch data.
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TE ) Cum. Cum,
Midpoint Freg Irreq FPercent Fercent
40500000 1atgonttt:"'ogat'nct.tot-'tggg 59 59 5.90 £.90
—35000000 [FeRtse e et sttt eststtstterraseisrstane 30 139 8.00 13.90
~37500000 [ressesenretsentretatantstsasarasssasssnsatanereanentet 107 246 10.70 24.860
«36000000 :Qt.it’.ttt.ti.ot.tt.t".it!tn’cai.itt't 7 324 7.80 32.40
~34500000 1-g'.tttt:t.ttnttt"t.tt.tcct..tt.c 68 192 €.80 39.20
=33000000 :Qt!’tttttt.QCCQQQQQQc'tt.tooo‘oﬁ.t.. 72 464 7.20 46.40
«31800000 {C..t'tii‘ip.tt""’..‘ﬂtQ'Qta"'t'ﬂt" %% 540 7.60 24.00
-30000000 ;‘ttt.ottotooc..o.ot.c'ttt‘t"g 60 600 6.00 6§0.00
«~28500000 }g.-o'.ogg-a'aoaooo.o«tg*aottaaa &1 &61 6.10 €6.10
«-27000000 =’sgg..-ncao.oo-.aoogo'og-. 82 713 5.20 71.30
~28800000 {!O-I’.O..t’t.'iil.".t”t.' 53 555 5.30 76.60
«24000000 ;tttﬂttntott.at‘t"'ttt.ﬁtcc 53 819 5.30 81.90
-22%00000 :oootﬂ.natntchc-cotQ: 41 860 4.10 86.00
-21000000 :“""""""""" 35 8% 3.90 89.90
~19500000 :""""""““ 32 93i 3.20 §3.10
-18000000 ;"“"""""""' 37 968 3.7 96.80
16500000 {"""“"""" 32 1000 3,20 100.00

10 20 30 40 SO 60 70 80 90 100

Froquency

FIGURE 12. Estimated egg deposition in 1991 - spawning target
(71.4 million eggs) from randomization procedure, based on
exploitation rates drawn from uniform distribution of 0.3-0.5,
1000 simulations, assume no error in catch data.
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18
sl Cum. Cum.
Midpoint Yreq freq Percent Percent
0.000 : .0 0 0.00 0.00
0.125% = 4 0 0.00 0.00
0.250 :" 13 12 1.20 1.30
0.375 :'ott.tﬁoQe’o--tttot'tc'iﬁoootttalctttl 190 202 19.00 20.20
0.500 ;o'tnottQtttttiotQtatto'ttioﬁtttttt.ontttt.tottolott.cc‘ot.oottoo'ttt 340 542 34.00 54.20
0.625 {'tttttitQottttttt.0tt'0'Qttiﬁitttttttttttt.ttttt"'ttQt 278 817 27.50 81.70
0.750 :-...o-.--o...a--uoc-.uauoa 130 947 13.00 94.70
0.875 =on-ct9oo¢o 50 997 5.00 .70
1.000 :‘ ‘ 3 1000 0.30 100.00
1.12% } 0 1000 0.00 100.00
1.250 2 0 1000 0.00 100.00
1.375 } 0 1000 0.00 100.00
1.500 % 0 1000 0.00 100.00

20 40 60 BC 100 120 140 160 180 200 2&0 240 260 280 300 320 340

Frequency

FIGUREh 13. Estimated MSW spawners in 1991 as a proportion of
e average 1986-1990 from randomization procedure, based
on exploitation rates drawn from uniform distribution of 0.3-

0.4 for 1991, and 0.3-0.5 for 1986-1990 : -
assume no error in catch data. , 1000 simulations,
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!!;; SAB System -
Mo \ Freq :‘::q Percent n:cm;
o l ¢ ( 0.00 0.00
o L v em em
0.2%0 }.ooc-tooQQOOQQQOQo.aoaaaoooaooooc.ooco 191 200 19.10 20.00
0.375 ;000.00..00000000.00'.'.....00..‘.00!000‘.......oi.QCQOOQOQQOO.t 313 513 3‘_’0 51‘30
0.500 :00o-oooiaoc.octoctoococoo‘.oooo-oocot..ocoocc.ocoo 2%2 T65 25.20 76.5%0
0.62% {Olli.0..O...COOQ.O..OQ.OQQO.. 1" 912 1‘.10 ’],20
0.750 :00000taoooo.o 63 9715 6.30 97.%0
0.875 :"" 21 99 2.10  99.60

. l‘ 3 99 0.30 99,90
- : 1 1000 0.10 100.00
- % 0 1000 0.00 100.00
. : 0 1000 0.00 100.00
1.37% |
1.500 } ) ) L 0 1000 0.00 100.00

;0 d'! ;o ;o 100 1;0 140 160 180 21;0 220 240 260 280 300 3&0 340 360

" : Frequency

FIGURE 14. Estimated 1SW spawners in 1991 as a proportion of
the average 1986-1990 from randomization procedure, based on
exploitation rates drawn from uniform distribution of
0.3-0.4 for 1991, and 0.3-0.5 for 1986-1990, 1000 simulations,
assume no error in catch data.



smel cum. cum.
Midpoint ) rreq Freq Percent Percent
0.000 % 4 Y 0.00 0.00,
0.12% % 0 0 0.00 0.0¢
0.250 { [\ o 0.00 0.00
0.37% { [+] (] 0.00 0.00
0.500 }to"’!.t'ﬁ'.tttti" 143 148 14.50 14.%0
0.62% :ncoaaan\nuo'-oooan*oc’ao.canecoa-ata‘naao-a-c.-«:oeooaanoo--- 503 646 $0.10 64.60
o.jso =0000'0Qt.tﬁaogt.cna.to-oﬁﬂothoaaiitQQQCQ 307 o583 30.70 95'30
0.87% }"'““ . 6 999 4.60 99.90
1.000 ! 1 1000 0.10 100.00
1.12% ‘ ¢ 1000 0.00 100.00
1.2% : 0 1000 0.00 ‘100.00
1.37% { o 1000 0.00 100.00
1.%00 % 0 1000 .00 100.00
1.62% : 0 1000 0.00 100.00
1.7%0 } o 1000 0.00 100.00
1.87% % 0 1000 0.00 100.00
2.000 } o 1000 0.00 100.00

30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480

Froguedcy

FIG i
UREhelsa.v eﬁ:t;m:ged MSW spawners in 1991 as a proportion of
o exploigati 86-1990 from randomization procedure, based
o3 oar s Tos on rates drawn from uniform distribution of
000 simulations, assume catch estimates are within

20% of true catch
of C/1.2-C/0.8). (i.e, catch drawn from uniform distribution
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Cum.

Sp19l rreq :::; pPercent Percent
mvm‘ ¢ 0 0.00 0.00
- : 0 0 0.00 0.00
- % o Y 0.00 0.00
0.2%0 |
0.378 {090.00'100t"tiﬁ’.ﬁ'!t". 121 127 12.70 :io::
0.800 {nno.nnnacceonnnauncooonon'uoo'n"n’.cn..nonnn-cnuonuonnono 418 545 41.80 .,_10
0.62% ;0000"'009"'.QQ'QOCo'tt.'.i"t'i!cﬁﬁt't'o'iol'tti't"'t...t..'!.t!‘t e 891 34.60 .
0.75%0 =o“auu-ctn.aao¢no 98 9589 9.80 9..90

' | 11 1000 1.10 100.00
o =" 0 1000 0.00 100.00
o g o 1000 0.00 100.0¢
- ; 0 1000 0.00 100,00
- ; 0 1000 0.00 100.00
- } 0 1000 0.00 100.00
o } 0 1000 0.00 100.00
- { 0 1000 0.00 100.00
o { ¢ 1000 0.00 100,00
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FIGURE 16. Estimated 1SW spawners in 1991 as a proportion of
the average 1986-1990 from randomization procedure, based on
exploitation rates drawn from uniform distribution of
0.3-0.5, 1000 simulations, assume catch estimates are within

20% of true catch (i.e., catch drawn from uniform distribution
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FIGURE 17. Mean densities of 0+ and 1+ salmon parr at 15 sites in
the Restigouche River, 1972-1991 (8 sites in 1991). Dashed
lines are 95% confidence limits.
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b R g et Ay

Class Lavela Valuas
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TR 3 LNIR MR IER

FIRORD 4 4% 710

tmber of observations in dats set = 299

SOTR: Pus te missing values, only 250 cbeervatioms can be wsed in this analysis.

Bependent Varisble: LOGPOP ot
Succe or Sum of Squares Mea Spaare ¥ Value * rPr
 Modet n 173.0221033% 7.24258764 7.34 §.0001
Srrer an 229.95395171 0.906497%65
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FIGURE 18. SAS output of multiplicative model comparing fry (0+)
density in 1991 with previous years, in the Restigouche River.
Fry densities were measured by electrofishing at 15 standard
sites in the river 1972-1990, and at 8 of those sites in 1991,
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RESTIGOUCHE FRY, YEAR & STRORD & RIVER EFFECT ONLY, EXCLUDE O POPS
Plot of RESID*PRED. tagend: A = 1 obs, B = 1 obs, etc.

17:17 Priday, January 3, 1991
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FIGURE 19. Scatterplot of residuvals vs predicteds from
multiplicative analysis given in FIGURE 18.
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oss Lave]l Information

Class Lavels Yalues

15:49 Wednesday, Jamuary §, 1992 10
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15:40 wednesdey, Januacy 8, 1992 11
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FIGURE 20. SAS output of multiplicative model comparing parr (1+)
density in 1991 with previous years, in the Restigouche River.
Fry densities were measured by electrofishing at 15 standard
sites in the river 1972-1990, and at 8 of those sites in 1991.
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BRESTIGOUCHE PARR, TEAR & STRORD & NIVER EFFECT ONLY, EXCLUDE 0 POPS

1%:40 wednesday, January 8, 1992 12
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FIGURE 21. Scatterplot of residuals vs predicteds ' from
multiplicative analysis given in FIGURE 20.
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APPENDIX 1. SAS program of randomization procedure £2r comparing
estimate of returns, spawners, and egg deposition in 1991, to
prior 5 year mean, and targets. .

/* shelterz.sas — translation of shelton.sas into proc ial  19512-01-1)
prograzme to read restigouche river
salmon catch data and calulate probability
ef cuurent year sscapsment
mean of the previous yesrs

vatiables estcat esthrv are the cbserved vajues, snd variables
estimated from them (estesc sstspil estegym esteggfl) are assumed to
have no other srror than that in the exploitation rste (.3-.5)

variables angeat rivhrv are assumed to be the 'trus’ values, within
20% of the observed data. variables estimated from them, are then
assumed to bs the ‘trus’ values (esc spPl) */

proc iml:

reset Bocentsr noname linesizes130 pagesize=sl;

infile ‘restigouche.dat’ missover;

create 8 var {yr nbcat nbhrv pgcat pghrv bs angcl estha esthl);
do data ; input yr nbcat nbhrv pqcat pghrv bs angel: append; end:
close 3; closefile ’‘restigouche.dat’;

use s}

read all var (yr] into year;

read all var {nbcat pqgest angel] into ac:
read all vsr {bs] into brood:

read all var {nbhrv pghrv angcl} inte rh;
prop=rh/sc:

oxplos.3;

axphis=.5;

eatwac;

estcatsicat],llecat 2]} {|catl 3]

esthrve(rh{,1]ezh(, Zli-bq:odﬂlrh[ 3);
ranlowcat/1.2;
ranhiwcat/.$;

[ S 1Y

nrenrow(cat);
aowncol (cat)-1;

iterw1000;
matOeshape(0,iter,.4);
satsshape(0,iter,8);

do {ikml to fter:

seadnd; -

do i =1 to nr;
do = 1 to ncel;
scli,jlwranloli,fl+{ranhi{i, Jl~ranlo{i, 3] Hiranuni (seed);
A print (eatii, jl}jecii,ji));
ond;
ond;

angests(ac(,1]eac{,2])}{sc(.3);
rivhrvs((acl,llépropl,1]})enc],2]¢brood)|jac],3);

*print (angoat|{rivhrv);

esceshape(0,.a1,0¢0);
sstescuahape (0,85 ,0c) 8

do ims]l to nr;
de =l to ne;
axp={oxplo+ (sxphi-explo)fzanuni (seed) );
escid, Jls(angeat{i,Jl/exp)-rivhrvii, §];
sstesci{i,]l=s(estcat]s,§]/exp)~enthrvli, j1;
. “rrint (4113 jexp|lescisi, i));

ond;

/testspdl = estescinr, J/((estesc(l:nr=1,][+,})/(n2=1));

sp?l » escinr,]/((esclline~1,}{+,])/(n2=1));

*print spil;*/

estspdl = estescinr,]:

esteggm = (estesc[l:nr-l, j4shape ((5993]|86) ,01~1,2)) [+, +)/(nr-1};

osteggils ((estesc(nr,])d(5933||86))([+]);

mat0[ifk, jmesteggn|[estegydl||estapdl;

*mat(igk, j=sptl | jeatspdl | ]
{oscliinr=1,1{+,1}/(ns=1} |} (eotenc{itar-1,](+,])/(nr-1);
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eond;

*print mat0;

fnawe={ ‘eggs®m’ ‘eqgsfl’ ‘spmSl’ ‘spl9l’}:
create done from matd [ colnamenfname);
append from matd:;

/*fname = {'spr9l’ 'spl9l’ ‘estspmdl’ ‘estspl9l’
favgm’ ‘avgl’ ‘estavgm’ ‘estavgl’'):

creats done from mat [ colnamewfname);

append from mat;*/

filename store ’‘sim2.dat’;

data upd;

set done;

file store;

put egusm eggsSl spmSl spl9l;

*put spafl splfl estspmfl estspl9l avgm avgl estavgn estavgl;
run;

data stepl;
infile ‘sim.dat’;
/*input spmSl spl9l estspmdl estspldl avgm avgl estavgm eatavgl:
difoespudi-estsprdl;
diflesplsl-estaplsl;
difavgmeavgm-astaven;
difavglmavgl-estavgl;
proc means;
var spm9l spl9l estspmSl estspl9l difm difl difavgm difavgl;
run;
proc chart:
hbar spm9l spl¥l/midpoints= 0 to 1.5 by .125;
run;
proc chart;
hbar sstspaSl estspll/midpoints= 0 to 1.5 by .125;
run;
proc chart;
hbar difavgm difavgl;
run;
*/

input eggsm eggs$l spmSl spldl;
twespmbl-12200;
tlwspl91-2600;
tomeggsd1-71400000;
powegysSl /eggsm;
proc means;

var eggsm eggsSl spmSl splSl tm tl te pe;
proc chart;

hbar tm t1;
run;
proc chart;

hbar te pe:

.orang



53

APPENDIX 2a. SAS program of multiplicative model for comparing O+
fry density in_ 1991 to densities in prior years.

** RESPFRY.EAS RESTIGOUCHE CLECTROFISHING DATA, FRY 1971 10 1991:
OPTIONS LINESIZEM160 PAGESIIL = 85 NOCENIRE:
FILERAME A ' [CHAPUT.RUSSELL JREST290.MG0°;
FILINAME SITE * [CHAPUT.RUSSELL]RESSITES.PRN‘:
DATA S$ITES: INFILE SITE; INPUT RIVERS SITE STRORD:
FROC SORT DATA = SITIS: BY SITE:
DATA RESFRY1 : INFILE A: INPUT SITE YLAR DAY SWEEPS CATCH POF DENSITY PVAL
AREA DEPTH WIARR COND ELF;
* IP SITE NE 4 AND SITE NE S AND SITE NE 28 AND SITE Nt 30 AND SITE RE 40
AND SITE RE 45 AXD SITE NE 52 AND SITE NT 55 AND SITEZ NE 29 AND SITE NT 38
AND SITE NE 39 AND SITE NE 41 AND SITT NT 42 AND SITE NE 49 AND BITE
NE 54 THEN DELITE; -
LOGPOP = LOG(POP+D.0000001);
LOGAREA = LOG (ARLA+0.0000001);
IOGDEN = LOG{DERS1ITY+0.0000001);
e .
/*TITIE ‘FRY POPULATION AND DENSITY FOR RESTIGOUCHE, 1972 TO 19817
PROC CHART DATA = RESFRY1:
HEAR POF / LEVILS = $0;
HEAR DENSITY / LIVELS = 50;
ENDSAS: */
FROC SORT DATA = RESFRY1: BY SITEL:
DATA RESFRY: MERGE RESFRY1 SITIS:
BY SITL;
IF RIVER = ‘KR’ THEN RIVER = "IXR*;
IF STRORD » 6 THEN STRORD = 10;

/** SUMMARY OF S17I NUMBERS BY RIVER AND STREAM ORDEZR;

FROC TABULATE DATA = RESFRY FORMCHAR{1)}=’ *' MISSING PORMATwS. :
CILASS STRORD RIVER SITE:
TARLE RIVER*SITE, STRORD/RTS=10;

“*  SUMMARY OF AREA AND DEPTH BY SITE AKD YEAR:

FROC TABULATE DATA w RESFAY FORMCHAR{l)m' * MISSING FORMATWS.1:
CLASS SITE YEAR:
VAR AREA DEPTH:
TABLE AREMA DEPTH, SITI, YEAR*SUN/RTS=S;

% NUMBER OF $ITES SURVEYED FOR RIVER, STREAM ORDER AND YEAR CATEGORILS:
PROC TABULATE DATA = RESFRY FORMCHAR({1)m’ ¢ MISSING FORMATSS.:
ClLASS SITE STRORD RIVER YEAR:
TARLE (RIVER ALL) (STRORD ALL) (SITE ALL}, ALL YEAR/WTSaf:
. . A
** SUMORIES OF CATCH, POPULATION AND DENSITY BY SITEZ, BY STREAM ORDER
BY RIVER CATEGORIZS FOR ALL YEARS COMBINED:
PROC TABULATE DATA = RESFRY FORMCHAR({1)w® ¢ MISSING PORMATSS.;
TITLL ‘RESTIGOUCHE ELECTROFISHING, PRY 1972 TO 1991¢;
CLASS STRORD SITT RIVER: *
VAR CATCE POP DENSITY:
TABLE CATCH POP DENSITY, SITE, (M MEAN*Pw6.2 VAR*Pwé .2 MIN®*Puf.2 MAX*PwE.2
CVePwé. 2} /RT3m1S;
TABLE CATCE POP DENSITY, STRORD, (N MENN*Fwf.2 VAR*Pwf.2 MIN*Pué,2 MAX*Pw6, 2
CV*Pwé.2} /KTS=1S;
TABLE CATCR FOF DENSITY, RIVER, (N MEAN*PmE.] VAR'F=$.2 MIN*F=6,2 MAX*Pw6.2
CVePné.2) /RKT8=15;

o H
INDEAS
/*FPROC PLOT DATA = RESFRY:
PLOT DENSITY*SITDm’¢’;
PLOT DENSITI®YEARm'S?;
PLOT DEXSITY*RIVENm'®‘;
* PLOT DEXSITY*STRORD=**;
ERUBAS ; ¢/
TITLZ ‘RESTIOOUCEE PRY, YEAR & STRORD & RIVER EFFECT ONLY, EXCLUDE O JOPS‘;
PROC GLM DATA = RESFRY;
CLASS YEAR MIVER STRORD:
FODEL LOGPOP = LOGAREA YEAR RIVER STRORD/ SOLUTION:
OUTPUT OUT = RLS P=PRED Pu@RS1D;
/*DAIA TDP: SET RES;
17 RESID LE ~2.5 THEN OUTPUT TEMP;
PROC FRINT DATA & TEMP;
x; o/

PROC FLOT DATA = RES:
PLOT RESID*FRED;
P1OT RESID*YEAR:
PLOT RESID*ETRORD:

o
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APPENDIX 2b. SAS program of multiplicative model for comparing 1+
parr density in 1991 to densities in prior years.

** RESPARK.EAS  RESTIGOUCHE ELECTROFISHING DATA, PARR 1972 70 199%:
OPTIONS LINESIZE=160 PAGESIZE = 85 NOCENTRE:
FILERAME A ' {COURTEN.CAFSAC [R7291AGL.PRN!;
FILENAME SITE *{COURTEN.CAPSAC|RESSITES.PRN!:
DATA SITES: INPILE SITE; INPUT RIVERS SITT STRORD;
FROC SORT DATA = SITES; BY $ITE:
DATA RESPARRL : INTILE A; INPUT SITE YEAR DAY SWELFS CATCH POP DERSITY PVAL
AREA DLPTH WIARR CORD ELF:
/*TITLE *PARR POPULATION AND DENSITY FOR RESTIOOUCHE, 1872 T0 1991';
FROC CHART DATA = RESPARRI:
HBAR POP / LEVELS = 50;
HEAR DENSITY / LEVELS = 50:
ENDSAS v/
FROC SORT DATA = RESPARRL: BY SITE:
DATA RESPARR: MERGE RESPAXRR] SITLS;
BY SITEL:
IF POP = 0 THEN DELETE;
I7 RIVER = 'KR‘ THEN RIVER = ‘ZKR’;
IF STRORD w» 6 THEN STRORD = 10;
¢ Ir S$ITE NE 4 AND SITE KT 5 AND SITT KE 28 AND SITE W& 30 AND SITE NE 40
AND SITE NE 45 AND SITE NI 52 AND SITE NKE 33 AND SITE KX 2% ITE
NE 38 AND SITE KT 39 AND SITE N 41 AND BITE NE 42 AND SITE NE 43 AND
S$ITE NE 54 THEN DELETE:
LOGPOF » LOG{POP+0.0000001); ¢
LOGAREA = LOG (AREA+D.0000001);
LOGDEN = LOG(DERSITY+0.0000001);
RUN;
/** SUMMARY OF SITE NUMBERS BY RIVER AND STREAM ORDER:
FROC TABULATEZ DATA = RESPARR FORMCHAR(1l}w' ¢ MISSING FORMATWG.:
CLASS S$TRORD RIVER SITE:
TABLE RIVER*SITE, STRORD/RTSal0:
% SUMMARY OF AREA AND DEPTH BY SITE AXD YEAR:
PROC TABULATE DATA = RESPARR PORMCHAR(1)s’ ' MISSING FORMATwG.1:
CLASS SITT YEAN:
VAR AREA DEPTH:
TABRLE AREA DEPTH, SITE, YEAR®SUM/RTSaS;

** NUMBER OF SITES SURVEYED FOR RIVER, STREAM ORDER ARD YEAR CATEGORILS;
FROC TABULATE DATA = RESPARR FORMCHAR(1)s' ’ MISSING FORMATSS.:
CLASS SITL STRORD RIVER YEAR:
TABLE (RIVER ALL) (STRORD ALL} (SITT ALL), ALL YEAR/RTSs6;
RUN;*/
7" SIMMARIES OF CATCH, POPULATION AND DENSITY BY SITE, BY STREAM ORDER
BY RIVER CATZGORIES POR ALL YEARS COMBINED;
PROC TABULATE DATA = RESPARR FPORMCHAR(1l)w’ ' MISSING FORMATWS.:
TITLE 'RESTIGOUCHE ELECTROPISHING, PARR 1972 70 1981°;
CLASS STRORD SITE RIVER;
VAR CATCH POP DENSITY:
TARLE CATCH POP DENSITY, SITE, (R MEAN*Pwi.2 VAR*Fwé .2 MIN®Pe6.2 MAX*Fwé.2
CVermd .2} /¥TSm1s;
TARLE CATCE POP DENSITY, STRORD, (N MEAN*PwE.) VAR*PwE,2 MIN*Pw6.2 MAX*Pwé.2
CVePeé.2) /RTS=15;
TABIE CATCH POP DENSITY, RIVER, (N MEAN*Pw6.2 VAR*PwE.2 MINSPwE.2 MOX*Pué .2
CVePeE. 2} ¥, -« Bt H
b o HAd
/*PROC PLOT DATA = RESFPARR;
PLOT DERSITY*SITEm'®’;
*  PLOT DERSITY*YEARm’®¢ 2
* PLOT DENSITY*RIVERm’®?
* PLOT DENSITY*STRORDm* &/ 2
ENDSAS: */
TITLE "RESTIGOUCHE PARR, YEAR & STRORD & RIVER XFTECT ONLY, EXCIUDE O POPS’;
PROC GLM DATA = RESFARN:
ClASS YEAR RIVER STRORD:
MODEL LOGPOP » LOGAREA YEAR RIVER STRORD/ SOLUTION:
OUTPUT OUT = RES PwPRED JmJESID:
/*"DATA TEMP: SIT RIS
IP RESID I -2.5 THEN OUTPUT TEMP:
FPROC PRINT DATA = TEMP:
mm; e/

PROC PLOT DATA = RES:
PILOT RESID*PRED:
PLOT RESID*YEAR:
FLOT RESID*STIORD;

xoN;
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APPENDIX 3

Angling salmon catches from Restigouche River system, 197D to 1991. Data sources given in Appendix 7.

Matapedia Upsalquitch Patapedia Kedgwick Little Main Main Restigouche
Year 15 MSW 15w MSW 15w MSW 15 MSW 15w usw 1sw MSW
1970 162 290 270 122 4 26 323 205 747 1401
w71 153 217 344 90 20 40 128 67 527 602
1972 102 1010 362 984 7 144 165 425 453 2478
1973 147 1098 498 512 0 43 128 548 ™7 263
1974 124 1083 433 579 5 63 80 289 525 3934
1975 m 692 462 262 18 n 136 316 532 1600
1976 296 922 767 753 80 88 209 348 1370 3399
1977 278 1312 554 901 181 27 368 684 1411 3583
1978 51 1457 449 507 31 158 143 423 730 2480
1979 466 754 507 135 90 60 316 123 1167 51
1980 311 1784 1178 592 ] 229 284 468 137 3084
1981 485 1176 1234 221 148 175 356 &73 1422 2195
1982a 259 841 818 214 143 112 322 190 59 50 1250 175
1983 154 456 203 218 7 103 68 224 14 0 430 1067
1984 318 527 483 346 &5 58 149 164 102 27 725 1120
1985 208 708 17 507 103 85 3% 184 163 50 1539 2m
1986 387 1293 1397 630 162 188 565 512 481 158 2421 3403
1987 498 817 819 410 193 77 582 410 407 142 2506 2220
1988 580 948 1296 659 188 104 807 708 524 74 3381 3060
1989 409 962 836 518 n 63 208 544 43 3 1734 2332
1990 718 856 905 375 81 45 304 258 152 108 2164 2093
1991 521 940 403 195 30 Fad 277 403 121 75 1170 1495

Mean (86-90) 518 o7 1051 518 139 95 493 486 Y4 102 2441 2622

1991/Mean +1X ~4X ~62% -62% -7 -69%  -héX 17X -62% ~26% -5 -43%

8 Prior to 1982 Little Main catches included in Main Restigouche.
b Catches of MSW saimon (1984 to 1991) include released fish in New Brunswick.
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APPENDIX 4

Native salmon landings from Baie des Chaleurs and Restigouche River, 1975 to 1991.

Data sources given

in Appendix 7.
New Brunswick Quebec

Year 15w NS Total 15y nsy Total Totsl
1975 3 132 135 135
1976 13 124 137 0 1517 1517 1654
1977 19 212 231 0 2738 2738 2969
1978 3 129 152 152
1979 84 148 232 85 748 833 1065
1980 3% 264 298 26 1563 1587 1885
1981 20 1 23 31
1982 17 155 167 148 1521 1669 1836
1983 0 260 260 32 1216 1248 1508
1984 1 213 214 177 1070 1247 1461
1985 0 241 241 k] 976 1011 1252
1986 26 431 457 & 1145 1149 1606
1987 95 916 1011 5 984 91 2002
1988 70 509 579 3 921 924 1503
1989 151 568 719 12 1081 1093 1812
1990 120 &7 591 16 1135 1151 1742
1991 10 252 262 9 859 868 1130
Mean (86-90) 92 579 671 8 1054 1062 1733
1991/Mean -89% ~56% -81% +13X -19% -18% -35%
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APPENDIX 5
Operating dates of Native fisheries in Baie des Chaleurs and Restigouche River, 1979 to 1991. Dats
sources given in Appendix 7.

New Brunswick Quebec
Year Gillnet Trap net Gillnet
1979 May 14 - October 24 June 6 - August 1
1980 May 19 - July 13 June 2 ~ July 28
1981 May 15 - August 30
1982 May 17 - August 1 June 9 - August 2
1983 May 16 - August 28 Jure 3 - August 7
1984 May 14 - August 27 June 5 - August 10
1985 May 20 - August 25 June 3 - July 31
1986a May 19 - August 10 May 26 - July 20 June 2 - June 26
19870 May 24 - July 27 May 24 - July 15 June 1 - June 30
1988 May 16 - August 26 May 16 - August 14 June & - July 6
1989 May 15 - August 20 May 29 - August 20 June 5 - June 30
1990 May 14 - July 22 May 22 - July 25 June 11 - July &
1991 May 12 - July 27 May 26 - July 27 June 3 - June 28

a One trap net in 1986.

b Two trap nets in 1987 to 1991,
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APPENDIX 6

Angling salmon landings from Restigouche River, 1951 to 1969. Data sources given in Appendix 7.

New Brunswick Quebec
Year 5% HSW Total 159 MSW Jotal Total
1951 (1] 1" s 25 160 185 3696
1952 0 5662 5662 104 33 * 477 6139
1953 0 2963 2963 s m 186 3149
1954 0 2855 2855 127 374 501 3356
1955 0 2018 2018 % 232 k13 2349
1956 125 2203 2328 107 227 34 2682
1957 750 2637 3387 126 259 383 3770
1958 0 9141 9141 220 350 570 o711
1959 0 3181 3161 108 209 37 3478
1960 621 2406 3027 6 21 a7 3054
1961 117 3103 3220 8 32 40 3260
1962 202 3236 3438 1 0 1 3439
1963 1617 5788 7405 4 14 7414
1964 0 6480 6480 136 308 &bk 6924
1965 3850 3050 6910 211 476 687 7597
1966 1710 1687 3397 199 451 650 4047
1967 1084 2440 3524 257 580 837 4361
1968 408 617 1025 57 128 185 1210

1969 1352 1200 2552 137 312 449 3001
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APPENDIX 7

Salmon landings for Baie des Chaleurs and Restigouche River are from the following sources:

1. Commercial date

New Brunswick: Districts 63, 64 and 45
Cuébec: Districts 12, 13, 14 and 15

New Brunswick commercial for 1970 to 1984 from Redbooks (compiled by Department of Fisheries
snd Oceans, Science Branch, Halifax).

Québec commercial for 1970 to 1981 from Bureau de la Statistique du Québec (G. Ouellet and
J.P. Lebel, pers. comm.), and assume average weight and MSW/1SW ratio same as calculated from Redbooks.

Québec commercial for 1982 to 1983 from Ministére du Loisir, de la Chasse et de la Piche,
Québec (G. Ouellet ard G. Landry, pers. comm.).

2. Angling data

New Brunswick angling data for 1951 to 1959 from O'Neil and Swetnam (1991); 1960 to 1969 from
Swetnam and O'Neil (1985); 1970 to 1979 from O'Neil and Swetnam (1984); 1980 to 1983 from Swetnam and O'Neil
(1984); 1984 from O'Neil et al, (1985); 1985 from O'Neil et al. (1986); 1986 from OiNeil et al. (1987); 1987
from O'Neil et al. (1989); 1988 from O'Neil et al. (1991); and 1989 to 1990 from O’Neil (pers. comm.).

Québec angling data for 1951 to 1969 from New Brunswick Department of Natural Resources and
Energy files (A. Madden, pers. comm.); 1970 to 1990 from Ministére du Loisir, de la Chasse et de la Péche,
Québec (G. Ouellet, J.P. Lebel and G. Lendry, pers. comm.).

3. Native dsts

New Brunswick Native data for 1975 to 1982 from Department of Fisheries and Oceans,
Protection and Regulations Branch files (R. Roy and N. Sullivan, pers. comm.); 1983 to 1986 from Department of
Fisheries and Oceans, Resource Allocation and Development Branch (K. Atwin, . Ring and R. Kébert, pers. comm.);
ard 1987 to 1990 from Department of Fisheries and Oceans, Protection and Regulations Branch, (R. Roy, R. MacNair
and R. Senechal, pers. comm.,),

Québec Native data for 1976 to 1984 from Gaudreault (1984); 1985 to 1990 from Ministdre du
Loisir, de la Chasse et de la Péche, Québec (G. Landry, pers. comm.},

4. ALL 1991 data are preliminary as described in text.


http:Protection.nd
http:Fisheries.nd
http:Minflt.re



