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ABSTRACT

Cass, A. J. 1989. Stock Status of Fraser sockeye. Can. Tech. Rep. Fish.
Aguat. Sci. 1674: 106 p.

This report presents the first formal resource assessment of Fraser
River sockeye salmon since the signing of the Canada-U.S. fishing treaty in
1985. The Ricker stock-recruitment model was used to evaluate the
productivity of 22 stocks. For many stocks there was considerable uncertainty
in the spawner-return relationship and thus the estimates of optimal
escapement. This is related to two phenomena. First is variability in
stock-recruitment data caused by wvariable environmental effects on survival
and measurement errors in the data. Second, and most serious concern, is the
potential influence of year-class interaction and its effect on cyclic
wvariation in abundance. Except for lower Fraser River stocks, where recent
declines in returns have occurred, all stocks (where data exista) have
remained stable or have shown increases since 1952. However, increases have
mainly occurred on the dominant cycles. If a single spawner-recruit curve is
appropriate then the stocks have been overfished and the opportunity for
rebuilding is tramendous. Rebullding on off-cycle lines is recommended in
concert with an experimental design to identify factors influencing
productivity.
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Cass, A. J. 1989, Stock Status of Fraser sockeye. Can. Tech. Rep. Fish.
Agquat. Sci. 1674: 106 p.

Le présent rapport porte sur la premidre évaluation formelle des
ressources en saumon nerka du fleuve Fraser depuis la signature du traité
canado-américain sur la pBche en 1985. Le modile de recrutement des stocks de
Ricker a été utilisé pour évaluer la productivité de 22 stocks. FPour de
nombreux stocks, on a constaté une incertitude considérable dans la relation
reproducteurs-retours et, par conséquent, dans l'estimation des é&chappés
optimales. Cette situation est liée 3 deux phénoménes : 1* des erreurs de
mesure dans les données et la variabilité dans les données sur le recrutement
des stocks causée par des effets environnementaux variables sur la survie et
2*, ce qui est une source de préoccupatiom plus importante, 1'influence
possible de 1'interaction des classes d'fge et ses effets sur la variation
cyclique de 1'abondance. BSauf pour ce qui est des stocks du cours inférieur
de fleuve Fraser, ol un déclin dans le nombre de saumons de retour est survenu
récemment, tous les stocks (pour lesquels on dispose de données) sont demeurés
stables ou ont connu une augmentation depuis 1952. Cependant, les
augmentations sont survenues principalement au cours des cycles dominants. Si
une seule courbe reproducteurs-recrues est appropriée, alors les stocks ont
été surexploitéa et la possibilité de reconstitution des stocks est
formidable. Il est recommandé de reconstituer les stocks A partir des lignées
hors cycle (années de faible abondance) en ayant recours 3 une conception
expérimentale permettant d'identifier les facteurs gqui influent sur la
productivité.



INTRODUCTION

This report presents the first formal resource assessment of Fraser
River sockeye by the Department of Fisheries and Oceans (DFO) since the
signing of the Canada-U.S. fishing treaty in 1985. A draft of the report was
presented to the Pacific Stock Assessment Review Committee (PSARC Working
Paper 5BB-1) in February 1988. The assessment comes at a time when rebuilding
strategies of Fraser sockeye stocks are being developed by the DFO.

Rebuilding policies of Fraser sockeye are one of the most important issues
concerning west coast fisheries.

Sockeye salmon production from the Fraser River support the most
valuable commercial fishery in British Columbia and during 1975-86 accounted
for 62% of the sockeye catch. The landed value of the Canadian commercial
catch from the Fraser River during that period averaged $37 million/yr. The
Canadian commercial catch averaged 4.2 million fish/yr. The combined
Canada-U.S. catch averaged 5.9 million fish/yr. Fraser River sockeye are also
an important Indian food fishery. The average catch in the Indian food
fishery during 1975-86 was 340,000 fish/yr.

This report follows mearly 50 yrs of management and data collection by
the International Pacific Salmon Fishery Commission (IPSFC). Throughout that
period the data used for resource assessment remained somewhat of an enigma to
the DFO., The first part of this report summarizes the methods used by the
IPSFC to collect data for resource assessment. The second part of this report
gives an historical perspective of the fishery and issues affecting management
of Fraser River sockeye, The third part presents an assessment of the
productivity for 22 river-lake systems in the Fraser River watershed based on
the relationship between spawning escapement and subsequent returns for the
spawning years 1948-52. The report concludes with a summary of information
and research needs along with recommendations for manapement of the Fraser
River sockeye resource.

It is important to note that the transfer of management responsibilities
to DFD was a recent event and a review of the data is currently in progress.
Results presented here must be viewed as preliminary pending the completion of
the review.

DATA SOURCES

Intensive commercial exploitation of Fraser River sockeye began with the
development of canning Facilities in the 1B860s (Rounsefell and Kelez, 1938).
There is considerable uncertainty in the estimates of the catches and
particularly the escapements during the early years of the Fishery. The
spawning escapements for most stocks were estimated annually by the IPSFC
since 1938. The catch by stock and age class were estimated since 1952. 1In
this report, the relationship between spawning escapement and total returns
(catch plus escapement) were used to assess the productivity of 22 Fraser
sockeye stocks. The trend in catch, returns and escapement of Fraser River
sockeye during 1915-86 are shown in Fig. 1. Apnual 1948-85 escapements,
returns and returns per spawner for each stock are listed in Appendix A.



ESTIMATES OF SPAWNING ESCAPEMENT

Escapement data for Fraser River sockeye are the most extensive of any
system on the Pacific coast. Each year spawning escapements are estimated in
about 100 streams. An historical perspeetive on the methods used to emumerate
spawning escapement is presented in Howard and Chapman (1948) and Schaefer
(1951). The following description of procedures used to estimate escapement
summarizes a recent review by Andrew and Webb (1987).

Procedures used by the IPSFC included Petersen mark-recapture
experiments, live and dead counts, fence counts and aerial surveys. The
choice of enumeration methods used each year for a given stock is based on
several criteria (Table 1). The gquality of escapement data is largely
dependent on the method of emnumeration. Although the level of uncertainty in
the data has not been evaluated, large scale Petersen mark-recapture
experiments are likely more accurate than live and dead counts.

The Petersen method (Ricker 1975) is generally used if the number of
spawners are predicted to by greater than 25,000 fish. Petersen estimates are
performed by tagging about 1% of the number of spawners expected along with a
recovery of 10-40% of the carcasses,

Adjustments to the escapement estimate are often made to account for
straying of tagged fish to other streams and to estimate the numbers of
precocious, age-3 males (jacks) when small numbers are present. The number of
tagged strays Is estimated by the equation

(1) Sa =Ry /My x N, ;

where, S = stray tags from stream a

= tagged recoveries at stream b
total dead recoveries at stream b
- escapement estimate at stream b

==
i

The number of strays is then subtracted from the tags applied at stream a.

Jack abundance has often been used as a predictor of adult returns in
the following year. In streams where there are a low number of jacks there
are often a small number of tags applied to jacks and little or no recovery of
tagged jacks. In this situation the jack population are frequently estimated
by the equation

(2) J=MxFxP;

where, J = jack escapement
M = total dead recoveries of jacks
F = availability factor determined by comparing
escapements using Petersen estimates and calculations
based on the male recovery ratio
P = male tag recoveries / males tagged

An availability factor (F) of 1.26 was determined in the 1970s from
tagging programs on the Chilko, Birkenhead, Weaver and Adams systems., These
systems have large populations of jacks.

Most streams are emumerated using live and dead counts. As fish move
into the spawning areas live counts are made at periodic intervals. When
carcasses start to occur they are pitched and counted. The period of peak
live count plus the cumulative sum of the carcasses to that date are used
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along with a calibration factor determined from tag recovery experiments to
estimate escapement. The calibration factor is calculated by the equation

(3) F-N/L+D;
where, F = calibration factor

N = Petersen estimate

L = peak live count

D = cumulative dead count

The calibration has been made on a number of systems on various occasions.
Factors of 1.8 and 1.9 have been used on the Stuart system. Factors of 1.8
have been used on other systems.

The dead pitch, among other things, provides data on the sex ratio and
estimates of the proportion of females that have spawned (effective females).
In this analysis estimates of the spawning escapement of effective females was
used as a measure of parental stock. Recruitment was calculated as the catch
plus total escapement of the returning progeny summed over all age groups.

ESTIMATES OF CATCH

Fraser River sockeye are caught in mixed-stock fisheries in coastal
British Columbia as maturing fish migrate to their stream of origin. The
stock composition of the catch was historically estimated by the IPSFC using
scale traits established during freshwater life coupled with estimates of run
timing and run size. The sampling methods used for scale collections are
given in Clutter and Whitesel (1956). The analytical procedures used to
separate the stocks using scale traits are presented in Henry (19561).

In-season management of Fraser River sockeye fisheries is the
responsibility of the Pacific Salmon Commission. Samples from commercial
catches and test fisheries provide the basic data to allocate the catch to the
various stocks and estimate the age composition. Samples of 120 teo 240
sockeye are collected weekly from as many as 12 commercial fisheries and daily
from 3 test fisheries (Woodey 1987).

Circuli counts from the freshwater growth zones on scales were the
principal traits used to identify stocks. The frequency distribution of
circuli counts collected from the fisheries were compared to the frequency
distribution of cireuli from scales collected from discrete stocks on the
spawning grounds. Scales from age-3 jacks collected each year from the
spawning grounds were used to identify age-4 adults of the same cohort in the
following year's fishery. The pre-season forecast of stock abundance, the
estimated run timing and migration patterms of the stocks were used to
graphically identify the modes in the frequency distributions.

At the completion of the fishery the data are re-analyzed using scales
from adults of the same age collected from the spawning grounds, Woodey
(1987) reports that the pre-season estimates of stock composition gemerally
agrees with the post-season results. The final estimates of recruitment are
based on the post-season analysis. To estimate the returns by brood year, the
catches are summed across each age group in a cohort to estimate the total
returns by brood year.

Other methods of stock identification that use newly developed
technologies are currently being investipated by the Pacifie Salmon Commission
(Cook and Guthrie 1987) and the DFO. A comparison of stock composition
estimates using maximm likelihood procedures (Fournier et al. 1984) with the
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estimates derived using historical methods is currently underway. The
procedure may be useful to quantify and correct for possible biases in the
historical catch records.

HISTORY OF THE FISHERY AND MAMNAGEMENT

Prior to the devastation of salmon stocks in 1913 with the obstruetion
at Hell's gate, the dominant runs (1901 cycle) were reported by Ricker (1987)
to be 100 million sockeye with catches in the range of 35-50 million sockeye.
Ricker estimated the dominant runs to be 20 times larger than the three other
cycle years, The IPSFC (1973) reported catches in 1913 of about 30 million
sockeye. As a result of habitat destruction, the most notable being the
effect of the Hell's Gate slide in 1913, and overfishing in the years that
followed, catches declined (Ricker 1987; Thompson 1945). Catches during
1915-30 averaged 1.9 million fish/yr for all cycles. During 1930-50 catches
increased to an average of 2.6 million (Killick and Clemens 1963).

All stocks upriver from Hell's Gate remained at low levels until 1926,
when a relatively large escapement was reported on the Lower Adams River
(Larkin and Ricker 1964). Subsequently, escapement levels were wvariable buc
continued to increase. The largest escapement to the Fraser River in recent
history was 4.0 million in 1958 of whieh 2.5 million was for the Lower Adams,
Escapement to the Lower Shuswap River increased from 9,000 - 30,000 spawners
on the dominant cycle in the 1950s and 1960s to 514,000 spawners in 1982
(IPSFC 1983), Escapements to the Chilko River began to increase in the 1930s
as did other stocks. However, sustained increases in upriver stocks were
affected by the mortalities incurred from obstacles at Hell's Cate. Following
construction of the fishways in the Fraser canyon along with a 5-year fishing
closure on early and mid-season runs during 1946-50 there was a marked
increase in all rums,

The dynamics of Fraser River sockeye are characterized by a &4-yr cycle
in abundance in many Fraser tributaries. The persistence of the classic
dominant-subdominant-off-off cycle is most notable in the Lower Adams River
run but is also prominent in the Lower Shuswap, Stuart and Horsefly systems.
Strong variation in year-class strengths have occurred in other river-lake
systems, but not in the same cyclic pattern observed for the Adams, Stuart and
Horsefly ststems.

The DFO is presently developing strategies to rebuild year classes on
off cycle years, The significance of interactions among adjacent year classes
that rear in the same lake, otherwise known as “cyclic dominance"”, is the most
important issue concerning the development of rebuilding plans. Ward and
Larkin (1964) hypothesize that depensatory predation in the fry to smolt stage
is responsible for cyclic dominance. Walters and Staley (1987) hypothesize
that cyclic dominance could be caused by depensatory fishing mortality.
Extensive research by the IPSFC (IPSFC 1976) has failed to resolve the issue,
Collie and Walters (1987), in a simulation study, concluded that with the
existing time series of escapement and return data, neither the depensatory
predation nor the depensatory fishing hypotheses can be rejected as causes of
cyclic dominance in Adams River sockeye. They evaluated various management
strategies for Adams River sockeye by comparing simulation results using the
Ricker model and Larkin’s (1971) version of the Ricker model that includes lag
terms for measuring interactions among year classes. Their results indicated
that a high and constant havest rate is sufficient to maintain cyclic
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dominance. Although, they found evidence for both depensatory fishing and
predation, depensation was not a prerequisite for the persistence of ecyelie
dominance in Adams River sockeye.

PRODUCTIVITY EVALUATIONS

RETURNS PER SPAWNER MODELS

Several models describing the relationship between escapement (stock)
and subsequent returns (recruitment) are proposed for fish populations (see
Ricker 1954; Bevertom and Holt 1957; Ward and Larkin 1964; Larkin 1971;
Paulik, 1973; Ware 1980; Shepherd 1982). The most common models fit to these
data are the "Ricker model" (Ricker 1954) and the "Beverton-Helt model®
(Beverton and Holt 1957). 1In the Ricker model, recruitment declines as stock
size increases forming a "dome-shaped®™ relationship. In it's linear form the
Ricker model is

(4) 1n(R,/S,) = & - bS, + a¢ ;

wvhere, R, = returns in year t,
S, = spawning stock that produced R,
a = density independent parameter,
e" = returns/spawner at low stock size,
b = density dependent parameter equal to
the slope of the regression,
o = standard deviation of the residuals,
¢ = independent normally distributed random wvariable
with mean 0.0 and varianece 1.

Larkin (1971) proposed a Ricker medel with additional terms to account
for possible interactions among year classes. Larkin's model can be written
as

(3) Ln(R,/Sy) = a = bgS; - bySpy - bpSeg = bySpy + g |

where, b,, by, ece. are coefficients of Interactions among year classes such
as predation or competitiom.

The Beverton-Holt model assumes that the rate of increase in returns per
spawner declines asymptotically as escapement increases. The curve defined by
the Beverton-Holt model forms a hyperbola. The best estimation equation that
preserves the multiplicative error assumption is

(6) 1n(R,) = 1n((aS,)/b+S,) + o€ ;

where, a = parameter equal to the maximum
recruitment as 5 goes to infinicy,
b = parameter is value of § at which
a/2 recruits are produced,
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Theoretically, the Ricker and Beverton-Holt models characterize two
diverse forms of density dependency. The weakness of the Ricker and Beverton-
Holt is the failure to account for potential interactions among year classes.
Larkin's form of the Ricker model, while presupposing the same form of density
dependency as the original Ricker model, measures first order interactioms
among year classes. The extra b parameters are surrogates for the effects of
predators. A weakness of the Larkin model is that the predators themselves
are not represented. Only the potential effects of predators on prey are
represented. Another practical limitation is the inability to compute precise
estimates of optimal escapement or maximum catch. Collie and Walters (1987)
describe a "brute-force" method for calculating maximum catch in Adams River
sockeye.

Despite years of research by the IPSFC, there are no data to determine
which recruitment model best describes the form of density dependency or
depensation controlling the dynamics of Fraser River sockeye., Measurement
errors in stock-recruitment data generally mask the true form of density
dependency (Walters 1986).

Monte Carlo simulations were performed to compare the fit of the Ricker
and Beverton-Holt models to simulated data with comparable variance and
harvest rates observed in Fraser sockeye escapement and return data.
Simulations of 100 data sets were performed using the Beverton-Holt
relationship. For each data set, 34 stock-recruitment data pairs were
simulated corresponding to the observed time series of data available for
Fraser River sockeye, Each data set was simulated by assuming a random,
log-normal error and with ¢ = 0.5 and a 70% harvest rate. Recruitment
parameters were selected to correspond to observed ranges for sockeye. Each
simulation was started with a stock size of § = 1.0. For each simulated data
set, 40 data pairs were generated and then the next 34 data pairs were
accumulated for use in the regression to allow the dynamics of the simulations
to stabilize at the desired level. The Beverton-Holt and the Ricker model
were then fit to each data set. The performance of the two models were
evaluated by comparing the mean of the sum of squares of the residuals for 100
data sets.

The simulation results indicate that the level of wariance inherent in
Fraser River escapement and return data is not adequate to distinguish the
correct form of density dependency. The difference between the sums of
squares was negligible and independent of the "a" and "b" parameters used in
the simulations. Although more complex models may provide better fits to
particular data sets, they will not identify the form of density dependency
inherent in Fraser River sockeye stocks because of the large varlance in the
data.

The use of the Beverton-Holt model was abandoned in favour of the Ricker
model under the assumption that recruitment declines at high levels of
spawning escapement. There is crude evidence for low recruitment following
high escapements in some Fraser River stocks (i.e. Adams River, Chilkeo River,
Stellako River). We also abandoned the Larkin model because of the
computational short-comings. Collie and Walters (1987) have demonstrated that
it is not possible to determine whether the Ricker model or the Larkin model
correctly encapsulates the dynamics of Fraser River sockeye. HNevertheless,
‘because the Ricker model does not account for possible interactions among year
classes, estimates of maximum catches derived from the Ricker model are more
optimistic than suggested by the Larkin model.
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ESTIMATING BIASES IN STOCK-RECRUITMENT PARAMETERS

Three sources of bias fidentified in ficting stock-recruitment curves to
data are (1) measurement errors in estimates of spawning escapement (2)
correlations among residuals and subsequent levels of spawning escapement and
(3) autocorrelations among residuals (Walters and Ludwig 1981; Ludwig and
Walters 1981, Walters 1985). All the causes of bias lead to an overestimate
of the density dependent parameter, b.

Unfortunately, little that can be done to correct for bilas caused from
measurement errors in the historical data. Using procedures similar to
Walters and Staley (1987) we investigated the significance of bias caused from
correlations among residuals and subsequent escapement.

Monte Carlo simulations were performed to estimate the bias over a range
of a and b parameters. Simulated data sets were generated using the two
equations

(7) B, *' B, 6" 1g

(8) Sy = R, * 1-hg ;
where; h, = harvest rate in year t.

Parameters a and b were re-estimated using standard linear techniques as
described abowve. For a and b values typical of Pacific salmonids (a=1.0 to
3.5, b=0.05 to 1.0) 100 data sets were generated using two levels of
exploitation. Simulations were performed at the optimal h and at h=10%
greater than optimal rate for each parameter combination. Nine and 34
stock-recruitment data pairs were generated at each level of exploitation for
a total of four possible scenarios. These sample sizes are egual to the
number of data pairs available on each &4-yr cycle and for-all years combined,
respectively. Simulations were started with $=1.0 and o=0.7. Simulations of
40 data pairs were generated before accumulating the data pairs used to
re-estimate the recruitment parameters. At each of the four scenarios 100
data setswere generated. The average of the re-estimated a and b parameters
was then used as a measure of bias. The results of each simulation are
presented in Appendix B.

There were no parameter combinations for which the mean of the biased
parameters were statistically different (p>0.05) from the true parameters in
either of the 4 scenarios. As reported by Walters (1985), the bias resulted
in overestimates of a and particulary b and thus underestimates of optimal
escapement. Simulations performed by holding spawning escapements at the
optimal level and simulating 34 data palrs resulted in relatively small biases
at Ricker a values typical for Fraser River sockeye (a = 2.0 - 3.0). 1In this
scenario the Ricker b parameter was overestimated by an average of 3-6%. At
sample sizes of 9 data palrs the bias increased by an average of 17-25%.
Under the scenario of overexploitation the bias in b with 34 data pairs
averaged 15-390%. For simulations using 9 data pairs, the bias In b was much
greater and averaged B0-560% in the a range of 2.0 - 3.0, These results
suggest the bias is profoundly affected by sample size and the level of stock
size compared to the equilibrium stock size. In overexploited stocks the
stock-recruitment curve would create the false impression that stocks would
not recover appreciably following reduced fishing pressure.

Simulations were also performed to estimate and correct the bias. For
simulations using all-years data, the observed estimates of effective female
escapement for the first four years in the time series were used to generate a



-8-

time series of stock-recruitment data pairs equal to the mmber of observed
data pairs for each stock. For simulations of the cycle year runs, the first
year in the time serles was used to generated stock-recruitment data pairs for
each of the cycle years. The observed estimates of o, the annual estimates of
h and the annual proportion of effective females were used to simulate each
data sect. The a and b parameters were then estimated as the mean of 1000
simulations. The observed bias was generally consistent with results
presented above (Table 2). The bias was largest in the density dependent
parameter b. The range of bias in b for all years of data combined was from
<1% for the early Chilko, Harrison, Gates and Upper Pitt River stocks to 3563%
for the Late Stuart stock and 38% for the Lower Adams River stock, The
largest bias was for cycle years data and ranged from <l% to over 500% for the
Late Stuart.

A procedure used by Walters and Staley (1987) was used to investigate
bias in recruitment curves when fit to stocks with abundance estimates below
the unfished equilibrium. Recruitment eurves were simulated for each of the
cycles for stocks that have dominant and "off-cycle™ runs. The a and b
parameters and ¢ were estimated from the time series of all-years data using
standard regression techniques. The escapement in the first year in the
historical time series was used as the initial stock size and the observed
time series of exploitation and the proportion of effective females was used
to generate 9 fake stock-recruitment data pairs for each stock. The a and b
parameters were fit to data for all years and to each of the four cycle years.
Simulation were repeated 1000 times to estimate the average bias in the a and
b parameters.

There were no significant differences (p>0.05) in the a or b parameters.
However, there were extremely large positive blases in b that caused the
recruitment curves to bend at fractions of the true curve in every stock
(Table 3). The influence of bias is fllustrated for the Chilkeo River and
Lower Adams stocks in Fig. 2. As concluded by Walters and Staley (1987), the
bias appears to depends on stock size in relation to the unfished equilibrium,

To address the third source of bhias mention above, the autocorrelation
of the residuals was calculated by fitting the Ricker model to stock-
recruitment data for all years combined in each stock. Significant deviations
particularly at a lag of & years would imply a cyclic pattern in abundance and
suggest separate stock-recruitment relationships among cycles. For each
time-lag the autocorrelation was calculated using the equation

H-k
(9) = 2 Ve Ven /W
=1

where, r; = autocorrelation at lag k years.
v, = residual at year t.
N = no of years In time series.

(source: Box and Jenkins 1976)

There were no significant differences in the autocorrelations for any of
the stocks., With the exception of the Horsefly River, there was no evidence

for the existence of cycles (Table 4).
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ESTIMATING OPTIMAL ESCAPEMENT

Estimates of spawning escapement were calculated for each stock for all
years combined and for each cycle. By definition, the optimal spawming
escapement is equal to the escapement where the slope of the recruitment curve
is equal to 1. By setting the first derivative of the recruitment equation
equal to 1, the optimal escapement, $°, is calculated by the equatiom

(10) 1 = (1- as"/b)exp(1-5"/b+(0?/2)) .

The estimates of optimal escapement corrected for time series bias were
most often higher than the uncorrected estimates (Table 5). There were no
significant biases in any of the stocks (p>0.05) and except for the late
Stuart and Lower Adams stocks, the bias was negligible for most stocks when
using data for all years. The bias corrected estimate was 57% higher for the
late Stuart stock and 52% for the Lower Adams stock. The bias in the cycle
year estimates were also negligible for most stocks but there were also zome
extremely large biases. For example, the Raft, lLate Stuart and Bowron stocks
had biases in excess of 100%. The bias for the 1985 cycle of the lare Stuart
stock was 530%.

STOCK STATUS

In the following section the trend in returns snd escapements for each
stock are discussed in relation to the preceeding stock-recruitment analysis.
The mean historical escapements and catches for each stock (1948-85) are
compared to the optimal escapements and corresponding maximum catches in
Table 6. For all stocks the estimated optimal escapements were larger than
the historical mean escapements (adult males plus females). The sum of the
mean escapements for all stocks of 1.3 million adults was 18% of the
corresponding estimates of the optimal escapement. The sum of the mean
catches for all stocks of 5.1 million adults was 30% of the theoretical
maximum catch of 16.7 million adults.

Stuart, Trembleur and Takla Lakes

Two runs to the Stuart, Trembleur and Takla lake systems are identified
from run timing and spawning distribution. An early run (early Stuart)
utilizes more than thirty small streams primarily on Takla Lake. The largest
single spawning area in the early Stuart system is on the Driftwood River, the
most mortherly spawning habitat in the Fraser RBiver watershed. The late run
{late Stuart) utilizes a smaller mumber of streams on Stuart and Trembleur
Lakes.

Although individuals spawning areas have dominant and off-cycle runs
that are not necessarily in-phase, both the early and late Stuart runs were,
collectively characterized by a dominant 1985 cycle. All other cycles,
particularly in the late Stuart system, have been minor producers. Returns to
the early Stuart (Fig. 3a) and late Stuart systems (Fig. 4a) have been highly
variable with no trend in abundance since 1952.

Adult returns to the early Stuart system on the 1985 cycle ranged from
256,000 in 1965 to 1.4 million in 1973. The average 1952-85 return was
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809,000/yr. Spawning escapements on the 1985 cycle averaged 208,000/yr and
ranged from 23,000 in 1965 to 582,000 in 1949.

The fit of the Ricker model to data for the Early Stuart run was
relatively good (0=0.7) (Fig. 3b). However, because the early Stuart
population spawn in approximately 30 different streams, the optimal escapement
of 420,000 adults for all streams combined may not be representative., Several
small streams on the early Stuart run were over-utilized in some years while
the large spawning area on the Driftwood River was under-utilized. Low
resolution of individual streams in the early Stuart fishery inhibits the
ability to control escapements to these streams. Increasing production by re-
distributing escapements amongst the early Stuart streams is therefore
unlikely.

Despite an inability to control escapements to individual streams on the
early Stuart system, the early Stuart run presents some unique opportumities
for stock rebuilding. Collectively, the early Stuart run is the only Fraser
River stock than does not co-migrate in significant numbers with other stocks.
Since 1983 there has been a 50% reduction in the exploitation rates through
fisheries management to increase escapement to the early Stuart system.

Adult returns to the late Stuart streams ranged from 606,000 in 1977 to
1.9 million in 1985. The average 1953-85 return was 1.3 millien/yr.
Escapements averaged 273,000 adults/yr. There is an extremely high level of
uncertainty in the optimal escapement (662,000 adulrs) for the late Stuart runm
{(o=1.3) (Fig. 4b). There is a potential for increasing production to the late
Stuart system, particularly on the off-cycles. However, there is much less
ability to control escapements from the late Stuart run because the run-timing
overlaps with other major stocks.

The Fraser-Francois (Nechako) system

Two spawning areas enumerated in the Nechako system are on the Nadina
and Stellako rivers. The Nadina River historically supported an early and late
run. The early run is now of minor importance and escapement estimates are
included with estimates for the late run. The loss of the early run is
believed to be the result of habitat degradation from logging (Williams pers.
com.). A spawning channel designed for 14,000 females was constructed in on
the Nadina River 1973 to increase utilization of the rearing area in Francois
Lake (Cooper 1977). Most sockeye production since 1973 has been from the
spawning channel. Returns to the Nadina River averaged 56,000/yr during
1952-85. The 1985 and 1987 cycles produced the largest returns, however,
returns on the 1986 and 1988 cycles have increased since the early 1960s
(Fig. 5a). Our estimate of the optimal escapement of 22,000 adults (Fig. 5b)
is near the average for the 1985 and 1987 cycles.

The trend in production from the Stellako was relatively constant and
averaged 419,000 returns/yr since 1952. The 1986 and 1987 cycles produced the
major runs (Fig. 6a). Average returns on these cycles were 526,000/yr and
718,000/yr, respectively. Returns on the 1985 and 1988 cycles averaged
274,000/yr and 192,000/yr. Escapements to the Stellako averaged 75,000/yr.
The estimate of optimal escapement for the Stellako of 295,000 adults was
equal to the largest observed escapement. However, the largest escapement is
an outlier on the recruitment curve (Fig. 6b). The true optimal escapement for
the Stellako River may be larger.



Bowron Rivar

The average 1952-85 returns from the Bowron River were 54,000
sockeye/yr. Four cycles of the 1987 run were a dominant feature on the Bowron
River beginning in 1967. Interestingly, this occurred at the same as a
decline in the abundance of the minor cycles (Fig. 7a). This is similar to a
situation on the Raft River system (see North Thompson) where the 1988 cycle
emerged as a dominant cycle, seemingly at the expense of the other cycles.

The estimated optimal escapement of 30,000 adults may be an underestimate of
the true level given the variability in the observed returns/spawner for the
1987 cycle (Fig. 7b).

Quesnel Lake

The main spawning areas are the Horsefly River and, to a lesser extent,
the Mitehell River. The 1985 cycle has been the main contributor to the
Quesnel Lake system. Returns to the Horsefly River on 1985 cycle increased
exponentially from 476,000 in 1953 to 8.1 million returns in 1985. Returns to
the 1986 cycle also increased with returns in 1986 of 514,000 sockeye
(Fig. Ba). The large returns in 1985 resulted in a convex recruitment curve
(exponential population growth) (Fig. 8b). As a result it was not possible to
estimate the optimal estimate from the Ricker model. However, the increasse in
the returns/spawner suggests the Horsefly may support escapements in excess of
500,000 adults/yr, The adult escapement to the Horsefly River was 1.1 million
in 1985. The largest production of sockeye in the Quesnel Lake system utilize
spawning grounds on the Upper Horsefly River. There is also a large under-
utilized spawning area on the Lower Horsefly River that has considerable
potential for sockeye production.

The Mitchell River is the only other spawning area where escapements and
returns were routinely measured. The trend in production from the Mitchell
River is similar to the Upper Horsefly and the 1985 cycle is the only major
run (Fig. 9a). Returns to the Mitchell have increased steadily from 7,000
returns in 1957 to 1.4 million returns in 1985. Because of the expomential
population growth in the 1985 eycle, optimal escapement could not be estimated
(Fig, 9b)., However, the optimal is likely beyond the range of observed
escapements and may exceed 200,000 adults.

Chilko Lake

Belatively large returns to the Chilke River occurred on the 1987 and
1988 cycles. Escapements on these cycles have been preserved at nearly equal
strengths at averages of 473,000 and 309,000 adults/yr, respectively. Returns
and expleitation rates on all four cycle years have remain relatively constant
since 1952 (Fig. 10a). The 1988 ecyele is the most important contributer to
the Fraser River fishery on that cycle.

The fit of the Ricker model to the Chilko River data is comparatively
good (o=0.6) (Fig. 10b). The estimate of optimal escapement of 798,000 adultrs
is beyond the 1948-85 range of observed adult escapement. The largest
observed escapement occurred in 1948 and was 671,000 adults,

In the early 1960s a relatively small population of lake spawming
sockeye was discovered at the south end of Chilko Lake. Estimates of
escapement have been made anmually since 1971. The estimates during most
years were from mark-recapture experiments on dead (floating) carcasses and
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are likely subject to large measurement errors. Estimates of adult escapement
in 1984 were the largest since enumeration began at 128,000 adults. The
estimate of optimal escapement for this stock (31,000 adults) is unreliable
due to the short-time series and suspected measurement errors in the data.

South Thompson (Early runs)

Of the 13 early spawning runs to the South Thompson and Shuswap Lake
systems, the runs to the Seymour River and Scotch Creek were routinely
enumerated.

Returns on each of the four ecycles to the Seymour River have shown
little trend (Fig. 1la). Returns on the 1986 and 1987 cycles were
consistently larger than the other two runs and averaged 222,000/yr and
169,000/yr, respectively. Returns on the 1988 and 1985 cycle averaged 26,000
and 33,000 adults/yr. The estimate of optimal escapement of 69,000 adults is
larger than ohserved escapements on the Seymour River. However, escapements
on the 1986 cycle were 63,000 adults on the last two returns of that cycle.
Average escapements to the Seymour were 43,000 adults/yr on the 1986 cycle and
34,000/yr on the 1987 cycle. Escapements to the 1988 and 1985 cycles averaged
6,000 and 7,000 sockeye/yr. There has been a steady increase in escapements
on the 1988 cycle from 4,000/yr in the 1950s to 11,000 since 1976. There were
some extreme deviations from the recruitment curve (Fig 11b) but the fit of
the model was relatively good (o~0.8). Habitat degradation cause by logging
in the Seymour watershed has been reported but the effect on recruitment is
not known (Williams, pers com)

Beturns and escapements to Scotch Creek were small compared to other
Shuswap systems that are routinely enumerated (Fig. 12a). Returns on the 1985
and 1986 cycles averaged 26,000 and 14,000 sockeye/yr, respectively.
Corresponding escapements ‘averaged 5,000 and 1,000 adults/yr. Returnms to the
other two cycles have been negligible. There is large uncertainty in the
estimated optimal escapement of 11,000 adults as reflected in the wide 95%
confidence limits for the recruitment curve (o=1.6) (Fig. 12b).

South Thompson (Late runs)

Of the 23 late spawning runs to the south Thompson River complex, the
largest runs are to the lower Adams River and the lower Shuswap River. The
lower Adams River population is the largest spawning population in the Fraser
River system. Spawning escapement to the Lower Adams River were enumerated as
a single complex that includes all other late Shuswap Lake runs except the
Lower Shuswap system sockeye.

Estimates of returns to the Lower Adams complex averaged 2.1 million
returns/yr since 1948. Returns were dominated by the 1986 cycle and, to a
lesser extent, by the 1987 cycle. The average 1948-86 return were 6.8
million/yr on the 1986 cycle and 1.4 million/yr on the 1987 eyecle. Returns on
the 1985 and 1988 cycles were small in comparison and averaged 33,000 and
20,000/yr.

The 1958 escapement of 3.3 million was the largest on the 1986 cycle
since 1948 and resulted in the lowest return for the cycle. Following the low
returns of 1958 there was a steady increase in returns on the 1986 cycle from
2.9 million in 1968 to 8.2 million in 1982 (Fig. 13a). Escapements also
increased over the same period from 1.1 million adults in 1962 to 2.5 million
in 1982. Returns on the 1987 cycle increased at a similar rate as the 1986
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eycle until 1971 when high exploitation reduced escapements to low levels.
Since 1971, the 1987 cycle has shown modest increases.

There is considerable controversy surrounding the significance of the
low returns per spawner from the 1958 brood. A fence was constructed at the
outlet of the lower Adams River in 1958 te prevent over-escapement. The
effect of the fence reportedly resulted in a large number of lake spawners and
an unnaturally high egg mortality (Woodey, pers. com.). What ever the cause
of the low returns per spawner, 1958 is an pivotal point in the
stock-recruitment relationship (Fig. 13b). The estimate of the optimal
escapement of 3.5 million is similar to the observed escapement in 1958,
However, there is considerable uncertainty in this estimate. This is
reflected in the wide 95% confidence limits for the recruitment curve and the
relatively large residual standard deviation (o=1.0).

Returns and escapements to the Lower Shuswap River inereased
substantially in the 1970s and 1980s. These increases occurred particularly
on the 1986 cycle but alsc on the 1987 eyecle (Fig. 14a). Returns on the 1986
cycle have increased from 50,000-126,000 in the 1950s and 1960s to 1.8 million
in 1982. Escapements have increased accordingly, from under 20,000 in the
19505 to over 500,000 in 1982. There is little reliance in the estimates of
optimal escapement. This {s reflected in the extremely wide 95% confidence
limits for the recruitment curve (Fig. 14b) and the large residual standard
deviation (o=2.0). The true optimal escapement is likely greater than 1266000
adults and, based on preliminary estimates of returns/spawner for the 1932
brood, may exceed 500,000 adults.

Norcth Thompson

Catch and escapement data were collected from the Raft River and Fennel
Creek. These systems support two small spawning populations. Beginning in
1972, the 1988 cycle for the Raft River emerpged as dominant run (Fig. 15a).
The increase on this cycle occurred at the same time as a decline in the
abundance of the other three cycles despite no detectable trend in
exploitation rates. There was a comparatively good fit of the Ricker model ro
data for the Raft River (o=0.7) (Fig. 15b). Our estimate of optimal
escapement of 14,000 adults is well ashove the 1952-85 mean of 6000 adults/yr.

Returns from Fennel Creek has increased from extremely low
escapements in the 1950s and 1960s to a maximum of 73,000 adults in 1979 (Fig
16a). The average escapement since 1970 was 4,000 adults. There is
considerable uncertainty in the relationship between stock and reecruits
{(o=1.0) and the optimal escapement may be greater than the 4900 adults
estimated from the Ricker model (Fig. 16b).

Anderson and Seton Lakes

The major spawning areas in this system are Gates Creek and Portage
Creek. A spawning channel designed for 9,000 females has been operational on
Gates Creek since 1968. There was a marked increase in escapement and returns
on all four cycles to both systems since the mid-1960s (Fig. 17a and
Fig. 18a).

The 1988 cycle is the major producer on Gates Creek and averaged 71,000
adults/yr since 1952. The spawning channel has accounted for 95% of the total
production since 196B. Estimates of optimal escapement for Gates Creek of
14,000 adults is near the long-term average for the 1988 cycle. The estimate
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of optimal escapement may well be an underestimate caused by outliers in the
stock-recruitment curve (Fig. 17b).

Production from Portage Creek was less dependent on a single strong
cycle. The average return across all four cycles was of 26,000/yr. The 1986
cycle has produced the largest average return at 50,000/yr. Escapements to
Portage Creek averaged 5,000 adults/yr and were considerably less than the
estimated optimal of 14,000. The extremely wide 95% confidence limits on the
recruitment curve (Fig. 18b) and the large residual standard deviation (o=1.2)
imply the optimal escapement is not well determined from the stock-recruitmesnt
relationship. The curve is unduly influenced by an extreme outlier and the
optimal escapement is likely underestimated.

Lilloocet and Harrison Lakes

The most important spawning areas are the Weaver Creek, Birkenhead River
and Harrison River systems. A spawning channel that facilitates 30,000
females has been operational on Weaver Creek since 1965. Returns and
escapements to the Weaver Creek (Fig. 19a) and Birkenhead River (Fig. 20a)
have increased since that time on all cycles.

Returns from Weaver Creek were largest on the 1986 cycle and averaged
353,000 adults/yr since 1948 compared to an all-year average of 208,000
adults/yr. Spawning escapements averaged 36,000 adults/yr with an average of
64,000 adults/yr on the 1986 cycle. The estimated optimal escapement based on
the Ricker model (Fig. 19b) was 54,000 sockeye.

Returns and escapements to the Birkenhead River during 1948-85 averaged
364,000 and 47,000/yr, respectively. Variations in return strength among the
four cycles are less apparent on the Birkenhead River compared to other
systems. The average return for all cycle years ranged from 280,000 to
515,000 sockeye/yr. The estimate of optimal escapement of 108,000 adults may
underestimate the true optimal due to the effeet of outliers on the
recruitment model (Fig.20b).

Unlike the Weaver and Birkenhead systems, returns to the Harrison River
system were relatively constant except for two years of large production in
the 1950s (Fig 2la). The average returns were 44,000/yr during 1952-86.
However, the rate of returns per spawner is extremely variable (Fig. 21b).
Unlike other Fraser River systems, young sockeye from Harrison River have a
very short period of freshwater residemcy (< 1 yr). The early influence of
the marine enviromment on survival may account for the extreme variations in
the observed returns per spawner.

Lower Fraser River

The two lower Fraser systems for which data have been collected are
Cultus Lake and the Upper Pitt River. Returns for both systems have declined
in recent years (Fig 23a and Fig. 24a). The decline was particularly
pronounced on the Cultus Lake system since 1970.

For Cultus Lake, the average return was 11,000 adults/yr during 1974-85
compared to 113,000/yr during 1948-73. Escapements have also decliped at a
similar rate. Returns on the 1987 cycle have been the main producers with an
average of 178,000/yr. The average for the other three cycles ranged from
33,000/yr to 100,000/yr. Cultus Lake returns on the 1988 cycle have averaged
45,000 adults/yr. The estimate of the optimal escapement for Cultus Lake of
80,000 adults is substantially higher than any recorded escapement since 1948.
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Although there is uncertainty in the estimate using the Ricker model (Fig.
23b) (o=1.0) it is clear than escapements In recent years were below the true
optimal.

A small spawning channel (1,000 females) was completed in 1960 at the
Upper Pitt River to halt a decline in abundance in the 1950s (Cooper 1977).
Following a decline in exploitation rates, the abundance on all four cycles
increased. The abundance is currently at low levels and has not responded to
a decline in exploitation evident since 1977 (Fig.23a). The average return
for the Upper Pitt River was 77,000/yr since 1948. The average escapement was
21,000 adults/yr compared to the estimated optimal escapement of 20,000 adults
from the Ricker model (Fig.23b).

CONCLUSIONS AND RECOMMENDATIONS

There was considerable success at re-building returns of the major
stocks on the dominant eycles since the collapse of upriver populations in the
early 1900s. This was particularly evident for the Lower Adams and Shuswap
Rivers and the Upper Horsefly River. Increases on the Birkenhead River and
Weaver Creek also occurred. The Gates and Portage Creeks are two smaller
systems that also increased in production.

The recent declines in returns from the Cultus Lake and Upper Pitt River
systems warrants concern for lower Fraser River stocks. There are also
upriver populations of historical significance that have remained at low
levels, such as the Upper Adams and the Lower Horsefly rivers.

For many stocks there i{s considerable uncertainty in the correct
stock-recruitment relationship and thus the estimates of optimal escapement.
With few exceptions, the 95% confidence limits for the recruitment curve
encompass a broad range of possible recruitment curves and imply a broad range
of possible optimal escapements. This uncertainty is related to two
phenomena. First, variability in stock-recruitment data caused by variable
envirommental effects on survival and measurement errors in the estimates of
escapement and catch. Second, and most serious consideration, is the
potential influence of year-class interaction and its effect on the cyclic
variation observed for many Fraser River stocks. This analysis, and that of
Walcers and Staley (1987), show that the difference among recruitment curves
could be due to biases in applying regression methods te short time-series of
data where observed stock sizes are below the unfished equilibrium. Cellie
and Walters (1987) report the Ricker curve fails to account for year-class
interactions and that with existing data neither the depensatory fishing nor
depensatory predation hypotheses can be rejected as the cause of eyelice
dominance. Until experiments are designed to address these issues the level
of uncertainty in estimates of eptimal escapement will remain high.

Envirommental data was not encorporated in the present analysis.
Enviromnmental data may explain the large variation in recruits/spawner data.
For example, flooding during egg incubation has reportedly effected survival,
particularly on the Birkenhead, in some years (Williams, pers com). Anomalous
temperature effects on survival has also been reported for other systems.

Estimates of production capacities derived from independent analysis
need to been Iincorporated into assessment procedures. Estimates of spawning
and rearing habits along estimates of optimal egg densities is a procedure
currently under study (Williams, per com).
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With the signing of the Canada-U.5. fishing treaty in 1985 there is now
a greater benefit to Canadian fishermen to increase production of Fraser River
sockeye. If a single spawner-return curve is appropriate then the stocks are
being overfished and the opportunity for rebuilding the off cycles is
tremendous. The potential for rebuilding stocks cannot be ignored. The
greatest opportunity lies In re-building off-year runs of the major systems
such as the Horsefly River and the Upper and Lower Adams River. The focus of
re-building strategies should maximize natural production by increasing
escapement levels through fisheries intervention. Enhancement technigques such
as spawning channels and lake enrichment should also being considered.
However, for most systems spawning habitat appears to be the limiting factor
(Williams pers. com).

The level of allowable harvests needed to re-build the Fraser system is
a funccion of the rate and amount of re-building as well as on the specific
stocks targeted for re-building. The rate of re-building will be largely
dependent on the willingness of the fishing industry to reduce the catch in
the face of uncertainties in future production. The stocks with the greatest
potential may not necessarily be the ones most easily regulated, There will be
a need to develop an in-season plan that allows us to take advantage of those
stocks with the greatest potential for re-building.

The most obvious uncertainty in re-building off-year runs is the effect
of year-class interaction. It is essential to develop re-building plans in
concert with an experimental design that can be used to identify factors
influencing productivity.
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Table 1. Methods used to estimate spawning escapements of Fraser

River sockeye.

Stream type

Emumeration method

Large population (>25000),
closed system

Large population, but few
jacks

Large population, strays to
other streams

Large population in a
complex of streams where
not possible to perform
tagging study on separate
streams due to high degree
of straying

Medium population (<25000),
poor recovery of either sex

Medium population, or large
population but limited
access to stream

Medium population, closed
system

Spawning Channel

EEtEISE'ﬂ, sexes separate

Petersen, sexes separate for
males and females, but jacks
by dead recovery x
avallability factor x male
dead recovery

Petersen, sexes separate, but
subtract stray tags from tags
available

Petersen, sexes separate on
the complex, subtract out
populations of streams with
separate enumeration, then
allocate population to
remaining streams by dead
Tecovery

Petersen, sexes combined (not
commonly used)

{Peak live count + cumilarive
dead) x factor

Dead recovery x factor

Total dead recovery
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Table 2. Estimates of Ricker stock-recruitment biased and biased corrected
parameters caused from time series bias. Parameter estimates were determined
for all years of data and for each cycle year where sufficient data were
available, The parameter b was multiplied by 10°.

a b
bias % bias %
Stock biased corrected error biased corrected error
Early Stuart
all years 2.64] 2.407 1.39 4.878 3.919 19.66

1984 cycle 2.834 2.777 2.01 62.287 51.506 17.31

1985 cycle 3.237 3.172 2.01 9.673 8.987 7.09

1986 cycle 2.656 2.567 3.35 39,246 36.761 6.33

1987 cycle 3.221 3.163 1.B0 37.390 30,062 19.60
Late Stuart

all years 2.757 2.698 2.14 4,496 2.834 36.97

1984 cycle 4.256 4.115 3.31 1176.723 1170.22 0.55

1985 cycle 3.420 3.400 0.58 B8.102 1.284 B4 .15

1986 cycle 3.750 3.711 1.04 205.178 204.191 D.48

1987 ecyele 31.540 3.529 0.31 243 242 457 0.22
Late Nadina®

all years 3.2675 3.250 0.54 87.550 82.080 0.062
Stellako

all years 2.656 2.613 1.62 6.872 5.839 15.03

1984 cycle 2.990 2.894 3.21  24.B12 21.055 15.14

1985 cyele 2.938 2.888 1.70 35_Bl4 34 449 3.81

1986 cycle 2.264 1.993 11.97 -1.441 -7.501 -420.54

1987 cycle 3.344 3.208 4.07 12.472 10.66 14.53
Bowron

all years 2.672 2.631 1.53 66 . 646 59.174 11.21

1984 cycle 2.780 2.705 2.70 102.405 86.469 15.56

1985 ecyele 2.186 2.111 3.43 27.584 10.279 62.74

1986 cycle 3.081 3.037 1.43 199.549 193.394 3.08

1987 cycle 4.156 4.186 -0.72 181.944 162.35 -0.25
Horsefly®

all years 2.786 2.753 1.18 -0.873 -4.789 -444 B2

1984 cyecle 3.802 3.745 1.50 10401.72 9799.556 5.79

1985 cycle 3.058 2.997 1.99 2.744 2.002 27 .04

1986 cycle 2.707 2.273 16.03 5.279 -387.41 743B.70

1987 cycle 3.150 3.150 0.00 1496.939 -819.638 154.75
Mitchell®

all years 2.537 2.537 0.00 -49.796 -51,457 -3.34



Table 2 (cont'd)

a b
bias 2 bias %

Stock biased corrected error biased corrected arror
Chilko River

all years 2.542 2.51B 0.94 2.016 1.860 7.74

1984 cycle 3.023 2.965 1.92 3.507 3.290 6.19

1985 cycle 2.491 2.283 8.35 12 . 543 8.548 31.85

1986 cycle 3.590 3.643 -1.48 16.095 16.406 -1.93

1987 cycle Z.953 2.813 4.74 3.985 3.109 21.98
Early Chilko

all years 3.424 3.459 -1.02 59.26 59.000 0.44
Seymour

all years 2.719 2.674 .66 25.154 25.333 -0.71

1
1984 eyecle 3.069 3.057 0.39 315.856 286.460 9.31
1985 cycle 3.395 3.273 3.59 308.245 282.295 B.42
1986 cycle 3.904 3.845 1.51 63.078 60.733 3.72
0

1987 cycle 3.857 3.891 -0.88 90.066 89.062 1.11
Scotch
all years 3.168 3.119 1.55 217.46 164.420 24.39

Lower Adams
all years 2.380 2.342 1.60 0.644 0.402 37.58
1984 cycle 2.709 2.735 -0.96 243.944 245,930 -0.81

1985 cycle 4,325 4,389 -1.02 816.263 Bl6.759 -0.06

1986 cycle 3.257 3.221 1.11 1.531 1.660 -8.43

1987 cycle 2.532 2.529 0.12 1.886 -1.064 156 42
Lower Shuswap

all years 3.318 3.271 0.81 15.250 14.175 7.05
Raft?

all years 2.746 2.704 1.53 154.088 137.131 11.00

1984 cycle 3.341 3.235 3.17 229.700 212.412 7.53

1985 cycle 2.833 2.717 4.09 279.704 164.738 41.10

1986 cycle 2.481 2.208 11.00 107.018  34.656 67.62

1987 cycle 2.865 2.888 -0.80 241.995 233.007 3.71

Fermell
all years 3.545 3.531 0.39 412.083 3%90.670 5.48

Weaver
all years®™ 3.448 3.428 0.58 33.293 32.411 2.65



Table 2 (cont*d)

a b
bias % bias L 3

Stock biased corrected error biased corrected error
Birkenhead

all years 3.053 3.012 1.34 17.599 16.226 7.80

1984 cycle 2.844 2.766 2.74 18.937 16.686 11.89

1985 ecycle 3.195 3.103 2.88 25.106 23.31s6 7.13

1986 cycle 3.022 2.971 1.69 9.737 8.014 17.70

1987 cycle 3.575 3.496 2.21 35.853 34.636 3.39
Harrison

all years 2.983 2.973 0.34 146.356 145.394 0.66
1984 cycle 2.632 2.624 0.30 129.928 102.088 21.43
1985 eycle 2.820 2.698 4.33 191.140 107.516 43.75
1986 cycle 2.857 2.862 -0.18 125.719 136.040 -8.21
1987 cycle 4.181 4.162 0.45 199.055 191.267 3.9
Portage
all years 3.409 3.393 0.47 207.219 198.257 4.32
1984 cyele 4.370 4.208 3.71 2037.570 1785.962 12.35
1985 eycle 3.152 3.080 2.28 140.585 134.667 4.21
1986 cycle 3.326 3.347 -0.63 170.598 170.612 -0.01
1987 cycle 4.190 4.773 -13.91 1007.962 1053.876 -4_56

GCates®
all years 3.643 3.642 0.03 175.565 174.863 0.40

Upper Pitt"
all years 3.233 3.233 0.00 123.358 123.362 -0.00

Cultus
all years 2.280
1984 cyele 2.051
1985 cycle 2.512
1986 eyecle 2.340
1987 cycle 3.444

.229 2.24 23.856 18.061 24.29
.B57 9.46 40.730 -19.489 147.75
.255 10.23 120.639 117.408 2.68
.396 -2.39 16.040 16.121 -0.50
482 -1.10 68.617 68,762 -0.21

[l ]

a: estimates are for data collected since completion of spawning
channels; Late Nadina - 1973, Upper Pitt - 1960, Weaver - 1965,
Gates - 1968.

b: negative parameter estimates imply exponential population growth
{convex curve).
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Table 3. Estimates of biased Ricker parameters in cycle years from Monte
Carlo simulations using the all-year parameter estimates as the "true" values
for each cycle year. The parameter b was multiplied by 10%,

Optimal
Ricker Ricker Escapement
Stock a b (eff. females)
Early Stuart
all years 2.4415 4. 8777 172400
1984 cycle 2.5898 15,2725 56000
1985 cycle 2.6099 28.9825 29700
1986 cycle 2.4798 6.4369 131500
1987 cycle 2.7113 16.1338 54000
Late Stuart
all years 2.7571 4.4962 207500
1984 cycle 3.0832 9995.9542 100
1985 cycle 3.0418 10.1857 92500
1986 cycle 3.0701 58.3307 16200
1987 eyele 3.0647 88.3722 11000
Stellako
all years 2.656 6.8724 124800
1984 cycle 2.853 15.3991 57000
1985 cycle 2.9426 16.9973 52300
1986 cycle 2.9243 14.6422 60500
1987 cycle 2.8327 11.4033 77000
Bowron
all years 2.6724 66.6457 13000
1984 cycle 2.8084 92.6617 9500
1985 cyele 2.7849 93.7779 9400
1986 cycle 2.8817 106.4822 8300
1987 cyecle 2.8222 109 .9476 8000
Chilko River
all years 2.5419 2.0161 419700
1984 eyele 2.7516 5.421 160300
1985 cycle 2.7482 2.9408 296000
1986 cycle 2.839 7.6499 115000
1987 ecycle 2.7655 10, 5134 83000
Seymour
all years 2.7188 30. 3546 29100
1984 cycle 2.9655 63.7236 14200
1985 cycle 2.8942 104.9468 B500
1986 cycle 2.9596 50.9126 17700
1987 cycle 2.9116 70.9853 13000



Table 3 (cont'd)

Optimal
Ricker Ricker Escapement
Stock a b {(eff. females)
Adams River
all years 2.3824 0.6662 1311400
1984 cycle 2.7656 6.3061 143600
1985 cycle 2.8342 14.6103 62200
1986 cycle 2 .4466 0.678 1288500
1987 cycle 2.5946 1.0738 830000
Raftc
all years 2.7461 154 .0879 5700
1984 cycle 2.9132 288.4611 3100
1985 cycle 2.9017 230.8504 3900
1986 cycle 2.9798 297 .4524 3000
1987 cycle 2.9297 218.0276 4000
Birkenhead
all years 3.0532 17.599 51300
1984 cycle 3.278 25.7855 35700
1985 cycle 3.0833 18.3112 49400
1986 cycle 3.12 19.9839 45400
1987 cycle 3.1501 18.973 48000
Cultus
all years 2.2801 23.8556 35000
1984 cycle 2.4351 70.5389 12100
1985 cyele 2_4931 53.6174 16000
1986 cycle 2.4381 50.0295 17000

1987 cycle 2.4684 43.1622 20000




-26-

Table 4. Autocorrelations of residuals for Fraser River sockeye.

Lag Chilke TUpper Lower Lower
(yr) River Horsefly Raft Adams Shuswap
1 0.097 -0.176 0.111 0.170 -D.173
2 -D.111 -0.008 -0.249 -0.019 -0.069
3 -D.125 0.033 D.172 -0.203 0.177
4 0.148 -0.316 0.140 -0.160 0.296
5 0.072 -0.057 -0.091 -0.150 -0.239
6 -0.148 0.011 0.039 -0.245 0.129
7 -0.366 0,042 -0.202 -D.D82 0.042
8 0.079 0.217 -0.409 -0.010 -0.110

Lag Early Late
{yr) Seymour Stuart Stuart Stellako Bowron
1 0.008 D.254 0.147 -0.220 0.232
2 -0.224 0.318 0.182 -0.300 -0.022
3 -0.050 0,033 0.256 0.173 0.108
4 -0.101 0.213 0.011 -0,028 0.100
5 0.207 0.001 -0,042 -0.037 -0.211
6 -0.088 0.008 -D.100 -0.017 -0.215
7 -0,041 -D,.192 -0.172 -0.080 -0,121
8 0.045 0.020 -0.395 0.214 -0.148
Lag Birken- Upper
{yr) Head Harrison Weaver Cultus Pitc
1 0.180 0.125 -0.001 0.180 0.133
2 0,042 -0.230 D.126 0.053 0.037
3 0.032 -0.143 ~0.273 0.094 D.124
4 0.099 0.115 -0.274 -0.029 -0.071
5 0.116 -0.115 -0.212 -0.056 -0.030
[ -0,068 -0.073 -0.053 -0.344 -D.258
7 0.016 0.261 0.002 -0.165 0,075
8 0.091 0.214 0.213 -D.093 0.009
Lag
{yr) Gates Fortage
1 0.240 0.021
2 0.150 0.013
3 0.155 -0.238
4 -D.013 -0.234
3 -0.161 -0.112
6 0.020 -0.218
7 -0.317 0.191
B -0.233 0.069
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Table 5. Estimates of biased and bias corrected equilibrium
stock size and optimal escapements of adult Fraser River sockeye.

Equilibrium stock Optimal escapement
(effective females) (effective females)

bias bias
Stock biased corrected biased corrected
Early Stuart
all years 500538 614270 165093 204042
1984 cycle 45491 53922 13822 16579
1985 eycle 334632 352900 93359 99826
1986 cycle 67678 69835 21345 22439
1987 cycle 86149 105201 24115 29815
Late Stuart
all years 613217 951858 189339 297597
1984 cycle 3617 3517 818 818
1985 cycle 422163  264B497 113320 714016
1986 cycle 18279 18176 4581 4592
1987 cycle 14567 14555 3814 3s19
Late Nadina
all years 37322 39591 10345 11016
Stellako®
all years 386474 447425 121893 142407
1984 cycle 120494 137445 35421 41231
1985 cycle 82022 B3839 24379 25180
1986 cycle -1571117 -265648 -537440 -95978
1987 cycle 268129 300952 73136 84476
Bowron
all years 40098 44457 12604 14096
1984 cycle 27150 31286 8342 9766
1985 cycle 79235 205377 27542 72470
1986 cycle 15439 15702 4452 4570
1987 cycle 25662 25781 5922 5915
Horsefly®
all years -3170714  -574B52  -973123  -177657
1984 cycle 366 g2 91 96
1985 cycle 1114333 1497057 322905 439416
1986 cycle 512825 -5867 160010 -2003
1987 cycle 2104 -3843 598 -1092
Mitchell®

all years -50948 -47976 -16474 -15529
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Table 5 (cont'd)

Equilibrium stock Optimal escapement
{effective females) (effective females)

bias bias

Stock biased corrected biased corrected
Chilko River

all years 1260790 1353760 407257 439444
1984 cycle B61924 901094 251587 266285
1985 cycle 198589 267110 64834 91017
1986 cycle 223062 222025 57785 56894
1987 cycle 740867 904788 219504 276116
Early Chilke

all years 57779 58627 15496 15609
Seymour

all years 89570 105307 27880 33132
1984 cycle 9717 10671 2809 3093
1985 cycle 11015 11595 2972 3210
1986 cycle 61893 63309 15029 15559
1987 cycle 42828 43692 10499 10637
Scotch
all years 14489 14499 4094 4096
Lower Adams®

all years 3575941 5389808 1193965 1817351
1984 cycle 11104 11122 3464 3450
1985 cycle 5298 5349 1183 1184
1986 cycle 2127992 1940560 591122 543274
1987 cycle® 1342418 -2376788 434498 -769868
Lower Shuswap

all years 217338 215248 59588 54922
Rafc

all years 17822 19150 5515 5972
1984 cycle 14546 15227 3970 4251
1985 cycle 10128 16490 3078 5135
1986 cycle 23185 63699 7584 22043
1987 cycle 11840 12394 3573 3723
Fennell

all years B577 8574 2243 2242
Weaver®

all years 103560 107177 27637 28879
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Table 5 (cont®d)
Equilibrium stock Optimal escapement
(effective females) (effective females)

bias bias

Stock biased corrected biased corrected
Birkenhead

all years 173488 175917 50318 51179

1984 cycle 150193 165790 45530 51090

1985 cycle 127275 133098 35822 38197

1986 cycle 310318 370690 90610 109405

1987 eycle 99709 100940 25913 26668
Harrison

all years 20384 20450 6000 6032

1984 cycle 20260 25702 6422 8161

1985 eycle 14754 25092 4495 T84S

1986 cycle 22726 21037 6871 6354

1987 cycle 21006 21760 4823 5016
Portage

all years 16431 17276 4417 4641

1984 eycle 2145 2356 474 538

1985 cycle 22420 22873 6368 6596

1986 cycle 19494 19616 5338 5347

1987 cycle 4157 4529 953 928
Gates®

all years 20752 20829 5317 5338
Upper Pict*

all years 26210 26205 7318 7318
Cultus®

all years 95579 123423 32590 42524

1984 cycle 50353 -95487 17983 -35428

1985 cycle 20823 19206 6768 6583
1986 cycle 145864 148628 49133 49485

1987 cycle 50188 50642 13406 13418

a : Negative wvalues are the result of parameter estimation.
The Ricker stock-recruitment curve for these stocks is convex and
implies the optimal escapement is beyond the observed
escapements.

b : Lower Adams includes the Lower Adams River, Little River and
Late Seymour River,

¢ : Estimates are for data collected since completion of spawning chamnels;
Late Nadina - 1973, Upper Pitt - 1960, Weaver - 1965; Gate - 1968.
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Table 6. Mean adult escapements (1948-85), the estimated optimal escapement,
the mean historical adult catch, the estimated maximum catch and the standard
deviation of the regression for Fraser River sockeye.

Mean Optimal Mean Maximm® Standard®
Stock Escapement Escapement Catch Catch Deviation
Early Stuart 76909 420270 220734 606120 0.689
Late Stuart 79414 662370 292169 1260240 1.327
Hadina 9080 21630 46450 93670 0.854
Stellako 15754 294850 343232 554170 0.551
Bowron 11355 30030 42475 55410 0.659
Horsefly® 101806 500000 493169 3400000 -
Mitchell® 16808 200000 99292 1100000 o
Chilke River 245948 797670 992388 1622040 0.594
Chilko Lake 23664 31020 71216 166950 1.052
Seymour 22339 69380 85822 140910 0.773
Scotch 2491 11460 11027 39110 1.574
Lower Adams 474520 3450480 1602828 5794480 1.043
Lower Shuswap 32299 125500 B464T 571560 1.588
Raft 6333 13920 23218 25820 0.714
Fennell 2586 48790 7100 272500 0.98
Weaver 35591 53990 172744 295020 0.71
Birkenhead 46807 107960 317594 350470 0.587
Harrison 14463 12590 29967 36710 0.966
Portage 4530 9480 21318 45700 1.448
Gates 4912 13560 18992 66710 1.452
Upper Pitt 20606 14520 56886 60940 0.986
Cultus 14374 79670 T1466 106390 0.839
Total 1262589 6969140 5104734 16664920

a:

The maximum catch is the theoretical maximm catch achieved at the optimal
escapement assumming a single spawner-return curve is appropriate. It was
calculated from the Ricker model from the equation

C = S*exp(a-bS" + ¢®/2) - §" ; where C is the maximum catch.

The standard deviation is ¢ from the Ricker model and is shown here as an
index of the relative reliance in the optimal escapement and maximum
catch.

Optimal escapements were not determined from Ricker model because of
exponential growth. Estimates of the optimal escapement and maximum catch
were determined from the last observed escapement resulting in an increase
in returns and from the mean (1948-8l1) returns per spawner.
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Fig. 1. Adult Returns, catch, escapement and exploitation of Fraser River
sockeye, 1915-86 (source: 1915-51 - Killick and Clemens (1963) 1952-86 -
IPSFC data).
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Fig. 2. Results from Monte Carlo simulations (n=1000) showing potential time
series bias when fitting Ricker models to cycle years data when the all-years
assumption is true for A) Lower Adams River and B) Chilko River.
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Fig. 3. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Early Stuart sockeye.
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Fig. 5. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Radina River sockeye.
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Fig. 6. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Stellako River sockeye.
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Fig. 7. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Bowron River sockeye.
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Fig. 8. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Horsefly River sockeye.
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Fig. 9. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Mitchell River sockeye.
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Fig. 10. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relatiomship for Chilko River sockeye.
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Fig. 11. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Seymour River sockeye.
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Fig. 12. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Scotch Creek sockeye.
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Fig. 13. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Lower Adams sockeye.
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Fig. 14. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Lower River Shuswap sockeye.
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Fig. 15. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Raft River sockeye.
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Fig. 16. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Femnell Creek sockeye.



This page intentionally left blank.



TOTAL RETURNS (Thousands) EXPLOITATILON
140 1
20
a.a

100
-10.8

an

B0
0.4

A0

0.2

20

o

1952 1958 1980 1964 08B 1872 1970 1880 18982
YEAR

= Totsl Cafch M Aduili Escapement

B~ Esploiisiion

TOTAL AETUAME (Thouasnda)

28605
zo0} B
1E-1:0n
O
toor
o
o —=
i i
L.} ] io

EFFECTIVE FEMALES (Thouannds)

e UusBBFY T bimm garieal T BEN G.L

Fig. 17. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Gates Creek sockeye.
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Fig. 18. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Portage Creek sockeye.
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Fig. 19. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Weaver Creek sockeye.
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Fig. 20. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Birkenhead River sockeye.
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Fig. 21. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Harrison River sockeye.
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Fig. 22, A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for Cultus Lake sockeye.
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Fig. 23. A) Returns, catch, escapement and exploitation rate and B) the Ricker
stock-recruitment relationship for the Upper Pitc River sockeye.
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Fraser River sockeye escapement and return data.

Total Fraser River sockeye escapement, return
and returns per spawner data for all years and
by cycle.

Early Stuart sockeye escapement, return
and returns per spawner data for all years and

by cycle.

Late Stuart sockeye escapement, return
and returns per spawner data for all years and

by eycle.

Late Nadina River sockeye escapement, returm
and returns per spawner data for all years and

by cycle.

P. Stellako River sockeye escapement, return
and returns per spawner data for all years and

by cycle.

Bowron River sockeye escapement, return
and returns per spawner data for all years and

by eyele.

Horsefly River sockeye escapement, return
and returns per spawner data for all years and

by ecycle.

Mitchell River sockeye escapement, return
and returns per spawner data for all years and

by cyele.

Chilko River sockeye escapement, Teturn
and returns per spawner data for all years and
by cycle.

Chilko Lake south end (early Chilke) sockeye
escapement, return and returns per spawner data
for all years and by cycle.

Total Chilke Lake sockeye escapement, return
and returns per spawner data for all years and
by cycle,

Seymour River sockeye escapement, return
and returns per spawner data for all years and

by cycle.

Scotch Creek sockeye escapement, return
and returns per spawner data for all years and

by ecyecle.
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14.

15,

16.
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18,
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21.

22.

23.

24,
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Lower Adams sockeye escapement, return
and returns per spawner data for all years and

by cycle.

Lower Shuswap River sockeye escapement, return
and returns per spawner data for all years and
by cycle.

Total Shuswap Lake sockeye escapement, return
and returns per spawner data for all years and

by cycle.

Raft River sockeye escapement, return
and returns per spawner data for all years and

by cyele.

Fennel Creek sockeye escapement, return
and raturns per spawner data for all years and

by cycle,

Weaver Creek sockeye escapement, return
and returns per spawner data for all years and
by cycle.

Birkenhead River sockeye escapement, return
and returns per spawner data for all years and
by ecycle.

Harrison River sockeye escapement, return
and returns per spawner data for all years and

by cycle.

Portage Creek sockeye escapement, return
and returns per spawner data for all years and
by cycle.

Gates Creek sockeye escapement, return
and returns per spawner data for all years and
by cycle,

Upper Pitt River sockeye escapement, return
and returns per spawner data for all years and
by cycle.

Cultus Lake sockeye escapement, returm
and returns per spawner data for all years and
by cycle.
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954 540 W &2 w2 7,361 wmas 25 w3 W30 4606, 2m;
o] T 51,55 &7 e 2,508 i 1.5 W7 WS4 13848 o
1956 B &1 S50 Y980 b BN WI el 204 190N 78
w5 BLME 1558 250 e 1.28 s 2,50

wsa 3,61 56, 61T 2n =S

e B, Z5 T 0.0 Gz 1,996 o8 (3D MG ZR25W 1393 5.12 (oD
He0 2,596 9,617 &£ MRz .38 &, 113.51 WX: 55,108 1,970 KA
wel 40,887 TIRATE 1. MIN: E 2 1.5 MN: TS 66 1.
1962 18,665 45,056 242

WS 3= 12,069 o

1964 1,816 3,10 LN 1986 OLE YERR BT OYOLE YEAR

W IR, 1,126,519 5.3

1965 9027 0 . Bra | Return Returmn
o6 1,659 56 W% Brood At Total Per Brood Ak t Total Per
1968 k- o) 3,59 NS Yoar EscopesTit Returm Sperer Year Escapament Retumn Sponer
e AF.0% 1,685,550 T e e e T s T e e ———

=0 %, 978 0, 8558 &3 1550 5,843 B8 6 L & 554 &S50 W.a
wn 1,55 &, 7m &.50 5t 5,470 s 5.2 5 7, 582 51,38 A7
1w 731 17,26 25 sl 38,619 56T 23 e 8,25 .2 0.9
WE 2W%,20 806,%1 2.8 562 18,663 S0 2.4 1w 322 122,09 3%
197 %, 50 &3, &07 3.06 1965 9,07 n e 82 wer 1,629 ¥%,556 1016
1975 %29 We.ee 1. W %, 9m a8 473 wn 1,55 86,7 43.50
1576 2,508 3.5 1.15 L W, %0 3,407 306 w5 W29 WM 1B
1T 6,459 1,360 485 . e 12,758 B4 450 we 3n.9a o R
i 12,78 &2, 61 &£.50 - W%, 758 5300 I i 2,5

we noe 9,750 o3

980 b o8 WIE AVG: 13,47 &, 715 £.96 (M) MVG: B33 55,0686 530 (3D
1 249486 1,978,010 7.9 A 2,619 s 5.2 L N9E  WeBW 4550
e 16,758 5,300 3.3 MIN: 5,470 B 23 HINM: 1,55 7 03
TS 2,25

- 1,28

e 2% 520

ANG: W1 FN60 5.97 (@n

Wo: 551,18 1,978,010 1851

MIN: k- =7 0.3
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Appordix AL Table &, LATE NADINA SOOXEYE
ALL YENIS 1984 CYOLE YEAR 5 OMLE YEAR
Retun Retumn Retumn

Brood At Totsl P Brood At Total Per Brood Achilt Total Per
Year Escapesst Fetumn  Spemner Year Escopement Retum Sparer Year Escepesent Return Spaner
™ea &3 545 a3 e W5, 9T
e W5, T wee ? o onn = BT w258 N%.
w0 T 507 &5 1956 -] &8 A2 T TP N6EE 4K
151 s 81 5.61 60 = 1,78 0.8 w61 17,562 a0 538
e 9 foown sk an 7™ Im 965 nzs .07 B4
W BT WS 1N ToiE 1,29 89 B2 e o055 WS 1.
54 ™ & TS (% ] Wiz 2,56 0,3 &3 w5 %, 72 mIEB LT
55 L] i\ W= W6 1,65 T.5T &AT T BEE HAB T
1956 1B L8 282 1980 3.7 B A2 e B2 B35 1=
7 TS50 16806 L2 1584 7,0m S 13,807
i a5 5, 0E5 B.00 =
e 1,015 7.0m W7 NGz 1,73 0,481 W3 (@) MG 18,26 W70 5.77 (00
960 = 1,18 0.8 L 7.0/ 893 3.2 s A5 sReS0 1Nw
o1 7,562 9,420 538 HIN: 9 &8 420 WIN: 1.2 B35 Im
162 1,685 12,065 T.%6
i T3 w88 AT
964 F.1.] s .o 985 CIOLE YEAR 1967 OMOLE TEMR
5 .28 85,007 B.41
1966 1L.7% %00 WS Returm Returmn
96T T./90 T80 WS Brood Addt Total Per Brood Al t Total Per
e 1,29 85 3B Yemr Eecspemernt Return Spener Yesr Escapreert Return Speurer
WE B WEZF Iim -
W 3,59 29, B84 T.81 1550 T 500 &5 1951 s o s5.&
¥ 14,481 5,654 5.8 154 gy 6,75 6% 15 106 s v
w2 2,54 0.8 &30 1958 &5 508 &80 e 1,08 7,000 1578
w3 %, 720 w3 T e 1,88 oS T8 " 7,304 W& BT
e 3,70 12,482 35 965 1.72% 00 W3 e 7,90 B0 W
L 539 IW3K8 .08 7] 3,929 28 7.8 wn 1%, 4 BA% 5.2
WG 1,65 .57 L& 197 3™ 2 35 W 15,39 3738 2.0
L WA 19,A5 T8 %78 2,584 AR 650 e 5.8 R 1.4
We 2,584 752 &6.50 o2 2,349 i) 26, 5%
e 5,60 w.2Zm 1.65 —
1580 3o 18,77 6.2 VG 2,020 15,145 730 (80 MG: W, 308 BNs 9.97 ()
158 18,912 73,315 im Wol: 399 %00 W L B0 WM TNE
fioind 2389 MIN: &5 &ETS 35 MIN: 06 B 14
e 2,80
L 7.0m
15985 3,807
G 9,080 55,550 9.40 (20
(8 5.4 M348 2Bz

43 1.66

Wote - Ircludes Early Madire, Mithi & Endoko.



Myperdiz A, Table 5. STELLAD RIVER SOIXEYE
AL TENRS i, OMLE TEAR 155 ONLE TEAR
Retum Fetum Return
Brood At Total Per Brood LT Totel Per Brood it Total Per
Year Escapament Retun  Spesnes Yosr Escopesent Retum Speaner Yeor Escapement Returm Spadnes
B aWTT BW ] 5, ar, T Bu e A AR LR
06,720 1A B e 0,38 mwm 2N 5 25 TR L%
wWmE WeNT A4 b ;.88 METH b2 e BSZ2 B 3%
°%.0m &5 b W0 =B WBSH 4.3 o1 L83 Wrae 315
W33 10,/ 2.7 o 30,800 wmmr 5% o) P 86 LW
20 TR &% L B ] 12822 &ZT o wm BM 515
W1, 858 1,211,259 8.5 w2 36,700 T4 0.5 WS 30,404 A 2%
N1, 8™ W we 1507 2T 182 T S0 660 N1N.48
BEB X5, 6.42 L 1) 2,50 A W6 5.0 L1 2.5 S22 0.7
B2 15853 3 e, &,957 - 2 00
112,51 360,480 3.m
PAG 541,80 6.8 WGz 51.5% 3,730 5.52 @0 NGz &8 W9 L.58 (o)
BE) W5 &5 o 150,756 20.66 06T LA 1.8
5,063 W A0 315 MIN: 5, m,m 1.8 MIN: 21,856 A 1.2

= e 5% 1986 CYCLE TEMR 1967 CrOLE YEAR

g
[
E:
g
?
:
E

uS,@ T 648

55 ke 5N 190 1951 96,00 455,357 4T
¥ RAET 18 W BLER 121,29 BS54 = 5N a8 BT
B0 TR A e s 3040 308 ¥R O wIS S04 4m
30,406 masE 2.5 W e WIE AR T s T 5.
NI R &3 W MR BN 3 v 4 305 AR
175,91 1,750.E% 9.5 W S S8m 5N wn ¥ S0 12.8
BO,TH 2 NT 152 e 8IS 2276 65 we e, 1,508 9
0,07 AP NAB 1wE  BEe  M6ET 107 wre X002 S5TBS 1w
sa.008  sBaeT T w &0 FTA0 5.4 wEE 1214
&0,082 577,03 1.%

2,050 &% 5® MG B 550 530@0 a6 12059 TITAN 649 (00
2.8 S22 1073 WO S0 121,59 AN W 260,062 17,7508 12.83
HA0 TS0 584 MIN: a5 SL,m 3.E MIN: P &SI LW
121,60

80,957

2,09

5,56 89 541 (B0
5AE WaE e



Agperdix A. Table 6. BORN RIVER SOOETE
AL YEARS 1984 CIOLE YEAR 1966 OOLE YER
Retun Retum Retum

Brood it Total Per Broed Adult Totsl Per Brood Adide Total Per
Tear Escapmsent Eetum  Speaner Yoor Escapmsent Returm Spaer Year Eccapment Return Speurer
eE 5,465 B0, 26 il e - o 3.8 e ol . 2™ 5
e 2.3 &a.m 22 e B85 S 2% e Bar =59 5.8
1950 W0, s 75,548 488 w56 &,964 Be 55 T zm 41,96 30
1951 21,731 uBAn 4.1 "0 7620 w8 23 we1 T 9 &AW 3.7
e 18,665 &5, 504 - el 1,50 ISw B3 L 2,657 weR &N
w3 82w 5,59 5.0 wea 3.6M "e2 1236 "R 3,82 LA LI ¥
L w055 &, 638 w2 4,18 o L 4,558 85 1.m
5 9,350 96,95 2 W0I e 2,50 .12 A% T 2,5m 8% 3.6
Lo 6,564 L 553 w0 2.5 zZ2uar TR " 1,170 W% 1258
T4 12,m 41,966 i@ o 10,451 .. &35
wa W3 8,15 1.2
L Fofr 61,05 12 e B3 B 5.1% @0 A& T.57 DAEAE 43 (DU
1960 7,60 7,73 2.3 4 5,5 802 B34 L 2 0 BN 2
el 745 28,13 im MIN: 1,500 T 2% LS 1, %m 854 1=
"2 6,206 ax=r 3w
L =,%1 21,36 a.52
954 1,500 TSN B3 985 CITLE YER 587 OLE YER
L 2,59 7. &N
L 2,470 2,59 . Retumn Retum
L N5 2064606 452 Brood Achal t Total Per Hrood Addt Total Per
;-] I.8m HEee 1236 Yoor Escopmment Fetum Sperer Your Escapemert Returm Speaner
L 382 w.an b4
W 1,56 0 Y ) 16, WS ™58 48 w1 2. WEAE 473
wn P &.B8 5k 10,515 85,96 636 55 9,350 W W
w2 &,108 20,551 L% A W, 503 B 1.2 L =57 .8 212
w3 &, 558 8,554 1.8 e ¥ 2.3 I e S5, 2838 AR
L 1,850 2,3 &.70 oS 2,4 Z229 .0 wer 85 A4 AR
L] &/ TS 5.7 wo 1,305 %9 24 wn S48 12507 4.8
9T 2,50 Tm ES e 1,550 23 L7 5 5/ WA 5%
T 2,50 B a9 3& we 3w DI LT we 5,000 21,52 0.a
e 3,41 20,5 64T - 1,667 Lo 6,451
e 5,00 21,562 0. — = ——
980 2,0 2 80 7.5 G2 6,487 3,88 5.7 (@0 AG: =T S
LS 1,70 w2 s M 16, %8 HBSE 2s L8 »,000 2463% WI
a2 1,647 MIN: 1,36 2% 1.2 N 6,451 ase o=
W 6,451
- 10,451
.- 6,55
B n3s5 53,830 4.72 (o0
L 5,00 K3 B\

W: 1,70



Mpardix A. Teble 7. HESEFLY RTVER SOOETE
ML TEARS T8 OOLE TER 5 ONE TER
Restum Retumn Rt

Brood Adult Total Per Brood Adult Total Per Brood At Total Per
Yenr Escopemsnt Return  Speurer Year Escapesent Retum Spader Year Escapesent Retusn Spowrer
198 100 L= n=: eE 00 L= n= e 0,000 &600 BA
e 30,000 &M.0M0 BGE w2 s S 15 WS ST ARTE 5.5
w50 ¥ 1,97 &.5% 56 B 293 3% 1w 2050 TEST L2
1 o 43 B.A3 w0 .4 145 5.0 ™ 50 128,08 4.1
1952 184 562 305 1964 S 2, n.m WE FRIN 1LM2TT L0
™3 108,573 HR.95 5.55 1968 &5 &8 0. "R Z0,0E 1,486,350 2554
1954 k. 1032 33BN w2 s 1,7 BrE w3 5.9 1.9mEe 7.8
) &5 180 286 1976 &8 1.3 &% WT 5AE 350,080 2 T.49
56 B 25 N5 0 &M | 358 e 81569 NN
T R A2 oL s s 1,15,
1958 1,78 3,56 1.2 = =
e [ W5 254 e B 1.%0 5.9(@0) MG: 30,780 2275 672 (o0
a0 =2 1,47 5.06 L 5 20 n= M 11105,772 8,15.61% 15E
e 295,960 1,283,038 L3 MIN: 1] B DT MIN: 30,000 475,00 413
1952 1,073 6,70 6.2%
1963 . 4] o5 N
1964 54 2,/ N 1986 CYCLE YEAR T CYOLE YEMR
w5 59N 1,60 21T 449 - T oI e
s 1,607 7,52 L.57 Resturm Return
wer ne 1,1 w0 Brood Adult Total Per Brood At Total Per
1968 &5 [2.8 o Yoor Escapement Return Sparer Year Escapament Retum Sperer
e 2,02 1,406,350 5.54 e —— - o »
19 1,345 a3 B W50 ¥ 1,97 ABs 1951 i 43 B3
wn m T [ T = 10,512 36,70 1955 8 m 286
1972 = 1,72 R2» ¥ 1,™ i .= e & w254
w3 55,38 1,98.E 7.5 1962 1,073 6,0 6.2 s @ s NS
o & 559 0 &N -] 1,607 T.M2 AST e ne 1.7 %8
1975 " 1,13 gm 1w 1,385 a.3w B2 wn 1m T &3T
% =8 1,353 £.7% Yo & 59 B\IE AN 95 L] 1,73 Bm=.
W7 473,805 3,547,060 T.45 wme T3 mRAae 3.3 1w 511 &858 9.4
1w AT TRAW 3.3 e 36,2 SHAN W.2B i 2,006
we m (.~ ] .45 —
1580 o s ] i3 AVG: &, 0% B8.590 835 (M) MG 358 1,368 &5 (a0
o sRSS 81560 1NN L5 .02 SuK.AM0 35670 LS 2,55 LER W.H
TR 3,012 SWADD  W.B MIN: ..o 1,97 1. MIN: W w25
198 2,56
1984 &5
W 1,113,170
G W01.808 5T 6,82 (a0
W 1,115,172 8,155,469 3570
M= &7 ] 0.70
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Apperdix A Teble B.
ML YEMRS 1985 CYOLE YEAR
Retum Retun Retumn

Broad Al t Total Per Brood Akt Totsl Per Brood Adult Total Per
Tear Escapmment Retumn  Spesner Yeor Escopemsrt Retumn Spadner Yesr Escapasent Retum Spsrer
18 oA e - e WS
e [ 9. WS e w3 2,34 == 3w
1550 = b wr 2,67 f1.58 Ao
1951 el 81 &,6M e 2n
12 1964 1055 535 295 0.8
3 2,34 T2 3. o] & B8 315 we BEN  MLAME 1%
1954 8 B} 20 w2 3 w3 X635 WIS T2
1ES it T T 2% X0BEm T5
1956 s 1] 9 e 65,106 1448 7T 21.%
wsT 2,67 21,58 aor e a s 259
1SR & % 0.5 —
e MG 9 n 3135 (@0 MG B X5 AR (1)
50 L H 2 o 15 WO 25T 1,48 TR 2R
1961 6,6 17,866 an MIN: 3 9 35 LILE .. === 2n
2 5 B MT.A0
el
Lo 1985 CVCLE TEAR 17 CYOLE YEAR
S 5,35 2,05 9.9
s w2 0.5 Returmn Retum
YosT Brood Adult Totsl Per Brood Aduil t Total Per
1968 & B 1.5 Yo Escaponent Return Spewner Yenr Escaprsent Retum Spasrer
560 8 WA  16.%
1w Fa W50 = w51
wn 154 1B 3 21n 195
w2 3 el & w 05 L
W 2673 T, 7.2 a2 5 BT NT.40 105
1975 2, B8 1065 w2 20 o085 96T
w5 W = wn
b 7 i 2,00 wis
T 2% 30488 757 wra .37 53 o0& w9 mw
wra 1.5 503 0.41 Lo 3,59 G i
e mw
1580 ¥ MG T80 &0 L5 (N AG: m» " (M)
- 66,906 168,788 2% L 3.9 2,88 11T.40 L& 1" " B=
e 359 MiN: 5 ® 05 MiN: 1% 17 B=
o 1%
e 2
B 2RSS

1688 1612 5.5 (@0
.59 1,688 NT.4D
3 ? 0>

bn wm



Ayerefin A, Teble 9. CHILED RIVER SOXREYE
ALL YERRS 8. OOLE YEAR 1985 OLE YEAR

Retum Retum Retum
Brood At Total Per Brood Adilt Total Per Brood el Total Per
Year Escapement Petumn  Spesner Yeor Escapement Retum Spauner Yoar Escapemnt Return Spesner
™A S062 1,997,975 2.90 W8 AMA2 19795 2.9 L WAT 63,108 0.0
hiiy AT 6518 NN e 4555 18584% 15 W A& WS 3.9
L T3XE aIBES W Weh  &6506 ZAB.Am 3T ¥ DA TBIZR 1.0
19651 moNe TR 75 W0 S 1,E335 24T w1 ¥,0 ;a8 1.7
w52 45,58 1,558,475 im WeE, F8Ze 200,02 ASs WS 535 B8 450
13 206 59,455 3w B LBA2 281.ET 5.9 e e 22 5.67
5h X5 TReme 2.7 w2 Se2680 1.9 345 w3 HE65 20088 3IM
s 12, 15875 126 W BLTR O 1L885M 4T Wi HN5E weE : 3.8
w66 665,906 2,435,610 3w T AR 42E9m  9.% L1 B3 WS 5.5
T - . 1.0 e 452408 TS 1,435
w58 12,0 &350 36
WP 45,000 2,212,580 &.78 MGz AT2.658 2,180,898 449 (O MG: .55 288 365 (g9
B0 AR5 105335 24T WO  ADE2 A3BI% 9.1 MX: X080 65,18 1070
1561 ¥, 0453 1.7 MiN: ZBI7 135 2.4 MIN: .30 MA58 1.0
= w5 18
w3 8.5 1,208,308 L2
W4 I8,Z72 2,000,082 8.56 86 OCLE YEAR 1967 OMOLE YEAR
™E 535 158,94 &.50 Tt
weE 29,89 &R0 L Returm: Retum
17 TR, 1,996 1144 Brood At Total Per Brood At Total Per
1958 LATB 2451 ET 5.9 Year Escopesent Return Spesner Year Escapement Return Spedner
198 o9 L2 26 5.57 e
w1538 6860 5.09 950 1738 as.as 1.8 w1 W0 w51
L T - k¥4 5 3,296 mnng A7 ¥ 12,% 15825 1249
Wiz 552,650 1,958,682 3.45 1958 120,104 £33N 3s 9 &55.060 221258 478
s B5.6m 2B, 3.5 o6 W, o5, 562 12.68 WS eSS 12838 1.2
W MRS5S 00,541 5.68 W 29,619 BR 200 426 W& TR,TIS 1999480 1.6
ws 1R, TR 148556 T.52 wn 05388 8B  5.09 ¥ B, A3 35
we 361,752 1,606,968 &.4T wWh 1RSS5S &0,661 5.48 w5 o 1eTR LARass T.A2
L 05w WeER 3.B WE  WIAE 1,7/B4s A2 we S 1587 648
198 L5027 1178455 B.22 e ZIPHE 1,6N,M0 697 v 39220
e A9 1,508 6.48
1900 457 ET2 4, 208,976 9. oG 120,811 BB MM TS2(2D MG: 3B 1413 572000
1981 360 180,406 5.5 Woi: ZW9B 160,700 2.8 Wiz PR 2,712,586 1249
w2 ZR95 1,6Mn,700 697 HIN: 7,38 a5 a5 35 MIH: W00,1% aP A 12
e 39,20
™. 452,608
1S .45
MG: 25,98 1,968,556 5.14 (G0
W B LB 20.78
HIN: 17,508 8,453 1.00



Aperdix A. Table 0. CHlLKD SOUTH B0 LUNE SODREYE
ALL TENS 1984 CYOLE YERR 1985 CVOLE YER
Return Resturn Retum
Brood Acil t Total Per Brood Al t Totsl Per Brood At Totsl P
Yenr Escapement Retum  Speaner Tesr Escopewert Return Sperer Yeor Eccopmert Retum Spewrer
=B ] e
e e i
o) 56 wir
1 w0 61
= oL 195
s 8 W, e e
e we 1,88 s53% S w3 &, 660
5 176 2,68 m7 357 T 1,M 1, 0%
1956 w0 =97 .20 VA =N 80 4,88 269
1957 we  1EFSsa 1 540
e
e NG &5, 507 WR.AR T35 (0D MG Br &85 5% (@0
o) w127 S0 e S0 LS 1.% 6,660 2.9
e MIN: 1,800 w35 WIN: 1 1., o%
wa2
s
156k W8S OMOLE YEAR 1987 OYOLE YEWR
THED
] Retum Returm
weTr Brood Adidt Total Per Broad Adult Total Per
s 1%, % Yoor Escopment Retumn Sparer Year Escapement Retum Sparer
e
1w 5,85 50 w1
wn nNa8 S04 236 54 ]
w2 1,885 %5.3516 S w58 10
w3 6,650 wE2 as
L W weTr Qa.m -] T
L “ome 158N is wm 5,045 " nas 0566 23
197 2 638 B0, 726 3sr T s 19,967 45.08 w5 wER WmBIAm 353
T 1.™ 1.9 o Wi 340 BT W.8 we BT TIYB 585
WA 3,650 BT W.IE 9682 9,605 e 860
Ll s .~ S . 5.5
1580 [T U0 VAT G 506 2B XN (00 MG DS W02 TG (0
198 180 58 6.5 W 9,675 8.7 &3.08 i B8 2 H0405 23
oe2 9,605 HiN: 55 585 1418 HIN: NagE 3 355
L 2,60
w8 127580
96 0
MG B, 65 S.BD .58 (o0
MU 1ZTSED A0 S0
HIN:

1,79



Apperdix A. Table 71, CHILKD LACE TOTAL SOXXEYE
AL YERRS 1984 CILE TEAR 585 COLE YR
Retum Retum Retum
Brood Adult Total Per Erood Acult Totsl Per Brood Adalt Total Per
Year Escapesert Return  Spauner Yesr Escapesent Retum Spesner Yeor Escepemert Refturm Spadner
1B &M,62 1,947,973 2.9 TE 02 1,973 2% ) BAT &5,18 0.0
e SBMT &5.18 0.0 R 65 1 BB 3B s A0Aen HeAss 3P
1950 738a a58S 1B e 66506 24560 3T W a4 1828 1.0
1 W00, TR T (A1) WD 2654 16335 24T 61 =, &S 1.7
We M558 1,88.476 3.8 We, ZJaIR 2,000  BSS ] 535 BAMA 4.5
W5 A0,6M 619,458 3.0 WS MDAR 245058 5.9 e e 2 5.5
54 B2 TR 2.8 W S5658 2,E5.%8 3.4 w3 565 2B 3N
w5 12,06 15885 e Wie 38,300 1,597,604 L2 L 51330 W08 3Im
Weh 55906 2,455,651 am 0 TR 488216 9.4 w81 50 B 5.3
T L V. . . ] 1.00 e SE, T G n.es
198 13,06 &850 i —
w9 3,080 2,212,588 &8 oG: 4085 2.MB850 452 () MvG: B X,B6 I (09
D 426,545 1,053 3% 2.AT m: 6DA2 468216 9.8 M= 08N AS.1E 0.
61 ¥} 69 653 1.18 MIN: 2B 1,063,535 247 WIN: 38,540 & 455 1.00
o2 w3 9 a8
I 9B 12638 1.2
964 ZB.2TR 2,040,082 B.55 1585 OTLE YEAR 1587 OICLE YEAR
965 H.35 158,94 450 S —
oee 2R8B80 [ Retum Retum
WEF TR,TIS 1,999.ABE 1146 Brood At Total Per Brood At Total Per
T8 ATEBD 2476050 5.58 Yesr Escapsmnt Retumn Spesrer Yeor Escapmmnt Retum Spmaner
Toee 0,92 o 2E 567
wn 1538 M a5 513 w50 17,38 anseEs N W O ™R3 TS
wn 8. W6 Bl B2 5.06 L] 36,56 e 2.7 ¥ 12 15625 129
w2 56,553 2,053,998 3.4 R 120,706 &3 38 e WS.080 2212985 478
73 5,65 ZX0,48 3196 a2 . o652 2.4 S 9.3 1.2 3B 1.2
W 10,026 50,58 5.84 e 2R.61 B9 200 &% B ARG 1,994 1.4
975 266651 1,660,680 an Lo/ ., &% a5 5.13 w1 WETRs B B2 5.06
97 35,0 1,497 60 k2 W 0,06 50,588 5.5 L O TR R |
w7 51,330 T, 058 3.m® wE s e2 1,273 836 e A% 18975 &2
198 b B2 1,25 BX wWE X950 mE A
we S 1,885 642
1E0 47,759 463,216 .43 MG 23% 72,13 744 (B0 MG: 35500 1,479,591 5.8 (G0
158 »50 18655 5.5 M 2958 1,27 A8 M: R 221258 1249
e 2857 HiN: 7,58 a5 Es 34 WN: 016 WRET 1A
3RS
WL 58,7
ES nes
AG: S48 1,1% 89 5.% (G0
M- 9B 4882 A8
MIN: 17,358 6,653 1.00

Irelurkes Chilko River, North Erd Leke and South Bnd (Early Chilko).



Rpordix A. Table 12, SETMOR RIVER SOOXETE
AL TS 1586 OMLE TEAR 95 ONOLE TEAR
Retum Eetum Retum

Brood At Total Per Brood Addt Total Par Brood Adiit Total Per
Yeor Escapmmert Retumn  Spaaer Year Escapsssnt Retum Spadrer Yeor Escapmsnt Returm Sposner
L] 3B N8 7.6 e R . 5858 T8 Lo wme N 32
e 0,772 3,6 iz e 5,958 1n2e 1. W 50 S8 1.5
w0 00 s W 56 2,450 2,8 50 w5 WED AS5m 2%
%51 X, 30 8,93 2.8 %0 2,92 BEBT 306 951 362 29 L
e 5,963 1.9 1.0 Tk 2,75 B|eE AN 05 &40 HBED 573
w3 5,0 5, 28 7.9 ea 388 20 5% o 7.1 WES o0
L X TR HI52 BS w2 2 0 B2 2.9 w3 2,708 558 93
15 89N 30002 35 e B35 250 28 W 5,709 5.9 N5
55 2,490 12,7 5.3 %80 B39 &5, 5.5 =l n=o &6 270
LT 0,50 .55 2.2 o w,m .- 5,580
w58 m¥n wsus e
e 2310 7SS 33 G 5,862 =559 5.8 (0 MG 6961 9B 4B @
o 2,9 s EBr 305 L e | 2.9 L NI S NS5
o1 562 pos 9.9 MIN: 2,450 BB 1. I 2,704 WS 200
we B WS4 35
. nS&i 140m 1.9
1564 25 BB AW %85 OVLE TEAR 1957 CYOLE YEMR
oS 500 BN 5.0 0 e e
L B8 WILEE LW Return Returm
oer 0.3 251 B3 Brood Addt Total Per Brood Adule Total Per
T8 3 58 2,08 5.7 Yoar Escopeset Retun Spearer Yeur Escapement Retum Spaner
- (AL W ES 2.0 -
WU NI 23 189 W N0 W WS W A3 SN 2.5
Ll wEE U530 .n Lo %, TR 81,52 B8 5 B¥N 3002 35
w2 AR WS DN wR ®WIN WBSE 28 R OR30 S 3%
%7 27 SMW 93 wE WES TSk 3.6 B NS TWE 1L
s 588 181,m0 4.8 W 28,68 HILER 4w Bar 53 205 B2
975 B a8 27,90 5. L] 1N 25380 11BN wn W@ B3N TN
e 8,306 2,50 2.68 WS &, 588 wLE1 408 w5 »BE8 2790 5%
T 509 57,980 0.15 wE S zZroe 318 e 83 WA 2w
wWE 2N ZZ0m 3.8 = 83N w5
WP @30 WEES 2%
o0 BINF & 55 L L2596 52 &A1 (BN) MG BT WATS 5.45 (00
e NI 22  2M wmG: BIN HSI52 B W: 71,84 30,0 N5
L &8.2N WIN: 1,049 Wi Em 28 L1 H Bsn 8% 1.7
-] 2,850
- 7, m
o 5,620
MG M50 WER 5.4 @0
L mIN 152 BS5S
WIN: 2,480 B &7 1.5



Aperddix A, Table 3. SOINCH RIVER SOCXEYE
ALL YEARS 1954 ONOLE YEAR 1985 CYOLE YEMR
Retum Return Eetum
EBrood Adult Total Per Brood At Total Per Brood Adult Total Par
Yeor Escopesertt Retun  Spewner Year Escapement Returm Spourer Yesr Escapemnt Return Spewnes
THE ] 51 5.10 T8 0 s 590 e 1,764 6519 3.0
L) 1,76 6,519 3n wme 12 5 2% 3 1,564 S50 6.9
1950 Ty 155 a8 a2 1. T 2,590 1,220 0.5
%1 - ] n b 598 51 DB.S
%2 12 5 2% s = 105 1,970 %687 &n
i) 1,35 2,49 6.9 wes b 3% 08 W
1954 we w3 6,05 5.3 A8T
55 6 - m A=A T 13,586 B8 5.7
156 a os2 1% e oy 1.3 NW e 18,92 5462 1.3
T 2,20 1.2 055 we &5 -] 3356
w8 e b —
e NG B &0 1.7 (o0 WG: 5,52 H,%2 AT (00
Y0 n RO &R 1,28 1W.00 e 18,%2 /AP B
561 58 818 B WM 8 5 2w MIN: %8 1,20 05
a2 T 2N7T 38.%
1953
1964 g 1986 CYOLE YEANR 1987 OFOLE YEAR
1966 1,910 BEn
1966 859 2,956 (%01 Retum Retum
1967 Brood Ault Total Por Brood Adult Total Per
968 Yesr Escapsment Returm Spiner Year Escapement Return Spearer
- 17 02 0.E o
W 06 2,536 T35 950 & w1
1w w g 55
e 1958 = 1
15973 6,235 5,304 BE 1962 T 2,77 388 % 1963
1978 7 9 EX NS 965 R 2,956 b4 LT
1975 1w 306 2,5 7136 ¥n »
e E Fre B2 L BT 9B 218 s
T 13,586 T8, .50 578 Wi 2,066 1,506 20.7% 1o
e 2,056 41,506 20,19 e LR 158 b
LTyl
1580 L8 1.2 N.%W MG 1, %7 QET M2 MG: FL Y » ()
o 8,52 5 22 1.3 - Lme £1,506 388.1%% MR ) ¥ Bm
oz &, 9 MIN: r 8 64 MIN: =9 ¥ Bm
e =
wes i
TS 3135
MG 2,4 13,518 9.09 (@4)
W 18,952 TB AR 388.14
MIN: T = 035



MNpedin A, Table 1. LOLER AW SOOCETE
ALL YEARS 1966 OMLE TEM 1985 CYOLE YEAR

Retumn Retun Fetum
Brood At Total Per Brood Adilt Totsl Per Brood At Total Per
Yoor Escapmmrt Returm  Spmarer Yenr Escapmnt Retum Speaner Yem Escapasent Rt Spmdrec
s 10,56 2 .51 2.1 98 10,56 z28m 2.1 ™e 395 AN wn
i) 1,98 BN en e v weR 2486 w3 347 XNe 88
1950 1,259,381 9,514,596 .9 956 33 a2 2.4 wr 2,807 585 922X
W W3 5939 LW, a0 1,900 2,606 137 w61 1,118 6419 S5.%
w2 757 e 245 -] 0% nil RS 05 1,76 50,89 AT
] T 30,98 8.9 568 3,686 AT 5.6 il &, 58 12862 25
B 2,009,831 15,789,510 7.85 w2 &£, 153 252 0% W3 1.00& Ta, AT T3.62
wEs 858 B 12 L) &, 730 066 2.5 T 6,151 %,0m 9.3
hb b=y | 8,27 2.48 580 248 5,99 %08 L5 -1 6,218 3T 1S
a7 2,807 5,05 9.2 e &, 8 o &N
WeE 3.37.6m 2, 1AN 0.8 —
19 D58 3mSR 2m Gz L. . <] 20,319 L80 (G AVG: 3.3 298 T oD
el 1,907 2,606 137 o 10,356 k252 R5 Lo 6,218 TR T TEA2
1961 1,18 6,419 5.7% L H (19 2606 1.3 HIN: &N 38T 05
a2 1,113,088 2,857,520 2.58
o o we
T &0 wim RS 1985 COYOLE YEAR 1987 OYOLE YEAR
o 1.75 5089 33
e 1,555,808 3,967,778 I Retum Retumn
T EAwS I 12031 ir Brood Adult Total Per Brood Adult Total Per
1968 3,686 20,7713 566 Year Escepament Retum Spewner Yeor Escapement Retun Spadner
15 4,508 1262 2.5
W0 1,495,506 5, 046,85 164 w0 1,59.38 9 BMFE .M w1 O u3e 5839 I
I - s B 23 e 2,000,251 5,750 7.8 1955 &8 MBS 1.5
we 4,155 252 0% e 3arem 2, 1REeN 0.6 e WSS ImIe 28
W 1,00 AT T2 w2 1,165,088 2851 258 e 155 3120 W
W O1,060,TT 63MSR 62 "o 1,755,558 WL 3% w7 EBS 31231 3R
s 1S.57T 9%, &40 W0 1,485,506 5.046,8% 3. wn 2B &8 23
1976 &, 750 13,45 2.8% 97 1,061,7TT 6,958 A2 Ws 1555177 9,9 640
wir 6,151 56,7 2.3 wE 1,6030 B0 4 w9 37T 1ADRSS 5.1
W 1,69 35 B MG, 0 (W we2 2506(E8 6,76087 200 WG 206,050
v @I 1,405,555 5.10
oan 2,52 HTR wu.mE NG: LT3R 46,/ 35 () MG BT 1,390,583 5.5 (o0
o8 6,218 32T 0.55 WX: 3287 678 15,789,570 TG M AWM 3.12.5M we
e 2,506,088 6,760,897 2.7 MMz 1,061, TR Z1R.61 0455 MIN: &858 ImB» 2N
e 206,10
e & 248
e &n
AG: 47,5 2 00T 348 5.0 (o0
W 300767 5,50 TA2
MIN: in 2,606 0.5

Includes all {ste run Swewnp Loke except Lower Shusep systom sockmye



Aperdix A. Table 15. LLER SHEN RIVER SIDETE
ALL YEARS 19846 OYOLE YEAR 196 ONOLE YEAR
Retum Rebumn Returm
Brood At Total Per Brood Add Total Per Brood At Total Per
Yesr Escepswent Refum Spsrer Tesr Eccapemnt Retumn Spaner Yeor Escapssenit Retum Sparer
TS ] e 4] 135,99 107645
i) B B, 1045 o w3 =
W= 2,000 12848 05 156 wer 2 1,060 520.00
w5l a8 960 = 61 k-3 1,96 41.83
e L] 5 oS =R LER 1.5
s .l 968 1,15 e o 21427 45
54 7462 ™, L5T wre » »® wn w3 2,7% 784 63
L] = 1. B.N o5 k1] &8 2.8 o 6,359 389 5.8
58 1980 1B &1 B0 %81 &,075 6,09 148
LT 2 1,060 520.00 10 -] -] .1y
] e.367 7.2 &N
1959 1] 3,950 .06 G &1 &3 1945 (00 AVG: 1,709 1129 .06 (@)
1960 F-d W [ 1.5 X.m oL 6,359 35,50 W06.A6
1961 » 1,966 6.8 MIN: B 5 R MIN: 2 & 1.4
962 07 57,484 1.5
"5 2,0% 19,344 9.60
196, 5 1986 CIOLE TEAR 1987 OOLE TEAR
966 = LER  15.75 ==
1965 2,615 BIP 3N Retum Retum
16T 5,951 &.912 WnR Brood Acuit Total Per Brood Ml Total Per
] 1,756 Year Escapement Retum Spaarer Yenr Escapement Retum Spaaner
10 b A2 nAS ——
L B BB WS 950 12,000 126,866 057 w1 AB
wn N7 LT 7.5 154 17462 ™, &.5T s 3 1,9 B.0
Wz w mw . 1958 9367 .23 &N R F--1| 3950 W05
L 2,79 17, 604 630 gl T S4B 1.8 a3 2,0% w3 9.8
o7 B,50 e B.2% 1965 26,415 BI3e io wer 5,951 &2 0.
1975 1,62 nsm 2.7 wo 2,70 L9 857 .95 wn &7 wem T8
1978 30 &8 2.8 b 85,950 el BaS WS 11,622 nse 2w
L 6,359 35,069 5.0 WE WO 1.mIN 9.5 e 10,068 o™ 3w
v e, 1,72 2.5 e 55,0 6] 730
1w 10,048 nm 3.m
1580 ® &8 Ho. MG: 01T &15,700 A.11 (@) AVG: 5,420 %738 9.4 @0
L &, 075 6,059 1.48 Wi ST 1, K.TS e 1,622 892 BN
w2  SEET MIN: 93857 .3 1B HIN: i aB 2.nr
e 7,308
198,
-]

ar

RX0  16,% 1259 @0
SIS,EST 1,786,270 1076.46
2 5 148

34



=03~
Aperdiz A, Table 16, SHEMP LAE TONAL SOEKETE
AL TERS T8, OTLE TEM TG OLE YEAR

Retun Return Retum
Brood Ackit Total Per Brood Adl t Total Per Brood Adilt Total Per
Yeor Escapmsrt Return  Sparer Yeor Escapmsent Eeturn Spewaner Yeor Escaprmert Retumn Spesrer
L] WS =255 18 TG WIS 25 15 L %2 S0 55
e w,%2 90,000 5.58 w2 B = 52 22 a3 wsa B LB
W50 1,20 4T 10, VB, 656 7.2 5 5,519 .92 3T eI 5.9 S48 1IN
¥ WEs TEss 35 e 4,50 s 23 ™ 530 &uE 9.2
e 5,52 ;06 2.3 el 3.9 BaE N4 S 10,086 W72 WA
w3 wnW5s=E B LB o] T.5% HO5 55 " %5 2% 5.0
e 2,050,457 46300, 85 7.5 w2 6,79 0. W53 w3 AT RSB B
Lo 280 11552 BN b B, »6n 23 T NAs 3o TS
b 5,819 o1,9%2 3T = 10,76 =& TS wa 0,604 8,15 1.5
e 5,509 248 3W o 21,506 TG 0,28
W 33054 235 98 on —
e WL, SR 2.9 AG: 10, 7%9 S48 LB (0D NG 7.0 WBST 605 (@0
60 &80 N8 i3 o 21,904 .8 WS Lo 0606 30,060 TS
el 530 L .1 MIN: 3,30 NS 223 i 5,30 waE 1.5
e 1,200,958 3,906,258 2.58
WG 0,12 3548 W1
ok 339 ®BaB Na 1585 ONLE YEAR T CIOLE YEMR
s 008 WA W06 e =
WS 1,30945 4,05,% 2318 =tum Retumn
W EEST 345,0m% 3w Brood f.-Tiq Total Per Brood Addt Total Per
rea 7.5 o, 55 5.6 Year Escapesent Retum Spadner Yeor Escopmmert Retum: Spauner
L 6,555 2% 50
W 1,556,558 5863 3m ™ 1,224 W NBAES T ™1 I8 SBSsS 35T
"N NBSE ETAR 2n S 2047 WA 7.9 w5 280 11552 BW
w2z 6,99 WA K5 W58 31354 2353 0N e WS SEap 2@
wa BAF TR53» DS "R 120,98 3,2 258 S 0,12 3A5LA8 W10
RO, TEAME A1 S 1L3RAS L5 38 W  EBST JAMBON 3w
We B9 1,266,508 &.10 W 155858 5853 3I.m N AW &EF4R 2N
e 3,12 6N 2.0 R 1, T2 AR e JB 1, %A5E A
w7 A5 0,06 7.3 WA 1,951,537 1030098 5.3 e AT 16045 L&
Wl 1,951,537 10,300,948 5.8 B2 10795 0A.TE 3% HEE 408
W MAT 1L6WAME 48
W W B&8 75 AG: 1LBTOT TMA TN LTS (BN MG X095 1,80, UE 540 (0
wE WOk &L 151 Wo: 3354% WO 7.5 W ERST I450M 6N
T 30090 WaAN M 330 WN: 1,097 23 0N MIN: ZE TBa 2n
W 241,408
- 21,908
G 0,25
MG 583,758 2 We0m 4.9 (o0
G 3,375,606 16,030,858 WM
MIN: 3,39 11,45 on

Ircluckes Adme, Lossr Swaep, Little River, Sussp Lake, Scotch, Seyeour.



Mpperddix A. Teble 17. BAFT RIVER SOOXEYE
Al TENS 98 OMLE YTEAR 9 OILE TEMR
Betum Eetum E=tum

Brood Akl v Total Per Brood T4 Total Per Brood Actd t Total Per
Yo+ Escapesent Betun  Spasner Yoor Escopement Betum Sperer Yeor Escapesent Betum Spainer
a8 015 &35 an e wn3» 83 &N e 6,113 P 648
e 6,13 ».65 648 e 5,607 N is L 7,906 2 LD
] 6,404 45,556 . L] o mr Z WD 300 I 6,850 21,05 306
i B,56 &7 855 5.58 a0 550 %% 30 L T.55 &35 3
e B 61T 5,8 ix ek 5. T BTX .47 -] 6,62 a6 In
e 7,508 2,1 &.06 L] 8,089 0w D5 e 557 wiIn 28
o 9,588 50,488 5.6 e 1,058 B 533 wiE 2.7 e A2
L 3,009 ase e e 8,685 wye 23 wr 61T 6,88 W.B
958 9,87 &, W0 3.00 e 5418 RSE 89 wal a5 THE 2.8
LT 6,860 21,06 3.06 L 19,085 L 368
o] 10,24 8.4 2.3 —
e 10,210 8,61 231 G 9,80 WP  5.19(@0 NG & B2 BVEE L7 (2D
960 5503 15,568 or L5 9,086 0w TS - 7,906 ¥ WH
™l -] .35 i L1 5. B8 2% Lt H &7 3Aas 142
w2 760 40,59 5.
S 8,68 9517 1.3
Lo 50T @™ 2.4 1985 OMLE TER 9 OOE TEW
L] 6, 6% 20,656 in
) 6,24 a.5% am Eetumn Betumn
Wy 1.2 988 T35 Brood Adidt Total Per Brood Mt Total  Per
] B W5 B Yeor Escaprsent Return Spaner | Vesr Escopement Return Spowner
e 5,5 W30 2.80
Ly &2 B, B0 1% 50 &, 404 S5 TN w51 8,56 4763 558
wn am 123 B.O W .50 NiE 5.5 L 5,09 a52 ne
w2 11,068 58 85T 5.3 e 10,216 B8 22X e 0,210 Bk 27
W 2,7 3,855 142 ne 7605 M5 53 wna 8,453 87 1B
e 2,38 7,251 6 wes & 268 a5 ATm wer 1,459 988 7.5
L= 2,81 8,03 3w w70 4482 a8 1% = an 23 5O
L. 8,55 .. 230 L 2.5 7.1 306 w5 2,49 803 300
T &7 882 W5 e 2458 wme  &45 e 1.8 25% 1.8
Wi 2455 6,008 6.45 o 2,9 " 2,m
e 1,18 2,51 143 —_— —_
a0 5,418 52,506 9.0 G 5,855 295 3.9 00 8G: &, 638 21,TR &% (3D
el 1] T3 2.8 L SHam TN L& 10,210 80,52 15435
e 2% WN: 238 7281 1% WIN: an 25% LB
S 2,0
L 19,085
e L
AG: 6,358 2,51 &34 (20
o 19,085 5.4
MIN: s 2,5 1.3



Apperdix A Table 18. FENELL (REEX SOLXETE
AL YEANRS 1986 CVOLE YEMR TG COLE YEAR
Return Beturm Retuem

Brood At Totsl Per Brood Adkul £ Total Per Brood At Totsl Per
Yeor Escapeset Retumn  Sparer Tesr Escapesent Retumn Spausrer Tear Eacapesnt Retum Spener
] L] e

g e ]

1950 1955 I

sl ] 4,120 61

e ek b 38T Am L] =

L. T 24 5,087 5.5 ™R =2 Bl B
5k F- 1] we 1,5 BER WW w3 an 285 B.&
L] w2 e &, 060 BP0 s5M T 5 8.8 X%
1956 =80 B&FT s 208 = 2,07 L4 2%
T ] 1n.om ™ 1,58

i 5 & 5.40

L & LI &1 NG &, 830 559 ¢35 (G0 MG BT 3,49 W5 (00
D 4,120 L .o BES X9 i 2,07 885 %
%51 WIN: s 38T 2@ L L H =2 R 2%
62 2, U5

THed &35 6,55, W9

195k b 36887 AN 1985 OTLE YEAR 197 OMLE YEAR

5 =

S & Retum Retum
Lo 6 5 Be Brood kit Total Per Brood At Total Per
o8 o5h BE B Year Escapesent Retumn Sparer Yeor Escopemert Return Spearer
b 52 B

1w e N BRZ 1950 51

wn 1,78 wo W L 20 5 L4

w2 1,% 259 wW 1958 3 & 5.40 - & LW 412
L a5 286 T8 we2 2,5 was 35 6,55 WU.W
L) Wwo = 2% 966 & e 76 B2 BT
w5 &£,005 —ZeT no o 9 ™ BX win 1,28 war 1w
WS &, 090 5,500 556 TR wo ;| L% wa &, 006 =67 1.0
T L. BES AW wre o A5 emn e 15,55 1n=s| or
wa wr L5585 &3 L -7 1,32 e A9

we 15,565 n.zs 0.2 —

e B 45T 17,581 208 MG % 1,6 W15 @0 MG 3,658 1782  10.5% (o0
E 2,0m & Lk 2.% L& 1, L55T B2 L5 15,55 1.2
e 1,12 MIN: 5 a 2% LIS I = o
- &5

TR 1.

Lo 1,598

aG: 2,585 9686  11.00 (G4)

L8 15,5685 AT B2

HIN: E



ALL TERRS

Retum
Brood Adul t Total Per
Yesr Eocapement Retum Spaarer
A w81 .55 &.77
e 12,75 55,002 [ -
1950 30,59 1,157 6.8
1951 &5 17511 K%
R 3G N 0w
13 BT AN XRE
1954 A% D5 836
w5 21,556 72,568 k7
955 8,890 21,68 2.9
T 2,537 B.B2 0.44
A 5.9 n.ore2 0.85
wH B W 4
1960 755 &,68 0.66
1961 &, 205 570 B
Lo =4 15,924 &7, 958 3m
1963 AR  WEER NS
1965 1,156 35,00 20.9%
1965 794 aAB69 NA&T
e 19,450 75, %1 39
96" 2.5 . i
1w 3% B 0.9
R 8.7 2518 7.8
w7 1048 /B8 B0
wn L0 155,55 2 I.n
wre 5,7/ 33 B
Wi 851 355612 75
1975 64,08 I T %1 ]
w5 2.7 W93 £,
1w 0,92 3K515 &6.10
T 52,627 5k 662 &.45
we 7N 1,183,880 %S
e &,06  17ER 3%
1980 73,80 &6 545
T5ET aZoe 285 X
w2 %00 85,20 2.7
1w 38
1984 59 602
s 35,55
AG: .5 28,35 5.8 (@0
WO 28 08 1,13 ESE 4050

L% 4683 0F

AR EREEEEREE:

i

£l

FAAEEEEEEEE



Aperediz A. Teble 20, BB RIVER SIXETE
ML YENRS 198 OMLE YEMR
Retum Returmn
Brood Adult Total Per Brood Addt Totel Per

Yesr Escapasert Retun  Sparer Year Escapmment Retum Spesarer

e BB, X6 247 W B 20 24T
™e TS5 NBAR 438 w080 XL 6m 5.2
W0 60 2D 37T 1w BB I 548
951 21,9 216,19 0.8 W BB WS 49
wEa O EeE 5.2 W 48908 3598 T4
e e 1558 e W N B LB
w54 820 15,70 9.5 wRe S5 S50 9.8
W55 WS MIWm W W 73 &5 813
w65 IR 5.6 w0 .60 05 2.%
LT Us HSaes 52 W I3

s 158 [ 88

¥R %1% MASR WX G 5.5 38,7 5.R (@0
B BER W  LP L H B &5 %5
1961 na  m.m\ £.%6 HIN: 36,688 W 2%
a2 2630 WB/m I

WS 888 5575 R

WL A9 35,98 748 1985 CYOLE YEAR

195 w3 18901 0.9 ———

wWes AN IO BN Retum
VT  WES &R R3 Brood At Totsl Per  Brood  Adidt
Wl TN BIS LS Yeor Escopement Beturn Spearer Yeor Escapmment
we IIe W0 2.8

W o N&A THIE 2 XE W0 S0 220 AT
wn 269 IN4M 15.08 1954 B|213 15,06 9.5
w2 o S5% 515310 2 9.45 1= 5,4 13,9 B8
w3 %8S 1AW 5.0 "2 B3I B 3%
W 1WET 9IB9es 7.8 wWs 2,16 SIT,7I0 BN
WS 81,58 W3 2 W NS TSI Ae
W TS &S 8.8 wROINET TBWms 7.8
w7 385 &2 w0 we WA M AW
W @ wR TR AW T O1eE 1,5, 0.2
wo o SN AW

W WAE o5 2.6 G 56,560 SW.FR  A.76 (oD
1981 H0S WeE 238 M TRTE L3, X
w2 1 E 1.3, 0 HiN: B B L7
W 09

- 38,5664

W 1,95

MG & 50T 35 6N T.12 (@0

Mx: 19,78 1,531,700 %@

LILH .96 nAs 20



Meperdix A, Table 21. HARRLISON RIVER SOOKETE
AL YEARS 19684 OYCLE YEAR 1565 CYOLE YEMR
Retum Retun Retun
Brood At Total Per Brood Adidt Total Per Brood Adult Tokal Per
Yenr Escapemnt Retum  Sperer Year Escapesent Retum Sperer Year Escapsment Refurm Spesrer
26,162 43,28 1.65 ™a &6, 062 a2 1.5 e 8,000 T S
B0 3,083 &.53 e 5,100 3,05 DB %] 21,00 o,/ 0.47
=, 064 ™, 5 236 156 2,585 96,972 I.50 197 379 60,54 15.96
W 12202 7.2 1960 17,210 2451 LN 1951 2.7 3.2 o3
35,794 3,54 0.8 o 2,22 5.2 B.5 195 15,54 DT 1.3
21,00 9,786 0.47 68 5,379 7B Iiw 17 W59 T2 0.49
28,800 W, o 051 w2 1,345 1,98 146 wa 3,060 RITZ N2
555 wW,mEE 52 wrs 5,130 .78 48 T 2,6 2 058 0N
2,586 9692 ¥.50 98D 5,092 52 1.8 Toal 3,798 N3 9w
L 60,54 15.9 es 1,267 ]
%, 5.0 &.07
7B 41,545 1.49 AVG: 9,217 B[00 35 (@0 G 12,6/ X4 2.7 (@D
w720 24651 1. WOl 36,182 %692 W50 M 278 80,54 15.9%
82773 13,25 0.3 MIN: 1,267 1,8 0.8 HiN: 2,26 e o3
8,162 50,812 6.5
2,58 & as LS5
2,202 51,206 5.5 1986 CYCLE YEAR 1987 CYCLE YEAR
15,34 20,652 1.356
32,656 55,464 1.7 Return Retum
Brood Adult Total Per Brood Adult Total Per

539 17,658 iz Year Escapemeri Retum Sparer Year Escapement Retum Spasarer

8,04 moem 2.3 1 W 2o T

5,55 WK,EE 5N
&7 R 61,545 1.49
258 FEs 3%

370 B 2.2
5,987 maz B2
5615 B 035
4,55

®
8
%
=]
s

1,34 1,968 1.4
3,060 BIE Na
16,520 1,456 3.6

%, e L7
8,152 5082 6.3

», 3%
16,90 61,60 3.6
9,777 3,68 160
9.  4Z5 047

510 %,/ 4B
2,26 %08 1.7
9,77 3,&8 16

19,538 &6,068 197 (a4)
33,004 B 63
8,162 475 047

17,006 iTE8 47T (0
(5,615 WI,ER 5.2
3,70 590 0.3

5,00 B, 562 1.58
.53 o
4,215 0.47

i
3
&
SHIFEEEIETTE
8

E EEEEEERERE R E R f i RS L EEEEEEEERE T
B
£
8
8
&
A AEEEEETEE

MG A W40 305 (0
WO 45,615 141,88 37.50
Wi 1,267 1,98 03



Mpercfix A. Teble &2, PIRTAE [(REEX SOOXETE
AL YEARS 1986 OMLE YEAR TG CYOLE YEAR
Retum Return Returm
Arood Al t Total Per Brood Al t Total Per Brood il Total Per
Year Escapement Retumn  Spesner Yenr Escopament Return Spesner Year Escapesent Retun Speiner
e Ta g
e e L] 50 ¥ 7.8
1950 Lo LT & & 1.8
51 = F. ) 8.4 0 51 3 2,3 "%
12 05 9 &% &3 ] 81 3458 3.5
1953 50 k- 7.8 Hea B 1,066 12,9 0650 063 612 B
1954 3550 B NS wre 0 15,35 Bk w3 3,98 s 7.3
955 &1 &R W2 e 1,062 802 R T 7600 ¥W 52
1956 e 1,800 wim rer e 5.1 »BoT 2™
LT &0 & 1.8 ek 1, G 1,78
w58 &7 5,645 5.41
wse b7 5,55 9.73 AVG: . 1] TBET  21.09 (M) AVG: 2,363 2,M5 B.IT (64
1960 - 1,800 15,38 B4 X 7,670 &S8R 1aw
1961 Fa | 2,3 1Naw MIN: 9 & L’ MIN: 3 & 118
562 11,956 72,180 6.05
a3 2,m S8BT =06
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wn .1 18,063 &2 1554 3,59 B, N4 55 L3 &3 Wr.a2
w2 w0 B2 8.6 1958 &, 736 5685 5.4 e 52 536 .73
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Apperdix A. Table 3. CATES (REEX SXXEYE
AL YEARS 8, OTLE TEN 5 CYOLE YEMR
Return Resturm Restuzm

Brood Adudt Total Per Brood Mddt Total Per Brood Adult Total Par
Yeor Escopment Retumn  Sperer Year Escapessrt Retum Sparer Yeor Escapeeent Befim Speares
8 30,086 A 30,025 e 590

L 550 v 7,000 200 5% s w T 0.5
w50 300 5 T ar 5% 26 wsT 4 L& 1.n
w1 &5 9D 548 B0 1B wea1 8 W, B3
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w2 = 54 330
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W m a0 Tk w50 300 1 &8
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UPFER PITT RIER SOOXEYE

AL YEARS T8 O'OLE TEAR 1965 OOLE TEAR
Retun Retun Retum

Brood Adit Totad Per Brocd Aebilt Total Per Brood Adudt Total P

Yenr Escapement Retum  Sparer Yoor Escapesnt Rertuen Spesner Yeor Escapmsert Returm Speiner

568 530 12,720 22 1968 5,380 2 22 e 9,20 a,7m 2

e 9,20 2,78 2. e 48,59 =’ 1.8 WA 18,673 587 138

1950 0,067 WS I b ¥ 1956 2,00 nia 2w T 12,55 53¢ 237
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2 16,580 T 345

S 280 Wews 1T

Tk B,/ W D% 1585 CYOLE YEAR 1967 OMLE TEAR

LS 6,566 A, o0 5.60 —
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Appendix B. Table 1. Estimates of bias in Ricker a and b parameters
in Monte Carlo simlations (r=100). Results are based on with
33 stock and recruit data pairs. Exploitation rates were
to maintain the stock at the optimal escapements for each
conbiration.

:

applied
a-b
Percent Deviation from tue a
Ricker =

ab 1.00 1.5 1.9 1a 2.00 2.5 2.50 2.75 3.00 3.5 3.50
I‘.'LL'EE (9.1 2.18 &3 0.5 0.2 2.8 2.9 0.45 0.8 0.3 -0.18
0.1%0 &.50 515 1.7 1.5 &6 0.z 1.3 2.06 0.50 o9 1.0r
I TBe 2.3 &84 2.96 2.9 0w 2.56 1.5 -0.95 205 1.5
0.20 &.79 im 5.3 0.5 1.5 2.5 1.7% -0.3% 158 1.2 0.5
0.5 B.&F 7.10 AL -4 o.5r 3B 0.8 &5 234 1.5 | Fr.md 0.5
0.3 .69 is 269 &3 142 0.1 .72 0.12 1 1.2 2.85
0.5 3.2 5.0 5.9 -0.88 2.15 1.9 192 2.00 1 0.40 0.8
0.40 &.5T 4.5 5.08 &8 1.2 253 0.02 1.5 059 1.7 081
0.45 5.9 0.58 3.7 L.59 1.2% 3= 0.7 -0.40 031 0.90 0.8
0.50 T7.56 133 A L 34T 1.52 &9 245 o.s2 0,75 0.26 0.3
0.55 [.¥. 2.5 258 157 -0.70 1.9 1.5%9 3.20 1.40 <066 030
0.40 m 5.70 3.z §.62 3185 1. =4 U ] 1.60 o3 2. 1.3
0.5 6.20 o & 144 08 L5 1.2% 0.28 1.80 042 045
0.7 &.756 3.3 212 5.5 1.96 1.5 0.3 2.78 277 om 1.73
0.7 % &4T 1.7 7.20 2105 2.61 1.08 -1.0R -0.54 2: 3.06
u.uul 753 §.55 S.48 2.5 1.8 0.5 3.m 2.2 on 0.5 -0.64
D.El &5 3.5 &056 227 285 1.09 1.3 0.06 207 044 0.81
D.‘iﬂl 32 3.9 im 3.3 2.5 1.5 154 047 0.9 065 0.80
0.5 7.10 43 1.n 3128 033 1.5 1.N 0.4 .73 1.7% 0.5
1.'L‘IJI .15 8.6 2.5 3.00 0.19 255 1.6 0.9% 245 1.2 =0.20

Percent doviation from true b

Ricker ¥
ab 1.00 1.5 1.50 1.5 2.00 2.5 2.50 .13 3.00 3.5 3.50
0.5 1B.51 10.7%9 12.06 &.55 5.50 8.72 5.5 2.67 3.8 2.45 1.99
f.L‘lI:II 7.2 14459 441 &5 10.55 0.7 S.AT 5.05 1.97 0.5 5.5
u.ﬁl 17.68 mnn 1.6 9.2 in 062 7.58 §.70 -0.97 641 5.06
D.il.'ll 18.06 n.m 05 554 5.58 6.26 5.15 a7 473 4,73 243
D.ZSI 20.64 15.28 0.5 1% ] 7.3 2.5 1 &.00 5.63 1.51 237
D.Ill 2.7 0.3 [ .5 &54 345 5.0 o in GA4T 7.5
0.5 2197 17.48 664 035 &.20 25 3w 699 b5 & 2.8
0.40 B3 151 12.61 0.5 &.68 &8 2.5 .78 3158 5.5 349
0.45 W56 5.00 7.5 12.% 2.5 B3T 2.80 0.5 2.50 1.18 1.B1

0.5 7S wa 5.8 5.u 0.41 . 7-Bs 3.40 o.or 1.49
0.40 in A% 1258 9.3 . -2.81 5.62 22 6.50 3.3
0.65 B30 .5 [ 5.8 6.5 9.5 &£.10 449 45 0.8% 31
0.m 16.12 &8 T3 oW 3.7 217 .32 e &9 5.48
112 =23 A5 £.75 8.3

kS

:
§
:
3
i

0.8 2.9 1251 .75 &.90 335
0.m B35S 9.9 . a2 0.7 L 3.0 2.28 5.45 .= 28
0.%0 nea 1.2 &.87 . £.90 4.5 2.1 &.06 2.5 2%
tl."i'.il 2038 1056 4.0 .m & &M 2.66 0.8 1.5 5.z 0.61
1.00f Bk 15.42 657 7.68 1.5 &.21 T2 3.02 5.7 & AT 0.7
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Appendix B Table 2. Estimates of bias in Ricker a and b parameters
in Monte Carlo similations (n=100). Results are based on runs with
10 stock and recruit data pairs. BExploitation rates were applied
to maintain the stock at the optimal escapements for each a-b
cambination.

Percert deviation from e a
Hicker

am 1.00 1.5 150 .5 20 2.5 250 FX - 3.00 3.5 150
o.s] 18w w1 BS2 W 0 NS 2.0 2.55 0.62 0.9 L5
0.10, BB I WS A 2% 2n an -z 87T &8 5.7
0.5l mm 3mes 651 &8 I 0w T 6% 7.40 TE A
L2 EZF® BE NS B.m ASS B2 BS W 55 1S 182
0.5 %% BB B3 B8 3 848 WX SR 3.8 0.59 1.02
030 20 291 24 WE B2 420 1= o' LB 249 5.4
0.35] HB/AI 5% BST 737 507 &7 23 AR 99T 9% A%
040 22 0 N 949 .2 .7 6.5 0.6 &5 6.00 453 2.9
D45 1B.2X 1B WS T8 27 0 ms 938 6% Im 2.3 1.2
050 T BB 0 KS O WE A% B.53 661 3.8 T 147 255
0.5 W BI BE WE BS 1.4 Y. B3 &7 352 2.8
.40 =06 2.2 N3P 7.50 65 357 1.5 .8 048 <03 1.41
0 T2 BH W B BE B.7S 7.90 3% 33 -0
0.70 B35 7.75 .49 5.5 6.5 3.54 1.8 7B 8.8 7.9%

0.69

3.48

4.78

-0.49

L5

4£.52

8.3
5.54
0.7 V.5 15.08 %20 Q.57 1.5 &8 33 2.21 1.3z 1.2
0.80 .04 12.16 .51 15.07 B.5 12.48 .06 7.2 .32 FN. )
0.5 18.80 2z1 55 5.6 3% -0.34 1.8 220 . B . S04
0.50 na 3.2 129 B.7 9.51 L45 5.7 3w o ~0.90
0.% 6.9 .25 10.37 .59 7.5 658 B.56 7.5 L8 3.3
1.0, 2% 1n.% B2 1.7 0.5 052 012 &2 357 i
Percent deviation from tne b
Ricker
ab 1.00 1.5 1.50 1.5 2.m 2.5 2.50 2.75 3.00 is 3.50

0.6, 138.5% 8.4 058 &8 73 BEe I 6.9 019 9.8 2N
0,107 B5.5 .2 5353 SrE 2 XNETm  2M " 057 .0 6.13 2.9
0.5 1.9 0 %9 0. WU A5 e B8 A BH6 BS =.05
0.20 BE MG S5L.B 5S4 I3 a3 NFT TH 2.m 6.3 8.5
0.5 MW HH 8 KU 237 2N 24 I AAHF U= 1603
030 8098 N8 %9 e B g WS nms .30 10.75 18.78
03] 458 25 0 B B R&S WY [0 2A N2 BN 1.3
0407 48.% B.m R4 L 26 8% A 9.5 1’13 n.ea 21.88
0.45 WE B3 &£ S/ Va8 BN AL w4 5.5 15.75 %5
050 SB.18 488 24 DB 24 2.8 2% AF 18.40 .2 1.5
0.55 BE P D Bu Be BN B8 2.6 e L 5.5
0.80 B 5.0 2Zm B0 5.8 19 8.2 17.33 123 5.5 1"z
0.6 5.2 R4 43 an PR UM RO 2 23 .n -£.19
0.7 5.51 .9 B N5 3B S4& 0 Ne 16.71 U T S % 1]
0.75 me B 87T B A 10.40 2.52 0.67 237 0.47 10.04
. &.8 g% TN\ 3JW I NN T8 %05 200 WS W0
0.85 38158 16.04 667 .4 4.30 3. 2.ar 123 16.06 5.5 B
0.5 MY 5S4 B0 &3 DF TH w.10 & 1.8 -1.68F -3
0.95 1057 17.81 L35 573 XR A0 BT AB 1B.9 5.9 163
1.00f &4 230 7.s 5.5 -0.54 2.12 1.% 2.3 2.8 e 2.8
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Apperdix B Table 3. Estimates of bias in Ricker a and b parameters
in Monte Carlo similations (n=100). Results are based on runs with
33 stock and recruit data pairs. BExploitation rates were applied
to overexploit the stock at 10% below the optimal escapements for
each a-b cambination.

Percent deviation from tne &

Ricker

ab 10 .3 % .5 2® i3 2@ 25 30 33 3%
LB NS BB 3B 0B i3 W i@ 3w o 0B e
010! 1248 7.8 3.2 1.9 24 42 45 3& 06 0% 0.8
u.15| %67 615 27 101 35 48 3% 4R L7 007 0.0
0.0 B89 22 143 2Mm 34T 540 355 L& 121 OB 0%
0.5 871 206 27 &5 4S8 3 3B 6B 112 0.8 0.&

0.30 46.00 3. L. 3.8 4.9 2.7% 3.5 5.8 0.» .M 0.9
0.3 &7 &.m 5.7 3.55 0.90 3.9 3.6 5.6 -0.20 0.5 0.4

0.40 n.or e 3.18 L9 ar 2.7 2.1 2.3 13 0.49 0.856
0.45 T.48 5.13 &% &2 1.5 1.8 1.50 &9 1.8 0.5 0.3
0.50 0.2 5.8 53T . 0.8 1.96 &5 1.6 -0.26 0.2

L.78 0.5 0.3 0.3
£.05 0.15 043 0.43

2.4
0.5 10.92 5.98 3.3 3.8 2.0 2.42 2.05
0.80 7.35 8.5 0.48 3.52 3 2.48 390
0.5 3.53 5N 1.4 2.2 1.7 3.2 4.1 357 0.22 0.47 0.
0.70 577 2.8 1.8 234 b2z 410 4.7 2.7 0.18 0.63 0.47
0.75 6.70 s.82 2.3 3.3 3.0 .62 3. 221 0.53 0.3 0.

3=

3.

0.8 LAT &1 4,01 4,12 i &2 2.9 0.7 D0.45 0.3
0.5 7.5 5.7% &9 3.8 iR &.52 3.2 L. 0.70 0,04 0.2
0.%0 S.6T £n 37 5.18 2.9 5.00 s ] £.18 6.52 0.3 o3
0.% 5.0 a.or &35 4. 358 4,18 33 = 042 -0.2% 0.3
1.00 11,16 5.% 3230 &.42 4.08 i e in 0.51 034 0.8
Percent: deviation from true b
Ricker "
a'b 1.00 1.5 1.50 1.5 2.00 2.5 2.50 2.5 3.00 3.5 350

0.5 .21 535 B.% 5.57 B2 295 2 &3 N N &aES 210
0.0 X0 S8 1.4 10.08 5.9 BE @ FE 2098 T -84 B
0.15 5.3 18.80 1B.70 640 BN TE& 5% BA L 4ATAS 8N
0.20 2.3 1213 15.40 15.58 15.69 s 48.15 345.10 996,10 -68063.98 348,40
0.5 TV BT 5SS B’mn 18.65 BIX 5.9 L2073 6N 4DB00  ZS0
0.30 0.2 v A SR 8B 2.8 248 3897 5390 45507 26450
0.5 5.2 3.2 19.% 9.98 5.2 &R 4606 4843 A6 -EEW B
0400 5.3 21.61 1638 2.5 18.75 15.19 e 1235 54T 2118 85.29
0.45 8.5 5 B3B8 2. 2 BS ra 1836 X085 4588 &L 22N
050 XNm@ 2% B3 6.5 6.58 w5 FB A648 IEMW TG 2.5
055 358 a8 .8 U9 e WNn B 05T WA -5 0 WS
0.8y [ 2% &L.26 15.3 1456 V.90  BEe  4Es B.0E -1 2.5
0.5 7.8 18.15 &9 %.G B BB 419 180 24828 2 &H145 -214.3
0.7 s 8.9 6.41 ’7E 2% B5 &5 2BI 1529 B8 2085
0.75 BT Ww 9.0 16.80 7.8 e A no NS WKS -uLR
0.8 .76 14.70 15.00 18.54 W4E 2.7 I 1513 J09N 186 -8.04
0.65 15.06 13.80 7.3 an 2.3 29T AW WS re i n.w
0.90 .24 5.2 be 25 P42 2.0 2691 8L BSF4AP 2.6 ;.15
0.% B.E 27 9.0 20.12 1nn 65 e W08 NI -E8MAT  NT.R
1.0 25.10 wo.m 16.65 15.90 w3 WS M4 1WE WS -3 163
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Estimates of bias in Ricker a and b parameters
Results are based aon runs with

10 stock and recruit data pairs. Exploitation rates were applied
to overexploit the stock at 10% below the optimal escapements for

each a-b combination.

Percent deviation from tne a
Ricksr
b 1.00 1.5 1.50 .5 2.00 2.5 250 27 .00 31X 3%
0.B] B5 2.5 &P BA M77 B8 25 BuE 535 1.0 O
0. 27 3INA B SHE 205 KO M 2% 58 1.5 290
005 948 H_T| DB 0A 617 U 1Y B3 1.9 2.4 .69
0,20 3B KM% WO 08 B WU BS5  2n & L7 0.9
LS, B AITJ B BW BT KA 0 8.0 428 0.3 -0.08
03 B2 BES B A 2 B BT N 320 00 A
05 NS S8 BAS DR O NK TR 6B T wm 0.58 031
040, ZAW B3I T 2N B BN NG BYY 204 -0.10 1.7
045 B2 B3 B2 BT 103 0es 0.0 °.00 58 -0 1.7
050, W& 2150 156 2100 BS5 BB 5.7% % 0.5 LB -0
055 WA WA 8BS 2N BAe  %BE B0 .59 1.9 036 037
o& BB 128 641 5.1 5.15 B4 BB W 1%  -amn 1.3
06 WYY 2SS WV R NS BE 63 23 L5 0.8 0.41
07 We 242 WM B BL N NE 2 367 LN -0m
075 B §.52 350 48 655 BT  TA2 7.5 2.18 0.15 0.5
o B B2 BB B LS 645 355 0.2 0.7 -0& -O.M
0.8 B B5A NAB BHS BB B BOS 0 12% 2.8 o 0.50
psol A% WS W 105 Am 7 L3 38 1.8 0.5 0.5
055 441 3N BE NS DA N N 6.3 049 0.8 -D.0M
1.00 9.8 7O N2 29 B2 ®wo Do 0.7 04 021 12

Porcent deviation from b
Ricker
at 1.00 1.5 1.50 1.75 2.0 2.5 2.50 25 3.00 3.5 350
0.06] 35.73 25 D7l TH 25.7% 2478 32009 9631 57500 28561 -4575.62
010! 040 0 SBDN A BB W¥ T NS 7.0 W05 TEEN B
0.5 1WA W.R RS TR B 2T IO TS -3 -S5RN Be
0,20 &7 155 U6 1185 1Be WS 105.% 1291 709 -S54 -HILE
0.5 1.9 T4 TBE 615 43 598 4740 MSE T ALY -1
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