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ABSTRACT 
 

Estimates of stock group abundance and fishery specific exploitation rates are 
required to calibrate the Fisheries Regulation Assessment Model (FRAM).  These 
estimates, if routinely available for all years, would also allow post-season evaluation of 
model performance and the impact of U.S. and Canadian fisheries. An important 
component is the Mixed Stock Model (MSM) whose mission is to estimate production 
expansion factors (pef, the number of fish represented by a mark) and, subsequently, 
estimate stock composition from coded wire (CWT) recoveries.  Currently, the MSM 
resides on a main frame computer and is difficult to access, stocks with the similar 
distributions in fisheries cause collinear problems, sparse fishery information will cause 
problems in unevaluated years and there is a need to combine genetic and CWT 
recovery information to improve the estimates.  The purpose of this study was to 
address these problems by: (1) provide the MSM component of post-season Coho 
assessment on a PC platform easily assessable to all parties; (2) extend methods to 
provide more reliable production expansion estimates through the inclusion of additional 
information or allow inclusion of only partial information; (3) provide a tool that combines 
CWT and genetic information to estimate production expansion factors and stock 
composition; and (4) document algorithms and procedures. 
 
 The CWT catch model and multiple linear regression currently used were 
mathematically formulated and conditions required for minimum variance unbiased 
estimator were reviewed.  Fishery weights were developed to improve (less bias, more 
precision) the estimator.  A weighted Bayesian regression was developed to provide an 
ability to: (1) combine available genetic information with the CWT recoveries; (2) use 
sparse fishery information (characteristic of more recent years) to update the pef 
estimates to the extent practicable (i.e., use all available information); and (3) 
accommodate user specified pef’s with less than perfect knowledge.  Suggestions were 
made to assist in the calculation of priors and strategies to deal with unavailable 
(uncollected) data. 
 
 A Bayesian regression with weights by fishery was developed under Visual Basic 
Marco language under Microsoft Excel which is compatible with Microsoft Visual Basic 
6.0 and thus the MSM module will be easily ported into the FRAM system.   The 
development of a stand-alone module under Excel allows for independent advancement 
and testing of algorithms and convenient evaluation by the interested parties.  A 
simulation model that generates catch and recoveries was constructed to test the 
regression model and provide a tool for planning surveys and the evaluation of analytical 
strategies. 
 

The Bayes regression was applied to the 1986-1991 data compiled to create the 
FRAM base.   The results fully matched those used in the FRAM base construction 
indicating the reproducibility of the estimates and that the Bayesian regression can 
mimic the ordinary least squares regression when the priors are set at the extreme.  A 
simple 6 fishery and 3 stock simulation was constructed to illustrate common bias 
problems and potential correction strategies by weighting the fishery observations.  
Finnaly, recommendations are given for the inclusion of addition information and the 
sequence of steps required to generate the pef estimates. 
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INTRODUCTION 
 
 

The Southern Coho Management Plan pursuant to the 1999 Pacific Salmon 
Treaty requires that the impact of proposed regulation on the other country’s stocks be 
evaluated.  Further, there is a commitment to joint development of preseason planning 
and postseason evaluation tools and protocols.  The coho Fishery Regulation 
Assessment Model (FRAM) has been proposed to assist in the planning and evaluation 
role.  The anticipated annual assessment and management cycle is illustrated in Fig. 1.  
Estimates of stock group abundance and fishery specific exploitation rates are required 
to calibrate FRAM.  These estimates, if routinely available for all years, would also allow 
post-season evaluation of model performance and the impact of U.S. and Canadian 
fisheries.  A suite of tools (see Fig. 2) on a variety of platforms and programming 
languages have been employed to generate the FRAM base (1986-1991); however, 
these estimates need to be made annually for assessment as well as for the generation 
of alternative FRAM base years.  Placing these tools on a PC platform as components in 
a Visual Basic (VB) program will have the benefit of addressing some contemporary 
analytical needs, facilitating the analyses and making the procedures accessible to all 
parties. 

 
An important component is the Mixed Stock Model (MSM) whose mission is to 

estimate production expansion factors (pef, the number of fish represented by a mark) 
from CWT recoveries.  The pef estimates combined with estimated CWT recoveries 
provide stock composition estimates.  The purpose of this study is to address the above 
problems through accomplishing the following objectives: 

 
1. Provide the MSM component of post-season Coho assessment on a PC 

platform easily assessable to all parties. 
2. Extend methods to provide more reliable production expansion estimates 

through the inclusion of additional information or allow inclusion of only partial 
information. 

3. Provide a tool that combines CWT and genetic information to estimate 
production expansion factors and stock composition. 

4. Document algorithms and procedures. 
 

The approach taken in this study was to build on the existing MSM system and 
previous analyses (Fournier and Sibert 1989, Sibert and Fournier 1991, and Scott et al. 
1995).  A review of past approaches is provided by Scott et al. (1995).   

 
 
 

METHODS 
 
 

Coded Wire Tag Catch Model 
 

 For the purpose of stock composition estimates from CWT data, an operational 
definition for a stock must have an inclusive characterization of fish represented by CWT 
tagged fish with a distinct pattern of recovery.  In other words, the main criterion for 
identifying which CWT codes are suitable for untagged production is similarity in marine 
distribution.  Conversely, a fishery only requires a sufficiently large random sample that 
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all vulnerable stocks are characterized by the CWT recoveries and a sufficient number of 
CWT recoveries to avoid a zero bias (sample or mark rate is small enough to allow a 
significant probability of observing no recaptures for the stock-fishery combination). 
 

The minimal information required to estimate the production expansion factors 
and subsequent stock composition are the catch by fishery, the sampling rate in each 
fishery and the observed recovery of CWT’s by stock and fishery.  Formula for 
calculating estimated CWT recoveries have been routinely available for many years 
(e.g., Heizer et al. 1978).  The estimated number of CWT recoveries in the catch is the 
number of CWT’s of stock j sampled in fishery i (rij) expanded by the rate that the catch 
is sampled (Φi), rate of heads reaching the laboratory (a’i/ai) and the rate of successfully 
decoding a CWT (t’i/ti), i.e., 
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where ai is the number of marked (adipose clipped) fish, a’i is the number of marked fish 
(heads) that reach the laboratory, ti is the number of heads with a CWT detected and t’i 
is the number of CWT’s successfully decoded.  For convenience, Table 1 provides a 
summary of all notation used.  
 
 Combining the sampling and decoding rates into a single adjusted sampling rate 
(θi) simplifies the variables, i.e., 
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Bernard and Clark (1996) show that under the assumption that the decoding processes 
can be represented by sequential hypergeometric distributions then combining all the 
rates looses very little information, particularly for larger samples.  For example, the 
variance components are corrected by a factor that will be close to 1 in most instances: 
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 Estimated recoveries expanded by the production factor (pefj) are related 
(proportional) to the stock specific catch to form the CWT catch model: 
 
(3) jijiji pefRqC ⋅∝⋅   
 
where Ci is the catch and qij is the stock composition of fishery i and stock j.  Fournier 
and Sibert (1989) used a proportionality constant that includes multiplicative deviation in 
the proportion tagged for stock j in fishery i (dij), thus equation (3) becomes: 
 
(4) jijijiji pefRdqC ⋅=⋅  
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As will be shown below, current procedures for the estimation of stock composition 
implicitly assume that the proportionality constant is separable into fishery and stock 
components, i.e., 
 
(5) jiij ddd ⋅=   
  

Multiple Linear Regression 
 

 The multiple linear regression model that is currently used to estimate the pef’s 
can be derived by summing the catch model (equation 6) over stocks in a fishery, setting 
the constant of proportionality to one (i.e., dij = 1) and noting that the stock composition 
should sum to one in each fishery, i.e., ∑ =

j
ijq 1 then  

 
(6) ∑ +⋅=

j
ijji RpefC ε  

 
where ε is the error in the estimate of catch.  A similar least squares model was first 
suggested by Shaul and Clark (1990).  Equation (6) is a standard multiple regression 
constrained to the origin and in matrix notation the model is written as 
 
(7) Xby =  
 
where  
 
 y = (C1, C2, C3, … Cn)T is the dependent vector of catch, 
 b = (pef1, pef2, pef3, … pefs)T is the parameter vector, 

X = {Rij} for i = 1, 2, 3, … n and j = 1, 2, 3, …s is the explanatory matrix of 
estimated CWT recoveries, and 

 
n is the number of fisheries (observations) and s is the number of stocks or parameters.  
There must be more fisheries than stocks (n > s) for estimates to be calculated.  Least 
squares estimates of b are well known (e.g., Draper and Smith 1981) and given by: 
 
(8) yXXXb TT 1)(ˆ −=  
 
and  
 
(9) 21)()( σ−= XXb TVar  
 
where σ2 is the residual variance. 
 
 If the constant of proportionality were included in the regression as separable into 
stock and fishery components (see equation 5) then the stock component (dj) is fully 
confounded with the estimate of pefj and the least squares estimate for the fishery 
component becomes: 
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Substitution of equations (5) and (10) into (4) yields the stock composition estimate: 
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which is essentially the computation used in the FRAM base construction (see CAP 
Catch Adjustment, Fig. 2).  

 
 The assumptions required to make minimum variance unbiased estimates are as 
follows: 
 
1. All fisheries are randomly sampled (or the sample is representative of the fishery) for 

CWT’s.  Scott at al. 1995 point out that obtaining a random sample may be difficult in 
some fisheries.  A potential response to this problem is providing relative weights (or 
even eliminating some fisheries) based on the reliability of sampling. 

 
2. All fish landed by fisheries are represented by CWT tag group(s).  This assumption 

will need to be addressed when the analysis is applied to more recent years where 
some production has not been tagged.  Recommended corrections made below 
involve the estimation and removal of the untagged production from the affected 
fisheries.  

 
3. The pef’s are constant across all fisheries.  This is the key assumption for the CWT 

catch model.  The assumption is not valid if tagged fish do not represent the 
distribution of the associated unmarked fish.  Examples of causal mechanisms for 
failure may occur when harvest takes place over a limited portion of the run.  If the 
run timing of the tagged component differs from the untagged component or multiple 
harvest periods then the spatial distributions will be different.  Differential survival 
rates for marked and unmarked fish would also result in distortions of the distribution.  
Analytical response to non-constant pef’s is very limited.  Offending fisheries, if 
identified, could be eliminated or given small weight.  

 
4. The residual prediction errors are additive, independent, homogeneous and normally 

distributed.  Because the CWT data are obtained through independent sampling 
efforts, the recoveries by fishery are independent.  Since recoveries are multiplied by 
the associated pef and summed over all stocks in a fishery to form the catch 
estimate, the distribution should be normal and additive under the central limit 
theorem.  Even when there is only a single stock in a fishery, the recovery of tags is 
frequently described by a compound binomial-hypergeometric distribution (Clark and 
Bernard 1987) which is a unimodel additive error that is at least approximated by a 
normal distribution (the normal approximation improves as the number of recoveries 
increases).  Similarly, admitting variability in the catch data (e.g., recreational fishery) 
should also serve to increase the normality of the predicted residual.  The problem 
with the residual prediction error is that it is heterogeneous reflecting mark rate, 
sampling rate and uncertainty in the catch possibly related to the magnitude of the 
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catch (e.g., constant coefficient of variation across fisheries).  In theory, the 
heterogeneity will not result in bias in the pef estimates but they will not be minimal 
variance.  In practice, biases identified by Shaul and Clark (1990) and Scott et al. 
(1995) in simulation studies were attributed to the interaction of heterogeneity and 
lack of normality when recoveries were sparse.  A response to this problem is 
incorporating relative weights by fishery into the regression estimates based on 
sampling and the catch data. 

 
Specification of Fishery Weights 

 
 It sometimes happens that some of the observations used in a regression 
analysis are “less reliable” than others.  What this usually means is that the variances of 
the observations are not all equal.  As noted above, the residual prediction variance in 
the multiple regression model is heterogeneous.  
 
 The simplest application of weighted least squares occurs when the observations 
(fisheries) are independent but have different variances so that 
 

 22

1

2

2
2

2
1

2

/1
...

/1
/1

...
σ

σ

σ
σ

σ
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

=

nn w

w
w

0

0

0

0

V  

 
where wi is the user specified weight to be used for fishery i.  Again, least squares 
estimates of b are well known (e.g., Draper and Smith 1981) and given by: 
 
(12) yVXXVXb 1T1T −−−= 1)(ˆ  
 
and  
 
(13) 21)()( σ−−= XVXb 1TVar . 
 
 The residual prediction variance is the sum of the observed catch, )( iCVar , and 

the predicted catch, )ˆ( iCVar .  Thus, the weight should be proportional to the residual 
prediction variance, i.e., 
 

(14) 
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 Variance of the observed catch depends on the sampling methodology and catch 
enumeration procedures.  Commercial fisheries usually have little error while 
recreational fisheries can have large uncertainties.  Often the uncertainty is expressed 
by the coefficient of variation, G(Ci), so that variance directly related to the square of 
catch, i.e., 
 
(15) 2)]([)( iii CGCCVar ⋅=  
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  A formulation for variance of the predicted catch is provided by Bernard and 
Clark (1996) based on the return of CWT as modeled with multivariate compound 
(binomial-hypergeometric) probability distributions: 
 

(16) 
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 ijp̂ is the estimated fraction of tagged coho from stock j of the sample taken in fishery i 
and G(x) is the coefficient of variation for x.  Note that equation (16) requires five inputs: 
Rij, θi, G(Ci), pefj and G(pefj).  Rij (estimated CWT’s) is fundamental data, θi (sampling 
rate) and G(Ci) (catch coefficient of variation) are supplementary sampling information; 
however, pefj and G(pefj) must be obtained as output from the regression.  The weighted 
estimates are obtained by first setting all weights to one and estimating the pef’s and 
associated errors.  New weights are calculated from equations 14 to 16 and the 
regression repeated.  The calculations are iterated until the pef’s and weights are stable 
(converge).  
 
 Simulation studies have shown that the above weighting scheme works well if the 
sampling rate and catch variation is specified correctly.  However, if the sampling rate or 
catch variation is specified incorrectly then the pef estimates can be more biased than 
when using equal weighting.  An alternative weighting strategy is to place small weight 
on fisheries that have less sampling and large uncertainty in the catch.  Since the catch 
estimate variance is approximately directly related to the catch coefficient of variation 
and inversely related to the quadratic of the sampling rate (equation 15), a simple 
weighting candidate is as follows: 
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Bayesian Regression 

 
 A Bayesian approach to regression analysis is based on the belief that probability 
distributions may be assigned to all unknown parameters.  Bayes theorem is then 
employed to update or revise these distributions as new (sample) information becomes 
available.  Advantages specific to the MSM model for employing a Bayesian approach 
are as follows:  
 

1. An ability to combine available genetic information with the CWT recoveries to 
yield more precise estimates. 
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2. An ability to use sparse fishery information (characteristic of more recent years) 
to update the pef estimates to the extent practicable (i.e., use all available 
information). 

 
3. User specified pef’s can accommodate less than perfect knowledge; thus, a more 

reasonable impact of partially excluding the stock can be assessed (e.g., instead 
with or without the stock). 

 
The Bayes approach starts with the observation that the normal linear regression 

model implies a conditional distribution such that the distribution ),|( 2VXby σf  is a 
multivariate normal with mean Xb and covariance matrix σ2V.  If X is fixed or random but 
distributed independently of b and σ2V, then 
 
 ),(),,|(),,|,( 222 σσσ bVbXyVXyb fff ∝  

 
To obtain the posterior distribution ),,|,( 2 VXyb σf , a choice of prior distribution 

for ),( 2σbf  must be made.  If a diffuse prior (non-informative) distribution is chosen 
under squared error loss, then the well known result is the usual least squares estimate 
as in equations 12 and 13 (see Gelman et al. 2004 for a full discussion).  If a conjugate 
normal distribution for the pef parameters (b) and a diffuse distribution for σ2 are chosen, 
then this information can be considered as another “data point” in the regression with 
squared error loss.  Specifically, if the prior distribution has a mean of η (vector of s 
stocks) and the associated variances a diagonal matrix δ (dimensioned s by s, assumes 
the priors are independent) then we can treat the prior distribution as s prior “data points” 
and get the correct posterior inference by weighted linear regression applied to 
“observations” y*, “explanatory variables” X* and “variance matrix” V* where 
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where Is is the identity matrix dimensioned s by s.  Thus, these new vector-matrices are 
just substituted into equations 12 and 13.  At the extremes, if the prior variance for a 
stock becomes large then there is no effect on the inference and the regression reverts 
to ordinary weighted least squares.  If the prior information is perfect, corresponding to 
zero variance for the pef, then the effect is to fix the pef and remove catch associated 
with the stock from the fishery (identical to a user defined pef and elimination of the 
stock).  
 
Prior Information from Hatcheries 
 
 Prior information on the pef of hatchery stocks can be obtained as a function of 
the proportion of marks released, the fraction observed at the rack or in terminal 
fisheries.  The reciprocal of the pef is usually assumed to be a simple binomial 
distribution (Clark and Bernard 1987), i.e., 
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where ηj is the prior pef estimate and Mj is the number of fish released for stock j.  
However, estimates for the standard deviation of the pef are more difficult to obtain as 
even approximate formulas are complex.  A convenient method is to use a numerical 
Monte Carlo simulation drawing from a binomial distribution (a Visual Basic function is 
available from the author).  Note that marking proportions at release are independent of 
the recoveries made in mixed stock marine fisheries so both can be used in the 
estimation of the posterior pef distributions.  For terminal mark rates, the information 
could be input as a fishery observation or as the prior as described above (but not both).  
Currently, this information is treated as a user defined pef (i.e., perfect knowledge with a 
variance of zero) or as a fishery observation with weight of one. 
 
Prior Information for Stocks Containing a Wild Component 
 
 Priors for stocks that include a substantial wild component will be more difficult to 
set.  The pef estimates will require the known production, the marked proportion and an 
estimate of the wild component (or total stock composed of wild and hatchery 
production).  A historical record (comparison) of the above predictions and the estimates 
based on the regression approach (using uninformative priors) will need to be compiled 
to examine the residuals. 
 
Prior Information from Genetic Sampling 
 
 Stock composition obtained from genetic sampling programs can be easily 
included in the pef estimates as prior information.  The prior pef mean, as a function of 
stock composition, is derived from a rearrangement of equation (3), 
 

(20) 
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and the determination of the variance of the stock composition, Var(qij), should be an 
output from the genetic sampling program so that 
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These calculations can be made for all stocks for which there is genetic information.  
Note that the variance is conditional on the CWT related data and variation in the catch 
and CWT recoveries does not need to be incorporated in these calculations.  Also, note 
that the CWT and genetic information must be collected in the same fishery in order to 
make direct inferences about the pef’s from the stock composition. 
 
 If genetic information has been collected from several fisheries then each fishery 
can be treated as a sequential update so that the mean is a weighted (reciprocal of 
variance) average, i.e., 
 



Draft – Do not Cite Without Author’s Permission 11
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where 2

îjδ  is the variance estimate per equation (21). 
 
Problem of Non-Overlapping Genetic and CWT Information 
 
 If genetic and stock composition data have not been collected in the same fishery 
then the information can not be combined to enhance the precision.  An exception will 
occur if it is hypothesized that the stock composition is the approximately the same in 
the two fisheries.   In this case, equations (20) and (21) could be applied. 
 
Problem of Sparse Fisheries 
 
 More recent years has seen reduced fishing because of conservation concerns 
with the result that fewer fisheries are operating and fewer CWT’s are recovered in the 
catch.  The traditional least squares regression model requires more observations than 
parameters to enable the estimation of the parameters (i.e., more fisheries than stocks).  
Also, the stocks must not be collinear or nearly collinear (stocks with the same 
distribution of recoveries among the fisheries).  Theoretically, Bayesian regression does 
not require any observations to be made.  If the regression was run without observations 
then the posterior distributions would equate to the prior distributions.  The additional 
information content of even a few observations will update the posterior appropriately.  In 
practice, not all stocks will have informative priors; thus, there should be more fisheries 
than there are stocks with non-informative priors.  We suggest a working definition of 
what constitutes a non-informative prior as a stock with a prior coefficient of variation 
greater than one (as suggested by Boscardin and Gelman 1996 as a “rule of thumb”). 
 
Problem of a Missing Stock 
 

As noted above, a key assumption for the MSM model is that all catch is 
represented by CWT tag group(s).  Production that is released without an associated 
mark group is a potentially serious violation.  There are three alternative responses to 
the problem: 
 

1. Do nothing.  Catch will be prorated to the other stocks in fisheries that intercept 
the unmarked stock.  If the production is not large and distribution among the 
fisheries is truly unknown, then this may introduce the least bias in evaluation of 
the remaining stocks. 

 
2. Assign CWT tag groups from other stocks.  The qualifying assumption is that the 

distribution of the unmarked production is similar to some other stock.   
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3. Estimate the contribution from the unmarked stock and remove it from the catch 

in each of impacted fisheries.  The approach assumes that reasonable precursor 
estimates can be made of adult stock abundance, exploitation rate and 
distribution.  FRAM model simulations for the year in question may be of 
assistance in the stock-specific catch estimates.  Also, the sensitivity of the catch 
estimates can be explored with the Bayesian regression analysis.  Proceed by 
placing a 1 in the explanatory recovery matrix for the fishery that has the lowest 
(non-zero) catch then scale recovery entries for the remaining fisheries to their 
respective catch estimates.  Set the prior pef to the smallest catch.  A prior 
standard error of zero (perfect knowledge) will generate the pef estimates with 
the contribution removed.  Using a positive prior standard error admits less than 
perfect knowledge and the impact on the pef estimates can be noted. 

 
Excel Macro Visual Basic  

 
 The Bayesian regression with weights by fishery has been developed under 
Visual Basic Marco language under Microsoft Excel which is compatible with Microsoft 
Visual Basic 6.0 and thus the MSM module will be easily ported into the FRAM system.   
The development of a stand-alone module under Excel allows for independent 
advancement and testing of algorithms and convenient evaluation by the interested 
parties. 
 
 The core of the least squares algorithm is the inversion of a symmetric matrix 
(see equations 12, 13 and 18).  The inversion method we use employs a Choleski matrix 
decomposition (SSP 1968) which helps the identification of collinear problems and 
facilitates the computation of weighted observations and prior information.  Since the 
decomposition enables the successful inversion when stocks have almost the same 
distribution, the output should be interpreted as follows: 
 

1. If the inversion is not successful, the regression fails and an error message is 
issued.  This means that two or more stocks have identical distributions or there 
is an input error (e.g., no recovered CWT’s for a stock). 

 
2. Inversion is successful but a warning message is issued and an estimated pef is 

identified as having loss in significance.  This message will be triggered when 
the Gauss-Jordan sweep operator (Clarke 1982) detects collinearity to the 
extent that there will be less than 4 significant digits of accuracy.  Other stocks 
may also have collinear problems (only the first encounter is flagged).  In 
practice, this error is rare. 

 
3. Inversion is successful with no error or warning messages.  There may still be 

significant collinear problems.  Problem stocks can be identified by examining 
the estimated posterior standard deviation (highly collinear stocks will have 
highly inflated standard deviations).  The user can either combine stocks with 
similar distributions or increase the prior belief or knowledge of the offending 
stock(s).  

 
Data Based Model 
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Input for the Bayes regression is partitioned into two sheets oriented to fishery and 
stock related information.  The fishery sheet contains most of the data organized by 
stocks in columns (headed by the stock name) and by fisheries in rows.  Besides the 
estimated recovery matrix the fishery data includes: fishery names, catch, sampling rate 
coefficient of variation and user specified weights.  If the user specified weights column 
is blank then the iterative weighting procedure using equation (16) is invoked.  A new 
fishery can be included by simply adding a row with the associated data.  The stock 
sheet provides the prior mean and standard deviation.  Output consisting of the posterior 
mean and standard deviation is printed on the stock sheet.  If the iterative weighting 
procedure was chosen then the final weights are printed at the weight column in the 
fishery sheet. 

 
The data used to construct the FRAM base (1986 to 1991) are used as an illustration 

and test of the Bayesian regression model.  Preparation of this data required a great 
deal of effort (see Scott et al. 1995) which serves as a template for future analysis.  The 
following six steps were employed: (1) determination of which CWT codes to use to 
represent individual stocks, (2) aggregation of individual CWT codes into “model stocks”, 
(3) determination of the CWT recovery strata (fisheries), (4) estimate the CWT sampling 
rate for each model fishery, (5) estimate the catch for each model fishery, and (6) 
estimation of pef’s external (user defined) to the model. 

 
To display collinearity, a cluster analysis was conducted using a single linkage 

algorithm and the Pearson correlation as the similarity index using SYSTAT software.  
Fisher and Van Ness (1971) point out that the hierarchical cluster and order tree 
produced by this linkage and similarity index is independent of scale (i.e., based on 
distribution of recoveries) and will produce collinear clusters (i.e., the closer stocks are 
clustered the greater the collinearity). 
 
Simulation Model 
 
 A simulation model that generates catch and recoveries was constructed to test 
the regression model and provide a tool for planning surveys and the evaluation of 
analytical strategies.  The stochastic structure is a compound multivariate binomial-
hypergeometric distribution similar to that described by Clark and Bernard (1987). 
 
 Input for the simulation model is very similar to the data based model.  Instead of 
recoveries, the desired stock composition is entered into the fishery sheet.  The values 
entered under the catch column are the desired mean catch for the simulation.  The 
additional inputs on the stock sheet are the desired pef values and number of trial 
simulations.  Output is also similar to the data based model; however, the printed values 
are the mean of the trials.  Also printed is the standard deviation of the posterior pef 
estimates. 
 
 The catch data were generated from a normal distribution for each fishery, 
 
 ( )iiii CCGCNC ⋅)(,~*  
 
where *

iC  is the generated catch and N(mean, standard deviation) designates a normal 
generator (algorithm from Ahrens and Dieter 1973).  Within each fishery the total number 
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of marked fish by stock, given the generated catch, were generated from a binomial 
distribution, 
 

 ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⋅

j
ijiiij pef

qCBinCM 1,~| ***  

 
where *

ijM  is the generated number of marks of stock j in the catch of fishery i and 
Bin(total number, proportion) designates a binomial generator (algorithm from 
Kachitvichyanukul and Schmeiser 1988).  Within each fishery and stock the number of 
estimated CWT recoveries, given the generated catch and total number of marked fish, 
were generated from a hypergeometric distribution, 
 
 ( )iijiijijiijiiij qCMqCHGMCR θθ ⋅⋅⋅⋅ ****** ,,~,|  
 
where *

ijR  is the generated estimated CWT recoveries and HG(total number, number 
marked, sample size) designates a hypergeometric generator (algorithm from Stadlober  
1990). 
 
 A six fishery and three stock simulation was constructed to illustrate bias when 
marking rates are low and fishery weighting responses to correct the problem. 
 
 
 

RESULTS AND DISCUSSION 
 
 

The 1986 to 1991 Base Years 
 

 The hierarchical cluster trees of all stocks considered for the 1986 to 1991 FRAM 
base are displayed in Figs. 3 to 8, respectively.  Brackets encompass the stocks that 
were combined and stars indicated the stocks with user defined pef’s.  The estimated 
pef’s and standard deviations using these combined stocks and fixed pef’s are listed for 
1986 to 1991 in Tables 2 to 7, respectively.  Equal fishery weights were used (i.e., all set 
to one).  For user defined stocks, the prior mean pef was set to that used to construct 
the FRAM base and the standard deviation was set to 1X10-6 (almost perfect 
knowledge).  For the remaining stocks, the prior mean was set to 1 and the standard 
deviation was set to 1X106 (diffuse information).  The posterior pef estimates found in 
Tables 2 to 7 exactly match those used in the FRAM base construction indicating the 
reproducibility of the estimates and that the Bayesian regression can mimic the ordinary 
least squares regression when the priors are set at the extreme. 
 
 The cluster trees suggest that groupings other than those used in the FRAM 
base construction were feasible alternatives.  For example, in 1988 (Fig. 5) and in 1991 
(Fig. 8) SWVNCI and NWVNCI were not adjacent and were not in the same small 
distance clusters.  Estimating the stocks separately results in reasonable (greater than 
one and consistent with prior expectations) estimates for both of these years.  Similarly, 
FRSLOW can be estimated separate from the Georgia Strait stocks (GSMLND, 
GSVNCI, JNSTRT) in 1991. 
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 Evaluation of fishery weighting was limited because the catch coefficient of 
variation was not available.  Because large differences in catch, sampling rate and 
recoveries occur across fisheries the full iterative weighting with equation (16) will be 
unstable without the offsetting catch variation (e.g., a fishery with a small catch, large 
sampling rate and few recoveries would receive a very large weight without including the 
catch coefficient of variation).  Partial weighting assuming no catch variation (catch is 
known without error) using equation (17) resulted in reasonable parameter estimates 
and significantly reduced mean square error in all years (Table 8).   While precision was 
improved through the use of fishery weights, no inferences are possible with respect to 
accuracy (bias). 
 

Simulation 
 

 After many simulation runs with alternative stock composition, marking rates and 
sampling rates we note that the regression system is highly robust if the marking and 
sampling rates are similar even when recoveries are sparse.  When the marking and 
sampling rates are highly dissimilar (more realistic) then more recoveries (about 15 for 
every stock-fishery combination) are required for robust estimates.  The extent of bias 
with fewer recoveries depends both on the contribution to the fishery and the stock.  
These observations are consistent with that reported by Clark and Bernard (1987), Shaul 
and Clark (1990) and Scott et al. (1995).  A simple six fishery and three stock simulation 
is reported here to illustrate the bias and explore some fishery weighting responses to 
correct the problem. 
 
 Figure 9 displays a polygram of estimated pef’s during the 1986 to 1991 base 
period.  Stocks with pef’s greater than 100 are relatively rare.  The three simulated 
stocks were set at 2, 20 and 100 pef values to represent the contrast in the population.  
The remaining parameters used are displayed in Table 9.  Note that fisheries 5 and 6 
are problematic with low sampling rate (0.05) and high catch coefficient of variation (0.6). 
 
 Estimates were made with diffuse pef priors, 10,000 Monte Carlo trials and using 
the following weighting strategies: 
 

1. Equal weighting.  All the fishery weights were set to one. 
2. Full weighting.  Iterative weights were obtained through the application of 

equation (16). 
3. Mis-specified weighting.  As in (2) but fisheries 5 and 6 were set at a sampling 

rate of 0.2 and the catch coefficient of variation of 0.1 for the calculation of the 
weights. 

4. Partial weighting.  Equation (17) was used to calculate the weights. 
5. Deleted fisheries.  Fisheries 5 and 6 were not used in the analysis.  The weights 

in fisheries 1 to 4 were set to one. 
 
 The weights calculated under the above strategies are listed in Table 10.  The estimates 
of pef are provided by Table 11. 
 
 Under equal weighting there is about a 5% underestimate for stock 2 and a 4% 
overestimate for stock 3.  Also, the precision estimates are much greater (60%, 
approximately) than they need be.  Both weighing and fishery removal strategies were 
about equally effective in correcting the bias and improving the precision (1% and 15%, 
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approximately).  Mis-specification of the weights from erroneous sampling rates and 
catch variation effectively shattered the correction. 
 
 Choice of weights depends on the underlying stochastic model and user 
knowledge.  If the stochastic model is as simulated and the sampling rate and catch 
variation is known then the iterative scheme (equation 16) will be superior.  If the 
stochastic structure is different (e.g., recoveries are over dispersed as in a varying 
element negative binomial distribution) then the partial weights (equation 17) is likely 
best.  If in doubt about the stochastic properties and supplementary data then deletion of 
fisheries with few recoveries and large but unknown variation is indicated. 

 
 
 

RECOMMENDATIONS 
 
 

 The recommendations are directed at the inclusion of addition information and 
the sequence of steps to generate the pef estimates.   
 
1. Compile estimated recovery and catch per established procedures (i.e., 

determination of which CWT codes to use to represent individual stocks, aggregation 
of individual CWT codes into “model stocks” and determination of the CWT recovery 
strata). 

 
2. Conduct a single linkage cluster analysis using Pearson correlation as the distance 

measure on the estimated recovery matrix (cluster by stocks).  Commercial (e.g., 
SYSTAT) or free software (e.g., R) are readily available to accomplish this task. 

 
3. Join stocks with identical distributions.  These are readily apparent from the cluster 

tree, e.g., SJDFCA and DUNGEH; ORESOH and ORESOW in 1986 (Fig. 3). 
 
4. Estimate the coefficient of variation for all catch strata. 
 
5. Estimate fishery sampling rates.  The rates should encompass decoding rates (as 

specified in equation (2) and any awareness factors used in recreational fisheries. 
 
6. Estimate prior pef’s and associated standard deviations where there is objective 

information (e.g., equations 19 to 23).  This should be the same as the compilation of 
user defined pef’s but with the added objective of trying to quantify variation. 

 
7. Conduct a trial Bayesian regression.  All stocks not set with priors in step (6) should 

be set to diffuse levels (e.g., set the mean to 1 and the standard deviation to 1X106).  
Also set the fishery weights to one.  Examine the estimated posterior pef’s and 
standard deviations and identify stocks that have unreasonable estimates (e.g., 
negative or identified in the regression as a stock with significance problems) or very 
large standard deviations (e.g., CV’s greater than 1).  Join problem stocks that are 
closely clustered.  Problem stocks that are not closely clustered can only be 
“corrected” by imposing more or new prior knowledge.  Iterate this step until the 
results are acceptable. 
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8. Set the partial weights using equation (17) and identify fisheries with low relative 
weight and few recoveries.  Conduct the regressions with and without the identified 
fisheries.  If the root-mean-square error is smaller without the fisheries (with fishery 
weights set to one) then delete them. 

 
9. Decide which weighting strategy to use (equal, full – equation 16, or partial – 

equation 17) based on assessment of stochastic properties (see Simulation section, 
above).   
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Table 1.  Notation.

Symbol Definition

Indices:
i Fishery
j, k Stock

Variables:
a i Number of marked fish in sample from fishery i
a' i Subset (heads) of a i that reach the laboratory
C i Catch in fishery i
d ij Proportionality constant involving stock j and fishery i
d i Proportionality constant involving fishery i
d j Proportionality constant involving stock j
G(x) Coefficient of variation for variable x
Mj Total release of hatchery stock j
n Number of fisheries
pef j Production expansion factor of stock j
q ij Stock composition of stock j in fishery i
r ij Observed CWT's of stock j sampled from fishery i
R ij Estimated CWT's of stock j in C i
s Number of stocks
t i Subset of a' i  that contain CWT's
t' i Subset of t i  that are successfully decoded
w i Relative weight given to fishery i
δj Prior standard error of pef j
ε Error in the estimate of catch
Φ i Sampling rate of fishery i
θ i Adjusted (includes decoding) sampling rate of fishery i
ηj Prior mean of pef j

σ2 Variance of overall residual prediction error
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Table 2.  Prior and posterior estimates of pef and standard deviation for 1986.

Stock Mean Std. Dev Mean Std. Dev

gsgrp1 1 1.E+06 20.25 3.15
wcgrp2 1 1.E+06 71.36 17.20
akgrp3 1 1.E+06 49.48 29.30
BCCNTL 1 1.E+06 505.20 40.41
BCNCST 1 1.E+06 292.37 171.58
FRSUPP 273.939 1.E-06 273.94 0.07
SIASKA 1 1.E+06 109.57 14.79
SOASKA 1 1.E+06 248.64 72.28
ORECAL 3.83 1.E-06 3.83 0.07
NOOKSM 1 1.E+06 89.94 51.50
SKAGIT 1 1.E+06 15.44 14.36
swinch 1.28 1.E-06 1.28 0.07
STILSN 1 1.E+06 47.48 24.33
SPGSND 1 1.E+06 44.86 11.52
HOODCL 1 1.E+06 38.69 25.21
SJDFCA 11.62 1.E-06 11.62 0.07
dungeh 1.52 1.E-06 1.52 0.07
QUILUT 14.53 1.E-06 14.53 0.07
QUEETS 1 1.E+06 12.29 17.12
QUINLT 1 1.E+06 42.96 56.73
GRAYHB 1 1.E+06 27.99 17.35
WILLAP 1 1.E+06 23.21 10.39
COLRIV 1 1.E+06 20.46 4.22
collhw 1 1.E+06 62.01 7.25
OREGON 1 1.E+06 23.59 39.87
oraqah 1 1.E+06 35.78 13.69
oranah 1 1.E+06 56.22 13.69
youngh 29.97 1.E-06 29.97 0.07
oresow 1.6 1.E-06 1.60 0.07
HOHRIV 25.77 1.E-06 25.77 0.07
oresoh 6.8 1.E-06 6.80 0.07

Notes:
1.  FRSLOW, GSMLND, GSVNCI and JNSTR stocks combined
2.  NWVNCI and SWVNCI stocks combined
3.  NIASKA:TRANAC and NOASKA stocks combined

Prior pef Posterior pef
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Table 3.  Prior and posterior estimates of pef and standard deviation for 1987.

Stock Mean Std. Dev Mean Std. Dev

bcnorgrp1 1 1.E+06 198.50 18.97
gsgrp2 1 1.E+06 15.52 2.08
wcgrp3 1 1.E+06 125.11 24.47
akgrp4 1 1.E+06 173.36 31.79
FRSUPP 25.787 1.E-06 25.79 0.05
SIASKA 1 1.E+06 43.87 19.99
SOASKA 1 1.E+06 326.69 127.81
NOOKSM 1 1.E+06 28.38 5.92
SKAGIT 1 1.E+06 8.87 4.07
skagth 1.91 1.E-06 1.91 0.05
swinch 2 1.E-06 2.00 0.05
STILSN 1 1.E+06 14.17 3.94
SPGSND 1 1.E+06 55.26 7.02
HOODCL 1 1.E+06 39.19 12.11
SJDFCA 127.9 1.E-06 127.90 0.05
HOHRIV 28.05 1.E-06 28.05 0.05
QUILUT 49.69 1.E-06 49.69 0.05
QUEETS 1 1.E+06 9.66 7.76
QUINLT 1 1.E+06 70.95 92.51
GRAYHB 1 1.E+06 49.99 34.51
WILLAP 1 1.E+06 91.64 47.93
COLRIV 1 1.E+06 16.60 9.71
collhw 1 1.E+06 34.65 24.23
OREGON 1 1.E+06 10.21 42.97
oraqah 1 1.E+06 35.84 23.23
oranah 1 1.E+06 40.56 54.76
ORECAL 1 1.E+06 19.78 28.78
oresow 2.07 1.E-06 2.07 0.05
humpth 17.47 1.E-06 17.47 0.05
oresoh 10.3 1.E-06 10.30 0.05
youngh 31.15 1.E-06 31.15 0.05

Notes:
1.  BCCNTL and BCNCST stocks combined
2.  FRSLOW, GSMLND, GSVNCI and JNSTRT stocks combined
3.  NWVNCI and SWVNCI stocks combined
4.  NIASKA and NOASKA stocks combined

Prior pef Posterior pef
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Table 4.  Prior and posterior estimates of pef and standard deviation for 1988.

Stock Mean Std. Dev Mean Std. Dev

gsgrp1 1 1.E+06 25.42 1.51
wcgrp2 1 1.E+06 166.73 42.04
BCCNTL 1 1.E+06 517.40 155.50
BCNCST 1 1.E+06 79.90 30.92
FRSUPP 28.566 1.E-06 28.57 0.04
TRANAC:NIASKA:N 1 1.E+06 100.47 17.97
SOASKA 1 1.E+06 117.47 66.85
SIASKA 1 1.E+06 47.86 28.26
NOOKSM 1 1.E+06 24.82 5.63
SKAGIT 1 1.E+06 14.57 8.70
skgbkh 1.08 1.E-06 1.08 0.04
swinch 2 1.E-06 2.00 0.04
oakhbh 1.02 1.E-06 1.02 0.04
STILSN 1 1.E+06 51.67 12.64
SPGSND 1 1.E+06 37.33 3.19
puyalh 13.15 1.E-06 13.15 0.04
HOODCL 39.2 1.E-06 39.20 0.04
SJDFCA 46.42 1.E-06 46.42 0.04
HOHRIV 6.79 1.E-06 6.79 0.04
QUILUT 10.58 1.E-06 10.58 0.04
QUEETS 1 1.E+06 4.68 2.75
QUINLT 1 1.E+06 21.35 24.17
GRAYHB 1 1.E+06 28.90 11.04
WILLAP 1 1.E+06 42.91 22.82
COLRIV 1 1.E+06 5.21 4.77
collhw 1 1.E+06 45.23 8.41
OREGON 1 1.E+06 17.23 15.88
oraqah 1 1.E+06 30.40 9.60
oranah 1 1.E+06 12.52 44.27
ORECAL 1 1.E+06 7.46 18.27
youngh 19.31 1.E-06 19.31 0.04

Notes:
1.  FRSLOW, GSMLND, GSVNCI and JNSTRT stocks combined
2.  NWVNCI and SWVNCI stocks combined

Prior pef Posterior pef
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Table 5.  Prior and posterior estimates of pef and standard deviation for 1989.

Stock Mean Std. Dev Mean Std. Dev

bcnorgrp1 1 1.E+06 190.63 11.78
lgsgrp2 1 1.E+06 15.85 7.03
ugsgrp3 1 1.E+06 21.01 5.54
wcgrp4 1 1.E+06 112.61 25.71
FRSUPP 17.335 1.E-06 17.34 0.03
TRANAC:NIASKA:N 1 1.E+06 78.78 6.47
SOASKA 1 1.E+06 129.34 38.59
SIASKA 1 1.E+06 102.22 16.24
oresow 3.15 1.E-06 3.15 0.03
NOOKSM 1 1.E+06 27.41 8.33
bhambh 1.01 1.E-06 1.01 0.03
SKAGIT 1 1.E+06 11.11 6.78
skgbkh 1.39 1.E-06 1.39 0.03
swinch 2 1.E-06 2.00 0.03
STILSN 1 1.E+06 59.73 20.01
SPGSND 1 1.E+06 37.70 5.67
puyalh 23.97 1.E-06 23.97 0.03
nisqlh 9.9 1.E-06 9.90 0.03
HOODCL 24.38 1.E-06 24.38 0.03
ptgamh 9.21 1.E-06 9.21 0.03
gadamh 7.49 1.E-06 7.49 0.03
hoodsh 5.96 1.E-06 5.96 0.03
qlcenh 12.32 1.E-06 12.32 0.03
qlcnbh 4.15 1.E-06 4.15 0.03
SJDFCA 3.71 1.E-06 3.71 0.03
dungeh 3 1.E-06 3.00 0.03
MAKAHC 5.68 1.E-06 5.68 0.03
HOHRIV 8.92 1.E-06 8.92 0.03
QUILUT 10.43 1.E-06 10.43 0.03
QUEETS 1 1.E+06 8.06 4.04
QUINLT 1 1.E+06 37.54 36.79
chehlh 20.4 1.E-06 20.40 0.03
GRAYHB 1 1.E+06 18.03 10.04
WILLAP 1 1.E+06 69.51 21.08
COLRIV 1 1.E+06 14.16 2.77
collhw 1 1.E+06 61.46 6.64
OREGON 1 1.E+06 34.45 15.01
oraqah 1 1.E+06 29.80 24.35
oranah 1 1.E+06 34.25 47.77
ORECAL 18.46 1.E-06 18.46 0.03
youngh 22.1 1.E-06 22.10 0.03
ar8anh 1 1.E-06 1.00 0.03
oresoh 4.3 1.E-06 4.30 0.03

Notes:
1.  BCCNTL and BCNCST stocks combined
2.  FRSLOW and GSMLND stocks combined
3.  GSVNCI and JNSTRT stocks combined
4.  NWVNCI and SWVNCI stocks combined

Prior pef Posterior pef
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Table 6.  Prior and posterior estimates of pef and standard deviation for 1990.

Stock Mean Std. Dev Mean Std. Dev

gsgrp1 1 1.E+06 42.25 3.66
wcgrp2 1 1.E+06 110.33 15.00
BCCNTL 1 1.E+06 303.40 50.24
BCNCST 1 1.E+06 47.16 25.43
FRSUPP 19.01 1.E-06 19.01 0.04
TRANAC:NIASKA:N 1 1.E+06 71.12 6.11
SOASKA 1 1.E+06 32.07 27.46
SIASKA 1 1.E+06 43.09 7.29
ORECAL 1 1.E+06 14.86 33.31
NOOKSM 1 1.E+06 28.48 9.83
bhambh 1.3 1.E-06 1.30 0.04
SKAGIT 1 1.E+06 12.32 6.81
skgbkh 1.07 1.E-06 1.07 0.04
swinch 2.15 1.E-06 2.15 0.04
ar8anh 1 1.E-06 1.00 0.04
STILSN 1 1.E+06 21.88 5.63
SPGSND 1 1.E+06 22.27 4.41
nisqlh 10.28 1.E-06 10.28 0.04
HOODCL 1 1.E+06 52.90 18.78
ar12bw 2.06 1.E-06 2.06 0.04
ar12aw 0.5 1.E-06 0.50 0.04
ar12dw 4.13 1.E-06 4.13 0.04
skokrw 10.15 1.E-06 10.15 0.04
SJDFCA 9.65 1.E-06 9.65 0.04
elwhah 6.8 1.E-06 6.80 0.04
HOHRIV 25.45 1.E-06 25.45 0.04
QUILUT 116.33 1.E-06 116.33 0.04
QUEETS 1 1.E+06 6.88 2.51
QUINLT 1 1.E+06 42.47 46.72
GRAYHB 1 1.E+06 21.85 13.83
COLRIV 1 1.E+06 18.96 15.01
collhw 1 1.E+06 437.32 188.05
OREGON 1 1.E+06 24.25 16.08
oraqah 1 1.E+06 24.56 20.84
oranah 1 1.E+06 77.66 93.26
oresow 13.37 1.E-06 13.37 0.04
chehlh 19.66 1.E-06 19.66 0.04
WILLAP 1 1.E+06 40.35 15.61
oresoh 5.3 1.E-06 5.30 0.04
youngh 16.1 1.E-06 16.10 0.04

Notes:
1.  FRSLOW, GSMLND, GSVNCI and JNSTRT stocks combined
2.  NWVNCI and SWVNCI stocks combined

Prior pef Posterior pef
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Table 7.  Prior and posterior estimates of pef and standard deviation for 1991.

Stock Mean Std. Dev Mean Std. Dev

bcnorgrp1 1 1.E+06 113.96 7.78
gssgrp2 1 1.E+06 34.80 12.77
wcgrp3 1 1.E+06 54.74 28.39
FRSUPP 13.416 1.E-06 13.42 0.05
TRANAC 1 1.E+06 286.49 318.76
SIASKA 1 1.E+06 25.36 5.94
SOASKA 1 1.E+06 43.08 19.59
NIASKA 1 1.E+06 27.16 9.36
NOASKA 1 1.E+06 125.24 44.82
NOOKSM 1 1.E+06 35.47 29.11
bhambh 1.18 1.E-06 1.18 0.05
SKAGIT 1 1.E+06 12.97 16.04
skagth 2.81 1.E-06 2.81 0.05
swinch 2.04 1.E-06 2.04 0.05
STILSN 1 1.E+06 67.31 43.27
SPGSND 1 1.E+06 36.00 13.18
nisqlh 9.7 1.E-06 9.70 0.05
qlcenh 6.38 1.E-06 6.38 0.05
ptgamh 53.5 1.E-06 53.50 0.05
qlcnbh 8.25 1.E-06 8.25 0.05
HOODCL 33.88 1.E-06 33.88 0.05
gadamh 3.9 1.E-06 3.90 0.05
SJDFCA 234.92 1.E-06 234.92 0.05
elwhah 7.25 1.E-06 7.25 0.05
ptangh 1 1.E-06 1.00 0.05
MAKAHC 3.61 1.E-06 3.61 0.05
HOHRIV 17.95 1.E-06 17.95 0.05
QUILUT 48.79 1.E-06 48.79 0.05
QUEETS 1 1.E+06 10.59 6.11
QUINLT 1 1.E+06 18.03 27.53
GRAYHB 1 1.E+06 19.38 9.31
gryhbh 1.3 1.E-06 1.30 0.05
COLRIV 1 1.E+06 29.26 10.50
collhw 1 1.E+06 40.94 8.21
OREGON 1 1.E+06 28.15 24.92
oraqah 1 1.E+06 31.03 49.72
ORECAL 1 1.E+06 25.70 114.61
youngh 23.99 1.E-06 23.99 0.05
oresoh 8.5 1.E-06 8.50 0.05
chehlh 9.31 1.E-06 9.31 0.05
WILLAP 1 1.E+06 40.11 12.76
oresow 1.14 1.E-06 1.14 0.05
hoodsh 0.95 1.E-06 0.95 0.05

Notes:
1.  BCCNTL and BCNCST stocks combined
2.  FRSLOW, GSMLND, GSVNCI and JNSTRT stocks combined
3.  NWVNCI and SWVNCI stocks combined

Prior pef Posterior pef
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Table 8.  Root-mean -square error with equal weight and partial weighting (equation 17).

Reduction
Year Equal Weight Weighted (%)

1986 69,105 42,366 38.7
1987 48,869 29,653 39.3
1988 37,497 28,785 23.2
1989 31,886 24,370 23.6
1990 35,959 25,986 27.7
1991 52,860 45,486 14.0

Root-Mean-Square

 



Draft – Do not Cite Without Author’s Permission 27

Table 9.  Parameter values used in the Monte Carlo evaluation of bias and variation of pef estimates.

Sampling
Fishery Catch CV Rate 1 2 3

1 40,000 0.1 0.20 0.5 0.5 0.0
2 50,000 0.1 0.20 0.5 0.0 0.5
3 60,000 0.1 0.20 0.0 0.5 0.5
4 70,000 0.1 0.20 0.1 0.5 0.4
5 80,000 0.6 0.05 0.2 0.4 0.4
6 90,000 0.6 0.05 0.3 0.3 0.4

Stock Composition
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Table 10.  Weights used under various strategies.

Fishery Equal Full1 Partial Mis-Specified1

1 1.000 2.185 1.468 1.665
2 1.000 1.400 1.468 1.035
3 1.000 0.967 1.468 0.740
4 1.000 0.838 1.468 0.647
5 1.000 0.324 0.063 1.029
6 1.000 0.287 0.063 0.884

Notes:
1.  Mean of 10,000 trials

Weighting
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Table 11.  Simulated estimates of pef with the various weighting strategies.

Stock Actual pef Est.1 SD(Sim)2 SD(Reg)3 Est SD

Equal Weighting:
1 2 2.0 0.26 0.41 -0.8 62.4
2 100 94.6 11.28 18.56 5.4 64.5
3 20 20.8 2.39 4.19 -4.2 75.1

Full Weighting:
1 2 2.0 0.22 0.18 -0.8 -16.6
2 100 99.2 9.48 8.29 0.8 -12.5
3 20 20.3 2.14 1.77 -1.3 -17.2

Partial Weighting:
1 2 2.0 0.21 0.18 -0.4 -13.1
2 100 98.9 9.45 8.15 1.1 -13.7
3 20 20.2 2.11 1.83 -1.2 -13.1

Delete Fisheries:
1 2 2.0 0.21 0.24 -0.6 15.3
2 100 99.4 9.52 10.79 0.6 13.4
3 20 20.2 2.12 2.44 -0.8 15.0

Mis-Specified:
1 2 2.1 0.28 0.32 -3.1 13.1
2 100 95.7 11.75 14.50 4.3 23.4
3 20 20.8 2.57 3.03 -3.9 17.9

Notes:
1. Mean estimate of 10,000 trials
2. Standard deviation of the 10,000 trials
3. Mean of the estimated standard deviations

Bias (%)
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Figure 1.  Proposed annual assessment and management cycle for southern coho 
salmon. 
 
 



Draft – Do not Cite Without Author’s Permission 31

Annual
MSM – PEF Estimation

MSM Time Step

MSM Split

CAP Catch Adjustment

Cohort Analysis

Coho Base

CWT Summary

Catch/Sample
Summary

PEF

RRTERM

Escapement
Terminal Catch
Freshwater Catch

Prop. By Stock
Within Region

Terminal Catch by
Stock/Area

ER by
Stock/Fishery/Time-step

Non-retention mort.

Fishing induced mort.

FRAM
Base Period

FRAM Base Construction

 
 
Figure 2.  Steps and components in the construction of a coho FRAM base file. 
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Figure 3.  Hierarchical cluster tree for the 1986 base stocks.  Brackets encompass the 
stocks that were combined and stars indicate the stocks with an assumed pef (i.e., 
removed from the analysis by calculating the associated catch). 
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Figure 4.  Hierarchical cluster tree for the 1987 base stocks.  Brackets encompass the 
stocks that were combined and stars indicate the stocks with an assumed pef (i.e., 
removed from the analysis by calculating the associated catch). 
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Figure 5.  Hierarchical cluster tree for the 1988 base stocks.  Brackets encompass the 
stocks that were combined and stars indicate the stocks with an assumed pef (i.e., 
removed from the analysis by calculating the associated catch).  Note that North and 
South West Vancouver Island were grouped despite their dissimilarity. 
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Figure 6.  Hierarchical cluster tree for the 1989 base stocks.  Brackets encompass the 
stocks that were combined and stars indicate the stocks with an assumed pef (i.e., 
removed from the analysis by calculating the associated catch). 
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Figure 7.  Hierarchical cluster tree for the 1990 base stocks.  Brackets encompass the 
stocks that were combined and stars indicate the stocks with an assumed pef (i.e., 
removed from the analysis by calculating the associated catch). 
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Figure 8.  Hierarchical cluster tree for the 1991 base stocks.  Brackets encompass the 
stocks that were combined and stars indicate the stocks with an assumed pef (i.e., 
removed from the analysis by calculating the associated catch).  Note that the Lower 
Fraser was grouped with Georgia Strait stocks despite their dissimilarity.  Also, North 
and South West Coast Vancouver Island are not contiguous in similarity. 
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Figure 9.  Polygram of estimated pef’s during the 1986 to 1991 base period (plot 
truncated at a pef of 200). 
 


