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1. EXECUTIVE SUMMARY 

Statistical decision theory is used to evaluate four alternative harvest strategies for 
the west coast stock of hoki (i.e. 150 kt constant quota, 150 kt quota for 1993, 
followed by a 39% constant harvest rate policy, 200 kt quota for 1993 followed 
by a 39% constant harvest rate policy, and 200 kt quota for 1993 followed by a 
26% constant harvest rate policy). 

The basis for this analysis are the results of a Bayesian stock assessment which 
uses an age- and sex-structured population dynamics model. The assessment 
examines the sensitivity of the results to the use of informative and non- 
informative prior distributions for the catchability coefficient for the acoustic 
survey indices of spawner biomass. 

The current biomass is estimated to be between 30 and 70% of virgin size with 
95% confidence. The corresponding values for virgin stock size are 0.9 and 2.0 
million metric tomes, respectively. 

The risks associated with maintaining a constant 150 kt TACC are minimal. 
However, improved perfoxmance in terms of catch for similar levels of risk can 
be obtained by using a constant harvest rate policy. 

Recently obtained information which has not yet been incorporated into the 
assessment suggests that recent recruitment is likely to be larger than average. 
The implication of this is that the hoki biomass may be larger than indicated here 
and that risks may be overestimated. 



2. INTRODUCTION 

This paper describes the results of an analysis of the effects of four alternative harvest 
strategies on the status of the west coast stock of hoki, using a decision theoretic 
approach (Raiffa 1968, Berger 1985, Walters 1986). A Bayesian stock assessment 
method is used to obtain the probabilities of alternative values for the virgin biomass of 
the resource (Bo) - a key input to the decision analysis calculations. An informative prior 
probability distribution is developed for the constant of proportionality, ql ,  which relates 
the acoustic estimates of spawner biomass to the model estimates of spawner biomass. 
The results using this prior are contrasted against those obtained by assuming a non- 
informative prior for this quantity. 

Hoki recruitment is highly variable. In their decision analysis, MAF assumed 
deterministic recruitment to the present and allowed future recruitment to be stochastic 
(Cordue 1992). This ensured that their decision analysis model was mechanically 
consistent with their stock assessment model. We present two alternative approaches that 
admit random variability in historic (pre-1992) recruitment, although they do result in 
slight inconsistencies between the stock assessment model and the decision analysis 
model results. 

The values for all of the model parameters, the relative abundance indices and the catch 
data are taken from Cordue and Sullivan (1992). 

3. METHODS 

3.1 Stock Assessment 

Bayesian posterior probability distributions for virgin biomass (Bo) are computed. The 
method used is very similar to that which was used for the 1991 hoki assessment. A non- 
informative prior distribution for Bo (Bo - U[O, 3 mmt]) is used, as has been done in 
previous assessments. 

3.1.1 An informative prior probability distribution for the acoustic q 

Acoustic survey data for hoki provide an index of spawner biomass during the winter 
spawning season in the Hokitika Canyon off the west coast of the South Island (WCSI). 
P.L. Cordue (MAF, Greta Point, Wellington) relates the mean detected spawner 
abundance (Dt) over the spawning season to spawner biomass (St) on the west coast of 
the South Island by the formula : 

where c is the scalar that relates acoustic target strength to biomass, and 
k is the mean proportion of spawners in. the survey area per unit time. 



Dr. Ellen Pikitch of UW developed an informative prior probability distribution for ql in 
consultation with Cordue. This prior for q l  is Lnq, - N(O.5 1 1,O. 5) (see Figure 1). 

3.1.2 Parameter values and data used in assessment 

The values of the parameters of the population dynamics model used in the assessment 
are given in Tables l(a) and (b). Fecundity-at-age is assumed to be proportional to 
female weight-at-age, and the maturation schedule is assumed to the same as the 
vulnerability ogive. Catch by year, and the proportion of hoki occumng outside the 25- 
mile fishing boundary are given in Table 2. In order to compute the mid-season biomass 
in 1993 (i.e., the current biomass) a catch from the west coast stock of 150kt is assumed 
for the 1992 and 1993 seasons. The acoustic, CPUE, and trawl indices of abundance and 
their (assumed) coefficients of variation (CV's) are given in Tables 3, 4, and 5 
respectively. In contrast to the 1991 assessment, the 1992 assessment assumes that all 
mature fish on the southern plateau migrate to spawn off the WCSI each year. 

3.1.3 Sensitivity analyses 

The baseline case includes the baseline parameter values, the informative prior for ql, 
and the acoustic, trawl, and CPUE data. The sensitivity of the stock assessment results to 
this selection is examined by using each of the data sets (CPUE, acoustic, and trawl) 
separately, and by replacing the informative prior for q l  by a non-informative prior.. 

3.2 Decision Analysis 

Because of the high level of model complexity, a Monte Carlo approach is used for the 
decision analysis (e.g., Sainsbury 1988; Walters and Collie 1989). To perform the 
decision analysis, alternative states of nature (i.e. alternative Bo's) need to be specified 
and their probabilities estimated, the harvesting strategies selected, the performance 
indicators defined, and the future time horizon set. In these calculations, the time 
horizon is taken to be five years, 1994 to 1998. 

3.2.1 ~lternative states of nature 

For the decision analysis, a number of values for Bo are chosen as the alternative states 
of nature. For the deterministic recruitment scenario, selecting a value for Bo is 
equivalent to choosing a specific value for current biomass, (B 1993). . As will be shown 
later, for stochastic recruitment, this simple relationship does not hold. The expected 
policy performance over all states of nature, is computed by weighting the expected 
outcome for each Bo by the probability of that Bo. That is, for the performance indicator 
X :  

where E m )  is the expected value of perfonname indicator X over all states of nature, 



Pi is probability of the i'th state of nature, and 

Xi  is the expected value of performance indicator X for the i'th state of nature 
[i.e., E(XilBo = Bo(i))]. 

The sensitivity of the decision analysis results to the selection for the prior distribution 
selected for q l  is examined. Computationally, it is not possible to evaluate the expected 
value of each performance indicator for too many alternative states of nature. Because 
the posterior distributions which correspond to the two priors for q l  differ, different 
ranges for Bo are considered for each sensitivity test. For the case of a non-informative 
prior for ql, Bo ranges from 1 to 3 mmt in steps of 0.25 mmt, whereas for the 
informative prior, Bo ranges from 0.9 to 2.1 mmt in steps of 0.15 mmt. Note that 
because in this case, the probability of Bo being larger than 2.1 mmt is extremely low, 
the same results would have been obtained had the full range for Bo been considered. 

3.2.2 ~lternative harvest strategies evaluated 

The following four harvest strategies for the west coast stock of hoki are evaluated : 

1) 150 kt constant quota, 

2) 150 kt quota for 1993, then a 39% harvest rate, 

3) 200 kt quota for 1993, then a 39% harvest rate, 

4) 200 kt quota for 1993, then a 26% harvest rate. 

For policies 2 to 4 a 25% buffer is considered, [i.e. the total allowable catch '(TAC) is 
permitted to change by no more than 25% from one year to the next]. .In performing the 
calculations, it is assumed that CPUE, trawl, and acoustic data will be available for each 
year in the future and will be incorporated in the assessments. 

3.2.3 Decision model 

The decision model is used to evaluate the expected value of each performance indicator 
for each alternative state of nature. These expected values are pooled across alternative 
states of nature (i.e. Bo) by weighting them by their relative probabilities using Equation 
(2). For each policy and state of nature, there are four major components to the decision 
model (Fig. 2). 

3.23.1 The population dynamics .model 

The stock assessment model assumes that the number of one-year-olds at the start of year 
t+l is related deterministically to the mid-season egg-production in year t by the 
relationship: 



where E, is the total egg-production during year t : 

is the fraction of potential spawners which actually spawn, 

is the mid-season number of females in year t, 

is the fecundity of a female of age a, and 

are egg-production - recruitment relationship parameters. 

To allow for the effects of variability about the egg-production - recruitment relationship 
when performing the decision analysis, Equation (3) is replaced by: 

In the decision analysis calculations, or is set to 0.66 (i.e. there is a 95% probability that 
recruitment will be in the range 0.22 to 2.94 of the deterministic value). 

Two variants of the above approach are considered. In the first variant (the half- 
stochastic model) it is assumed that recruitment is deterministic until 1988 after which 
Equation (4) applies. The selection of 1988 is made so that by 1993, the five-year-old 
abundances are generated stochastically, although the abundances of fish of age 6 and 
above are not. In the second variant (the full-stochastic model), the population is 
assumed to be at its unexploited equilibrium level prior to exploitation (i.e. 1971). 
However, from 1972 on, recruitment is generated stochastically. While this variant is 
clearly more realistic, it has two potential problems: (a) the estimate of current biomass 
(B1993) will differ from that obtained by projecting the biomass at the start of 1971 
forward deterministically - in some cases the differences may be substantial, and (b) 
certain sets of recruitment residuals conespond to a situation in which the catch in a 
particular year prior to 1993 exceeds the realized vulnerable biomass during that year 
(Vt). Cordue et al. (1992) defined the realized vulnerable biomass by the formula : 

where Bt is the vulnerable (=mature) mid-season biomass during year t, 

Hm is the maximum possible harvest rate, 



Pout is the proportion of the spawner biomass falling outside the 25-mile 
fishing boundary. 

When the catch exceeds Vt in a year prior to 1993, the recruitment series is rejected 
because it is clearly incompatible with the value of Bo and this historic catch series, and a 
new series is selected. This is necessary to ensure that the same number of Monte Carlo 
simulation trials (1000) are conducted for each alternative state of nature. If it occurred 
that the TAC for some future year exceeds the realized vulnerable biomass, the catch for 
that year is set to the realized vulnerable biomass. 

3.2.3.2 Observation model 

The value of index i (i = 1 = acoustic survey , i = 2 = CPUE, i = 3 = trawl survey) in a 
future year t and a given Monte Carlo mal m is given by the formula: 

where B:" is the decision model estimate of the population size corresponding to 
index i in year t of Monte Carlo trial m, 

qi+" is the catchability coefficient for index i in trial m, 

Cy is the catch for year t in trial m, and 

Sy is the spawner biomass after fishing in year t in trial m. 

For Monte Carlo trial m, q'" is calculated as follows: 

The summation is over all years up to 1991 for which an index is available for abundance 
series i. ni is the number of years for which indices are available for abundance series i. 
C V ~  is the CV of the observation error in future years ( C V ~  = 0.25, CV2 = 0.35, and 
C V ~  = 0.45). 

3.233 Estimation model 

When applying harvesting strategies that involve feedback, the TAC for' year t is 
calculated by applying the Bayesian stock assessment model to the data available up to 



year t-2 [this replicates the current decision process because TAC decisions are made one 
year prior to the year to which they apply and use data up to the year prior to that year] 
and multiplying the harvest rate by the estimate of the biomass of the year for which the 
TAC is required. This biomass is calculated by projecting the mode of the posterior 
distribution for Bo forward deterministically. The data used are the historical (prior to 
1992) abundance and catch data, and the catch and abundance data generated by the 
decision model for the years 1992 to 1998. Furthermore, it is assumed that the CV1s for 
future indices are measured without error. Finally, the prior for q l  for future estimation 
is assumed to correspond to the prior distribution used in weighting the outcomes of the 
decision analysis (e.g. if the probabilities used to weight the outcomes were obtained 
from an analysis which assumes a non-informative prior on ql, then the estimation also 
assumes a non-informative prior on 41). Total catches are not available for the year prior 
to the TAC year (because the TAC for year t+l is set before the year t season is 
completed). To overcome this problem in a manner consistent with that used when 
applying the Bayesian estimation procedure to real data, the total catch for .the year prior 

' to a TAC year is set to the catch for the previous year. 

3.2.4 Performance indicators 

Rather than specifying a utility function and computing the expected utility of each 
alternative harvesting strategy over all possible states of nature, as is often done in 
decision analysis (Raiffa 1968; Berger 1985) several different indicators of performance 
were calculated for each alternative state of nature. All performance indicators are the 
average of statistics taken over the 1000 Monte Carlo replicates. These statistics and 
their acronyms in parenthesis, are : 

The average annual catch over the period 1993-1998 (Avg Yield). 

The average vulnerable biomass over the period 1993 to 1998 as a percentage of 
Bo (MidBio) 

The average of Bt / Bo x 100 whenever Bt falls below 0.2 Bo (Bt @ Btd.2 BO). 

The probability that the mid-season biomass in year t, Bt, drops below 0.2 Bo in 
any year between 1993 and 1998 (stock risk, P(Btd.2 BO)). 

The difference between the vulnerable biomass in the final year and B0.1 
expressed as a percentage of Bo. 1 (Dev BO.l). 

The average of the difference in vulnerable biomass between the final and current 
years as a percentage of B 1993 [i.e. (100 x B 1998 - B 1993) /B 19931 (Dev Bt). 

The ability of the estimation procedure to "learn" about the value of B0.1 (Learn 
Bio): 

A 

I ~ o v  - i o . l . m l -  I~o.&r - 



where BOaI,* is the true value of Bo. 1, and 

B,,t, is the estimate of B0.1 obtained using the data used to calculate the 

TAC for year y. 

8) The average effort over the period 1993-1998 as a percentage of effort in 1993 
(Avg Effort). ?he effort for year t, El. is calculated using the Equation : 

9) The probability of not being able to catch at least 80% of the TAC (fishery risk, 
P(Ctc0.8TACt)). 

10) The probability assigned by the estimation model to the value of Bo which is in 
fact comct [i.e. if Bo is really 1 mmt, then the value of this statistic for year t is 
equal to the marginal probability assigned by the estimation model to a Bo of 1 
mmt when it is applied in year t]. This statistic is calculated separately for each 
year from 1993 to 1998 to allow the effect of learning to be examined. If 
"learning" occurs then as time progresses, the probability assigned to the correct 
Bo should increase (Learn Bt). 



4. RESULTS 

4. 1 Stock Assessment 

4.1.1 Non-informative .prior distribution for q l  

Figure 3 shows the marginal posterior distributions for Bo obtained using each of the 
data sets (CPUE, acoustic, and trawl) separately. The distribution obtained using CPUE 
data only indicates a higher probability of low virgin stock sizes than those obtained 
when the other two data sets are used. This is because the CPUE data show a marked 
decline (26% yr l )  in recent years - the other two data sets show no obvious trend 
(Tables 3,4, and 5). 

Figure 4 shows the marginal posterior distributions obtained from the 1991 and 1992 
baseline assessments. There are a number of differences between the parameter values 
used in each year's assessment (Tables la and lb). The estimated modal Bo for the 1992 
assessment was 1.6 mmt compared to 1.8 mmt for the 1991 assessment. The 1992 
posterior distribution is shifted slightly to the left of the 1991 distribution despite the 
higher values obtained for the acoustic and trawl indices for 1992 (which alone would 
tend to shift the distribution of Bo toward higher values). The changes result mainly 
because the steepness parameter used in 1992 was lower than that used in the 1991 
assessment. U0.1 (the harvest rate corresponding to a fishing mortality equal to Fo 1) for 
the 1992 assessment is 0.52 compared to 0.40 for the 1991 assessment. This diffkrence 
must be due to some combination of the effects of the increase in the age at 50% 
recruitment and the higher weights-at-age used in the 1992 assessment. The 1992 
assessment estimates the modal U0.1 equilibrium yield (Yo I), current stock biomass 
(I3 1993). and equilibrium stock biomass at Uo. 1 (Boa 1) to be i90 kt, 1.00 mmt, and 305 
kt, respectively (Table 6). The corresponding values obtained from the 1991 assessment 
are 236 kt, 1.13 mmt (i.e. B lggz), and 495 kt (Table 7). 

4.1.2 Informative prior distribution for q l  

Figure 5 shows the marginal posterior probability distributions for Bo obtained using all 
of the data. Results are shown for informative and non-informative prior distribution for 
the acoustic survey catchability coefficient (ql). The modal values of Bo, B1gg3, B0.1, 
and Y0.1 for the analysis utilizing the informative prior, (the baseline selection for the 
decision analysis) are 1.1 mmt, 505 kt, 209 kt, and 130 kt, respectively (Table 6). These 
modes are noticeably lower than those obtained using the non-infornative prior because 
the informative prior effectively excludes the possibility of obtaining a high Bo value. 
The substantial sensitivity of the modal estimates (and posterior distributions) to the 
choice of a prior for ql is a reflection of the relative lack of information in the data. As 
more data are accumulated, the influence of the selection of a prior on the posterior 
distributions will be reduced. 



4.2 Decision Analysis 

4.2.1 Half- versus full-stochastic models 

The half-stochastic decision model provides estimates of policy performance consistently 
different from those provided by the full-stochastic model. A major difference is in the 
probability that the biomass decreases below 0.2 Bo at some stage during the projection 
[P(Bt < 0.2 Bo) in Tables 8-1 11. For both priors and for all policies, the half-stochastic 
model provides lower estimates of stock risk than the full-stochastic model (Tables 8- 
15). For example, for the informative prior, the 150 kt constant quota, and the half- 
stochastic model, the value of this statistic is 0.12 (Table 8) while it is 0.17 for the full- 
stochastic model (Table 9). The probability of the biomass being below 0.2 Bo provided 
by the half stochastic model is lower than that provided by the full-stochastic model early 
in the time sequence, but higher later in the time sequence (Tables 12 and 13). These 
differences are less pronounced in absolute terms for results obtained using the non- 
informative prior (Tables 10 and 11). 

The average catches for a given harvest policy are similar for the half- and full-stochastic 
models. For example, for the half-stochastic model using the informative prior and for a 
150 kt quota, the average catch is 148 kt (Table 8) while in the full-stochastic case it is 
147 kt (Table 9). The average catch for the 26% harvest policy after a 200 kt quota in 
1993 is 141 kt for the half-stochastic model (Table 8) and 147 kt for the full-stochastic 
model (Table 9). In the non-informative case, these values are 243 (Table 10) and 241 kt 
(Table 1 I), respectively. 

Another difference between the results for the half-stochastic and full-stochastic models 
is that the former provides lower estimates of the probability of not catching the TAC in 
future years, [fishery risk, P(Ct < 0.8 TACt)]. This difference is particularly evident for 
the harvest rate policies. For example, for the informative prior and the 39% harvest rate 
policy after a 150 kt quota in 1993, the estimate of this quantity from the half-stochastic 
model is 0.06 for 1998, (Table 16); the estimate for the full-stochastic model for the 
same year and harvest strategy is 0.13 (Table 17). For the non-informative prior for ql, 
these values are 0.06 (Table 18) and 0.09 flable 19), respectively. 

For the half-stochastic model, the estimation model exhibits an exaggerated ability to 
discriminate among hypotheses in the future. For example, for the half-stochastic model 
and the informative prior, all policies achieve perfectly correct detection of the correct 
state of nature by the year 1996 if Bo is < 1.2 mnit (Table 20). In contrast, the full- 
stochastic model leads to correct detection of the true state of nature for Bo < 1.2 mmt in 
1996 82-83% of the time, depending on the policy examined (Table 21). 

For the lowest Bo, the risks for the half-stochastic model are generally higher late in the 
time sequence than those for the full-stochastic model (Tables 12 and 13). This may 
occur because for the full-stochastic model, optimistic recruitment series tend to survive 
the selection process more often than pessimistic ones. Given the distribution of 
plausible recruitment series, the half-stochastic model may be overly pessimistic for the 
lowest Bo. However, for higher values of 30 both pessimistic and optimistic recruitment 



series survive the selection process resulting overall in higher (but rather small) risks for 
the full- stochastic model than for the half-stochastic model. 

For the half-stochastic model, the ability to discriminate among alternative hypotheses 
regarding Bo increases then decreases as departures from deterministic assumptions 
increase with time (Table 20). This does not occur for the full-stochastic model (Table 
21). Because of this apparent pathological behavior of the half-stochastic model, results 
are reported only for the full-stochastic model. 

4.2.2 Informative and non-informative prior distributions for q l  

The informative prior distribution strongly influences estimates of policy performance 
indicators. This is because outcomes for low Bo are weighted more heavily. This is 
apparent for the 150 kt quota where fishery risk is 0.17 for the informative prior (Table 
9) and 0.03 for the non-informative prior (Table 11). However, the average catches are 
similar at 147 (Table 9) and 150 kt (Table 11). respectively. 

Harvest rate policies show larger differences in performance indicators between the 
informative and non-informative priors for ql. For example, for the U=0.39 policy with 
a 200 kt quota in 1993, the average catch is 177 kt for the informative prior (Table 9) and 
275 for the non-informative prior (Table 11). The corresponding stock risks are 0.21 
(Table 9) and 0.09 (Table 1 I), respectively. "Learning" is greater for the non-informative 
prior (Table 11) than for the informative prior (Table 9). 

4.2.3 Performance of alternative policies under baseline conditions 

The baseline results are those based on the stock assessment which uses the informative 
prior for ql and assumes the full-stochastic model (Tables 9, 13,17, and 21). 

4.2.3.1 150 kt constant quota policy 

For this policy, the stock risk exceeds 0.1 in 1997 at 0.1 1. In 1993, the stock risk is 0.03 
(Table 13) although this is invariant across all the policies. For the most pessimistic state 
of nature (Bo = 0.9 mmt - credibility relative to B0=1.5 or 2.1 mmt = 0.57), the stock 
risk is 0.04 for 1993 (Table 13). The stock risk in any year over the time period is 0.17. 
However, when the biomass dropped below 0.2B0 it only dropped to an average of 17% 
of Bo (Table 9). This is invariant across the harvest strategies (Table 9). The expected 
average catch for this policy is 147 kt. The expected yields by year are shown in Table 
24. The probability of not catching 80% of the TAC for 1993 is 0.01. For 1998, this 
quantity is 0.09 (Table 17). The expected average effort over the time period is 117% of 
the effort in 1993. Expected effort by year is shown in Table 25. 

4.23.2 b 0 . 3 9  policy after a 150 kt quota for 1993 

For this policy the stock risk exceeds 0.1 in 1997 at 0.1 1 (Table 13) and the stock risk 
over the whole period is 0.18. , The expected average catch is 170 kt. The probability of 



not catching 80% of the TAC during 1993 is 0.01 and for 1998 it is 0.13 (Table 17). 
Expected average effort over the time period is 143% of the effort in 1993. 

1 4.2.33 k 0 . 3 9  policy after a 200 kt quota for 1993 

For this policy the stock risk exceeds 0.1 in 1996 at 0.1 1 (Table 13) and the stock risk 
over the whole period is 0.21. The expected average catch is 177 kt. The probability of 
not catching 80% of the TAC during 1993 is 0.06 and for 1998 is 0.14 (Table 17). 
Expected average effort over the entire period is 115% of the effort in 1993. 

4.2.3.4 b 0 . 2 6  policy after a 200 kt quota for 1993 

For this policy this stock risk does not exceed 0.1 in any year (Table 13) and the stock 
risk over the whole period is only 0.12. The expected average catch is 147 kt. The 
probability of not catching 80% of the TAC during 1993 is 0.06, but for 1998 it is only 
0.03 (Table 17). Expected average effort over the entire period is only 87% of the effort 
in 1993. 

5. DISCUSSION 

5.1 Stock assessment 

This year's hoki assessment indicates that data are still relatively uninformative because 
the marginal posterior distribution for Bo obtained using the non-informative prior is 
similar to that obtained last year (i.e. it is still relatively flat). The development of an 
informative prior distribution for the catchability coefficient for acoustic data (91) 
strongly affects the posterior probability distribution for Bo by giving much less 
credibility to Bo > 1.75 mmt. Although this has been considered as part of the baseline 
in this year's assessment, we feel that it may strongly under-estimate uncertainty. For 
example, Equation (1) accounts for the proportion of the total number arriving at the 
acoustic survey area only. The prior for q l  should also include a factor to represent the 
proportion of total west coast spawner biomass surveyed. Because the infonnative prior 
for q l  ignores this and the uncertainty associated with it, the prior probability distribution 
for q l  will be too narrow and may be biased 

5.2 Decision analysis 

The decision analysis results indicate that the risk associated with maintaining a quota of 
150 kt for the west coast stock of ho~ ' for  1993 are minimal. The fishery and stock risks 
are both less than 0.05. The risk to the stock of increasing the TAC to 200 kt in 1993 are 
also minimal. 

Maintaining a constant quota policy of 150 kt results in poorer overall policy 
performance than can be achieved by applying a harvest rate policy. For similar risks to 
the stock and to the fishery, the 150 kt constant quota policy gives poorer catches. For 
example, for the U=0.39 policy with the 150 kt quota in 1993, the risks to the stock and 



the fishery were similar to that for the 150 kt constant quota policy but the expected 
catch is 16% larger (Tables 9, 13, and 17). In addition, for similar catches, the constant 
quota policy results in higher risks - for.example, the U=0.26 policy achieves the same 
average catch as the 150 kt quota policy, but at a stock risk of almost 30% less. Hence, 
the decision analysis results suggest that there are substantial benefits to be had by 
adopting a harvest rate harvest strategy. 

5.2.1 Precision of the estimates of risk 

As stated in the methods section, results in this paper are based on 1000 Monte Carlo 
replicates. Appendix A presents estimates of precision of stock risk for the informative 
prior and the full-stochastic model for each year for the 150 kt constant quota policy as a 
function of the number of Monte Carlo replicates. When 1000 Monte Carlo replicates 
are used, the 95% confidence interval of the estimate lies within 0.02 of the mean. This 
level of precision seems adequate. 

5.2.2 Recruitment variation: half- and full-stochastic models 

A major reason for initiating random recruitment variation from the first year of the 
fishery in the decision model (the full-stochastic model) is that future policy performance 
depends on current and future age structure. Even if the actual size of the current biomass 
is constrained, the percentage of each age class in the population may vary because of the 
large inter-annual variation in recruitment. The current methodology makes no attempt to 
distinguish empirically among alternative possible recruitment series for a given Bo. 
Hence, any recruitment series for a given Bo generated by the current method is 
incorporated into the analysis providing that it does not lead to stock collapse prior to 
1992. To ignore the uncertainty in current age structure and assume that it is 
deterministic for a given Bo up to the present year and then stochastic in the future (half- 
stochastic) may lead to bias in estimates of future policy performance. 

If historic recruitment is assumed to be deterministic, it may be the case that estimation 
procedures based on a deterministic population dynamics model have a higher 
probability of correctly selecting the true state of nature than if historic recruitment is 
assumed to be stochastic. [This has been shown by Punt (1988) for biomass dynamics 
models.] This leads to some problems for feedback policies. This is because risk will be 
under-estimated because one component of uncertainty is reduced (the variability 
associated with estimation). As a consequence, the advantages associated with feedback 
policies will be overestimated. 

Unfortunately, as it is currently formulated, the full-stochastic model occasionally leads 
to discrepancies with respect to the current biomass. This is because, under deterministic 
recruitment, for each Bo there is a single value for the current biomass. Naturally with 
fluctuating recruitment, this does not take place. Simplistically, deterministic and 
stochastic models should have similar expectations for their estimation of policy 
performance indicators. This would occur if the distribution of current biomasses for a 
given Bo resulting from the full-stochastic approach were symmetric about the 



corresponding deterministic value. However, this does not occur in practice for at least 
two reasons. 

1) For low Bo the lower bound for the current biomass is fixed at zero while the 
upper bound is not. As a consequence, the bulk of the values of current biomass 
are above the deterministic value. This could lead to risk being under-estimated 
for low Bo with respect to the deterministic case. 

2) For high Bo, there is no lower bound on the current biomass (except of course for 
zero although this is seldom reached). However, density-dependence in the egg- 
production - recruitment model effectively creates an upper bound so that the 
bulk of the values of current biomass are below the deterministic value. This 
leads to risk being over-estimated for high Bo compared to the deterministic case. 

Thus, neither approach to modelling recruitment variation considered is entirely 
satisfactory and both approaches have disadvantages. The half-stochastic approach, 
while ensuring consistency between the stock assessment and decision models up to the 
year 1992, appears to under-estimate risk especially for harvest strategies which have 
feedback control. The full-stochastic approach does not suffer from this problem, but is 
prone to criticism due to the lack of agreement in estimates of current biomass between 
the stock assessment and decision models. Note that it should not be concluded that the 
half-stochastic approach necessarily provides negatively biased estimates of risk nor that 
the full-stochastic model necessarily provides positively biased estimates of risk. This 
may well be the case, but before it is possible to draw conclusions, further analyses must 
be conducted. 

5.23 Informative vs. non-informative prior 

Comparison of the results obtained using the non-informative and informative prior 
dismbutions indicates that the selection of prior distributions will strongly influence 
results even in future years because the data are expected to remain relatively 
uninformative even if all three data types continue to be collected. From theoretical 
considerations, it would seem that the informative prior approach (baseline selection) is 
in principle better than the non-informative prior approach. However, cognizance needs 
to be taken of the fact that there is uncertainty associated with the specification of the 
prior that has been chosen (in our opinion, the prior is too tight and the mean is positively 
biased). It is thus unclear whether the improvement in the estimation of risk which 
should result from the use of this extra information more than exceeds the ill effects of 
the error in the choice of prior. It would be naive to attempt to second guess such a 
complex effect and clearly it is yet another area that requires further investigation. 

5.2.4 Comparison between the results in this analysis and those of MAF 

Comparison of results between the current analysis and that in Cordue (1992) is difficult 
because Cordue (1992) computes averages over years 1992 to 1997, while in this paper, 
averages are taken over the years 1993 to 1998. Hence, results averaged over the entire 



period are not directly comparable and differences in ~esults mentioned below may be 
partly due to this difference in time horizon. 

Cordue's (1992) results are more pessimistic than the baseline (i.e. informative prior and 
full-stochastic model) results in this paper although the average catches for the different 
harvest strategies are quite similar. Estimates of the probability of not catching 80% of 
the TAC in each year in Cordue (1992) are as much as twice as high as those reported in 
this paper. For example, for the 150 kt constant quota policy, Cordue's estimate of the 
stock risk in 1997 is 0.14, whereas that in Table 13 is only 0.11. 

Cordue's (1992) results are more pessimistic than those reported in this paper despite his 
use of detefininistic recruitment to the present year. It is never simple to conclude why 
outcomes from decision analyses are different, but in this case differences partly result 
because the confidence distribution used by Cordue (1992) has more weight assigned to 
low Bo. Risks increases dramatically as Bo decreases below 1 mrnt [particularly if a 
half-stochastic model such as that of Cordue (1992) is used]. Cordue (1992) reports that 
the confidence distribution has 21% weight below 0.95 mmt, whereas the baseline 
posterior distribution has only 8% weight below 0.95 mmt. The confidence distribution's 
higher weighting of low Bo combined with higher risk values for low Bo for the half- 
stochastic approach (e.g. Tables 12 and 13) probably account for MAF's higher estimates 
of risk. 

5.2.5 Other considerations 

The 1991 commercial catch length-frequency data exhibits a very large spike at a 
relatively small length category, which had not been present in previous years' data. The 
most likely explanation for this is that a very large year class is beginning to recruit to the 
fishable stock. This is also supported by data obtained by MAF on juvenile hoki 
abundance on the Chatham Rise which indicates that one or two strong year classes may 
soon be entering the adult stock. Once recruited, a single year class could contribute to 
the fishery over a period spanning several years. It was not possible to incorporate this in 
the 1992 assessment, because of the short time frame available and the lack .of an agreed 
upon means for generating a time series of recruitment indices. If one or two stronger 
than average year classes are in the process of recruiting to the fishery, the implication is 
that hoki abundance on the fishing grounds will be greater than that estimated by this 
assessment, and so the risks associated with the various harvest strategies have been over- 
estimated. In essence, the outlook for the hoki stock during the next several years may 
be much better than the picture portrayed by this assessment. 
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Table la. The values of the population dynamics model parameters used in the 1991 
and 1992 assessments of hoki. Source: Cordue er al. (1992); Sullivan and 
Cordue (1992). (f=female, m=male). 

Parameter 

Assessment Year 

1991 1992 

"indicates a value which has changed - the rationale for the changes are given in 
Sullivan and Cordue (1992). 



Table lb. Hoki vulnrerability schedule used in the 1991 and 1992 assessments. 
Source: Cordue er al. (1992); Sullivan and Cordue (1992). 

female /male female male 



Table 2. Catch (by mass) of west coast hoki (values for 1992 and 1993 are 
assumed) and proportion of the spawner biomass outside the 25-mile 
fishing boundary (0.54 value is assumed). Source: Sullivan and Cordue 
(1992). 

Year Catch (kt) Proportion Outside 



Table 3. Acoustic indices of abundance and (assumed) CVs. Source: Sullivan and 
Cordue (1992). 

Year Index CV 

Table 4. CPUE indices of abundance and (assumed) CVs. Source: Sullivan and 
Cordue (1992). 

Table 5. Trawl survey indices of abundance and (assumed) CVs. Source: Sullivan 
and Cordue (1992). 

Year Index CV 



Table 6. Posterior probability distributions for current biomass (Bcur), equilibrium 
biomass under an F0.1 harvesting strategy (B0.1) and Yield at Bo 1 
(Yo 1). The columns "Non-inform" and "Inform" contain the marginal 
postkior probabilities for BO obtained from assessments using the non- 
informative and informative priors for ql. Biomass units are '000t. 

Posterior Probability 

Bc, Bo. 1 Yo, 1 Non-inform. Inform. 

* denotes the mode of the probability distribution. 



Table 7. Posterior probability distributions for current biomass (Bcw), equilibrium 
biomass under an Fo. 1 harvesting strategy (Bo. 1) and Yield at Bo 1. The 
column "Posterior" contains the marginal posterior probabilities $or Bo 
(Yo, 1). Biomass units are '000t. The results in taken from the 1991 hoki 
assessment. 

Bo Bcu Bo. 1 YO. 1 Posterior 

* denotes the mode of the probability distribution. 



Table 8. Policy performance under the informative prior for q l  and the half- 
stochastic Model. 

- -- 

Hypothesized Value for Bo 

0.9 mmt 1.5 mmt 2.1 mmt E(x)  

Posterior Probability: 0.57 0.40 0.03 

Policy Indicator 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u a . 3 9  

200 kt 
quota 
in 1993 
then 
U4.39 

200 kt 
quota 
in 1993 
then 
Ud.26 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta Bt 
Learn Bio 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev B0.1 
Delta Bt 
Learn Bio 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt <0.2 Bo 
P(B t <0.2Bo) 
Dev BO.l 
Delta Bt 
Learn Bio 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(B t <0.2Bo) 
Dev BO.l 
Delta Bt 
Learn Bio 
Avg Effort 



Table 9. Policy performance under the informative prior for q l  and the full- 
stochastic Model. 

Hypothesized Value for Bo 

0.9 mmt 1.5 mrnt 2.1 mmt E(x) 

Posterior Probability: 0.57 0.40 0.03 

Policy Indicator 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u=0.39 

200 kt 
quota 
in 1993 
then 
U3.39 

200 kt 
quota 
in 1993 
then 
u a . 3 9  

Avg Yield 
MidBio 
Bt @ Bt <0.2 Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta Bt 
Learn Bo 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta Bt 
Learn Bo 
Avg Effort . 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO. 1 
Delta Bt 
Learn Bo 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta Bt 
Learn Bo 

. Avg Effort 



Table 10. Policy performance under the non-informative prior for ql and the half- 
stochastic Model. 

Hypothesized Value for Bo 

1.0 mmt 2.0 mmt 3.0 mmt E(x) 

Posterior Probability: 

Policy Indicator 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u a . 3 9  

200 kt 
quota 
in 1993 
then 
u4.39 

200 kt 
quota 
in 1993 
then 
u4.39 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt <0.2 Bo) 
Dev BO.l 
Delta Bt 
Learn Bo 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta Bt 
Learn Bo 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta Bt 
Learn Bo 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta B t 
Learn Bo 
Avg Effort 



Table 11. Policy performance under the non-informative prior for ql and the full- 
stochastic Model. 

Hypothesized Value for Bo 

1 .O mmt 2.0 mmt 3.0 mmt E(x) 

Posterior Probability: 0.173 0.453 0.374 

Policy Indicator 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
U4.39 

200 kt 
quota 
in 1993 
then 
u4 .39  

200 kt 
quota 
in 1993 
then 
Ua.26 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta Bt 
Learn Bo 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta Bt 
Learn Bo 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO. 1 
Delta Bt 
Learn Bo 
Avg Effort 

Avg Yield 
MidBio 
Bt @ Bt 4 . 2  Bo 
P(Bt 4 . 2  Bo) 
Dev BO.l 
Delta Bt 
Learn Bo 
Avg Effort 



Table 12. Stock risk by year for the informative prior for q l  and the half-stochastic 
model. 

Hypothesized Value for Bo 

0.9 mmt 1.5 mmt 2.1 mmt E(x) 

Posterior Probability: 0.570 0.396 0.035 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
U 4 . 2 6  



Table 13. Stock risk by year for the informative prior for ql and the full-stochastic 
model. 

Hypothesized Value for Bo 

0.9 mmt 1.5 mmt 2.1 mmt E(x) 

Posterior Probability: 0.570 0.396 0.035 

150 kt 
constant 
quota 

150 kt 
quota 
then 
u4.39 

200 kt 
quota 
then 
u4.39 

200 kt 
quota 
then 
U4.26 



Table 14. Stock risk by year for the non-informative prior for ql  and the half- 
stochastic model. 

Hypothesized Value for Bo 

1.0 mmt 2.0 mmt 3.0 mmt E(x) 

Posterior Probability: 0.173 0.453 0.374 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
U 4 . 2 6  
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Table 15. Stock risk by year for the non-informative prior for q l  and the full- 
stochastic model. 

Hypothesized Value for Bo 

1.0 mmt 2.0 mmt 3.0 mmt E(x) 

Posterior Probability: 0.173 0.453 0.374 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
u a . 3 9  

200 kt 
quota 
in 1993 
then 
U a . 2 6  



Table 16. Fishery risk by year for the informative prior for ql  and the half- 
stochastic model. 

Hypothesized Value for Bo 
-- 

0.9 mmt 1.5 mmt 2.1 mmt E(x) 

Posterior Probability: 0.570 0.396 0.035 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u4.39 

200 kt 
quota 
in 1993 
then 
u4.39 

200 kt 1993 0.036 0.000 0.000 0.005 
quota 1994 0.009 0.000 0.000 0.001 
in 1993 1995 0.017 0.000 0.000 0.002 
then 1996 0.003 0.000 0.000 0.000 
U4.26 1997 0.014 0.000 0.000 0.002 

1998 0.026 0.000 0.000 0.003 



Table 17. Fishery risk by year for the informative prior for ql and the full-stochastic 
model. 

I 
I Hypothesized Value for Bo 

0.9 mmt 1.5 mmt 2.1 mmt E(x) 

Posterior hbability : 0.570 0.396 0.035 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
U 4 . 3 9  

200 kt 
quota 
in 1993 
then 
U 4 . 2 6  



Table 18. Fishery risk by year for the non-informative prior for ql and the half- 
stochastic model. 

Hypothesized Value for Bo 

1.0 rnmt 2.0 mmt 3.0 mmt E(x) 

Posterior Probability: 0.173 0.453 0.374 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
U 4 . 2 6  



Table 19. Fishery risk by year for the non-informative prior for ql and the full- 
stochastic model. 

Hypothesized Value for B, 

1.0 mmt 2.0 mmt 3.0 mmt E(x) 

Posterior Probability: 0.173 0.453 0.374 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
U a . 2 6  



Table 20. Posterior probability on the 'True" simulated state of nature by year for 
the informative prior and the half-stochastic model. 

Hypothesized Value for Bo 

0.9-1.2 mmt l.'35-1.65 mmt 1.8-2.1 mmt E(x) 

Posterior Probability: 0.658 0.294 0.048 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
u a . 3 9  

200 kt 
quota 
in 1993 
then 
U 4 . 2 6  



Table 21. Posterior probability on the "True" simulated state of nature by year for 
the informative prior and the full-stochastic model. 

Hypothesized Value for Bo 

0.9- 1.2 mmt 1.35- 1.65 mmt 1.8-2.1 mmt E(x) 

Posterior Probability: 0.658 0.294 0.048 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u4.39 

200 kt 
quota 
in 1993 
then 
u4.39 

200 kt 1993 0.657 0.293 0.050 0.521 
quota 1994 0.716 0.308 0.077 0.565 
in 1993 1995 0.782 0.308 0.1 10 0.610 
then 1996 0.830 0.306 0.149 0.643 
U4.26 1997 0.859 0.306 0.187 0.664 

1998 0.879 0.300 0.219 0.677 



able 22. Posterior probability on the "True" simulated state of nature by year for 
the non-informative prior and the half-stochastic model. 

Hypothesized Value for Bo 
, 

1 .O- 1.5 m ~ ~ t  1.75-2.25 m ~ ~ t  2.5-3.0 m ~ ~ t  E(x) 

Posterior Probability: 0.290 0.380 0.330 . 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
U 4 . 3 9  

200 kt 
quota 
in 1993 
then 
Ua.26 



Table 23. Posterior probability on the 'True" simulated state of nature by year for 
the non-informative prior and the full-stochastic model. 

Hypothesized Value for Bo 

Posterior Probability: 0.290 0.380 0.330 

150 kt 
constant 
quota 

150 kt 
quota 
in 1993 
then 
u 4 . 3 9  

200 kt 
quota 
in 1993 
then 
U d . 3 9  

200 kt 
quota 
in 1993 
then 
Ud.26 



Table 24. Catch by year for the informative prior for ql and the full-stochastic 
model. 

Hypothesized Value for Bo 

0.9 mmt 1.5 mmt 2.1 mmt E(x) 

Posterior Probability: 0.570 0.396 0.035 

150 kt 
constant 
quota 

150 kt 
quota 
then 
u 4 . 3 9  

200 kt 
quota 
then 
u 4 . 3 9  

200 kt 
quota 
then 
U4.26 



Table 25. Effort by year for the informative prior for ql and the full-stochastic 
model. 

Hypothesized Value for Bo 
- ~ 

0.9 mmt 1.5 mmt 2.1 mmt E(x) 

Posterior Probability: 0.570 0.396 0.035 

150 kt 1993 100 100 100 100 
constant 1994 111 103 100 106 
quota 1995 122 106 101 113 

1996 133 110 103 120 
1997 144 113 105 1 27 
1998 154 117 107 135 

150 kt 
quota 
then 
U4.39 

200 kt 
quota 
then 
u4.39 

200 kt 1993 100 100 100 100 
quota 1994 95 82 8 1 87 
then 1995 90 75 77 80 
U4.26 1996 8 6 77 82 80 

1997 87 8 1 8 8 84 
1998 9 1 85 93 8 8 



APPENDIX A 

The purpose of this Appendix is to report the precision of the estimates of risk (expected 
over all hypotheses) for each year. This is illustrated for the 150 kt constant quota policy 
under the full-stochastic model and the informative prior for ql. 

> 

A bootstrap method to estimate precision. First a 1000 Monte Carlo replicate decision 
analysis was done for a 150 kt constant quota policy. The expected risk Rmyy for each 
year y and Monte Carlo replicate m was calculated and the variance in RmVy among 
Monte Carlo replicates was computed by: 

where N = the total number of Monte Carlo replicates, and Ry = the mean risk for year y 
over the N Monte Carlo replicates: 

The standard error of Ry for each possible number of Monte Carlo replicates, M, was 
then computed by: 

The value for one half of a 95% CI was computed by: 1.96 SE(Ry). Results are reported 
in Table A.1. These results were identical to the results obtained from an alternative 
method which assumes that the proportion of outcomes at each unique value for &, is 
binomially distributed (this latter approach was suggested by Dr. G.R. Shorak, Dept. of 
Statistics, UW, WAY USA who also approved of the approach to estimation of precision 
in Ry above). 



Table A.1. Precision of the estimates of stock risk for each year for a 150 kt constant 
quota policy. "Mean" refers the stock risk over all years. 

- - - -  

0.5(95% CI) 

Year Ry o(Ry) M=20 M=40 M=100 M=500 M=1000 M=5000 

mean 0.168 0.171 0.075 0.053 0.034 0.015 0.011 0.005 



Prior Probability 

q for Acoustic Survey Indices 

Figure 1. Prior for the constant of proportionality for the acoustic indices of 
abundance (41). 
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Population Model (past) 

- apply catch 
- apply natural mod. 
- age population 
- add recruits 

~ o ~ u l a t i o n  Model (Future) 

- apply TAC 
- apply natural mort. 
- aae ~ o ~ u l a t i o n  

I I 

- add recruits 

Observation Model 
- compute expected 

value for each index 
- add observation error 

Harvest Policy Model 
- ap ly policy to results 

of E stimation Model 
- set TAC 

Estimation Model 
- deterministic 

age-sex model 
- compute posterior 

distribution 

Figure 2. Flowchart showing the four major components of the annual management 
process. 



Posterior Probability 

Trawl 

, - -  

Acoustic 

Virgin Biomass (mil. t) 

Figun 3. Marginal posterior probability distributions for Bo obtained using the 
acoustic, CPUE, and trawl data sets .separately and assuming a non- 
informative prior for ql . . 



Marginal Posterior Probability 

0.8 1.2 1.6 2.0 2.4 2.8 3.2 

Virgin Biomass (mil. t) 

Figure 4. Marginal posterior probability distributions for Bo obtained from 
assessments in 1991 and 1992. These assessments are based on all of the 
data and assume a non-informative prior probability for ql .  



Posterior Probability 

Informative Prior 

Noninformative Prior 

Virgin Biomass (mil. t) 

Figurc 5. Marginal posterior probability dismbutions for Bo obtained by assuming 
an infornative and a non-informative prior probabiity on ql. 


