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A Bayesian Version of the NIWA Two-Stock Hoki Model

V Haist, R HilBORN, PJ STARR

Abstract

A Bayesian implementation of the National Institute for Water and Atmospheric Research
(NIWA) hoki (Macruronus novaezelandipmodel (Cordue 1999) is described. This imple-
mentation, termed the UW/Seafic implementation, is based on the documentation and data
provided in Cordue (1999) with minor differences. Overall model fit for the UW/Seafic
model implementation is similar to that reported by Cordue. Differences in model fit occur
primarily in data series that use age composition data from juvenile hoki.

The model estimator was changed from a least-squares formulation to a maximum
likelihood formulation to implement Bayesian methods to describe the posterior distribu-
tions of key parameters. Posterior distributions of the biomass trajectories and their associ-
ated confidence bounds show little effect of the inclusion of data in the model; that is, there
is little attenuation in the width of the confidence bounds over the historical trajectory. This
is interpreted as evidence that the model structure and the assumed bounds impose con-
straints on model output or that the data are not providing much information to the model.

The high penalty weights imposed by the assumption that the survey proportionality
constants should be similar among areas for the same survey type have a large effect on
model biomass estimates. Biomass estimates for the western region hoki are nearly doubled
when these penalty weights are relaxed while the biomass estimates for the eastern region
hoki are about 20% smaller. The sensitivity of important model estimates on an untestable
assumption is a poor attribute for this model.

The authors conclude that the NIWA two-stock multi-area hoki model is unnecessarily
complex and over-parameterized. Insufficient data exist to estimate the nearly 200 model
parameters, and the estimates for most of these parameters are not well determined. The
elaborate model structure allows inclusion of previously omitted data in a fashion consis-
tent with current hypotheses of hoki population dynamics and stock structure. However,
whether these additional data and the increased complexity of the model have improved the
quality and precision of the stock abundance estimates is unclear.

Introduction and movement patterns of the hoki stocks. The model struc-
ture comprises six regions and nine annual time periods.
For the 1998 hokiMacruronus novaezelandipstock Age- and sex-specific migration between regions is mod-
assessment, Cordue (1999) from the National Institute &lted explicitly. This leads to a highly complex model, re-
Water and Atmospheric Research (NIWA) introduced quiring nearly 200 parameters to describe the migration
two-stock, multi-area model specifically designed for asates and the selectivities to the fisheries and to the trawl
sessing New Zealand hoki with the intention of includingurveys.
a large amount of auxiliary data that had previously been There are many useful aspects of the NIWA model: in
unutilized. These modeled dynamics adhere closely garticular, the two-stock structure allows hoki from both
current hypotheses about the life history, stock structutlke eastern and western regions to explicitly occupy the
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Chatham Rise. Catches from this area can be appropriatebt used by NIWA is that we did not specify ageing error
allocated between the stocks, and age-specific trawl surieyhe fit to fishery age-composition data because this as-
abundance data can be used in a consistent fashion. Hoget of the model was not documented in Cordue (1999).
ever, the model structure likely is overly complex and, cofthe NIWA analysis included ageing error assumptions for
sequently, the model is over-parameterized. To condticé otolith based age-composition data, but not for the
analyses using this model, bounds are placed on all mddéX-based age-composition data (P.L. Cordue, NIWA,
parameters and many of the parameter values are at on@/e@fington, New Zealand, pers. comm. 1999),
their bounds after fitting. Whether enough information ex- To compare the UW/Seafic and NIWA implementa-
ists in the data to estimate all the model parameters wittns of the hoki model, we fit our model to the hoki data
sufficient precision for the purpose of the model is uncleaising the least-squares estimator described by Cordue
To investigate properties of the NIWA two-stock mode(1999). As in the Cordue analysis, the model was fit sepa-
we independently coded the model structure using ABtely to the western region CPUE and acoustics data se-
Model Builder software (Otter Research Ltd. 1994) amies because these data sets show contradictory popula-
following the description provided in Cordue (1999). Stodkon biomass trends.
reconstructions were conducted with this model, which we . .
term the University of Washington/New Zealand Seafo\clr@el'hOOd Formulation and MCMC Analysis
Industry Council (UW/Seafic) implementation, using the The values of all independent parameters in the NIWA
data presented in Cordue (1999). The parameter estiméesstock model are constrained within bounds specified
were compared with those reported by Cordue to ascertain each parameter. From a Bayesian perspective, these
that our implementation of the model was consistent wiiounds imply uniform prior distributions for the model
the NIWA implementation. The estimation method was thgarameters. That is, all values within the bounds are equally
reformulated from a least-squares estimation to likelihoogrobable and values outside the bounds have a zero prob-
based estimation in order to use Markov Chain Monte Cadbility. These prior distributions, in conjunction with the
methods (MCMC) to estimate the posterior distributions tkelihood described below, were used to estimate the pos-
the model parameters. The primary purpose of this wdekior distributions of model parametérs.
was to determine to the extent to which the parameter esti-The posterior distributions of the model parameters
mates were a result of information in the data rather thawere estimated using Markov Chain Monte Carlo (MCMC)
result of the priors (i.e., the bounds). simulation (Gelman et al. 1995). The MCMC is a method
for approximating the posterior distribution for parameters
of interest in a Bayesian framework. Markov Chain simu-
Model Implementation lation simulates a random walk in the parameter space that
converges with a stationary distribution that is the joint
Model Structure posterior distribution. The AD Model Builder software
A detailed description of the NIWA two-stock hoki modeimplements MCMC using a version of the Metropolis-
is presented in Cordue (1999). Our version of the modeHastings algorithm (Gelman et al. 1995). The software
implemented as described in that paper with a few miragorithm begins the Markov chain at the maximum of the
changes described in this report. One source of differengmat posterior distribution and uses the inverse Hessian at
is the bounds placed on certain parameters. In our modieé maximum to set an appropriate movement scale for
stock-specific bounds on thg &irgin biomass) parameterthe Markov process.
were not specified; rather a bound of 20,000-5,000,000 Estimation of the joint posterior distribution requires
metric tons (mt) for each stock was used. Bounds on treestimate of the likelihood of the model parameters given
trawl survey proportionality constantg) (were not used, the data observations, whereas Cordue (1999) used least-
whereas the NIWA implementation had region-specifequares estimation. Therefore, we reformulate the weighted
bounds for these constants. Also, a minimum level for tkams of squares function to use likelihood estimation for
maximum exploitation rate in the pre-spawning fisherigke MCMC analysis. An implicit assumption in our ap-
was not specified. Maximum exploitation rates of 0.8 anmoach is that the weightings used by Cordue for each data
0.6 for the pre-spawning season and spawning season fighurce in the least squares function define the appropriate
eries, respectively, were specified as in the NIWA analysis.
Perhaps the most significant difference between tlnlglist of the priors and the estimated posterior distributions is pre-
UW/Seafic implementation of the two-stock model angnted in Tables 5 to 8 for most model parameters.
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relative weightings (i.e., are proportional to the variancetble penalty term associated with average year-class strength
for each data type. and from the four survey types in the penalty term associ-
The weighted sums of squares function for the dasited with the proportionality constants. Note that this for-
observations is (Cordue 1999, Appendix 4) as follows: mulation corresponds with the concentrated likelihood
where the residual variance for all the weighted residuals

SSQy= kZK Wk[ln(xk) - |naak)]z is estimated as
(]
where k = index of all observed values (individual 62 = SSQps+ SSQ+ SSQ -

biomass indices or individual propor- Nops + 6

tions or numbers-at-age and sex),
X, = kth observation This negative log-likelihood formulation was used in
P, = kth predicted value, and the MCMC analysis. One million MCMC simulations were
w, = kth relative weight, respectively. conducted from which 5,000 point estimates were sampled

to approximate the posterior distributions of the depen-

The process for calculating weights for each obsen&ent and independent model parameters.
tion is described in Cordue (1999, page 62). Two “pen-
alty” terms are added to S Qterm so that the model fit
conforms to prior belief about the behaviour of the sys- Model Results
tem. The first is that the average year-class strength {%rasf-s uares Esfimates
each stock, is equal to one (1). The penalty term is 9
The total sums of squares and the sums of squares from
SSQ=m, > (In(YY)? each data source are shown in Table 1 for both the NIWA
sstocks and the UW/SeaFIC implementations of the two-stock

wherestock = {eastern, wester@nd a weightingn, = 5 model. Results are from the model fits to the western re-
was used in the 1998 assessment. The second penalty fgI acoustu_:s_data. The t‘?ta' sums of squ_are_s value for
tion results from the assumption that the proportionali[ e UW/Seafic |m.plementat|0.n of the model is higher than
constants for a given survey method should be similar fOA of the NIWA implementation (37.573 versus 35.273).

the two regions (eastern and western). The penalty terrﬂ— ! Iarge§t difference in the s.ums of squares components
is in the fit to the Chatham Rise (E_HM) Ri@ngaroa

survey data based on MIX ages (6.091 versus 3.856). The
SSQ=m, imméhods[ln(qi’e) B In(q"‘”)]z Chatham Rise R/Mangaroasurvey data are fit twice in
the model: to the MIX-based ages (age classes 1-6+) and
Amatal Explore}, w denotes the western region amd 'to the otolith-based ages (age classes 6-10+ for males and
’ 6-11+ for females). The numbers of fish aged 6 and older

denotes the eastern region. A penalty weight,of one . .
. . higher for the otolith-based than for the MIX-
(1) was used in the 1998 assessment. The objective f ?{Ce- \gher for the otolith-based ages than for the

. L : R ased ages. The ageing error assumption used in the NIWA
tion (f) minimized in the least-squares estimation is then . . .
model implementation seems to allow a better fit to the

f=SSQ, + SSQ+ SSQ. contradictory data from this survey.
The differences in the constraints on virgin biomass,
If we assume that the, are proportional to the vari- trawl survey proportionality constants, and the maximum
ance of observatiok and tham, andm, are proportional spawning season exploitation rates between the two imple-
to the variance in the average year-class strength andrgitations of the two-stock model do not appear to cause
difference in the log of the proportionality constants, tHégnificant differences in the least-squares fits. Our esti-
negative log-likelihood (-In.) of the observations, up tomates for these parameters were all within the constraints
an additive constant, is used in the NIWA analysis. In general, model parameter
estimates that we obtained are similar to those reported by
-INL =0.5 fiyps+ 6) IN §SQys+ SSQ +SSQ) Cordue (1999). The estimated values for a subset of the
model parameters are listed in Table 2 for the NIWA and
wheren,.is the total number of data observations and thBV/Seafic model implementations.
six additional observations result from the two stocks in There is a large difference between the NIWA and UW/

wheremethods ={acoustics, Tangaroa, Shinkai Maru
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TasLe 1. Values of the component sums of squares for all data sources (see Cordue 1999 for a description of the data
sources) and the total sums of squares for the two-stock model fit to the acoustics data series. Results are shown for
the NIWA implementation as presented in the 1998 stock assessment (P.L. SBideWVellington, New Zealand,
pers. comm. 1999) and for the UW/Seafic sums of squares implementation described in this document. Where the
age classes fit for a data source differ between males and females, the last age class for females is shown in
brackets.

Sums of squares

Data source Age classes NIWA UW/Seafig
Western Acoustics 0.9051 0.6562
Eastemn Acoustics 1.2213 1.4324
Southland Trawl 1-2 1.2925 1.3701
Westem spawn season catch 3-11(12) 2.6560 2.0395
Eastern spawn season catch 3-11(12) 1.1965 1.8023
Chatham Rise catch 2-6+ 43141 3.3301
Sub-Antarctic catch 2-6+ 2.1059 2.1303
W_HM Tangaroa Dec 1 0.3813 0.2667
W_HM Tangaroa Dec 2-11+ (12+4) 1.6994 1.6158
W_HM Tangaroa Sep 1 1.0382 1.0661
W_HM Tangaroa Sep 2-13+ (14+) 2.0728 1.9408
W_HM Tangaroa Apr/May 1 0.3253 0.4987
W_HM Tangaroa Apr/May 2-11+ (124) 0.8518 1.1151
W_HM Shinkai Mar/Apr 3-6+ 0.7791 1.1598
W_HM Shinkai Oct/Nov 3-6+ 0.3643 0.7118
W_HM Amaltal Oct/Nov 2-6+ 1.0810 1.1367
W_HM Amaltal Jul/Aug 2-6+ 0.5597 0.4869
E_HM Tangaroa Jan 1-6+ 3.8564 6.0907
E_HM Tangaroa Jan 6-10+ (11+) 1.6063 1.4314
E_HM Shinkai Mar 1-6+ 0.7427 1.1012
E_HM Shinkai July 2-6+ 5.7889 5.4741
E_HM Amaltal Nov/Dec 2-6+ 0.2575 0.2805
Total for all data sources 35.096 37.137
Total including penalty functions 35.273 37573

TasLE 2. Estimates of some model parameters from the NIWA and UW/Seafic two-stock model fits to the acoustics and
CPUE time series. Parameter estimates from the UW/Seafic model implementation are presented for both the sums
of squares and log-likelihood estimation methods. Virgin biomass is in thousands of metric tons (mt).

NIWA UW/Seatfic
Sums of squares Sums of squares Log-likelihood
Model parameter Acoustic CPUE Acoustic CPUE Acoustic CPUE
Virgin biomass — eastern 400 280 396 277 397 276
Virgin biomass — western 1,430 905 1,360 1,062 1,360 1,058
Prop. to south corridor 0.11 0.11 0.70 0.70 0.70 0.70
Prop. in first wave home 0.40 0.40 0.40 0.40 0.40 0.40
Prop. in first spawning wave 0.22 0.10 0.16 0.10 0.16 0.10
Prop. spawning — eastern 0.70 0.70 0.84 0.70 0.84 0.70

Prop. spawning — western 0.70 0.70 0.70 0.70 0.70 0.70
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Seafic estimate for the parameter “proportion to south ctine acoustics data and 0.0403 for the fit to the CPUE data.
ridor,” a parameter for the proportion of western juvenil€he standard deviations (SDs) for the various data series
hoki that migrate around the south end of the South Islaceh be estimated conditionally on the assumption that the
to the Chatham Rise rearing grounds. The NIWA estimatdative weights for the data observatiomg énd the pen-
for this parameter is 0.11 compared with the UW/Seafadty weights n,, m) are proportional to the true variance
estimate of 0.70 (Table 2). Although the difference betweehtheir respective quantities. The ratio of the estimated
these estimates is large, the degree of difference is notresidual variance to the relative weighting is then an esti-
flected in the estimates for other key parameters suchnaate of the variance for each quantity. The SDs (square
B,. This implies that differences in this parameter are nwiot of the variances), based on the average relative weights
crucial to the behaviour of the overall model and are likelgr each data series, are shown in Table 3. The values for
not crucial to the estimates of the derived parameterstioé data observations range from 0.20 for the acoustics
management importance for these stocks. This differerdaa to 1.62 for the eastern pre-spawning season fishery
has been highlighted as an example of the high level(@hatham Rise) age-composition data. For the penalty
unnecessary complexity in the NIWA model. If the routkinctions, the implied SD for the average year-class
that juvenile hoki use to migrate to the Chatham Rise dagsength equalling one is 0.091, and the SD is 0.203 for
not affect model fit and parameter estimates, it may bee equivalence of the survey proportionality constants.
better to remove this part of the model structure. The squared residuals, averaged by age class and sur-
- . . vey, are presented in Table 4. In general, the magnitudes of
Likelihood-Based Estimates and MCMC Ano|y5|s the mean-squared residuals are lower for older age classes.
The estimated residual variance for the weighted mglean-squared residuals are particularly high for ages 1 and
siduals 62) is 0.0413 for the likelihood estimation fit t@. The largest individual residuals are generally from very

TasLe 3. The average weighting for data observations in each survey sgria®(aged over all observations in the series)
and the implied average SD for the data series.

Average

weight per data Estimated
Data source observation SD
Westemn Acoustics 1.0 0.2033
Eastem Acoustics 1.0 0.2033
Southland Trawl 0.075 0.7423
West. pawn season catch 0.0263 1.2531
East pawn season catch 0.0158 1.6178
Chatham Rise catch 0.04 1.0164
Sub-Antarctic catch 0.04 1.0164
W_HM Targaroa Dec (ge 1) 0.0435 0.9749
W_HM Targaroa Dec 0.0435 0.9749
W_HM Targaroa Sp (age 1) 0.037 1.0563
W_HM Targaroa Sp 0.037 1.0563
W_HM Targaroa Ar/May (age 1) 0.0435 0.9749
W_HM Targaroa Aor/May 0.0435 0.9749
W _HM Shinkai Mar/Aor 0.125 0.5749
W _HM Shinkai Oct/Nov 0.125 0.5749
W_HM Amaltal Oct/Nov 0.1 0.6428
W_HM Amaltal Jul/Ag 0.05 0.9091
E_HM Targaroa Jan (MIX) 0.0461 0.9467
E_HM Targaroa Jan (otolith) 0.0474 0.9340
E_HM Shinkai Mar 0.0833 0.7042
E_HM Shinkai Ju} 0.05 0.9091
E_HM Amaltal Nov/Dec 0.1 0.6428
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TaBLE 4. Estimates of the mean squared residuals—)(—lgn(n(Pk))z—averaged within age class and survey, from the two-
stock model analysis fit to the western acoustics data series. Legend: W — western home ground; E — eastern home
ground; T — R/VTangaroa SM — M/V Shinkai Mary AE — M/V Amaltal Explorer

Mean-squared residual by age class Survey
Survey 1 2 3 4 5 6 7 8 9 10 11 12 13 mean
E T Jan (MIX) 168 201 0.76 165 173 1.14 1.50
E T Jan (otolith) 0.40 0.56 0.31 0.31 0.89 0.49
E SM 1.29 361 082 0.15 0.10 0.64 1.10
Southland Trawl 1.70 0.56 1.13
W SM Mar/Apr 241 147 020 0.56 1.16
W T Apr/May 0.80 0.25 0.09 251 0.22 042 0.32 0.53 0.05 0.76 0.60
E SM Juy 5159 1.02 158 0.05 0.50 10.95
W AE Jul/Aug 201 063 211 0.09 0.02 0.97
WT Se 11.27 3.10 190 092 0.63 032 041 0.37 0.23 0.29 0.49 0.64 2.10
E AE Nov/Dec 040 0.14 005 0.01 o0.81 0.28
W SM Oct/Nov 1.33 0.02 001 149 0.71
W AE Oct/Nov 0.67 0.07 0.61 092 0.62 0.58
W T Dec 095 146 055 0.26 0.22 055 041 0.65 0.37 0.36 0.60
Chatham Rise catch 0.19 411 160 093 0.36 1.44
Sub-Antarctic catch 042 215 0.13 117 0.29 0.83
West awn catch 1.03 051 030 0.22 0.17 0.36 0.22 0.31 0.19 0.40
East pawn catch 0.83 112 067 041 061 064 0.15 0.21 0.21 0.55
WT Dec 1.01 1.01
W T Apr/May 2.88 2.88
WT Sep 14.39 14.39
Mean — all data series 239 270 135 092 0.82 0.46 0.44 0.44 0.28 0.37 0.27 049 0.64 0.90
Western Acoustics 0.08
Eastern Acoustics 0.19

small observations. For example, the observed and predicisdvould be expected given the penalty function on these
values for the number of age 2 males in the 1992 Riwodel parameters. This penalty function has a large effect
Tangaroasurvey in the western home grounds are 0.00b6 constraining the model fits, so an MCMC analysis with
and 0.2189, resulting in a squared residual of 23.97.  a lower penalty weight on this function was conducted. A
Posterior distributions for the time-trajectories openalty weight of 0.1 was used, which corresponds with an
spawning stock biomass (SSB) and relative year-clasgplied SD of 0.643 for this sensitivity analysis.
strength (YCS) are summarized by medians and 80% prob-With a high penalty weight on the proportionality con-
ability intervals (Figs. 1-3). The wide uniform distribustants, the paired eastern and western values tend to be
tion of the posterior for the spawning stock biomass, whicjuite similar. However, with a lower penalty weight, this
does not attenuate through the trajectory period, suggestttern changes markedly (Fig. 4). Tgealues from the
that little information is gained from all the acquired dathree survey vessels and the acoustics survey are gener-
as it is incorporated in the late 1980s and early 199@dy higher for the eastern region than for the western re-
However, the range in the spawning stock biomass for tien. This results in significantly higher biomass estimates
early years of the analysis is likely restricted because (&SB) for the western region and slightly lower biomass
the model assumption that the stocks are in determinisgtgtimates for the eastern region (Fig. 1). The uncertainty
equilibrium in the initial year and recruitment continuem current SSB increases for the western region and, some-
to be deterministic up to the 1975 year-class. what counter-intuitively, decreases for the eastern region.
Correlations between the eastern and western propor-The posterior distributions of model parameter values,
tionality constants for each survey method (Fig. 4) are higlg estimated from the 5,000 MCMC samples, are shown
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Western Region - low q penalty

Ficure 1. Median, 10 percentile, and 90percentile of the MCMC distribution and the mode of the posterior (MPD) of
spawning stock biomass for the eastern and western region fits to the acoustics data for high and low penalty
weights on the survey proportionality constaps (

in tabular form in Tables 5 to 8. The results presented ammposition data from these fisheries has a plus group that
from the fit to the western acoustics data with the higilggregates fish aged 6 and older. Hence, there is probably
penalty weight on the proportionality constant penalfittle information in the data to estimate age-specific se-
function. The equivalent parameter estimates were ugeetivity for the older age classes.
ally similar for the MCMC simulations, with the low pen-  The posterior distributions of selectivity and maturity
alty weight on the proportionality constants for the regarameters for age 2 and age 3 hoki in the eastern region all
sons described in the following paragraph. contain most of their density at one of their bounds (Fig. 5).
In general, the posterior distributions of model pararthis would suggest that either the priors (i.e., bounds) are
eters either tend to be similar to their priors (i.e., uniformappropriate or that the model is misspecified in some way.
within the bounded range) or they tend to contain mostedr the western region, posterior distributions of these pa-
their density at one of their bounds. For example, the poameters are more similar to their priors (Fig. 6). The differ-
terior distributions of the pre-spawning season fishery snce in the form of the posterior distributions between the
lectivity parameters for age classes 6 and older are simil&o regions may result from the higher complexity in the
to their priors. This is not surprising, given that the ageiodel structure for the western stock. With the current model
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Ficure 3. Distribution of relative year-class strengths from
MCMC samples for the western and eastern hoki
regions. Results are from the fits to the west coast
acoustics data using high penalty weights for the
survey proportionality constantg)(

stock because the number of fish in a specific region that
are vulnerable to the fishery or to the trawl survey gear, or
which can potentially mature, is dependent on the total mi-

rior (MPD) of spawning stock biomass (SSB) fogration parameters that determine the distribution of a year-

the eastern and western region fits to the CPUHass at any time.
data (high penalty weights on the survey propor-

tionality constantsd]).

Discussion and Conclusions

structure, eastern stock larvae recruit to the northern coflite UW/Seafic implementation of the two-stock multi-
dor, and migrate from there to the eastern home grouadea hoki model differs from the NIWA implementation
Mature eastern stock hoki migrate annually from the eat-some respects, most notably in that the ageing error pa-
ern home ground to their spawning ground. Larvae frorameterization was not included. The documentation of
the western stock recruit to both the northern and the soutie NIWA model is clear and comprehensive (Cordue
ern corridors and migrate from these two areas to the ed$199); however, there may be additional minor differences
ern home ground. From the eastern home ground they hdtween the two implementations. The impact of the model
grate to the western home ground and mature fish in tHifferences appears to be negligible as parameter estimates
area annually migrate to the spawning ground. Thus, théx@m the two implementations are very similar. The au-
are substantially more parameters estimated that desctilm's believe that the aspects of model behaviour investi-
the age-specific migration rates of western stock hoki kgated and described in this manuscript are not affected by
tween these regions. This is likely to cause greater undbese small differences in model implementation.

tainty in some of the parameter estimates for the westernWe believe that the NIWA two-stock multi-area hoki

Text continues page 16
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Ficure 5. Prior (points) and posterior (bars) probability distributions of selected age 2 and age 3 model parameters for the
eastern hoki region/stock.
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Ficure 6. Prior (points) and posterior (bars) probability distributions of selected age 2 and age 3 model parameters for the
western hoki region/stock.



12 / Haist et al.

TasLe 5. The uniform priors (i.e., bounds) and posterior distributions of model parameter values from MCMC samples of
the NIWA two-stock model fit to the acoustics data series (see Cordue 1999 for a description of model parameters).

Proportion ofMCMC simulations in range
Stock >0.1 >02 >03 >04 >05 >06 >07 >08 >0.9
Parameter -age Bounds <0.1 <02 <03 <04 <05 <06 <07 <08 <09 <1.0

n_nurs 1 0.01-1.0 001 003 013 020 016 009 006 005 0.27

2 0310 054 015 009 005 005 004 0.09
s_nurs 1 0110 046 023 015 010 004 002

2 0310 027 018 018 015 013 007 0.02
p_south 0.1-0.7 052 022 010 005 004 0.8
wave_hm 0.05-0.4 001 006 093
hm_og 1 00503 031 012 057
- male 2 0104 075 014 0.11

3 0205 013 021 065

4 0306 056 021 023

5 0407 052 021 027

6 05-0.8 041 022 037

7 0609 039 021 040

8 1.0 1
hm_og 1 00503 079 020 001
-female 2 0104 001 098 001

3 0205 0.76 013 0.1

4  03-06 080 013 0.07

5 0407 069 017 0.14

6 0508 055 021 024

7 0609 045 022 033

8 1.0 1
wave_sp 0.1-0.7 070 018 008 003 001 001
spawn_p E  07-1.0 067 020 0.12

W 0.7-1.0 0.96 0.03
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TasLe 6. The uniform priors (i.e., bounds) and posterior frequency distributions of model parameter values from MCMC
samples of the NIWA two-stock model fit to the acoustics data series (see Cordue 1999 for a description of model

parameters).

Proportion of MCMC simulations in range
Sex/st/ >0.1 >0.2 >03 >04 >05 =06 >0.7 >08 >09
Parameter age Bounds <0.1 <0.2 <03 <04 <05 <06 <07 <08 <09 <10

mat_og 1 00504 024 021 018 0.37
-Em 2 0.1-0.6 084 012 003 001 001
3 0.3-1.0 062 018 009 005 003 002 002
4 0.4-1.0 038 015 012 010 010 015
5 0.6-1.0 028 015 018 0.38
6 0.7-1.0 039 022 039
7 0.9-1.0 1
mat_og 1 00504 025 021 018 0.36
-Ef 2 0.1-0.6 1.00
3 0.3-1.0 0.94 005 001
4 0.4-1.0 064 015 008 005 003 004
5 0.6-1.0 027 017 018 0.39
6 0.7-1.0 038 023 039
7 0.9-1.0 1
mat_og 1 00508 017 012 010 009 010 009 011 023
-Wm 2 0.1-1.0 002 004 006 007 009 010 011 014 036
3 0.3-1.0 007 005 007 008 012 017 044
4 0.4-1.0 011 009 010 013 016 041
5 0.6-1.0 027 016 018 0.39
6 0.7-1.0 039 020 041
7 0.9-1.0 1
mat_og 1 0.05-0.3 030 027 043
“Wf 2 0.3-1.0 017 011 011 011 012 012 026
3 0.3-1.0 007 006 007 010 012 015 043
4 0.4-1.0 012 008 009 011 016 044
5 0.6-1.0 036 017 016 0.31
6 0.7-1.0 045 022 032
7 0.9-1.0 1
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TasLe 7. The uniform priors (i.e., bounds) and posterior frequency distributions of trawl survey selectivity parameters from
MCMC samples from the NIWA multi-stock model fit to the acoustics data series (see Cordue 1999 for a descrip-

tion of model parameters).

Proportion ofMCMC simulations in range
>0.1 >0.2 >0.3 >04 >05 >0.6 >0.7 >0.8 >0.9 >1.0 >1.1
<=0.1x=0.2 <=0.3 <=0.4 <=0.5<=0.6 <=0.7 <=0.8 <=0.9 <=1.0<=1.1 <=1.2

Region Age Bounds
E-m 1 0.01-02 1.00
2 0305 0.82 0.18
3 0307 0.01 0.04 015 0.81
4 04-1.2 0.13 0.1 012 0.12 011 041 041 0.20
5 0512 044 0.16 011 0.08 006 0.05 0.09
6 0.6-1.2 044 017 011 0.09 007 0.11
7 07-12 024 014 014 0.16 031
8 0.7-1.2 033 016 013 014 0.24
9 0812 060 0.17 011 0.12
E-f 10 1.0 0.53 0.47
1 0.01-02 1.00
2 03-05 0.87 0.13
3 0.3-07 0.02 0.11 0.86
4 04-1.2 036 018 0.13 010 0.06 0.05 0.04 0.07
5 05-1.2 029 0.16 013 0.11 009 0.09 0.13
6 0.6-1.2 032 015 012 012 011 o0.18
7 07-12 0.15 011 013 0.18 044
8 0.7-1.2 0.14 0.0 0.13 0.17 045
9 0812 0.21 014 020 045
W-m 10 0.8-1.2 0.26 0.16 0.19 0.39
1 0.01-02 0.15 0.85
2 0305 0.67 0.33
3 0.3-07 0.21 0.5 0.17 047
4 04-1.2 0.17 015 0.13 013 0.12 0.09 0.08 0.13
5 0512 0.07 0.05 006 008 0.09 0.12 053
6 0.6-1.2 0.62 0.17 0.09 005 0.04 0.03
7 0712 0.38 0.18 0.13 0.11 0.20
8 0.7-1.2 033 0.16 014 013 0.24
9 0812 039 018 0.16 0.26
10 1.0 0.52 0.48
W-f 1 0.01-02 0.18 0.82
2 0305 0.36 0.64
3 0.3-07 0.09 0.15 0.21 056
4 04-1.2 0.04 0.04 005 0.06 0.08 010 0.14 049
5 05-1.2 0.04 0.05 007 009 011 0.16 0.49
6 0.6-1.2 036 0.16 013 011 0.09 0.15
7 07-12 026 0.15 014 015 031
8 0.7-1.2 0.15 0.11 014 0.18 043
9 0812 0.28 0.17 0.18 0.36
10 0.8-1.2 021 016 020 0.42
southern corridor
m 1 01-12 0.08 010 0.11 012 0.12 011 0.09 0.08 0.06 0.06 0.07
m 2 0112 0.01 0.03 006 009 011 0.12 0.12 012 012 011 o011
f 1 0112 0.08 015 020 0.13 010 0.11 0.07 0.11 0.05
f 2 0112 0.02 0.04 008 0.09 011 0.13 012 011 011 010 0.09
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TasLe 8. The uniform priors (i.e., bounds) and posterior frequency distributions of pre-spawning season fishery selectivity
parameters from MCMC samples from the NIWA multi-stock model fit to the acoustics data series (see Cordue

1999 for a description of model parameters).

Proportion of MCMC simulations in range
>0.1 >0.2 >0.3 >04 >05 >0.6 >0.7 >0.8 >0.9 >1.0 >1.1 >1.2 >1.3
Region Age Bound <0.1 <0.2 <0.3 <0.4 <0.5 <0.6 <0.7 <0.8 <09 <10 <1.1 <12 <1.3 <1.5

E-m 1 0.01-0.05 1.00
2 0.01-05 0.99
3 0110 0.01 0.02 0.05 0091
4 04-15 001 001 002 003 005 0.07 010 0.71
5 0.6-15 0.01 001 001 0.02 0.04 007 011 0.73
6 0.7-15 0.09 0.07 006 007 0.08 010 053
7 07-15 022 011 009 008 0.08 0.09 0.33
8 0814 025 012 011 011 0.12 0.28
9 009-1.2 0.40 0.22 0.38
E-f 1 0.01-0.05 1.00
2 0.01-05 0.01 0.99
3 0110 0.01 0.02 0.05 0.90
4 04-15 001 001 002 003 004 0.05 0.08 0.75
5 06-15 001 0.02 002 0.04 006 0.10 0.76
6 0.7-15 0.09 0.06 006 007 0.08 010 0.54
7 07-15 025 011 009 008 0.08 0.08 0.32
8 0814 025 011 010 0.09 010 0.35
9 0814 028 013 010 0.11 0.1 0.26
10 0.8-1.2 0.29 016 0.17 0.37
W-m 1 0.01-0.05 1.00
2 0.01-05 0.34 022 007 0.06 031
3 0110 0.02 0.03 005 005 0.07 0.09 015 0.54
4 04-15 001 001 002 003 006 0.09 011 0.65
5 06-15 001 001 003 003 005 0.09 011 0.66
6 0.7-15 0.26 0.12 009 0.08 0.09 0.08 0.30
7 0.7-15 0.20 0.10 0.08 0.08 0.08 0.09 0.37
8 0814 0.27 013 012 0.11 0.12 0.26
9 009-1.2 0.40 0.22 0.38
W-f 1 0.01-0.05 1.00
2 0.01-05 0.04 011 0.19 0.66
3 0110 0.01 0.02 002 003 0.05 0.07 013 0.66
4 04-15 0.01 001 001 0.02 0.02 003 004 0.07 0.09 0.69
5 06-15 0.03 002 004 004 0.05 0.07 010 0.65
6 0.7-15 026 0.11 009 0.08 0.08 0.09 0.30
7 0.7-15 0.24 0.10 009 0.08 008 0.09 0.33
8 0814 0.28 012 0.10 0.08 0.09 0.33
9 0814 028 012 011 011 012 0.26

0.8-1.2 0.33 0.17 0.16 0.34

=
o
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model is unnecessarily complex and is over-parameter- The penalty function for the equality of the propor-
ized. Insufficient data exist to estimate all model parartienality constants between the eastern and western regions
eters and the estimates of most of the parameters arehast a significant impact on the estimates of stock abun-
well determined. This elaborate model structure allows tHance. When the penalty weight on this function was de-
inclusion of data that had previously not been fit in hokreased from the value used in the 1998 stock assessment
stock assessment models. However, whether these afli) to a value of 0.1, the biomass estimates for the west-
tional data and the increased complexity of the model haara stock increased by approximately 100% and the esti-
improved the quality and precision of the stock abundantmtes for the eastern region decreased by approximately
estimates is unclear. 20%. Although the posterior distributions of spawning
High residual variances for the model fits to age clastock biomass were wider for the western region with the
1 and age class 2 data (mean-squared residuals of 2088r penalty weight, these distributions were narrower
and 2.70, respectively) suggest that little information fer the eastern region, suggesting a more consistent fit to
gained by their inclusion in the model. These data m#ye data for that stock. This penalty function clearly has a
contribute more noise than signal with respect to the retagnificant impact on the assessment and should therefore
tive year-class strengths. If these data were excluded frbomexamined in greater detail in future assessments. For
the model fit, two of the regions (the northern and soutimstance, it may not be realistic for the proportionality con-
ern corridors) and their associated migration parametstants to be similar in the different areas: the size and type
would be eliminated from the model structure. A moref bottom may be very different between areas or the
parsimonious model may lead to greater precision in gaehaviour of acoustic methods may differ considerably
rameter estimates. between Cook Strait and the west coast South Island. The
Posterior distributions of model parameter values teedtreme sensitivity of important model estimates on an
to be either similar to their priors (i.e., uniform within theintestable assumption is a poor attribute for such a model.
bounded range) or aggregated at one of their bounds. Nei-
ther of these conditions is satisfactory. A posterior distri- References
bution that is similar to its prior distribution suggests the o ] ] o
data provide little information to alter the value of the pé:_ordue, P.L. 1999. MIAEL estimation of blomass and fishery indi-
cators for the 1998 assessment of hoki stocks. New Zealand
rameter. Posterior distributions that are dense at one ex- Fish. Assess. Res. Doc. 99/1. 64p.
treme of the prior suggest that the bounds have excludegman, A, J. B. Carlin, H. S. Stern, and D.B. Rubin.1995. Bayesian

. .. Data Analysis. Chapman and Hall, London.
plausible values of the parameter or that the mOdeldﬁer Research Ltd. 1994. An introduction to AD Model Builder for

misspecifiedn some way. use in nonlinear modeling and statistics. Otter Research Ltd.,
Nanaimo, B.C.
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