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Abstract 

This working paper reports results of the revised stock assessment for north Pacific blue shark using 
a state-space Bayesian surplus production (BSP2) model.  In this assessment, five CPUE indices, Japan 
offshore shallow longline CPUE for 1976 to 1993 (JE), Japan offshore and distant water logline CPUE for 
1994 to 2010 (JL), Hawaii deep-set longline CPUE (HW), SPC longline CPUE (SP) and Taiwan large-scale 
longline CPUE (TW), were used to account for a full range of uncertainties associated with stock 
dynamics.  Catch data for the assessment period, 1971-2011, were used.  In this assessment, eight 
reference cases were set up, such that the model was fitted to either each of four indices alone (JL_Ref, 
HW_Ref, SP_Ref and TW_Ref) or the combination of one of the four with JE index (JEJL_Ref, JEHW_Ref, 
JESP_Ref and JETW_Ref). 

Model fits in posterior mode estimation were not good for HW, SP and TW CPUE indices regardless 
of using these indices alone or in combination with JE index, while model fits for both JE and JL indices 
were quite good.  This is probably due to inconsistency of trends between catch and these three indices.  
Across all the eight reference cases examined, model convergences were all fairly well. 

The four single-index cases (JL_Ref, HW_Ref, SP_Ref and TW_Ref) resulted in vague posterior 
distributions with long tails for key parameters and stock dynamics with almost no trend detected and 
extremely wide confidence limits.  Thus, we concluded valuable that insight about the stock dynamics 
and status for north Pacific blue shark could hardly be drawn from results of JL_Ref, HW_Ref, SP_Ref and 
TW_Ref cases, and decided that only the other four cases (JEJL_Ref, JEHW_Ref, JESP_Ref and 
JETW_Ref) should be examined further in sensitivity analyses and future projections. 

Although assessment results were different among JEJL_Ref, JEHW_Ref, JESP_Ref and JETW_Ref, 
with respect to median estimates, they generally produced similar stock status and future projections. i.e., 
the stock biomass of north Pacific blue shark was well above the biomass at maximum sustainable yield 
(Bmsy), and the fishing rate in 2011 was well below Fmsy.  However, for reference cases and the related 
sensitivity runs for JEHW_Ref, JESP_Ref and JETW, 90% confidence intervals for B2011/ Bmsy  and F2011/ 
Fmsy were considerably wide. 

Under both status quo constant catch and F harvest policies, the median stock biomass of blue shark 
will remain stable and above Bmsy level throughout the projection time horizon with high probabilities.  
Similarly, future median fishing mortality will remain well below Fmsy. 

Given the better model fit to the data and narrower confidence limits for key assessment parameter 
estimates, it can be considered that the result from JEJL_Ref case would be most plausible to represent 
the stock dynamics and status for north Pacific blue shark. 

The results of this revised assessment using the BSP2 model mostly suggest optimistic stock status 
for north Pacific blue shark with respect to median estimates even though alternative choices of CPUE 
indices were used to account for a full range of uncertainties about stock dynamics.  However, some 
uncertainties about stock status were still recognized in some reference cases and the related sensitivity 
runs.  Considering this together with potential uncertainties associated with catch data estimates used, 
biological and demographic parameters, and model structures, a decisive final conclusion on stock status 
for north Pacific blue shark should be carefully drawn from examination and discussion of outcomes from 
multiple assessment approaches (i.e., BSP2 and SS assessment) in the ISC Shark Working Group. 
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1. Introduction 

The Western and Central Pacific Fisheries Commission (WCPFC) Scientific Committee Ninth 
Regular Session (SC9) reviewed and discussed results of the stock assessment using Bayesian 
surplus production (BSP) model for north Pacific blue shark conducted by the International Scientific 
Committee for tuna and tuna-like species in the North Pacific Ocean (ISC) Shark Working Group 
(SHARKWG) (ISC SHARKWG 2013b).  In the discussion, concerns were raised about the assessment 
results using limited alternative CPUE indices only and a need to consider a full range of 
uncertainties in the data inputs was noted.   Consequently, SC9 could not reach consensus on which 
CPUE indices best reflected changes in the relative abundance of north Pacific blue shark and 
recommended ISC SHARKWG that a revised assessment be presented to SC10 in 2014 (WCPFC 
2013). 

This working paper reports results of the revised stock assessment for north Pacific blue shark 
using the BSP model.  In this revised assessment, five different CPUE indices were used to fit the 
model to account for a full range of uncertainties about stock dynamics associated with alternative 
index choices.  These CPUE indices were reviewed and discussed in the ISC SHARKWG workshop in 
January 2014 (ISC SHARKWG 2014).  For this revised assessment, standardizations of CPUE data 
were improved and catch estimates for Japanese and Taiwanese fleets were revised.  Details of 
revisions of CPUE standardizations, CPUE indices and catch data are described in ISC SHARKWG 
(2014). 

 

2. Data used 

2.1.1 Catch data 

Catch data were revised from those used in the 2013 stock assessment.  Details of the data 
revision and agreements on the data were described in ISC SHARKWG (2014).  Thorough general 
review and description of catch data for north Pacific blue shark can be found in the 2013 
assessment report (ISC SHARKWG 2013b).  The catch data used in this assessment were shown in 
Figure 1.  These catch data were provided to member scientists in an MS-Excel formatted file named 
“Blue shark catch data updated through 2012 as of Jan 24 2014.xlsx” by the ISC SHARKWG chair 
(Suzanne Kohin, NMFS/SWFSC, La Jolla, CA. USA). 

 

2.1.2 Standardized CPUE index data 

In this stock assessment for north Pacific blue shark, five abundance indices, Japan offshore 
shallow longline CPUE for 1976 to 1993 (Japan early period, JE), Japan offshore and distant water 
logline CPUE for 1994 to 2010 (Japan late, JL), Hawaii deep-set longline CPUE (HW), SPC longline 
CPUE (SP) and Taiwan large-scale longline CPUE (TW), were used to account for a full range of 
uncertainties about stock dynamics (Table 1 and Figure 2).  Detailed descriptions and characteristics 
of these indices can be found in ISC SHARKWG (2014).  All the five CPUE indices were standardized 
through statistical modeling to estimate year trends of relative stock dynamics for the blue shark.  
The model was fitted to the index(ices) either by alone (JL, HW, SP or TW) or by the combination of 
each of the four with JE index (Table 1 and also see below). 

 

3. Model Description 
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3.1 Bayesian surplus production model 

The ISC SHARKWG decided to use a Bayesian surplus production (BSP) model (ISC SHARKWG 
2013a) and chose the BSP2 software developed for ICCAT (McAllister and Babcock 20061).  A state-
space version of the BSP model that incorporates stochastic process error in the stock dynamics was 
used, thereby allowing a more thorough accounting of uncertainty in estimates of stock biomass, 
future projections, and deviations as compared to a deterministic BSP model (Stanley et al. 2012).  
BSP2 takes a Bayesian parameter estimation approach in which the posterior distribution of key 
parameters given data is obtained from the likelihood of the data and the prior distribution of the 
data using Bayes theorem (McAllister and Babcock 2006).  Using the priors enables the model to 
incorporate existing information and expert judgments.  BSP2 approximates the posterior 
distribution applying the Sampling Importance Resampling (SIR) algorithm.  The software fits either 
a Schaefer or Fletcher/Schaefer production model to time-series of catch and indices of abundance 
(standardized CPUE indices) with CV (coefficient of variation).  The Schafer surplus production 
model is expressed as (Prager 1994): 
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where r is intrinsic rate of increase, K is carrying capacity, Bt is biomass at time t, and Ft is fishing 
mortality rate at time t.  In the Schaefer model, the biomass that produces maximum sustainable 
yield (Bmsy) is one half of K.  

A generalized version of the model which allows Bmsy/K to vary includes a shape parameter, n, 
as well as the additional parameter m (maximum sustainable yield, MSY) (Fletcher 1978): 
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At n=2, the inflection point occurs at 0.5K and this model is identical with the Schaefer model 
(Prager 2002).  This model predicts near-infinite rates of surplus production per capita as abundance 
decreases to low levels when n ≤ 1 (i.e., Bmsy/K ≤ 1/e) (Quinn and Deriso 1999, Prager 2002).  
BSP2 has been adapted to provide a more realistic production model by fitting a synthesis of the 
Fletcher and Schaefer models that can take on reasonable values of r at all inflection points (called 
the Fletcher-Schaefer model) (McAllister and Babcock 2006).  For n > 2 the original Fletcher model 
as in Eq. 2 applies.  For n < 2 and Bt/Bmsy > 1 the Fletcher model also applies.  For n < 2 and Bt/Bmsy 

                                                            
1 The current available software manual of the BSP model (McAllister and Babcock 2006) does not fully explain input 
parameters, model options and outputs for a state-space version of the BSP model, although it is still useful to learn 
how to run the software. The ISC Shark Working Group held a three-day workshop in Yokohama, Japan in November 
2012 during which Dr. Murdoch McAllister demonstrated how to run the state-space BSP model software. 
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≤ 1 the functional Schaefer model as in Eq. 1 applies, where K is replaced with h=2 K, and  is 
from Eq. 4. 

A state-space version of the BSP model that incorporates lognormal deviates from total annual 
stock biomass predictions as described in Stanley et al. (2012) was used: 

(5)                   211
2

111

2

exp p

ttttK
r

ttt BFBrBBB
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where the prior probability distribution for the process error term is given by  2,0~ pt Normal  . 

 

3.2 Reference case specifications and input parameter settings 

Data and initial conditions for eight reference cases are summarized in Table 1 along with the 
agreements at the January 2014 ISC SHARKWG meeting (ISC SHARKWG 2014).  Biological and 
demographic assumptions made to setup the model were described in ISC SHARKWG (2013b), and 
are found in Table 1. 

Although model setup was determined through SHARKWG consensus at the January 2014 
meeting, the choice of one input parameter value was subsequently changed as a result of 
exploratory model tuning.  It was determined that the standard deviation (SD) of 0.07 for stock 
dynamics process error gave better model fits to the data in posterior mode estimation by some 
preliminary BSP2 model runs conducted to examine the relationship between SD for the process 
error, CV(s) for CPUE index(ices) and model fits.  Thus, SD for the process error was changed from 
the original choice of 0.05 to 0.07 in this assessment. 

The ISC SHARKWG agreed to use five abundance indices (JE, JL, HW, SP and TW CPUE indices) 
for investigating a full range of uncertainty about stock dynamics of north Pacific blue shark (ISC 
SHARKWG 2014).  In this assessment, we set up the eight reference cases that the model was fitted 
to either each of four indices (JL, HW, SP and TW) alone or the combination of one of the four with 
JE index (Table 1). 

CV for each CPUE index was determined as follows.  Assuming that the CV for each index was 
constant across years, the CV value was repeatedly adjusted (iterative reweighting) with an initial 
value of 0.20 until the ratio of the input CV to the empirical model fit (output) CV ranged 
approximately between 1.1-1.5, while SD of the process error for stock dynamics was fixed at 0.07, 
to account for uncertainty model parameters and allow for efficient important sampling (M. 
McAllister, pers. comm.). 

As in the assessment in 2013 (ISC SHARKWG 2013b), the initial and terminal years of 
assessment were set to 1971 and 2011, respectively. 

 

3.3 Specifications and parameter settings for sensitivity runs  

Eighteen sensitivity runs based on alternative biological and demographic parameters were 
agreed at the 2014 January meeting (ISC SHARKWG 2014).  These are summarized in Table 2.  
Alternative choices of ‘low’ and ‘high’ r prior mean were based on ranges considered biologically 
plausible from demographic analyses (Cortés 2002, Babcock and Cortés 2009, also see Kleiber et al. 
2009 for choices for SD).  Effects of lower and higher stock productivity values of the shape 
parameter on results were examined.  As in the reference cases, different assumptions of Binit/K 
(alpha.b0) prior mean and SD were based upon expert opinion, after considering the work of 
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Ohshimo et al. (2014), Matsunaga et al. (2005), Ward and Myers (2005), and reported longline 
effort in the North Pacific Ocean since 1950.  Details of these alternative choices for sensitivity runs 
were described in ISC SHARKWG (2013b). 

It was concluded that meaningful insight about the stock dynamics and status for north Pacific 
blue shark could not be drawn with confidence from results of JL_Ref, HW_Ref, SP_Ref and TW_Ref 
cases after close examination on results of these four cases (see Results and Discussion section 
below), further investigations by sensitivity runs were conducted for the other four reference cases 
(JEJL_Ref, JEHW_Ref, JESP_Ref and JETW_Ref) only. 

 

3.4 Evaluation of alternative sensitivity runs with Bayes factors 

Bayes factors (Kass and Raftery 1995) for the reference cases and for each of the 
corresponding sensitivity runs were calculated to compare the credibility of a model given the data.  
Bayes factors provide a basis for examining both the relative goodness of model fit to the data and 
the parsimony for each of the alternative models.  Factor values are calculated as the ratio of the 
marginal probability of the data for one model to that of another model.  The average value for the 
importance weights from a given model result was used as an approximation of the probability of 
the data given the model (Kass and Raftery 1995, Stanley et al. 2012).  This is a numerically stable 
approximation for the data probability, given the model and approximations obtained through 
importance sampling.  Bayes factors for sensitivity runs were compared to the related reference case.  
In general, Bayes factors need to differ substantially from 1.0 for inferences to be made from the 
analysis.  However, even considerably small or large differences in the factors can be caused by 
random chance in the data and/or misspecification of probability models.  Thus, intermediate ranges 
for relative Bayes factors such as between 0.001 and 100 must be carefully interpreted (Stanley et 
al. 2012).  If the relative factor of one model to another is less than 0.01 or greater than 100, the 
model could be considered highly unlikely compared to the other. 

 

3.5 Model without CPUE indices (Prior-only run) 

Relative influence of priors and data on the marginal posterior distributions for key assessment 
parameters and stock dynamics of north Pacific blue shark was examined by running the reference 
case model without fitting to the CPUE indices (called prior-only run).  In addition to the prior-only 
run using observed catch data, three prior-only runs using catch with very different trajectories and 
magnitudes (halving, doubling and reversed of catch) were also conducted to examine the influence 
of information contained in catch data on assessment results. 

 

3.6 A range of uncertainties about stock dynamics and status investigated 

In this stock assessment for north Pacific blue shark using the BSP2 model, we took a different 
approach to account for uncertainties about stock dynamics and status from a grid approach used in 
the assessment by the Stock Synthesis (SS) model.  By setting the four reference cases using each 
of JL, HW, SP and TW indices and the other four cases fitting the model to each combination of 
these four indices with JE index together with the related sensitivity runs (Tables 1 and 2), a total of 
80 runs (8 references + 4 references x 18 sensitivities) were conducted to investigate the full range 
of uncertainties associated with alternative CPUE indices and model input parameters.  Further, the 
four prior-only runs (see above) were conducted to examine the relationship between data, priors 
and the model, and effects of priors on results (Table 2).  For all these runs, we undertook a close 
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and careful examination of model fit, model convergence and resultant key parameter estimates and 
stock dynamics/status. 

 

3.7 Evaluation of model convergence 

Model convergence was evaluated with BSP2 model software diagnostics (McAllister and 
Babcock 2006).  In general, the joint posterior distribution is sufficiently well estimated when the 
maximum weight of any draw is less than approximately 0.5~1% (McAllister and Babcock 2006, M. 
McAllister pers. comm.), which is a measure of the relative influence of the highest weighted draw.  
Adequate precision is likely to be achieved after saving at least 20,000 samples, as samples are 
discarded if parameters exceed their specified bounds.  The CV of weights should be relatively low, 
especially the CV of importance sample weights should be less than the CV of likelihood priors 
multiplied by priors for the same draw (McAllister et al. 2002). 

 

3.8 Future projections 

As stated previously, it was concluded that insights about the stock dynamics and status for 
north Pacific blue shark could not be confidently drawn from results of JL_Ref, HW_Ref, SP_Ref and 
TW_Ref cases by close examination on results of the four cases (see Results and Discussion section 
below), future projections were conducted for the other four reference cases (JEJL_Ref, JEHW_Ref, 
JESP_Ref and JETW_Ref) only. 

Future projections using seven harvest control policies (three levels of constant catch, three 
levels of constant F and Fmsy policies) were conducted for the four reference cases.  The three levels 
of constant catch assumed 46,690, 56,030, and 56,030 mt for all the four reference cases.  The 
three levels of constant F assumed 0.0821, 0.0985 and 0.0657 for JEJL_Ref, 0.0675, 0.0810 and 
0.0540 for JEHW_Ref, 0.0685, 0.0822 and 0.0548 for JESP_Ref, and 0.0798, 0.0958 and 0.0639 for 
JETW_Ref, respectively.  These F values were calculated using estimates from results of each 
reference case.  For both constant catch and F harvest policies, three levels of the policies 
correspond to the average of 2006-2010 catch or F (status quo), and 20% increases and 20% 
decreases from the average, respectively.  Catch and F in 2011 were excluded from the averaging 
because the Japanese longline fleet was greatly affected by the Great East Japan Earthquake of 
March 2011 (major longline ports in the Tohoku area were destroyed), thus effort and catch 
subsequently decreased in 2011.  For Fmsy harvest policy, estimated values of Fmsy for each 
simulation in each reference case were used.  Time horizons of the projections were set at 5, 10, 
and 20 years from the terminal year (2011). 

 

4. Results and Discussion 

4.1 Eight reference cases 

4.1.1 Model convergences of the eight reference cases 

Available diagnostic statistics for model convergence of the eight reference cases from the BSP2 
model software were checked to verify low posterior correlations (r and K), an adequate number of 
saved draws in importance sampling (>20,000 samples), a low maximum weight of any draw (< 
1%), and that the CV of the weights of the importance draws was less than the CV of the likelihood 
times priors for the same draws (Tables A1 to A4).  Although the CV of the weights was large, other 
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statistics indicated that the joint posterior distribution was sufficiently estimated and it did not result 
in non-identifiability of parameters (M. McAllister, pers. comm.). 

 

4.1.2 Model fits for the eight reference cases 

Model fits to the standardized CPUE indices for the eight reference cases and the relevant 
residual plots were checked to verify whether reasonable results of posterior mode estimate were 
obtained (Figures 1A (a) to (h)).  Model fits to the CPUE indices for JEJL_Ref and JL_Ref were quite 
good and there was no systematic pattern observed in the residual plots (Figures 1A (a) and (e)). 

  For other reference cases, model fits to the CPUE indices for HW_Ref, SP_Ref, TW_Ref and 
combinations with JE CPUE (JEHW_Ref, JESP_Ref, JETW_Ref) were not good while fits to that of JE 
were improved (Figures A1 (b), (c), (d), (f), (g) and (h)).  There were also some systematic trends 
observed (positive to negative or vice versa) in residuals depending on particular cases, indicating 
some autocorrelation in the deviates.  In the estimation process, we tried to obtain better model fits 
to CPUE data (of HW, SP and TW) for these six cases adjusting input values for the standard 
deviation (SD) of the process error for stock dynamics and total CVs for CPUE indices by iterating 
reweighting procedure.  However, better fits (although it was just apparently better) to the CPUE 
data for these cases than the results presented in this paper were obtained only when unreasonable 
input settings were used.  In other words, unacceptably lower or higher total CV magnitudes would 
need to be used when interatively reweighting CPUE indices to achieve better model fits. This 
resulted in too small or large of a ratio of the total CV input to the empirical model fit CV for some 
CPUE indices.  In turn, this caused uncertainty in model parameter estimation and did not allow for 
reasonably efficient importance sampling (i.e., model convergence diminished or was never 
achieved).  This is probably due to inconsistency between catch and CPUE (of HW, SP and TW) 
trends.  Therefore, we considered that this was not model misspecification and concluded that the 
results presented in this paper were the best that could be obtained with these data.  

 

4.1.3 Results of the eight reference cases 

Stock assessment statistics and marginal posterior distributions for key parameters 

Comparisons of stock assessment statistics (medians) for the eight reference cases are 
summarized in Table 3 and detailed statistics for each case are shown in Tables 4 to 11.  
Comparisons of marginal posterior distributions for key assessment statistics are plotted in Figures 3 
and 4.  Priors (for r and K) and marginal posterior distributions resulting from prior-only runs were 
also plotted in Figures 3 and 4. 

Overall, the eight reference cases can be categorized by similarities of results of the assessment 
statistics into four groups as: JEJL_Ref; JEHW_Ref, JESP_Ref and JETW; JL_Ref; HW_Ref, SP_Ref 
and TW_Ref (Table 3 to 11 and Figure 3 and 4).  Details of differences in each parameter estimate 
are explained below. 

The posterior median estimate for r in JEJL_Ref case was the largest (0.41) of the eight cases 
(Table 3 and Figure 3 (a)).  The medians for r in HW_Ref, SP_Ref and TW_Ref (0.34 to 0.35) were 
smaller than that in JEJL_Ref but larger than those in JEHW_Ref, JESP_Ref, JETW_Ref and JL_Ref 
(0.28 to 0.30).  The posterior medians for r were slightly smaller than the posterior means in all 
reference cases except for JEJL_Ref, indicating some skewness to the right in the posterior 
distributions (Table 4 to 11, and Figure 3 (a) and 4 (a)).  The r posterior distributions in all reference 
cases except for JEJL_Ref were quite similar in shape to the prior distribution and posterior 
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distribution resulted from the prior-only run, implying that there was some new information 
contained in the data only used in JEJL_Ref case, which updated the distribution of r (Figures 3 (a) 
and 4 (a)). 

The posterior median estimates for carrying capacity (K), the stock biomass at maximum 
sustainable yield, MSY (Bmsy), the stock biomass in the initial year of assessment (B1971) and the 
stock biomass in 2011 (B2011) in JEJL_Ref case were smaller than those in other seven reference 
cases (Table 3). The posterior medians for these parameters were smaller than the posterior means 
in all eight reference cases (Tables 4 to 11).  This indicates skewness to the right in the posterior 
distributions (Figures 3 and 4).  The larger estimates of posterior mean, median and 90% 
confidence intervals for these parameters in JL_Ref, HW_Ref, SP_Ref and TW_Ref cases than those 
in JEJL_Ref, JEHW_Ref, JESP_Ref and JETW_Ref cases resulted from this skewness and vagueness 
in the posterior distributions with considerably long fat tails (Figure 4). 

The posterior median values for the maximum sustainable yield (MSY) in JEJL_Ref, JEHW_Ref, 
JESP_Ref, JETW_Ref and JL_Ref were estimated on the same order of magnitude (Table 3).  
Compared to this, the median estimates for this parameter in HW_Ref, SP_Ref and TW_Ref were 
much larger than and on a different order of magnitude from those in other five cases.  The 
posterior mean values for MSY were more or less similar to the posterior medians in JEJL_Ref, 
JEHW_Ref, JESP_Ref and JETW_Ref cases with respect to the order of magnitude, whereas the 
skewed and vague posterior distributions for MSY gave greater posterior means than medians in 
JL_Ref, HW_Ref, SP_Ref and TW_Ref cases (Table 4 to 11, and Figures 3 (b) and 4 (b)). 

   The posterior median estimates for the ratio of B2011/Bmsy ranged from approximately 1.5 to 
2.0 across the eight reference cases (Table 3).  The posterior mean values for this ratio were very 
similar to the posterior medians in all reference cases (Table 4 to 11). 

The posterior medians for the ratio of fishing mortality rate in 2011 to that at MSY (F2011/Fmsy) 
were estimated ranging from 0.06 to 0.35 in the eight reference cases (Table 3).  The small values 
of F2011/Fmsy in HW_Ref, SP_Ref and TW_Ref resulted from large estimates of B2011 compared to the 
catch in 2011.  The estimates for F2011/Fmsy are considered underestimated compared to ‘normal’ 
years because the Great East Japan Earthquake and its tsunami attack affected base ports for 
Japanese longline fleet in 2011. 

In JEJL_Ref, JEHW_Ref, JESP_Ref and JETW_Ref cases, although the marginal posterior 
distributions indicate moderate to high precision in the estimates for most key parameters, 
distributions for some parameters were skewed and had long tails (Figure 3).  In contrast, the 
posterior distributions with skewed and very long fat tails in JL_Ref, HW_Ref, SP_Ref and TW_Ref 
cases show low precision in the estimates for the parameters although JL_Ref was somewhat 
different (Figure 4).  Furthermore, the posterior distributions in HW_Ref, SP_Ref and TW_Ref were 
quite similar to those resulting from the prior-only run, meaning that the CPUE data used in these 
reference cases had no additional information beyond the priors. 

 

Prior-only run analysis 

Results from fitting to the data using only priors and a single year of each CPUE index (prior-
only run) indicate that the CPUE indices are quite informative to the results, and the model is not 
overly influenced by priors in JEJL_Ref, JEHW_Ref, JESP_Ref, JETW_Ref and JL_Ref cases (Figure 3 
and 4).  Ranges of posterior distributions estimated from the prior-only run are still quite wide with 
long fat tails.  This implies that the priors provide only vague information about most key 
parameters, and the results were driven primarily by the data (i.e., the priors are overly informative 
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to the results).  Similarities in shape of the posterior distributions between the prior-only, HW_Ref, 
SP_Ref and TW_Ref runs suggest that HW, SP and TW CPUE indices are informative only when 
these indices are incorporated in the model in combination with JE CPUE index (Figures 3 and 4). 

The marginal posterior distributions for the key parameter resulting from prior-only runs using 
catch data that have very different trajectories and magnitude (reversed, doubling and halving of 
catch) were plotted in Figure 5.  These plots for the posteriors show skewed and quite wide 
distributions with long fat tails, indicating that catch data also give vague information about the 
parameters and are not influential on the results. 

 

Historical stock dynamics 

The median estimate and 90% confidence limits for the historical stock dynamics in the eight 
reference cases and four prior-only runs are shown in Figure 6 and 7, respectively.  Comparison of 
trends for the historical dynamics between the reference cases and prior-only runs was summarized 
in Figure 8. 

Although there are some differences in trend and magnitude, fluctuation of patterns in the 
historical stock dynamics of north Pacific blue shark in JEJL_Ref, JEHW_Ref, JESP_Ref and 
JETW_Ref cases were similar (Figures 6 (a) to (d) and Figure 8).  Among the four cases, 90% 
confidence limits in JEJL_Ref case were noticeably narrower than those in the other three cases.  
The median stock biomass declined to a level below Bmsy from the mid 1970s to the mid 1980s.  
Then, the stock subsequently increased after the late 1980s and by the early 1990s had recovered 
to a level above Bmsy, and to the stock level similar to that of the mid 1970s.  The blue shark 
biomass has been more or less stable since, indicating that total catches in recent years have been 
near replacement yield.  The stock biomass dynamics in JL_Ref also showed somewhat a 
comparable trend to those in these four reference cases (Figure 6 (e) and Figure 8).  However, the 
90% confidence limits for the stock biomass in JL_Ref case were much broader than those in 
JEJL_Ref, JEHW_Ref, JESP_Ref and JETW_Ref whereas the magnitude of the median stock biomass 
in JL_Ref was only slightly higher than those in the four reference cases. 

Estimated median trajectories for the historical stock biomass in HW_Ref, SP_Ref and TW_Ref 
cases were much higher (approximately four times higher on average) than JEJL_Ref, JEHW_Ref, 
JESP_Ref and JETW_Ref cases (Figure 8).  The same pattern was observed in the median 
trajectories for the stock biomass resulted from the four prior-only runs.  The median trajectories for 
the stock biomass in the HW_Ref, SP_Ref and TW_Ref cases and prior-only runs did not show 
reductions of the stock biomass below Bmsy during the mid and late 1980s which were observed in 
JEJL_Ref, JEHW_Ref, JESP_Ref  and JETW_Ref cases (Figures 6, 7 and 8).  The median trajectories 
in these three reference cases and prior-only runs had rather monotonic trends with slight increases.  
Similar to JL_Ref case, the 90% confidence limits for the stock biomass in HW_Ref, SP_Ref and 
TW_Ref cases and prior-only runs were noticeably wider than those in JEJL_Ref, JEHW_Ref, 
JESP_Ref and JETW_Ref (Figures 6 and 7). 

Considering these monotonic trends and extremely wide confidence intervals together with the 
vague marginal posteriors for key assessment parameters (discussed above) in JL_Ref, HW_Ref, 
SP_Ref and TW_Ref cases, the CPUE index data of JL, HW, SP and TW did not provide useful 
information about stock dynamics and status of north Pacific blue shark when these CPUE data were 
used alone in the model (i.e., not a combination with JE CPUE index).  Therefore, meaningful insight 
about stock dynamics and status for the blue shark could not be drawn from assessment results of 
JL_Ref, HW_Ref, SP_Ref and TW_Ref cases. 
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Kobe plots 

Degrees of stock depletion and overfishing for the eight reference cases were illustrated using 
the “Kobe plot” (Figure 9).  Overall, resultant Kobe plots of the eight cases could be roughly divided 
into two groups by resemblance of trajectory pattern regarding to median estimates: JEJL_Ref, 
JEHE_Ref, JESP_Ref and JETW_Ref; JL_Ref, HW_Ref, SP_Ref and TW_Ref. 

For the first group (JEJL_Ref, JEHE_Ref, JESP_Ref and JETW_Ref), the stock biomass of north 
Pacific blue shark was well above the biomass at the maximum sustainable yield (Bmsy), and the 
fishing rate well below that at Fmsy in 1971 (Figures 9 (a) to (d)).  The historical trajectories of stock 
status revealed that north Pacific blue shark had experienced some levels of depletion and 
overfishing in previous years showing that the trajectories moved through the orange (overfishing), 
red (overfished and overfishing) and yellow (overfished) zones in sequence in the Kobe plots.  In 
recent years including 2011, the stock condition returned into the Kobe green zone and stock 
biomass has remained above Bmsy with fishing mortality below Fmsy.  Only the 90% confidence limits 
for B/Bmsy in 2011 in JEHW_Ref and JESP_Ref extended to the yellow zone (Figures 9 (b) and (c)). 

The historical trajectories of stock status for the second group (JL_Ref, HW_Ref, SP_Ref and 
TW_Ref) stayed within the green zone in the assessment period of 1971 to 2011 (Figures 9 (e) to 
(h)).  Although there were some transitions of the stock status observed in JL_Ref, the stock status 
almost did not change during the assessment period in these four reference cases.  This is not 
surprising given the monotonic trends for the historical stock dynamics in the four cases discussed 
above. 

 

4.2 Sensitivity analyses 

Again, because stock dynamics resulting from JL_Ref, HW_Ref, SP_Ref and TW_Ref cases are 
equivocal, sensitivity analyses were further conducted for JEJL_Ref, JEHW_Ref, JESP_Ref and 
JETW_Ref only. 

 

4.2.1 Model convergences of the eight reference cases 

Similar to the eight reference case, available diagnostics for model convergence from BSP2 was 
checked to verify low posterior correlations (r and K) for all sensitivity run results, an adequate 
number of draws in importance sampling were saved (>20,000 samples), all draws had a low 
maximum weight (< 1%), and the CV of the weights of the importance draws were less than the CV 
of the likelihood times the priors for the same draws (Tables A1 to A4). 

 

4.2.2 Model fits for the eight reference cases 

Model fits to the standardized CPUE indices and the relevant residual plots for all sensitivity runs 
(corresponded to the four reference cases of JEJL_Ref, JEHW_Ref, JESP_Ref and JETW_Ref) in 
posterior mode estimation were examined in the same way as the reference cases explained in 
section 4.1.2.  Although there were slight differences in residual patterns between each reference 
case and related sensitivity run results, the overall patterns for sensitivity runs were similar (figures 
not shown) to that of the reference case (Figures 1A (a) to (d)). 
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4.2.3 Results of sensitivity runs 

Although there were some differences in parameter estimates found between each of the four 
reference cases (JEJL_Ref, JEHW_Ref, JESP_Ref and JETW_Ref) and some corresponding sensitivity 
runs, overall the sensitivity analyses did not reveal substantially different stock status compared to 
the reference cases (Tables 12 to 15, and Figures 10 and 11).  With respect to median estimates, all 
of the sensitivity runs indicated that the stock biomass of north Pacific blue shark in 2011 is above 
Bmsy (estimates of B2011/Bmsy) and 2011 fishing mortality rate is below Fmsy (estimates of F2011/Fmsy).  
However, estimates of B2011/Bmsy and F2011/Fmsy were highly uncertain in some sensitivity runs for 
JEHW_Ref, JESP_Ref and JETW_Ref cases (Figures 11 (b) to (d)).  As mentioned before, the 
exploitation rate in 2011 was probably underestimated because the Japanese longline effort was 
affected by the 2011 Great East Japan Earthquake. 

The differences in sensitivities to alternative input choices varied depending on a combination of 
a reference case and the related sensitivity runs examined.  Details of differences in each 
parameter estimate between the reference cases and sensitivity runs are explained and discussed 
below. 

 

Surplus production function, Bmsy/K (Shape parameter n) 

Results were relatively sensitive to the choice of Bmsy/K (runs **_R34Sh032 and **_R34Sh06 in 
Tables 12 to 15, and Figure 10; also see r versus Bmsy/K grids results in Table 12 to 15).  Posterior 
median values for B2011/Bmsy increased when Bmsy/K was decreased from 0.6 to 0.3.  This difference 
in B2011/Bmsy represented the largest range observed among all sensitivity runs in which only one 
input assumption was changed.  Median estimates of the ratio of the 2011 fishing mortality to that 
at MSY (F2011/Fmsy) were slightly sensitive to changes in Bmsy/K.  The estimates of current stock 
biomass (B2011) and biomass at MSY (Bmsy) were scaled up and down when Bmsy/K was set to 0.3 
and 0.6, respectively. 

 

r prior mean 

Results were modestly sensitive to the run where the r prior mean was set at a biologically 
plausible minimum value of 0.14 (runs **_R14A083 in Tables 12 to 15, and Figure 10; also see r 
versus Binit/K grids results in Table 12 to 15).  Posterior medians for B2011/Bmsy in the four reference 
cases were greater than those in the corresponding sensitivity runs.  Median values for F2011/Fmsy in 
the reference cases were almost the same as those in the sensitivity runs except for JEHW_Ref.  In 
addition, the estimates of current stock biomass (B2011) and biomass at MSY (Bmsy) were scaled up 
and down when the r prior mean was set to biological minimum and maximum values, respectively. 

The posterior medians for r in the sensitivity runs were estimated lower than in the 
corresponding reference cases when the r prior mean was set at biologically plausible minimum 
value of 0.14 (see estimates indicated by run identifiers which contain “R14” in Table 12 to 15).  
However, in the JEJL_Ref case this does not indicate the data contain information that supports 

                                                            
2 A symbol “**” represents identifiers for combinations of the CPUE indices described in Table 1 such as 
“JEJL_R34Sh03” or “JEHW_R14Sh06.” 

3 A symbol “**” represents identifiers for combinations of the CPUE indices described in Table 1 such as 
“JEJL_R14A08” or “JEHW_R43A08.” 
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such a lower r value because the sensitivity run with a more diffuse r prior resulted in a similar 
posterior median for r to the reference, suggesting that the data supported larger r values 
(JEJL_Rsd07 in Table 12).  As discussed below, a Bayes factor comparison also indicates that the 
model run using the biological minimum r prior resulted in worse fits to the data than the reference 
case (Table 16, see below). 

Unlike JEJL case, although estimated medians were not so low as the biological minimum value, 
the data used in JEHW, JESP and JETW cases somewhat support lower r values than those in the 
reference cases.  This is apparent from the median estimates for r in the sensitivity runs with a more 
diffuse r prior (JEHW_Rsd07, JESP_Rsd07 and JETW_Rsd07 in Tables 13 to 15, respectively).  
Further, Bayes factors also imply that the data favor (although not strongly) lower values of r in 
JEHW, JESP and JETW cases (Table 16, see below).  However, it is also worthwhile to note here 
that the estimates for stock status parameters had wide confidence intervals, thus indicating high 
uncertainty about stock status. 

 

Other sensitivity runs 

Estimated medians for all other sensitivity runs were similar to the corresponding reference 
cases with respect to stock status parameters (Tables 12 to 15, and Figures 10 and 11).  Thus, it 
can be concluded that the results were insensitive to these alternative assumptions in terms of 
medians.  However, 90% confidence limits for some sensitivity runs were broader than in the 
references, especially for JEHW, JESP and JETW cases. 

 

Historical stock dynamics for sensitivity runs 

Although the historical stock dynamics for north Pacific blue shark fluctuated, depending on the 
reference cases and the corresponding sensitivity runs examined, comparison of median trajectories 
of the stock dynamics between the reference case and all the sensitivity runs exhibited that overall 
patterns of the dynamics for the sensitivity runs were similar to the reference case and the only 
noticeable differences were levels of stock biomass (Figure 10).  The highest biomass level was 
estimated when r prior mean was set to a biologically plausible minimum value of 0.14 and Bmsy/K 
was 0.3 (**_R14Sh03) while the lowest level resulted from the sensitivity run with r set to 
biologically maximum of 0.43 and Bmsy/K equal to 0.6 (**_R43Sh06).  Generally, the consistency of 
sensitivity analyses supports the stock status and relative historical stock dynamics represented by 
each reference case. 

 

4.2.4 Bayes factor evaluation 

Table 16 summarizes comparisons of Bayes factors for the alternative sensitivity runs 
corresponded to the four reference cases.  As a whole, none of the Bayes factors indicated that any 
of the alternative sensitivity runs could be viewed as much less or more likely than the 
corresponding reference case.  However, some differences in Bayes factor were detected for some 
sensitivity runs as follows. 

The sensitivity run assuming a lower Bmsy/K of 0.3 in JEJL case (JEJL_R34Sh03) had a Bayes 
factor of 0.92, indicating that the reference case showed a better fit to the data than with the lower 
alternative Bmsy/K value, whereas in other three cases, the lower Bmsy/K alternative runs resulted in 
Bayes factors which were greater than those in the corresponding reference cases (1.80 for 
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JEHW_R34Sh03, 1.75 for JESP_R34Sh03 and 1.69 for JETW_R34Sh03), indicating that the reference 
cases gave slightly worse fits than the lower alternatives for Bmsy/K.  This was consistent with the 
sensitivity run using a biologically plausible minimum for r prior mean (0.14) in JEJL case 
(JEJL_R14A08) and resulting in a Bayes factor of 0.38, showing that the reference case gave a 
better fit to the data than with the lower alternative, while in the other three cases the same lower 
alternative runs for r prior mean produced larger Bayes factors than those in the references (1.72 
for JEHW_R14A08, 1.17 for JESP_R14A08 and 1.09 for JETW_R14A08), suggesting a slightly worse 
fit of the reference cases than the lower alternative r prior. 

This tendency towards better fits associated with higher productivity alternatives in JEJL case 
and better fits for lower productivity alternatives in JEHW, JESP and JETW cases is also consistent 
with differences in Bayes factors for alternative assumptions of Binit/K, (i.e., a relatively highly 
productive stock does not need larger initial biomass compared to catch whereas a low productive 
stock needs a higher Binit/K ratio).  The assumption of Binit/K prior mean set at 0.5 produced a Bayes 
factor of 1.10 in JEJL case (JEJL_R34A05), indicating that this alternative provided a slightly better 
fit to the data than the reference case.  In contrast, the sensitivity runs using Binit/K prior mean of 
1.0 had higher Bayes factors than the reference cases in JEHW, JESP and JETW (1.16, 1.18 and 
1.11, respectively), showing slightly better fits to the data than the reference. 

The differences in Bayes factor explained above did not affect the relative trends of stock 
dynamics and stock status with respect to median estimates (Figures 10 and 11). 

 

4.3 Future projections 

As discussed above, having concluded that meaningful insights about north Pacific blue shark 
stock dynamics could not be confidently derived from assessment results of JL_Ref, HW_Ref, SP_Ref 
and TW_Ref cases, future projections were conducted only for JEJL_Ref, JEHW_Ref, JESP_Ref and 
JETW_Ref. 

Figures 12 and 13 respectively illustrate comparisons of median future projected stock dynamics 
and catch trends for north Pacific blue shark under seven different harvest policies using the four 
reference case models: status quo, +20% and -20% constant catch, status quo, +20% and -20% 
constant fishing mortality rate (F) and Fmsy (F at MSY) harvest rules.  Status quo catch and F rules 
were based on the average catch and F over the recent 5 years of 2006 to 2010.  Information for 
management decision was summarized in Tables 17 to 20. 

With respect to median estimates, future projected dynamics of stock biomass and catch for 
blue shark had very similar patterns in all JEJL_Ref, JEHW_Ref, JESP_Ref and JETW_Ref cases while 
there were some differences observed in the magnitudes of stock biomass and catch (Figures 12 
and 13).  Under the status quo policy, the median stock biomass of blue shark will remain stable.  
This was expected because the current catch level was estimated at near replacement yield.  Even 
under +20% constant catch and constant F harvest policies, the blue shark stock will stay above the 
biomass at maximum sustainable yield, Bmsy, throughout the projection time horizon with a 
probability higher than 85% (Tables 17 to 20).  Similarly, future median fishing mortality will remain 
well below Fmsy.  A status quo constant F policy will produce approximately 50,000 mt to 60,000 mt 
catch over the projection years depending upon the reference case. 

 

5. Conclusions 
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The outcomes of the stock assessments and future projections of north Pacific blue shark using 
a state-space Bayesian surplus production (BSP2) model with revised catch and CPUE data were 
summarized as follows: 

 Model fits in posterior mode estimation for Hawaii (HW), SPC (SP) and Taiwan (TW) longline 
CPUE indices regardless of using these indices alone or in combination with Japan early period 
(JE) longline index in the model were not good, while model fits for both JE and Japan late 
period (JL) longline indices were.  Model fits for HW, SP and TW could not be improved by 
altering input settings for total CVs for indices and the standard deviation of process error for 
stock dynamics within a reasonable range of value.  This is probably due to inconsistency 
between catch and the three indices.  Across all the eight reference cases examined (JEJL_Ref, 
JEHW_Ref, JESP_Ref, JETW_Ref, JL_Ref, HW_Ref, SP_Ref and TW_Ref), model convergences 
were acceptable. 

 The four single-index cases (JL_Ref, HW_Ref, SP_Ref and TW_Ref) resulted in uninformative 
marginal posterior distributions with long fat tails for key parameters and stock dynamics with 
almost no trend detected and extremely wide confidence limits.  Thus, insight about the stock 
dynamics and status for north Pacific blue shark could not be inferred with confidence from 
results of JL_Ref, HW_Ref, SP_Ref and TW_Ref cases. As a result only the other four 
reference cases (JEJL_Ref, JEHW_Ref, JESP_Ref and JETW_Ref) were examined further in 
sensitivity analyses and future projections. 

 Although assessment results were different in detail among the four reference cases (JEJL_Ref, 
JEHW_Ref, JESP_Ref and JETW_Ref), with respect to median estimates, they generally 
produced similar stock status and future projections. i.e., the stock biomass of north Pacific 
blue shark was well above the biomass at the maximum sustainable yield (Bmsy), and the 
fishing rate well below that at Fmsy in 2011.  However, for reference cases and the related 
sensitivity runs for JEHW_Ref, JESP_Ref and JETW, 90% confidence intervals for B2011/ Bmsy  
and F2011/ Fmsy were wide. 

 Under both status quo constant catch and F harvest policies, the median stock biomass of 
blue shark will remain stable and above Bmsy level throughout the projection time horizon with 
high probabilities.  Similarly, future median fishing mortality will remain well below Fmsy. 

 Conclusions drawn from this assessment above were not substantially different from those of 
the assessment conducted last year (2013b). 

 Given the better model fit to the data and narrower confidence limits for key assessment 
parameter estimates, it can be considered that the result from JEJL_Ref case would be most 
appropriate to represent the stock dynamics and status for north Pacific blue shark. 

 The median estimates from the results of this revised assessment suggest an optimistic stock 
status for north Pacific blue shark with respect to commonly used reference points, even 
across alternative choices of CPUE to account for a full range of uncertainties about stock 
dynamics.  However, some uncertainties about stock status are still recognized in some 
reference cases and the related sensitivity runs.  Considering this together with potential 
uncertainties associated with catch data estimates used, biological and demographic 
parameters, and model structures, final conclusions on stock status for north Pacific blue 
shark should be carefully drawn from examination and discussion of outcomes from multiple 
assessment approaches (i.e., BSP2 and SS assessment) in SHARKWG. 

 



_____________________________________________________________________________________ 
1Working document submitted to the ISC Shark Working Group Workshop, 03‐10 June 2014,  
National Taiwan Ocean University, Keelung, Taiwan 
Document not to be cited without authors’ permission. 

16 

 
 
References 
 
Babcock, E.A., and Cortés, E. 2009. Updated Bayesian surplus production model applied to blue and 

mako shark catch, CPUE and effort data. Collect. Vol. Sci. Pap. ICCAT, 64(5): 1568-1577. 
 
Cortés, E. 2002. Incorporating uncertainty into demographic modeling: application to shark 

populations and their conservation. Conservation Biology 16:1048–1062 
 
Fletcher, R.I. 1978. Time-dependent solutions and efficient parameters for stock-production models. 

Fishery Bulletin 76(2):377-388. 
 
ISC Shark working group (SHARKWG). 2013a. Report of the International Scientific Committee for 

tuna and tuna-like species in the North Pacific Ocean (ISC) Shark Working Group Workshop, 7-
14 January 2013, La Jolla, California, USA. 

 
ISC Shark working group (SHARKWG). 2013b. Stock assessment and future projections of blue 

shark in the North Pacific Ocean. Annex 11 of the Plenary report of the thirteenth meeting of 
the International Scientific Committee for tuna and tuna-like species in the North Pacific Ocean 
(ISC13), 17-22 July 2013, Busan, Republic of Korea.  
http://isc.ac.affrc.go.jp/pdf/ISC13pdf/Annex%2011-%20Blue%20shark%20assessment%20-
%20Final%20(SEPT).pdf 

 
ISC Shark working group (SHARKWG). 2014. Report of the International Scientific Committee for 

tuna and tuna-like species in the North Pacific Ocean (ISC) Shark Working Group Workshop, 
13-18 January 2014, La Jolla, California, USA. 

 
Kass, R.E., and Raftery, A.E. 1995. Bayes factors. Journal of the American Statistical Association 

90:773–795. 
 
Kleiber, P., Clarke, S., Biegelow, K., Nakano, H., McAllister, M., Takeuchi, Y. 2009. North Pacific Blue 

Shark Stock Assessment. NOAA Technical Memorandum NMFS-PIFSC-17:1–83. 
 
Matsunaga, H., Shono, H., Kiyota, M., and Suzuki, Z. 2005. Long-term changes in CPUE of sharks 

and size of blue sharks caught by tuna longlines in the western North Pacific Ocean [EB WP-
11]. Kolonia, Pohnpei State, Federated States of Micronesia: Western and Central Pacific 
Fisheries Commission. Meeting of the Scientific Committee of the Western and Central Pacific 
Fisheries Commission, WCPFC-SC1, New Caledonia, 8-19 August 2005, 1st . 11 p. 

 
McAllister, M., Babcock, E.A., Pikitch, E.K., and Prager, M.H. 2000. Application of a non-equilibrium 

generalized production model to South and North Atlantic swordfish: combining Bayesian and 
demographic methods for parameter estimation. Coll. Vol. Sci. Pap. ICCAT, 51(5):1523-1550. 

 
McAllister, M.K., Babcock, and E.A. 2006. Bayesian surplus production model with the Sampling 

Importance Resampling algorithm (BSP): a user’s guide. Available from 
http://www.sefsc.noaa.gov/sedar/download/BSP%20User%20guide.pdf?id=DOCUMENT. 

 



_____________________________________________________________________________________ 
1Working document submitted to the ISC Shark Working Group Workshop, 03‐10 June 2014,  
National Taiwan Ocean University, Keelung, Taiwan 
Document not to be cited without authors’ permission. 

17 

McAllister, M., Babcock, E., Pikitch, E., and Bonfil, R. 2002. Importance sampling issues with the 
1998 large coastal shark assessment. In: 2002 Shark Evaluation Workshop, National Marine 
Fisheries Service, Panama City, Florida. 

 
Ohshimo, S., Shiozaki, K., Kai, M., and Yokawa, K. 2014. Comparison of CPUE level of blue shark in 

Japanese longline research activities before and after the world war II. ISC/14/SHARKWG-1/04 
Working document submitted to the International Scientific Committee for tuna and tuna-like 
species in the North Pacific Ocean (ISC) Shark Working Group Workshop, 13-18 January 2014, 
La Jolla, California, USA. 

 
Prager, M. 1994. A suite of extensions to a nonequilibrium surplus-production model. Fishery Bulletin 

92:374–389. 
 
Prager, M.H. 2002. Comparison of logistic and generalized surplus-production models applied to 

swordfish, Xiphias gladius, in the north Atlantic Ocean. Fisheries Research 58:41–57. 
 
Quinn, T., and Deriso, R. 1999. Quantitative fish dynamics, Biological Resource Management Series, 

Oxford University Press, New York. 
 
R Development Core Team. 2011. R: A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL  
http://www.R-project.org/. 

 
Stanley, R., McAllister, M., and Starr, P. 2012. Updated stock assessment for Bocaccio (Sebastes 

paucispinis) in British Columbia waters for 2012. DFO Can Sci Advis Sec Res Doc:73. 
 
Ward, P., and Myers, R.A. 2005. Shifts in open-ocean fish communities coinciding with the 

commencement of commercial fishing. Ecology, 86(4), 835-847. 
 
Western and Central Pacific Fisheries Commission (WCPFC). 2013. Summary report for WCPFC 

Commission for the Conservation and Management of Highly Migratory Fish Stocks in the 
Western and Central Pacific Ocean, Scientific Committee, Ninth Regular Session. Pohnpei, 
Federated States of Micronesia 6–14 August 2013. 

 
  



_____________________________________________________________________________________ 
1Working document submitted to the ISC Shark Working Group Workshop, 03‐10 June 2014,  
National Taiwan Ocean University, Keelung, Taiwan 
Document not to be cited without authors’ permission. 

18 

Table 1. Reference case specifications, key input parameter choices and case identifiers. 
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Table 2. Specifications and key parameter settings for sensitivity runs and prior-only runs. 
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Table 3. Comparison of model results of the eight reference cases – medians (drawn from the 
posterior distributions) of important biological parameters and reference points. 

 
 
Table 4. JEJL_Ref case model results - mean, standard deviation, and coefficient of variation, 
median and 90% confidence intervals (drawn from the posterior distributions) of important 
biological parameters and reference points.– medians of important biological parameters and 
reference points. 
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Table 5. JEHW_Ref case model results - mean, standard deviation, and coefficient of variation, 
median and 90% confidence intervals (drawn from the posterior distributions) of important 
biological parameters and reference points.– medians of important biological parameters and 
reference points. 

 
 
Table 6. JESP_Ref case model results - mean, standard deviation, and coefficient of variation, 
median and 90% confidence intervals (drawn from the posterior distributions) of important 
biological parameters and reference points.– medians of important biological parameters and 
reference points. 
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Table 7. JETW_Ref case model results - mean, standard deviation, and coefficient of variation, 
median and 90% confidence intervals (drawn from the posterior distributions) of important 
biological parameters and reference points.– medians of important biological parameters and 
reference points. 

 
 
Table 8. JL_Ref case model results - mean, standard deviation, and coefficient of variation, 
median and 90% confidence intervals (drawn from the posterior distributions) of important 
biological parameters and reference points.– medians of important biological parameters and 
reference points. 
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Table 9. HW_Ref case model results - mean, standard deviation, and coefficient of variation, 
median and 90% confidence intervals (drawn from the posterior distributions) of important 
biological parameters and reference points.– medians of important biological parameters and 
reference points. 

 
 
Table 10. SP_Ref case model results - mean, standard deviation, and coefficient of variation, 
median and 90% confidence intervals (drawn from the posterior distributions) of important 
biological parameters and reference points.– medians of important biological parameters and 
reference points. 
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Table 11. TW_Ref case model results - mean, standard deviation, and coefficient of variation, 
median and 90% confidence intervals (drawn from the posterior distributions) of important 
biological parameters and reference points.– medians of important biological parameters and 
reference points. 
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Table 12. Comparison of medians and 90% credibility intervals drawn from the posterior 
distributions for five parameters in JEJL reference and sensitivity cases. See Table 2 for run 
identifiers and detailed descriptions of the sensitivity runs. 
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Table 13. Comparison of medians and 90% credibility intervals drawn from the posterior 
distributions for five parameters in JEHW reference and sensitivity cases. See Table 2 for run 
identifiers and detailed descriptions of the sensitivity runs. 
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Table 14. Comparison of medians and 90% credibility intervals drawn from the posterior 
distributions for five parameters in JESP reference and sensitivity cases. See Table 2 for run 
identifiers and detailed descriptions of the sensitivity runs. 
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Table 15. Comparison of medians and 90% credibility intervals drawn from the posterior 
distributions for five parameters in JETW reference and sensitivity cases. See Table 2 for run 
identifiers and detailed descriptions of the sensitivity runs. 
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Table 16. Comparison of Bayes factors for alternative sensitivity runs of the four cases (JEJL, 
JEHW, JESP, JETW). Bayes factors reflect the ratio of the probability of the blue shark stock 
assessment data based on a sensitivity run to the probability of the data obtained from the 
reference case. 
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Table 17. Decision table based on results of future projections for JEJL_Ref case. 

 
 
 
Table 18. Decision table based on results of future projections for JEHW_Ref case. 
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Table 19. Decision table based on results of future projections for JESP_Ref case. 

 
 
 
Table 20. Decision table based on results of future projections for JETW_Ref case. 
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Figure 1. Total catch of blue sharks (Prionace glauca) in the North Pacific Ocean from 1971-
2011 across all data sources, broken down by nation when possible, or source of fishery data. 
 
 

 
Figure 2. Standardized CPUE indices used in the North Pacific Ocean blue shark (Prionace 
glauca) stock assessment. 
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(a) 

 
Figure 3. Comparison of marginal posterior distributions for the four reference cases 
(JEJL_Ref, JEHW_Ref, JESP_Ref, JETW_Ref). (a) Four panels correspond to carrying 
capacity (K), stock biomass (Bmsy) at maximum sustainable yield (MSY), the maximum intrinsic 
rate of natural increase (r) and stock biomass in 2011. Note that the horizontal axis of the top 
left panel for K is log-scaled. 
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(b) 

 
Figure 3 (cont’d). Comparison of marginal posterior distributions for the four reference cases 
(JEJL_Ref, JEHW_Ref, JESP_Ref, JETW_Ref). (b) Four panels correspond to maximum 
sustainable yield (MSY), stock biomass in 1971, the ratio of fishing mortality rate in 2011 to that 
at MSY (F2011/Fmsy) and the ratio of stock biomass in 2011 to that at MSY (B2011/Bmsy). 
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(a) 

 
Figure 4. Comparison of marginal posterior distributions for the four reference cases (JL_Ref, 
HW_Ref, SP_Ref, TW_Ref). (a) Four panels correspond to carrying capacity (K), stock 
biomass (Bmsy) at maximum sustainable yield (MSY), the maximum intrinsic rate of natural 
increase (r) and stock biomass in 2011. Note that the horizontal axis of the top left panel for K 
is log-scaled. 
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(b) 

 
Figure 4 (cont’d). Comparison of marginal posterior distributions for the four reference cases 
(JL_Ref, HW_Ref, SP_Ref, TW_Ref). (b) Four panels correspond to maximum sustainable 
yield (MSY), stock biomass in 1971, the ratio of fishing mortality rate in 2011 to that at MSY 
(F2011/Fmsy) and the ratio of stock biomass in 2011 to that at MSY (B2011/Bmsy). 
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(a) 

 
Figure 5. Comparison of marginal posterior distributions for four prior-only runs using different 
catch trajectories (Ponly_obscat, Ponly_hlfcat, Ponly_dblcat, Ponly_rvscat). (a) Four 
panels correspond to carrying capacity (K), stock biomass (Bmsy) at maximum sustainable yield 
(MSY), the maximum intrinsic rate of natural increase (r) and stock biomass in 2011. Note that 
the horizontal axis of the top left panel for K is log-scaled. 
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(b) 

 
Figure 5 (cont’d). Comparison of marginal posterior distributions for four prior-only runs using 
different catch trajectories (Ponly_obscat, Ponly_hlfcat, Ponly_dblcat, Ponly_rvscat). (b) 
Four panels correspond to maximum sustainable yield (MSY), stock biomass in 1971, the ratio 
of fishing mortality rate in 2011 to that at MSY (F2011/Fmsy) and the ratio of stock biomass in 
2011 to that at MSY (B2011/Bmsy). 
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(a) 

 
(b) 

 
Figure 6. Median estimate and 90% confidence limits for the historical stock dynamics  of north 
Pacific blue shark. The black solid and dotted lines represent the median, 5th and 95th 
percentiles, respectively. The blue dashed line indicates the median estimate for the biomass at 
maximum sustainable yield (Bmsy). (a) JEJL_Ref case. (b) JEHW_Ref case. 
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(c) 

 
(d) 

 
Figure 6 (cont’d). Median estimate and 90% confidence limits for the historical stock dynamics 
of north Pacific blue shark. The black solid and dotted lines represent the median, 5th and 95th 
percentiles, respectively. The blue dashed line indicates the median estimate for the biomass at 
maximum sustainable yield (Bmsy). (b) JESP_Ref case. (d) JETW_Ref case. 
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(e) 

 
(f) 

 
Figure 6 (cont’d). Median estimate and 90% confidence limits for the historical stock dynamics 
of north Pacific blue shark. The black solid and dotted lines represent the median, 5th and 95th 
percentiles, respectively. The blue dashed line indicates the median estimate for the biomass at 
maximum sustainable yield (Bmsy). (e) JL_Ref case. (f) HW_Ref case. 
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(g) 

 
(h) 

 
Figure 6 (cont’d). Median estimate and 90% confidence limits for the historical stock dynamics 
of north Pacific blue shark. The black solid and dotted lines represent the median, 5th and 95th 
percentiles, respectively. The blue dashed line indicates the median estimate for the biomass at 
maximum sustainable yield (Bmsy). (e) SP_Ref case. (f) TW_Ref case. 
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(a) 

 
(b) 

 
Figure 7. Median estimate and 90% confidence limits for the historical stock dynamics  of north 
Pacific blue shark. The black solid and dotted lines represent the median, 5th and 95th 
percentiles, respectively. The blue dashed line indicates the median estimate for the biomass at 
maximum sustainable yield (Bmsy). (a) Ponly_obscat case. (b) Ponly_hlfcat case. 
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(c) 

 
(d) 

 
Figure 7 (cont’d). Median estimate and 90% confidence limits for the historical stock dynamics 
of north Pacific blue shark. The black solid and dotted lines represent the median, 5th and 95th 
percentiles, respectively. The blue dashed line indicates the median estimate for the biomass at 
maximum sustainable yield (Bmsy). (c) Ponly_dblcat case. (f) Ponly_rvscat case. 
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Figure 8. Comparison of median trajectories for the historical stock dynamics  of north Pacific 
blue shark. Each line represents one of the eight reference cases (JEJL_Ref, JEHW_Ref, 
JESP_Ref, JETW_Ref, JL_Ref, HW_Ref, SP_Ref, TW_Ref) or four prior-only runs 
(Ponly_obscat, Ponly_hlfcat, Ponly_dblcat, Ponly_rvscat). 
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(a) 

 
(b) 

 
Figure 9. Kobe plot for the eight reference cases in the blue shark stock assessment. The plot 
illustrates degrees of stock depletion (horizontal axis) and over-fishing (vertical axis). Colors 
represent the magnitude of risk of stock collapse green (safe) to red (high risk). The solid blue 
circle indicates the median estimate in 1971 (the start year of stock assessment calculation). 
The solid gray circle and its horizontal and vertical solid gray lines indicate the median and 90% 
confidence limits in 2011, respectively. The open black circles and connected solid black arrows 
are the medians in years between 1971 and 2011 and historical directions of stock status. (a) 
JEJL_Ref case. (b) JEHW_Ref case. 
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(c) 

 
(d) 

 
Figure 9 (cont’d). Kobe plot for the eight reference cases in the blue shark stock assessment. 
The plot illustrates degrees of stock depletion (horizontal axis) and over-fishing (vertical axis). 
Colors represent the magnitude of risk of stock collapse green (safe) to red (high risk). The 
solid blue circle indicates the median estimate in 1971 (the start year of stock assessment 
calculation). The solid gray circle and its horizontal and vertical solid gray lines indicate the 
median and 90% confidence limits in 2011, respectively. The open black circles and connected 
solid black arrows are the medians in years between 1971 and 2011 and historical directions of 
stock status. (c) JESP_Ref case. (d) JETW_Ref case. 
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(e) 

 
(f) 

 
Figure 9 (cont’d). Kobe plot for the eight reference cases in the blue shark stock assessment. 
The plot illustrates degrees of stock depletion (horizontal axis) and over-fishing (vertical axis). 
Colors represent the magnitude of risk of stock collapse green (safe) to red (high risk). The 
solid blue circle indicates the median estimate in 1971 (the start year of stock assessment 
calculation). The solid gray circle and its horizontal and vertical solid gray lines indicate the 
median and 90% confidence limits in 2011, respectively. The open black circles and connected 
solid black arrows are the medians in years between 1971 and 2011 and historical directions of 
stock status. (e) JL_Ref case. (f) HW_Ref case. 
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(g) 

 
(h) 

 
Figure 9 (cont’d). Kobe plot for the eight reference cases in the blue shark stock assessment. 
The plot illustrates degrees of stock depletion (horizontal axis) and over-fishing (vertical axis). 
Colors represent the magnitude of risk of stock collapse green (safe) to red (high risk). The 
solid blue circle indicates the median estimate in 1971 (the start year of stock assessment 
calculation). The solid gray circle and its horizontal and vertical solid gray lines indicate the 
median and 90% confidence limits in 2011, respectively. The open black circles and connected 
solid black arrows are the medians in years between 1971 and 2011 and historical directions of 
stock status. (g) SP_Ref case. (h) TW_Ref case. 
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(a) 

 
(b) 

 
Figure 10. Comparison of median trajectories of historical blue shark stock dynamics between 
the reference case (JEJL_Ref, JEHW_Ref, JESP_Ref, JETW_Ref) and sensitivity runs. See Table 
2 for run identifiers and detailed descriptions of the sensitivity runs. (a) JEJL_Ref case and 
sensitivity runs. (b) JEHW_Ref case and sensitivity runs. 
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(c) 

 
(d) 

 
Figure 10 (cont’d). Comparison of median trajectories of historical blue shark stock dynamics 
between the reference case (JEJL_Ref, JEHW_Ref, JESP_Ref, JETW_Ref) and sensitivity runs. 
See Table 2 for run identifiers and detailed descriptions of the sensitivity runs. (c) JESP_Ref 
case and sensitivity runs. (d) JETW_Ref case and sensitivity runs. 
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(a) 

 
(b) 

 
Figure 11. Kobe plot for the four reference cases and sensitivity runs of the north Pacific blue 
shark stock assessment. The solid gray circle and its horizontal and vertical solid gray lines 
indicate the median and 90% confidence limits in 2011 for the reference case, respectively. 
Other different symbols (numbers and alphabets) and its horizontal and vertical solid black lines 
indicate the median and 90% confidence limits in 2011 for various sensitivity runs. See Table 2 
for run identifiers and detailed descriptions of the sensitivity runs. (a) JEJL_Ref case and 
sensitivity runs. (b) JEHW_Ref case and sensitivity runs. 
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(c) 

 
(d) 

 
Figure 11 (cont’d). Kobe plot for the four reference cases and sensitivity runs of the north 
Pacific blue shark stock assessment. The solid gray circle and its horizontal and vertical solid 
gray lines indicate the median and 90% confidence limits in 2011 for the reference case, 
respectively. Other different symbols (numbers and alphabets) and its horizontal and vertical 
solid black lines indicate the median and 90% confidence limits in 2011 for various sensitivity 
runs. See Table 2 for run identifiers and detailed descriptions of the sensitivity runs. (c) 
JESP_Ref case and sensitivity runs. (d) JETW_Ref case and sensitivity runs. 
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(a) 

 
(b) 

 
Figure 12. Comparison of future projected stock biomass (medians) of blue shark under 
different constant catch harvest policies (status quo, +20%, -20%) and different constant F 
harvest policies (status quo, +20%, -20%, Fmsy) in the four reference cases. Status quo catch 
was based on the average catch over recent five years of 2006-2010 and status quo F was 
based on the average F over the recent five years. The biomass level at the maximum 
sustainable yield, MSY (Bmsy) was also plotted (black dotted line). (a) JEJL_Ref case. (b) 
JEHW_Ref case. 
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(c) 

 
(d) 

 
Figure 12 (cont’d). Comparison of future projected stock biomass (medians) of blue shark under 
different constant catch harvest policies (status quo, +20%, -20%) and different constant F 
harvest policies (status quo, +20%, -20%, Fmsy) in the four reference cases. Status quo catch 
was based on the average catch over recent five years of 2006-2010 and status quo F was 
based on the average F over the recent five years. The biomass level at the maximum 
sustainable yield, MSY (Bmsy) was also plotted (black dotted line). (C) JESP_Ref case. (d) 
JETW_Ref case. 
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(a) 

 
(b) 

 
Figure 13. Comparison of future projected catches (medians) of blue shark under different 
constant F harvest policies (status quo, +20%, -20%, Fmsy) in the four reference cases. Status 
quo F was based on the average F over recent five years of 2006-2010. The maximum 
sustainable yield (MSY) was also plotted (black dotted line). (a) JEJL_Ref case. (b) 
JEHW_Ref case. 
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(c) 

 
(d) 

 
Figure 13 (cont’d). Comparison of future projected catches (medians) of blue shark under 
different constant F harvest policies (status quo, +20%, -20%, Fmsy) in the four reference 
cases. Status quo F was based on the average F over recent five years of 2006-2010. The 
maximum sustainable yield (MSY) was also plotted (black dotted line). (c) JESP_Ref case. (d) 
JETW_Ref case. 
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Appedix. 
 
Table A1. Diagnostic statistics for model convergence of JEJL and JL runs. 

 
 
 
Table A2. Diagnostic statistics for model convergence of JEHW and HW runs. 
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Table A3. Diagnostic statistics for model convergence of JESP and SP runs. 

 
 
 
Table A4. Diagnostic statistics for model convergence of JETW and TW runs. 
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Figure 1A (a) Model fits to the standardized CPUE indices used for JEJL_Ref case in the blue shark stock assessment (left panels) 
and the residual plots (right panels). The blue solid lines are the model predicted values and the open circles are observed values. 
Top and bottom panels correspond to Japanese longline indices for early (1976-1993) and late (1994-2010) periods, respectively. 
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Figure 1A (b) Model fits to the standardized CPUE indices used for JEHW_Ref case in the blue shark stock assessment (left panels) 
and the residual plots (right panels). The blue solid lines are the model predicted values and the open circles are observed values. 
Top and bottom panels correspond to Japanese longline indices for 1976-1993 and Hawaii longline indices for 2000-2011, 
respectively. 
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Figure 1A (c) Model fits to the standardized CPUE indices used for JESP_Ref case in the blue shark stock assessment (left panels) 
and the residual plots (right panels). The blue solid lines are the model predicted values and the open circles are observed values. 
Top and bottom panels correspond to Japanese longline indices for 1976-1993 and SPC longline indices for 1993-2009, respectively. 
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Figure 1A (d) Model fits to the standardized CPUE indices used for JETW_Ref case in the blue shark stock assessment (left panels) 
and the residual plots (right panels). The blue solid lines are the model predicted values and the open circles are observed values. 
Top and bottom panels correspond to Japanese longline indices for 1976-1993 and Taiwan longline indices for 2004-2011, 
respectively. 
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Figure 1A (e) Model fits to the standardized CPUE indices used for JL_Ref case in the blue shark stock assessment (left panel) and 
the residual plots (right panel). The blue solid line is the model prediction and the open circles are observed values. Panels 
correspond to Japanese longline indices for late (1994-2010) period. 
 

 
Figure 1A (f) Model fits to the standardized CPUE indices used for HW_Ref case in the blue shark stock assessment (left panel) and 
the residual plots (right panel). The blue solid line is the model prediction and the open circles are observed values. Panels 
correspond to Hawaii longline indices for 2000-2011. 
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Figure 1A (g) Model fits to the standardized CPUE indices used for SP_Ref case in the blue shark stock assessment (left panel) and 
the residual plots (right panel). The blue solid line is the model prediction and the open circles are observed values. Panels 
correspond to SPC longline indices for 1993-2009. 
 

 
Figure 1A (h) Model fits to the standardized CPUE indices used for TW_Ref case in the blue shark stock assessment (left panel) and 
the residual plots (right panel). The blue solid line is the model prediction and the open circles are observed values. Panels 
correspond to Taiwan longline indices for 2004-2011. 
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