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SUMMARY 

 

Stock assessment has been conducted for three neritic species, Kawakawa, longtail tuna and narrow-barred 

Spanish mackerel, in the Indian Ocean based on the biomass dynamic models. Two different approaches were 

applied; 1) state-space biomass dynamics models using both of catch series and standardized abundance 

index (here, the Iranian coastal gillnet CPUE, annually averaged) and 2) Catch only analyses using the Cmsy 

method. In the second analyses, we focused on the sensitivity/robustness of the results to i) the assumption 

of prior distributions for r, K, initial and final depletions and ii) the assumption of production functions. For all 

the analyses, we employed Bayesian methods to estimate parameters and evaluate associated estimation 

uncertainty. Non-informative priors were used, and posterior samples were generated using a Markov chain 

Monte Carlo (MCMC) method or acceptance/rejection sampling. Our overall conclusions were a) analyses 

with CPUE series looked too optimistic for all the species, which was driven by a recent increasing trend of 

CPUE; b) Cmsy method provided with robust results to some extent even when the prior assumptions were 

moderately changed; c) however the result of the Cmsy method seemed sensitive to the production functions, 

and therefore there should be careful diagnostic examinations using retrospective analyses and hindcasting 

approaches.  
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1. INTRODUCTION 

 

The last stock assessment for neritic tuna species was conducted in 2015. In the assessment, the “Optimized 

Catch Only Method (OCOM)”, which is a one of data limited stock assessment methods (say, DLSAs), was 

applied. Although there was a contrast in the stock status over the species, the trend was quite similar; the 

population level has been going down while the fishing intensity has been increasing. If these trends 

monotonically continue, the populations might be collapsing.  

 

Table 1. Summary of stock assessment and status for Kawakawa, longtail tuna and narrow-barred Spanish 

mackerel.  

Species Last stock 

assessment 

Data Indicators and 2019 status determination Kobe plot 

Kawakawa 2015 by 

OCOM 

[Add-doc 

number and 

author] 

Catch series  

(1950-2013) 

 

 
Longtail 

tuna 

2015 by 

OCOM 

 

Catch series  

(1950-2013) 

 

 
Narrow-

barred 

Spanish 

mackerel 

2015 by 

OCOM 

 

Catch series  

(1950-2013) 

 

 

 

*OCOM: Optimized Catch Only Method  

 

Since the last assessment, several types of data limited methods have been discussed internally and externally 

to the IOTC. A mainstream of DLSA is still the catch only method. And this sort of method can be applied to 

the IOTC neritic tuna stocks because the data requirement of the method is low; availability of catch series. 

However, there are some studies or existing pieces of information on the abundance indices, and therefore 

to address the necessity of future development of abundance indices for better stock assessment, we 

intentionally used an available standardized CPUE for fitting the biomass dynamic models. Also, to conduct 

sensitivity tests in DLSA, we also applied a simple catch-only method.  

 

2. MATERIALS AND METHODS 

 

2.1 Data  

 

We used the following data set: aggregated annual catch series from 1950 to 2018 and standardized CPUE for 

Iranian gillnet (inshore) from 2008 to 2017 (Fu et al. 2019). The time trajectories of the catch and CPUE for 

Kawakawa, longtail tuna and narrow-barred Spanish mackerel are shown in Figure 1.  



IOTC–2020–WPNT10–12 

3 
 

   
 Figure 1. Time series of catch and CPUE used in this paper.  

 

2.2 METHODS 

 

We conducted two different types of procedures:  

 

 Bayesian state-space biomass dynamic models using catch series data and a standardized abundance 

index [BDM-CPUE, see Tables 2 and 3 for the specification] 

 

 Bayesian state-space biomass dynamic models using catch series only (Cmsy method, Froese et al. 

2017) to investigate sensitivity/robustness to the assumptions of prior distributions [BDM-CatchOnly-

1, see Table 4 for the specification] 

 

 Bayesian state-space biomass dynamic models using catch series only (Cmsy method, Froese et al. 

2017) to investigate sensitivity/robustness to the assumptions of production functions [BDM-

CatchOnly-2, see Table 5 for the specification] 

 

In the analyses mentioned above, we mainly assumed two different surplus production curves (Schaefer and 

Fox). The models basically include the process error, but due to the limited information from the short period 

of CPUE, we also conducted analyses without the process error or with the process error having a fixed 

process error variance. 

  

For all the analyses, we used Bayesian methods to estimate parameters and evaluate associated estimation 

uncertainty. Non-informative priors were used, and posterior samples were generated using a Markov chains 

Monte Carlo (MCMC) method.  

 

 

Table 2. Summary of model specification for analyses of BDM-CPUE 

Scenario  Abbreviation Initial year Production curve Process error  

1 Y1950_SC_PE 1950 Schaefer Estimated 

2 Y1950_FX_PE 1950 Fox Estimated 

3 Y1950_SC_OE 1950 Schaefer CV fixed at 0  

4 Y1950_FX_OE 1950 Fox CV fixed at 0 

5 Y2008_SC_PE 2008 Schaefer Estimated 

6 Y2008_FX_PE 2008 Fox Estimated 

7 Y2008_SC_OE 2008 Schaefer CV fixed at 0  

8 Y2008_FX_OE 2008 Fox CV fixed at 0 
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Table 3. Summary of prior distributions used in BDM-CPUE 

Parameter  Kawakawa Longtail Spanish mackerel 

r U(0.01, 2) Ditto Ditto 

K (1000 tons) U(0, 1000)  Ditto Ditto 

Initial depletion U(0.01, 1) Ditto Ditto 

CV for process error U(0.01, 1) Ditto Ditto 

CV for observation error U(0.01, 1) Ditto Ditto 

q U(0.01, infinity) Ditto Ditto 

 

Table 4. Summary of model specification for analyses of BDM-CatchOnly-1. In all the model, the process error 

cv is fixed at 0.1. 

Scen

ario 
Abbreviation 

Initial 

year 

Prior for initial 

depletion 

(uniform) 

Prior for final 

depletion 

(uniform) 

r 

(uniform) 

K  

(uniform) 

1 S1_Y1950_Df(0.5-0.9) 1950 0.5-0.9 0.5-0.9 0.6-1.5 Max catch/rhigh ,4 max(ct)/rlow 

2 S2_Y1950_Df(0.3-0.9) 1950 0.5-0.9 0.3-0.9 0.6-1.5 Max catch/rhigh ,4 max(ct)/rlow 

3 S3_Y1950_Df(0.3-0.7) 1950 0.5-0.9 0.3-0.7 0.6-1.5 Max catch/rhigh ,4 max(ct)/rlow 

4 S4_Y1950_Df(0.4-0.8) 1950 0.5-0.9 0.4-0.8 0.6-1.5 Max catch/rhigh ,4 max(ct)/rlow 

5 S5_Y1950_Df(0.2-0.6) 1950 0.5-0.9 0.2-0.6 0.6-1.5 Max catch/rhigh ,4 max(ct)/rlow 

6 S6_Y1950_DI(0.6-1.0) 1950 0.6-1 0.3-0.7 0.6-1.5 Max catch/rhigh ,4 max(ct)/rlow 

7 S7_Y1950_DI(0.8-1.0) 1950 0.8-1 0.3-0.7 0.6-1.5 Max catch/rhigh ,4 max(ct)/rlow 

8 S8_Y1950_r(0-2)_K2 1950 0.5-0.9 0.3-0.7 0.0-2.0 Max(catch),50*max(catch) 

9 S9_Y1950_ r(0-2)_K3 1950 0.5-0.9 0.3-0.7 0.0-2.0 0-1000 

10 S10_Y2008_DI(0.3-0.7) 2008 0.3-0.7 0.5-0.9 0.6-1.5 Max catch/rhigh ,4 max(ct)/rlow 

 

Table 5. Summary of model specification for analyses of BDM-CatchOnly-2 (Schaefer and Fox). In all the model, 

the process error cv is fixed at 0.1. 

 
 

3. RESULTS  

 

In general, BDM-CPUE analyses fitted to the data well except in the models without the process error (see 

Appendix A1-A3). However, due to unrealistic CPUE’s increasing trend, the population status looks too 

optimistic, and therefore we are not confident with the results of stock assessment. Rather, these pieces of 

results warrant further investigation of CPUE for all the three neritic species analyzed in this paper. Therefore, 

we do not put all the results of BDM-CPUE in the following sections but into Appendices A1-A3 for Kawakawa, 

longtail and Spanish mackerel, respectively.  

 

Also, the intention of this paper is to address the sensitivity/robustness of the stock assessment results by 

Cmsy methods to the several informative priors, so as in the case of BDM-CPUE, all the results of the BDM-

CatchOnly-1 are summarized in Appendices B1-B3 in the same order of species.  

 

In this section, therefore, we focus on the comparison of results for Schaefer and Fox production function for 

a single set of prior distribution for each species. A simple retrospective analysis was also conducted.  
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3.1 Kawakawa 

 

 

 
Figure K-1. Times series summaries for Cmsy analyses (BDM-CatchOnly-2) for Kawakawa under Shaefer (left) 

and Fox (right) models.  
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Figure K-2. Kobe plots for Cmsy analyses (BDM-CatchOnly-2) for Kawakawa under Shaefer (left) and Fox (right) 

models.  

 

  

 
Figure K-3. Results of retrospective analyses in terms of F- and B-ratios for Cmsy analyses (BDM-CatchOnly-2) 

for Kawakawa under Shaefer (top) and Fox (bottom) models. 

 

 

Table K-1. A short summary for estimates of key parameters and reference points for Kawakawa under 

Schaefer (left) and Fox (right) models.  
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3.2 Longtail tuna 

 

 

 
Figure L-1. Times series summaries for Cmsy analyses (BDM-CatchOnly-2) for longtail tuna under Shaefer (left) 

and Fox (right) models.  
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Figure L-2. Kobe plots for Cmsy analyses (BDM-CatchOnly-2) for longtail tuna under Shaefer (left) and Fox 

(right) models.  

 

 

  

 
Figure L-3. Results of retrospective analyses in terms of F- and B-ratios for Cmsy analyses (BDM-CatchOnly-2) 

for longtail tuna under Shaefer (top) and Fox (bottom) models. 

 

 

Table L-1. A short summary for estimates of key parameters and reference points for longtail tuna under 

Schaefer (left) and Fox (right) models. 
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3.3 Narrow-barred Spanish mackerel 

 

 

 
Figure S-1. Times series summaries for Cmsy analyses (BDM-CatchOnly-2) for Spanish mackerel under Shaefer 

(left) and Fox (right) models.  
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Figure S-2. Kobe plots for Cmsy analyses (BDM-CatchOnly-2) for Spanish mackerel under Shaefer (left) and 

Fox (right) models.  

 

 

  

 
Figure S-3. Results of retrospective analyses in terms of F- and B-ratios for Cmsy analyses (BDM-CatchOnly-2) 

for Spanish mackerel under Shaefer (top) and Fox (bottom) models. 

 

 

Table S-1. A short summary for estimates of key parameters and reference points for Spanish mackerel under 

Schaefer (left) and Fox (right) models.  
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4. DISCUSSION 

 

Our overall conclusions are as follows:  

 

a) analyses with CPUE series look too optimistic for all the species, which was driven by a recent increasing 

trend of CPUE;  

 

b) Cmsy method provided with robust results to some extent even when the prior assumptions were changed;  

 

c) however the result of the Cmsy method is sensitive to the production functions, and therefore there should 

be careful diagnostic examinations using retrospective analyses and hindcasting approaches (since we have 

not tested the predictability of models, we were not able to justify all the results shown in this paper).   
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Appendix A-1. Results of BDM-CPUE for Kawakawa 
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Appendix A-2. Results of BDM-CPUE for longtail tuna 
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Appendix A-3. Results of BDM-CPUE for Spanish mackerel 
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Appendix B-1. Results of BDM-CatchOnly for Kawakawa 
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Appendix B-2. Results of BDM-CatchOnly for longtail tuna 
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Appendix B-3. Results of BDM-CatchOnly for Spanish mackerel 
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