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ABSTRACT 

Recommendations for short-lived squid stock assessment include depletion models with several 

recruitment pulses, however, this kind of model requires a fine time scale to correctly identify the 

depletion events and the arrivals of new pulses of recruitments. In-season stock assessment and in-

season management seems to be hard to implement for D. gigas in the SPRFMO area.  The aim of 

this work was to do a first attempt to apply the Stochastic Production model in Continuous Time 

(SPiCT) to D. gigas in FAO area 87. A sensitivity analysis was done with three cases: 1) default model 

with one global abundance index; 2) As case 1 but with using the abundance indices separately by 

country; and 3) As case 1 but with fixed Schaefer model and a prior the intrinsic growth rate of the 

population (0.5-2.0). SPiCT fits well to data, cases 1 and 3 passed checklist while case 2 converged 

but the retrospective analysis failed. Cases 1 and 3 had different production curves but estimated 

the similar biomasses. The intrinsic growth rate (r) depends on the production model used. The 

Bmsy was estimated at 2521 thousand t and the Fmsy was estimated at 0.3. The MSY was estimated 

at 728 thousand t. Stock status is highly uncertain, but the stock seems to be overfished and 

depleted.  Furthermore, analyses of the abundance indices are required to reduce uncertainty. 

 

BACKGROUND 

Recommendations for short-lived squid stock assessment include depletion models with several 

recruitment pulses (Payá 2009, Arkhipkin et al. 2020).  However, fitting depletion models requires a 

fine time scale to correctly identify the depletion events and the arrivals of new pulses of 

recruitments.  Depletion models applied to Doryteuthis gahi in the Falkland Islands has shown that 

a daily time frame resolution is necessary to identify the arrivals of new recruitments otherwise this 

can be mixed with previous depletion in a week time (Payá 2009). Depletion models with several 

pulses has been applied to Dosidicus gigas fisheries of large phenotype in Chilean fisheries fitted 

using weekly data for several years (Payá 2018a). It has been proposed to the SPRFMO SC to apply 

this kind of models to SPRFMO area and coastal country fisheries, integrates the results by country 

in a production model, and tested this procedure by a squid simulation model (Payá 2018b and 

2018c). So far, the characteristics of D. gigas fisheries operations in the SPFRMO area, and the 

current monitoring of the fisheries and biological sampling make difficult to have information at 

daily or weekly levels. Furthermore, in-season stock assessment and in-season management seems 

to be hard to implement for D. gigas in the SPRFMO area. An alternative squid stock assessment 

method could be a surplus production model in continuous time, called SPiCT (Pedersen and Berg. 

2017), which could allow to do stock assessment by month or quarter of the year. SPiCT is used for 
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assessing several stocks in ICES (ICES 2021). This report is the first attempt to apply SPiCT to D. gigas 

in the FAO Area 87 under de assumption of one single stock (Figure 1), using annual data and prior 

distribution for intrinsic growth rate of the population.  

 

OBJECTIVES 

1. To do a first attempt to apply the Stochastic Production model in Continuous Time (SPiCT) 

to D. gigas in FAO87 area, using annual data. 

2. To evaluate the impact of fit the model to one global abundance index or to several 

indices by country. 

3. To evaluate the impact of fixed Schafer model and use a prior distribution for the intrinsic 

growth rate of the population (r). 

 

 

Figure 1. FAO areas. Area 87 includes SPFRMO area; Ecuador EEZ; Perú ANJ; and Chile EEZ. 

 

MATERIAL AND METHODS 

Catches 

The catch data by country were collected from SPRFMO statistics and PRODUCE of Perú (Figure 2). 
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Figure 2. Catch by country. 

 

Abundance indices in SPRFMO area 

Because standardized CPUE were not available in SC national squid reports, the nominal CPUE 

(ton/ fishing day) available in national reports of China, China Taipei and Korea were compiled 

(Figure 3). 

Abundance index in Chilean EEZ 

Abundance index based on CPUE of artisanal boats was used (Payá 2022). CPUE was calculated as 

ton per fishing trip. The abundance index was the year effect of Generalized Linear Mixed Model 

(GLMM) with year, month and region as fixed effects and boat as random effects of the intercept. 

A cubic transformation was used to normalized the residuals and to use identity link function:  

CPUE1/3 ~ Year + Month + Region + (1 | Boat) 

Abundance in Peruvian waters 

The information was taken from D. gigas stock assessment report by IMARPE (IMARPE 2021). 

Because no tables with abundance indices were included in the report, the data were approximated 

by digitalization of report plots. Then CPUE in tons by trip-day was calculated multiplying the 

number of squid/trip-day by the mean weight in the catches. 

Global abundance index 

A global annual index was estimated as an average of relative indices by country weighted by their 

annual catches. Relative indices were calculated dividing the indices by their values in year 2015. 
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Figure 3. Relative abundance indices by country and global index. 

 

Surplus Production model in Continuous Time (SPiCT) 

SPiCT is a stochastic production model in continuous time (Pedersen & Berg, 2017) based on 

generalised surplus production models in the form of Pella & Tomlinson (1969). It is a state-space 

model that separate random variability of stock dynamics from error in observed indices of biomass. 

It enables error in the catch process to be reflected in the uncertainty of estimated model 

parameters and management quantities. It has the ability to provide estimates of exploitable 

biomass and fishing mortality at any point in time from data sampled at arbitrary and possibly 

irregular intervals. The biomass and fishing mortality are unobserved processes (random effects), 

and the catches and abundance indices are observed variables. 

Checklist of SPiCT assessment 

A SPiCT stock assessment is accepted if it passes the following check list (Mildenberger et al. 2021): 

1. The assessment converge.  

2. Variance parameters of the model parameters are finite.   

3. No violation of model assumptions based on one-step-ahead residuals (bias, auto-

correlation, normality).  

4. Consistent patterns in the retrospective analysis.  

5. Realistic production curve (The shape of the production curve should not be too skewed 

(BMSY/K) should be between 0.1 and 0.9). 
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6. The main variance parameters (logsdb, logsdc, logsdi, logsdf) should not be unrealistically 

high. 

SPiCT is implemented in ŀ w ǇŀŎƪŀƎŜ ŎŀƭƭŜŘ άSPiCTέ ǿƘƛŎƘ ƛǎ ōŀǎŜŘ ƻƴ Template Model Building 

(TMB, Kristensen et al. 2016). 

 

ICES harvesting rule and BAC in SPiCT 

ICES (2021) apply SPiCT for short-life stock assessments. The biological reference points (BRP) are 

the fishing mortality (F_MSY) and biomass (B_MSY) at Maximum Sustainable Yield (MSY). ICES 

recommends a hockey-stick harvesting rule like: B_trigger = B_MSY /2 and Blim = B_MSY /3. The 

biological acceptable catch (BAC) recommended is the 35th percentile of distribution of catch of 

short projections. 

Sensitivity analysis of SPiCT fits to D. gigas in the FAO area 87. 

Three cases were analysed (Table1). The case 1 is the default model for one abundance index, the 

case 2 is case 1 but with using the abundance indices separately by country, and case 3 is case 1 

with fixed Schafer model and a prior distribution uniform for the population growth parameter.  

Table 1. Description of cases. 

 
Case 1 Case 2 Case 3 

Abundance Indices Global Index 

(average of 

country 

weighted by 

catch) 

Indices: 

1. China 

2. Korea 

3. China 

Taipei 

4. Chile 

5. Perú 

Global Index 

(average of 

country 

weighted by 

catch) 

Shape productive curve 

όάǇŀǊŀƳŜǘŜǊ ƴέύ 

Free Free Schaefer 

Model 

tŀǊŀƳŜǘŜǊ άǊέ Free Free Prior (0.5, 

2.0) 

 

RESULTS. 

Detailed results were presented at the first and the second session of the Squid Working Group 

Stock Assessment Workshop (see ANNEX I and II). The charts of main results by case are shown in 

figures 4 to 6. Cases 1 and 3 passed the checklist but case 2 did not. Model fitted to case 2 converged 

but retrospective analysis failed. The parameters estimated by case are shown in tables 2 to 4. 
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Figure 4. Main chart results for case 1 
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Figure 5. Main results chart for case 2. 
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Figure 6. Main results chart for case 3. 
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Table 2. Model parameter estimates with 95% CI. Case 1 

N° Name estimate cilow ciupp log.est Description 

1 alpha 5.53 0.70 43.96 1.71 Observation error/ Process error for B 

2 beta 0.68 0.27 1.73 -0.39 Observation error/ Process error for F 

3 r 0.18 0.01 4.04 -1.73   

4 rc 0.58 0.23 1.48 -0.55   

5 rold 0.46 0.00 576.18 -0.77   

6 m 727.65 662.39 799.33 6.59 m=rK/n^(n/(n-1)). Fletcher (1978)  

7 K 8911.51 1095.97 72461.05 9.10   

8 q 0.00 0.00 0.00 -7.82   

9 n 0.61 0.05 7.86 -0.49 Production curve shape (Schaefer, Fox) 

10 sdb 0.03 0.00 0.19 -3.67 Biomass standard error (process error) 

11 sdf 0.20 0.11 0.37 -1.59 F standard error (process error) 

12 sdi 0.14 0.10 0.20 -1.96 Index standard error (observation error) 

13 sdc 0.14 0.08 0.24 -1.98 Catch standard error (observation error) 

 

 

 

 Table 3. Model parameter estimates with 95% CI. Case 2 

N° Name estimate cilow ciupp log.est Description 

1 alpha 5.53 0.70 43.96 1.71 Observation error/ Process error for B 

2 beta 0.68 0.27 1.73 -0.39 Observation error/ Process error for F 

3 r 0.18 0.01 4.04 -1.73   

4 rc 0.58 0.23 1.48 -0.55   

5 rold 0.46 0.00 576.18 -0.77   

6 m 727.65 662.39 799.33 6.59 m=rK/n^(n/(n-1)). Fletcher (1978)  

7 K 8911.51 1095.97 72461.05 9.10   

8 q 0.00 0.00 0.00 -7.82   

9 n 0.61 0.05 7.86 -0.49 Production curve shape (Schaefer, Fox) 

10 sdb 0.03 0.00 0.19 -3.67 Biomass standard error (process error) 

11 sdf 0.20 0.11 0.37 -1.59 F standard error (process error) 

12 sdi 0.14 0.10 0.20 -1.96 Index standard error (observation error) 

13 sdc 0.14 0.08 0.24 -1.98 Catch standard error (observation error) 
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Table 4. Model parameter estimates with 95% CI. Case 3 

N° Name estimate cilow ciupp log.est Description 

1 alpha 5.027 0.601 42.020 1.61 Observation error/ Process error for B 

2 beta 0.684 0.265 1.763 -0.38 Observation error/ Process error for F 

3 r 0.632 0.410 0.974 -0.46   

4 rc 0.632 0.410 0.974 -0.46   

5 rold 0.632 0.410 0.974 -0.46   

6 m 756.173 691.281 827.157 6.63 m=rK/n^(n/(n-1)). Fletcher (1978)  

7 K 4784.585 3177.287 7204.969 8.47   

8 q 0.000 0.000 0.001 -7.86   

9 sdb 0.028 0.004 0.223 -3.57 Biomass standard error (process error) 

10 sdf 0.207 0.113 0.378 -1.57 F standard error (process error) 

11 sdi 0.142 0.098 0.206 -1.95 Index standard error (observation error) 

12 sdc 0.142 0.082 0.243 -1.96 Catch standard error (observation error) 
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The biomasses estimated by case 1 and case 3 were similar and lower than the ones estimated by 

case 3 (Figure 7 and tables 4 to 6).  Biomass estimated by cases 1 and 3 had an increasing trend until 

2010 and then a decreasing to the lowest value in 2021. The biomass and Bmsy uncertainties were 

lower in case 3 than in case 1.  

 

  

  

Figure 7. Absolute biomass estimated by case 1 (top left), case 2 (top right) and case 3 (down left). 

Dashed blue lines relate to the left y-axis indicating absolute levels. The horizontal black line is the 

estimate of BMSY with 95% CI shown as a grey region. 
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Table 4. Biomass estimations with 95% CI. Case 1 

Year cilow est ciupp sd cv 

2001 732 1182 1909 0.24 0.25 
2002 1185 1668 2348 0.17 0.18 
2003 1572 2090 2781 0.15 0.15 
2004 1868 2427 3155 0.13 0.13 
2005 1975 2576 3358 0.14 0.14 
2006 2015 2657 3505 0.14 0.14 
2007 2048 2728 3634 0.15 0.15 
2008 2100 2802 3739 0.15 0.15 
2009 2121 2844 3815 0.15 0.15 
2010 2173 2895 3856 0.15 0.15 
2011 2149 2868 3829 0.15 0.15 
2012 2034 2736 3678 0.15 0.15 
2013 1901 2577 3493 0.16 0.16 
2014 1756 2392 3258 0.16 0.16 
2015 1498 2073 2867 0.17 0.17 
2016 1242 1748 2461 0.17 0.18 
2017 1132 1586 2222 0.17 0.17 
2018 1052 1468 2049 0.17 0.17 
2019 928 1309 1847 0.18 0.18 
2020 783 1148 1683 0.20 0.20 
2021 591 986 1645 0.26 0.27 
2022 438 878 1761 0.36 0.37 

 

Table 5. Biomass estimations with 95% CI. Case 2 

Year cilow est ciupp sd cv 

2001 898 1951 4241 0.40 0.41 
2002 1208 2450 4971 0.36 0.37 
2003 1390 2757 5470 0.35 0.36 
2004 1574 3093 6077 0.34 0.36 
2005 1660 3328 6669 0.35 0.37 
2006 1703 3519 7272 0.37 0.38 
2007 1754 3718 7883 0.38 0.40 
2008 1784 3814 8157 0.39 0.40 
2009 1700 3709 8095 0.40 0.41 
2010 1754 3769 8099 0.39 0.41 
2011 1735 3723 7991 0.39 0.40 
2012 1634 3456 7308 0.38 0.40 
2013 1709 3611 7627 0.38 0.40 
2014 1826 3845 8098 0.38 0.39 
2015 1710 3698 7997 0.39 0.41 
2016 1243 2614 5498 0.38 0.39 
2017 1027 2167 4572 0.38 0.40 
2018 842 1818 3923 0.39 0.41 
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2019 732 1562 3334 0.39 0.40 
2020 671 1466 3200 0.40 0.41 
2021 472 1231 3209 0.49 0.52 
2022 303 1033 3521 0.63 0.69 

 

 

Table 6. Biomass estimations with 95% CI. Case 3 

Year cilow est ciupp sd cv 

2001 764 1250 2047 0.25 0.26 
2002 1164 1704 2495 0.19 0.20 
2003 1562 2140 2932 0.16 0.16 
2004 1890 2503 3316 0.14 0.14 
2005 2019 2670 3531 0.14 0.14 
2006 2069 2765 3695 0.15 0.15 
2007 2106 2844 3840 0.15 0.15 
2008 2154 2918 3953 0.15 0.16 
2009 2167 2957 4036 0.16 0.16 
2010 2205 2995 4068 0.16 0.16 
2011 2165 2955 4033 0.16 0.16 
2012 2048 2814 3866 0.16 0.16 
2013 1923 2658 3673 0.17 0.17 
2014 1792 2479 3431 0.17 0.17 
2015 1552 2167 3026 0.17 0.17 
2016 1308 1845 2602 0.18 0.18 
2017 1203 1683 2353 0.17 0.17 
2018 1129 1565 2169 0.17 0.17 
2019 1000 1395 1945 0.17 0.17 
2020 817 1198 1757 0.20 0.20 
2021 546 965 1706 0.29 0.30 
2022 331 780 1841 0.44 0.46 
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The productive curve was asymmetry in case 1 (MSY at B/K=0.3) and case 2 (MSY at B/K=0.41) while 

was symmetry (MSY at B/k=0.5) for Schaefer curve in case 3 (Figure 8). 

 

  

 

Figure 8. Production curve estimated by case 1 (top left), case 2 (top right) and case 3 (down). 

 

The biological reference points were equal for cases 1 and 2, and they were similar to case 3 (Table 

7). 

Table 7. BPRs by case. 

  Case 1   Case 2   Case 3  

  estimate cilow ciupp estimate cilow ciupp estimate cilow ciupp 

Bmsy 2521 970 6553 2521 970 6553 2390 1587 3599 

Fmsy 0.3 0.1 0.7 0.3 0.1 0.7 0.3 0.2 0.5 

MSY 728 662 799 728 662 799 755 690 826 
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The kobe plots showed that MSY uncertainty has a banana shape, the larger uncertainty was found 

in case 2, which was followed by case 1 (Figure 9). The stock status 2021 in all cases was in the red 

area of overfishing and depletion, however in the case 1 and case 2 the status 2021 was inside the 

MSY uncertainty area. The stock status in 2001 was well below Bmsy in the yellow area, then it 

moved to the under exploitation green area, and then quickly went to the overfishing and depleted 

red area. 

  

 

Figure 9. Kobe plot estimated by case 1 (top left), case 2 (top right) and case 3 (down). 

 

DISCUSION 

The main assumption to fit SPiCT to D. gigas in the FAO area 87 is a single unit stock distributed 

throughout the whole area. However, three phenotypes have been defined by the length of 
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maturity or longevity (Nigmatullin et al. 2001), so far, these three phenotypes are present in 

Peruvian waters, although their relative predominance by year seems to depend on the 

environmental conditions, the small one in the equatorial waters and the large one in Chilean EEZ 

and also in international waters off south of Perú. It is expected that these three phenotypes have 

different intrinsic growth rates and carrying capacities, and therefore dissimilar productive curves. 

Although SPiCT as a state-space model estimates a process error for biomass, it is not clear if this 

process error can handle the phenotypes issue. In the same way, the interannual productivity 

variability, that seems to depend on environmental conditions as well, could be considered as part 

of the process error of biomass.  

The second strong assumption is that the global abundance index is as an unbiased index of the 

whole stock, this was tried to be achieved by calculating it as a mean weighted by the catches. This 

weighting procedure produces that the global index follows the Peruvian and Chinese CPUE, 

although since 2015 to present all the indices have had a decreasing trend.  Before 2015 some 

indices increased and others decreased, this could be the reason why retrospective analyses failed 

when SPiCT was fitted to the individual indices (case 2). By the other hand, the first part of the global 

index, when this had an increasing trend (2001-2007), was composed of the Peruvian index only, 

and therefore further analysis of this index are needed. 

The intrinsic growth rate was estimated by case 1 at 0.18, this seems to be a very low value for a 

short-life squid, however it should be considered that it came from an asymmetry production curve 

(B/k=0.3). When the model was fixed as Schaefer model, with a symmetry production curve 

(B/k=0.5), the growth rate was estimated at 0.63 (case 3). The 95% CI of the growth rate was 0.4-

0.97, and so it included high values that could be expected for short-lived squids. 

 

CONCLUSIONS 

1. SPiCT fits well to D. gigas in FAO area 87. 

2. The SPiCT fitted to a global abundance index (cases 1 and 3) was an acceptable 

assessment.  

3. SPiCT fits to indices by country (case 2) converged but its retrospective analysis failed. 

4. SPiCT with different production models (case 1 and 3) estimated similar biomasses.  

5. The growth rate (r) depends on the production model used. 

6. Bmsy was estimated at 2521 thousand t and Fmsy was estimated at 0.3 

7. MSY was estimated at 728 thousand t. 

8. Stock status is highly uncertain, but the stock seems to be overfished and depleted. 

9. Abundance indices need to be improved. 
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ANEXO I. 

 

Presentation at the first session of the Squid Working Group Stock Assessment Workshop 

 

First attempt to apply the Stochastic Production model in Continuous Time (SPiCT) to D. gigas in 

FAO87 area. Using preliminary abundance indices. 
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