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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 (Paya 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 (Paya 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 (Paya 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 (Paya 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



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

MATERIAL AND METHODS
Catches

The catch data by country were collected from SPRFMO statistics and PRODUCE of Peru (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 (Paya 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:

CPUEY3~ 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)

SPIiCT 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).



6. The main variance parameters (logsdb, logsdc, logsdi, logsdf) should not be unrealistically
high.

SPIiCT is implemented in a R package called “SPiCT” which is based on 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 (Tablel). 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.

Abundance Indices Global Index Indices: Global Index
(average of 1. China (average of
country 2. Korea country
weighted by 3. China weighted by
catch) Taipei catch)

4. Chile
5. Peru

Shape productive curve  Free Free Schaefer

(“parameter n”) Model

Parameter “r” 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 | 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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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 ¢ 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 Fstandard 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% Cl. 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 0.01 404 -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 ¢ 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 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 Dbeta 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 ¢ 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.
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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% Cl shown as a grey region.
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Table 4. Biomass estimations with 95% Cl. 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% Cl. 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% Cl. 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

13



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).
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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.
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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 Peru. 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% Cl 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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Background

* For short-lived squid the recommendation is
to do an in-season stock assessment.

* So farin-season stock assessment seems to be
hard to implement in squid (Dosidicus gigas)
in the SPRFMO area.

* An alternative method could be to apply a
surplus production model in continuous time,
which could allow to do stock assessment by
month or quarter of the year.

Paya, 2022
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Objective

To do a first attempt to apply the Stochastic
Production model in Continuous Time (SPiCT) to
D. gigas in FAO87 area, using annual data.

Paya, 2022
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A single stock hypothesis

Stock area = FAO 87 area:
SPFRMO area —zwx
Ecuador EEZ |
Peru ANJ
Chile EEZ

-

40° 2° W 0 E 20 40°
Miler cylindrical projection

Paya, 2022
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SPICT

* SPiCT is considered as the assessment model for several stocks in ICES (KMSYSPICT
2021).

¢ SPiCT: Stochastic Production model in ContinuousTime (Pedersen & Berg, 2017).

* Based on generalised surplus production modelsin the form of Pella & Tomlinson
(1969)

¢ State-space models that separate random variability of stock dynamics from error
in observed indices of biomass.

* Enableserrorinthe catch process to be reflected in the uncertainty of estimated
model parameters and management quantities.

* Abilityto provide estimates of exploitable biomass and fishing mortality at any
pointin time from data sampled at arbitrary and possibly irregular intervals.

Paya, 2022
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* Pellay Tomlinson model:

dB, s (1 B" ! B
dt n-—-1°¢ K 57T

* Fletcher (1978) derived a more stable parametrisation:

dBy B B.|"
e ymiBt —ym [?l —F¢B;
wherey = nnnTl/(n —1) and m = nn,r(il,f_l)
+  Finally:
ym _ym[ %" L i =
dz, = (?_? - —F; —30 3) dt + ogdW; Z=In(B).

Brownian motion

Paya, 2022
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SPICT

* Biomass and fishing mortality are unobserved
processes = random effects

* Catches and abundanceindices are observed
variables.

Paya, 2022
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SPIiCT, harvesting rule and BAC

* |CES (2021) applies SPiCT for short-life stock
assessments.

« BRP=F_MSYy B_MSY

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

* BAC recommended is the 35th percentile of
distribution of the short projection catch

Paya, 2022
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SPICT

* Implemented in Template Model Building
(TMB),

* SPiCT R package.

Paya, 2022
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First attempt to apply SPiCT to D. gigas

in FAO87 area
Data:

1) Catches: SPFRMO + Chile EEZ + Perd ANJ

2) A global abundance index calculated as an
average of preliminary abundance indices by
country, weighted by country catch.

Paya, 2022
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Abundanceindices in SPRFMO area

Nominal CPUE (ton/ fishing day) availablein national reports of China, China
Taipeiand Korea.

(Note: standardized CPUE available in national and squid reports)

Paya, 2022
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Abundanceindex in Chile

standardized CPUE of artisanal boats
GLMM: Generalized Linear Mixed Model
CPUE= ton/trip
CPUEY3 ~ Year + Month + Region + (1 | Boat)
Fixed Effects = Year, Month and Region.
Random effects = Boat
Paya |. 2022. Estatusy posibilidadesde explotacion biolégicamente sustentables
de los principalesrecursos pesqueros nacionales, afio 2022: Jibia. (Status and
possibilities of biologically sustainable exploitation of the main national fishery
resources, year 2022: D. gigas). Instituto de Fomento Pesquero. Chile. 101 pages

and 4 annexes. In Spanish with abstractin English.
https://doi.org/10.13140/RG.2.2.18924.85126 Pay4, 2022
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Abundanceindex in Peru
Approximated artisanal boat CPUE.

NPUE= Number of squid/trip-day
CPUE= NPUE x Mean Weight in catches
Source: Approximated figures from report plots.

IMARPE 2021. Situacion del calamar gigante durante el 2020 y perspectivas de
pesca para el 2021. (Jumbo squid situation during 2020 and fishing prospects for
2021). Report in Spanish available at:
https://www.gob.pe/institucion/imarpe/informes-publicaciones/2056728-
informe-correspondiente-al-oficio-n-199-2021-imarpe-pcd

Paya, 2022
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Global abundance index

Step 1. Indices relative to year 2015
Step 2. Global = Average of relative indices weighted by catch
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Checklist for the acceptance of a SPiCT
assessment (Mildenberger et al., 2021)

SPIiCT applied to D. gigas passed the checklist

Paya, 2022
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Checklist of SPiCT assessment

## 1 The assessment converged (fitSoptSconvergence equals 0).
repjibiaSoptSconvergence
(110

## 2. variance parameters of the model parameters are finite
all(is.finite(repjibia$sd))
[1] TRUE

## 3. No violation of model assumptions based on one-step-ahead

## residuals (bias, auto-correlation, normality). This means,

## that p-values are insignificant (> 0.05), indicated by green

## titles in the graphs of plotspict.diagnostic(fit).

# Slight violations of these assumptions do not necessarily invalidate model results.
plotspict.diagnostic

Paya, 2022
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Checklist of SPiCT assessment

#1# 4. Consistent patternsin the retrospective analysis (fit <- retro(fit)).

## This means that there is no tendency of consistent under- or overestimation

## of the relative fishing mortality (F FMSY) and relative biomass ( B BMSY)

## in successive assessment. The retrospective trajectories of those two quantities
## should be inside the credible intervals of the base run.

plotspict.retro

Paya, 2022
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Checklist of SPiCT assessment

##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). Low values of
BMSY/K allow for an infinite population growth rate (calc.bomsyk(fit)).

calc.bmsyk(repjibia)
[1] 0.2828626

## 6 High assessment uncertainty can indicate a lack of contrast in the input
data or violation of the ecological model assumptions. The main variance
parameters # (logsdb, logsdc, logsdi, logsdf) should not be unrealistically high.
Credible intervals # for B/BMSY and F/FMSY should not span more than 1
order of magnitude (calc.om(fit)).

lower upper Cl range order magnitude
B/Bmsy 0.14 0.39 1.13 0.99 1
F/Fmsy 0.92 2.62 7.42 6.49 1
Paya, 2022
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Plots observed catch and
predictions using the
current F and Fmsy. The
plot also containsthe
equilibrium catch if the
current F is maintained.
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Catch and
indices
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Estimated parameters

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. 0.18 0.01 404 -1.73

4rc 0.58 0.23 1.48 -0.55

5 rold 0.46 0.00 576.18 -0.77

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

7K 8911.51 109597 72461.05 9.10

8q 0.00 0.00 0.00 -7.82

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

Paya, 2022
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Some parameter priors and posteriors

; = Prior
3 Post
is //—\ Curve shape
: 001 0;5 0:0 0;0 1:0 5;0 101;0
o Observation

error/ process

//,_\ error for B

Densty
00 01 02 03 04 05
P S T T

apha
2 — o Observation
§ 2 error/ process
& error for F
; 02 0'5 10 20
o Paya, 2022

31
ANNEX I.



BRP

Deterministic reference points (Drp)

estimate cilow ciupp log.est
Bmsyd 2520.7325 969.641246 6553.03431  7.832305
Fmsyd 0.2886643 0.1127908 0.7387758 -1.242491
MSYd 727.645524 662.386221 799.334273  6.589814

Stochastic reference points (Srp)

estimate cilow ciupp log.est rel.diff.Drp

Bmsys 2519.19079 969.170095 6548.20272  7.831693 -0.000612

Fmsys 0.2887248 0.1128741 0.7385396 -1.242281 0.00020949

MSYs 727.352867 662.31649 798.775513  6.589412 -0.0004024
Paya, 2022
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Stock status: Overexploited

States w 95% CI (inpSmsytype: s)

estimate cilow ciupp log.est
B_2020.94 994.767715 602.415661 1642.65784 6.9025093
F_2020.94 0.7550411 0.4295808  1.327078 -0.280983

B_2020.94/Bmsy 0.3948759  0.138518 1.125681 -0.9291838
F_2020.94/Fmsy 2.6150896 0.9222762  7.415017 0.9612984

Paya, 2022
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mortality as a function of
biomass together with
reference pointsand the
prediction for next year
given a constantF. The
equilibriumbiomass for F
fixed to the current value
is also plotted.

Paya, 2022
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BAC, Fstatus quo2022

Predictions w 95% Cl (inpSmsytype: s)

prediction cilow ciupp log.est
B_2022.00 878 438 1761 6.7778182
F_2022.00 0.76 0.38 1.52 -0.2809827
B_2022.00/Bmsy 0.35 0.11 1.12 -1.0538749
F_2022.00/Fmsy 2.62 0.85 8.02 0.9612987
Catch_2021.00 703 508 973 6.5547565
E(B_inf) 718 NA NA 6.5760047

Paya, 2022
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BAC by harvesting rule

Managemen evaluation:

2022

Predicted catch for management period and states at management evaluation time:

1 Keep current catch

2 Keep current F

3 Fish at Fmsy

4 No fishing

5 Reduce F by 0.25

6 Increase F by 0.25

7 MSY hockey-stick rule
8 ICES advice rule

C

786.4
702.6
327.2

1
569.7
814.2
263.3
114.6

B/Bmsy

0.31
0.35
0.51
0.65
0.41

0.3
0.54
0.61

F/Fmsy

3.1
2.62
1

0
1.96
3.27
0.78
0.32

ICES 2021 The TAC advice is the 35th percentile of the short term forecast of the catch
distribution. Thisis achievedin spict using:
add.man.scenario(rep, "ICES MSY", fractiles = list(catch = 0.35), breakpointB= c(1/3,
1/2))
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BAC by deciles and harvesting rule
Perct 0.1 0.2 0.3 0.4 0.5
currentCatch 638.002 685.484 721.900 754.544 786.390
currentF 567.999 611.010 644.031 673.657 702.578
Fmsy 257.094 279.282 296.460 311.973 327.206
noF 0.742 0.814 0.871 0.923 0.974
reduceF25 456.746 492.747 520.455 545.361 569.716
increaseF25 661.045 710.056 747.636 781.319 814.172
msyHockeyStick 205.654 223.851 237.963 250.725 263.271
ices 88.284  96.557 102.999 108.843 114.604

Paya, 2022
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Proportion of Bmsy
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Preliminary results
Stock is over exploited: B/Bmsy= 0.39; F/Fmsy = 2.61

BAC 2022 at MSY: 327 thousand tons (B/Bmsy = 0.51)
Recovering time to Bmsy = 9.5 years

BAC F_status_quo:
568 thousand tons (10t percentile)
703 thousand tons (50t percentile)

Paya, 2022
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Discussion
* SPiCT fits well to squid data

* Preliminary results suggest that squid stock is
over-exploited.
* Need to improve abundance indices:

* Chinese, Chinese Taipei and Korean nominal CPUE
need to be replaced by standardised CPUE.

* Peruvian approximated CPUE need to be replaced
by standardised CPUE.

Paya, 2022
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Discussion

* Compare fits to a global index versus to country
indices.

e Continuous time: data could be by month or quarter of
the year.

* Explore use of priors for determining the shape of the

production curve.

Meta studies (Thorson et al. 2012): inpSpriorsSlogn <-c(log(1.478), 0.6, 1).
Tighter Schaefer prior: inpSpriors$logn <-c(log(2), 0.5, 1)
Fixing n to resemble the Schaefer production model: inpSphasesSlogn <--1

* Explore use of priors for the initial depletion level.

» Explore use of priors for the ratios of process to
observation errors (logalpha and logbeta).

Paya, 2022
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Discussion

Model parameters to which priors can be applied (list.possible.priors())
[1] "logn" "logalpha" "logbeta" "logr" "logK" "logm"

[7] "logq" "logqf" "logbkfrac" "logB" "logF" "logBBmsy"

[13] "logFFmsy" "logsdb" "logsdf" "logsdi" "logsde" "logsdc"

[19] "logsdm" "logpsi" "mu" "BmsyB0" "logngamma"

Paya, 2022
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Background

* For short-lived squid the recommendation is
to do an in-season stock assessment.

* So farin-season stock assessment seems to be
hard to implement in squid (Dosidicus gigas)
in the SPRFMO area.

* An alternative method could be to apply a
surplus production model in continuous time,
which could allow to do stock assessment by
month or quarter of the year.

Paya, 2022
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Objective

To do a first attempt to apply the Stochastic
Production model in Continuous Time (SPiCT) to
D. gigas in FAO87 area, using annual data.

— To evaluate the impact of fit the model to one or
several indices.

— To evaluate the impact of fixed Schafer with prior
for “r”

Paya, 2022
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A single stock hypothesis

Stock area = FAO 87 area:
SPFRMO area —zwx
Ecuador EEZ |
Peru ANJ
Chile EEZ

-

40° 2° W 0 E 20 40°
Miler cylindrical projection

Paya, 2022
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SPICT

* SPiCT is considered as the assessment model for several stocks in ICES (KMSYSPICT
2021).

¢ SPiCT: Stochastic Production model in ContinuousTime (Pedersen & Berg, 2017).

* Based on generalised surplus production modelsin the form of Pella & Tomlinson
(1969)

¢ State-space models that separate random variability of stock dynamics from error
in observed indices of biomass.

* Enableserrorinthe catch process to be reflected in the uncertainty of estimated
model parameters and management quantities.

* Abilityto provide estimates of exploitable biomass and fishing mortality at any
pointin time from data sampled at arbitrary and possibly irregular intervals.

Paya, 2022
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* Pellay Tomlinson model:

dB, s (1 B" ! B
dt n-—-1°¢ K 57T

* Fletcher (1978) derived a more stable parametrisation:

dBy B B.|"
e ymiBt —ym [?l —F¢B;
wherey = nnnTl/(n —1) and m = nn,r(il,f_l)
+  Finally:
ym _ym[ %" L i =
dz, = (?_? - —F; —30 3) dt + ogdW; Z=In(B).

Brownian motion

Paya, 2022

6
ANNEX 1.



I IN S T T ST U T O DEE F ONMERESEN, T O BB S QU ES RO

SPICT

* Biomass and fishing mortality are unobserved
processes = random effects

* Catches and abundanceindices are observed
variables.

Paya, 2022
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Abundanceindices in SPRFMO area

Nominal CPUE (ton/ fishing day) availablein national reports of China, China
Taipeiand Korea.

(Note: standardized CPUE not availablein national and squid reports)

Paya, 2022
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Abundanceindex in Chile

standardized CPUE of artisanal boats
GLMM: Generalized Linear Mixed Model
CPUE= ton/trip
CPUEY3 ~ Year + Month + Region + (1 | Boat)
Fixed Effects = Year, Month and Region.
Random effects = Boat
Paya |. 2022. Estatusy posibilidadesde explotacion biolégicamente sustentables
de los principalesrecursos pesqueros nacionales, afio 2022: Jibia. (Status and
possibilities of biologically sustainable exploitation of the main national fishery
resources, year 2022: D. gigas). Instituto de Fomento Pesquero. Chile. 101 pages

and 4 annexes. In Spanish with abstractin English.
https://doi.org/10.13140/RG.2.2.18924.85126 Pay4, 2022
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Abundanceindex in Peru
Approximated artisanal boat CPUE.

NPUE= Number of squid/trip-day
CPUE= NPUE x Mean Weight in catches
Source: Approximated figures from report plots.

IMARPE 2021. Situacion del calamar gigante durante el 2020 y perspectivas de
pesca para el 2021. (Jumbo squid situation during 2020 and fishing prospects for
2021). Report in Spanish available at:
https://www.gob.pe/institucion/imarpe/informes-publicaciones/2056728-
informe-correspondiente-al-oficio-n-199-2021-imarpe-pcd

Paya, 2022
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Global abundance index

Step 1. Indices relative to year 2015
Step 2. Global = Average of relative indices weighted by catch
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¥ Pery e Global index
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Abundance Indices

Shape productive curve
(“parametern”)

Parameter “r”

Cases

Case 2 Case3
Global Index 5 Indices. Global Index
(average of 1. China (average of country
country 2. Korea weighted by catch)
weighted by 3. ChinaTaipei
catch) 4, Chile

5. Peru
Free Free Schaefer Model
Free Free Prior (0.5, 2,0)

Paya, 2022

13
ANNEX 1.



LN S T 1Tl T O Bt E F OMSsESEN,. T O BB S QU ES RO

Case 1

* Fitting to a global abundance index

Paya, 2022
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Case 1: Checklist of SPiCT assessment

## 1 The assessment converged (fitSoptSconvergence equals 0).
repjibiaSoptSconvergence
(110

## 2. variance parameters of the model parameters are finite
all(is.finite(repjibia$sd))
[1] TRUE

## 3. No violation of model assumptions based on one-step-ahead

## residuals (bias, auto-correlation, normality). This means,

## that p-values are insignificant (> 0.05), indicated by green

## titles in the graphs of plotspict.diagnostic(fit).

# Slight violations of these assumptions do not necessarily invalidate model results.
plotspict.diagnostic

Paya, 2022
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Case 1: Checklist of SPiCT assessment

##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). Low values of
BMSY/K allow for an infinite population growth rate (calc.bomsyk(fit)).

calc.bmsyk(repjibia)
[1] 0.2828626

## 6 High assessment uncertainty can indicate a lack of contrast in the input
data or violation of the ecological model assumptions. The main variance
parameters # (logsdb, logsdc, logsdi, logsdf) should not be unrealistically high.
Credible intervals # for B/BMSY and F/FMSY should not span more than 1
order of magnitude (calc.om(fit)).

lower upper Cl range order magnitude
B/Bmsy 0.14 0.39 1.13 0.99 1
F/Fmsy 0.92 2.62 7.42 6.49 1
Paya, 2022

19
ANNEX 1.



Plots observed catch and
predictions using the
current F and Fmsy. The
plot also containsthe
equilibrium catch if the
current F is maintained.
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Paya, 2022
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Dashed blue lines relate to the left y-axis indicating absolute levels.
The horizontal black line is the estimate of BMSY with 95% Cl shown as a .
grey region. Paya, 2022
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Production curve
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- s ; 5 Case 1:
Kobe Plot

Plots estimated fishing
mortality as a function of
biomass together with
reference pointsand the
prediction for next year
given a constantF. The
equilibriumbiomass for F
fixed to the current value
is also plotted.

Fy

1000 2000 3000 4000 5000 6000

— Paya, 2022
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Case 2

* Fitting with separated Indices

Paya, 2022
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Case 2: Checklist of SPiCT assessment

## 1 The assessment converged (fitSoptSconvergence equals 0).
repjibiaSoptSconvergence
(110

## 2. variance parameters of the model parameters are finite
all(is.finite(repjibia$sd))
[1] TRUE

## 3. No violation of model assumptions based on one-step-ahead

## residuals (bias, auto-correlation, normality). This means,

## that p-values are insignificant (> 0.05), indicated by green

## titles in the graphs of plotspict.diagnostic(fit).

# Slight violations of these assumptions do not necessarily invalidate model results.
plotspict.diagnostic

Paya, 2022
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Case 2: Checklist of SPiCT assessment

#1# 4. Consistent patternsin the retrospective analysis (fit <- retro(fit)).

## This means that there is no tendency of consistent under- or overestimation

## of the relative fishing mortality (F FMSY) and relative biomass ( B BMSY)

## in successive assessment. The retrospective trajectories of those two quantities
## should be inside the credible intervals of the base run.

plotspict.retro

## 5. Retrospective plots failed

> #Calculates influence statistics of observations.

> repjibia<- calc.osa.resid(repjibia)

> calc.influence(repjibia)

Calculatinginfluence statistics for 89 observations:

Error in base.checks(inpSobsC, inpStimeC, inpSstdevfacC, "C") :
stdevfac and observation vector do not match in length for C series.

Paya, 2022
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Case 2: Checklist of SPiCT assessment

##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). Low values of
BMSY/K allow for an infinite population growth rate (calc.bomsyk(fit)).

calc.bmsyk(repjibia)
[1] 0.4232889

## 6 High assessment uncertainty can indicate a lack of contrast in the input
data or violation of the ecological model assumptions. The main variance
parameters # (logsdb, logsdc, logsdi, logsdf) should not be unrealistically high.
Credible intervals # for B/BMSY and F/FMSY should not span more than 1
order of magnitude (calc.om(fit)).

lower est upper Clrange Order magnitude
B/Bmsy 0.16 0.45 1.25 1.09 1
F/Fmsy 0.85 2.44 202 6.17 1
Paya, 2022
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Casel

Case 2
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Estimated parameters

Case 2

Model parameter estimates w 95% Cl

estimate  cilow ciupp log.est
alphal 1.4959643 0.6413348 3.489456e+00 0.4027710
alpha2 2.4701900 0.8215932 7.426837e+00 0.9042951
alpha3 1.9287213 0.6823849 5.451418e+00 0.6568572
alphad 1.6840772 0.5758124 4.925417e+00 0.5212177

Paramettes Case 1 alpha5 1.6321971 0.7057463 3.774823e+00 0.4899270
r 0.177 beta 0.4995641 0.1701467 1.466759e+00 -0.6940194
= 0.577 r 03432482 0.0035307 3.336972e+01 -1.0693015
cod T re 05110715 0.1787021 1.461617e+00 -0.6712458
rold 0.9999970 0.0000039 2.551438e+05 -0.0000030
:‘ Sgig m  719.9895338 471.5109522 1.099412e+03 6.5792367

K  6656.3727297 884.5800979 5.008851e+04 8.8033300
ql 0.0015762 0.0007473 3.324100e-03 -6.4527661

q2 0.0039173 0.0018177 8.442300e-03 -5.5423440

q3 0.0024395 0.0011519 5.166400e-03 -6.0159689

qd 0.0002919 0.0001381 6.172000e-04 -8.1390914

q5 0.0011178 0.0005362 2.330100e-03 -6.7963867

n 1.3432492 0.0180597 9.990843e+01 0.2950915
sdb  0.1388546 0.0628889 3.065818e-01 -1.9743278
sdf  0.2631465 0.1531742 4.520740e-01 -1.3350444
sdil 0.2077216 0.1155843 3.733053e-01 -1.5715568
sdi2  0.3429973 0.1983388 5.931624e-01 -1.0700328
sdi3  0.2678119 0.1700559 4.217625e-01 -1.3174706
sdi4  0.2338419 0.1388956 3.936915e-01 -1.4531101
sdi5  0.2266381 0.1444931 3.554828e-01 -1.4844008
sdc  0.1314585 0.0622335 2.776855e-01 -2.0290638 Paya” 2022
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Case 2
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Case 3

* One global index
* Fixed Schaefer Model
* Prior 0.5 >r<2.0

Paya, 2022
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Case 3: Checklist of SPiCT assessment

## 1 The assessment converged (fitSoptSconvergence equals 0).
repjibiaSoptSconvergence
(110

## 2. variance parameters of the model parameters are finite
all(is.finite(repjibia$sd))
[1] TRUE

## 3. No violation of model assumptions based on one-step-ahead

## residuals (bias, auto-correlation, normality). This means,

## that p-values are insignificant (> 0.05), indicated by green

## titles in the graphs of plotspict.diagnostic(fit).

# Slight violations of these assumptions do not necessarily invalidate model results.
plotspict.diagnostic

Paya, 2022
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Case 3: Checklist of SPiCT assessment

## 4. Consistent patternsin the retrospective analysis (fit <- retro(fit)).

## This means that there is no tendency of consistent under- or overestimation

## of the relative fishing mortality (F FMSY) and relative biomass ( B BMSY)

## in successive assessment. The retrospective trajectories of those two quantities
## should be inside the credible intervals of the base run.

plotspict.retro

## 5. Retrospective polots failed

> #Calculates influence statistics of observations.

> repjibia<- calc.osa.resid(repjibia)

> calc.influence(repjibia)

Calculatinginfluence statistics for 89 observations:

Error in base.checks(inpSobsC, inpStimeC, inpS$stdevfacC, "C") :
stdevfac and observation vector do not match in length for C series.

Paya, 2022
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Case 3: Checklist of SPiCT assessment

##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).
Low values of BMSY/K allow for an infinite population growth rate
(calc.bmsyk(fit)).

calc.bmsyk(repjibia)

[1] 0.4232889

## 6 High assessment uncertainty can indicate a lack of contrast in the
input data or violation of the ecological model assumptions. The main
variance parameters # (logsdb, logsdc, logsdi, logsdf) should not be
unrealistically high. Credible intervals # for B/BMSY and F/FMSY should
not span more than 1 order of magnitude (calc.om(fit)).

> calc.om(repjibia)

lower est upper Cl range order magnitude
B/Bmsy 0.16 0.45 1.25 1.09 1
F/Fmsy 0.852.44 7.02 6.17 1 Pay4, 2022
D NS A T ORNEEESTE N VATE. oS T IV EGE AL MG T OGN P ETS: 1OU IS ERSRe A
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Estimated parameters

Case 3

Model parameter estimates w 95% Cl
estimate cilow ciupp log.est
alpha 5.0273336 0.6014841 42.0195348 1.6148897

Paramettes Casel beta 0.6836982 0.2651452 1.7629710-0.3802387
r 0.177 r 0.6321746 0.4104348 0.9737107-0.4585896
e 0.577 rc  0.6321746 0.4104348 0.9737107-0.4585896
m— 0.461 rold 0.6321746 0.4104348 0.9737107-0.4585896

m  756.1732795 691.2809098 827.1572679 6.6282706
N 28 K 4784.58494693177.28682737204.9690060 8.4731546
K 8912 q  0.0003847 0.0002808 0.0005269 -7.8631537

sdb  0.0282361 0.0035807 0.2226603-3.5671531
sdf  0.2070157 0.1133452 0.3780970-1.5749608
sdi  0.1419524 0.0976890 0.2062719-1.9522634
sdc  0.1415362 0.0824617 0.2429310-1.9551994

Paya, 2022
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Cases
| Jcaser  Jcase2  |case3

Abundance Indices Global Index 5 Indices. Global Index
(average of 1. China (average of country
country weighted 2. Korea weighted by catch)
by catch) 3. ChinaTaipei

4. Chile
5. Peru

Shape of productive Free Free Schaefer Model

curve (“parameter n”)

Parameter “r” Free Free Prior (0.5, 2,0)

Converged Yes Yes Yes

Checklist Passed Failed Passed

Estimated “r” 0.17 0.34 0.63

Estimated “k” 8912 6656 4784

Stock Status Over-exploited Over-exploited Over-exploited

Paya, 2022
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Conclusions

* Model fitted to several indices (Case 2)
converged but retrospective analysis failed.

* Model with global index, fixed Schaefer and
Prior for r (Case) converged and passed the
checklist

* Parameter “r” depends on the shape of the
productive curve.

a_n
r

Paya, 2022
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