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ABSTRACT

Recommendations foshortlived squidstock assessment include depletion models with several
recruitment pulses, howevethis kind of modetequires a fine time scale to correctly identify the
depletion events and the arrivals of new pulses of recruitrsentseason stock assessmentd in
season managemersdeems to be hard to implemeffior D. gigasin the SPRFMO arearhe ainof

this work was tado afirst attempt to apply the Stochastic Production model in Continuous Time
(SPICT) tb. gigasn FAO ara 87.Asensitivityanalysisvas done with threeases 1)default model

with one globalabundance index2) Ascase 1 but with using the abundance indices separately by
country, and 3) Agase lbut with fixed Schefer model and a prior théntrinsic growth rate of the
population(0.5-2.0). SPICT fits welb 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 dmilar biomas®s Theintrinsic growth rate(r) depends on theproduction model usedThe
Bmsy was estimated at 258iousandt and the Fmsy was estimated at 0.3. The MSY was estimated
at 728thousand t Sock status is highly uncertain, but the stoskems to be overfished and
depleted. Furthermore analyses ofhe abundance indices are required to reduce uncertainty.

BACKGROUND

Recommendations foishort-lived squidstock assessmerinclude depletion models with several
recruitment pulsegPaya 2009Arkhipkinet 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 modekpplied toDoryteuthisgahiin 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 20@&leblon models withseveral
pulseshas been appliedo Dosidicusgigasfisheriesof large phenotype in Chilean fisheries fitted
using weekly datéor several yeargPaya 2018a). It has been proposed to the SPRENI@ apply

this kind of models to SPRFMO area and coastaitcptisheries integrates theresults by country

in a production modeland tested tlis procedue bya squidsimulation model (Paya2018b and
20189. So far the characteristics ob. gigasfisheriesoperationsin the SPFRMO aregand the
current monitoring of thefisheries and biological sampling make difficult to have informasibn
daily or weekly leveld-urthermore,in-season stock assessmemtd inseason managemeiseems

to be hard to implemenfor D. gigasin the SPRFMO areAn alternativesquid stock assessment
method could be a surplus production model in continuous tima@)ed SPiCPedersen and Berg.
2017), which could allow to do stock assessment by month or quarter of the ¥#CT isised for



assessingeveral stocks in ICESE 202]. This report ighe first attempt to apply SPIiCT . gigas
in the FAOArea 87 under de assumption of one single st@igure 1)pusing annual datand prior
distribution forintrinsic growth rate of the populatian

OBJECTIGE

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

2. To evaluate the impact of fit the model to ogébal abundance indeor to several
indicesby country

3. Toevaluate the impact of fixed Schafemodel and use arior distributionfor the intrinsic
growth rate of the populatiorgr).
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Figure 1FAO areas. Area 87 includ®BFRMO area; Ecuador EEZ; Pert ANJ; and Chile EEZ

MATERIAL AND METHODS
Catches

The catctdata by country were collected fro®PRFMO statistics and PRODUCE of{Pignire 2).
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Figure 2Catch by country

Abundance indices in SPRFMO area

Becausestandardized CPUkere not available irSCnational squid reportsthe rominal CPUE
(ton/ fishing day) available in national reports of China, China Taipei and Wereaompiled
(Figure 3)

Abundance index in Chien EEZ

Abundance index based @PUE of artisanal boatss usedPaya 202 CPURvas calculated as
ton per fishing trip. The almdance index was the year effect@eneralized Linear Mixed Model
(GLMM with year,month andregionas fixed effects and boat as random effects of the intercept.
A cubic transformation was used to normalized the residuals and tadesdity link function:

CPUE ~ Year + Month + Region + (1 | Boat)
Abundancein Peruvian waters

The information was taken frorD. gigasstock assessment repotty IMARPEIMARPE 2031
Because no tables with abundance indices were included in the report, the data were approximated
by digitalization of report plots. Then CPUE in tons byddap was calculated multiplying the
number of squid/tripdayby the neanweightin the catches.

Global abundance index

A global annual index was estimated as warage of relative indicdsy countryweighted bytheir
annualcatctes. Relative indices were calculated dividing the indices by their values in year 2015.
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Figure 3Relative abundance indicéy countryand global index

Qurplus Production model in Continuous Time (SPICT)

SPiCTis a $ochastic production model incontinuous time (Pedersen & Berg, 201Based on
generalised surplus production models in the formPefla & Tomlinson (1969l is a tate-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 maggement quantitieslt has the aility to provide estimates of exploitable
biomass and fishing mortality at any point in time from data sampled at arbitrary and possibly
irregular intervalsThe bhomass and fishing mortality are unobserved procegsmsdom effecty,

and the atches and abundance indices are observed variables.

Checklist of SPICT assessment
A SPiCBtockassessmenis accepted it passeshe following check lisfMildenbergeret al.2021):

1. The assessment converge

2. Varianceparameters of the model parameters are finite

3. No violation of model assumptions based on etepahead residuals (bias, auto
correlation, normality).

4. Consistent patterns in the retrospective analysis

5. Realistic production curve (The shape of the protibn 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.

SPICT igriplemented inl ~ w LJ O ISBIGT QiKIAfCSKR Abamplaté Kb&RBuillingg
(TMB Kristenseret al 2016).

ICESarvesting rule and BAM SPICT

ICES (2021) apply SPICT for shifertstock assessment$he biological reference points (BRP) are
the fishing mortality (F_MSY) and biomass (B_MSY) at Maximum Sustaffialdlg MSY)ICES
recommends a hockestick harvesting rule like: B_trigger = B_MSY /2 and Blim = B_MS%Ne/3.
biological acceptable catch (BA@tommended is the 35th percentile of distributiarf catchof
short projectiors.

Sensitivityanalysisof SPICT fits t@®. gigasin the FAO area 87.

Three cases were analysed (Tabl@lje case 1 is the default model for one abundance index, the
case 2 is case 1 but witlsing the abundancimdicesseparately by countrand case 3 is cade
with fixed Schfer model ad a priordistribution uniform forthe 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

6aLI N YSGSI Model

t F NI YS{GSNI « Free Free Prior (0.5,

2.0)

RESULTS

Detailed results were presented at the first and the second session obdfued Working Group
Stock Assessment Worksh¢gee ANNEX | and Mhe charts ofmainresults by case are shown in
figures 4 to 6Cases 1 and 3 passed the checklist but caté 2ot. Model fitted tocase Zonverged
but retrospective analysis faile@he parameters estimatelly caseare shown in table2 to 4.
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Figure4. Main chart results for case 1
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Figureb. Main results chart focase 2.
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Table 2Model parameter estimates ith 95% ClCase 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 0.01 404 -1.73

4 rc 0.58 0.23 1.48 -0.55

5 rold 0.46 0.00 576.18 -0.77

6 m 72765 662.39 799.33 6.59 m=rK/n*(n/(n1)). 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 standardkrror (observation error)
13 sdc 0.14 0.08 0.24 -1.98 Catch standard error (observation error’

Table 3Model parameter estimates ith 95% ClCase 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

3r 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 4Model parameter estimates ith 95% ClCase 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/(n1)). 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 errol
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The biomasss estimated by case 1 and case 3 were sirait@lower thanthe onesestimated by
case 3 (Figure 7 and tables 4 to B)omass estimated by cases 1 arfth8 an increasing trend until
2010 and then a decreasing the lowest value in 2021The biomassrad Bmsy uncertainties were
lower in case 3 than in case 1
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Figure 7 Absolute biomass estimated by case 1 (kefp), case 2 (top rightand case 3 (dowtleft).
Dashed blue lines relate to the leftaxis indicating absolute levelBhe horizontablack line is the
estimate of BMSY with 95% CI shown as a grey region.
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Table4. Biomass estimationsith 95% ClCase 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 estimationgth 95% ClCase 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 1272 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

Table6. Biomass estimationsith 95% ClCase 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 cagM3Y at B/K=0)and case 2 (MSY at B/K=0.4Mjle
was symmetry (MSY at B/k=0.5) echaefer curven case JFigure 8).
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Figure 8Production curve estimated lgase 1 (top left), case 2 (top right) and case 3 (down)

The biological reference points were eqéml casesl and 2, and they were similar to cas€lable
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 01 0.7 0.3 0.2 05
MSY 728 662 799 728 662 799 755 690 826
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The kobe plad showed that MSY uncertainty havanana shapehe largeruncertainty wasound
in case2, which wadollowed by case {Figure 9)The stock status 2021 all cases was in the red
area of overfishing and depletion, howenia the case Band case 2he status2021 wasnside the
MSYuncertainty area.The stock status in 2001 wasell below Bmsy in the yellow argthen it

moved tothe under exploitatiorgreen areaandthen quickly went to the overfishing and depleted
red area.

1000 2000 3000 4000 5000 000 2000 4000 000 8000
B, B,

B./Busr

0 1000 2000 3000 4000

Figure9. Kobe plot estimated bgase 1 (top left), case 2 (top right) and case 3 (down).

DISCUSION

The main assumption to fit SPiCTDogigasin the FAO area 8ig a single unit stock distributed
throughout the whole areaHowever, three phenotypes ka been defined by the length of

15



maturity or longevity Nigmatullin et al. 2004 so far, these three phenotypeare present in
Peruvian waters although their relative predominance by year seesmto depend on the
environmental conditionsgthe small one in the equatorial waters atide large one in Chilean EEZ
and also in international waters off south of Peltlis expected thathese three phenotypes have
different intrinsic growth rate and carryingcapacites, and thereforedissimilarproductive curves
AlthoughSPICT as a stagpace modeéstimates aprocess erroffor biomassiit is not clear if this
process error carhandle tre phenotypes issue.In the same way, the interannual productivity
variability, that seems to depend on environmental conditions as well, doeitmbnsidered apart

of the process error of biomass.

The second strong assumption is that the global abundance index is @wsh&sed 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 io€s have had a decreasing trenBefore 2015some

indices increased and others decreased, this cbelthe reason whyetrospective analyses failed

when SPICT was fitted to the individual indiesse 2)By the other hand, the first part dtfie global
index,when this had an increasing trend (20€2D07),was composedof the Peruvian indexnly,

and therefore furtheranalysis of thisndexare needed.

The intrinsic growth ratevasestimatedby case Jat 0.18, this seems to be a very low value for a
shortlife squid,however it should be considered that it came framasymmetry production curve
(B/k=0.3) Whenthe model was fixed as Schaefer mbdeith a symmetry production curve
(B/k=0.5), the growth ratevas estimated at 0.68ase 3)The95% Cbf the growth rate was 0.4
0.97, andso itincluded high values that could be expected for sHived squids.

CONCLUSIONS

1. SPICT fits well tD. gigasn FAO area 87.

2. TheSPICT fied to a globalbundanceindex (cases 1 and @)as an acceptable
assessment

SPICT fits to indices by countrage2) converged butts retrospective analysis failed.
SPICT with different production models (case 1 ares8jnated similarbiomases
The growth rate (rdepends on thgroduction model used

Bmsy was estimated &521thousandt and Fmsy was estimated at 0.3

MSY was estimated &28thousand t

Stock status is highly uncertain, lihe stockseems to be overfished and depleted.
Abundance indices nedd be improved.

©OoNO kAW
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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.
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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.
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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
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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
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SPICT

* Biomass and fishing mortality are unobserved
processes = random effects

* Catches and abundanceindices are observed
variables.
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