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Background
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Fig. 1 Spatial structures for NFS in the Northwest Pacific Ocean

Autumn cohort
(West cohort)

May – August 

(Ichii et al. 2011; Han et al., 2022)

Winter-spring cohort
(East cohort)

May – November
 



Fisheries data
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Fig. 2 Chinese catch, vessel, and nominal CPUE during 2005 – 2020



Fisheries data
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0.5 × 0.5 grid

Monthly

Fig. 3 Spatial distribution 
of mean nominal CPUE for 
the autumn cohort and the 
winter-spring cohort of 
NFS by Chinese squid 
jigging fisheries.



Environmental data
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• Water temperature,  Water salinity, Chlorophyll, Dissolved Oxygen at 
31 layers (0.5, 1 .5, 2.6, 3.8, 5.1, 6.5, 8.0, 9.8, 11.7, 13.9, 16.5, 19.4, 
22.7, 26.5, 30.8, 35.7, 41.1, 47.2, 53.8, 61.1, 69.0, 77.6, 86.9, 97.0, 
108.0, 120.0, 133.0, 147.4, 163.1, 180.5, 199.7), SSH, MLD, 
DT0_30, from Copernicus Marine Data Store, Nino34_A from 
NOAA

• Monthly environmental data converted at 0.5 × 0.5 spatial resolution 
to match fisheries data

• 129 potential explanatory variables and 1 dependent variable

(Wang et al., 2015, 2016, 2020, 2022, 2023

Yu et al., 2015, 2016, 2017, 2019, 2020, 2021, 2022, 2023)
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1. CPUE standardization 



Methods
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• Generalized additive model (GAM)

• Random forest (RF) model

• Extreme Gradient Boosting Decision Tree (XGB) model



Methods
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• GAM

(Wang et al., 2022, 2023)



Methods
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• RF XGB
Full Model

all factor except “Year”

Best model

Significant / important 
variables

Final model

n Hyperparameters searching
n Cross validation

n Hyperparameters searching
n Cross validation

Fig. 4 Flowchart of tuning RF and XGB

https://mlr3.mlr-org.com/



Results---GAM
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Winter-spring cohort Autumn cohort 



Results --- RF
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Winter-spring cohort Autumn cohort



Result --- XGB
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Winter-spring cohort Autumn cohort



Results --- performance
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Model GAM RF XGB

Winter-spring cohort R2 = 0.13 R2 = 0.33 R2 = 0.70

Autumn cohort R2 = 0.30 R2 = 0.63 R2 = 0.83



Results -- distribution of predicted CPUE 
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Results – Abundance index 
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Standardized CPUE for the winter-sprint cohort

Standardized CPUE for the autumn cohort
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2. Stock assessment



Biological feature for squids
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1. Short life spans à a more data-intensive approach to monitoring, 
with high population sampling frequency over short time periods

2. Time-consuming ageing techniques à age-based models 
impractical 

3. Extensive ontogenetic migrations à using “closed population” 
assumption with caution

4. Complex population structure à Time series analyses that 
extrapolate cohort numbers from population size structures 
should therefore not usually be used

5. Rapid growth rates à models are inappropriate if they use von 
Bertalanffy parameters or do not account for a semelparous life 
history

(Arkhipkin et al., 2005, 2008, 2020; Keyl et al., 2008; Rosa et al., 2013)



Alternative SA methods for squid
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These biological 
characteristics make 
it difficult to use 
complex models

(Arkhipkin et al., 2005, 2008, 
2020)



JABBA Model prior setting
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• m=2，Scheafer function

(Chen et al., 2011; Wang et al, 2017, 2018; FishBase)

q
Catchability 
coefficient

K
Carrying capacity

r
Intrinsic rate 

of growth

Uniform 
distribution

U(1×10!",3×
10!#) U(10,100) U(0.6,1.5)



JABBA model diagnostics for winter-sprint cohort 
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Residual diagnostic plots of CPUE indices

Nominal CPUE GAM CPUE

RF CPUE XGB CPUE



JABBA model diagnostics for winter-sprint cohort 
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Nominal scenario GAM scenario

RF scenario XGB scenario



JABBA model diagnostics for winter-sprint cohort 
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• Retropective
analysis

Nominal scenario GAM scenario

RF scenario XGB scenario



JABBA mode results for winter-sprint cohort
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Nominal scenario GAM scenario

RF scenario XGB scenario



JABBA model results for winter-spring cohort
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Nominal scenario GAM scenario

RF scenario XGB scenario



JABBA model results for autumn cohort

2023年12月16日星期六

Similar results of model 
fitting and diagnostics 
for autumn cohort. 
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3. Abundance projection



Materials and Methods
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• Environmental data under five Shared Socioeconomic Pathways 
(SSP) scenarios (119, 126, 245, 370, 585) of CMIP6 during 1900-
2100.

（https://esgf-node.llnl.gov/projects/esgf-llnl/）

• Using final XGB models to project winter spring cohort 

• Two metrics: 1: annual mean abundance,

2: annual gravity of abundance

https://esgf-node.llnl.gov/projects/esgf-llnl/


Results
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• Should be optimistic 
about trend of 
abundance.

• However, be 
pessimistic about the 
abundance in the 
traditional fishing 
ground



Conclusion
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1. ENSO events (Nino indices) heavily affect the distribution and 
the abundance (locally and globally) of NFS in three 
spatiotemporal models, thus Nino indices and related 
environmental factors  should be incorporated strongly in the 
SA models.

2. Results of SA showed that the NFS are in healthy status (no 
overfishing and overfished), though annual fluctuation of 
biomass occurred.

3. Projection showed that climate change seems to be beneficial for 
the NFS, but the biomass would decrease in traditional fishing 
ground, this increases the difficulty of fishing in future. 
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Thanks
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