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1. Summary
We standardized the catch per unit effort (CPUE) of the winter–spring cohort of neon flying squid (Ommastrephes bartramii), based on logbook data from the Japanese squid jigging fishery in the North Pacific since 2005. Data collected from the waters west of 150°E were used in this study. We used generalized additive models to standardize the nominal CPUE, incorporating temporal (year and month) and spatial (longitude and latitude) variables for both calendar-year and fishing-year (April to March) frameworks. The model with the lowest AIC value was selected as the best model. We found that the annual standardized CPUE derived from the best model exhibited a trend similar to the nominal CPUE on both a calendar-year and fishing-year basis, characterized by high interannual variability. Model performance metrics indicated that the fishing-year model clearly outperformed the calendar-year model. To better reflect the biological and operational seasonal dynamics of this cohort, the adoption of a fishing year instead of a calendar year is recommended for future stock assessments.

2. Introduction
The neon flying squid (NFS) is an oceanic squid distributed in subtropical and temperate waters around the world (Roper et al. 1984). The North Pacific population comprises autumn and winter-spring cohorts (Yatsu et al. 1997, 1998). For the cohort-specific stock assessments of this species, abundance indices based on fishery-dependent CPUE are essential (Maunder and Punt 2004). Here, we present Japanese fishery-dependent CPUE for the winter-spring cohort of NFS, standardized using a generalized additive model (GAM) that incorporates both temporal and spatial variables. 

3. Methods
Data on Japanese squid jigging fishery using medium-sized vessels (<200 tonnes) were obtained from fishing logbooks since 2005. The data includes the date of catch, the daily fishing location (longitude and latitude), and the daily catch in weight for each fishing vessel. In this document, based on the consensus from the recent SSC NFS meeting (NPFC-2026-SSC NFS03-Final Report), NFS caught west of 170°E were defined as the “winter-spring cohort”. The fishing grounds of the Japanese squid jigging fishery west of 170°E were distributed across two distinct regions: the Japanese coastal region and the offshore region around 165–170°E (Fig. 1). The vast majority of catch and effort (>94%) was concentrated in the coastal region during winter (Fig. 2). Fishing activities in the offshore region primarily occurred during summer (May–July) (Fig. 2), and some catches from these offshore areas during summer may reflect seasonal mixing with the autumn cohort. For these reasons, we excluded the dataset of offshore region (165–170°E) and used only the data west of 150°E for CPUE standardization. The data used for CPUE standardization was summarized in Table 1. Furthermore, fishing effort peaks from December to February, targeting the winter–spring cohort of NFS along the coast of Japan either prior to or during their migration to spawning grounds (Fig. 3). Therefore, CPUE standardization in this study was performed on both a calendar-year and a fishing-year (April to March) scale, the latter of which more accurately captures these distinct biological and operational seasonal dynamics.

[bookmark: _Hlk169860979]Standardization of CPUE for NFS was conducted following the standardization protocol for NFS (NPFC-2024-SSC NFS01-WP02). Nominal CPUE was calculated for each vessel as the total catch divided by the total number of operating days. A generalized additive model (GAM) was applied to standardize nominal CPUE on both a calendar-year and a fishing-year scale, using CPUE (catch/day/vessel) as the response variable. Since the response variable exhibited a highly right-skewed distribution (Fig. 4), we evaluated three alternative error structures: Log-normal, Gamma (with a log link), and Tweedie (with a log link). The most appropriate model was selected based on Akaike’s Information Criterion (AIC). The AIC values indicated that the Tweedie model yielded the best performance; thus, the Tweedie error structure was selected for the final CPUE standardization model. Explanatory variables included Year (either calendar year or fishing year) and Month (from January to December) as categorical variables to account for annual and seasonal variations, respectively, as well as operational location, which was incorporated as a spline function representing the smooth spatial interaction between longitude and latitude. The formulation of the full model used for CPUE standardization is expressed as follows:


where E[CPUE] represents the expected value of nominal CPUE, and ln is the log link function, and β0 is the intercept. The term s(Lon, Lat) denotes a two-dimensional thin-plate regression spline function that captures the spatial distribution of fishing effort. The response variable (CPUE) is assumed to follow a Tweedie distribution with mean μ, dispersion parameter φ, and power parameter p. 

We evaluated four candidate models for each temporal framework (calendar year or fishing year), all of which included Year as an explanatory variable (Table 2), and selected the model with the lowest AIC value as the “best model” (Burnham and Anderson 2010).

Time series of standardized CPUE was estimated using the best model. To calculate the predicted CPUE values, a spatial grid of explanatory variables was generated using the expand.grid function in R software, constrained within the observed minimum and maximum ranges of latitude and longitude from the dataset. The annual standardized CPUE was then calculated as the mean of these predicted values for each year (on either a calendar-year or fishing-year basis). Finally, 95% confidence intervals for the standardized CPUE were estimated via residual bootstrapping with 1,000 replications.

4. [bookmark: _Hlk169771854]Results and discussion
Fishing effort, in terms of both the number of vessels and operating days, remained high prior to 2012 (2011 in the fishing year) but declined sharply thereafter (Table 1). Japanese squid jigging fishing vessels operated predominantly during December–February in the area west of 150oE (Figs. 2 and 3). Interannual variations in CPUE were observed on both a calendar-year and a fishing-year basis (Fig. 5 and Table 1).

Based on AIC, the full model was selected as the best model on both a calendar-year and a fishing-year basis (Table 2). The diagnostics of the best model are shown in Figure 6 and 7. For both frameworks, the Q-Q plot indicated that the deviance residuals generally followed the expected distribution, with only minor deviations at the extreme quantiles. No distinct patterns or severe heteroscedasticity were observed in the residuals versus linear predictors plot, suggesting an adequate model fit. Additionally, the boxplots of deviance residuals across years and months revealed that the median residuals remained stable around zero throughout the study period, indicating that the model successfully accounted for annual and seasonal variations without temporal bias. Furthermore, the GAM-derived effects of the explanatory variables on CPUE accurately captured their underlying relationships on both a calendar-year and a fishing-year basis, as shown in Figure 8. These results suggest that the best model appropriately described the CPUE. The final estimated Tweedie power parameter p was 1.858 on a calendar-year basis and 1.875 on a fishing-year basis.

For both a calendar-year and a fishing-year basis, the annual standardized CPUE derived from the best model for the winter–spring cohort exhibited a trend similar to that of the nominal CPUE (Fig. 9). Large interannual variation was observed throughout the study period on both frameworks. Figure 10 illustrates a comparison of nominal and standardized CPUE trends calculated on both a calendar-year and a fishing-year basis. While both frameworks captured a long-term declining trend with high interannual variability, clear discrepancies in their short-term temporal trajectories were evident, particularly for the standardized indices. The most striking divergence occurred in 2006; the calendar-year standardized CPUE exhibited a sharp increase to a peak of approximately 3.3, whereas the fishing-year standardized CPUE decreased drastically to around 0.6. Furthermore, a time lag was observed throughout the study period, where the fluctuations in the fishing-year index often appeared to precede or mismatch the calendar-year timeline. These clear differences show that changing the timeline to the fishing season (April–March) greatly changes the annual CPUE trends for NFS.

Model performance metrics for both temporal frameworks are summarized in Table 3. Although AIC could not be used due to different sample sizes, the fishing-year model consistently demonstrated a superior statistical fit, characterized by increased deviance explained and substantially reduced GCV and RMSE scores. Consequently, incorporating a fishing-year framework (April–March) rather than a traditional calendar year is essential for future stock assessments to more accurately reflect the biological and operational seasonal dynamics for the winter-spring cohort of NFS.
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Table 1. Catch and effort of the Japanese squid jigging fisheries, as well as the nominal CPUE (total catch per total days operated) and standardized CPUE for the winter-spring cohort of Ommastrephes bartramii between 2005 and 2025. (a) Calendar year, (b) Fishing year.
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Table 2. Results of model selection based on AIC for the winter-spring cohort of Ommastrephes bartramii. The best model with lowest AIC is shown in bold. (a) Calendar year, (b) Fishing year.
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Table 3. Comparison of model performance, sample size, and diagnostic metrics between the Calendar Year and Fishing Year frameworks for CPUE standardization of the winter-spring cohort of Ommastrephes bartramii. N indicates the sample size (number of observations) used in each model framework. GCV and RMSE represent the Generalized Cross-Validation score and Root Mean Square Error, respectively.
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Fig. 1. Spatial distributions of fishing locations of the Japanese squid jigging fisheries targeting the winter-spring cohort of Ommastrephes bartramii between 2005 and 2025. Each red circle shows daily fishing positions.
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Fig. 2. Longitudinal distribution of (a) total catch and (b) effort (number of operational days) for the Japanese squid jigging fishery. Colors indicate the months of operation (1–12).
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Fig. 3. Monthly trends of catch (tons) in the area west of 150oE (2005–2024). Vertical grey lines separate individual calendar years. On the horizontal axis, temporal ticks and vertical grid lines are set at 3-month intervals (January, April, July, and October), with numerical labels specifically provided for April (4) and October (10) to indicate the operational months.
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Fig. 4. Histogram showing the distribution of daily catch per vessel for the winter-spring cohort of Ommastrephes bartramii from 2005 to 2024.
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Fig. 5. Relationship between CPUE (log-transformed) and each explanatory variable (Year, Month, Longitude, and Latitude). (a) Calendar year, (b) Fishing year.



[image: ]
Fig. 6. Diagnostics of the best model with a calendar-year scale for the winter-spring cohort of Ommastrephes bartramii, including Q-Q plot, histogram of residuals, the relationship between observed and fitted values, and the residual plots across years and months.
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Fig. 7. Diagnostics of the best model with a fishing-year scale for the winter-spring cohort of Ommastrephes bartramii, including Q-Q plot, histogram of residuals, the relationship between observed and fitted values, and the residual plots across years and months.
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Fig. 8. GAM-derived effect of explanatory variables (Latitude and Longitude, Year, Month) on CPUE for the winter-spring cohort in the best model. The dotted lines indicate the 95% conﬁdence intervals, and the solid line shows the ﬁtted GAM function that describes the effect of a predictor variable on CPUE. (a) Calendar year, (b) Fishing year.
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Fig. 9. Interannual changes in CPUE for the winter-spring cohort of Ommastrephes bartramii between 2005 and 2024. The black and red lines indicate nominal and standardized CPUE, respectively. The shaded red areas indicate the 95% bootstrap confidence intervals, obtained by resampling the data 1,000 times. (a) Calendar year, (b) Fishing year.
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Fig. 10. Interannual trends of nominal and standardized CPUE for the Japanese squid jigging fishery targeting the winter-spring cohort of Ommastrephes bartramii from 2005 to 2024. Black and grey dashed lines represent the nominal CPUE for the calendar year and fishing year (April to March), respectively. Red and blue solid lines indicate the standardized CPUE for the calendar year and fishing year, respectively.
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(a)

Calendar

Year

No. of vessel Total days Catch (ton) Nominal CPUE (scaled) Standardized CPUE (scaled)

2005 69 2073 6032.873 2.337 2.295

2006 61 2806 9884.027 2.829 3.282

2007 55 510 512.260 0.807 0.705

2008 72 2897 7454.407 2.067 2.119

2009 67 2775 5544.672 1.605 1.681

2010 68 2053 1274.353 0.499 0.477

2011 63 2412 3360.419 1.119 1.131

2012 5 9 0.614 0.055 0.049

2013 42 229 410.101 1.438 0.711

2014 38 982 1777.584 1.454 1.498

2015 3 6 3.504 0.469 0.358

2016 0 0 NA NA NA

2017 29 395 551.225 1.121 1.205

2018 26 579 624.799 0.867 0.966

2019 9 71 28.942 0.327 0.325

2020 5 60 51.130 0.684 0.825

2021 1 5 0.395 0.063 0.100

2022 11 210 226.974 0.868 0.901

2023 3 8 1.217 0.122 0.113

2024 7 45 15.051 0.269 0.259

2025 0 0 NA NA NA
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(b)

Fishing

Year

No. of vessel Total days Catch (ton) Nominal CPUE (scaled) Standardized CPUE (scaled)

2005 64 3053 10639.129 3.168 3.514

2006 40 335 227.987 0.619 0.618

2007 74 3043 7692.519 2.298 2.211

2008 67 2797 5592.210 1.818 1.707

2009 67 2028 1242.923 0.557 0.475

2010 63 2449 3395.996 1.261 1.175

2011 4 8 0.579 0.066 0.052

2012 10 33 13.511 0.372 0.385

2013 49 1179 2174.209 1.676 1.554

2014 0 0 NA NA NA

2015 3 6 3.504 0.531 0.723

2016 29 394 551.155 1.272 1.246

2017 26 567 622.871 0.999 1.037

2018 10 84 30.940 0.335 0.276

2019 5 60 51.130 0.775 0.815

2020 0 0 NA NA NA

2021 12 215 227.369 0.961 0.931

2022 1 2 0.008 0.004 0.003

2023 7 51 16.260 0.290 0.277

2024 0 0 NA NA NA


image3.emf
(a)

Model AIC delta AIC

Year + Month + s(Lon, Lat) 56285.20 0

Year + Month 56537.30 252.10

Year + s(Lon, Lat) 56809.10 523.90

Year 57411.00 1125.80
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(b)

Model AIC delta AIC

Year + Month + s(Lon, Lat) 48827.10 0

Year + Month 49169.80 342.70

Year + s(Lon, Lat) 49415.30 588.20

Year 49972.10 1145.00
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Model

framework

Samle Size (N)

Deviance

Explained (%)

Adjusted R2 GCV Score RMSE

Calendar Year 18125 28.2 0.24 28185.17 1.74

Fishing Year 16304 29.6 0.26 24451.66 1.69
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