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1. Summary
This study investigates the relationship between size-box categories and mantle length of the neon flying squid (Ommastrephes bartramii, NFS) caught by Japanese squid jigging vessels in the North Pacific Ocean. On-board size measurements of mantle lengths of squid caught by commercial jigging were conducted from May to September in 2025, covering five size-box categories. In total, the mantle lengths of 3023 individuals were measured. Based on these measurement results and measurement data from previous studies in 2012–2013, the proportions of the winter-spring cohort were calculated for each size-box category. By applying these proportions to the catch by size-box categories, the catch proportion of the winter-spring cohort in the total catch was preliminarily estimated to be an average of 4.1% for the period from May to September 2010–2025. 

2. Introduction
NFS is an oceanic squid that occurs worldwide in subtropical and temperate waters (Roper et al. 1984). In the North Pacific, NFS population comprises an autumn cohort and a winter-spring cohort (Yatsu et al. 1997, 1998). Since the distribution ranges of each cohort overlap especially in the area east of 170˚E (Matsui et al. 2024a, b), the catch may contain a mixture of individuals from both cohorts. Therefore, to achieve a more appropriate separation of cohorts, it is important to examine the size composition of the catch (Small Scientific Committee on Neon Flying Squid 2024, 2025). As Japanese squid jigging vessels operate primarily in the waters east of 170°E during the summer fishing season (May to September, Nishizawa et al., 2025), there are likely to be possibilities that not only autumn cohort, but also winter-spring cohort can be caught (Nishizawa et al., 2024). Therefore, it is necessary to clarify the proportion of each cohort in the total catch. On Japanese squid jigging vessels, NFS are processed on board and frozen after being divided into four parts: fins, mantle without fins, arms and tentacles, and cartilage around mouth (Tone and Miki 2024), making it difficult to measure mantle length after landing. Processed mantles without fins are sorted into market size categories (hereafter called size-box categories) according to body size and packed into standard-size boxes under a rule of predetermined weight range per box (i.e. 12 to 13 kg/box). Given dorsal mantle length (ML) compositions by size-box category and the number of landed boxes, it is possible to estimate ML composition of landings (Matsui et al., 2025a). However, the weight per box was changed to approximately 10 kg in 2020 (Hachinohe Fish Market, unpublished data) and the relationship between size-box categories and ML therefore needs to be re-evaluated for the period from 2020. The objective of this paper is to demonstrate ML distributions by size-box category using onboard length measurement data from squid jigging fishing vessels in 2025. Furthermore, by separating cohorts based on size composition within each size-box category, this study provides a preliminary estimation of the catch proportions for the winter-spring cohort in the Japanese catch from May to September 2010–2025.

3. Methods
The onboard ML measurements of squid were conducted by fishermen on two commercial Japanese squid jigging vessels from May to September 2025. These vessels operated between 40°N–45°N and 174°E–163°W. Although there are 12 size-box categories applied to NFS catch in Japan, the measurements in this study were covered following five categories: 6–10, 11–15, 16–20, 21–25, and 26–30 individuals per box. These categories accounted for an average of 98.6% of the size-box categories landed between July and October from 2010 to 2025 at Hachinohe Port (Fig.1), Japan, where most of NFS catch was landed. The ML of squid assigned to each size-box category were measured to the nearest 1 cm prior to processing. A total of 3023 individuals were measured for mantle length in 2025 (Table 1). 
The catch by cohort for the summer fishing season was preliminarily estimated using the measurement data. The procedures are described as follows. Based on the measurement data, the ML frequency distributions were calculated for each size-box category. In addition to the measurement results obtained in this study, the measurement results from 2012–2013 (Sakai et al. 2014) were also used. Using these size compositions and a boundary size for separating cohorts, the proportion of the winter-spring cohort in each size-box category was calculated. In the size composition of the catch from Japanese driftnet surveys conducted between June and August, the two peaks were separated by boundary of 31cm in ML, which could be used as a criterion for cohort separation (Nishizawa et al., 2024). Therefore, in this study, individuals with an ML of 30 cm or smaller and those larger than 31 cm were separated as the winter-spring cohort and the autumn cohort, respectively. The number of winter-spring cohort individuals was summed and then divided by the total number of individuals to calculate the proportion of the winter-spring cohort for each size-box category.
Although these size compositions are based on the number of individuals, the catch data is recorded on a weight basis. Therefore, it is necessary to convert the numerical proportions of the size composition into weight-based values to apply them to the separation of catch data by weight. Accordingly, these size compositions were converted to a weight-based composition using a ML-body weight relationship. This relationship was derived from sample collected during the 2012–2025 drift net survey (n = 10773, Fig.2).
To estimate the proportion of the winter-spring cohort in the total catch, it is necessary to first calculate the catch amount of the winter-spring cohort for each size-box category separately. This was calculated by multiplying the May–September catch of each size-box category from 2010 to 2025 by the weight-based proportions of the winter-spring cohort in 2012–2013 and 2025. The catch of each size-box category was calculated by multiplying the number of landed boxes by the weight range per box. Since the weight per box was changed in 2020, the proportions of the winter spring cohort from 2012–2013 were applied to the catch by size-box categories for 2010–2019, while the 2025 proportions were applied to those for 2020–2025. Finally, the catch of the winter-spring cohort for each size-box category was summed and then divided by the total catch to calculate its proportion in the catch from May to September. 

4. Results and Discussion
Figure 3 shows the mantle length frequency distributions in each size-box category, and Table 1 summarizes the mean ML, median ML and standard deviation of ML within each category. The mantle length ranged from 23 to 49 cm. The squid in the 6–10, 11–15, and 16–20 size-box categories included the ML class of 32 cm or larger, whereas those in the 21–25 and 26–30 size box categories included the mantle length class of 31 cm or smaller. The mean ML for each size-box category was 1.0–3.5 cm smaller than those recorded in 2012–2013 (Matsui et al., 2025a). These differences may reflect the change of the weight per box in 2020.
Table 2 shows the proportion of the winter-spring cohort for each size-box category. In both 2012–2013 and 2025, the proportion of the winter-spring cohort was 0% for the size-box categories from 6–10 to 16–20. The proportion began to increase in the size-box categories from 21–25 onwards. From 2010 to 2025, the estimated catch proportion of the winter-spring cohort in the total catch from May to September ranged from 0.5% to 10.0%, with a mean of 4.1% (Table3). 
In the Japanese drift net surveys conducted in June and July, the winter-spring cohort squid are also caught in the waters east of 170°E (Nishizawa et al., 2024, Matsui et al., 2025b). Japanese squid jigging vessels operate primarily in the waters east of 170°E from May to September (Nishizawa et al., 2025). However, the proportion of the winter-spring cohort in their catch was estimated to be low. The differences in cohort composition between the results of this study and the drift net survey may be attributed to the following factors. 
Firstly, the autumn cohort migrates northward earlier, followed later by the winter-spring cohort (Ichii et al., 2004). In June and July, the autumn cohort is mainly distributed north of 40°N, whereas the winter-spring cohort is distributed south of 40°N (Yatsu and Watanabe, 1996; Matsui et al., 2025b). On the other hand, Japanese commercial squid jigging vessels operate mainly between 40°N–45°N and 170°E–165°W from May to September (Nishizawa et al., 2025, 2026). As a result, because the distribution of the winter-spring cohort does not overlap with the fishing grounds of Japanese squid jigging vessels, the catch of the winter-spring cohort is likely to be low.
Secondly, in the drift-net survey, non-size-selective nets consisted of 14 different mesh sizes (37–157 mm) were used to minimize mesh selectivity, resulting in relatively low size selectivity, with small individuals less than 20 cm also being captured (Nishizawa et al., 2024). Squid jigging has size selectivity (Tokai and Ueta 1999), which may make it difficult to catch small winter-spring cohort squid that have not yet reached a size large enough to be easily captured by squid jigging. 
Preliminary estimation from this study suggests that the proportion of the winter-spring cohort in the catch by Japanese squid jigging vessels operated from May to September 2010–2025 was less than 5% as a mean value. In this study, the catch was separated into cohorts based on a boundary of 31 cm in ML, without separating it by fishing month. However, the boundary size is expected to change by fishing month due to the growth of the squid. Therefore, it is necessary to identify a specific size boundary for each fishing month and separate the catch using these monthly boundaries. As the 2025 data are limited to a single year, Japan will continue on-board measurements in 2026 to investigate interannual variations.
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Table 1. Summary of onboard mantle length measurement from onboard squid measurement results in 2025. Number of squid (n) measured, mean mantle length (ML), median ML and observed standard deviation (SD) in each size-box category.

	Size-box category (individuals / box)
	n
	Mean ML (cm)
	Median ML (cm)
	SD (cm)

	06-10
	365
	45.2
	45.0
	1.8

	11-15
	985
	41.7
	42.0
	2.3

	16-20
	725
	36.8
	37.0
	1.7

	21-25
	635
	33.2
	33.5
	2.2

	26-30
	313
	28.5
	28.0
	2.5



Table 2. Estimated proportion of the winter-spring cohort for each size-box category, derived from onboard squid measurement results in 2012–2013 and 2025 

	　
	Proportion of winter-spring cohort (%)

	Size-box category (individuals/box)
	2012-2013
	2025

	06~10
	0
	0

	11~15
	0
	0

	16~20
	0
	0

	21~25
	0.7
	6.7

	26~30
	50.9
	66.9

	31~40
	80.5
	100

	41~50
	100
	100

	51~60
	100
	100

	61~70
	100
	100

	71~80
	100
	100

	81~90
	100
	100

	91~100
	100
	100



* The estimate for 2012–2013 were derived from the measurement data in Sakai et al. (2014).
**Since measurement for the 61–100 (2012–2013) and 31–100 (2025) size-box categories were not conducted, individuals in these categories were all assumed to be from the winter-spring cohort.



Table 3. Estimated catch proportion (%) of the winter-spring cohort in the total catch by Japan from May to September, 2010–2025.

	Year
	Proportion of the winter-spring cohort (%)

	2010
	2.4

	2011
	5.9

	2012
	3.8

	2013
	3.6

	2014
	3.0

	2015
	1.0

	2016
	7.9

	2017
	10.0

	2018
	9.3

	2019
	1.2

	2020
	1.5

	2021
	1.1

	2022
	0.5

	2023
	9.0

	2024
	0.9

	2025
	4.4

	Mean
	4.1

	Median
	3.3
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Fig. 1. Proportional distribution of size-box categories landed from July to October between 2010 and 2025.
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Fig. 2. Relationship between mantle length (ML, mm) and body weight (BW, g) of neon flying squid collected during June-August drift net surveys from 2012 to 2025 (n = 10,773).
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Fig. 3. Mantle length (ML) frequency distributions of neon flying squid in 6-10, 11-15, 16-20, 21-25, and 26-30 size-box categories from onboard squid measurement results in 2025. The red dashed line represents a boundary between the winter-spring and autumn cohorts based on body size used in this study.
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