[image: ]North Pacific Fisheries Commission

NPFC-2020-SSC PS06-WP16

Age-determination and age-length keys for Pacific saury,
 Cololabisa saira, from 2000 to 2018

Suyama Satoshi, Hajime Matsui, Taiki Fuji, Shin-Ichiro Nakayama, Midori Hashimoto and Kazuhiro Oshima

Fisheries Resources Institute, Japan Fisheries Research and Education Agency

Summary
The Small Scientific Committee on Pacific Saury (SSC PS) noted the need to share catch-at-age (CAA) data. In response to this need, we provided seasonal age-length key (ALK) information which had been posted on the NPFC Collaboration Site and could be utilized for estimation of CAA by each Member. In this document, we detailed our age determination method and described derivation method for ALKs for May to July and August to December from 2000 to 2018. Especially, a criterion to determine age 0 during fishing season was specified with taking into consideration a long spawning period of this species. We suggest our age determination method can be applied for all Members as a uniform method and then the Members should obtain their own ALKs from fish caught by their fisheries for future stock assessment. 

1. Introduction
The Small Scientific Committee on Pacific Saury (SSC PS) noted the need to share biological data, such as catch-at-size (CAS) and catch-at-age (CAA) data, for work towards the use of age-structured stock assessment models. (NPFC-2019-SSC PS04-FinalReport). Although conventional method to convert from CAS data to CAA data is to apply age-length keys (ALK) to CAS data, some members have not obtained ALK from their catch. Japan has conducted age determination of Pacific saury (PS) with otoliths since the 1980s (Suyama et al. 2006). We uploaded the seasonal ALKs（May to July and August to December）from 2000 to 2018 to the NPFC Collaboration Site for utilizations of those members to make CAA data. This report specified concept of age determination which should be applied to this species and subsequently explain how to acquire the seasonal ALKs which had been posted on the NPFC Collaboration site.

2. Materials and methods
2.1. Method for age determination
The maximum life span of PS is about 2 years, and PS stock structure consists of two year-classes of ages 0 and 1 (Suyama et al. 2006). This species has a very long spawning period for 10 months from September to June with reaching peaks from January to March (Watanabe and Lo 1989). To determine accurate hatch months of PS individuals, count of otolith daily growth increments is available (Watanabe et al, 1988, Suyama et al.,1996, Kurita et al., 2004). However, it is impossible to serve information on monthly age for the stock assessment works in a timely manner due to quite time-consuming process to obtain daily age data. 
Figure 1 illustrates the fishing season for PS, the PS spawning season and timing of the otolith annual ring formation in order to share a thought for age determination. The fishing season of the NPFC-PS Members starts in May and ends in December (NPFC-2018-TWG PSSA03-WP02, NPFC-2018-TWG PSSA03-WP03, NPFC-2018-TWG PSSA03-WP04, NPFC-2018-TWG PSSA03-WP06b, NPFC-2018-TWG PSSA03-WP08, and NPFC-2018-TWG PSSA03-WP12; available at www.npfc.int  NPFC-2018-TWG PSSA03-Final Report), including two different spawning seasons in the beginning and ending periods. Age-0 fish sequentially recruit to the PS fishing between May and December in their first year after hatching. Those fish hatched in the first four months, which correspond to September to December, of the spawning period practically reach age 1 in the second half of the fishing period because of a long duration of spawning. It is reasonable to regard fish hatched in a single spawning season as an identical year class. Therefore, we can determine fish caught in their first fishing season after the recruitment as age 0. Annual ring in PS otolith is known to be formed between September and February (Hotta 1960; Suyama and Sakurai, 2000; Suyama et al., 2011). Fish caught in the second half of the fishing period, of which otoliths have an annual ring in the process of formation on the edge (hereafter called as incomplete annual ring), are determined as age 0. 
Suyama and Sakurai (2000) categorized the annual ring formation status in otolith into four types as follows:
Type I, no complete annual ring (Fig. 2-A and B). 
Type II, a single complete annual ring with weak definition at outer rim of the hyaline zone (Fig. 2-C).
Type III, a single complete annual ring which is visually definitive and surrounded by D)
Type IV, two complete annual rings (Fig. 2-E).
Type I otolith and types II to IV otoliths are regarded as age-0 and age-1, respectively. As for the type II otolith, starting point of the hyaline zone formation is definitive, whereas visual contrast of color is not definitive at the outer rim area of that zone, which takes on dark-gray and spread wider than the hyaline zone. Since the second hyaline zone was formed regardless of the season, the individuals that had type IV were also considered as age 1. Fish with type II otolith frequently appear west of 160 ° E in June-July (Suyama et al., 2012). Fish with type IV otolith rarely appear. 
Furthermore, the otoliths in one of the following two cases were excluded from subject for age determination: 
1) otoliths having three hyaline zones and more (Fig. 2-F).
2) otoliths that were partially or extremely thin, with a transparent part that was different from the hyaline zone. In the latter case, it is considered that vaterite has replaced aragonite (Fig. 2-G and H).

2.2. Calculation process of age-length keys
2.2.1. Sample collection
Samples for age-length keys were caught by stick-held dip net and sea-surface trawl net. The stick held dip net was used for research or commercial fishing. The research fishing activities were conducted from May to July in 2016, 2017 and 2018, whereas the commercial fishing, which is a traditional one in Japan, was operated from August to December off Japan. The fishery-independent survey, which has been carried out from June to July since 2003, applies the sea-surface trawl gears. The research fishing and the survey cover the waters west of 165°W, whereas the commercial fishing after August is operated west of 155°E. In addition, small number of samples were collected from other small-scale fisheries and surveys (Fig. 3).
At sampling stations of the research vessels where more than 80 individuals were caught, 80 fish were randomly selected as subjects for measurement and otolith extraction. On the other hand, for samples collected by commercial fishing vessels, 80 fish were randomly selected for age-determination. A total of 101,922 otoliths were analyzed (Table 1). In general, the otolith on right side was used for age determination and was embedded in epoxy resin. Sampled fish were classified into age-0 (type I), age-1 (types II to IV) and unidentified through age determination. Data for each individual were aggregated into each season (May to July and August to December).

2.2.2. Derivation of ALK
[bookmark: _Hlk34721972]Percentages of age-1 fish (N of age-1/ (N of age-0 and age-1)) were calculated to each 1-cm length class. Subsequently, a logistic curve was fitted to the percentages of age 1 fish at each 1-cm length class through the least squares method. The length at which 50% of the fish were age 1 (L50) was defined as an index of the boundary between the age 0 and age 1 fish.

3. Results and discussion
A total of 47,896 (47.0%) and 51,789 (50.8%) individuals of 101,922 individuals were determined as age-0 and age-1, respectively. Rest of those individuals (2,237 (2.2%)) could not be determined. Age length key in each season from 2000 to 2018 were shown in Table 2 and Fig. 4.
There were annual variations of L50 (Table 3). L50 from May to July and from August to December varied from 25.3 (2008) to 29.1 (2000) and from 28.2 (2018 and 2019) to 30.7 (2001), respectively. The annual variation of L50 would be caused by annual differences in growth by each age cohort and/or age composition.
The samples served for provision of the seasonal ALKs were derived from different fishing gears of trawl net and stick held dip net and different operational processes of fishery-independent survey and commercial fisheries. Those differences would be caused the differences in length composition of catch among them, resulting in those in age composition. The ALKs provide by Japan can be applied to calculate tentative CAA for the initial trial of the age-structured stock assessment model. It is, however, highly recommended that the Member prepare their own ALK using sample derived from each Member’s fishery for the future stock assessment.
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Tables

Table 1	Number of the individuals that were provided for age-determinations in each month
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Table 2 Percentages of the age-1 fish in each 1 cm-length classes.
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Table 3 Estimated length (L50) at which 50% of individuals were age-1 fish from 2000 to 2018
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[image: ] Fig.1　 Schematic diagram of annual ring formation.





[image: ]Fig.2	Photograph of the otolith of age-0 (A and B), age-1 (C, D, and E) and otoliths whose age could not be determined (F, G and H). A. Type I, no complete annual ring. B. Type I, no complete annual ring with incomplete first annual ring on the edge of otolith. C. Type II, a single complete annual ring with weak definition at outer rim of the hyaline zone. D. Type III, a single complete annual ring which is visually definitive and surrounded by the opaque zone. E. Type IV, two complete annual rings. F. Otoliths having three hyaline zones and more. G, H. Otoliths that were almost all part (G) or partially of otolith (H) consist of extremely thin, and a transparent part that was different from annual ring. This transparent part is considered that vaterite has replaced aragonite.
[image: ]Fig.3	　Location of sampling stations in each month in the North Pacific off Japan from 2000 to 2018
See attached excel file after 2003


[image: ]Fig.4	　Length compositions of Pacific saury that were provided for age-determination and the percentages of age-1 fish in each 1 cm-length class.
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May to July

August to

December

2000 29.1 30.6

2001 28.4 30.7

2002 28.0 29.4

2003 27.6 29.0

2004 27.4 29.1

2005 27.4 28.9

2006 27.2 28.6

2007 26.3 28.8

2008 25.3 28.6

2009 27.7 29.6

2010 27.0 28.5

2011 27.5 29.3

2012 27.7 29.4

2013 26.4 29.3

2014 27.8 29.1

2015 26.6 28.3

2016 27.0 28.5

2017 27.1 28.7

2018 26.7 28.2

Average 27.3 29.1
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2000 May to July 2000 August to December

2001 May to July 2001 August to December

2002 May to July 2002 August to December


image1.emf
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

May 0 0 50 0 0 0 0 0 0 0

Jun 0 462 1,125 3,927 4,054 3,461 3,221 2,945 1,433 2,358

Jul 690 839 3,332 1,801 2,102 2,142 1,254 783 805 1,259

Aug 160 79 302 0 547 230 160 138 40 159

Sep 1,855 396 2,165 391 478 669 539 472 278 480

Oct 1,214 525 597 729 594 719 199 477 198 320

Nov 891 231 662 776 472 310 80 813 317 160

Dec 79 0 129 0 80 0 0 159 317 0

Total 4,889 2,532 8,362 7,624 8,327 7,531 5,453 5,787 3,388 4,736

2010 2011 2012 2013 2014 2015 2016 2017 2018Total

May 0 0 0 0 0 0 230 0 160 440

Jun 2,172 646 1,039 2,744 2,246 1800 2,171 1,985 2,035 39,824

Jul 1,920 2,158 2,692 1,345 1,891 1473 984 592 896 28,958

Aug 160 80 160 80 480 80 80 0 0 2,935

Sep 239 240 560 476 480 320 400 320 399 11,157

Oct 317 239 560 400 480 400 320 320 479 9,087

Nov 319 320 320 239 320 320 450 400 638 8,038

Dec 0 0 0 160 79 0 80 160 240 1,483

Total 5,127 3,683 5,331 5,444 5,976 4393 4,715 3,777 4,847 101,922

Age-0 Age-1 UnidentifiedTotal

May 47 390 3 440

Jun 16,675 22,312 837 39,824

Jul 17,191 11,218 549 28,958

Aug 906 1,923 106 2,935

Sep 3,883 6,941 333 11,157

Oct 3,819 5,068 200 9,087

Nov 4,445 3,414 179 8,038

Dec 930 523 30 1,483

Total 47,896 51,789 2,237 101,922


image2.emf
Size(cm)>= 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Size(cm)< 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

May-Jul.-2000～(Aggregate)Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 20% 68% 96% 99% 100% 100% 100% 100% 100% 100% 52% 69,222 1,389

Aug.-Dec.-2000～(Aggregate)Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 19% 75% 95% 99% 99% 99% 100% 100% 56% 32,700 848

May-Jul.-2000 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 8% 86% 97% 98% 100% 100% 100% 690 14

Aug.-Dec.-2000 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 0% 1% 1% 2% 2% 42% 93% 99% 99% 98% 100% 37% 4,199 145

May-Jul.-2001 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 57% 95% 100% 100% 100% 100% 100% 100% 1,301 50

Aug.-Dec.-2001 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 1% 1% 4% 41% 88% 97% 98% 100% 100% 30% 1,231 36

May-Jul.-2002 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 7% 25% 74% 95% 98% 100% 100% 100% 100% 25% 4,507 92

Aug.-Dec.-2002 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 1% 0% 2% 56% 88% 98% 99% 100% 100% 100% 42% 3,855 114

May-Jul.-2003 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 44% 98% 100% 100% 100% 100% 100% 100% 100% 60% 5,728 164

Aug.-Dec.-2003 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 1% 17% 80% 98% 100% 100% 100% 100% 100% 73% 1,896 68

May-Jul.-2004 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% 1% 14% 53% 90% 98% 99% 99% 100% 100% 100% 100% 28% 6,156 158

Aug.-Dec.-2004 Percentage of Age-1 0 0% 0% 0% 0% 0% 2% 2% 1% 1% 15% 78% 98% 100% 100% 100% 100% 100% 56% 2,171 89

May-Jul.-2005 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 59% 98% 100% 100% 100% 100% 100% 100% 100% 61% 5,603 111

Aug.-Dec.-2005 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 4% 0% 25% 88% 99% 100% 100% 100% 100% 100% 91% 1,928 47

May-Jul.-2006 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 11% 71% 96% 99% 100% 100% 100% 100% 100% 100% 50% 4,475 77

Aug.-Dec.-2006 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 43% 93% 99% 100% 100% 100% 100% 100% 72% 978 25

May-Jul.-2007 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 10% 23% 54% 88% 96% 100% 100% 100% 100% 100% 100% 100% 55% 3,728 89

Aug.-Dec.-2007 Percentage of Age-1 0 0% 0% 0% 0% 0% 3% 0% 1% 0% 1% 5% 35% 86% 97% 99% 99% 100% 100% 100% 55% 2,059 37

May-Jul.-2008 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 3% 2% 67% 97% 99% 100% 100% 100% 100% 100% 100% 100% 100% 82% 2,238 27

Aug.-Dec.-2008 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 10% 40% 95% 99% 100% 100% 100% 100% 100% 84% 1,150 28

May-Jul.-2009 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 3% 7% 36% 91% 98% 100% 100% 100% 100% 100% 100% 34% 3,617 39

Aug.-Dec.-2009 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 1% 2% 41% 93% 100% 100% 100% 100% 100% 25% 1,119 25

May-Jul.-2010 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 30% 69% 92% 99% 100% 100% 100% 100% 100% 100% 58% 4,092 69

Aug.-Dec.-2010 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 1% 51% 97% 100% 99% 100% 100% 100% 100% 51% 1,035 26

May-Jul.-2011 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 53% 97% 100% 100% 100% 100% 100% 100% 100% 68% 2,804 75

Aug.-Dec.-2011 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 73% 98% 100% 100% 100% 100% 100% 59% 879 16

May-Jul.-2012 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 3% 29% 96% 100% 100% 100% 100% 100% 100% 100% 37% 3,731 81

Aug.-Dec.-2012 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 4% 60% 97% 100% 100% 100% 100% 100% 48% 1,600 27

May-Jul.-2013 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 58% 90% 98% 100% 100% 100% 100% 100% 100% 100% 65% 4,089 73

Aug.-Dec.-2013 Percentage of Age-1 0 0% 0% 0% 0% 0% 2% 0% 0% 1% 5% 66% 96% 100% 100% 100% 100% 100% 59% 1,355 33

May-Jul.-2014 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 31% 90% 99% 100% 100% 100% 100% 100% 100% 49% 4,137 75

Aug.-Dec.-2014 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 8% 86% 100% 100% 100% 100% 100% 100% 75% 1,839 50

May-Jul.-2015 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 3% 45% 94% 99% 99% 100% 100% 100% 100% 100% 100% 41% 3,273 55

Aug.-Dec.-2015 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 4% 71% 100% 99% 99% 100% 100% 100% 100% 76% 1,120 20

May-Jul.-2016 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 20% 76% 99% 100% 100% 100% 100% 100% 100% 100% 56% 3,385 48

Aug.-Dec.-2016 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 0% 51% 95% 100% 100% 100% 100% 100% 100% 72% 1,330 21

May-Jul.-2017 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 5% 90% 99% 100% 100% 100% 100% 100% 100% 100% 50% 2,577 32

Aug.-Dec.-2017 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 30% 96% 100% 100% 100% 100% 100% 100% 39% 1,200 15

May-Jul.-2018 Percentage of Age-1 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 32% 98% 100% 99% 98% 98% 100% 100% 100% 100% 64% 3,091 60

Aug.-Dec.-2018 Percentage of Age-1 0 0% 0% 0% 1% 0% 0% 8% 74% 99% 99% 100% 100% 100% 100% 100% 63% 1,756 26
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