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Jack mackerel mainly distributes on the
continental shelf region. The main
fishing grounds are East China Sea
and coastal areas off western Kyushu
and Sea of Japan.

The spawning grounds are southern
East China Sea area and coastal areas
off Kyushu and Sea of Japan.
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«%% Reviewers Comments

L 4

« 1) Similar to the Pacific stock, the spawning grounds for the Pacific and Tsushima stocks suggest that
there is substantial overlap in their spawning grounds in the East China Sea. In addition, the text
explaining the stock distributions do not provide evidence of stock structure for the two stocks.
Therefore, it is not clear that the assumed stock structure is appropriate. Please provide evidence that
the stock structures for the Jack Mackerel stocks (Pacific & Tsushima) is appropriate and how the

distributions were derived.

+ 2) Some Tsushima stock fish are thought to migrate to the Pacific and are caught as Pacific stock fish.
Is there any work done to show that and the approximate magnitude of it? Also, was the catch for the

two stocks separated on the fishing grounds.
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ORIGINAL ARTICLE N WiLEY
Spatiotemporal variability in the occurrence of juvenile
Japanese jack mackerel Trachurus japonicus along coastal areas
of the Kuroshio Current

Kazuo Ishikawal @ | Chikako Watanabe? | Takahiko Kameda? | Tsutomu Tokeshi® |

Hikari Horie® | Daisuke Hashida® | Toshiyuki Ookawa® | Takashi Takeda’ |
s uno® | Yuki Suzuki® | Shozo Takamural® | Ryousuke Fukumoto®® |

* 1) Some research surveys and analyses have been conducted. Currently, Jack mackerel in the Pacific
could be consisted of East China Sea (main spawning grounds) and Pacific (local spawning grounds).

Also, in the Sea of Japan could be consisted of two spawning grounds.

« 1) Distribution of this species in the East China Sea and Sea of Japan is continuous and could be
migrated among these areas. However, juvenile and adult fish cannot move from Pacific to East China
Sea due to Kuroshio current, but its unclear.

« 2) The magnitude of recruitment from East China Sea to Pacific is unclear. Some works have been

conducted.
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Please see the document “Estimating procedure of
catch number at age of jack mackerel (Trachurus

) in the Sea of Japan and East China Sea”
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«%% Reviewers Comments and Responses

11) What were the approximate relative amounts of catch in the offshore vs coastal areas?

L 4

In 2020, the catch in offshore and coastal area was 39 and 41 thousand tons, respectively.

12) It appears that fish were sampled and measured in the coastal areas but not the fish from the offshore area. Instead, for the
offshore area, it was assumed that each box was 16 kg and was divided by the number of reported fish in the box to obtain the
average weight per fish from a box. This average weight was then converted to length and then an age based on the ALK. For
two categories (small and very small), there were no reported numbers of fish per box and it was instead assumed that these
fish were either age-0 or age-1 based on time of year. Is my understanding correct?

Correct.

13) Using the average weight of fish per box assumes that there is negligible variability in the size of fish within a single box. Is
there evidence to support this assumption? Why were the fish in the boxes not sampled instead?

Because size of this fish was sorted at fish market, variation of the size in a box could be small.

14) | may be misreading it but Eqn 1 looks wrong. Please check. Also, not sure about the use of Eqn 1. Seems like Eqn 2 is
enough. Also, | assume that the ¥ is in proportion?

Correct.

15) The length-weight relationship used to convert catch in weight to catch in numbers appears to be fixed. This assumes that
this does not vary by space and time. Is there evidence to support this assumption?

The length-weight relationship was fixed through the year, we have checked this every year.

16) Was any aging done to develop the ALKs or were these based on growth models? If there was aging done, please show the
aging data relative to the ALKs.

17) If the ALKs were based on growth models, please show the growth models and the uncertainty and variability in the growth
models (and the data if possible).

18) If the ALKs were based on aging, please show the aging data and the estimated aging error.

(Response to questions 16-18) ALK dependent on the von Bertalanffys growth model.

7




«%% Reviewers Comments and Responses
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19) It appears that cohort slicing was used to convert lengths to ages. Cohort slicing assumes that a single length can
only be assigned to a single age. This is likely inappropriate. Instead, the ALK should be used to assign a single length
into multiple ages with different probabilities, based on the aging data or growth model. Based on aging done in the EPO,
small pelagic fish like sardine and mackerels with the same length often have different ages, especially after age-0.
Please show the aging data to support that assumption.

ALK is made by empirical information, we can change this if the growth model was changed.
20) Please overlay the length histograms for a single year over the ALKs in Appendix 2. And show it for several years.
Please see next slide figures.

21) Looks like there were 2 growth patterns (and corresponding ALKs) by space but assumed to be no variability
between years. Is my understanding correct? Please show evidence to support the assumption of no growth (and
corresponding ALK) variability between years. From what | have seen of aging done in the EPO on sardines and
mackerels, the growth and ALKs vary quite a lot between years. For the Pacific stock, studies are being done to address
this problem. Is the same being done for the Tsushima stock?

22) In addition, age selectivity of each fishery also affects the ALK. It is common for each fishery to have separate ALKs.
Therefore, it would be useful to have studies comparing the ALKs between fisheries in the future, especially for different
gears.

(Response to question 21 & 22) No clear annual difference on the growth model.

(Response to question 22) Yes, we agree.
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» 20) This figures overlapped ALKs and measured size frequencies in 2019. The ALK at two areas are
slightly different. The side bars represents size distributions of jack mackerel in each area in 2019.




«#% . Maturation

Fish Sci (2014) 80:61-68
DOI 10.1007/512562-013-0687-5

ORIGINAL ARTICLE

Age and maturation of jack mackerel Trachurus japonicus
in the East China Sea

L 4
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Fig. 6 Monthly changes in the frequency of occurrence of various
maturity stages of ovaries of jack mackerel. D Developing stage, Im
immature stage, M mature stage, R resting stage, Spa spawning stage,
Spe spent stage
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FRA samples small pelagic fish species every year, and analyzes maturation
characteristics based on histological methods of small pelagic fish.
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Catch and Catch-at-age
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Jack mackerel is exploited mainly by Japanese and Korean fisheries in the East
China Sea and Sea of Japan. Age 0 and 1 fish are mainly caught.
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» 3) The doc states that non-Japanese fisheries have large catches of the Tsushima stock but these
catches were not included. Including all removals is critical for the stock assessment. It appears
catches from South Korea were included but not Taiwan and China. Is that correct? If so, please explain
why catch from Taiwan and China were not included. Were there any other sources of removals for this
stock that were not included (e.g., North Korea)?

The catch amount in China and Taiwan have been reported, the catch amount in China in 2019 was about
40 thousand tons.

* 4) Are there any estimates of catch or effort from these non-Japanese fisheries that capture this stock?
Looks like there are some FAO data on China’s catch but these were not used. Why?

The catch report in China delayed a year. Furthermore, monthly catch amount, fishing grounds and size
component in Chinese catch are unclear.

+ 5) Based on the FAO data, the magnitude of China’s catch of the stock may exceed that of Japan.
Would that be correct?

Its suggest that the information from China have large uncertainties. Then, Chinese information cannot be
incorporated into our model.

» 0) If these catches are not available but are large, it may be more appropriate to use other methods to
assess and manage the stock. Were these considered? For example, data poor and catch-free models
or indicator analysis or just base the management on surveys like sardine stocks in Europe and South
Africa.

We appreciate your valuable suggestions. We will try to conduct “data poor and catch-free models” or
“‘indicator analysis” by the next full stock assessment.

12




N Procedures of tuned VPA
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» 27) Using Hoenig, the assumed maximum age of 5 years is inconsistent with an M of 0.5 per year (you
would need a max age of about 10 or 11 years to get M of 0.5 per year). | am unfamiliar with Tanaka
1960.

« 28) Given that there has been more recent and more appropriate meta-analysis of natural mortality
relationships (i.e., Hamel 2015) than Tanaka 1960, there is a need to explain why using the relationship
in Tanaka 1960 is the best scientific information available.

« 29) Even if using Tanaka 1960 is appropriate, the range of sensitivity for M (0.4 to 0.6) does not likely
cover the uncertainty in the Tanaka 1960 meta-analysis. If using Tanaka 1960, it would be important to
calculate the prediction interval for the relationship (Hamel 2015).

» 30) Please show the model diagnostics for the VPA model. Retrospective pattern and fit to the indices.
Also please show model results when not fitting to the indices, and fitting to each index in turn (this is to
look at the influence of each index).

14
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Our institute just start the discussion on about the natural mortality.

We have conducted the sensitivity test about the natural mortality. When the natural mortality change

0.1, the stock size and spawning stocks size differ about 20%.
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Age 1, large-mid purse seine ,
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There are six abundance indices for age 0, three for
age 1, and one index for age 2 and 3+.
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23) The data set table shows that there were 6 recruitment and 3 age-specific indices used as tuning indices.
However, there are not enough details to review the indices. Please provide details on each index (e.g., spatial
and temporal coverage, survey design, standardization procedure and diagnostics) and why they were used to
tune the model.

Stock structure of Jack mackerel is complex, then many surveys have been conducted. Therefore, we have many

stock indices for Jack mackerel.

24) It appears that all available indices were just thrown into the model without much thought, which is not a
good idea. Please explain why so many indices were used and the thought process behind fitting each of these
indices in the model.

Dynamics of local stock abundance indices were different, because stock structure of this species is complex.

25) Were the indices weighted during the model fitting? If not, there is an implicit assumption that all indices
were equally representative of the stock as a whole. There were indices from different gears and fisheries and
likely spatial coverage, and some were standardized and others were nominal, and some were surveys.
Therefore | am not sure it is a good idea to assume all of them were equally representative of the stock as a
whole. Please support this assumption.

In 2019 stock assessment, weighting is applied using the magnitude of variance of each index.
Model fittings are shown in this presentation.

26) It appears that only a few of the indices were standardized. If the nominal indices were used, this assumes
that catchability is constant for those indices for all years. Please support this assumption.

Standardization is necessary, yes, we agree.

Standardization of some CPUEs will be conducted by next stock assessment.
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L

L 4

value

age

biomass

St

2e+05
06400+ rho=0.13
Recruitment
10000 A N
7500 A

5000 -

25001

—— 0 = 2 = NA —— 2014 -m=- 2016 -=- 2018
3 -4&- 2015 -+ 2017 -* 2019
fish_number fishing_mortality
10000 1 N 2.5
a 2.0
7500 1
1.5
5000 1
1.0 1
2500 0.5
01 0.0, : . .
2010.02012.52015.02017.5
3e+05 1
2e+05
1e+05 1
0e+00- rho=0.13

o | (o=oce

2010.02012.52015.0 2017.5

2010.02012.52015.0 2017.5

Year

19




«®%<  Fishing mortality at age

o
v

L

3.00
—0— Age 0
290 1 A --¥-- Age 1
2.00 - KA oAl . —a— Age 2
:" [ L ) —e— Age 3+
L 150 4 a h. ] xl
L* § Ji ‘ l : ii l': /%y A A7 F‘t ’t‘
100 {YedA PAST Ay w82 .3; A A
" . kii' ¢ o Q o )
050 { R A -u‘;lﬁ 3 QAR 9o o
.' :u’ w- .- o . ﬁ‘,‘.ﬁuv. -# i’.'-%q )
0.00- |||||||||||||||||||||||||||||||||||||||
1973 1978 1983 1988 1993 1998 2003 2008 2013 2018

Year

Fishing mortality in the 1980s was relatively higher than those of the other year
periods, and the fishing mortality has gradually decreased.
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- Number-at-age and selectivity
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Age 0 and 1 fish were dominant, the total stock number of Jack mackerel was at
a low level in the late 1970s and gradually increased until the mid-1990s. After
the 1990s, the total stock number was almost stable with some fluctuations.
Fishing mortality at each age (selectivity) was the highest at age 1.
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«#5.Stock-Recruitment Relationship
. Evaluation

O

» Data set
1) SSB & Recruitment values (1973 — 2017)

These values in 2018 were removed because the most recent values
have large uncertainties.

» Estimate parameters

1) Stock-Recruitment Relationship
a) Hockey-stick (HS), b) Ricker (RI), c) Beverton-Holt (BH)

2) Optimization methods
a) least absolute value method (L1), b) least square method (L2)
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«#a . Stock-Recruitment Relationship
. Evaluation

)
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deltaAIC(AI

Autocorrelation

S-Rrel. PUTEN"  hars.a  pars.b  pars.sd  pars.rho AICc C_AR

AIC_noAR).1

HS L1 0.027093 168005.9 0.4613 0.271831 65.32322 -1.5931 Twostep
HS L2 0.027191 177/808.6 0.482606 0 68.71992NA No
HS L2 0.027191 177808.6 0.462586 0.24513 68.71992 -0.89589 Two step

RI L1 0.034523 1.77E-06 0.475469 0.264324 69.58343 -1.35648 Two step
B L ooy 22 omsms 0 @IS w
BH L1 0.035437 2.25E-06 0.477311 0.265162 69.87547 -1.37059 Two step
RI L2 0.032705 1.66E-06 0.495151 0 71.02958NA No

RI L2 0.032705 1.66E-06 0.474914 0.25716 71.02958 -1.17937 Two step
BH L2 0.0329 2.00E-06 0.495904 0 71.16623NA No

BH L2 0.0329 2.00E-06 0.476363 0.255109 71.16623 -1.12237 Twostep
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«#,Stock-Recruitment Relationship
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We selected HS (hockey-stick) relationships due to low AICc values. Based on

this SR relationship, the SBtarget was calculated.
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«#% < Reviewers Comments and Responses

P
v

« 31) The 3 SRRs evaluated are reasonably close and would probably need higher SSB
levels to better evaluate. Not surprisingly, MSY-based stock status is sensitive to the SRR

used. For the Pacific stock, a weighted average of SRRs was used. Why not do the same
here?

As we explained you stock structure of Jack mackerel, SRR in the Pacific stock is too
complex but Tsushima current stock is simpler than Pacific.

As mentioned above reason, we did not consider to apply the weighted average SRRs for
Tsushima current stock.

We selected the best model based on AlCc values, to use HS SRR has the lowest AICc
value.

« 32) It appears that the SSB and recruitment estimates from the VPA were assumed to be

known without error. This may not be a reasonable assumption. Please explain this
assumption.

Yes, SSB and recruitment from VPA were assumed to be without error.

We have started to error will incorporated into the model.
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«#% . Contens

* Biology and Stock assessment

Distribution, Growth, Estimation of Catch Number at Age, Stock
abundance indices, VPA

» Stock-Recruitment Relationships
» Reference points, Kobe-plot

» Harvest Control Rule, Future projection
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= Reference Points
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Kobe plot
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» Stock-Recruitment Relationships
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Harvest Control Rule

L 4
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Future Projection: Graphs
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Probability (%) of future SSB exceeding the target reference point

Future Projection: Probability

B [2019]2020[2021[2022]2023]2024]2025]2026]2027[2028]2029[2030[2031]2041]2051
1.0 [100] 94 [ 83 [ 67 [ 59 [ 53 [ 49 |46 |48 [ 47 [ 48 [ 47 [ 45| 48| 47
09 [100] 94 [ 83 | 74 | 71 [ 69 [ 67 [ 67 [ 67 | 66 | 67 | 68 | 68 | 68 | 68
0.8 [100] 94 [ 83 | 82 [ 81 [ 84 [ 84 [ 83 [ 84 |83 [ 85 [ 8 [ 8 [87 ]85
07 [100] 94 [ 83 |8 | 8 [ 93 [ 95959594 [95]95][95]96] 96
0.6 [100] 94 [ 83 [ 91 [ 95 [ 98 [ 99 [ 99 [ 99 [ 99 [ 99 | 98 [ 99 [ 99 [ 99
05100 94 | 83 | 94 | 98 | 99 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
04 [100] 94 | 83 | 97 [ 100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
31100 94 | 83 | 98 [ 100 [ 100 ] 100 | 100 | 100 | 100 | 100 [ 100 [ 100 | 100 | 100
0.2 [100] 94 [ 83 | 99 | 100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
0.1 [ 100 94 | 83 [ 100 | 100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
0.0 [100] 94 | 83 [ 100|100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
Probability (%) of future SSB exceeding the limit reference point
B 2019| 2020f 2021 2022| 2023] 2024| 2025| 2026| 2027 2028| 2029| 2030( 2031| 2041] 2051
1.0 100| 100f 100/ 100| 100| 100{ 100{ 100f 100 100| 100{ 100; 100f 100| 100
0.9 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.8 100| 100{ 100/ 100, 100{ 100{ 100{ 100f 100/ 100| 100{ 100; 100f 100 100
0.7 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.6 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.5 100| 100{ 100f 100 100| 100{ 100{ 100f 100 100| 100{ 100; 100f 100 100
0.4 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.3 100f 100{ 100{ 100f 100{ 100, 100{ 100| 100{ 100{ 100f 100{ 100f 100f 100
0.2 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100 100| 100{ 100; 100f 100 100
0.1 100| 100{ 100f 100| 100{ 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.0 100 100| 100, 100| 100{ 100{ 100{ 100f 100 100| 100{ 100; 100f 100 100
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«#, . Future Projection: SSB and Catch

’ SSB (10%ton)

B |2019]20202021]2022]2023]2024 20252026 2027|2028 |2029] 2030|2031 ] 2041 | 2051
10 [ 311 | 311|321 ] 294 | 279 | 268 | 262 | 260 | 259 | 258 | 257 | 256 | 256 | 261 | 263
09 | 311 [ 311 321 ] 311305 | 299 [ 295 [ 204 [ 203 [ 293 [ 202 | 201 [ 201 | 296 [ 208
0.8 | 311|311 ] 321 [ 320335335334 ]334 ]334]334]334]333]332] 338 340
0.7 | 311|311 [ 321 [ 349 | 369 | 377 | 380 | 382 | 383 | 383 | 383 | 382 | 382 | 389 [ 300
0.6 | 311|311 | 321|371 | 409 | 428 | 435 | 440 | 442 | 443 | 444 | 443 | 443 | 451 | 452
05 | 311|311 [ 321|395 | 455 | 487 [ 502 | 510 [ 515 [ 517 | 518 | 518 [ 517 | 527 [ 528
04 | 311|311 321|421 500558583595 603|607 | 609 | 610 | 609 | 621 | 621
03 | 311|311 |321 450|571 | 643 [ 680 | 700 | 712 | 719 | 722 | 723 | 723 | 737 | 737
02 | 311311 321|482 | 643 | 743 [ 798 [ 827 | 845 | 856 | 862 | 864 | 864 | 831 [ 881
0.1 | 311|311 321516727 | 864 | 941 | 983 [1.010/1.0261.035]1.039]1.041|1.061|1.061

0 |311 311321 554 826 [1,009]1.115]1.1741.2131.237]1.250]1.257)1.261 1.287]1.286
Catch (103ton)

B [2019]2020]2021]2022]2023[2024]2025]2026]2027]2028 [ 202920302031 2041] 2051
10 141 [ 152179 169 | 166 [ 161 | 160 | 160 [ 160 | 159 [ 159 | 158 [ 158 | 161 | 164
09 | 141|152 | 167 | 163 | 162 | 159 | 157 | 158 | 158 [ 157 [ 158 | 157 | 157 | 160 | 162
08 | 141|152 | 153 | 156 | 157 | 155 | 154 | 155 | 155 | 154 | 154 | 154 | 154 | 157 [ 159
07 | 141 | 152 | 139 | 147 | 150 | 149 | 149 | 150 | 150 | 149 | 150 | 149 | 149 | 152 | 154
06 | 141 | 152 | 123 | 136 | 141 | 141 | 141 | 143 | 143 | 142 | 143 | 142 | 142 | 145 | 147
05 | 141|152 | 107 [ 123 | 120 | 131 [ 131 | 133 | 133 [ 133 | 133 | 133 | 133 | 135 | 137
04 | 141|152 89 | 107|114 | 117 | 118 | 119 | 120 [ 120 | 120 | 120 | 120 | 122 | 124
03| 141|152 | 69 | 87 | 95 | 98 [ 100|101 | 102 [ 102 ] 102 | 102 | 102 | 104 | 105
02 141152 48 | 63 | 71 | 74 | 75| 77 | 78 | 78 | 78 | 78 | 78 | 79 | 80
01 | 141 [ 152 25 [ 35 |40 | 42 | 43 | 44 | 44 | 45 | 45 | 45 | 45 | 46 | 46
0 |141]152] 0 | 0] oo o]olo]o]lo|lo]|o]ol]o

L
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«®% < Reviewers Comments and Responses

P
v

« 33) Was the N-at-age in the terminal year of the VPA model assumed to be
known without error? If so, please explain this assumption.

Yes, to estimate the N-at-age in the terminal year of the VPA model was
deterministic.

SCAA or same model will be evaluated in next full stock assessment.
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