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2. Biological information

Reviewers' question

Question
What is the evidence to support the assumption that M = 1.2 /yr?

Response
+ M values based on Tanaka (1960) and Paury (1980) were calculated as

0.21 /mn and 0.26 /mn, respectively.
+ Z value estimated with daily decrease rate of survey CPUE in the Sea of
Japan was 0.174 per month, smaller than the empirical estimates.
+ Details on estimation of Z will be explained in the presentation on
autumn-spawning stock
» As aresult, 0.1 /mn of M was employed.
« Spawning immediately prior to end of life
» Highly exploited species

M for other squids
» 3.12 lyr for Argentine shortfin squid based on Paury (1980).

o MOREFHAT(E. M=0.60£50% THTE.
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3. Estimation of abundance

How important is recruitment abundance index?

Standardlzed CPUE from
'.'.C".@ _ :
Q,C@Q@QC@ Natural mortality : : coastal squid-jigging fishery
.'.'.@.'. J’ ................................. ; .................................

N Recruitment Nt = qU:t :

(Stock biomass) :

/\ g: proportional constant
4 l

(\ J Fishing mortality

2 G P e

\ % %

/ Natural mortality (1.2 /yr)
7

Ce - exp
F, =—=In\1-—
‘ n( qU;

St = (Nt : exp_g - Ct) exp 2

\\ Reproduction

Spawners
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3. Estimation of abundance

Recruitment abundance index

» Okamoto-san published a paper on standardized CPUE from
coastal squid-jigging fishery

 Time series of the CPUE are used to estimate recruitment

_pdi,pdf (£#38) - Adobe Acrobat Pro (64-bit) - a X
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Standardized CPUE for the winter-spawning stock of Japanese ‘Ilying squid Todarodes pacificus %A
caught by Japanese coastal squid jigging fishery
SUGURU OKAMOTO,* Nori0 YAMASHITA AND TosHIKI KAGA
Hokkaido National Fisheries Research Institute, Japan Fisheries Research and Education Agency, Kushiro, Hok-
kaido 085-0802, Japan
The objective of this study was to estimate the standardized CPUE of the winter-spawning stock of Japanese >

Okamoto et al. 2016




3. Estimation of abundance

Coastal squid-jigging fishery

« Fishing ground

Coastal waters off the northeastern part of
Japan on the Pacific side

» Fishing season
July to December
* Vessel size
19 GRT and smaller
 Fishing effort

10 to 20 thousand boat-day per year in last
five years

Coastal squid-jigging fishery is maijor fleet for
fishing of WS.
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3. Estimation of abundance

Materials and methods in Okamoto et al (2016)

« Sales slip data collected from 17 ports of 7 regions
« Monthly catch and number of boats with landing
* 197910 2013
* Terminal year is updated annually
« July to December

« 17 ports were integrated into 7 regions, which was used as a variable
of port

« Statistical model: GLMM

log(CPUE + 6)
= Intercept + Year + Month + Port + Year * Month + Year

* Port + Month * Port
* ¢ is constant.
» All explanatory variables were categorical ones.
 Interactions with Port worked as mixed effect.

 AIC and BIC were used to select model.
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3. Estimation of abundance

Standardized CPUE from Okamoto et al (2016)

Selected variables
« AIC: All variables
* BIC: Variables without Year*Month

Standardized CPUE from the AlC-selected model
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3. Estimation of abundance

Proportional constant g

« Each recruitment index value was scaled up with the
proportional constant q.

Nt = qUHt

* This constant g
* is critical to determine annual recruitment.
* has been traditionally used in the stock assessment of WS.

Question

The critical assumptions for the abundance estimates are that Nt=qUt and q
is fixed at 18.32. It seems like the average exploitation rate was assumed to
be 0.3 and thus a q 0f18.32 was assumed. | am not sure this makes sense to
me. Please explain the assumptions made and where they come from.

16




3. Estimation of abundance

How to calculate g

Assumption
O Mean exploitation rate (1979-2001) = 0.3

Rationale

» The exploitation rates of AS were estimated to be ranged between 0.2 to 0.4
(JSNFRI 1997; 1998)

» Kidokoro et al (2006) estimated this rate to be approx. 0.3 for 1979-2001.

» The exploitation rates for WS were estimated to be at the same level (0.3) for
1979-2001 (Mori 2006).

Calculation
« Nt=qUt
 Mean Ct/ Nt for 1979-2001 is 0.3.
« g was calculated with (C/ U) /0.3

* C/ U corresponds to a mean value for 1979-2001
» U is standardized CPUE

Og=18.32

17
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6. Revisit to discussion on estimation of recruitment

Trial of application of SS3

Okamoto-san and Fukuda-san tried to apply SS3 to JFS WS data.

Purpose of the application
» To validate average exploitation rate of 30% for 1979-2001

« An assumption to calculate g
 To consider uncertainty

Duration of data: 1995 to 2016
CPUE: coastal squid-jigging CPUE
Constant g was assumed.

Down-weight treatment to size data

27




6. Revisit to discussion on estimation of recruitment

Results of SS3 - Fitting to CPUE

|
3 Jul Predicted CPUE
o o Observed CPUE
© Aug
% %
w2 Q
> ep \ % %
S Q 9
Q 9 Q o A
o) Q o) o) o)
"1 ¢ 0 QR Jo/ B ¥ 3/ %
¥ N VA °© °
0 I 1
Lo ({e] = 0 ()] (a=] i N ™
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* Generally, good fit.
« Underprediction for Jul-Aug CPUE.




6. Revisit to discussion on estimation of recruitment

Results of SS3 — Fitting to size data

Fleet 1 Fleet 2

80
20

.| Coastal .~ Observed | Bottom
squid- trawl

- Predicted
J1gging -

15

nsmple
40
smple

10

20

1
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
SIZE SIZE

Fleet 3 _ Fleet 4

20

15

- Set net

/\

nsmple
10
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0 1 2 3 4 5 6 7

| ] 1 I | I I I
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« Good fit to bottom trawl and purse seine.
« Poor fit to coastal squid-jigging and set net.




6. Revisit to discussion on estimation of recruitment

Results of SS3 — Recruitment

Recruitment
(100 thousand fish)

40.0 -

30.0 +

20.0 -

10.0 -

0.0

Mean recruitment over the year from SS3 was 9% larger

than that of conventional estimate.

—— Hf S ET O
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6. Revisit to discussion on estimation of recruitment

Results of SS3 — Exploitation rate

Exploitation rate
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Mean exploitation rate over the year from SS3 was 4%
larger than that of conventional estimate.

2013 |
2014
2015
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6. Revisit to discussion on estimation of recruitment

SS3 — Improvement of fit
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6. Revisit to discussion on estimation of recruitment

Application of depletion model

Moriyama-san tried to apply depletion model to JFS WS data in
2022.

Purpose of the application
» To validate average exploitation rate of 30% for 1979-2001

« An assumption to calculate g

Moaodified DeLury method proposed by Mori (2006)
* Inclusion of M in depletion process

Duration of data: 1979 to 2021
CPUE: coastal squid-jigging CPUE

33




6. Revisit to discussion on estimation of recruitment

Depletion model: Method

Stock number

N:Stock number
C:Catch number

Modeling

(Mori, 2006)

Depletion process in month j

* Phase 1 (natural mortality)
N., = Neg M2
(M = 0.1 per month)
* Phase 2 (natural and fishing
mortalities)
Njp = Nz — C/2
* Phase 3 (natural and fishing
mortalities)
Nic = N;, = C/2
* Phase 4 (natural mortality)
Ni+1 = Nic - C/2
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6. Revisit to discussion on estimation of recruitment

Depletion model — Parameter estimation

To estimate parameters, stock number at phase 2 in each month was
used to fit to observed monthly CPUE

Predicted CPUE = gN,, (q: catchability)

In Moriyama-san’s study, two cases regarding assumption of g were
established.

» Constant g as case 1
» Time-varying q as case 2

During July and August, squids continuously enter fishing ground.

-> Monthly CPUE for those two months were excluded in fitting.

1.0 o

0.8

0.6

0.4

Standardized log(CPUE)

0.2

0.0

-0.2 |

9 10 11 12
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6. Revisit to discussion on estimation of recruitment

Results of depletion model — Estimated g

0.000002

0.0000018

0.0000016 Case2 (time-varying q)
~.0.0000014 4.22x10N-7) to
= 0.0000012 1.83x107(-6)

Case 1 (constant q)

0
_‘CU 0.000001
= 5.84x107(~7)

‘w 0.0000008

O 0.0000006
0.0000004 Current method
0.0000002 5.56x107N(-7)
0
O NP P ADNDS OB AODND OBAD N D DA LD
\cg\ R PR PR S S %QQ q,@ r19© q/@ QIQQ q,d\ q§\ q,d\ q,Q'\ q}g\ q/@,
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6. Revisit to discussion on estimation of recruitment

Results of depletion model — Recruitment

60
@ 50 Case2 (time-varying q)
o
T 40
o 30
g
5 20
G
® 10 : .
1 4 _ Conventional estimates
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
O ND DA D NDDOA DN O A O N D D A9 AN
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* Mean recruitment over the year from case 1 was 20% larger
than that of conventional estimate.

« Mean recruitment over the year from case 2 was 11% larger
than that of conventional estimate.
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6. Revisit to discussion on estimation of recruitment

Results of depletion model — Exploitation rate

o
o

Case 2 (Time-varying q)

(o))
o

Conventional estimates

Exploitation rate (%)
N EiN
o o

Case 1 (constant q)

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

ONDHADNDHAOBDNDOHA O N D 04,0 N
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« Mean exploitation rate over the year from case 1 was 16%
larger than that of conventional estimate.

« Mean exploitation rate over the year from case 2 was 5%
smaller than that of conventional estimate.
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6. Revisit to discussion on estimation of recruitment

Application of SAM

 Nishijima-sam published a paper of stock assessment of
JFS with SAM.

« SAMUIKA (State-space Assessment Model Used for IKA).

« SAM is a prime candidate of the future stock assessment
models to apply to JFS.

g was estimated and worked as a constant catchability.

Population

SPECIAL FEATURE (ORIGINAL ARTICLE) Ecology WILEY

Marine ecosystem services: Ecological, socioeconomic and cultural sustainability

State-space modeling clarifies productivity regime shifts
of Japanese flying squid

Shota Nishijima'©® | Hiroshi Kubota? | Toshiki Kaga' | Suguru Okamoto' |
Hisae Miyahara® | Hiroshi Okamura'




6. Revisit to discussion on estimation of recruitment

SAM - Comparison of recruitments estimates

40

SAMUIKA
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« Mean recruitment over the year from SAMUIKA was 5%

larger than that of conventional estimate.
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6. Revisit to discussion on estimation of recruitment

Comparison of exploitation rate
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« Mean exploitation rate over the year from SAMUIKA was
7% smaller than that of conventional estimate.
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