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%1 JABBA 1 JABBA-Select B8 % &5
Tab.1 Biological reference points of JABBA and JABBA-Select
AW i) HAR S % B0 B 2% 5 A=Wy BRI 275 5 B IR 22 5
target biomass reference points target fishing reference points limit biomass reference points limit fishing reference points
JABBA Buisy 80% Fusy 45% Buisy Fusy
JABBA-Select SBumsy 80% Hysy 45% SBusy Husy

H%Li_‘f 5 A R i AR 1 B AR AR 1 5 A
g/ Ny i e S I it [y N A = 12
E"Ji%i B BT REF. B/K (W5
Y45t). B/Busy Fl F/Fusy MRS G4 . 2T
A SE1(2023—2025 4F)FIHK(2023—2032 4E)I1)
T, 7551 Kobe 11 SRBEHERE, Rl 2025 4712032 4F,
B I F it BrS2% sS MR G175 SR
1.2 EEMIBEIEM
AHIF 50 A AL D A 2R A AT R B
) DLMtool (6.0.6)JFitfe/F 4, &FE&vadtk
P R T TR IR 0 A AR AR, I UE B A SR A

Faddett, MTIHIGE TAC S5AR R AT H ALt
T DLMtool #£47 MSE 15 B8 61 45 : é%LLE‘J‘/\
Wl T k& ZHOR TR AR O A BEE T 7 S #is 17
1945 P FE (management procedure, MP), Ff3k15
O A P R K TR A BT )
T F  EEAVEAR Y (operating model), FTas 2 A5G
MBEFEFREE B (stock) . L5 B (fleet) . M
15 &L (observation) Fl 3 1% 5L Jifi, (implementation);
S B D R E R A 5 55— 2P v i I ok
MPs 3L [i]iz4T MSE, JF AR & B9AR SCAE 3 H AR
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Tab.2 The value and definitions of parameters used in DLMtool for Scomber japonicus in the Northwest Pacific

Z ¥ parameter & description i value %3k reference

last historical year Dy s A s 1 e 5 —4F 2020 [21]
maximum age B RAF I 11 [22]
M HARIET- Z B /a 0.41 [22]
Ling B K /mm 446 [22]
k HERRE 0.2 [22]
t PR Ry R i G B 4R I -3.05 [22]
a R R &M T 3.12x10° [23]
b R AT R TR R 3.23 [23]
steepness SRR o O R BEE 0.8 (2]
Lso 50%ME A FE /mm 300 [24]
Los 95% M A A FE /mm 350 [24]
catch 1995-2020 4F3ff 3 2 K4 /1 [21]
effort 2010-2020 4 A A & [21]
current stock depletion 2020 4F [ FpBE I R 0.39 [15]
current stock abundance 2020 FHEPEE/ 1.73x10° t [15]
current spawning abundance 2020 477 G AE Py i/ 1.10x10° t [15]
Fusy/M 1.08 [15]
Busy/Bo 0.4 [15]
catch reference iR 5%, MSY /t 5.60x10° t [15]
biomass reference HEWES 5, Busy/t 1.23x10° t [15]
t 5 AvC 1 D % Y AR 2K 5 [21]
AvC(average catch) t SRSy g 5.26x10° t [21]
D, AR SRR R DR 0.68 [15]
abundance index FREFREL [25]

[26]
spawning abundance index 7O RER T B AR A [27]
recruitment index 7 R [28]
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Tab.3 The values and definitions of stock parameters for Scomber japonicus of Northwest Pacific

S0 parameter

ik description

fHIK S value or range

2%k reference

Maxage
Ry

Size area 1
Frac_area_1
Prob_staying
Fdisc

HRORAERY

ARIF RIS HIR e RE, 56 T o AR AR AR

FIARFE T R AL
FARPET R EAF PR AL fE

BERE, FRAREEFEARBIRTT R R IR 20%0, #h STt xT AR

FE & WD FE R KT 11 L i)
Beverton-Holt f5 %Y

Xof BT A5 A 78 B 1Y A8 fh v Rl
FhFEAS AL [ A

Wi A+ /mm

W R K AR PR AR AL

ER R

AR AR PR fL

A B I B IR AR 1

ENEER 2SR
50%ME A /mm

50%H B E] 95% 1t LK B Y B /mm
B, Bourren/Bunfished
AT RSN T
MR 5 R EUR AL

T & By AR X T AR

O &AW i i

O & XA A5 B F i X Sk g Mg 3
F SR FE T

11
1000

(0.36, 0.72)
(0, 0.1)
(0.7,0.9)

1

(0.15, 0.3)
(0.1, 0.9)
(371, 446)
(0, 0.025)
(0.2, 0.54)
(0, 0.025)
(-3.05,-1.4)
(0.1, 0.12)
(300, 350)
(50, 100)
(0.37,0.76)
3.12x10°¢
3.23

(0.8, 0.99)
(0.8, 0.99)
(0.8, 0.99)
(0.1, 0.3)

[22]
8 E signated
[2]
{67 signated
[22]

[22]
18 € signated
18 € signated
[22]
¥8E signated
[22]
{6 2E signated
[22]
¥8 7€ signated
[24]
[24]
[15]
[23]
[23]
{62 signated
¥8 7€ signated
¥8 7€ signated
18 € signated

1 578 /R DLMtool ¥ & 3 %2 Y FEmE S 44
Note: Signated represents the basic parameters set by the developer of DLMtool.

x4 WK EEEHHAT DLMtool ARG GBS
Tab.4 The values (or ranges) and description of fleet dynamics parameters for Scomber japonicus
of Northwest Pacific in DLMtool

ZH0 parameter

iR description

{H5JE R value or range

£ 2 Rk reference

nyears
Spat_targ
EffYears

Effl ower
EffUpper

Esd

qinc

qecv

L5

LFS
Vmaxlen

CurrentYr

Dy sl B A A (5F)

Z3 6] HAR S, 45 0 5 1 2 9 2 () 0 A S R
A5 ST T SR DT AR 7 455 5 19 3 4 £

55 EffYears X )b (19 AH X 4iff #5558 B2 19 T R
5 EffYears X 1o (19 AH X 4iff #5558 B2 9 - FR

THBIPET R B4R ) AR 1k
A R BRI R

AT R BE PR AR L

P 5 5%IE PRI Y 7R K /mm

FERPEPECRE, XN 95%IEFEN H A1 /mm

BB AR
TR T 46 B ASE AL A4 B S — > S 4y

26, BRI 1995-2020 4F

1, n

11

HRAE NPFC B4 27 h fif il 57 55 g 1 KA

AR A B3O8 R [ 55 4 R )/ o B ek

FEHED]
(0.01,0.1)
(=2,2)
(0.1,0.3)
(196, 216)
(294, 314)
(0.99, 1)

26

[21]
18 5E signated
[21]
[21]
[21]

[15]
f87E signated
87 signated
[15]
[15]
f8 7€ signated
[21]

;487 %R DLMtool H & H B8 I BRI S5
Note: Signated represents the basic parameters set by the developer of DLMtool.
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DLMtool 34L& TINE T 114 4> MPs, {1
B 81 Tl i (output) 5 Uy %8 L 27 FhAR AL
(input) % . 2 FHIE A (mixed) F L 4 M5 %
(reference) /7 5% o MSE M4 Ut £ 37 O BAEBLAY, 43
Bri&i B MPs, iafTR8IZ 5, RS R
J¥ (MP)TEAS [R) BL4LL KT 19 14 RE 48 A (P Y 22 1k
H(CR)o A T 3E B BIME(0.5), WA yi% MP
CaU S TRER PL. fEARMsh, W TUT
34 PL PR E SRS A i,
JIAEW T 10% Busy FUBEAS | 3R B 1 451 1
AEALAR T 20% M E

B EARSIECR A MPs SIBR I, M4 L
T 4 bR 7 8 68 % S8 B Ol 4 B B AR5 A
J7 % P e 0% S B I 7 i (probability of
high long-term yield), BIZ /> 60%RHLHL KL H
A R 1 (B A0 vh R J5 10 AR YA ) Y g ik
B R AT HES - i —2F; R AR S R
€ ) 7= i [probability of AAVY (average annual
variability in yield) less than 15%], B %/ 60%19
B UK 7 = ARSI SR T 15%; FhFSE
TEAS A 3o BE 4l 455 1R 25 (probability of biomass above
half Bysy), BIZE 7> 60% ML B0 R A= )
BT 0.5 Bumsy; M BEAR 220 B H 0T &
(probability of not overfishing), B % /> 60%[1)H

PARBCR R R T Fusyo. AN, ABFSE ol
4 WARUEYT T 85%&8 M EA L) MPs, )
i DLMtool X P b K- S 45 AF A A5 2 A
55, 4 69 A~ MPs iE ] FH RS, (HH S
28 il MPs TE VAN if F v, AR 7R TG 1k WA Sl i A 75
AFEE o AR SRR 547 (1) 41 Fh MPs H1, B
e I B AR 12 Fl, #0h 7= il
HE, sHRHE TAC AT P4 M
(# 5.

Bl B IACHE S UL B B R R R, B
RARWHETE, BB AEY I, B o] 4 R 5
FETEMCR Y AT REYE; HOR B SRPE T R ECRIAR
F0 iR PR M UERR AN T S8 —, A
TR S AR LR EE A R . HIABE
XFEERER) MPs, il i F il 14 (robustness) 73 BT 45
W HAEA [ (AT 4l 2 8 (rob1_q). BEFE (rob 2_h)Al
HARFET: R AL (rob3_M) & T, il B SR I
4k, 7E robl_q HORE AT R AL g BN 2%MY4E
HIRSR, FE rob2 h HZEMRKNFE B E R (Beverton-
Holt A1) 1y BE B 15 Bl 12 R 0.75~0.85 (ZE1fE OM
ik 0.7~0.9), rob3 M ¥ HARFET R BN N
0.18~0.90 (FLifE OM H' 4 0.36~0.72), IL7h, MSE
B Tt B AR ZEZSE, HAFK MP G2
IS EB A AR, ARF5T3E o DLMtool P& Y

x5 ERTALLKFEFGREBEVHEENE

Tab.5 The management procedures (MPs) satisficing for Scomber japonicus in the Northwest Pacific

HHRE
management ik description
procedure
cCl FRE MRS TE, TAC NIRE TR (— MG 5 4F) ik &
cc2 90%Fa E 3Rt 75k, TAC N IE F B (— MM BT 5 4F) T3 ik & 19 90%
CurC P B 3R v, TAC J2 7 5 b g — U A 7
DAAC T FE K T8 1 5 1P 2l 30, 76 DCAC SRS TAC (Fusy*Busy)F: il 3 19 175 (10 A BE T 67K S5 LA Busy/Bo
DBSRA_40  FET 40% 397K V- I FIHE I I8 AT, DREFTE Beurren/ Bo=0.4
DBSRA BT WKV I R T 9843 #7175 , TAC=BoxDepletion
DCAC BT RWUKPE B Y g g, R AE Busy 97K
Fadapt TN PER R PET R, BT REGRIE BAE AL Y AT UL, L Fusy/2 Tl 2Fvsy NS
GB_CC Geromont -Butterworth 4 € ik i1, TAC=C,fH 4 F—4F TAC KT E—4Er7 & 120%0f, W TAC A F—4Fr=E i)
120%; M —4 TAC /NT E—4 =1/ 80%K}, M| TAC Jy_E—4 =i 1) 80%
HDAAC WA FPRER S AW R A AT Hl 6, YA AR YRR T Busy I, TAC 2 DCAC BREL Busy/Bo, #if5 T Busy, W8 DCAC
SBT2 BT SRR KT 1) TAC 33487 5, MRYE Busy/Bo 3 MSY J#%% TAC
SPmod BT R A2 0 TAC HIGT I, ARG A ™ & 1R TAC
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TURPE ST BT D Re, XIS B MP T34
BRI 43 Br, AR 25 S 806 MP (¥ TE 52 M) o
AHFZEXF 44 MPs, MSE Uil 25 4F, Jf-i% Sl
100 K.

2 HBRE5HW

2.1 EFHFEITEMELERIT HCR BB FES

2.1.1 JABBA #Z/Xf HCR HIFUMIEM KT 4
KB HI N, Wik JABBA RN P AL A F
TEERTES S 10 45 N YR REAS Sh itk AT T REAUL, 47
T 2022—2032 4 A BE IR IHFE/K V- B/K Fi 45561
B OF S, FEE T R G GRS HRS
% i MR 2% SR (] 1 F13K 4).7E JABBA
B, Bargad K N 0.4 N EH N Busy/K B E
0.4 (1), BMAKUL, 7F HCR_1 (2020 4Fia3k
) 130%~140%)F1 HCR_2, HCR 3, HCR 4 [y
BHT, SR IKE 3 AENAA S H A
50%MER L MSY HERS % .(3 6), fHM 10
AERTA] RUEE R, HCR 1 TAC HG A 8 3f BB B
(2020 4F)HY 30%, FHAR S HCR_4 Hidzin,
Mk, HEARAET BnS% 5 MR

Z% i, WAL, FUEY RS i OB
PN HCR 3 (BxFusy), 10 4EJ5 B4 BRAUR
WY, VA B R ) B AR AR 2% 05
2.1.2 JABBA-Select =& X HCR RIFHUEM
FLF 4 BN, il JABBA-Select 57
PG AE A BESETEA T 10 4FE N ORI REAS kAT T
KL, AT T 2022—2032 4F [A] % 5 I #E K OF-
SB/SB, AHlisfR H (A8 gh, N T Rt G
B HIn 2% sUFR T 2% S R (8 2 fiEk 7).

AP RN 4 B L JABBA (945
HEgAEWE: 7 HCR 1 (2020 4EMa3EENY 120%~
140%)#1 HCR_2., HCR 3, HCR 4 45 BT, A
TREAE 3 AFINERA S0% MR Skt HARS % 5
(F 7). MH4E, 76 HCR_1 1, Afii TAC #id
BBTEE 10% (51 J7 ), A REFa il Fp R % 98 U5 A
WA S B2 % 58, HCR_2 MTHCR_3 7£ 10
SENBIABTREIZ% 8GR 7).
22 EEMBITEMESITER

TEARYE 4 TTUbR o 07 18 RE A% 52 R e lb 45 BE H bR
) 12 Ff MPs 1, {{ DAAC F1 SBT2 ¥4 H
FREGEERISHE L 85% (1K 3). Fafdthorbr iY 4 R

1.0} 10 —08Cun-—12C
—0.8 Cao20 — 1.2 Capno 0.9 Cozo—1.3 ngzz
0.9 Can20 — 1.3 Cano
1.0 Cyoz0 — 1.4 Cyopo
0.8 1.0 Cyop0 — 1.4 Cyopo L
0.8 1.1 Cyppo
—1.1 Cyoo ——
0.6
X
a o4l Ii"gelK ____________
Bimi/K
02 _ _ _ _ _ - _ - - - - - _— .
ok . . . . . . . . . . . |
2020 2022 2024 2026 2028 2030 2032 2020 2022 2024 2026 2028 2030 2032
WiP4EH) projection years Wil4E4y projection years
10 _Her 2 1.0 —HCR 2
HCR 3 HCR_3
0.8 HCR 4 08 HCR 4
0.6
O e
A 0.4 Bygl® o
Blimi(/K
02 — - - _ - - _ - - - - - - -
0t . . . : . ) : L L . ! )
2021 2022 2024 2026 2028 2030 2032 2020 2022 2024 2026 2028 2030 2032

Wil 4E4y projection years

T 4E4y projection years

Bl PHAER-F- AR JTABBA BE IRPFAG SE 17 58 T AN ) 4ili455 42 ol LU 5% B0 5 e

Fig. 1

Projections of four HCRs from JABBA for Scomber japonicus in the Northwest Pacific
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% (1)

reference point

(x10*t)

F 6 PILKTi¥ER JABBA FiRTFMEEATRT Kobe I1 RAEIE
Tab.5 Kobe II strategy matrix of JABBA base case for stock assessment of Scomber japonicus in the Northwest Pacific
HCR_1 HCR_2 HCR_3 HCR_4
AT 2020 44 B it MSY Bk | IR
relative to the catch level from 2020 largest catch in history
80% (37) 90% (41) 100% (46) 110% (51) 120%(55) 130%(60) 140% (64) 54 50-80 57

it H AR S % S A 28/% the probability of exceeding the target reference points

(Blargcl:BMSY; Flargcl:O-gFMSY)

B025<Barget
F2025>Ftarget
32032<Btarget

F2032>Flargel

6
7
2
3

9 11
13 20
5 12
8 18

15 19
29 39
21 33
31 45

23
48
45
57

28
56
54
65

14
39
16
71

22 29
100 49
49 43
100 54

5T BR i) 2 % 5 AR /% the probability of exceeding the limit reference points (Biimi=0.45Busy; Fiimi—Fumsy)

32025<Blimit 1 1 2 2 3 4 6 2 0 8
F2025>Flimit 4 7 11 18 25 33 42 14 0 36
B1032<Blimit 1 3 5 11 18 28 38 4 0 29
F>032> Flimit 2 5 12 22 35 47 57 16 0 46
1.0 0.8 Cyno 1.2 Caono 20F _08Cun 12 Cao
—0.9 Cap20 —1.3 Cypo —0.9 Capz0 —1.3 Cyopo
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Fig. 2 Projections of four HCRs from JABBA-Select for Scomber japonicus in the Northwest Pacific
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x7 FILKTFiFER JABBA-Select FiRITEEEFTRET Kobe 11 KRR
Tab.7 Kobe II strategy matrix of JABBA-Select base case for stock assessment
of Scomber japonicus in the Northwest Pacific
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Fig. 3 The performance of satisficing management procedures for Scomber japonicus in the Northwest Pacific
The various color-coded abbreviations denote the respective management regulations
for Scomber japonicus in the Northwest Pacific.
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Abstract: Chub mackerel (Scomber japonicus) is an important fishery species in the Northwest Pacific Ocean, and
its fishery involves multiple countries and various types of operations, resulting in its complexity. However, there
are no appropriate conservation and management measures based on stock assessments of chub mackerel in this
area. In this study, a management strategy for this key species in the Northwest Pacific Ocean was evaluated using
traditional methods (resource projections) and data-limited approaches. Based on the stock assessment results of
the JABBA and JABBA-Select models, the population dynamics were projected under different harvest control
rules (HCRs). Four HCRs were set up for a chub mackerel fishery from 2023 to 2032, with total allowable catch
(TAC)=(0.8—1.4)xCatchygyg (catch in 2020), maximum sustainable yield (MSY), BxFysy or SBxHygy (for JABBA
and JABBA-Select respectively), and Catchy,,, (historical maxmum catch). The results showed that the stock was
projected to be more negative in the JABBA-select model considering spawning stock biomass than in the JABBA
model. Based on the MSY-related reference points, HCR 3 performed the best (TAC of 50—80 million tons and
50—66 million tons, respectively). The MSE then selected 12 strategies with better conservation management
effects according to the settings, among which DAAC and SBT2 had the best conservation management effects.
The TAC obtained from SBT2 was more appropriate for conservation, close to the TAC (520387 t) from HCR 3
and the recent catch. Robustness and sensitivity analyses showed that the catchability coefficient, natural mortality,
and catch-related parameters (average catch, catch, catch reference) had a significant influence on management
performance, requiring more attention to estimate accuracy and precision. In conclusion, the conservation and
management of chub mackerel in the Northwest Pacific Ocean should consider catch limits based on BxFygy or
SBxHysy by adjusting resource and catch levels.
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