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Fig. 1 Survey stations of bottom trawl in the Bohai Sea
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Tab.1 Scenario setting based on different methods for estimating M of O. oratoria
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Tab.2 Values or ranges of parameters in

the operating models

ki fiERE EEEE
name interpretation value or range
FhEES % stock parameters'*
maxage R /a 4
Ry WIaEFh 78 5/ 1 000
M HARBET R HL 0.13~1.91
M HARIET BRI FRAAL 0.0~0.1
h BEE 0.42~0.56
Ny SRR KRR 1
Lint WA /em 17.17~20.19
Lintsa WA AR R AR 0.1~0.2
K ERKSH 0.38~0.74
Ky K SEIERRAE 0.00~0.02
% FLR RS /a -0.29~-0.24
Lso 50%1E LA K /om 8.31~9.65
Laoos ;g?ﬁ%yt@u 95% 1 1545
LB E/em
D THHFEKF 0.17~1.00
a KR ER RS 0.009~0.028
b R R R ZH 2.78~3.17
HWHEA  fleet parameters™

Ls 5%k FEAA A /em 6.73~8.02
L 100%3% £ 44K /em 11.57~13.37
Ey TR AR 0.1~0.4
Vinaxlen ISPNN S ibrdz 0.8~1.0
gev DS G g 0.1~0.3

4 0.5~60.0 go 2024 4F KK FIA EE /Y 4345 i LK
T 20154F, 43 9N 2.8~18.7 cm Fl 0.2~66.0 g,
2024 A% 1 HF il 9 A 47 ¥ 4R K (10.53+2.38) em,
W = T 2015 4F (10.1742.32) cm, F ¥ 1k &

(17.91£10.96) g 1.7 T 2015 4F (15.56£9.20) g, 1)
BEERFY, DMK AR R

20154F: W=0.0148-L>°*(R*= 0.90)

20244F: W=0.0228-L*8(R*= 0.96)
AP, 2024 4 B AR B @ (0.022 8) i T 2015 4F
(0.0148), SHEAKZREH (2.78) KT 2015 4F (2.94),
AR TR LLRR:

201535: Lt =20.14 {1 _ e—0‘74t—0‘105in[27r(t—0.14)]}

202445'5 . L[ — 20 19{1 _ e—0.73t—0.06 sin[27r(t—0.50)]}

A, 2015 4 O R i BY Lige (20.14 cm) B {IK T
2024 4F (20.19 cm), K (0.74) & =T 2024 4F (0.73).

22 BARARTERHY

ANFE S M AN EZ R 225 (5 3),
BT Tpae (EEE D) WAL LA K, 4 0.65~
1.38, HEshiE B ik . HRREET Ts0 015 5
5, MK 1.41~191, T KW R 2, MM 1.05~
125, T Ly M1 K (1F 5% 4) IAG S5 R 1.05~
119, T Tho K (1F 5 3) 53T GSI (15 6)
PSS 45 RN, 3 3o 0.12~0.17 Fi1 0.13~0.40,
23 EERBEVRE

AR &MET, G 16 4~ MP oL T
T VRO YA R (R 4), Hoh 9 MR AR
5 5 (curE. curE90. curE80. curE70. curE60,
curE50, matlenlim, matlenlim2. minlenLoptl) #/
7 AN RS (AvC, CC1, CC2, CC3., CC4,
CC5. CurC),

MSE BIPAL 5 S B, HERETT IR & 14 F
KB, KW MP R, (HFA = 2k
MP PIRCRIE T 456128 MP,  Bi# 0 2 P50 i

®3 TRBRTOMIERE T RAHNGEEE

Tab.3 Estimations of M of O. oratoria under different scenarios

e J15 SHRE
scenario range parameter setting
1551 scenariol 0.65~1.38 T ELAHE D!
1552 scenario2 1.05~1.25 S JEFNTI W SE Gl
1553 scenario3 0.12~0.17
54 scenariod 1.05~1.19 Lind¥TERE917.17~20.19 em!"™ %7, #hifg-F 47K 13.82 'CHY
1555  scenario5 1.41~1.91 LosoFIVE R N8.31~9.65 cmP*2-°0 %), JEIE L A K A TR N T, 50
1§56 scenario6 0.13~0.40 GSIH6.14~22.007 71
25145t integrated scenario 0.13~1.91
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Tab.4 Suitable management procedures for O. oratoria in the Bohai Sea

HA LG £
type management procedure interpretation
7= s AvC ¥a 13 st A B B A P EAE A ST B ((TAC)
output control ccl A4 57 S TR B (BRI S ERTAC
cC2 ¥a 13 st B B (BRARURS S4F) BEMIK 10% /B A TAC
CC3 I3 SR BRARJE 54 )BEAK20%1E A TAC
CC4 ¥ 13 st R B B (BRI LRSS 47 BEMIK30% 1 E A TAC
CCs I3 SRR BRAR S 54 ) BEAR40%1E A TAC
CurC TACIE E A 7 S8 Jm VAE R 15
FNFE ] curE ENIEGE/ ks
input control curE90 5 A RE90%
curE80 AT 5 1R I80%
curE70 TR S )R 170%
curE60 AT 5% 1R 60%
curE50 TR S ) 150%
matlenlim v L B i 2 25 )T b 25
matlenlim2 BB A M VA K 110%
minlenLopt] TR B K BT N A B B BRI B KL o

P100 ) HFRESKR, MEHIL CC3. CC4. CC5 i/t
FR (K 2), WRBEIRSIFAEEE Rk E, MP 2
(] F) 22 AR R . 8 AFE ] MP (BR curE SMNITH
I T B 8% S = 1) MP) 78 3k e 53 B i 5 (PNOF)
FRFE R R (R (PGK) J7 THI R AR RCR AL T 77 1
44l MP (L CC5), Ai#EIETHiBi%5 &0 MP JL
SR SR (% curE Z24h), TR # L CC5 —
Tt MP il & o A0 MP 78 -5 77 8 A0 OC 19 1 BE 4R AR
(Yield #1 LTY) TR AR K ZES, H
SR REAR A A TR 5 SR AL, AL — T A o
MP (AvC) 1) 3R B0 2 I E 2K, B FR curES0 F1
curE60 Z AW T A 8 A$EHl MP il /2 2R

BARKAE, 0l 0 RS R Y MP 1
ANFEERETR AR LI RAAAEH BN ZER AR
il MP 75 2 47 5% U5 e F1 = it L PR AR ol R £ B Akt
B 3 A7 455 0 T R 26 BRELAR T ) MPL A
curE90. curE80 Al curE70 iX 3 Iji MP fig % [n] i} 35
A2 6 WMEREFE PR H bR ZEK
24 BARETHEBEEMESHT

AR MP%E T, MSE BPEAE45 50 ok, 1
= IS RS A =ML, curE90,
curE80. curE70 F1 curE60 2 e % [a] i 2 6 Tk
REFRPRIY HAREER (3% 5). AL MP IR R

PUWEAL T 4 MP. BLAh, TE4EFr BTy
T, BR AvC DIAM T A $5 AT R 45 R P 320
JRER . I 2 R SR 4, MSE Ik 25 A
ol FEFI M, curE. curE90. curE80 Fil curE70
VIREAE N /2 6 WIPERETE bR H AR 225K o TE4EHF B
WL R B RO AR AR R T, AR
il MP F1™ 45 i MP ()R IAH 228 K, (HET#
AR E AP R T & . s
315 TR MP BESE [F] IRk 2 BT A PR BEFE AR Y
Hir, £30 MP 7616 5 3 IR T 5
JEHJEAE P100, PGK. LTY % 3 Wif5k5 . ﬁﬁf
At BB I, fE S S th MP IR ILEAL T
5 3. 7E 5 6 1, L curE80 — 5 MP fiE 1% 1
JEFTAEREE AR 0 H AR ZEoR . AR AT 4 it A
HR A T ) R P 22 I R AE I R, R AL T
Ja# o

BHOKE, AR MEENEST, S
iR 2E R, (HAEBAR A —E PR
—EE, BT 0 R IE T A R
Jitio AP, curE90. curE80. curE70 iX 3 T MP 7&
e 1. M52, 15t 4 FZRGIE s 2 A Pk
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Fig. 2 Trade-off between input control and output control MPs among different PMs

(a) P50 and P100, (b) PNOF and PGK, (c¢) LTY and yield.
g
3 ik

2015 4F-Fi1 2024 AF i 1 10 it B A 52 9 1 S5
K (b<3), LR EGEEE . ML KiEiE
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IR 25 R — B AN, ARBEIEXT T Ly A
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AT R 5N ) DX A 4 2 RS AR A O,
IF HAEAS 5 1k R RE 2 X 45 S 7= A g i Y % 45 51
— R BN, AR A A K AT RE A
— R IR, 5y R S EE TR
AL 5 kU . 515551 ELEFAN {2
i 3 PR — 1 B L S HORR P BT Bootstrap
() ELEFAN 7% BE % i o X Ji 4y LFD i A )iz
1T ELEFAN, MM 84EKSEINAR 0 hm S 5
5 KR, % % 5L G Al 7 WL A AE — 2 2
M ARG 2ZR . AUFRERY], 205 kxR o)

BERTAE SR ] RE R TAE gk

M BT B A TR T R
K5 KRB EA T LAHE LR E BT, ik
2B BRI SRR . AR, 1
a1~ 3 MO SE Y R AL TE AR X RO . 1 S
VA 3RS s, 15 2 R 3 20 2 For
B, B3 REINSEEE . AR
AL R SHEASRIIMAAIE, e Tr
LW RS2 . ik, A eF RIS E M
I 225 AN [R] 7 12 22 6] B9 AN Al s PR e,
Hamel ™! $& H B ] 224> A2 % S0 G A9 70 73 B 45 2R
P M OALG e, IR IR IE 2D 2HE MR E
PR G IEIEAl 54 BRI A9 LU T . fE MSE
HEZE R, MOEWIRRAETE LARIEM AR Z S L —,
(EHCO 45 R B S 0 R RE R 2207 THT B9 o A [] 25 B DR
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Tab.5 Performance of suitable MPs under different M settings

fE e A PEfEfEPr  performance metrics

scenario management prOCedures PSO PIOO PNOF PGK LTY Yleld
5t curE 0.93 0.72 0.83 0.65 0.48 0.82
scenario | curE60 0.96 0.79 0.92 0.75 0.40 0.66
curE70 0.95 0.77 0.90 0.72 0.43 0.70

curE80 0.94 0.76 0.88 0.70 0.45 0.75

curE90 0.94 0.74 0.86 0.68 0.47 0.78

52 curE 0.94 0.73 0.86 0.66 0.46 0.81
scenario 2 curE60 0.96 0.79 0.94 0.75 0.38 0.65
curE70 0.96 0.77 0.92 0.73 0.41 0.70

curE80 0.95 0.76 0.90 0.70 0.43 0.74

curE90 0.94 0.74 0.88 0.68 0.45 0.78

3 curE 0.95 0.78 0.78 0.68 0.55 0.65
scenario 3 curE60 0.98 0.85 0.90 0.80 0.41 0.48
curE70 0.97 0.83 0.87 0.77 0.45 0.53

curE80 0.97 0.81 0.84 0.74 0.49 0.57

curE90 0.96 0.80 0.81 0.71 0.53 0.61

g2 curE 0.93 0.73 0.85 0.65 0.47 0.82
scenario 4 curE60 0.96 0.79 0.93 0.75 0.39 0.66
curE70 0.95 0.77 0.91 0.73 0.42 0.71

curE80 0.95 0.76 0.89 0.70 0.44 0.75

curE90 0.94 0.74 0.87 0.68 0.45 0.79

fi5ts curE 0.91 0.61 0.85 0.53 0.38 0.87
seenario 3 curE60 0.93 0.65 0.95 0.62 030 0.67
curE70 0.92 0.64 0.92 0.60 032 0.73

curE80 0.92 0.62 0.90 0.57 0.34 0.78

curE90 0.91 0.61 0.88 0.55 037 0.83

56 curE 0.94 0.77 0.79 0.68 055 0.69
scenario 6 curE60 0.97 0.85 0.90 0.80 043 0.53
curE70 0.97 0.83 0.87 0.77 0.47 0.58

curE80 0.96 0.81 0.85 0.74 0.50 0.62

curE90 0.95 0.79 0.82 0.71 053 0.66

AR curE 0.92 0.70 0.83 0.62 0.46 0.77
integrated scenario curE60 0.95 0.77 0.92 0.72 0.38 0.61
curE70 0.94 0.75 0.90 0.70 0.41 0.66

curE80 0.94 0.73 0.87 0.67 0.43 0.70

curE90 0.93 0.71 0.85 0.65 0.45 0.74

e URIRAE R D URMIE B2 4 2 3 MEREIR PRIIMP.

Notes: Only MPs satisfying all performance metrics in at least one M scenario are presented.
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AR, YMBEOICE A — | SR PR A HERETRE PRy MP, I HAEARR M IEH T HA

W, EAE AN E A MSE B9IFEAl AR, Al
HAZ B B S R AR BV, Wik, At
ﬁ‘t'{ﬂgﬂ’ﬁﬁﬁ%‘E‘Ln%%ﬁﬁ]/\ﬂf%%ﬁm T,
VER M ASHRE PR PP bR e, AR FR 2Ry
AT EENES . Wik, AMRETLZEAN =
%ﬁﬁ%%%ﬁﬁﬁﬁ@ﬂo

AMWEFEA T 5 WK T 545 ) m R AR
MP (curE90. curE80. curE70. curE60. curE50)
DARDHRE 55 07 8 BRI B2 X MSE WAL 25 R 5%
My ZEHFKHH . curE90. curE80. curE70 7E 4k
BEUR AR . PRAE R MR L RE R B B R e
T2 M) TR, o curE80 KB AE
e BT kB, BT B S R BEAREY MP Jf:
AN o B ERAIG, RIEL AR, MiAEN
B EEROY, GET LG M % &k
R AT 30% B, X4 MP £ 7™ 5 A OC 8 bn AR
T HAREE . ZERBGRAEIK E T i AT 58 IR
HHGE ., Flan, X} S S (Scomberomorus
niphonius) W5 B~ , cwrB75 CYRIHEEI B HE W)
75%) Fie 1 At AR B8 R T e R ORAF U295 i
5 1 4R B8 (Pampus argenteus). /N5 i (Larimich-
thys polyactis). K 7Nk fi (Hexagrammos otakii)
e 6 (Saurida elongata) F) S Z2 8, curE75
BB A ROHE R ) AT, BAE4ERR IR LA
BT AR, AR B (Trichiurus
Jjaponicus) 1) MSE PFAL 25 2 & B, curE75. min-
lenLoptl . matlenlim2 A5 F| FF 7 5 5 & A1 7= & 1Y
PN, ZiG BIREM], BRI S e R E
T R A R AT R A R S e gk, HiE

HOR WS AEAE W] W R e . AL, ARBIESE Y
LR R W T H Ay ] MP (CC3. CC4,
CC5 Al CurC) 75 G izb & Fif 455 0 24 45 b HE A e 7
TIIRZRIE R A 7 45 il 1 it e ik S P i TAC
ELAE BRI R5 R, 0T S A A ] A B A U
SR, R PARSH2E S ML=y, TAC F5 ik —
AT, RBOE R ARSCHE bR E R

BUKE, AR MR EAESRT, &

H MP W RIAETE2E 5, HUAATE—EFE LW
—BUPE o TE DR AR R (R RN A ik B A5 Uy I,
AN TR 0 R ILEA T 7= A . 725
PR ARC I ERRTE bR, AR ) R Y
PLF 7= 4 dil 5 it . curE80 J2: ME — RE W% 7] i i f2

P AR , DR IHORE 2 i e v 11 SR s 4 155 5%
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Study on the management strategies evaluation for
Oratosquilla oratoria in the Bohai Sea

REN Qingqgiang *, SHAN Xiujuan ">, DING Qi >, WU Qiang "
(1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute,

Chinese Academy of Fishery Sciences, Qingdao 266071, China,
2. Shandong Changdao Fishery Resources National Field Observation and Research Station, Yantai 265800, China)

Abstract: Fishery resources in the Bohai Sea have declined markedly due to overfishing and habitat degradation, leading to an
increasing dominance of invertebrate species such as the mantis shrimp Oratosquilla oratoria. Here, we estimated growth para-
meters of O. oratoria using ELEFAN GA method with Bootstrap resampling based on length—frequency data collected in 2014,
2015 and 2024, and conducted a management strategy evaluation (MSE) while propagating uncertainty through alternative nat-
ural mortality coefficient (M) estimates. The results indicated that the length-weight relationship in 2014 and 2015 was W=
0.0148-L>* and estimated growth parameters were asymptotic body length (L;,;) of 20.14 cm and growth coefficient (K) of
0.74, respectively. In 2024, the length-weight relationship was W=0.0228-L*”, and L,; and K were 20.19 cm and 0.73, respect-
ively. A total of 16 management practices (MPs) were identified as feasible MPs for the management of O. oratoria in the
Bohai Sea, including 9 input controls and 7 output controls. Across all M-setting scenarios, input controls generally performed
better than output controls in maintaining stock status and yield and avoiding overfishing performance metrics. Moreover, only
curE80 (80% of current effort level) consistently provided the best overall trade-off between conservation and exploitation
among all M scenarios. Our results therefore recommend curE80 as a priority MP for O. oratoria in the Bohai Sea, while
emphasizing that management outcomes remain sensitive to M estimates.

Key words: Oratosquilla oratoria; management strategies evaluation; natural mortality coefficient; growth parameters; Bohai
Sea
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