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(Muraenesox cinereus)§ 5 SLVFi 87 12 VAl b
J Iz R AP AR R A AR B, R
B IR B A 2 R R N R .
W VR T 4 FOIBLAR ™ BBURAS 6 il B A
GERIEAT T HOER, SRR A5 BB A ) vl i
IS PEAE7E 22 575 Wang ZEPTV0H7 T Il A= 7 4 2
ELNF 3 FPR 4y = A MSY R Enisy Al THE 5%
M, 25 R B A G FOM MSY Al THE S i K
T Busv: RUEPURA S AT BB T
A AU ER 4 2k i (Nemipterus virgatus)i) MSY il
TAC ., A3 R A R B, R B AR Y 5
PR, B R LS R B B AR R R R, T A &
RGO R S BT . R, HETE A
AT AR B G 220 el B ok BB
T 35 e i) 40 4 R O A A a4 T RE R
PRVEAG 25 e 3 B 52 ) e JT 1 0F5%, (E S A [
O A KA o B PRV AR L A 52 0 1 S I . DA
1, A 5T F I 2008—2020 4F i s JihAF 4 2 3145
0 R R B8 22 5 7 e s, T 6 bRl ™
RREH T e fie R R 28 7 6 B BE I8 A IR B 247
fiti, I AR IR v R i Ok R 1S 1 R TR 2 TR AU
X IPAR S5 R A2 e, DU by g TG 7 e R DR R
TR AT RS RS BEER PERL SR

1 HRET®

1.1 HHERIR

Bk H 2008—2020 4 AR HEFE K 2E I
Y U I 5 PEA HR O TE RS TR AR (X)) IR 1S
A EE WS TT R 5 7= oy 2 AR TR A, PR A
T R A MR 9 S ) 4t 55 28 AR 4 T R B 1 e S
ARG . D L FBIR L R B A
SR, DL AT 8 AL S, SRR Ay
m R AR 2%, FEACRENE QSR g T2
R Bm e & Al oy X R R IR i i 4%
WORAEME KRB B 8% s S5 g 5
12 WRAE

Tl 45 7= AR (surplus production model )2 &
Tt R 5 4% 7 i s R 45 5% ) R
(CPUE) W) —FhBf PR PPAG 28, 35 HI T i 07 4
P, Bm S Rl P ARBFSE AR 2 FhOP
iy P AR (Schaefer AR A Fox FEAY), 4 FpilF
fig r= B (Schnute %Y | Walters-Hilborn 157 |
I-Fox BIRIFN D-Fox HiAY), FAEll 7 F o % B
X} CPUE FlHfi#57 %% 71 i (E) i 1] 7 5 Bl e A T 48L&
(F 1), WA BT HEE = B (MSY) . R Hp4E
WP %S S5 (Ewsy) « BB 77 8 (Yopy) « Bl i 7 %%
T (Eop) A K S AT i i (TAC) Y,

x1 TEHEFERANELEH~SRE KX

Tab.1 A tableof expressionsfor equilibrium and non-equilibrium production models

S5 model category LA 2 FR model

ik formula J¥5 number

Schaefer f& 71 ' —a-bE, )
S 4l P R A Schaefer model s
equilibrium production model —
Fox 121 In(U,)=a-bE, @
Fox model
Schnute #&#Y In Ui e r (U, +Ug —q E +E, 3)
Schnute model U, qK 2 2
Walters-Hilborn f5 %Y L _LU‘ —qE 4)
JE i P R R Walters-Hilborn model U, gK '
non-equilibrium production model I-Fox A7 @@, )= 2rIn(gK)+(2-r)In(U,)—g(E, + E,,,) )
I-Fox model i 2+r
- B J +.
D-Fox A1 “_ | = rin(gK) - rInU, - g, ©)

D-Fox model

t

T CONHEE 3R (1), E 5 85 15 (GW-d), U, S SRS 85 D1 i e [0(GW-d)], ¢ DY, r W ABHE IR, ¢ TR K B E
BN, a Rl b WETISHL

Note: C, represents catch (t), E, represents fishing effort (GW-d), U, represents catch per unit fishing effort [t/(GW-d)], ¢ represents the year,
represents intrinsic rate of increase, ¢ represents catchability coefficient, K represents environmental carrying capacity, and a and b are model
parameters.
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1.3 HEEPEITFM

PR AL A A0SR T ke R 2R R AP 4 44 %)
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AR R R LA . R B T IO 7 e R
PR AROCHE, BT 1 FORAROCE, RO
R AR BB S, MAPE OB 1 F0000 7= i 1 L5
PR Z IR, HPP AR BUE U, s i
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2 HRS5HMH
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X5 DR By 7 f e A AR W, B 201~
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201~300 kW P2 (5 Hoh 6.58%, HATRE &
IR T 5% 734k, FHR . ONUH R A R
201~300 kW B3 B 812 Xof W A b A v = i

L B3 e Y D 28 B T % D o B e A ) A
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22 HEEPE

R4 14 T2 Bf CPUE X 6 4T 42 77 A
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Fig. 1 Annual yield proportion in different fishing gears and
catch per unit effort (CPUE) variation for Priacanthus
macracanthus in the northern South China Sea
Trawl includes otter trawler, twin trawler, and shrimp trawler;
others include falling-net, fishing tackle, and stow net.

A Walters-Hilborn &7 | Fox #i7%I | [-Fox f# 7
1 Schnute #i %1, L R7=0.50, P<0.05, BHIff%
[ Enisy>0 . MSY>0 AR, S5 7= 2 4 i g
S S B g e AT 7 R AR, R AT A SRR
B 13 20, B HoE CHEIAL M1, M2-----M13
(F 3)o Ty 13 AR, P = A 11

A, AR = AR 2 A eI A R, SR
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BRI A AR SO E Ul SRR
AREF, IR BERN

IR TPR B e S s T 1% H = s P
FSERE P JE I, G R 2008—2020 4EAE 4 FhE L 7
K 14 AYPR B = 5, gl 50 kW LU
FIFEI 101~200 kW Hrt7 2018 4F 7= w4, ™)
50~100 kW TR BEER /D 2008 4F 7= 8 535 (3 2).
2.3 MSY #1 TAC 4

BT FR 13 Rk 0 4L A Ak e R R HR
MSY Fll Yopt (2 4)o FHeH1, Schaefer Bi%I(M1~M9)
B MSY 8785 Bl (2.1~3.2)x10* t; Fox BE%I(M10
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BIMI2)fEHHE N 1.9x10* t; D-Fox BEI(M13)fk
THE N 3.1x10% t,

MAPE /#4552 01, H0Hia o o RS 78 35 %
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kA Me Al M11 #RJ2H ST02 1) CPUE £idl,
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KB =5 T D-Fox BRI 4). SR1M, DIRE &

£2 FARELEKBRRDER=E &

Tab. 2 Proportion of production in different power bands for different types of operations

{19 code YEL 5 20 K R Bt fishing types and power 5 kb/% proportion
DTO1 i 400 kW AL otter trawler vessels powered by >400 kW engines 2.69
DTO02 i 301-400 kW otter trawler vessels powered by 301-400 kW engines 11.12
DTO03 A 201-300 kW otter trawler vessels powered by 201-300 kW engines 23.35
DT04 A 101-200 kW otter trawler vessels powered by 101-200 kW engines 12.93
STO1 WG 400 kW LA twin trawler vessels powered by >400 kW engines 8.71
ST02 WA 301-400 kW twin trawler vessels powered by 301-400 kW engines 7.44
STO03 WA 201-300 kW twin trawler vessels powered by 201-300 kW engines 8.77

WWo01 [F% 201-300 kW purse seine vessels powered by 201-300 kW engines 6.58
WWwo02 &I 101-200 kW purse seine vessels powered by 101-200 kW engines 2.88
CWO0l1 B/ 200 kW DL _E gill net vessels powered by >200 kW engines 1.44
CW02 JIR 151-200 kW gill net vessels powered by 151-200 kW engines 1.31
CWo03 JIR 101-150 kW gill net vessels powered by 101-150 kW engines 2.46
CWo04 HIKR 50-100 kW gill net vessels powered by 50-100 kW engines 1.58

CWO05 JIR 50 kW LLT gill net vessels powered by <50 kW engines 1.36
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Tab. 3 Coefficients of model determination

Iz Schaefer 1%l Fox fE 7l Schnute 45 &Y Walters-Hilborn %%l I-Fox A&7 D-Fox 51 HE

code Schaefer model Fox model Schnute model Walters-Hilborn model I-Fox model  D-Fox model mean
DTO1 0.796™" 0.162 0.071 0.144 0.158 0.165 0.249
DT02 0.779M? 0.426 0.041 0.404 0.682 0.466 0.466
DTO03 0.838™° 0.010 0.113 0.507 0.092 0.644M" 0.367
DT04 0.719™M* 0.596M° 0.030 0.356 0.543 0.370 0.436
STO1 0.642™M 0.347 0.005 0.095 0.169 0.278 0.256
ST02 0.593M° 0.572M" 0.312 0.320 0.506 0.311 0.436
ST03 0.658 0.555 0.027 0.910 0.607 0.909 0.611
WWO01 0.487 0.688 0.067 0.999 0.342 0.999 0.597
WWO02 0.756 0.743 0.793 0.997 0.344 0.997 0.772
CWOl1 0.782M 0.233 0.002 0.275 0.266 0.346 0317
CWO02 0.802 0.253 0.034 0.219 0.090 0.325 0.287
CWO03 0.858M® 0.119 0.547M" 0.407 0.328 0.423 0.447
CWo04 0.729M° 0.447 0.089 0.251 0.200 0.253 0.328
CWO05 0.263 0.715 0.040 0.446 0.748 0.143 0.392
{8 mean 0.693 0.419 0.155 0.452 0.362 0.472

{E: DTO1-CWO5 IR A [l Al J5 200k iz ) 2 4 B AR, 3 IL3% 2; MI1-M9 FoRfi AR FR IR BdE 5 Schaefer SR 55 M10 Al
M1 FR i ARFERIE M EE S Fox IERIIMAL A, M12 Forlii A CWO03 455 Schnute R4 &5 M13 Fnkii A DT03 £k 5 D-Fox
I 5.

Note: DT01-CWO05 represents the codes corresponding to different operational fishing vessel engine power levels, which is shown in Table 2;
M1-M9 indicate combinations of input data from different sources with the Schaefer model; M10 and M11 represent combinations of input
data from different sources with the Fox model; M12 represents the combination of input data from CWO03 with the Schnute model; M13
represents the combination of input data from DTO03 with the D-Fox model.

® 4 FREBREXSIEMNIER

Tab.4 Model expressions and evaluation indicators

HEA model ik function IR P REE ™ B/t MSY FOBE IR/ Yop -4 364 J3 iR 22/% MAPE
MI C,=25.904E~0.005E7 32283.07 30346.09 74.65
M2 C,=72.531E~0.051E} 25979.79 24421.00 100.31
M3 C,=68.728E,~0.043E} 27661.70 26002.00 86.09
M4 C,=31.209E~0.008E? 31727.96 29824.29 73.64
M5 C,=40.734E~0.019E7 21877.08 20564.46 103.19
M6 C,=26.256E~0.005E7 31617.61 29720.56 54.21
M7 C,=15.149E~0.003E7 22600.10 21244.09 101.90
M8 C,=11.340E~0.001E7 27439.20 25792.85 63.80
M9 C,=7.760E~0.001E} 26544.26 24951.61 74.28
M10 C,=E "6 0005 25295.58 24536.71 78.40
MIl C,=Eg* o100k 32805.68 31821.51 107.46
MI2 C,=23.743E~0.007E7 19529.83 18358.04 158.89
M13 C,=E 8000010451 31174.65 30239.41 99.02

TE: CFOREE U I W BNE; E, FoRE « EHHT55 1 i

Note: C, represents the predicted value of catch in year ¢; E, represents the fishing effort in year ¢.

X A5 Y TR B AR R B B B n s, B Mr, PR EER=10%. 5%~10%, L& <5%M0
AR FE i 5 i) CPUE 08518 A Schaefer #5743 MAPE 5 43910 73.64%~100.31% . 54.21%~
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103.19%, LI} 63.80%~101.90%., MR A 43
B, I o e 2 5 e A R LA R TG A
B AR B TG IR 7 R L e AR, TS
HRRNFHAR, AR, 0 B Y RE 1S B Bk B
FELER) FLRS E

T T A R R R 8 % R AR P AG 45 SR R W
S B KHR B MSY il A 2.9x10% t (2.5%10" t~
3.2¢10* 1); Yo MiiHE R 2.7%10° t (2.4x10* t~
3.0x10* t); Ewsy fliilH R 2.1x10° GW-d (0.8x
10° GW-d~1.0x10* GW-d); Eopn i it {EH A 2.0x
10° GW-d (0.6x 10> GW-d~5.1x10° GW-d); %R
TR, E2020/Eop < 100%, Bl TAC 2N Yope+ Erac
N Eop, SR KRS TAC fHIHE R 2.7x10% £ (2.4%
10* t~3.0x10* ),
24 BERREHSH

B F/Fysy Al B/ Bysy FIAEPRASfL AN 2
Fis o Hodh, 3 B I 7= 2 B0 PEAR 0 25 SR 3R
B, 2008—2012 47K & KR 6 95 R A b 48 4
X, 2013—2017 4-MH/R H BT FE 45, (H 2018 4F
VISR i R 3l U IX ) 2 A X B AR (ML, M3, M4,
MI10 Fll M13); H 3 9 7 s PPAL 1 45 SR R B, BR
2016 k4 T R, HAFATEW R 1 I
IX 22 45 X 1138 3l (M6); IR [ 2017 4E LA R
KA BEAR BT (M8 FI M), % i3 J R R B LA
i AR Ry T, DRI SR 400 P4 TR R RUHE ) Kobe
SAATEE R, BRASBIAEr Ah, e b e R K AR

BEURA R AL F T RS R ZS, W RR B0 A 15
5 A T BRI, R &R B (E 2)
3 itig

PESERAE PR AR, R KR B &2 Fh it B
iP5 o ABETE o> BT A R EL = B 5 7E VR4l MSY
R 5), A5 RERW, BHIMML, M3, M4,
M10 Fil M13)fi 5 MSY {8 #4936 Fl 41 (2.5~3.2)x10* t;
XA P (M6) b8 g 3.1x10* t; IR (M8 FI M9)
%8 MSY I3 B} (2.6~2.7)x10% t, Hrfr, M1 FiI
M10 il MSY Z5 A0 0.6x10* t, Htal WL, [A]
T b 7 S0 [ D R BEVEAS i MSY 225 3%
WA ] i 25 B TVR) P 2 A D 32 A 0 Rl g L 1
SR HR SRR B B IR 9.2x10% ¢ P A
0 U i R A B v e R R R 5 LA o U
(1.90~1.94)x10* t, ABFFAGE H R RILHE R K
HRL 67 AT i F A T (1.9~9.2)x 107 ¢ X RIS BBl 1Y - SR
VPR HT MSY  AEAS I T 22 0 A1 o
FFRE ARG BEROIR B, AR il BE I TAC 45 2
PO B BB . 7R B AU, — A
7 b I B i 7 AR R AL TR TR
75 o L T R B < Je 3 i D<A A B LA 4 Y
ARHIFGT 2 B X b 7 DR B A R Y
MSY FEILRSF(M3), K5 Eb I B AL
MSY B IARI(MIL FT M4); Bl 5 B4 RN i 9 45
AR B S LR, MSY Ak HE L T

x5 AEEEEEHHN TAC EEBHR

Tab.5 Total Allowable Catch inferred from different surplus production models

BUB KRN RO S I T By W B g BUHR BOHBSIE %
model Evsy Eqy conversion Eysy conversion Eqy TAC Erac proportion
M1 249251 1869.38 1283.26 962.44 YES 30346.09 1869.38 2.69
M3 804.96 603.72 804.96 603.72 YES 26002.00 603.72 23.35
M4 2033.28 1524.96 1699.31 1274.48 YES 29824.29 1524.96 12.93
M6 2408.44 1806.33 10045.51 7534.13 YES 29720.56 1806.33 7.44
M8 4839.33 3629.50 808.32 606.24 YES 25792.85 3629.50 2.46
M9 6841.02 5130.76 888.65 666.49 YES 24951.61 5130.76 1.58
M10 1132.46 883.32 946.45 738.23 YES 24536.71 883.32 12.93
M13 960.72 749.36 960.72 749.36 YES 30239.41 749.36 23.35

2 Eanao/ Eop 3275 2020 AR 5755 1 5 5 Bl 45 %5 1 5 (1 LA YES IR Ezgao/Eop HAE < 100%; NO FRIR Eagno/Eop HLAE>100%.
Note: Ep20/Eop represents the ratio of fishing effort in the year 2020 to the optimal fishing effort; YES indicates that the E5y0/Eop ratio is less
than or equal to 100%; NO indicates that the E»0/Eop ratio is greater than 100%.
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21 R IR R 78 AN T R 82 19 28 B 3 B R A (B/Busy<1, Fi/Fusy>1); B K IR R FRE0R A, B4 W & H 3 55 i 5 e
(BBumsy>1, Fi/Fysy>1); B0 XIS F R AT FRE0IRAS, BETH; R 1 BRAR A= 9 BB WK 52 (B./ Busy<1, FilFusy<l); G0 XIS FE R AR
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T AL 2008 4E 2 2020 4F; B/Bysy Fern HXTBIRARBL; Fo/Fusy Zm MHXHHE5FE T R 5L
Fig. 2 Kobe analysis for the fishery stock status of Priacanthus macracanthus

The red region indicates an unsustainable overfishing state (B/Busy<l, Fi/Fusy>1); the orange region represents a sustainable state,
but with biomass depletion due to overfishing (B/Bumsy>1, Fi/Fusy>1); the yellow region represents a sustainable state with gradual
biomass recovery as fishing pressure decreases (B/Bmsy<l, Fi/Fusy<l); the green region indicates a sustainable state with no
overfishing (B/Bwmsy>1, Fi/Fusy<l); M1-M13 represent the Kobe plots corresponding to models M1 to M13; the solid black circles
labeled with 08-20 represent the years 2008 to 2020; B,/Bmsy represents the relative resource status; F,/Fusy represents the relative
fishing mortality ratio.

KIEM3 1 M8). RN, 7EREARE RN T, 22 Y57 it SR X R % 7 A L 1 5 SR 5
R 5 DR B = AR AR AT R WAEARAF G A3 2 T A R B, 3k IR Br
MSY, 41 DT03 Fl CWO03 [ LbAHZE 20.90%, Mt A YRE ™ i8R AR REIEA 79 42 7 fe A B0 73 AT,
T M3 Al M8 A5 MSY HI 4343k . 1 DT02. STO1. STO3 F1 WWO1 FY ] JFF 51 5¢ 4%



%5 3 4]

MR A BT 2 YR A e K5I ) e I T DA MR 9 T 4 R A DA 339

Hmg b >5% (3 2), (AEERE SR I AR
H(MAPE>100%), HJFEHE g5 Lk o= B A5
4y CPUE ¥ L H(6A O¢, S EvT L
PR AR AR S . Mo R A R A
A P8 SR (A N A AR (b R T
BEPR, AR RS T (X AL 45 R Y
o AR ARAT IR £ W CPUE %l 2k B - A= Y
SR B 7 R e EURE R P, IR A AR DA
Jof 1B EE G B R AE DR B RO . R,
Ty 3 B (1) 77 i B0 IF A8 T BT A T 4y e A
R, QfE DTO3 MIF==BIA 6 Fhfél4xr= s A A,
Schaefer # A1l D-Fox &AL & RCR T, FE
iy A PEIE FEL ) MSY, [HHAY 4 R RS04 4 0
4225 (R?<0.6), X 5 as S PORF 57— 80, ML,
TN AR BRI AT MSY PRI, AL E
JEITAR B () 2Rk, I T5 % R AT B 22 TR AU
A o AR T o — SR IREE, 22 1)) R BERUHR U
A AR TR 45 548 0] Ak MSY Al TAC #24it 5
IR, AR BT IR AL A R AR AL T 2, 4
RS R BE W E T MSY fil TAC A HRE T
PEE =g o

21 B TR U S R A MR 6 T JRUHR 100 AH X AR U,
FE I A0 A 18 A7 B 5 BE Al B AR JOR 0L R AT AR
& Kobe EITTHI, [ 2017 4E LR H I by ik 2 1t
P DX ) e A X AR (18] 2), X AT RES 2017 4F8THY
RS BRAG 56, 30 2k 45 il O A 0% s s 0 1
Tl 155 50 B R PP BB SR AR R Wy, Sy S R HIR B e
FEVR A e BT R B IE] o Pl T R A A AR
FUBEALE, 7547 78 58 2 Ty 2 By 119 7 i 55040 e 2k
gt AR v, A AR R R R R A R
IR A GG O, 264 I i d 8 2 vh v 4
fERh 2S5, P2 TEURTPAN RS B

Bt Bt R RS s L KR Bl 5
P R R, BMFRAL T AL

B ETEL,

S ik
[1]  Costello C, Ovando D, Hilborn R, et al. Status and solutions for
the worlds unassessed fisheries[J]. Science, 2012, 338(6106):

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

517-520.

Murphy H M, Jenkins G P. Observational methods used in
marine spatial monitoring of fishes and associated habitats: a
review[J]. Marine and Freshwater Research, 2010, 61, 236-
252.

Yasué M, Nellas A, Panes H, et al. Monitoring landed seahorse
catch in a changing policy environment[J]. Endangered Species
Research, 2015, 27, 95-111.

Carruthers T R, Punt A E, Walters C J, et al. Evaluating
methods for setting catch limits in data-limited fisheries[J].
Fisheries Research, 2014, 153: 48-48.

Faunce C H, Cahalan J, Bonney J, et al. Can observer sampling
validate industry catch reports from trawl fisheries[J]. Fisheries
Research, 2015, 172: 34-43.

Chen J H, Wang X F, Tian S Q, et al. A Review of the
Development of Fishery Resources Monitoring in the Yangtze
River Estuary and Its Adjacent Waters[J]. Resources and
Environment in the Yangtze Basin, 2021, 30(1): 122-136.[[%
HRME, EaEmy, HUEUR, S KV R AR K Il B IR
WM BAR 34T [T]. AR IR 5 5T, 2021, 30(1): 122-
136.]

Liu Y, Cheng J H, Zhang H Y, et al. Temporal and spatial
distribution characteristics of stow net fisheries in Jiangsu
Province in 2014[J]. Journal of Fishery Sciences of China,
2021, 28(3): 337-347. [XI55, FEZHE, skIERT, S5 2014 4F
YL AN VS T X Yt A 7 B 25 A AR AR AE (7] R K =
Bl 2021, 28(3): 337-347.]

Jia X P, Li C H, Qiu Y S, et al. Investigation, Assessment
and Sustainable Utilization Strategies of Marine Fishery
Resources in Guangdong[M]. Beijing: China Ocean Press,
2005. [BIBEF, A4i)R, RRKAS, 55, T AR BER
PAAF VAN S TR A IR S IM. JEaT: WP H AL, 2005.]
Chen Z Z, Zhang K, Cai Y C, et al. Fishery Resources and
Environments in the Northern Sourh China Sea[M]. Beijing:
China Ocean Press, 2022. [k, oKk, SX0FEE, %% B
WAL PR SR IM]. dbat: WP, 2022
Chen Z C, Liu J X. Economic Fish Species in the South China
Sea[M]. Guangzhou: Guangdong Science & Technology Press,
1982, [BRPHE, XIS, BT @AEM]. TN JRF
Hitipat, 1982.]

Sun D R, A Study on Fishery Resources and Sustainable
Fishery Development in the Beibu Bay[D]. Qingdao: Ocean
University of China, 2008. [#hL5%. JUEBIE il 72 IR 5 i
Ar AT RS R JRAFSE[D]. T & B R A, 2008.]

Zhang K, Chen Z Z, Wang Y Z, et al. Population structure of

Priacanthus macracanthus in the Beibu Gulf, and parameter



340

Hh K R

%31 %

[13]

[14]

[15]

[16]

[17]

(18]

[19]

for its growth, mortality and maturity[J]. Journal of Tropical
Oceanography, 2016, 35(5): 20-28. [#k i, BrfERs, Eikd,
4. QLR R AR SRA ALY AR | FET-RIE A S
BARTTI]. PGFIETR2EIR, 2016, 35(5): 20-28.]
Administration of Fishery and Fishing Harbor Supervision,
Ministry of Agriculture and Rural Affairs. Announcement of
Administration of Fishery and Fishing Harbor Supervision
and Ministry of Agriculture and Rural Affairs (No.3 in 2018)
(Notice on the implementation of provisions for the minimum
catch able size and juvenile fish proportion management of
15 important economic fish species, including Trichiurus
lepturus) [EB/OL]. Beijing: Administration of Fishery and
Fishing Harbor Supervision, Ministry of Agriculture and
Rural Affairs, 2018[2023-10-20]. http://www.yyj.moa.gov.
cn/tzgg/201802/t20180212_6300774.htm. [y BT 4% B =),
AV ARTER. Wl v BUOE HR ML ARA TR (2018 4E5
35O TSt 55 15 Fh i B T iR/ Nl il K
4y fa FL A BALAE A 45 ) [EB/OL]. bat: il i B
FRJE) Al AHHE, 2018[2023-10-20]. http://www.yyj.moa.
gov.cn/tzgg/201802/t20180212_6300774.htm]

Zhang R Z, Lu S F. The development of egg and larvae of
Priacanthus macracanthus (cuvier et valenciennes)[J]. Journal
of Fisheries of China, 1982, 6(3): 243-251. [5K1=3, Klif#Zy.
SRR RIREEON S AT . HEFPYRE ] K4k, 1982, 6(3):
243-251.]

Zhang R Z, Lu S F. Studies on the spawning ground and
season of red bigeye Priacanthus macrocanthus C. & V. in
the northern part of south China sea[J]. Tropic Oceanology,
1984, 3(3): 38-45. [5K1=75, Blifloy. mifelL i e JCH
FEENSZ R BN SE[T]. FHFIREEE, 1984, 3(3): 38-45.]
Lu Z H, Zhu Z J, Lin X P. Food habits of Priacanthus
macracanthus in East China Sea region[J]. Marine Fisheries,
2010, 32(2): 199-203. [y5 5%, Jele%, PREMS. RIGXE
R ARIREHA AR [I]. HPEl, 2010, 32(2): 199-203.]
Li H Q. A preliminary study on fisheries biology of main
commercial fisher in the continental shelf of the southwest of
Nansha islands[J]. Journal of Fishery Sciences of China,
1996, 3(1): 27-31. [ZERFAL. P VPRES VE SRRl 40 X 2L
S S A Y E I ARE TR, T EDKFEREE, 1996,
3(1): 27-31.]

Sun D R, Qiu Y S. Estimation of growth and mortality
parameter of Priacanthus macracanthus in Beibu Bay[J].
Journal of Fisheries Research, 2003, 25(1): 7-12. [#hJiiLg,
RS, LR R IR A A 2B 1. AR
HIKF=, 2003, 25(1): 7-12.]

Sun Y N, Xu T J. Complete mitochondrial genome of Red

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

bigeye (Priacanthus macracanthus): genome characterization
and phylogenetic analysis[J]. Mitochondrial DNA Part B,
2018, 3(2): 768-769.

Xiong D, Li M, Li Y Z, et al. Sequence analysis of the
mitochondrial cytochrome b gene and identification of the
Priacanthus macracanthus population in the South China
Sea[J]. Journal of Fishery Sciences of China, 2016, 23(1):
188-197. [F&F}, 25, Z0Kk¥R, 55 Ml IR GEL R
1A Cyth L F5 LAREFII M), TPIEDK Rz, 2016,
23(1): 188-197.]

Liu Y X, Wang X F, Lu S L, et al. Spatial autocorrelation of
Priacanthus spp. Resources in the northern South China
Sea[J]. Journal of Fisheries of China, 2021, 45(8): 1361-1373.
S A, EoEf, B, S myidealiE o 6525 )
AMIZETE]. KFE2E4R, 2021, 45(8): 1361-1373.]

Fan J T, Huang Z R, Xu Y W, et al. Analysis of Priacanthus
macracanthus fishing grounds in the northern South China
Sea based on sea surface temperature and depth[J]. Journal
of Fishery Sciences of China, 2019, 26(1): 26-33. [JE7L¥,
R, VFACE, . ZETIRRIB UK IRAY R L AR
KRR AT P EDK=RIE, 2019, 26(1): 26-33.]
Feng B, Li Z L, Lu H S, et al. Estimating the total allowable
catch and management of Threadfin porgy (Evynnis cardinalis)
fisheries in the northern South China Sea based on sampling
surveys conducted at fishing ports[J/OL]. Aquaculture and
Fisheries, (2022-01-05). https://doi.org/10.1016/j.aaf.2021.
12.003.

Yin Y Y, Zhang L J, Liao D S, et al. Maximum sustainable
yield of Psenopsis anomala in the northern South China
Sea[J]. Journal of Fisheries Research, 2023, 45(4): 365-371.
DPo—, B, BARS, % siAeaki s ok
LB [J]. #bAFST, 2023, 45(4): 365-371.]

Mo Q L, Hu S S, Xie J J, et al. Stock assessment of
Muraenesox cinereus in the northern South China Sea[J].
Fishery Information & Strategy, 2022, 37(1): 27-33. [5E7 ¥,
BAHAR, WURR, 5. R b 6% B YRR DR 0L A
[0]. ¥k A5 B 54, 2022, 37(1): 27-33.]

Ni J F, Liu Q. Performances of surplus production models in
different fishing scenarios[J]. Transactions of Oceanology
and Limnology, 2004(1): 60-67. [f@t%, XIRE. 4=
TR A AN [ 3l FR) 2 [9]. VR T VA AR, 2004(1):
60-67.]

Wang Y B, Zheng J, Wang Z. Impacts of distorted fishery
statistical data on assessments of three surplus production
models[J]. Chinese Journal of Oceanology and Limnology,

2011, 29(2): 270-276.



%5 3 4]

MR A BT 2 YR A e K5I ) e I T DA MR 9 T 4 R A DA

341

(28]

[29]

[30]

[31]

[32]

Wu H, Lyu J, Zhang J N, et al. A Study on Maximum
Sustainable Yield and Total Allowable Catch of Nemipterus
Virgatus in the Northern South China Sea[J] Ocean
Development and Management, 2021, 38(1): 85-89.[%11,
B, SRANT, G5, RILET A Ak i AT 4R P AL
AR MR I]. TR S, 2021, 38(1): 85-89.]

Feng J, Zhu J F, Zhang F, et al. Influence of statistical
deviation of historical catch on stock assessment: a case
study of western Atlantic Thunnus thynnus[J]. South China
Fisheries Science, 2023, 19(1): 1-11. [¥ff, JRITIE, 5K,
&, P sk g 22 X R IR AL R LAPE P T
BN ORI HET KRR, 2023, 19(1): 1-11.]

Zhang K, Liu Q, Liao B C, et al. Comparative effects of
distorted fishery data on assessment results of two non-

equilibrium surplus production models[J]. Journal of Fisheries

of China, 2018, 42(9): 1378-1389. [3Kk/t, XI#E, B, 45,

el ECHE 2 S R P B A 7 e AR DA 4 R A 5
W ELAS[T]. K722, 2018, 42(9): 1378-1389.]

Li Q, Liu S D, Wang K, et al. Effects of lengths of catch time
series on stock assessment using CMSY method[J]. Haiyang
Xuebao, 2023, 45(3): 27-39. [Z53, XML, TR, 4. ¥
REEFEFIHCEEXEET CMSY ik B IEIT AR 45 1 1
REMA[T]. PR, 2023, 45(3): 27-39.]

Tao Y J, Yi MR, Li B, et al. Comparative Analysis of CPUE
of Different Fishing Types in the South China Sea Based on
the Fishing Port Sampling Survey[J]. Progress in Fishery
Sciences, 2019, 40(3): 1-10. [FFHET, SR, 2k, &5
ST U A BT ET720 CPUE. LM

[33]

[34]

[35]

[36]

[37]

[38]

L RLFIEE, 2019, 40(3): 1-10.]

Zhan B Y. Fish Stock Assessment[M]. Beijing: China
Agriculture Press, 1995. [ . ol SRIEPEALM]. Jbat:
H O AL, 1995.]

Jihn S K, Marline S P, Winsych D W, et al. Determination of
the Status of utilization and management Scenarios Bonito
(Auxis rochei) Caught in the Talaud Waters North Sulawesi[J].
Science Journal of Applied Mathematics and Statistics, 2015,
3(2): 39-46.

Jensen A L. Maximum harvest of a fish population that has
the smallest impact on population biomass[J]. Fisheries Research,
2002, 57(1): 89-91.

Nishida T, Kitakado T, Iwasaki K, et al. Kobe I (kobe
plot)+Kobe I (risk assessment) software(New version 3,
2014) user’s manual [R]. IOTC Zanzibar Tanzania WPNT,
2015, 05: 1-35.

Chen G B, Li Y Z, Zhao X Y, et al. Acoustic assessment of
commercial fish resources in the northern waters of South
China Sea[J]. Journal of Fishery Sciences of China, 2005,
12(4): 445-451. [FRESE, 20Kk, BEH, 5. ML
TR BT M 2RI A IPAG ], T EKPREE, 2005,
12(4): 445-451.]

Liu Z L, Yan L P, Yuan X W, et al. Stock assessment of
small yellow croaker in the East China Sea based on multi-
source data[J]. Journal of Fishery Sciences of China, 2013,
20(5): 1039-1049. [XIELTE, T, mM%AH, & T2
TRHHE B AR /N £ BRI A S A ER ). P KRR,
2013, 20(5): 1039-1049.]



342 [ K R 2 %3145

Assessment of catchable biomass of red bigeye, Priacanthus macra-
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Abstract: With the increasing intensity of human fishing activities and the growing prominence of environmental
pollution issues, the nearshore marine fishery resources in the northern South China Sea have experienced severe
decline. Priacanthus macracanthus has always been one of the main targets of trawl fishing vessels, and it is
facing prominent issues of early maturity and small body size. However, there is a lack of research on the resource
quantity of P. macracanthus. In order to achieve sustainable utilization and management of its resources, it is
necessary to evaluate the maximum sustainable yield (MSY) and catchable resource quantity of P. macracanthus.
The surplus production model is one of the commonly used methods for estimating the biological reference points
of fish stocks. It has the advantages of requiring less data and being easy to operate. However, in the process of
resource assessment, the selection of models and data sources is an important factor that affects the estimation
results of fishery population management parameters, such as optimal fishing effort, MSY, and total allowable
catch (TAC). In order to make the assessment results closer to the real fishery resources, it is necessary to provide
continuous and effective survey data and scientifically reasonable models. Therefore, this study takes the resource
assessment of P. macracanthus in the northern South China Sea as an example. The stratified sampling survey data
of catch production on fishing ports in the northern South China Sea from 2008 to 2020 were used to analyze the
catch per unit effort (CPUE) of each operation gear in different power ranges. Based on six surplus production
models, the MSY of P. macracanthus were estimated. The TAC were estimated according to decision-making
principles and graphical methods. The fishery stock status of P. macracanthus was determined based on the Kobe
diagram. The results showed that the annual trawl catch of P. macracanthus accounted for the highest proportion,
with an average of 79.36%. In the past 10 years, its catch showed a fluctuating downward trend. The Schaefer
model, Fox model, and D-Fox model had good applicability to the CPUE data of P. macracanthus (mean absolute
percentage error MAPE<100%), with estimated MSY ranging (2.5-3.2)x10 t, with an average of 2.9x10* t. The
TAC range was (2.4-3.0)x10* t, with an average of 2.7x10* t. The Kobe diagram showed that the P. macracanthus
stock in the northern South China Sea was in the safety state, and there had been no overfishing in recent years. In
this study, it is discussed that not all the catch data corresponding to the main engine power of fishing vessels can
be analyzed using the surplus production model. Secondly, the catch data corresponding to the same main engine
power range are not applicable to the analysis of all surplus production models. Finally, we believe that when
assessing the MSY of a single fishery resource, it is not only necessary to consider the diversity of assessment
models, but also the use of data from different sources. This study suggests that the different results obtained by
fitting the data from different main engine power ranges of fishing vessels can provide a reference interval for the
values of MSY and TAC. It can also provide a broader perspective on the overall analysis of the assessment results.
Taking the mean value is a beneficial attempt to explore reasonable values for MSY and TAC.

Key words: Northern South China Sea; Priacanthus macracanthus; surplus production models; maximum sustainable
yield
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