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Fig.2 Body length and body weight distribution of
Larimichthys polyactis in offshore waters
of southern Zhejiang
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Fig. 3 The body length-weight relationship of Larimichthys
polyactis in offshore waters of southern Zhejiang
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Fig. 4 Size frequency of Larimichthys polyactis and
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Fig. 5 The growth curve for Larimichthys polyactis in
offshore waters of southern Zhejiang
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Fig. 6 The length-converted catch curve of Larimichthys
polyactis in offshore waters of southern Zhejiang
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Fig. 7 The catch selectivity curve of Larimichthys
polyactis in offshore waters of southern Zhejiang
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Fig. 8 Yield per recruitment with fishing mortality curves of Larimichthys polyactis based on
different natural mortality in offshore waters of southern Zhejiang
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Tab. 1 Biological reference points of Larimichthys polyactis based on different natural mortality in
offshore waters of southern Zhejiang (the current length at first capture Ls,=13.11 cm)
JF5 code M YPReu Finax YPR s Fo. YPRy,
1 1.157 16.858 1.510 19.382 0.905 18.117
2 1.250 16.095 1.600 18.155 0.965 16.993
3 1.343 15.279 1.685 17.061 1.020 15.974
4 1.423 14.797 1.755 16.212 1.070 15.194
5 1.503 14.245 1.825 15.436 1.120 14.482

T MR HARIET REG YPRew 78 BT B 550 12 R BT 0 B D ST R IR A 5 P 22705 B D T8 82k 0 R kK B LIRS oF 7 9
BEFET R A, Fo. 3R BUOLAM T8 B I 4 1039 1 Jo AR (F=0) Y 10% I XoF 137 AT 7 FE T R4, Y PRy 37 B b 30 3 3¢ &k 9 388 I

NI RAERY 10% 053 107 4 B b 75 0 3

Note: M means the natural mortality rate; YPR.,, means the yield per recruitment value based on the current fishing mortality rate; F,x means
the fishing mortality rate at which the yield per recruitment value is the maximum; Fo; means the fishing mortality rate at which the marginal
increase in the yield per recruitment is 10% of that at F=0; YPR,, means the yield per recruitment rate at which the marginal increase in the

yield per recruitment is 10% of that at F=0.
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YPR M 15.297 g/ind F+ &%) 18.766 g/ind, #
B K& 17 em, W] YPR {HH ¥ FF%,
7 18.278 g/ind; XTI AEWZES T 1 Frax AN 1.670
FTFE]6.995, %A YPRmax M 17.042 g/ind | T}

YPR

#| 21.174 g/ind, Fo; M 1.015 F] 2.53, YPRo; M
15.975 g/ind %] 17.244 g/ind (3% 2).
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Fig. 9 Yield per recruitment with fishing mortality curves of Larimichthys polyactis based on
different lengths at first capture in offshore water of southern Zhejiang
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x2 MIIEMEENRETERABEKTHENFESESGSH M=1.343)
Tab. 2 Biological reference points of Larimichthys polyactis based on different length at first
capture in offshore waters of southern Zhejiang (the current natural mortality M=1.343)

J¥% code Lso YPRy Fonax YPR oy Fo. YPRy,
1 13.11 15.297 1.670 17.042 1.015 15.975
2 14.00 16.292 1.920 17.300 1.130 16.123
3 15.00 18.063 2.825 18.094 1.480 16.542
4 16.00 18.766 5315 19.669 2.050 17.052
5 17.00 18.278 6.995 21.174 2.530 17.244

TE: Lo AT YPRey, 278 BUBY B4 JE T2 3BT A B (o b S0 e Y 3 Ak s o 2775 BP0 e 30 3 358 A5k 30K 38 g L % 2 ) 9 455
FET-Z B, Fo. 378 BN AD 7810 Y 4 19 1S 3 fe IABE (F=0) 1 10% X8 1 A 455 S8 T R YPRo.y 378 FARLAD 01 Y 5 g %

B KABR 10% I Xof 1o 11y B2 b 5 k¥ 2K 4

Notes: Lsp means the lengh at first capture; YPR,,, means the yield per recruitment value based on the current fishing mortality rate; Fi.x
means the fishing mortality rate at which the yield per recruitment value is the maximum; F, means the fishing mortality rate at which the
marginal increase in the yield per recruitment is 10% of that at F of 0; YPR,; means the yield per recruitment rate at which the marginal

increase in the yield per recruitment is 10% of that at F of 0.
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Fig. 10 Yield per recruitment contour plot of Larimichthys
polyactis in offshore waters of southern Zhejiang
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Tab.3 Changes in the structure of Larimichthys polyactis population in the East China Sea

I8 25 B 1] RS AN (E PR R B b R4 2 BRI (A AT A
survey time length range and mean dominant length class and proportion  age composition and mean  dominant age class
196311 11.0-33.0 (22.42) 21-24 (21.82%), 27-29 (13.63%) 0-14 (5.66) 3-6
198301 10.9-27.7 (15.23) 13-15 (42.86%), 20-22 (13.84%) 0-7 (1.99) 1-2
200111 5.8-22.0 (12.20) 11-13 (41.34%) 0-4 (0.92) 0-1
201084 10.4-23.8 (14.10)
2016 (AT, 3.0-21.5 (12.85) 11-15 (69.90%) 04 (0.71) 0-1

this study)

BB BT o R, AR 5 U HE 3 15 1 RS o K, B XN TR R T S LT
32 ERKMET #, 20 el 70 AFARTE PR L NI

TG A0 AR 18 A AR S AF 90 9 R R (A 4 (34.2~25.5 cm), F 90 ERFBFWIF IR IKE I, Wik
AR SRS A A SRR T RN £ i K R IF IR T 5 (25.5~27 cm), T 2T /)N 2 0 Fof
HIF 5 2 R 868 A BV B POV J 4 iy 68 7 R B (6 25 W) 2 R A B AT 3 52 P A K ROk
ARGER, BEITEIE ARG KR, —FA F, RifpX/hpifa)g TR A RKER, HAKHE
T 280 # F K 40 R 43 M7 (electronic  length RAWHEE, M 20 42 60 440K 0.24 FF+%] 80
frequency analysis, ELEFAN) AR )32 v FHF /) FARH 0.4, 2001 419 0.55 LA 19 0.78, H%E
Bt i A K AF g R O P o R A, PERET 225%, FEHEH, RESkn mnm B B A
Al IR K A IV R /A S RN E AR A K EERNRZ —, &

H4l ELEFAN A 550 H3 A 25 i Bl N 0 £ i e ot PTG H R XN A0 R S X R BN
R L.=22.58 cm, AKBH k=078, Wi e K AETELXREN r AL, B4 Y2
(0.458)<1 By P, R von Bertalanffy /7 FEHEHL PERGAS Hyfi e am . PERAAGE, DU A GE I #b
TS A K, KBRS e Y . b A/ et R RE FEGEIR ) T AR B L . SR IX /N
KM (R 4), RiFX/NEMA L 2R G, AH L, R TR 2 B DX, R R AR A A K L A
M 1963 4EAETERY 34.7 em T RERIIA 1Y 22.6 cm, A B AN/ A0 A A K BUORAE T 2218, Har
FEIRIA R 34.87%, KA /INE B BHH S, AH AR A o

x4 NRENEKMETSHEIERIRT Fishbase)

Tab. 4 Growth and mortality parameters of Larimichthys polyactis (from Fishbase)

JE2E X3 survey area L-/cm  K/a™ to/a t, z F M JK#E/C temperature J77% method
N = - o
AR BTIT) ) 2260 078 —037 098 443  3.09 1.34 18.5 ELEFAN
central and southern East China Sea
ZR 37K 38%(2010)*?) East China Sea 2325 053  -0.38 1.98 1.42 0.56 20.0 ELEFAN
3 [10]
Ej{:ﬁé(zoou 252 055  -027 167 258 147 0.8 22.0 ELEFAN
northern East China Sea
N 3 [10]
ARIEALER(1983) . 292 044 033  1.95 22.0 ELEFAN
northern East China Sea
¥ > [10]
%/&Jt%{s(w&)' 347 024  -0.59  3.80 22.0 ELEFAN
northern East China Sea
TR 7K 38%(2008) Yellow Sea 2406 0.56 —0.25 2.40 1.63 0.77 13.6 ELEFAN
PR IE(1998)1%! Yellow Sea 2554 048 -0.30 2.84 2.45 0.39 13.6 ELEFAN
PR I8(1985)1%! Yellow Sea 30.17 040  —0.37 1.80 1.47 0.33 13.6 ELEFAN

V7K 380(1960)1*%! Yellow Sea 3421 026 —0.58 0.51 0.27 0.24 13.6 ELEFAN
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FRBET 5 M 9% PR A AR B AR B i R
., RFRMAE /N EM ARET- R M=1.34,
Beverton 250835 14 M/K (Y5 A 1.5~2.5 B
BH M EE A, A5 M/K=1.718, f5& B
WER, ARWRAMGER M (HiEm T ILE 2001
SRR 0580, ST HIRA, B T IR A K A K R
HZEZA, DN AEREOR K R R, —#
2k K HBR, M AR, FHIMVNERBLA
fdE s, WAk ATIE HARIET REUN TR
KA Z P, AR I BAET R
B Z=4.43, FFEIXMIE ILRITHE F(E N 3.09, f#
P 2B KRR BB T B B0 i 3B R 1O,
R B T 2 AT rF s, ST R
AT VA /)N P A0 O IR I TR IG  R PRE BR E, XI R
2 S 2R g e R /N B A A2 5 T A,
LA B 2% K .

33 REAHGKMERSESR

Tl B oo FF A I O E T B B R 2 Rl R R,
AR A KR . A ARk BN T
il e DA Rty 2 et A5 AR K T RE A
FERE, ol T4l A7 i I B i 76 A K 4 S AR i 2
J&, ARSI a K, AR5/ A s
AR 1, 0.979 a (14.70 cm), TF4ERY N 0.743 a
(13.11 em), /NFHSAFERE; A4 Y A1k
B, INECAE O TT KN TR B R AR Y T R,
PRI 42230 1 AR S 0.886 a (14.11 em) 9 FF & fig
WEHACAE Yy iR Bl R, IRFIR RN SE M 2R R,
BRIE/NEE D PEEE 1R, 1 IR E 2R
IR FE G, R A TFRAE I e 1 IR &
R FRIBAAN TS, ABFFE 1 B ARE N 14.83 cm;
B IE iR, AR R A, /B
f f 3 7 KO R R K B RSAY 1516 cm
(La, YPRA=18.29 g/ind)~15.91 cm (Lg, YPRgz=
18.77 g/ind); ML & BFPE M KR, Ak /N
1 () FF A AR A B 7 f X, AR i 3R 4l ) 43
MR A =1516 em MR BEL) 14.86%
(Mo E G EER 26.23%), Z8a VL EAT, &
£ 15.00 om (Fad r= KO R IR T IR, BU
BAE F 1L 1) M Ry W7 T T 8 30 I /N B Y I A TT
TRUAS Bk A, BRI L I RN 2 B 88 (R =

15 em B R A S A A 30.18%), M2 /N
3053 A TR R, AL R T A R ™ it XK

A2 W) 2 2 2 a2 U il T TR M 1) A A
AR HEET B-H BRI Foy Fll Foa XA
B EL ML I HARS % N, MEHEEN S
% AR A B4 PR E AR ) 7 L S BR I
ok BN, fEOREE A SRIET- RECH 1.343 B, It
IR KRN 15 em, Foa A 2.825 B,
YPRux A 18.094 g/ind, Fo, K 1.48 i}, YPR; N
16.542 g/ind, 25 A7 30 J3E 0 2L 11 PRIE P 22 il
BAErE TR, R Fon BN ERS %04
AR Y RIFRARK S 16~17 cm, BLHT
YPR ik £ 5 KAE XS B B Froax N 5.315~6.995, KF
AT B R, 5 FERIE TR, W P fERE
BEREAE I Hn 2% 5, RAE NIRRT
Fo.1(2.05~2.53) N &4, AHM ™ & T RENAZ,
34 RESEANH

Gulland #8§ H 1% % E 1€ 0~0.5, ¥l ib Tz
JETF LR, 0.5 HaZEM— Wil TR R, Aim
F 0.5 MIRAE AL BEIF L), ARBF5E T & %
E=0.689>0.5, & B Wi VL Fd # 3 i DX /) v 0 5
AbF i IR RRES; 534, #3¥E Beverton-Holt L
RUEE, Wil i /N B Y il i B sE T &R
BN (B 9, P DI T il = s IX T,
LB IR E A2 5 BT &, ARl N0 A
IR ARG XN b F AR K AL B i By, S ARDE
FIEEL—EL,

Beverton-Holt /7525 A #7838 1 iF 55 P4~ 1
Jis DR 28— 455 5 3 R0 o RLAS %o BT D 7 e ¥
S, A B ) B dd AR AT &
REEUARE AT Y TR Le=13.11 cm £/
FEAAS, ¥ F 410 3.089 JHAEE] 1.670(F may)
i, YPR {EI4HR N 11.66%; 4 F=3.089 {f45 15,
B Lo M 1311 cm #] 16.00 cm, YPR {HZ M
15.279 g/ind # K 5] 18.766 g/ind, HlE K 22.82%;
[i) Fof 080 42 4 o 5o B ROTF ARG, 5 B-H B,
BOFHAE R 15 em, #HFEE L FrLux(2.825)H

I 18.42% ., —FH M LLER, K T4 5 o f
&N 2.825, BRIEEL/N, B SUARK; Wk Tk K
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WARH 16 em, WHRSFEK, RIS
Bilm/N162 JE/2023 &), B, & 2448 & I ik
KA T B LU AR A 557 58 32 % 5 05 74 ) A0SR
WA HE S A, ET AR KR BB E K,
VOB TR KN 15 cm, AURUE T sk s
i, RS TR IR H Y

/N £ 2 v [ ST Il () T B R RN,
FUPR S I AL PR B IR A b FE, ARG
B /NI | AR fb e AR 25 K S S E R 258 2,
BRI RR E A FEVR 254 7T R 2 BT VR RIDHE 9 15 1) T8
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Growth, mortality and yield per recruitment of small yellow croaker
in offshore waters of southern Zhejiang
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Abstract: The offshore water of southern Zhejiang is an important breeding and fattening ground for small yellow
croaker Larimichthys polyactis. In this study, based on bottom trawl surveys, 2023 samples of small yellow
croaker with a body length of 3.0-21.5 cm were collected in February, May, August, and November 2016 in the
offshore water of southern Zhejiang. Based on the length and weight data of these samples, the dominant body
length was 11.0-15.0 cm, accounting for 69.9% of samples, and the dominant weight was 20.0-50.0 g, accounting
for 68.26% of samples. The age ranged from 0 to 4" years. Based on 2019 sample data, the length-weight rela-
tionship was fitted by a power function, which could be described as W=0.0217L**%*°. The power exponent b was
2.8635, meaning that L. polyactis presented a negative allometric growth pattern. The Von Bertalanffy growth pa-
rameters were estimated using FiSAT II electronic length frequency analysis I. The asymptotic length L. was

equal to 22.58, and the age at zero length (t,) was estimated as —0.37 a. The growth coefficient K was 0.78 per year,
indicating the fast growth rate of this small demersal species in the offshore water of southern Zhejiang. The total
mortality coefficient Z was calculated using a length-converted catch curve as 4.432, and the natural mortality
coefficient M was estimated as 1.343 by the Pauly empirical formula. Therefore, fishing mortality coefficient F
was 3.089, and the current exploitation rate E equaled 0.697, demonstrating that the stock was subjected to over-
fishing. The catch curve also determined that the current first capture Lso was 13.11 cm, corresponding to an age of
0.743, which was lower than both the critical age (0.886) and the turning point age (0.931); this indicates that the
main fishing objectives were juvenile and included the recruitment group of small yellow croaker. The Bever-
ton-Holt (B-H) model was used to evaluate the yield per recruitment for L. polyactis. Based on the dynamic B-H
model, the current yield per recruitment (YPR) value was 15.279 g/ind. If F was reduced to 1.685 (F.x), the cor-
responding YPR was 17.061 g/ind, with an increase of 11.66% over the current YPR. When Ls, was increased from
13.11 cm to 17 cm, the estimates for YPR,,.,x would increase from 15.279 g/ind to 18.766 g/ind, an increase of
22.82% over the current YPR. Thus, it would be better to increase Lsqthan to reduce F. In conclusion, these data
indicate that the current stock of L. polyactis is over-exploited; hence, to protect the spawning stock and maintain
the population in a sustainable manner, we suggest increasing the length of the first capture Lsy to 15 ¢cm, which
will satisfy full growth and correspond to the optimal yield area of L. polyactis under the present fishing pressure.

Key words: Larimichthys polyactis,; growth; mortality; yield per recruitment; offshore water of southern Zhejiang
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