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HZS 30k« R 55 6] 6 5 I Jie 1 84 5 0 0 3
(Waples et al, 2016), 20 a4 80 4FEA)5, HEFH I K
S G g R R B, B  PP AL R
(Ctenopharyngodon idella) . f#(Aristichthys nobilis) . fi%
(Hypophthalmichthys molitrix) . fifi(Carassiusauratus), #
FE fi§l (Xenocypris davidi) . #f (Culterinae) . fijj
(Megalobrama skolkovii) . i (Pagrus major) . X} #F
(Penaeus orientalis)& 90 Z (¥ NI%E, 2016).
FERGFE O L R T, WO AT AR AR RV,
TR P B . RS A B R R e ) R, R
RO A OCHE R (B %, 2020). HET, BUARHT
AR PG R 8 . P e, B S
— KIS ol 1 SF- 25 7= R FIBE T 2R 85 S B R A
AR BAE, AR RS )1 SR (Ecopath
I1) AT DAFEA 727K 3ol A0 25 3R G 440 R ) e A 66l 1,
FE B — W) B0 3R BE 25 99 B (Haddon, 2011; 3 Tt
2019). BRUCLAAE, SEFE SR B PPAS A2 FE O
TAE I EEE I, AARAERREE . SR FkE 2Rk
%, eI MGG RO | T SRR 22 R A Bt
FHE IS (Chen et al, 2015), HAT, SCRIPAGRY
IR FEAMICE(EASE, 2022), Y@k, &5
P . BORACR G TR AR TE (FRA %, 2006)5
EnhanceFish f7J&—3H Lorenzen (2005a)7il
Medley %5(2005)BF & B9 P& il TR, W] LLHIF 374l
Ak £ %) O S 7 RE T B T A 2 1 B L VA 1 A ik
TXT B AR R R BT AR AR SZ e L AR TRV EES AL W
E AR OA 7 S5 55 5 e, Juig iRt
(Solea solea) (Lorenzen, 2005b) ., 3¢ FE b % H kK M2
fii(Micropterus floridanus)(Garlock et al, 2014, 2019) .,
HR B 421 A1 1 .(Sciaenops ocellatus)(Camp et al, 2013)
DL K 35 [ i A 4% Je [ 7 4 (Atractoscion  nobilis)
(Hervas et al, 2010)FHE5E B G 2 A J& B34S AR
T EnhanceFish %Y [ Py B P74k 5 ik >R
Ecopath #5%1, 2k IL45 3¢ EnhanceFish £ (4 {18 .

K1

Acanthopagrus latus releasing site in Nanlang water area

Fig.1

AR A LT R KO BT X, 6 2020 45
B b T e O K, 32 B EnhanceFish A5 Y PEAL B 5
il 5 5 ik 9 (Acanthopagrus latus) 3 74 5 7l i L
I OC R | 0SB B RE Mgt i 1 R 25 4 1 52
M . e A O 8 AU E5 X A B A 45 a2, 80
EnhanceFish B8 7R EGTH ORI EAG i iE H v,
F 3R ER A G S OO R LS %

1 #RE5FE
1.1 AEKIE S EHIERER

ABFFET 2020 4 6 HAEH LLTH RE WIZK S8 i
g O G B B (B 1), TR RSV I
(113°3324.648"E, 22°25'11.215"N) 3t jik #i 4 K N
(5.5+0.3) cm [IEEEREER 120.9 TR, TEALKE il
O B oK 3 (113°330"~113°36'56"E, 22°23'23"~
22°30°0"N), o ) AR ERILE A ZRIJbAL, RN
75 km?, JAAS K SRA PSR N 23 °C SR 7.41,
X pH AN 8.19, X%l h 8.17 mg/L, AKX
IR, WRELKYA 30km, B0, A
FE Byl AR N 2 3 AR PR XS 22 R B R
(3t — 4%, 2019),

1.2 HRF*E

121 AR jEmE EnhanceFish &8 Y% 0 & —4
BB, BB BOK B T IR IG5, H— &
GRS CER S E O i, F R A4
KRE . JET3 ) WA e ). #haa . &P
AL A B85 1555, RERS AR w A P R Ak
£ EnhanceFish B8 iy A S505 28 A s 058K
YRl BT IR IG RA IR ST d A A A T AR
S, R A AN W R AR O T 2R (R O
FE L BORAAR), BRI B S O AR . B
FH iz 88 AL ] LS50 A S B 3G B 80 K B A 2

T B K S R B B R
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122 AaAHET B E S 4E EnhanceFish 5
BB —2, i S8dt 7 A58450GR 1D,
A R s AR O A T A B R e SR & 2020 4R
10 H i R ER A A BE s A K R A BEE IR IR
SR 565 W=7.831x10°L>* 3 ] von Bertalanffy
PIAR TR, R A K T R R (SRR AR 48, 1998):
L=248.176[1—¢ '3 4(t*0-148)7 " \W,=469.293[1—

)

BX

e—1,031(t+0A148)]2A830; %1‘:$. E?ﬁ%t%jﬁ&kﬁﬂg%g\
M=3W *2° b A0 ) SR AET R 5 B A= 0 2
HI{l(Lorenzen, 1996); 5 . H Fii AL b £ 057 15 fiE
SRR M ) SCik, SR (Acanthopagrus schiegeli)-5
B 06 09 [+ i O 16 K 92 IS 2 A0 S (Ot e 1 45
2012), AHF5E 2% K 75 0 A P A 2R B (A1
2019); 8e4L 1 ()23 AR T 24w A e R (2
] PR e B 22 S AE B — AR AR IR AR Ak, TR A
RAECHY AL J1—MAE 0.2 2o A7, 38 I MR AL
— AR, 7E 0.01~0.10 Z[B](Moussau et al, 1987);

®1 RESHRHYE

Tab.1 Model parameters and their values
25 JE X T B 7K o i
Parameter Definition A. latus in the Nanlang waters
H A 4 Life cycle
L SRR BUEENS 2 cm
Length at larval/juvenile transition (settlement)
L N FERF AR Length at recruitment 5.5cm
a, #PFEBT A AE IR Age at recruitment 0.244 year
H: K Growth
L. B>0 it & Asymptotic length at B> 0 24.82 cm
K H KRB Growth rate 1.03 year™
g Fo 4 250 Competition coefficient 107 cm/t
[USISN- S EFE11 73x10°°
Coefficient of length-weight relationship
B K- RIE R 23
Exponent of length-weight relationship
FIARIET %
Natural mortality
Miw L=1 cm M} BFAE @ Fh A SET 17.38 year !
Mortality of wild phenotype at L=1
Ms L=1 cm WBHAL R EOFET % 17.38 year '
Mortality of hatchery phenotype at L=1 cm
P51 Reproduction
L JEAK JE Length at maturity 15 cm
p SR 2 4L % Steepness of maturity curve -0.4
#MFE Recruitment
. A7 SSB 9 K B B Maximum recruits per unit
a 21.72 kg
SSB
b #x 5 #b 75 Maximum average recruitment 1 600 000

4k Evolution

h? A 3% S IR A 38 4% J7 Heritability of life history traits

2% Economics

§REAk £ 1 BN AL AR Unit cost of hatchery fish

Y
Y, Wi %% 11 AS Effort costs
K, E1E A Control cost

M52 5 i Ex-vessel price of fish

0.6 CNY (empirical model)
2 000 000 CNY
0 CNY

6 (empirical model)
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TR A O —#D FE O R W A R R (@) R FE i
R AE (b *)(Myers, 2001); Z8%F: 2020 4FHKR M
IR EEEE TR Y B (catch prices) 60 JU/kg. T HE
JUAS (effort costs) e 5 ¥ B BE 8 i 37 YA B FE T %
TR AR 6 0 A fe R AR, R B FE S B T A A
A ORI 5 A FNAS B A, an sy HATIH Sk i HL
WRBLAN ST 8l 1 o A& PR3% FH (control costs)F8 A T 5 5,
P FE R E A BT B AR B, A dE vl
MW 5T 28 R, ¥ BE (net present value)ds Ak %
S RABUE S AR AT 40 I A 2255, VA5 H
LR AR M FEAR TR AT o

2 HR
21 HEEMREETE

AT R LT A R A S A R R 1 A 5 5% T
H5ZE ARz WK 2 Fis, BBECYHTRE %% )
i E=1, Y B2 B, HBANRE AR &, PrkAE
%, KRS HME, Hik, EMARRRA 0~2. H
SRAD T 5 R K IR A S (AR 1 (SSB) R4 A i i i ok
E, AR

M. a = faa,
WHER. b =fo+ fab,

K, fREARMEAN IR, a MO ESEE
P RLIE 2 , a, i IO B B B B i B 32, by R B
BBy B BRI, b, S IO B 15 B B FEAR
HiE(WifF et al, 2018), EnhanceFish #8540 %
. R AHRE EATE A SRR Myers FRifEfbARRR AR
(# 3), #5F)E, SEAHNEMZE S AR AT LU R R
R EGER, BITEMR BT 1 O T R SRR RAE
3417 i (Myers, 2001), A&l 3 0] 51, 24 SSB=0 K,
HARKNFER A 0, ST BB pRA s 160 T1E; 4
SSB=200 JiJ@ht, HSRkFEI iR IWL(E, JoRFHUR,
PRI, A8 BE RSB A 0~160 T

2.2 BIEMR N S E 2 0m

TEFRRESh S i | i BRI 2L fa SRRk 8 2 []
A A5 22 S B AT B L B G O R K R R A i L
ANFEAEAREIER 3 4y WA BRI P A K
ZHHIEA, ATENTHRIFRFRE) . B 0EsHE
FOR B TE AR T AR E R W) . BUR(E
F2 1) KR A IR AN T I Ak el 2 Wy B0 7 | 4l
B RIEE), DT 20 BT T30 25 5 B 4 3K o =2 1)
I FR o (& 4 Sy pg BAZK I8 o R Al #F 4549 EnhanceFish

PRI FEA K HAB B . KD 4 AT LB Y, BEE O %
OB D) 1@ 1 NS B R W WA ) = 0 W]
APPSR RER K T HORAHAR L)
BER), SRIGDHE TR, ML 80~150 JikE, 3 Fh
BRI S BT , HlaR 22/ N T 1 TR M
JERT 150 J7 ), O Ah i A4 2 i T L ok B A
LR AR, T B B I O R S B A e,
WP L, (HAT B RBUB R rT fE 2 (8 A9 41
LERAZ RSN, USRI AL L
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Fig.2 Impact of fishing effort on economic benefit

—
AN
o O
T 1

c0 50 100 150 200 250 300

FEikE SSB/x10¢
F 3 EAESHTRAER

Fig.3 Relationship between SSB and recruitment

12r —e— T Stock

—o— HRHLER Stocked offspring
10| —* BrA wild
S Total

S gt
X
=
2
S 6f
]
= 4 .

2 /

0¢ L 1 1 )

0 100 200 300 400

TR Stocking density/x10*

B4 il B o 5 i A2 A 1
Fig.4 The change of catch with stocking density



=

%5

% £ 45 FET EnhanceFish 57U ) i I8 RO SRS T - L 1L g B /K Jol g S ) 46 50 o Ay 491 5

23 MREESHEZNEXNEFAZAZM

iz | EnhanceFish A5 4 #: 5C T2 FE % 45 Bl IR
B A5 55 0w ) AE O = 4R BRI 5). M
Bl S AL, 4 0<E<0.7 B}, B s /N TR A,
WU 28 B A £ Wil SO 5 B A BE I R R Y4 0.7<B<2
B, Ff 455 A0 g A A U , R % B R T AR A B IE L
MR IAEIZY 160 TR, St , 45iaK
5b AfLAEH, 24 E=1 B, NPV=54 000 JC; 4 E=1.5 i},
TR IR B e ., NPV =6 200 JC. 2020 4F 6 A
1R WK IBUICAL(5.5+0.3) em EEEEREAA T 120.9 J7)E, i
PBi%% i B=1, AR S nIARH, 2020 4F R Bk fig ik
AT O A5 815 R 54 500 TG

24 HRMEEHEE NWEXNEF AR
=H B

TR FUAR 32 R B THOAE R B AR , R
SRR IR R o NIRRT AT A i B R 5

8l @) |

(®)

[=)}
T
[=)}
T

N
T
N
T

¥ P{E NVP/x10* CNY
)

(=]
T

B EE NVP/x10* CNY
o

WES RIS, ABFFTLL 2020 4E 1 BT 7K 8K
SRR AR MR, E S EH R EE 6), B
P —IEFHIE , A X 3 AR B RS, 7T L
TE U BE A8 WG DL T, AR 28 B A0 25 A &5 SR it
— B TS . RIS . SRS, R
B /K S50 U B S T 120.9 RN T, SO
G N 6 cm. WA 6b T, 1ERZERMME T,
%% 1 E M BFRRE 1006 R 10 KA it ih £&
ME~09 D E~1, &P AAMHE, FRHK
S0, flhn, WMORKHA% Y 5.5 cm B, X4 E=1, NPV
~54500 JG; 4 E=1.3, NPV=580007C; 4 E=1.6,
NPV =60 000 7T ; 24 E=2, NPV~=~61 000 G, 1] WLZ K
B as B SRR BT AR, 3 2 B TR B A — 2 1 1
BT, WSS R BRI S, (R ST S
HORME MBS A TIAT , 45 BLE T3 AR S Brfds B0 19
TERPER IS DA SR & e R

[=)}

HIE NVP/x10¢ CNY
N BN

(=]

K 5

Fig.5 Effects of different stocking densities and fishing efforts on net present value
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25 MWHEMEARE

A FE FE A A AR N, N T R O
JEE, MBS o A IO R R 455 55 &, X AN T
FCR RIS T B TRk aE , LRI W2 2, 43 Bl
— 7T, BT AT R 55 A R R OC R A
KARE PR, $E A BUAS TR I 58 0 L 5 i 134 B F3CIE
HI A GFRL RS (AR EE, 2011), IR, OAZRIZEA % ik g
BOaE A PINOR IR, a2 2 T, B 6 TR A B A
THAETE 6.0~6.5 con Z (8], JHCH & BEROK, Fe it
RSN o — T T, VRSB 8% 0 A e i R
AL R 2R BT B, 3R 2 IS D
T AU AR PR R RV BB I Y E B S, LI AT
Bi% 1 X AT A AR I DTER, AT UL, Y
FESR 80 TR, TEUATiE %5 i (E=1)IE 4 T3
0.2 1%, ¥MEEEINIT 100090, kBB KETFRE,
YT B 160 JT R, TEifss i RN
(0~2) T34 i 0.5 A5 4555 1 8, e (e 73 5l 3 Jn 2y
579G, 1 56, 2 Too. 0 e EMINK), X Ui
E R R IR S R =l O 2 R |y NE 1 K20
AR B AT SR, M SR ESL A B
i AN, BB T B A I PRE N, B
P H, BEEUER AR

*2 HEFRAEBEARRARURITMG
Tab.2 Effect evaluation of Acanthopagrus latus
stock enhancement schemes

i

gy RUBORMUS e I

Stocking Optimum Catch %%Jjit  Net present
density/10* Sstl‘;‘;l/‘:;f 10 Effort value/10°CNY
80 6.5 210 08 5.20

1.0 5.30
12 5.40
100 6.5 275 08 5.30
1.0 5.40
12 5.50
120 6.0 330 06 420
1.0 547
1.4 5.90
140 6.0 370 05 450
1.0 5.80
15 6.00
160 6.0 405 05 5.00
1.0 6.00
15 6.20

3 it

T T I R A R O T AE B AR,
EnhanceFish A58 7E S8 i A A 25w v PAL . PR
BRI VEAG AN B RO VA 5 07 T A & — e AL

31 HEMRESEETMG

I B Hr AT 3G G O A A w A B Ok
A Ecopath fAIFIZ G PEAL 7L . Ecopath 57 & FE
TAB RGN EF 8 2= R B BE = I SRR E , MY
TP E AR, RH T IS ES RGNS D te
(GLFEFREE, 2017), H R EnhanceFish A5 H [ A GEF
FHRE I 3 S & BB MoK S8 AE S 454, (BAE A
AL Oy ) EREER AT Lk | AEHER T R, XA A
(2019)2: T Ecopath BLAIXTERVLH 6 FhIGFE R AL
ARG, Horh, R 0 R K AEY A 9=
N 650 kg/km?®, W45 FE R ERTT 11 #4668 008 A4 18 BT
R T — e yu ], (E A 4 RS B e . AR5
T Ok ST B R A A S, R R G
R AR B % B AR A4 i EnhanceFish B
IR AR S5 A e s RS R, 151 R
MRk 6em, RAMMEERN 160 T, R
190 kg/km®, 2020 45 1 [ 7K P2 RL# B 5% B 7 1 7K 7= F
ST 2 S DA I, AR rE K0 120.9 7 R
BERREY , 29 145 kg/km®, SHFIEEE AT, FHUGIESK
T EnhanceFish B EORSHE | T HRP2=

F SR E N H i oK WA 5% EnhanceFish #5551 54 i
H5#HGE, A EIMZBR TR, FEFIzfm,
i %8¢ Thmorda 7K FE I 9 cm B4R & 14 filt
(Barbonymus gonionotus)fi i 15 000 &, R1FL5FRL
75 1200 3EJG(Lorenzen, 2005a); Hervas 25(2010)7E il
MIT R A s S0, N T — B % AR | EH
2 FE MY F AR A B SR T B i AR AP, 4R i A
AR T (B I Z2) 00, (A7 1% 260 L 2 i
PER T 10%. BROCLAAL, LR AR e 0 e
1o 2 HL 3k JR 5 ) K MR BRE 454 1 #8385 B 0O R
T EnhanceFish ##!(Hervas et al, 2010; Camp et al,
2013; Garlock et al, 2014, 2019; Lorenzen, 2005b), %
LIRS ¢ Y 4 A A A A B PEAN A AT AT A T 2
SRRV L £ T 10

3.2 IBFEMUM B SR R

S BRSO 2 HE N AR Wy e R o, (R ST R R R
O 2 ORI R I, AL i A AR
Tt 2 A0 F S A AR AR X 3 b ) T K 484 I O ) o
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FEES R, — 5T, 2% FEMI R, O 4K
i 5 A RORC S AP A rE B L, i i
%, XA RFREL 2K . Lorenzen 5%(2002)
ST R, TR0 B A 58 i R 2 R8T HH %% B AROR Y A
HFoeE, RAERKKNFETE, WA SR &
fiE 1 JCBR B G — > FRARAL B B 1R, AR PR iR,
D80 £ 28 AR A S b AR 28 R T BT AR 7K ™ 5 4 R
FARCT T, PR B B AR, I, R
T I S AR 2 5 T JBCIR O ) SRR R S — T
T, 38 FE IO A 1 7 f S ACEE F SR A0 78 A0 BT A RO
R =B R 2R AR EL, 2l )i
e, JRC AL % B RN, SRR A 1Y) 7 i i T R T
T T AR BEIR ) P71 . Lorenzen (2005)38 i3 b 1A% 5
FOEEEE N B Sh AT IR SE T X —2518 , o4 Rk
B, WA AR R AR RS N ) m TN TR R, AR
WHESIERT 3 MRHA TR 58 21 B AL B
PRIFPERE I, 13X — 1 B2 0] DL B A 5 A SRR Ak 28 [ B
AR A RS T 5% J1(ICES, 2004), KL,
TE U R W ) 1 v, 25 T B AR 1 A st A% 2k
WAL, SR, DER 8 A s PPAL Th B
Jin: L T U I AR ) ZREPE R SRy WA R
HEmE T H AR AR S A5 52, 1T EnhanceFish 7Y
TEIEAR SO E Th A T % BRI s A% g, 7T L
EnhanceFish BRI N S8 £ | G, BEtsE .

3.3 HEEMRZFURIEM

FE TR R 3 o 1) 28 T RCR PPAG O 28 32 8 R A
WA MGG . PRIk DA E T . S s L3
TEMGFE I b R g, HET, e SE R (= >3
450 2019) . f71 BE f1 (Epinephelus awoara) (5§ 5 #5845,
2010) . i (Paralichthys olivaceus) (X 2 5545, 2013).
95 7% 5 (Cynogl ossus semilaevis) (#1124 i 45, 2013)
H 1 (Mylopharyngodon piceus)( £ 5%, 2021) . =3
71 (Portunus tritubercul atus) (X 3% 5%, 2018) . 5§ (1%
DR 45, 2019) 55 it b it FF N ERHE AT T 9T . 2R
M, XA xR ol il —E 3, RETEiR2E,
HFEEREWY I MANTT, JEARIE G R 5E
Mo fHEZF, EnhanceFish A& E=Fh AR A
FH— RO AL AR B OCHR I S50 i, B A% B A Tk 5
MEF R, SEE. AR, ZIRD

et i VPG e AR I A A N I A RO S
PRER A, 8 Ao E B A ROR G, TR 1R
AR, 2B BE B R K 0T R M 2 T A AR )
SR (R, 2006)0 IZIT AR A /K Sy £ 2K |
HR2E | B8RS Z A2 ¥4 {8 (Chen et al, 2015).

4R EnhanceFish BIAIZERR EIAAAE it , (HAMFE
16 FHIZBEAIXT 2020 AF o 1L T e B 7K J5 2 6 o B 1
ORI, PAGZE R 54500 T, 541t E
TE AL Bk 45 R (57000 JeH M IE . M ELZF,
EnhanceFish A5 8A] LL7E Jy Z8 il 2 B Be st 1o ik 384 5 ik
M ETaes, EATERBIRE A, HA T
PEFNF LA | A AR 45 SR 1 DL

4 ZEig

BhaE | O VTR 38 B O T T RS X
T EIF KA FRERP A REEE LA
5251 A EnhanceFish £ AR 2568 . AL A4 A
SRR AR =TT 2020 AF LT R K J e 6 6 3
BTV D1 AT VPAl , IFFR 4 SRR, S KA 4L
h 160 JTR, RN 6 cm, TR R K
BUE N 62 000 JT, I EE 55 0, i
AW, B2, EnhanceFish 71 BAF fieafi ok
BREPE L AIATE L ZRAME  IREYE G R . BIAAIK
Gy BRAEAEARH X T FR 1 FE O R A — R
AR,
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Abstract

In recent years, the fishery resources in China's coastal and inland waters have declined

seriously, along with a significant decrease in the number of economic fish stocks in many natural

waters. Enhancement and release are important measures to conserve fishery resources, protect

biodiversity and replenish the fishery environment. Since the 1980s, enhancement and release have

gradually become an important way to increase fishery resources in China. With the yearly increase

in variety, quantity, and scale of enhancement and release, the problem with the low efficiency of

enhancement and release has become increasingly prominent. Therefore, a scientific and reasonable
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variant of the enhancement and release technique is the key to ensure its successful role in resource
proliferation, including prior scientific planning as well as an accurate evaluation post release. At
present, there are many studies on release assessment methods. Ecopath model method and empirical
assessment method are often used to carry out pre-release planning research. Ecopath model method
determines the release quantity in the water area by calculating the ecological capacity of the release
water area. However, this method, like the empirical assessment method has the disadvantage of an
extensive assessment of the capacity limiting its accuracy in planning the release quantity. The
commonly used methods for evaluating the effect of post-release include external tagging method and
statistical evaluation method. The external tagging method causes certain damage to fish and has poor
stability, making it unsuitable for large-scale enhancement and releasing. The statistical evaluation
method needs regular follow-up post release, making it manpower-, resources- as well as
cost-intensive. In order to formulate scientific enhancement and release strategies and improve the
effect of breed enhancement and release, the EnhanceFish model was introduced in this study using
Acanthopagrus latus as the research object, Nanlang water area as the research area, and considering
the life cycle, growth rate, mortality, sexual maturity, heritability, recruitment, economic cost and
effort as the study parameters. The enhancement and release model of A. latus in Nanlang water was
constructed, and the optimal release size, ecological capacity, population structure, and economic
benefits of A. latus were scientifically evaluated in order to provide scientific guidance for the
rational and standardized formulation of enhancement and release strategies.

In this study, the effects of spawning stock biomass, profit, and fishing effort on the ecological
structure of A. latus were comprehensively considered, and an intuitive data model was constructed to
determine the range of release quantity and fishing effort. The results showed that the natural recruitment
amount increased with the increase in releasing quantity. When the release quantity was 2 million, the
natural recruitment amount reached the progressive value of 1.6 million. Therefore, the number of A. latus
released in Nanlang water area was 0—1.6 million. While evaluating the relationship between fishing effort
and economic benefit before release, the profit was 1 000 CNY assuming the current fishing effort E=1.
When the fishing effort was E<1, the profit increased with the increase in fishing effort. When it was E>1,
the profit decreased with the increase in fishing effort. When it was E>2, the profit was 2 000 CNY,
which has no research value. Therefore, the limit of fishing effort E is 0-2.

Key words EnhanceFish model; Ecological capacity assessment; Stock structure; Economic benefit
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