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R A2 B E AL, FEARTFIPAE X 20 B LT,
S5 AR AR TE L 28, ATAS BB KU . MSY
SRR AR TS N S HE R, %k
BEARTE BAR BB 75 0K T 20 =2 (DR 4R
G280, W PSA (productivity and susceptibility
analysis)B % Robin Hood 77 1™, (2)75 & 7= i
Hoia A A= 3% 52 S350, 4 DCAC (depletion-corrected
average catch)Bi#I®) DB-SRA (depletion-based
stock reduction analysis)BE I Catch-MSY #
#IUME] SS-CO (stock synthesis-catch only variants)
BRI, )T B R | AT S SRR K
KPR, dn SS-CL (stock synthesis-catch and
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X3 PRI PG AR E5 4 . BEEER | 2
SR A5 55 Dy ThD R A T AR

1 NEZLEFLSHHITHRE

1.1 PSA &

PSA AR A AE TG L 8E . A7 ) Rk
P37 F AN REAE R 5 TR 0 (R AR R XU B s 55
P, AR Rl AT RE S ()R SR U, 1%
BERY AT DL a3 S PS8R 43, BIVRRRE %) A 7 0 R0 Uk
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2.1 DCAC &8
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B B/ R Bl A T AR RO AT RS i, & Gulland™”
WTE = i AP EEAR, K T YR 0 £ sl = ifa
AR T AT RS P A RGP A g B
SRR & AN AR 3 B Ay R A S AR Ak, P
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SLI R A AL S — D A A R
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KE & FEzifa ik m 21T, I HSE ¢ B/
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DAL R VST S VB (- IR VR S 1 P RIE o7
2.2 DB-SRA ##!

DB-SRA HiBIHFEHL SRA #i%1E (stochastic
stock reduction analysis)5 DCAC #5454 1 A,
T LA I [E] P 20 A I s s s, 3@k Monte
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ZHARWE, H Bpeac V) Fusy/M FETUANZEH)
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HEATVEAL, RS YRR REAR S A B2 % A
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X, BJE tAE W AE i, P(B-o) 2 2E T t—a 4R/
Yy AV AE AR T i

P(B_,)=gMSY (%} _ gMSY (B}{——J (5)

KR GAYiE, MSY J& i RTHELE ™ &, n
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RSH, voe izl goe £ & i im iz, g &
— MEEH R
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TR A A5 R 7R A A ) K T F Y A 72 R M T
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Bjgin =10.75B,y —0.075  0.3<B,, <05  (9)
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80 3 370 1% [y s A 495t ) - 24908, b 0 SRS s ]
JPVHE 2 NS A i EUIER 1.1 5. S0
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F
M+M;:45YJ t

DB-SRA #5145 B 1 7 401 b 7 2 257 7= 1 R
A& FE AR S 2 A E T DCAC A,
DB-SRA A5 78 A 12 {1 57 B ) Feh B sl 25 DA B A 4%
YIS, RN R IRIEAE R, 5
DCAC HRIHIE S, BXTF HARFET REA
I e e P, R B R R b R A URR, JF
HAREA HIRET- RBORT 0.2/a FIRE, X+
U6 15 g (W AP PR A SCR AN . O R e A
FERR A T LR B FOIE S, i ELR IR
F4& Pella-Tomlinson fll Schaefer PRZLAIIR S PR
B FEVEATIEAG T, AN A B9 S A T A
SEAE (RDFPORE AR B 0 BRE L S B A5 £y,
DB-SRA MPFAG S SR & T H LA OFL, BT AFEN
HH, N Tffi DB-SRA f OFL filiit XU FAR,
DB-SRA ) OFL fiit{H#F17W 24 1F . DB-SRA
PUE 565047 (T8 R AL T 55 OFL AH A AN 2 1
flivt, T H SRR T 5 E S Y 25 AL R
PGB E M . OFL At MAHf e MR IR T2
B tt, XESHE R EM T RAWW, 7

OFL, =[1—¢ M*Fusv) ](

LU AE A )RR T R RS BRI R BN, M
RV DR A BRI o VR i A B, Tk
5 5 0 A E PR R4S B SR A R e, X RTAE R
DB-SRA R BCHE I — A Jr il . Wetzel 45017
DB-SRA #5 71 iy FEAify | FH D1 v 387 777 ik %of % AR
Ol AW . OFL #EA7Aliif, $2i} XDB-SRA
(extended depletion-based stock reduction analysis)
. Sweka ZEPUH] DB-SRA #5275 X {7 F) 5 9 53
(Acipenser fulvescens) . [¥) i) [F42 25 55 MR
BN AT T VAN, S5 R WORE R IEA S, 24
RAFEMRA o H AT A 5 R ol A 2
2 (PEMO)YT B 47 Fhta JH AL IHPPA Y,
2.3 Catch-MSY ##!
Catch-MSY Fi%1JE Martell 25T =%
P o PRI A AR A= Wy i BT & 1 — A
Bl Z A5 BT B PEAERERL . Catch-MSY U5 %
PR, GBS CPUE Bk, M
LA U 7K P TP B0 K R 1 SR 0 A A AR DY),
WAL SH r(FhRE N B O KRBT 9 ),
VE AR R AR, v KA S0 56 IX 8] A S iR 2R 9%
T B KT 3 B e BRI R I 25 R TEBRZ -
FPEAL SERHEE, AT A Fishbase 4 122 (1) a2k
CIALi S NI P Rach 2 G i & G B N
T AR I VBB ) ke i SR RS T K, A
A E N EUER r iSRRI . K 55
3 A DX T) — Jise O™ i BHlE P e K™ AR O R 4K,
BRI 50 A5 VEN BRI, X I R KSR
(B/K) Y 15 o AR 4 B S 1 B0 35 ST 9] 1 98 IR
A TG PECRAL, S 56 A IR 5 1Ak X R 1
TF AR PA K™ i 5 Bl v e 7™ i 1) LU (BLR A
o MEAEN T RALT RO 2R, Ak
BN 0.5~0.9, TN 0.3~0.6; AR = LT
BRI 2R 0], ATBE N 0.01~0.4, Iy
0.3~0.7, Catch-MSY %M Schaefer =gl
B+ A1 K AT RERYZE G LA S LRI Y A )
HIE A F
B, = AyK exp(v,) (12)
B, =[B,+rB,(1-B,/ K)-C,]exp(v,) (13)
Hrb, B oy t R E, K ASHEA &, N
AR AR BT R FRR B AT GO R A A
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I v, WIME R 0, J5 220 o® BIbRUEIE RS0 Ao
UG R R KE BUK

iz A S A — w0 i3 2 A G S5
ZH A MER AT, DT T 2 i AE ) f mT BB Y 4 A
T, SR AAS R oA A R SR pR AL

L@|C)=1 Ay <B,/ K<y (14)
=0 Ay > B, /K>y

Hp, @ WEAEIP S H0 &, [Lor, Aol N
LR BOIR R KT S5 43 A X ]

HIF 5 R P B 2k J Bl RE (STR)P Oy 4155 2
BN EE oA, FASEIN K e RS AT
4 MSY, MSY=0.25/K.

Catch-MSY BRIFE 2P PE R, BRI 5%
T3 I RN S RE A R IR B R -, A K
ERRMELUEE, %05 4, Martell 25 Ry
PE RTS8 r WA OCME Bt — 2D BRI K 1 5ese
Gy, TRV R LA 34 80P S s 25 2R, OR
A XTI &Ik, Dy s gk w5
ANfE WA O A AR B, N U
Catch-MSY I FHEEIERL . Martell 25U ]
T, AR R BERAEE T ARk 150 FhfZsm
MSY . % 4b, Froese 25504 Catch-MSY 454 Monte
Carol B, XF 128 MFEEUEAT T S50 MSY 4k
1, If H 5 ULk g 4% 77 LR (BSM) fil i 45
Xt SR, KRR Catch-MSY
BT X} g ¥ DX 3l B PRI AT T PEAL, BRAR T ST
WED K 11 AEELF RO, M5
Zhang 2SR I D5 325 %5 2 9 G = sl 9 U8
AT T IPAL, Catch-MSY #EAI= A= 1 5 Hofih )y %
FHALA MSY Al THE, AT Sk b S v el 9% U
PR B e o BRGS0 1 ] Catch-MSY A5
RITEAR T BN VRIS AR A R IR 0L, 25 SR R I i
BEAAAE AR AT A BB, Y ar s R A Ik
SR
2.4 SS-CO &8

SS-CO J&3:F Stock Synthesis 3(SS3)SLFLAY
—Fl1 5 DB-SRA KBIKIEAER, 7R85+ 1EAe
Wil SS-CO-1 Fil SS-CO-2. SS-CO-1 LU A
T (B IE S B BUE 2515 22) B TE 20 9 U5 4
FE(1-Beuwen/Bo)HEAT 000, B T Mg AL S, A

i I H A £ B8, SR SR AT R BE SRR
(MCMCO)BEU F ARFET - h(GEIRRM FE X R Y £k
B S Ro(W) IR A FE ) 1Y J5 50 4 A o 7R
MCMC HEEL, Ro A — >R A4 2) 53 A5 14 e 9 4
Ay, T A XS ol RE AR (Beurrent/ Bo) HY 56 56 73 A L 0
Ry M— ARG A, B AAHEWEE, X0l fe
2 T EOHX AR BUR Y 5 55 0 A BUR AN RERS 5 5t
AR DE LA LR . SS-CO-2 J&7F SS-CO-1 JEvil
LRk, 5 SS-CO-1 AR, B R SIR M
SS3 ANEHY SE I Hr A E M b FVEIEIAE(E, WA
JE R MCMC M SS HE & i 5E 5 h RS 4ln)
i, SS3 AU TR Ry {H . ILAb, SS-CO-2 UG
YA IE 28 OFL #2485 T ASHR EAf 3, (2 By
Bz E X HEIR2Z B IR T, SS-CO BRI {1k
BT SS3 R B IEAN, B A b FE B T 1,
A By = W 217 O o e

SS-CO #5715 DB-SRA FAIf) Hds: (1)SS-
CO 5 HY 1y BE il i 10 2y g 5 2 4 % 235 A A5 1Y
DB-SRA JJZ FER 25 43180, (2)ghi A= ™ J1 5 T i
T, SS-CO KMJ/& BHSSR #i%! DB-SRA N
Pella-Tomlinson 1 Schaefer [IEA AN, (3)7E
SS-CO #iAlrh, R4 FEAE 51 4 2, DB-SRA
HZ MR, #hFEAEREE KA, (4)SS-CO AL
THEAIS B R 5P, PTRLR T A0 s o 2 4
PIGEIRTTAL ; (5) = X B IR IAFR IR A R i 5k

3 BEFENE. LEESHBEK. FBY
17 VT A 1

3.1 SS-CL &8

SS-CL A&7 J2& iy SS3 A5 7R 3 A iy A () 3L 1 7
BRI RIRL, 7E SS-CO BRI Ay LR 5 A
TRKBE, HAK S SS-CO —&, SS-CL E3k
A B A48 — B R F 0 A B i L AETE R
(M. ERKSE IR ) FLEAT AR MY
PR AL B A5 o B R AT A A T R
IR, R FARK SRR 4R ¢ TIE T
BHER, X ek gl 4 0 b ik iy 2L al, SR
T, 3% LB 10 R 56 1 3 L SRR S 15 B
W2, BT, E P SS-CL BRI fl A/, H
SR AT SE R B — A% 52, Ralston ZP IRk



5514

SR AR ST AR TR AR AR A B AT FRAR PR L BEIREAL O ik R 17
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3.2 Dynamic SPR !

Dynamic SPR J&3& T R 47 X ) SPR(7™ B
T )RS, FEABise A= 28 R Ge b B s [i] O 45
AR I HARAP XA A A E LT, X Bp A X
ANHEIN] ELE B = i RS A SO B IR IR A
TR TR L SR B R IR L ST P TR R A X GE R
4~10 SEARBEATHEBIE ML) , 5 DR 4 XN S S R
() AF % SR B0 5 26 T L RRAE A LA, AR
DRIV T FEA T AT RR S i i hh, BEEFPREERN S
AR SR 3, 2O A T P EAL T AR R
T2 WO o X TR A A SR B B e = B )
Prh, an HAE I R A2 W0 E BE A PR AR I8 1S
171 0] SRS Sl il FE Y R R AR & B 1Y
K my 7281k ] fig T B G AR W) B E AEA T
2%, IWIZEM T BhR PR 454, T B0 80 1 £
BRI
33 ETHRKERRAER

FE TR I PSR B R FH 25 2 WO AR 1y i
AR BE G2 B AR PPAL R i el R ),
FT VAL AR Y 25 o 2 R 7R B0 T4 1 HAw
S i, R SAE BnT DL B A BN 030 s A
Bk BRI 3 AEAEE: (DfRYIIR K
BlE LT H B A, P ()WY AR
20 8 A e AR R P AR, Pops (3)i
R R A 20 BIE B TR B B R LR S M
Pmegao Prat+ Popt\ Pmega E‘Jfr%é&iﬁﬁﬂ?

Lmax
Pmat: ZPL (15)
Lmt

1L1Lyy

Py= > B (16)
0.9Lpy

Lmax
Proga = z P, (17)
L1Lyy

K, PR MK ARG 5 Y L €
3 50%ME BRI TG Linas AT
K Lop (RERA B RK A A IR K A5k

WIS Praes Popts Prega 3 FIRFET-H | 3F
i (SB)Z AR, G113 Pobj (Pmatcs Popts Prega
(1) b ) 2R DX 43 g s R A 2 I A8 S 5 s o T

RRSPRR, o HPRZ % 55(0.4SBy, SBy N
Ji dify o £ i ) R FR 1 2 7% 150(0.25SBy) o A5 BT Bkt
ZRTR . Wl PR A T RS LT,
Wl DI . FF B, X — R e X e
IR AL, AT REANE A F AN RS AL (v 45)
A 2 8] 25 AR/ FR R

4 EELEEFESHHITM

4.1 BARIETEH

H AR FE T 22 B0(M) AN T2 il 55 TR TTAl il
EHOPRETEN DSBS, IF B
FERCR, X T HdE b = 1t AR, A RBETS
RIGEAEEARL . BT Lok A RIET- R
BoREE LEH TR —, HhE LA LT
3%, LA Pauly 2200 & )z,

Hoening! 42 H M3 45 R IT & W5 TR BRI A8 i K
SRR Toax FOLRME R RIB AL 5400208 1 SRIET R,
HATF:

In(M)=1In(Z)=0.941-0.873In(T,,.,)  (18)

T, Tinax TR RAFNE

Pauly ™A #1265 1Y H SR IE T2 A5 H 5 A
("TH L-Fm)A 2k, FtidS5aAERKmPieEs
Ko WA, —RFEUT AR FF A>T TG, b
R UL M SRR 5, L, Pauly NN 45
N

In(M)=-0.0152-0.279In(L.. )+
0.6543In(K) + 0.463In(T) (19)

L, TR EKI(C), Lo Frmil PR
K, K MER R

Jensen'" i HYARAE £ 25 HE BRBAE IS Thna Al
BHRIT-RE, HARWT:

M=165/T,, (20)

K, Tinae TR RIS
4.2 HhSH

R SE K DGR K L, 7T Von Ber-
talanffy £F K )7 F245 4 ELEFAN 1 AR PEF Tt 5210,

L, = L.{1-exp[-K(t —1,)]} @1

K, L3RR (b B IR 1 FR AR IR
0 B AR, 2—Fh e BIg W, NFRWIhS
e, AT LARYE Pauly 286 AT A1
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Tab.1 Comparison of three types of models based on life history characteristics
] FEAY B AREE 20K i 1 25 SR PR
type model minimum data requirement model result limittation
A7 1 SRR S AT L RHE S ORI F I JRE A B ) DXL Bl B BE R — Bk o R R 45 2R Y
productivity and suscepti- life history parameters and F estimates of overexploi- i P4 52 M 4%

bility analysis, PSA
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Robin Hood
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life-history characteristics and F
from related “sister” species

tation risk
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TR L 25 SR T 2

dependent on type of
stock assessment used

length and consistency of data
strongly affects accuracy of model
results

ARAAFIRE 9 25 335 5015 B A AN E A
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AN E PR

life-history information from data-

rich species will not always accu-

rately transfer to target stocks; there
is greater uncertainty for results

FETHFCE IE AT 1 i
Ptk

DCAC (depletion-cor-
rected average catch)

LT HURE R0 SR 2
Hr

depletion-based stock
reduction analysis,

AT SRR S ARG 1R E B
BN e € R A NI E R GE R
life-history characteristics; histori-
cal catch data; estimate of inital
catch

HE TG SRR S AL B )RS Y
SRR AR R
life-history characteristics; histori-
cal catch data; estimate of inital

AR
sustainable yield

CIESES i =9 &t 310
PRSI
sustainable yield and
complete population

ZLRATEE R A M<0.2/a 3E 1T
1R JBE S g R AN T )

require reliable catch data; M<0.2/a
applies; highly depleted resources are
not applicable

ZERTTEE (97 d Hdis s M<0.2/a 3
o0 B T R B AN T

require reliable catch data; A/<0.2/a
applies; highly depleted resources are

DB-SRA catch dynamics not applicable
i PRSI EA AE RRHE SRS WRUFIIN R Rl FRFRERY R K R B B2 s OR3E T
g SRR AR IEAE B maximum sustainable T BE I A Il
catch-MSY P K yield population r and K do not change over
life-history characteristics; histori- ti.me; not suitable for lightly exploited
cal catch data; estimate of initial fisheries
and final biomass
PR GT—IAR 2 R AR SR RFSIME g X R A P DR 25 ) R
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stock synthesis—catch A YA il the resource depletion
only variants, SS-CO life-history characteristics; histori-
cal catch data; prior of M, & and
current depletion
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P AERKEIR R s AR, R AR sustainable yield 7%, SR T RE
stock synthesis—catch and life-history characteristics; histori- the correlation of data will reduce the
length, SS-CL cal catch data; length composition effective information content, and the
data reliability of the results will need to
be further verified
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dynamic SPR (reserve- SrmERE, kAWM IX ) sustainable yield AR X AR A e
based spawning potential Y e 2 TR B A A — 1A KRR assumes ecosystem and fishery dy-
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1 reserve regulations are well enforced
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length-based reference
points

cal catch data; age-length data from
an established (10+ years) no-take
marine reserve

AR AR AE SR AR A 4
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life-history characteristics; histori-
cal catch data; age-length data
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values to determine
whether spawning bio-
mass is above, at, or
below the target refer-
ence point

xR AR AL, FTREARE AT
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the model used in specific individual
length groups and not appropriate for
stocks with low “steepness” — little
difference between mature (small)
and optimum (medium) individuals
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Note: F means fishing mortality; M means natural mortality coefficient; 7 means the slope of the curve of stock-recruitment relationship; r

means the intrinsic growth rate of population; K means environmental capacity.
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DCAC #i# 5 Catch-MSY AU 2 [# fr |-
AR IEPEAL B RY . DCAC AR RIAE KPR Hill % U5
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5.1 HERIE

Bt S 0 IS B i EE AT R, K
Ty He R AR AR TR
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P EPRZ L 2 (ICCAT) B fidk, BHEESEEN 1978—
2017 4o BRubzZAh, PR VAL RS BE, AR 4
ICCAT 241 1997—2012 4E H 7 ZE 45 24 #% BA A
KT & MFrEfL CPUE 155 50 L &K .

5.2 DCAC &%

HRAEEK OB ST, ABIFOR MEE K 0.2,

c BEE A 0.6, HIbRMEIE AR G — 30 X Al
BbREIL CPUE fG5 R & =il b2, 251K
—0.01 1-0.15 (& 2), RHEIRITFIIH 1997—
2012 4F, AR, e M IRMEOIES 210,
A BRMIEAS G . BeAh, B80T 20 AR
WA 0.5 ML BIBERILE R, FIVEXT H o s Ak
P AT HE DCAC 3 2.1.1 g pl .

#2 KBZDCACHEESH
Tab. 2 Parameters for the Prionace glauca DCAC model

2% parameter Al A2 A3
M 0.20 0.20 0.20
o(InM) 0.50 0.50 0.50

c 0.60 0.60 0.60

o(c) 0.20 0.20 0.20

A -0.01 -0.15 0.50

o(4) 0.20 0.20 0.20

o AbRHEZE.
Note: o is standard deviation.

RIRI P PEAL 45 R L3R 3. R 3 AT A, &F
i I AR ELE CPUE () AT Hp &L i 3R Al

e RM X R, FHMEN 3.06x10° t, PEN
3.23x10* t, GEET R IES#R CPUE Y Rl #74%
WAk AL RAH2ZE AN K, 78 PR R 8 HL RBk
0.5 BIRTHE T, nIRRERM R B AR, SFIEAL
A 1.59x10%, 7E— &R b e T B8 IR 8 R
pOE TR ESERE S AT N

&3 DCACREGEAFTLMAIFE~E
Tab. 3 Sustainable yield of Prionace glauca
estimated by DCAC

ZE WL result Al A2 A3
SEH4{E /< 10* t mean 2.97 3.06 1.59
Hi{f/x10* t median 2.78 3.23 1.60

80% ' 15 [X [A] /x 107 t

. [2.14,3.70] [2.44,4.91] [1.13,2.04]
80% confidence interval
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Fig. 1 Model outputs for Prionace glauca resource estimation on the basis of Catch-MSY
a. Catch history from 1978 to 2017 with the MSY estimation (solid line) = 2SD (dash line). b. Prior uniform
distribution of r—k, and the black dots are the posterior combinations. c. The relationship between In(r) and

In(k) with the geometric mean MSY (solid line)£2SD (dash line). d—f. Posterior densities of r, k, and MSY.
The solid lines are geometric means, and the dash lines represent + 2SD.
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Comparison of assessment methods utilizing life-history characteris-
tics in data-limited fisheries
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Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China;
2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China.

Abstract: Fishery stock assessment is a basic component of modern management, required to maintain sustainable
fishery development. Traditional methods require a large amount of statistical data assessing yield, abundance
index, and age structure. Due to limited funding and data for such surveys, only 1% of fish stocks have systematic
assessments conducted. Therefore, it is difficult to assess maximum sustainable yield (MSY) or determine allow-
able catch for most fishery resources using traditional methods. In recent years, stock assessment using limited
available data has become a focus of increasing academic research. A good assessment model based on incomplete
data would allow managers to assess the risk of overexploitation, current population biomass, sustainable yield,
optimal fishing mortality, and population status relative to reference points such as current total catch limits.
These parameters can then be used to determine appropriate fishing limits for the target population. Such models
use different assumptions and have different limitations. Therefore, it is necessary to select an appropriate model
that will minimize error in the results when evaluating target resources. Where more than one model is available,
they can be compared to assess which obtains the best results. In assessment of fishery resources using data-poor
methods, more and more attention is being paid to characteristic life history parameters such as intrinsic growth
rate, natural mortality coefficient, and so on. Under conditions that combine the yield of the evaluated population
with the corresponding life cycle parameters, a more reliable MSY value or sustainable yield can be obtained. In
this paper, assessment models based on life-history characteristics are divided into three categories: (1) models
that only use life history parameters; (2) models that incorporate catch data and life-history parameters; (3) models
that incorporate catch data, life-history parameters, and lifespan or age data. The introductions, data requirements,
output results, and limitations of each model is reviewed and systematically analyzed. In addition, several common
life-history parameter estimation methods are provided. A simple preliminary assessment of sustainable catch was
conducted for North Atlantic blue shark (Prionace glauca) using Catch-MSY and DCAC models, and results were
compared. Results calculated using the DCAC model are similar to those obtained with the Catch-MSY model.
Maximum sustainable yield of blue shark was about 3.0x10* tons. This paper also provides suggestions on use of
data-limited models and applications to assessment of offshore fishery resources in China. The current survey of
Chinese offshore fishery resources started late, and recorded data are relatively few, therefore most fisheries had
difficulty estimating by traditional methods. The natural mortality coefficient of fish off China’s coasts is gener-
ally >0.2; thus, assessment errors using DCAC and DB-SRA models will be large. The catch-MSY model can fit
the present resource situation well, and is often used to evaluate fishery resources off China’s coasts. In view of
the low reliability of the upper limit estimate used by the Catch-MSY model to estimate environmental capacity,
the SS model can be compared with it in future resource assessments to provide more theoretical support for pro-
tection and scientific assessment of offshore fishery resources.

Key words: fishery resource assessment models; data-limited; life-history characteristics; blue shark fisheries in
North Atlantic
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