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Pedersen 2Ry T 34 5 ik i) Y B A 7= B
H(a stochastic surplus production model in con-
tinuous time, SPiCT), M AIGLHE T Hifim 549
AL R 22, WALEE TR R Sh A A AR R 22,
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et FH DL 307 3k o A BRIk B8 s R A T Ak o
1.2 SPIiCT #& %
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HE W3R FR N CPUE, 2AaUHNF:
In(7,;)=In(g,B,)+e, (11)
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Ml p=0c | o o TE LM P UNAS RE 43 15 1ok AR AL 152
2, WA R EBORE B B FRIR2ZE R 1, B9 WL
WREHIEERSO BN E a=1, FEERE =1,
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TEN S 2 BYEEAE b, MRIETE 4 BRI 45 5,
B Ing~N[1n0.23e-05, (3e-1)*], H % 4 i%:E Ing~
N[In0.40e-05, (3e-1)"]; % 5 75 % 2 WYHER L,
XA B AR (B B E e o A, 5 R B HAth 2
FHEU IR GG R, WAE 2001 AEAM 5 Baoo) 1E

In IR 1nBaooi~N(In150, 0.02%); % 6 44
TR AR RSB, 7% 2 AL L, &
Ing~N(1n0.40e-05, (3e-1)%) . InByo1~N(In150, 0.02%),
S HO BT E ARG T 5 3 DUk Sch-
aefer BRI S o). FET RIFFREE A 119 R
AR AR R BE F 2R A IR R B (O B R ) 1Y
Pl A BRI B4 43 I ] F-EDSP 1 S-F- EDSP %
)T E T EXT E, 28B40 M SPICT B 7E 504
A BRI T X DAk BT R 4 T 3 £ A PR B8R
1.4 REFHITERE

JHl One-Step-Ahead(OSA)5% 22 % #6 %l 4] & 5
EIEATIENTY, H Ljung-Box K500 G A ) 2
55 RO ST e, FH Shapiro-Wilk A6 5006
B2 B IE S

AR 6 My %R . CPUE AfiiHE A
XL ) Fe /No% 22 K- 7 Fll(the sum of squares re-
siduals, SSR)LATFIN %A BIGILE, THEA
R A:
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SSR= > (x,—%) (12)
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KX, x, A=k CPUE WLI{E, % A7r=htsl

CPUE ffiit1H.

BERSH R AP R F L TMB!M!(Te-
mplate Model Builder)Fll SPICT15¢ 1, i il
W Ty 28 12 ft ke i 5 i ] R £ BSF ] 24 3 (1] £,
e AT BF 1) X ) AR RS R 1/ dtgaiere BHTR] 2K (dtguier)
/N O T b A T 3 22 1], Pedersen ZEIpF
FEAESE, BHIENT, dipue =1/16 TEAHRCREA
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AR, Hd T 7k AT AE Pedersen 251250 &5 S %
{5 B Data S2 " 2|, ABFRAHITA,

2 HR5HMH

FE RN a. BRI n AT AR IE, Wi
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Tab.1 Scenariosfor different parameters settings ) i
of a stochastic surplus production model in S IMZERIES A ERIZGE 3. & 4).
continuous time (SPiCT) J1 % 2~6 1 B Fusy . Faoto. preFaor « preCaon
I R 1 % 2 IR 3 (B g (IR ETHE, n. K. Busy. MSY,
scenario scenario 1 scenario 2 scenario 3 ! 1 2
In(0) N(inl. 2%) N(nl, 2) N(nl, 2) Baoio. preBaoiy Al EEB {EHFf ¢ H¥% KEI T K
In(B) N(Inl, 2%) N(In1, 2%) N(Inl, 2%) %‘(i’% 2)o 7]‘5 Hﬁ/ﬂéﬁﬁﬁ%, 777%3 3 I‘qﬁ‘ﬁﬁ{%i@
In(n) N(n2,2>)  N(In2, 2% N(In2, 2%) 2001—2010 4F 7= & F1 CPUE B9/t i1 5 422 30 L
In(K)(10") N(n50,0.5)  N(n1s0.0.5)  fE(F 1, [ 2), RFENYREET S, £ 4)
) ML 02 §R, J7FE 3 A B CPUE 5k 0y R/,
n0.23e-5, N N
In(q) Ge-1)?) AR50 11423, 0.93, I, ARFRBETE3 R
In(Bau0)(10°0 TR A ¥ 7 £ R VT 1) 5 O 6
R T 4 R 5 T# 6 5 %8 3(3 2) 7% BT AR AE 3 % £ 2010 4E 405 58
scenario scenario 4 scenario 5 scenario 6 N " N N
In(c) N(Inl, 2?) N(In1, 2?) N(In1, 2?) E%é& Fo10 N 0.07, INF Fuvsy(0.70), MSY N
In(R) N(nl,2>)  N(nl, 2 N(n1, 2%) 63.17x10" t, MisZPrr= iUl 10.23x10% t, Y34k,
In(n) N(In2,2%)  N(In2,2% N(In2, 2%) Bao10(251.12x10* t) . L 2010 4E48455 1F g hy BLfil 75
In(K)(10*t)  N(In150, 0.5%) N(In150, 0.5*)  N(In150, 0.5%) W) 2011 4EA 9 preBagii(251.97x10 t)F1 5 b
) N 22 N0 N o T Y EEB(252.42x10° KT Busy(118.51x
In(9) Ge-1) Ge-1)) 10* 1), % 3 W VG R K PG PEBTAR L 9 2 076 2010
1n(B2001)(10* ) N(In150, 0.02%) N(In150, 0.02?) A JEOIR L, B T
AN V4 o
T2 EEREHRENRETERR(SPICT)8HEITESHMBERS A THEEE
Tab.2 Comparison of estimated parameters using a stochastic surplus
p p g p
production model in continuoustime (SPiCT) and other models
0 HTREF  ETHAWERT
ZH ES! EW) T3 EX ES E Lschjefer" Be T 10 71 (™" B+ )
parameter  scenario 1 scenario 2 scenario 3 scenario 4 scenario 5 scenario 6 BB S AR B P s i |
F-EDSP S-F-EDSP
1.00 1.65 1.76 1.69 1.53 1.54
s 3.56 4.70 4.27 4.57 4.65 4.63
n 2.00 1.24 1.46 1.30 1.29 1.30 2.00 2.00 2.00
r 42.20 1.03 1.03 1.03 1.03 1.03 1.41 1.41 0.66
K(lO4 t) 19.11 165.68 270.83 186.69 176.45 182.54 204.70 350.00 350.00
q(lO"‘) 0.374 0.048 0.028 0.042 0.045 0.043 0.07 0.023 0.04
BMSY(IO4 t) 9.56 67.38 118.51 77.62 73.02 75.68 108.91 174.00 174.00
Fusy 21.09 0.83 0.70 0.79 0.79 0.79 0.71 0.70 0.33
MSY(104t) 201.66 55.75 63.17 61.19 58.04 59.93 76.87 123.00 58.00
Bzom(lO4 t) 18.66 145.79 251.12 166.88 156.31 162.37 19.9 303.23 269.42
Fso10 0.90 0.12 0.07 0.10 0.11 0.10 0.09 0.03 0.04
preByn(10*t)  18.71 146.57 251.97 167.69 157.2 163.29
preFoon 0.89 0.12 0.10 0.10 0.11 0.10
preCzon(l()4 t) 16.59 16.95 16.68 16.87 16.90 16.90

EEB(10*t) 18.71 147.14 252.42 168.24 157.81 163.92




5514

M SE: LT SPICT ALY X CHE A PR A5 i Ji) 303 B] AR 7 3 22 £ 178 8 DA 173

* 3 EEREHRENR K2R E(SPICT)BKEREISHMRRRIE
Tab. 3 Diagnostics and checking of catch residuals obtained by a stochastic
surplus production model in continuoustime (SPiCT)

S0 parameter 775 1 scenario 1

J7% 2 scenario 2 J7%E 3 scenario 3 J7& 4 scenario 4 J&& 5scenario 5 JiZ 6 scenario 6

Bias p-val 0.62 0.60
Lbox p-val 0.40 0.39
Shaprio p-val 0.58 0.59
RSS 469.25 330.92 114.23

0.69 0.60 0.60
0.42 0.40 0.40
0.40 0.58 0.58
291.39 239.81 305.79

4 ELEERREHR & 252 (SPICT)CPUE R E S M AR AT
Tab. 4 Diagnostics and checking of CPUE residuals obtained by a stochastic surplus
production model in continuoustime (SPIiCT)

2 parameter J7 % 1 scenario 1

J7%E 2 scenario 2 J7ZE 3 scenario 3 J7ZE 4 scenario 4 J7ZE 5scenario 5 J7 % 6 scenario 6

Bias p-val 0.88 0.87 0.78 0.86 0.87
Lbox p-val 0.26 0.26 0.28 0.27 0.26
Shaprio p-val 1.00 0.98 0.93 0.98 0.99
RSS 4.93 3.18 2.96 2.09 3.15
60 —=— JAYI{A observed i
Rt 3 e
EPYIIE &L g SPICT U 463 A IR (L7 ] P 3
£, AR soenato § R AL SRR (0 CPUE), T 4U4R #0747 B,
ol \ S0 15 B EE B T OB 2 L E A
N Ny EMEREVERITART, DU a.p R0 BRI,
012t 45 58 DL 47— 5 2B (% 2), T L

0 1 1 L L 1 1 1 L L )
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
4 year

B 1 VYRRV BT AE N 2 A A i 5 A R S5
WEFE T SPICT BB Ah 1T =BG F
Fig. 1 Observed and estimated catch of /llex argentinus in the
southwest Atlantic Ocean from SPiCT under different scenarios

10¢ —=— YA observed

e 7 2E T gcenario 2
J7%& = scenario 3

—®—-J7Z& Y scenario 4
7548 Hi. scenario 5

J54E7N scenario 6

CPUE/(t/d)
o0 Nl

~
]

[=)}

5 L L L L L L L L L ]
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
44y year

B2 PHRI K P BT EE i 3R 6 01 4F CPUE 5 AR 241
BEE T T SPICT BRI it CPUE #Ll45
Fig. 2 Observed and estimated CPUE of [llex argentinus in

the southwest Atlantic Ocean from SPiCT under
different scenarios
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ST E RS IR ME R R XI5 2. 3 Fl 4 1Y
FTHEs R, I RE g WATRAEIRRFRE |
IE] T SPICT #i8 K. B EHMAETTGEE 2), Frlh
q WAL AU N EE, el ¢ LR
T T 455 SR 10 M T ORS00 1 T B — 2B 5%
i g P AU g s 0 R R B, A REE A
K C=¢B K151 q (67 73 5E R E B, g HIFEE
S3 0 I B AR

SPiCT I F-EDSP. S-F-EDSP ¥k D3| 43 7
LR LA AR A 2S ALY, SPICT HBEAIZRG
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R 2 5| A U0 Ak #2522, T F-EDSP . S-F-
EDSP 43l & 3k T RIE GBI 7 1 J 42 7= s
RV T2 G AR A F O I 5 N+ &R 1
PRBE R ) B A = AR Y 5% 3 R Y SPICT
PRI 5 S-F-EDSP 5 % PR AL WY 2 411 Bogio A1
MSY [Atii45 AR # ML (% 2). Chang IR
it 55 TS P BA P AT AR A 3 S f e, B MBS
5T R B 2007 475 A= P T iR KR R R, 2007
AR E KRG . B TS SO v L B A B BT AR A
WA R 54.55%10% t, ZIE T HAb AR
Giihre i M AL E, AR5 MSY 7E
58x10*~63.17x10* t JU I A A3, BIFE 3 F
(%) SPiCT #i#1 5 S-F-EDSP AU 11 MSY %
A, T S B A F-EDSP BB MSY 1t 5
(#2).

ANFHSE, Jr%E 3 Jesi & T W SPiCT A%
X B AR SR A0S % 5 K Busy F r (43510 270x
10* t. 118.51x10* t Fl 1.03)fhiit45 -5 S-F-
EDSP(4351 9 350%x10% t. 174x10*t F1 0.66)FF1E4L
KEFREFE 2). ERRESFWEFET SPICT
BERIFN S-F-EDSP A5 78 {155 74 JL Atk (S-F-EDSP 45
TIJEAE Schaefer 158 B1JLAE | A4 2 (4 PR 55 R 1980 4%
FERIRNANFESL, AT Re SRR R A Y SR A
2R M iR 2247 5% . SPICT AR S-F-EDSP #7134
KT 0, 1 S-F-EDSP MERIYE % B 2K
WA B 7 1Y St T35 8 2% 58T 7= 5P ) =
Yty SST G ZE, K% YIRS Z P EELE |
FRIEIVERD . #h70 . AT PE 2R MORARIR 22 15
Wi, X A] REZ 4 % SPICT FEiAUHI S-F-EDSP #5iY
SHANT AR KR EF R HE Z — XA
V18 9 AR TP Aty 245 5% X2 2 BT AR A2 1 5% A 11 6 5 oAb
TR AF K, 5 H 2 2 F 5T 45 PO A —
Ho, REFOZ BT TR #2, B i
R F=CyBy, I HABBE M3 i 35 i A 1
204 20 PR bR AR LR 22, AT AL
2 F, VRS20 Y B R 48 e . AT
e SPICT AR ARIAE Ay B[] 74 22 455 7030 4o 7 #2(8)
B FAE R — > Bk AR I () 2k A, RT3
AR B AR R AR AR T AR, XA A
Fif DR T OSSR {1 A8 v AN e U A LN 1R 2 1Y) R,
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7 AR TR Ak Ao AR AU R 25 I T T v . BTAR
TV 22 A R FE o A7 U 2 T AF PR R T R ) 4
R RAR Gy BATIHREE N T ALK, IR
Bl 271 A A= AR Ak, BATAR A i 2 5 LAt Yl b 2
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AW e PR BR(CPUE) B LI 5 22 1) SPiCT BEAL, i
Ak, SPICT B4 S-F-EDSP # BB 4R 325K A%, 1
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T 25 i LAY N At 2 TR AR T3S S B A PR
i ) U BT ARS A 9 2 1) B R PTEA

SPiCT HiAUEXIFPRE A B ik, R4
AW R 2 T AR 3. & 4), B
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PR BRI Z3 BT . SPICT ALK 31 F0 0 1) A
1 2 T X R A A PR L i ) S B A A
F AR VEAN 1 52 M B ek /D AN o P I
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Abstract: Fisheries-dependent or -independent data are often limited in fisheries stock assessment, particularly for
cephalopod populations. Cephalopods are fast-growing and short-lived ecological opportunists, which contributes
to the difficulty of swift data collection, as well as presenting the challenge of modeling fast and flexible popula-
tion dynamics. Consequently, most cephalopod fisheries are currently managed using precautionary approaches
without regular stock assessments, although multiple stock assessment models have been used to evaluate many of
these stocks. Under these conditions, stock assessment with limited data becomes a problem that must be solved
for the adaptive management and sustainable exploitation of cephalopods. /llex argentinus is one of the most im-
portant economic cephalopods in the world and is mainly distributed in the southwest Atlantic Ocean. It is also one
of the important species targeted by China’s mainland and Taiwan squid jigging vessels. In this study, we applied a
stochastic surplus production model in continuous time (SPiCT) to assess stocks of cephalopod species in
data-limited situations, using Illex argentinus stock in Argentina as a case study. SPiCT not only models the dy-
namics of the fisheries and biomass but also incorporates observation error of biomass indices and catches. The
model was fitted to time series of catch and biomass index data during the years 2001 to 2010 under six different
scenarios of parameterization. Parameter estimates and stock status from different scenarios were then compared
to evaluate the impact of parameterization on fisheries stock assessment. Results showed that the optimal parame-
terization occurred in Scenario 3, which set the prior distributions of K, r, and ¢ based on previous studies. Under
this scenario, the stock was neither overfishing nor overfished in 2010, with lower fishing mortality than the fish-
ing mortality under maximum surplus production and higher stock biomass than the stock biomass under maxi-
mum surplus production. The annual total catches were lower than the maximum surplus production. Compared
with other continuous surplus production models (e.g., S, F-EDSP, and S-F-EDSP), SPiCT turns out to be more
suitable for short-lived species in data-limited situations based on this study. In addition, the initialization of
catchability coefficient ¢ highly impacted the parameter (e.g., K and r) estimation of SPiCT. Optimizing the
parameterization of ¢ will improve the application of SPiCT in stock assessment of I. argentinus, which needs
further investigation.
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