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A State-space Production Assessment Model with a Joint Prior Based on
Population Resilience: Illustration with the Common Squid Todarodes
pacificus Stock

Jinwoo Gim, Saang-Yoon Hyun* and Sang Chul Yoon'

College of Fisheries Sciences, Pukyong National University, Busan 48513, Republic of Korea
Coastal Water Fisheries Resources Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea

It is a difficult task to estimate parameters in even a simple stock assessment model such as a surplus production
model, using only data about temporal catch-per-unit-effort (CPUE) (or survey index) and fishery yields. Such dif-
ficulty is exacerbated when time-varying parameters are treated as random effects (aka state variables). To overcome
the difficulty, previous studies incorporated somewhat subjective assumptions (e.g., B,=K) or informative priors of
parameters. A key is how to build an objective joint prior of parameters, reducing subjectivity. Given the limited data
on temporal CPUEs and fishery yields from 1999-2020 for common squid Todarodes pacificus, we built a joint prior
of only two parameters, intrinsic growth rate (r) and carrying capacity (K), based on the resilience level of the popu-
lation (Froese et al., 2017), and used a Bayesian state-space production assessment model. We used template model
builder (TMB), a R package for implementing the assessment model, and estimating all parameters in the model. The
predicted annual biomass was in the range of 0.76x10° to 4.06x10% MT, the estimated MSY was 0.13x10% MT, the
estimated rwas 0.24, and the estimated K was 2.10x10° MT.

Keywords: Common squid, Resilience, State-space, Surplus production model, TMB

AN B CHEoHAE[Z, AFEl 37 H(state-space) &) o] A AR El-S: 2] 85} 7
] FAsfoF & W7t Sl B F7Ko; Table 1) B3 B

=t Aal] ool A 8 HAITES] 7%, A= el A o] A= MAIFE of| Hafjopqt shrh. A= o] &sFat CPUE
9] TAC (total allowable catch)S 44 3}to] o] & 3} A2 gt o]-88 A9, 11 43 over-parameterization) 4| 7}
I QITH(Sim et al., 2020). A2 A o{(Todarodes pacificus) ©] WRAisto] A A 0] o] oAt dlof| foHFsE s AR F
] T3 TACE Alilsto] o] Fojzich ey TACS] 4t o] ot} o9 o] & FESFLAL I A A AES Tha
Aol o] 87t Ame A ol el g HYHl 7MY & Agoto] Bapss AU FF o8 H
(catch per unit effort, CPUE) o9t g =] o] glojA] Joj A4k = HEHR] 72 27] AIRA7) 9] A} 24822
S A-gsto] ALAE7FE sfjopsh= Adstolnh. Al o Aohi(B=K) 7Hgsto] 24 o] 7 ol Aot

of Ak dof| eRbE wa=0) 7i4== 57(b, 0, 1, K, q; Table 1) (Polacheck et al., 1993; Millar and Meyer, 2000; Punt, 2003;
oly], Adx= Z-HU=37|[A A (biomass)]E random effects= Zeller et al., 2008; Carruthers et al., 2011; Hilborn and Wal-
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Table 1. Points estimates of parameters and their standard errors
from the state-space surplus production model for common squid
Todarodes pacificus stock in Korean waters

Parameter Point estimate Standard error
b (=B,44 /K) 1.94 0.79
o,(=0,) 0.18 0.03

r 0.24 0.1

K (MT) 2.10x10° 0.78x10¢

g (1/Roller) 0.02x10°® 0.01x10®
MSY (MT) 0.13x108 0.05x108

ters, 2013). ol &)k 527} 47 517] Hol o] ej2Hgo] HEalct
wl o] 7F(B=K)o 28l =212l 42 9Lt Tejg 4aol
ofujetal o 7He &7 .

B AToIA 19992020 A17]9] Are o] ofzjey
CPUEE A5Gt} 19994 o] How sh= As| &<
A Aol olgle s olRolizle] Selk a7t
(B=K)yS MIAISISL tAlo] o] wlo|xel Apishe s
(prior probability distribution)& 4§35t X5 F745}
A YA A skarat ki) o] -85 = A= (o] 2l
CPUE)S} B3kt 2190l ALHSHE 228 Hgak Z0| vl
olA]21 o] SIAIRIE, b ATHAIS] o] A9l AT
B3I (posterior probability distribution)of] 1] 2|= APASEE
O] FaFe Eol7|91elA 7hs g A HAP EHE R 2 (informa-
tive priors)& & Z-g3fjof gttt 18 o] F-= F 7jo] max(rat
K) ofvt FRAPASRE R EE 485kl YA Rpsolil
A BAP S-SR 3 (non-informative priors)S 48313t &
5] it} Kol 2|-8-5h= FREAREE Lo A& =317 9
3 A 2191 -2 & (resilience) 7l 'd (Froese et al., 2017)S 8-}
= WS ARSI 2 Aol A= i K37 2] Abol o] A4
UAZE EAstE 2 FRAPIS SRS 283 o o]& 7t
ArmatA| = 123k9it). FishBase (https:/www.sealifebase.
ca/search.php)oll &= Musick (1999)3} Froese et al. (2000)°]
A3k 7 b ol T A laele] slzzo] SAElo] 9.
o] 52 A E- U2 ‘high’, ‘medium’, low’, ‘very low'] Y| 7}
A 0.2 T ReI9Lo0], Z17ke] RSl A4 3l 12 W97}
A A =] 1 H(Table 2 in Froese et al., 2017). A& 2 o] ‘high’
ol 75 12 & 3ol k.

1 o] B 37| Qoliamdlel Aelgle) Eoi
AHEEISE 2lold 719 E iAlel 2Tl Bl A}
EWiE A85to] gk Ao of JfAITe] A IS 3
Shi= Zo|th 53] A3t (goodness of fit)E 3417171 21sh
A et oAb Ele A gskeiTt 2ol ZiEE TMB
(template model builder; Kristensen et al., 2015) 210]E- o]-&
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Fig. 1. Observed yield data of the common squid Todarodes paci-
ficus from 1999 to 2020 and the estimated MSY. The circles and
broken line denote the data and MSY, respectively.

Mz H

0{2l& 3 CPUE %=

aht ALo Ao} Aele] ZojA4 7150l 2le(maximum sus-
tainable yield, MSY)E =43}7] 9] 3+ Ak0 Hojo] ol
3 % o]3]ak 218(1999-2020) (KOSTAT, 2022)¢} 2 Aol &
22 olZshz TalA7] ojele] A el ofge
2H2(1999-2020y2 A+8-5FtH(Fig. 1 and Fig. 2). L8
7] 0131 2] k9 #] o] o] Bk 2006 ] 20201 71| A A A
©40] of gzl of 28%2 XX|a] $hrh. 20201 A7)
o9& A 4. A0] o] 2]3K(56,621 MT)] 32%% AH|3H=
18,194 MTE o] 8302 A 0 A0]Z of 33k of ] 7124
PV e o2l sl S aksct. nreta] 2 Ao aE 2o
7] ogle] QI CPUE RS 9t ALe o] Aelake] 4
9] 2715 U Az (st ert,
HIO|X|X HEfSZH Yo aite 2

St AF9 ZJ o] 2L o] MSY & F4517] Sl wlo] x| AJel
57 Schaefer ol YAt Hells ANE-SIGITE AElE e
2 xp7of 4HkE]E =2 2K (observation error)2} AYEH
(random effects, state variable, hidden variable)o]| 455 =
24 @ 2Kprocess erroryE T ALe{sh= Hdo|t}, AEfgt
Schaefer oAt HHlo] F25 pA o R ERH th
3} 7t

B
B, =[B[+r-Bt (1- ?‘)- Y, ] -exp(&? ),where £7~N(0, Gp2 )
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Fig. 2. Predicted and observed CPUE from the jigger fisheries in
Korean waters. The circles and solid line denote the data and the
predicted values, respectively. CPUE, catch per unit effort.

I,=q'B;exp(e?), where £2~N(0,0,2)

o714 Bz A= A, Vs A= g AR, I= ¢
&= CPUE #Abzo|H, & WA RS, Ks 74584, g=
Y5 EAGE Quidtct. I} (1) TE 2N Bt
o] 00]aL strte] 242 o2, 0291 At EE WETHaL 753l
t}. 17|14 Bi= R4p(fixed parameters)Z} o AR RS2 5
HE ATk

TR 2 Aol A ARRE WS 9] Ak B 7HA] 2ol 7}
Atk WA, LA A 2HE P AI717] fisto] A7 eakef A4
(o) T5e2k0] 2iHo ye M2 SU go = 7Hgskaltt
(0,=0,=0") (Auger-Methe et al., 2016). =4, JHH+ BE
K2 W g, PR A RS8I510(P=B, /K), 4] 2|14 & %
Fgon, AnHog pol 215 3t S A HSE AT
SETE. mhARo 2 ARkl 2718H(B, 0= 783171 13,
L] 2714k K2 Une 32 b2 A3t (b=B, 0/ K), |
UE F7gstsick ¢ W85 Hefshd oha A

log P~N(log(b),0*)

Y
logP, ~M(log[P+rP, (1-P1)—?‘],02)
logI ~Nlog(q'K-P,),0°)

AR

2 AF= wWolXd W EE vigo g mdoA 43k
A} k= B4 3 Ko AR ER S 2890t} Froese et al.

ok

ISR
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(2017)2 A5 (resilience) 7HE-Z ©]-8-50] o] H 4=4HY
& A9 24 itk Kof| thgt APEh a0 AR5 A6t
= = AAISHATE A S] of g ool thgt HEE K
32l 2= FishBase (https://www.sealifebase.ca/summary/
todarodes-pacificus.html)of] th=H, k9 2] o] 0] 2} 512 2
‘high’o|t}. o] 7%~ Froese et al. (2017)°f] W& ro] H = 0.6
ol A 1.50]t}. RHH K= T2 Al of] 9] sf| A4t tHequation 3 in
Froese et al., 2017).

:maX(Yt) _4-maX(Yt)

Tow > “high™
high rlow

o714 K, 2 K, = 47 K9 shetghat AdRtghol™, max

Tow h '

(V)= 7012 At of8le A=) Huh 1, 9} 1, 2= OHA
Ao Aole] Al gelo] 2A% ro] ok} slagho = A
1,.,~1.5,1,=0.6 o]tk

B ol A & K| ASERERA 2UYFRES
7138 i (Meyer and Millar, 1999; Brodziak and Ishimura,
2011). AHASFERE 27ke] ZMIzkmode) SHA AAME &
3} K| eI} shetel Baghs ARSI, =105,
K 092X 10°MT). h APdehER2o| MEAR(CV)=
73kt  4he HT O = AP S E R O] A S OFSA]
71317 59k o) 5 915 APISE R T Zzke] WE A5 S
A& 2 Her} Asfatr] AR ZHA A Ao m
KO APAEHER-22] CV= 22 110%2 A4 = .
SMole 3 B9 £

W 3G 93 wHlo] BHFeE O P L B LE
Ty @2} i Aol thgk 7He e ghepol, L BE5e WA
Alof| T3t 7P g4olch,

(logP,,,, -log(b))* ]
: 20

L= p exp|

2020
1

3 (logP, -log[P+r P (1-P)-(Y/K)])
L= 119_9[9 270" expl- 20° ]

2020
1

3 (logl -log(q¢ K P) )’
L el e

919] Al 5 B4t AEEYHS 7Pysto] ofdlet ol 2
7K Tl Yehz BAT S ek

LKrgho Pl 1, YL L,

3} Kol o ARISHE R nhir A AR Seleta
FPgsteiet. mebd et e AR RES At

Pr(tK)=Pr(1)-Pr(K)
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Fig. 3. Predicted annual biomass of the common squid stock in
Korean waters. The circles denote the predicted values. The error
bars denote plus/minus one standard error.
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dlo] e Pt s (K1 g, b, 0)2 R AZES

019} 7 7] 2] Q1 TMBE AH&-5ko] 57 5131 th(Kristensen et al.,
2015). TMBe] 9jsff o] map52 H7bs = o= 37
=, JEiRlg POl ¢S] = AREE 3 (posterior probability
distribution)] Z|¥1ZE0 2 =¥}, R 7)7]7] tmbstang: o]
£-31o] MCMC (Markov chain Monte Carlo) A&%& AA]
shglom, & 1,000,0007]2 HES F&3519c) 181 HE
0.2 % 5000719 HEL o] g3tel AFHES GAS e,

/a2
22} MO A7 JAdE B AR o o Bl
A}7] 4 auto-correlation) 2] AE=ES Heksh= 3HA4S AA|5L

itk £ ATl 4714 WS vl o SR 49
o] 5L dl 27| Ak A o] A £ A ekslith: (i) Raftery and Lew-
is statistic, (ii) lag 1 auto-correlation, (iii) the ratio between the
time series standard error and the naive standard error, (iv) A}
T 0] e Medoli= R A2 EQJo] CODA 97| A& o]&-
SIAtt YHHA 0 2 Raftery and Lewis statistic®] 2]&4 214}
(dependence factor) 4fo] 5ET} A7, lag 1 auto-correlation
o] Ax}zlo] 0of] 7}7k& uf, 2] 1L the ratio between the time
series standard error and the naive standard error®] A31}H5ko] 1
ofl 77k A A RIS 0] St ek gkt 4 ol

2 o

D40 HEYX|eE FYX[Q

RHo B Rps2 e o FAR o, el e
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Fig. 4. Posterior probability distribution of MSY obtained from
Markov chain Monte Carlo sample sets. The vertical line denotes
the estimate of the MSY.

201514 71A)9] = Ake Ao ol B2 MSY gt
O}, F 5(2016-2020) B3] AFe o] of e
& shelstelth(Fig. 1)
CPUE2| AMghat, MSYQ| =HX|, A-HZ| o=X|
CPUE Atzof #5eat arejs]o] oS4 232 A= gk
O] FAIE 2 HhstATH(Fig. 2). oA A Al ko] Ah g
CPUE #fw g3} vl ghetil 71 8117] whizol of =8 Al
o] F+Al= CPUE #AF=2] AA A} frAFsle. o] S 427 of
AL 19991 o= 4.0 X 10° MTL 48] 31 2.1t 2008 9]
L.OX10°MT 4230 2 7k43h 5, 20218 74%] 0.8 X 10° MT 1
919 eizk Ahelae W ek(Fig. 3). T, vl 2 MCMC A4
E9& Sl AYE MSY S| AR = MSY S A E T
Ao 2 o] 59215 o F= FElE HeERth(Fig. 4).

rab Kofl tier AFHSlE R 2 3 M2 SEEE

& WOl A= Bt KO 2] 2] 2 A31E 557] 918 Fro-
ese etal. 0177} A3k o] 2ralo] & o] 232}
AR E 7HEskGITE Aatd o= A 7 H4Of AR
= AP} = ThEATE B ohE T o] FEE
B ock(Fig 5). 28 34 ATk ALFEE] 2 ol 1l 4]
AFHauto-correlation) 2] A =2 Aeh7| &S W% WHES) )
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