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Multiple fisheries for the common squid (Todarodes pacificus) stock, and the
application of a Bayesian state-space production model for its assessment

Dongyoung An

Department of Marine biology, The Graduate School,

Pukyong National University

Abstract

The common squid (Todarodes pacificus) is an important commercial species
accounting for approximately 15% of the total fishery yield in Korean waters from
2000 to 2018. In addition, it is one of the representative species caught by
various fishing gears. However, in South Korea, multiple fisheries of the
common squid are not systematically organized, and stock assessment of the
common squid has not yet been conducted. Nonetheless, given that the catch
per unit effort (CPUE) and yield data collected over a long period of time for each
fishery are recorded, the use of the surplus production model may represent an
alternative strategy to overcome these issues. This study aimed to clarify the
schematic diagram of the common squid fishery classification and to apply

common squid data (CPUE and yield data) to a Bayesian state-space production

vii



model.  Analysis of the multiple fishery using the Bayesian state-space
production model with multiple CPUE data was performed, rather than with
single CPUE data being treated independently. Numerical optimization was
performed using the TMB package in R, and the point estimates of the parameters
and uncertainties were calculated. The estimated annual biomass was in the
range of 2.83x10° to 9.95x10° MT, the estimated intrinsic growth rate was
1.06, and the estimated carrying capacity was 970,501 MT.  Moreover,
maximum sustainable yield and its corresponding biomass (Bmsy) were estimated
to be 258,793 MT and 484,250 MT, respectively. Comparison with available
results from stock assessment of independently analyzed single fisheries revealed
a large difference from the estimated values, suggesting that the results based on
single fisheries may not be reliable. Hence, stock assessment based on multiple
fisheries should be performed in order to achieve a more comprehensive and

reliable stock assessment.
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R g oH(Kim et al., 2018; Sakurai et al., 2000; Sakurai et al., 2002).
ol glgFo] 543 ATl wel Ao o= 2007d, TAC (Total
Allowable Catch) /5ol A7 3o, 20192 7|= 0 =2 571
AAMBEE o, sAHTFTIHEE o, A7 o4, o

AT o], AEol @ AT o] d)o] e o] TAC thdold

e dRAHA By didselete Aol 4171 €] <
3l ol F 2170 oldellA Aol E o &3t gler, 20001
FE 2018741 ] o|H ojFHlT= Ay = u ZaAH7I
THTTHES, HIEE ool T 2ol o2 senE
At oJElFo v FANoR AeAdoE xYst 9
ot 283, HEAE oy 9 1770 o eq., AtET, FEol

EA AL, Sl F50] 8 E(bycatch) 24 A2 FolE =9

st o] EH|F T Aol o FF oF 14%°]t}. (Figure 1).
Ao Aolo] thak AEgATRE Ao Aol HA R

73 A 7-(Kim et al., 2011; Kim et al., 2016), A &3} A <ol 3 A

“*(Sakurai et al., 2000; Sakurai et al., 2002) S-°] 2l ow, & A7+ At
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IL2 2R o A=

2 Aol AFEE AeAo] AE& 2000 FE 20181
HA ] AE¥E F o A8 F7|7He @y o

(CPUE) AtEolt}. CPUE Az Atz zHd
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o] oF 33.5%E AtAlsk= W EE(large trawl, tw), F 27.3%
£ Ak A w7 (igger, jig), 28 Al °F 42%E AFA Sk
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CPUE A5 =A 3l 37§ offiRks 1 & olfr+ 3l o<
o] 201815 710 & A2 A o] TAC (Total Allowable Catch) T4t
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233, 254=5 71FSt. 1 %, S-S WEESiUrE 201549
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HEH, Jdld AT 2715 YER = CPUES] T3 2k F4
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(intrinsic growth rate) 72 3 Ki= 0] £ 58 2(carrying capacity)
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3 FRE JEEgo 2N, AR = 2 =} (observation error)ll

A gFo] 7 9 2k (process error)E F7H 0.7 17 sk o]

B
B..= [Bt +rB, (1—?)—Yt}exp(gtp), where &’ ~ N (0,a§) (4)

I, =qB, exp(e’), where &’ ~N(0,57) (5)

o] 0o]aL kel 242} ¢f, 0?1 A rEEE wETa 7Y sk SlTh
A= gk A @), 6)F 44 @ w78 A (process equation), ¥
= W4 2] (observation equation) . & F-=2m 34 @5 E O
224 QB E 1174 F S (fixed parameters)7} obd, AE] W

(state variables)= 7}g3st3itt. B, & JH WE=E 7o 2 A4,



B, 2 % F7 | (point estimates) % &S FH3sch wbd

o, %5 oAt BgwdY olsl dolE] fa Y oAz

iy

A 2Rl @AHE O v]skrh(Winker et al., 2018).

-], 2 ATelM s A HA5e b A8, &
4 Ao Bae2)Hh B2 0o HaHe2)e AR BAF gho
24 788kt (of = o2). 1Este], th=2] A (6), (1) #Zo]
g ool BAky = 9219 BAalko]l e HAF Fh(e?)E F

Zkar 7178 1t (Polacheck et al., 1993).

t+1 T

B —[Bt+rBt(1—%)—Yt}exp(gtp), where ¢” ~N(0,6°) (6)

I, =qB, exp(g’), where & ~N(0,5°%) (7)
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Biolgle Weld AH T Yol AN U J)E

of A9 7bE AAsh meolth Zzhe] Boleld CPUE 4

4

v didEe] Ao A AlE 27] (relative population sizes)E
et o, &3t A1ZHE F JlAl 27] (biomass)ell ZFZF H] ]l

3l kS 7F- tH(Hyun, 2017).

B, =bKexp(e)), where & ~N(0,5°%) (8)
Bt p p 2
B..= BIJrrBt(l—K)—Yt exp(e’), where ¢ ~N(0,07) (9)

I, =d,B.exp(g'), where &' ~N(0,0%) (10)

A @), 2719 AAHB,)E F5b)el Aol $HFEHK) %
7 B exg med goEA stk A (9)lA, F4

shaA sk Al Z(biomass) S A A ool F AU



oW, B Heodls wHd deAo F ofFyE HolH=Z
A

AHE-sEgi ). o Y (fisheries) o] &5 f, & & (the beginning of year)

o)
_IIN'

HZ}\]
-

= R e A (107 2ol Haojdd, AR #

2 Vet AwAow Boldd CPUEE 4940 & A4

=

ol tjall 22t thE o] § 5 75 (catchability coefficient) g, <}
= 2 2(observation error) & 5 7HAURIL R sofF shA R, 2 <l

ToM = A HA ke kg AS s, A (8),(9), (10)Z o]

&

A oA BAkaR)H o1 #5249 EAkof)e AR TS
o= P 188k, 4 (6), (1) 2ol #E 2k
wAb ol BS e 249 Fake] 22 At Hl(of)S Tt
7Hg skl

el By oA AF7] 23 #Hauto-correlation)©] EA T 4

W71 wimell, ¥ AAs AEa B E FHul $EFEHK)E W

Md

wOZA 2 (8), 9), 10)= ATFABATH(R =B /K). 281 %
el logs FHOZH logPy, logPy, 123l logly 7} th2] 2]

(11), (12), (13) 3} o] AR EE H L5 2S5 AT
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logP, ~ N (log(b),0?) 1)
logPR,., ~ N(IOQ[HHRG_R)_%}’GZJ (12)

logl,, ~ N(Iog[quPt], o) (13)

AL (Bl vldEetE g TRt AS 2y FA e,

S0l CPUE AR S FEHEEA sty GRIE Jiiw

X E mEry 7Pgsidiet H A jig, ps, tw 27 Za Al ] o]

A, EAT o, HIEE oJd= gmlsttt. o8 CPUES
3

ggom 4 (149 2ol thaF Fite

2 (15)9} ol v AR x| Fd ved 2o e

ogpg A5

lf
=
S
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>
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rlz
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B2 S 5l A (16)
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= (log(d, KR, log(d,.KR). log(6;, KP,) 1)

2 2 2
) o pjig,ps o pjig,tw
_ 2 2 2
z_ o pjig,ps o o pps,tw (16)
2 2 2
o pjig,tw o pps,tw <

74] pjig,ps’ pjig,tw’ pps,tw —‘E 01

b

Al BE F, ofdE A

M
2
ok
ry

AW CPUE A8E 7|Hto® JEzgteo g2 udsigon, 1 3t

o

747} po = 0473 (P < .000), pj, .= 0.208 (P <.000), p . =

0.767 (P < .000)°] t}.

2 (sensitivity analysis)S WIS 2 7S A%



Table 1. & =il °o]&% %7173,
Notation Description Units
Indices
t Ax time
f o AgeE Beolde) $7. A B :
ojlol med. o AL jig=
ZHAET]; ol L= ps= Y A
oY = tw=dd EE
Data
b 7 ALTE 2P A% A5 B -
(i.e., B,=bK)
Prape AT DB 03] 21 :
oA
Prgn AT FES 0]3] 2h2) -
&
Prowe WAL OHEE 0]9] 719 -
FHEA
Y Al Ao F oI MT

<

2000 ’Y2001' ° 'Y2018
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Parameters
r Rad 4R
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ok
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=5 A

[[1 5., ]1= MT/hook
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[l J1=MT/haul

MT
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[[0,,]1=haul™
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Table 2. & R dlof o] &% HFo AHFEE, K9 r B

%
k)
>
)
Shs
2]
il
=
)
=
S
o
=
[d
o

4

9] E!“—}F—( 0_2 ' qjig ! qps ! th )Oﬂ

s AR
K Log-normal (13.84, 0.18)
r Log-normal (0.16, 0.11)
o’ Non-informative
Ujig Non-informative
Qs Non-informative
Ow Non-informative
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IL 7. "]o] Xt WHHE

74 @2 ¥ A (process equation)¥ ¥ zF WA A
(observation equation)oll T3t ¢-E3t=rt AT 7o sHgslo

2R T2 24 (17), (18), (19)3} Fo] FEAI8H

1 (log P, —log(b) )’
e sl : 17
(G | ) \/% pl: 20_2 ( )
YV ]
L(K,o%,1,P|Y)= el .
( 4 | ) g 2770 p 20_2

2019

(0o 0 thin0* PN =] [ (27) 2 |Zl_zexp{_%(' Uy (1-u) | (19)

2000

Y = (Ya0001 Yao01r++*+ Ya018) » AR I=(|Og(|jig,t):Iog(lps,t)1|Og(|tw,t)) ]

.
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= 2 (182 g -2 (process equation)o A

(r.K,o’,P) F4& 9% g, Al (19 B A

=
= TT, -1

o

5 g oltt
S5 3 2 (17), (18), (19)& Fe AF % Fr(joint likelihood

function)= =2 A (20)¢} U

L(K,07, 1,014+ e Os P10, 1Y) =

(20)
L(c” |b)- L(K,o?,1,P|Y) - L(0jqg:Ups: Gs o, P 1)

Pr(r,K) =Pr(r)Pr(K) (21)

ol F, ol =(Bayes) el wieh, APAFRIS ARAARLE

FLghrel HlE e Ae s

o 4

)

R & E9|o] TMB packageEs At&-3te] x| H A st& A
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Al3FS] o A e ¥ S (state variables) 2} 177 X <=(fixed parameters)

o

= F4stt. AElWaE= Laplace approximations £3f % &
DA o7 | asto 7 A FHEE (marginal distribution) = AlAFS}
U%; j‘XC—)] E‘{’: 9=(r’K!qjig’qu,th,02) g]‘ @'7‘” ﬁrﬂ —C[)—EHO]_lﬁ

(maximum likelihood estimation)S %38 +74-& 3t}

L(@|b,1,Y) :j f(b,P,1,Y |6)Pr(r),Pr(K)dP (22)

0 =arg maxlog L(|b,1,Y) (23)

P = mode of L(P|6,b,1,Y) (24)

28] 3, e A% P TRl 4 (24)9) 2ol P AMER-E ] )

TMBe} A% %55+ tmbstan R packageE ©]-83}o

% 5,000,00071¢] %ES F&

<
O
<
O
8
3
=2
5
LQ
o
2
l
=)
32
lo
&

Wl (burn-in) A28kt 12, FEE L o] A

S AAS ] Yel w100 A EE-S 3531 Ththinning).
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7 A%, % 2500009 WES ol getel AFEES Pt

77t o) ASREIL YAE F, AAFREY 59 o
B9l z2}7] AFa(auto-correlation) 2] A =S sk 3 S AA|
Stk ¥ AN a7kA WS o R AFREY S
oA g 27] e A7d-S Hskeltt: (i) Raftery and Lewis
statistic, (ii) lag 1 auto-correlation, (iii) the ratio between the time series

standard error and the natve standard error, (iv) AF-&&X 2] HE. R

2L E 9]o] CODA packages ©] 83t A= skt dnl

off

2] © 2 Raftery and Lewis statistic®] ¢]<=4] <1x}(dependence factor)
zrol 58t} Z 7 lag 1 auto-correlation®] A 3}gko] 0ol 7H7h2:
W], “12] 37 the ratio between the time series standard error and the nawe

standard error2] ZA}gko] 1o ZAEIH FAHE ALEE

5=
iy

o]

==
1=

o

i sk 5 gle

28



st ol dvieh Rl 5

S

fo19] o] 74 vid 4o 7o

o

=L
L

7HA a1 2

. @3

[e)

Tk, 21 %= o=y

°©

3]
=

ol

2000d -] 20183 714,

e o7, o

1

7_]

14 TH(Figure 4).
7}

o
-

°

o] oF 90%

o

ol

i
pig

bl

SHA] kkth(Figure 4).

2 g

N

29



S
od||od m_
Bo| |80 | K || & ||
od||od| |50 |70 0
R [|=| [Klo||Klo Ko
7®0||®0| |5 || =
= ||| [Au| | A an
EIIEEUIE) 5
An| |Au| (|| T
20||o7| 1T ||%||=
Jo|| 3o H_,_uo
||z
|
70
7 le
iR
2=
z| |®
T I
&0 7o ]
ol ol wl| ol |
I A il AR
A|._ Ll; 180 __m__.m 80| |0
2 |® = = |4
0 180 o
=T Klo 1Ho
3 a2 =l (D] ke
0| |=- JF
=2 sl al Xl =l B
o0 oo = 73 = s
ol 3 i rJ o 4
| 1 | ] 1 ;
I r
31
w |& 31
g E S
oju o g
n| A N
Al o i~
H
L _ s
Py
-}
o
il

| ieree | [z | [=mxe | [

oo

I.

A

Fig. 4. & Aol A A A

30



7] 9

A3

=
T

AZF(B) =

x7] A}

b,

HtoEN A4S

s 4

= 72X (sensitivity analysis)S A 2]

Mo

A<

#t

Sk
=

}oith bell of

S Yo 1Hs

SRERT R

b=

54 5 STt (Figure 5).

1.028°]1 4 7}

=1.028)< <]

betl 12 Fh(

ARA APRREEE

(posterior distribution)E % 3} th(Figure 6).
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Table 3¢ YERAH Hfg}
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5

A

B3t
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=

(auto-correlation) ]

& H

~
2]

—

0

¢+

Toll

B
ol
o
TR

}-

7_]

7_]1-

W 7k (modes) . & AF&-3}4 T,

..
T X

A}

A=

=
T

_]

S
=

-ﬂ

s

K)= 77} 1.06, 970,501

2=
2003 Hoj

B2l
T

ﬁo
B

iy

3.93x10°°

v

254 2] F 4n]o

233

245
151x107°, 0,

ol
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IL

Fe 715

3]
2l

4.05x10°, q,
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(credible intervals):= Table 4| L}EFW H}9} 2o},

Brolds wes et Joag mds
49 o]dd Ax'H CPUE (Predicted CPUE)$} CPUE A}&.7F H]
W A= oS3 ZokFigure7). FEE ojdE =¥ CPUE:E

T AT o], B o}, HIEE 211 CPUE A5 &

B aEs Ao, AA AmelA ZF o] CPUE A=
7} 749 CPUE ARFEE 2] 950 A&7k ¢tof] L= Ao
% YRS

o REs B3 deAd Ad¥S FAT A4,

Aol o] Ho ool AAFE Agte] Aol melt A FAT A

© % H7}= 9l h(Figure 8b). 53], 2017'd9] A2 283,077
o7 FA¥H 1549 Ml 2002 A-AeFe] oF 28% FF, 181

v}

AdeE FA4 AZ AJAel 20000 AL 29% o E 33

Ao 7 vEbTh 20169 AL Byg Btk WA R HH
Ao Aol o] zpgeko] & o 7HAas S FAET 5 gk
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Table 3. HFol9lS 1elsh REloA FHE 5 ARFREL
Al 7FA] Jg o] ARE-E T} (i) Dependence factor of
Raftery-Lewies statistics (DF), (ii) lag-1 autocorrelation, (iii) the ratio of

the na've standard error to the time series standard error, (iv) A3

o] gH

Na'ive /

AsBe DF Lag-1 T AR 9
: ime .
Autocorrelation Y G203
series
r 0.98 0.0132 1.00 Unimodal
K 0.96 -0.0173 1.00 Unimodal
o’ 1.01 0.0003 1.00 Unimodal
Qi 0.98 0.0057 1.00 Unimodal
Ops 1.01 0.0095 1.00 Unimodal
O 0.99 -0.0061 1.00 Unimodal
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Table 4. HolS 1 et oA MCMC A& S &3l

"

e B AASEae] J FEAENG) B 95% Alggt

(credible intervals).

A
B
gk 2.5% 50% 97.5%
r 1.06 0.53 0.92 1.35
K 9,70x10° 6.13x10° 1.03x10° 1.73x10°
i 0.48 0.30 0.42 0.61
Ujig 4.05x10°° 1.94x10°° 4.45x10°® 1.01x107
O ps 1.51x10°® 7.23x107 1.65x10°° 3.77x10°
iw 3.93x10°® 1.87x10° 4.29%x10° 9.87x10°°
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Table 5. Fdoll& FHAc® 1e BdoA FHE B AR e ] 7FA] ek o] ARE-E gLk (i)
Dependence factor of Raftery-Lewies statistics (DF), (ii) lag-1 autocorrelation, (iii) the ratio of the natwe standard error to the time

series standard error, (iv) AF$-3 2] ).

o LalAdT e el R A Edgte meist 3¢ NYEEte ved 3¢
Lag-l Nate/ /\]_—("5‘ =Ty Lag-l Nate / AL B 5 Lag 1 el A)B BT
DE ) / s DF ; ave / YRS DF _Nalve / Sn
cor?eultac;ion Time series o] e cor?;;c;ion Time series o] e corf:lgotion Time series ] g
r 0.99 0.005 1.00 e 0.99 0.012 0.90 e 1.03 0.009 1.00 @53
K 1.01 0.009 1.00 e 1.04 0.016 1.00 4Ed 1.02 0.013 0.95 @53
o’ 1.01 0.008 1.00 e 1.93 0.003 0.99 e 1.09 0.031 0.94 @+53
Qjig 0.99 0.008 1.00 A, - - - - - - - -
Ups - - - - 099  0.031 0.97 ! - - - -
Oy - - - - - - - - 1.02  0.057 0.90 w3
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Table 6. T o] <]

ol 9506 Al-g--7F,

‘\:L;_g] |

FA A (H W 5h)

N e A5 NPT THE TS A+ NPEES 18 45
= 25%  HAwzgk o ors%  25%  Awa  975%  25%  AW@  97.5%
r 0.44 0.68 0.98 0.44 0.79 1.06 0.51 0.81 1.08
K 7.71x10°  1.03x10°  1.66x10° 6.37x10° 7.90x10° 1.51x10° 7.48x10° 1.22x10° 1.78x10°

o’ 0.02 0.03 0.08 0.07 0.11 0.30 0.06 0.08 0.27
Ujig 246x10° 507x10°  7.90x10°®

Qs 1.04x10° 298x10° 3.80x10°

G, 2.82x10° 1.11x10° 1425105
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CPP.file

/IA Bayesian state-space production model for the common squid stock
/IAuthor: Dongyong An, Kyuhan Kim, and Saang-Yoon Hyun

#include <TMB.hpp>

/I pass missing values
template<class Type>

bool isNA(Type x){

return R_IsNA(asDouble(x));

}

/[ dInorm

template<class Type>

Type dinorm(Type x, Type meanlog, Type sdlog, int give _log=0) {
llreturn 1/(sqrt(2*M_P1)*sd)*exp(-.5*pow((x-mean)/sd,2));
Type logres = dnorm( log(x), meanlog, sdlog, true) - log(x);
if(give_log)

return logres;

else

}

/I square
template<class Type>
Type square(Type x){
return pow(x,2.0);

return exp(logres);

//objective function
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template<class Type>
Type objective_function<Type>::operator() () {

/[Data

DATA_VECTOR(Y?); /1Yt Yield (in weight) at time t

DATA_MATRIX(It); /1t: multi_fisheries CPUE at time t
/Imatrix type

DATA_SCALAR(logb);
DATA_VECTOR(rho);

std::cout << "Yt:" << Yt <<std:endl;
std::cout << "It:" << It << std::endl;
std::cout << "logh:" << logh << std::endl;
std::cout << "rho:" << rho << std::endl;

DATA_VECTOR(modeCV_K); //imode and CV of K, which are
used for informative prior for K;

DATA_VECTOR(modeCV _r);

std::cout << "modeCV_K:" << modeCV_K << std::endl;

std::cout << "modeCV_r:" << modeCV._r << std::endl;

/IParameters

PARAMETER(logr); [Ir: intrinsic growth rate;
PARAMETER(logsig_p2); /[sig_p: the standard deviation of the
process error

PARAMETER(logK); /IK: carrying capacity
PARAMETER_VECTOR(logq); /lg: scaling role, where It =
g*Bt //vector Type

PARAMETER_VECTOR(logPt);  //log(Pt), where Pt=Bt/K; //State
variabls (i.e., random effect parameters)

//Derived quantities

int nyrs=It.rows(); I/Inyrs: the number of years

int f=It.cols(); //f: the number of fisheries

matrix<Type> loglt = log(lt.array()); //transformation to loglt; //matrix
Type

vector<Type> g=exp(logq);

Type b=exp(logb);

Type sig_p2=exp(logsig_p2);

Type sig_p=sqrt(sig_p2);

Type K=exp(logK);

Type r=exp(logr);

Type logMSY=logr+logK-log(4.0);
Type MSY=(r*K)/4.0;

Type BMSY=K/2.0;
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matrix<Type> Sigma(f, f); //variance-covariance matrix for
multivariate normal distribution
Sigma.row(0) << sig_p*sig_p, sig_p*sig_p*rho[0],
sig_p*sig_p*rho[1];
Sigma.row(1) << sig_p*sig_p*rho[0], sig_p*sig_p,
sig_p*sig_p*rho[2];
Sigma.row(2) << sig_p*sig_p*rho[1], sig_p*sig_p*rho[2],
sig_p*sig_p;
vector<Type> Pt=exp(logPt);
vector<Type> E_logPt(nyrs+1); //Expected values of log(Pt)
[Ivector<Type> E_logPt(nyrs);
vector<Type> logBt=logPt+logK;
matrix<Type> logpredlt(nyrs,f);
matrix<Type> predlt(nyrs,f); /lpredicted It;
for(int i=0;i<nyrs;i++)
for(int j=0;j<f;j++) {
logpredlit(i,j)=logq(j)+logPt(i)+logK;
predlt(i,j)=exp(logpredlt(i,j));

vector<Type> Bt=exp(logPt+logK);
vector<Type> residual(f);
vector<Type> nll(5);  //negative log likelihoods that have three
components
Ilthree informative priors

//objective function
nll.setZero();

/lprocess equation
for(int i=1;i<=nyrs;i++) { Ila

zero-based indexing scheme

E_logPt(i)=log( Pt(i-1)+r*(1.0-Pt(i-1))*Pt(i-1)- Yt(i-1)/K ); //because
Yt(nyrs) does not exist;

11'Y1(0),

Yt(1), ..., Yt(nyrs-1).

nll(0) -= dnorm(logPt(i), E_logPt(i), sig_p, true);

std::cout << "E_logPt:" << E_logPt << std::endl;
std::cout << "Pt:" << Pt << std::endl;
std::cout << "logpredIt:" << logpredIt << std::endl;

/lobservation equation
/Imultivariate normal distribution
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using namespace density;
MVNORM_t<Type> neg_log_dmvnorm(Sigma);

for(int i=0;i<nyrs;i++) {
residual = (loglt.row(i) - logpredlt.row(i));
std::cout << "residual:" << residual << std::endl;
nll(1) += neg_log_dmvnorm(residual); //return the negative log
density unlike the other density function

+

//Only for the initial biomass, which is treated as the fixed effect
paramter;

/MogPt(0) ~ normal(log(b), its variance), where its variance is assumed
to be sig_p;

nll(2)-= dnorm(logPt(0), log(b), sig_p, true);

/lInformative prior for K

/IK ~ lognormal(mu_K, sig2_K);

Type prior_mode_K=modeCV_K(0);

Type prior_CV_K=modeCV_K(1);

Type sig2_K=log(square(prior_CV_K)+1);

Type mu_K=log(prior_mode_K)+sig2_K;

nll(3)-= dinorm(K, mu_K, sqgrt(sig2_K), true);

/Inll(3)-=-(0.5*log(2.0*M_PI)+log(sqrt(sig2_K))+logK+square(log(K)-
mu_K)/(2.0*sig2_K));

/Nnformative prior for r

/Ir ~ lognormal(mu_r, sig2.r);

Type prior_mode_r=modeCV_r(0);

Type prior_CV_r=modeCV_r(1);

Type sig2_r=log(square(prior_CV_r)+1);

Type mu_r=log(prior_mode_r)+sig2_r;

nll(4)-= dinorm(r, mu_r, sqrt(sig2_r), true);

/Inll(4)-=-(0.5*log(2.0*M_PI)+log(sqrt(sig2_r))+logr+square(log(r)-
mu_r)/(2.0*sig2_r));

std::cout << "nll:" << nll(0) <<" Biomass"<< std::endl;

std::cout << "nll:" << nll(1) <<" CPUE"<< std::endl;

std::cout << "nll:" << nll(2) <<" Initial_Biomass"<< std::endl;
std::cout << "nll:" << nll(3) <<" prior_K"<< std::endl;

std::cout << "nll:" << nll(4) <<" prior_r"<< std::endl;

Type jnll = nll.sum(); /ljoint negative loglikelihoods
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std::cout << "jnll:" << jnll << std::endl;

/IReporting
REPORT(jnll);
REPORT (Bt);
REPORT (predit);
REPORT (b);
REPORT (sig_p2);
REPORT(sig_p);
REPORT(K);
REPORT(q);
REPORT(r);
REPORT(MSY);
REPORT (Sigma);

return jnll;

+
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