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Assessment of Pacific anchovy (Engraulis japonicus) stock in the southeastern coastal waters

of Korea, considering its immature and mature stages

Dongwon Jung

Department of Marine Biology, The Graduate School,

Pukyong National University

Abstract

Pacific anchovies (Engraulis japonicus) are small pelagic fish at the intermediate
trophic level in the marine ecosystem and a commercially important target species in south
Korea. A total fishery yield of the anchovy stock in 2020 was 216,748 MT, which was the
largest yield over fishery yields of the other coastal species. About 67 % of the fishery yield
of the anchovy stock was caught in the southeastern (SE) coastal waters of Korea. Anchovies
are often sold as dried anchovies. Dried anchovies are classified, according to total length size:
Se-myeol (minimum size anchovy; < 1.5 cm); Ja-myeol (tiny anchovy; 1.6 — 3.0 cm); So-
myeol (small anchovy; 3.1 — 4.5 cm); Joong-myeol (medium anchovy; 4.6 — 7.6 cm); Dae-
myeol (large anchovy; = 7.7 cm). Data about yields caught in the SE waters and length
compositions in those yields by the anchovy drag net fishery were available from 2009 — 2018
(data source: Statistics Korea and Korea Maritime Institute). | made semiannual catch per unit
effort (CPUE) data, using values of catch and efforts uploaded on the National Institute of
Fisheries Science website (https://www.nifs.go.kr/), where semiannual yields (catch part) from
the drag net fishery and the number of vessels (effort part) for the fishery from the
corresponding time were available. The number of fishing vessels was used as the fishing
effort data because the other information such as fishing hours was not available. | assumed
that Se-myeol, Ja-myeol, So-myeol and Joong-myeol were reproductively immature, while
assuming that Dae-myeol was mature. | applied a state-space surplus production model for

the stock assessment in the SE coastal waters, treating timely biomass as random effects. A



new feature of my model lies in predicting each biomass of immature and mature fish by time
as well as estimating the other parameters. | used R package, TMB for implementing the
state-space model. The maximum sustainable yield was estimated as about 255,898 MT. The
carrying capacity was estimated as about 765,189 MT. Predicted biomass of immature fish
was larger than that of mature fish. 1 also performed model validation by simulation. The
result of model validation was that bias of all parameters ranged from -23.5 to 42.8 %.
Additionally, 1 applied a different assumption regarding immature and mature fish: immature
fish (Se-myeol, Ja-myeol and So-myeol); mature fish (Joong-myeol and Dae-myeol). Under
this new assumption, predicted biomass of immature fish was smaller than that of mature fish.
Therefore, Joong-myeol is at a key stage, which determines immature vs. mature population
sizes. If maturation information such as gonad weights were available, this confusion would
be clarified. Results in-my study should not be used for actual management because the
CPUE data do not represent a relative population size. | would like the reader to pay attention
to my methods per se, especially the new feature, which is different from the traditional

surplus production model.
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im 1] /3 o] (immature fish; im).

ma ’d ] (mature fish; ma).
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H1 47T <o =L

H2 sHRb7] (7 - 124).

ESS Effective sample size.

obj -2 &= (objective function; obj).

i oAy 3£ (i ={1,2,:--,500}.
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Stk ®MA, W7PE A AdR o] ARE o E 24 AZ A v o

of sigdsts AR, Ad, &, T 470 o3 s AE dEA &

A A A g ek o] P A (ME: 0.246 g; AHE: 0.481 g5 A~ 2.196 ¢

cH14338Q) E A4 HlE F Gkl Eo®, ¢k ghs v 5 vl

=

QR A, 2, F vFLR] )2 o] Fol, W) wl 4ol
2o W FAE Feheleh, mhebal, wod v o) @ vhelel B TAL
MR WEAE TS ST 6). W Ao & vhelel Fa R

Al Weme) = HE 2] AE A o wha] o] 357 (5.89 g) & o] &3kt o] F
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2 ARRRE 520 W71 v)4go] 3 vhele) B A (W) 7HEA )
ATl v1gol o vhel el BRRAS thalsha, wE Hol @ vl o) Hit

]_

ol

T Womg) 7 BA AA 0] Aol o vhelo] BFFAZ DSt 7Hy

e,
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¢H-¥10¢
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¢H-TT0E
LH-TTO0Z
¢H-010¢
TH-0T0Z
¢H-600%
TH-600%2

Time

HI = (St).

=
2

18 5. 20099 FE{ 2018 74X| EH2[E 0] d 0] O
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¢H-8T0E
TH-8T0€
C¢H-LTOE
TH-LT0E
¢H-9T0E
TH-9T0€
Z¢H-ST0E
TH-ST0E
¢H-¥10¢
TH-#10€
¢H-ET10E
TH-£T10E
¢H-ZT10E
TH-2T10E
¢H-TT0E
LH-TTOE
¢H-0T0E
TH-0T0€
¢H-600€
TH-600E

Time

St

a8 6. 20094 F 84 2018 7HX| HE7|E O]d

at2| ol & F A (Weim) 24

ate|

St

t71E nlgof

S
—

718 40

H
()

botEl el B 7 (Wema) .

A kS

=RE

ot otE| 2

2H1E 49

(@)=

LIERLY T,

LIEFHHCF.
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II.2. 24337} 49 A

2o Aol WA AUH S g8 T Pol At wel(An, 2021;

Jung et al., 2021; Hyun and Kim, 2022; Schaefer, 1954) o] QWF7|¥ % o] &

O-

(Yp) 2=, v7d 713 dd ofd e d9egd o fF 1) ARE o83t

Rz, ujAdo]-Ado] A o S (predic) = 8 F7H2 02 W7 u]Ad o] of

AME(Sy), W18 vAdo] 3 vhEl o) FAE A (e i), W18 A 3 vl

1o

BAFA Wy ma) S AR ZA Bl L3 THE 3 27 7).

B, =b-K-exp(e,) D
B
Biyi = [Bt +r- (1 N ?) B — Yt] -exp(erp), where t > 1 (2)

I, =q-B;-exp(&,), where t>1 3

Rl Jod Al a2 (1), 4 (2) oA 7 2 (process error;
gp~N(0,02)) 5 1eldte] A= (B,)S ¥ (random effects; state
variable; hidden variable) 24 #5331, 2] Q) oA w9 o] FZ(,)

Ak 5ol tisl] &= 2 2} (observation error; &, ,~N(0,02)) & aeiect. 4 (1)
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ol 27 AL (B)E F D), FAFEH KT FH A (g ,) S T3
A A (2 olA AL o] AR (B ol A4, B4 Sl os) AT
o YAkt (r ( _%)_Bg% HaflFa ol dZ (V)& M F, B A (g, &
aestd S Al H e AL (B, ) 0] dSE T o714, r& AT UA
2 gggolth. 4 @eld @ o fF () AR AR B 2 A

A ] AR2AN AT EAT (@ o A5 22 (e,) & T3l aLefdTh

P; = b -exp(g) 4)

Y
Py =|Pe+r-(1=P) P, — E] -exp(e;), where t =1 )
I, =q-P,-K-exp(s), wheret>1 (6)

a}gﬁu}(zat:%). A D A @A dAE KR ro] Fof A (@), A
G) = d&agla, 2 (39 FHPelM B, =P - K2 dEsto] 4 (6) o=
@& T3, A (1), 4 (2) oA 2 22} (process error; &,,~N(0,02))
o] ®2Hep) 7 A (3)ollA] =2 %} (observation error; g, ,~N(0,07)) 2] &

AH(ed) o] Zrhal 7Hgste) (F, 02 = 0f = 05), TAHA S S BB
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AT (4 @) -4 (©6).

e & d7elA 71E dE a3t A8 d (A (D -4 ©) +

o

PhEL R

1ot

Bt,im = Bt " Rt (7)

Bt,ma - Bt - (1 £ Rt) (8)

HE71E A E (By) Al M REZ1E w1 /dof AR (B i) ¥ WEZIE Ao A}

LF Bme) = Est7] flal] RE7]E QA 2R =Fol ti st v Ao 2o ]

& (Ry) 2 Er2A g =0Tk (A (1), 4 (8).

By 9)
Nt,im = Wﬂ
t,im
B, (10)
Nt,ma = w e
tma

(1D

2 (1), A @A -3 w7 Ao} AR (By i) ¥ RE7IE A o] AL
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L (Bng) = AR W71 w0} & wie] o] g7 (W i) €F REZ1ME
gol 3 vk & BEFA Wy o) B A4 W7ol m o 2=H 7] m)/idof Y
AT (Ng i) F 9719 A o] THAF (N o) & T-3FRATH(A (9), 2] (10)). Wb
718 F WA (N = w71 v)idof 7RAl= o jE7I Ad o) 7RAl=9] o=

TeFATH(A (11)).

Yiim =Y - S (12)

Yt,ma = YC " (1 - St) (13)

71 F o AR (V) 3 R mA o] o FHlE (Sp) & 0183k W

g
A
oX,
2
2
ot
ofi
=
g
:LI
iz

718 4o AL Vyme) = ToFATH(A (12),

2 (13)).

Y, :
Ct,im — t,l.m (14)
tim
Y,
Coma = tma (15)
tma
C; = Ct,im + Ct,ma (16)
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71 w)2d o] HAG (Ne i) 2 WE7TR A0 WA (N ) & T8
WRAE, A (12), A A3l 75 HE7E v o] o HRE (Y 4y, o VT
dol A (Vpme) = AEUA RE71E v]Ado] & whe] o] B 57 (wy i) oF
HE71E Aol g bl o Fi Al (Wepme) 2 22 Uro]l o254 RE7|E 7
dol AR (Coim) & REZIE AJo) A APEIF (Come) & T3 TH(A
(14), 4 (15)). H7PE § o g8l (C) = "7 v]Ado] of fmislsg)

w7 Ao] o] Enlels=o) 3o w Tatedth(A (16)).

ét,im = Uim " Nt,im (17)
CA’t,ma =Ungqg* Nt,ma (18)
ét = CA‘tf,im + ét,ma (19)

u]Agolel] g o) 8B () & WM E AT ARE BEEA 1
71 w1 A Ny 9 F& F 2718 w15} ol k3l o5 gk
(Coim) & T3HATH A AD). o1l Thet )2 E () T WEE 2
i P E BEEA W o] A (Nypng) 9 #& B3l w714 o]
A FHokel 5 NS (Come) S TIHATHA (18). WIE 5 o} okl o5
G W78 v o] ol Hukgl Sy o St} w1 o] of Hutel s o
gel o Farlth(al (19)).
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] :Ct,im (20)
Pt,im —Ct

Ptma = 1- Ptim (21)

9718 04 o] o] BnhR 40 BB (pyi) S W1 WO} of Fulis
(Coom) ® W71E B ol BRIS(C) 2 vhe OB THAT (A (0). W

718 ol o kR Bl (Prma) S 1614 W71 B) o) of Huhgisel

H&S W gho Taee(4 2D).
5 = Ceim (22)
t,im Ct
ﬁt,ma =1- ﬁt,im (23)
H718 v g o] o] FulslS v 89 oS3t (By i) S W7 1A o] o] Fu}

A AFF (Cpim) & W71 T AF0IEIS 53 (0) 02 e gto®

(e}
)
@
iv)
>
~
~
FE
~N
g
oX.
2
2
ot

d

P15 01 2] o138t (Bpme) & 10141 1

W ujdo] o] EulEl S Bl g0 o S2kS Wl gho = e tH(A (23)).
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a

ro

@) L,: logP, ~ N(logb, 5?)

(d)

Ly: (Ceims Cema) ~ Binomial (ESS, (ﬁ;,im.ﬁt,ma))

Yy, St Wt.im» Wt,ma

Ye

Y,
®) 1. logP,,; ~N (log (PE +7r-(1—P) P, — ?t)""z)

o)

(c) Ls: logl, ~ N(log(q - K - P.),0?)

iy

Ct,im- Ct,ma

Pt,im» Pt ma Pt,im: Pt,ma

fe \ ESS
7. 2ZE0 e R H =2 e X (directed acyclic graph; DAG). A2 A2 & 2|n[sta, A1 B Y
D49 MEfHSE QN|FHCt. (@) Ly: logP; ~ N(loghb,2). (b) Ly: logPryq ~N (log (Pt +7r-(1—P)"P, —% ,a2). (c)
: logl, ~ N(log(q - K - P;),0%). (d) Ly: (Cim) Ctma) ~ Binomial (ESS, (ﬁt,im,;at,ma)).
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0.2.2. $£8
oA $-x 8= (likelihood function) = F 4714 (L,, Ly, Ly, Ly) 7} 1L

HE AT GE 3 2™ 7).

Ly: logP; ~ N(logb, c?) (24)

Y,
Ly: logPyq ~ N (log (Pt +r-(1=P) P, — Et) ) 02> (25)
Ls: logl, ~ N(log(q K * P,),d?) (26)

Lyt (Ceims Cema) ~ Binomial (ESS, (Bt ims ﬁt,ma)) 2D

Ly} Lol A logP, &} Lol A logl = BFw s 7Hg3skiat () (24) -
2 (26)), Lyoll A REZIHE w]4d o] o Rt (Cyypp) F REZIHE A0 o] Fm}sl
F(Coma) 7t VT EEE 2 02 7Pgskdth (4] (27)). LyolA ESS&

effective sample size24 69% = gtoz Foth. 479 =g, o

Aoz mH A4 (28) -4 (31)).

1 ( (logPl—logb)2> (28)
Ly = exp| —

V2mo? 2072
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AR )
20 1 logP;,1 — log (Pt +r-(1—P,) P, — ?)
L, = D s exp| — —
Ly = ﬁ ! (logl, — log(q - K - )’ (30)
P 1.1 V2ma? exp 252

i ESS P . (31)
L, = 1_[ : ) (A ' )ESS Dtim (,\ )ESS Dt ma
* t=1 (ESS ’ pt,im)! (ESS . pt,ma)! Ptim Pt ma
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o 225 () 3 AoTel e )T THE () & MEHEEES WETHT 713
o]

stltt. AT WA g s, 8784, vlidolel gt
I HE

mAdojeol gk o253 oo thdk ofHE 7o AbdRZ A HW
#t< 0.00°14 1.00 Afolol ®i9jolA Aol #h= FAr. AAT HAA

g, B354, nlgolel U ol Bt s, Holo) tiek o F g 2zt

rttl

APAR Lo A HEAFE AMREES gz eldte] Q8 zts 443
tH(1¥ 8).

R TR (X~ logN(Hlong Ulogx))oﬂjﬂ Bl ‘oi"(ﬂ]ogx)jﬂr Ak
(Ulogx) < HWEk(Mode) 2 -5 A+ (CV) & ol &3sto] 3 & Ath(4 (32),

21 (33)).

Hiogx = log(Mode(X) - (CV(X)? + 1)) (32)

30



Olgx = 10g(CV(X)? + 1) (33)

HEHE X (X~Beta(a, )M B2l a, B =3t W7k (Mode) ¥ W%

A (CV) & ol &ate] 72 4= 3lth(A] (34) - 21 (38)).

ad=ACRF (34)
b =CV(X)?:(3-Mode(X) — 1) + Mode(X) — 1 (35)
¢ =1-—2-Mode(X) (36)
a =
2-a
_a—1- (a—2)-Mode(X) (38)

= Mode(X)
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H 4 25O MEZE. 2t Eaof AMEEOAM = EIgf(Mode) 2t

ofn
]
4>
(e
<
mun
N
ox
_ol
2
o
£
_9=|
on
Rl
al
Bl
Hel

HyperparameterE 7| &+5t%3 C
AR AR R gk HE5 AT Hyperparameter
r 108N (ti10grs Oingr) 1.05 1.00 Hiogr = 0.74, 0hg, = 0.69
K 10gN (Hiogk: Tngi) 456177.30 (MT) 1.00 tiogk = 13.72, ojhgx = 0.69
Ui Beta(a, B) 0.21 0.60 a =146, =274
U Beta(a, B) 0.21 0.60 a =146, =274
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(a)

I

T T T T T T
0.0 1.0 20 3.0 0 400000 800000

LL r K (MT)
E (c) (d)
T T T T — T T 1 T T
0.0 0.4 0.8 0.0 0.4 08
Uim Uma
O 8. AP E

. (a) MARS WA MRS ().
n]440f0ll Ci B+ O 2B (um). (d) HO{ol ThHE ojE &S

ol M 22 ZE1ZgH(Mode)O| T

(b) &8 +E=

=

AL
—
A
[
—
(g
N

(Uma). ZF AP EE
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0.2.4. 25 33 L AH¥T A5
=72 ¢k (objective function; obj) = &2 2%+ =A 1H o, 7}

79 953 (Ly, Ly, Ly, Ly) 9 2H2HS] AFARE(Pr(r), Pr(K), Pr(um,),

Pr(uma)) 7t 225521 218 7Hg 35l ek (4 (39)).

obj = —1-10g(Ly * Ly Ly Ly - Pr(r) - Pr(K) - Pr(upm,) - Pr(um,)) (39

T 374 (estimate) 2} ZF S o 5 (predict) o= R X2 7337} R X &

“131 2] TMB packages AFg-3k3ith. R Z 273 2] niminb &1 5 A3}

2~ = H. 5 (o] = = = >~ = [e]
W mgE BAAYS 2P, FHE DFE G ol
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nd A5 A5 A3 % (goodness of fit) ¢ .22 3 (simulation) & &
sto] o] Fojfnt. An AFEE BdoA Auglo] AR FAE BEE

AEE Kol Agel el Agst Rellx] ddsity, RO 4

2

A2E ART F, o] ARAaE Bl thal Wol 37

i,
o
B
Y
tlo
i
)
rO

B4 gkt wlaste] olF o] Atk AARE LAEE #23e 4 047}

718wl o Eu] & (5% 71E AR W F o2
v gof o vhel o) HEFA Wem) B B71E O] B ol o B Wy mg)

2 745 Sth. B3 E 7MRAE B0 EE A sty 24 AR

i

Sto

td
o,

= A=Esklth 5, 213 4 3HE 500

x!

AEM 5254 5 =

I
~1-

W oskgleh 2

oX,

o 4d¥

<

1o

A8 A3 Relative difference (RD) &

A I E 34 (40)).

lﬂ

—9 100 (%) (40)
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sustainable yield; MSY) 2 7HAI- 2] WA & A &3 e-38 ol 2a 7
2bE A XA (5, MSY =25, 255,898 MT o = 345 0H (118 10 (@).
MSY Y 1, o] &5 (Fyey) A= 0672 FHHATH(2E 10 (b). MSY *
A A} Fyey 44T Hol, 2009 AHuE7) 2Bl 20184 &Fil7] 7)1k
o] Fold Fga oA HA o1& MSY 7S 94 LI Fyey S 94 &

= o] Fo] o] FolFlt}.

FRE7))

O

W71 s e o WA AL (By) > 4 262,902 MT (20094
o4 Hd 1,165,890 MT (2009'd 7gwt7])Ql Aoz ASEHJAG (1™ 11).

X A&k o 53k (predicted value) = 74 A<l 2012\ gHE7] o] &=

_i

SArEH (K)ol 7h7ke G ol Wstskgivk, mEg, 29 A A5l 20099
sH7] S A e BA ALE ASE2 MSYA W AL Z(Bysy) BT =2

eIt WE71E A o] A (Bygy) S W1 Aol AR (Being)
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ASF Bk N7 E 52 3ol ASHATH(E 12). mAde] Ad o=
e H 4 65,656 MT H-E] ol 257,117 MT=2 oA=H % ar, Aol 2Lk o
3> #H 4 11,840 MT H-E] #Holf 90,611 MTZ oS lch. mAdo] =
A5 AA Adg A 7R #H4 0.600F-E o) 0.9307h4] H 9] <]

Hl&S A ST (R 5 1| 12).
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H 54X 2523 gt

B AF4A ZF9x

o 0.320 0.054
b 1.425 0.495
T 1.338 0.236

K 7.652 x 10° (MT) 4.841 x 10° (MT)
q 5.491 x 1076 (vessel™?) 3.797 x 107° (vessel™)

Uim 0.210 0.273

U 0.210 0.273

R, 0.730 0.367

R, 0.840 0.274

R, 0.830 0.265

R, 0.810 0.306

Rs 0.890 0.186

R 0.880 0.206

R, 0.760 0.340

Rg 0.870 0.225

R, 0.920 0.141

Ry 0.840 0.272

Ry, 0.890 0.186

Ry, 0.930 0.148

Ri3 0.820 0.277

R4 0.890 0.212

Ris 0.780 0.321

Ris 0.750 0.364

Ry, 0.670 0.412

Rig 0.740 0.371

Rig 0.600 0.447

R, 0.870 0.223
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0.00 000 0.00 0.00 0.00 1.0

0.00 0.00 0.00 000 0.00
0.00 000 0.00 0.00 0.00

0.00 000 0.00 000 0.00

-0.11 0.16 0.5

000 000 000 000 000
0.14 -0.15
-0.14-0.17
g b K q r

0.00 0.00 0.00 0.0 0.00

= Q =X ©T Qg

0.00 000 0.00 000 0.00
0.00 000 0.00 000 0.00 0.0
0.00 0.00 0.00 000 0.00
0.00 0.00 0.00 0.00 0.00
0.00 000 0.00 000 0.00
0.00 000 0.00 000 0.00
0.00 000 0.00 000 0.00
0.00 0.00 0.00 0.00 0.00
0.00 000 000 000 0.00
0.00 000 0.00 000 0.00
0.00 000 0.00 000 0.00
0.00 0.00 0.00 0.00 0.00
0.00 000 000 000 0.00
0.00 0.00 0.00 0.0 0.00
0.00 000 0.00 000 0.00

0.00 000 000 000 0.00 .
¢ b K q r Ry Ry Ry R

R R; Rg Ry Ry Ryy Ryp Rig Rig Ry
9. &X| 2 M3t A1, FHE T 72t HEEA . 1.00(F2M)0| Jt7tE45 Lo A, -1.00(FEM)0 Itk
E Z9 MLAE JHEICE 0.000] ZttE 45 AREEA T UKX| QLT
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(a)

(=1
(=1
= |
(=1
=1
™
= o |
= (=1
Mg :'_
3
- H_ o o
o & % 0 o
(=1 e
O ] [ o
s - ° © o © o g
(=1 a] o
(W]
T T 7 M VWS R T =1 I T T T T 1
(b) @
(=1
O
(=1
- =
[ =
™
(=1
o | NI 5Ly P
(=1
rFrrrrrrrtrtrrrft-1r 1t 1T 17T 17 17 1T 17
= ] e ] e ] o ] e ] o ] e ] e ] e ] =
I T i Sl il el Sl e Tl e i T T e
Lo p B v e I T R I o o T T o T LI (R T o Yo TR Y S Y o I+ o
[ e I I i B B I I T I T T I I B I |
P e T e T e T e R T T e e T e T e T T e O e e T e e B
e TR o s IO s o s JO s o [ 0 s I o6 o [ o o Y [ o o5
Time
J8 10. (a) MSY Z2}; (b) MSYY M, =l &E(Fmsy) 22t (a) 82 MSY

22 2 255,898 MTO| 12, 2 2009 FE 2018 7HXA| BHI|H & M=l &

(Yo At=gtolct. (b)) 842 MSYY mf, o{=l & (Fmsy) 222 0.670] 12,
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Time
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(predicted value)O| 11,

LHEHLH 0
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=

(K)
LtEHLH 0 382,595 MT

o
=
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ol

ZF(Bwvsy) 2

o Xl

Syd
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= O A
I

765,189 MTO| 12,

OfCt.
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m.2. 24 A5 23

om.2.1. A5 ¥ =

RE71E 7138 Y ol g e @ eEd o f 3 U) Arel tE A% 4

7= o 5%k (predicted value) o] #F=.2] Ao whel w7HE = WAool v

o

ST 19). Sl BFeA g weld Aotz 1894 A

20174 SHu71S A 95k bl AEelA A= gkst ZhT. 2017 s
W79 A AFEgks o)k AW, Y FAIE wet.

W71 0] o] of ThEIZ (Cypm) ol TS AFE AThe} W] Ao of

=

HH2 5 (Coma) o IS AGE Ao ARG NS00 Hol7h Feto
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I.2.2. 243

BojddeA 7 e B4 Fghe i 6ol AEletalty. meoj e
TR H A5 JFES °F 35 BAHE W FAFH A T B Y AT
1733]) (2% 16; 19 17; 19 18). o5 EAIT (@), vIdolel g o] F
FE (Uppy), 010l et A2 &5 (u,,) 2 1HA, 3HA, 434, 7HA|, 8H

A, 179A, 1994, 2084 7)) A Aol ek v 4do] A Aeke) vl &

THHE BT -24 %ol A 43 % AL

5
olo] A7}t vsgton, o sEATl st

Y]

D2l =okgko] 42.8 = 7=
Ql 0 %ollA 71 Ho] Byttt o F-sE750l tst RDe 43k 49&
A 25t -24 Yol A 24 % Aol o] A7t vhgktk. - Absolute bias:= 259

2R3kl Bake WE o2 FoAT(E 8).
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H 6. ZOAEHOM JIHE 24O EGL
B ek 2 ek
o 0.32 R, 0.90
b 1.4 Ry 0.82
r 1.34 Ry, 0.87
K 765,000 (MT) Ry, 0.91
q 5.49 X 107° (vessel™) Ris 0.80
Uim 0.2 Ria 0.87
Umna 0.2 R, 5 0.76
R, 0.71 . . 0.73
R, 0.82 i 0.65
Rs 0.81 Rig 0.72
R, 0.79 Riq 0.58
Rs 0.87 R0 0.85
R¢ 0.86
R, 0.74
Rg 0.85
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E 7. Relative difference (RD) Z1}. RD= 28 (%) 2 A LIEFHCE

RD2] =)zt RDY] 44k

2 %) o %)
o —-19.1 R -1.2
b —23.4 Rio —4.0
r —6.4 Ry —-0.6
K —23.5 Ri, -3.1
q 42.8 Ris —-0.5

Uim 5.0 Ry —-0.8
Uma 5.0 Ris .3
R, 0.8 i —1.1
R, —6.1 R 0.4
Rs 2.7 Rig —5.1
R, 0.3 Rio 0.8
Rs —-0.3 R, 2.0

R —-1.2
R, 1.8
Rg 1.0
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H 8. Absolute bias (AB) Z22}. ABE 24 FHOIM 24 EHUS S
M FEHACHO, — 0).
QaRe AB2| Fat B AB2| Fak
o —0.061 R, —-0.011
b —-0.328 Rio —-0.033
r —0.086 Ry —0.005
K —179720.486 (MT) Ry, —0.028
q 2.35 x 107° (vessel™) R —-0.004
Uim 0.010 Ris —0.007
U 0.010 Y - —0.002
R, 0.005 Ris —0.008
R, —0.050 Ry 0.003
Rs 0.022 Rig —0.037
R, 0.003 Rio 0.004
R —0.002 R, 0.017
R —-0.011
R, 0.013
Rg 0.0094
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1- 69 717k0] ohd 1 -39 7I3bel] 418 o} 2} Foj A5 AN ghol
T} (MOF, 2021). ujebd, 1 -39 71719] AR2 A4k ghol 1- 69 7|1he
gEsts sbgol Aew o Ak AT alelela BEEAE A5

£ 2o AARAE 7V e A delel AAwE & 5 gl Bl

1o

o mhebA], B ATl AHgE /| ARAY ojgle] welwel g o 9 Au
Al Bt AR ALSE AR AR AE Qe 5 Qe Ao
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AR gko] BFAHE e st M9k A 91X Qlo] A2 AdF 7t
meo) An A%s Aot F2 2o® 5 5 Qlvh WE ALdF B =
B 4= (random effects; state variable; hidden variable) =41 3123} 7]

2017 BpHEY] o] B-E AlLlskal ARb7Ie] & g, b ofl W2 ghol W

BH07 e Ao tste] £& AFE AAE ool W 5 YYW
Ao BTk W7)E W4 e] o] G (Cup) ol UHE ATE Astst 7]

o k315 0] 1] (py ) ol T AR Ao} w8 o] ol Hupei4o)
B8 (D) ol TN AE D0 ARG S ko] A9 FAste] Aol

get AgE Asrk Eoha 2 4 Qv (Y 15). W1 o] o] Hulgis

me ol =X A A5 Y3 g0l oF 35%(F, 500 FHH N5 5w
S A AT 1738 2 USe 1S FHsloFE w50 A5t 277001 7]
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Iv.3. R w40) g} Aol AdF o=

o Aol A, AE, &2, TEE VAo ol sideta, tiEe A

flo

2

ol

slgertha stk W1 8ol A (B, T N1 Aol A9

ot

(Bema) Ol thall oS5 A3, wjido] A% o =%k (predicted value) ©] 73 o
AT o SR Wokth(1| 12). o] A= w7t o] Bt g niel
o] FdFAZE AAR(H 6), v e WA Aol e A Bk B
wj o] vebd Azt ®meltk Cha et al. (2004) 2] 159 (Scomber
japonicus) IUl&E A AT Aol A HolHERl WX A, 1 -
14 cm A7 WS X7k 2dE gl o Ago] 2 - 3 cmel &l det= EA 7}
7 wskth 5ol WEE B4 A3 1A v AAFTE ol A
R gos A3 dA5E Ao B, A, EAAQ 1509
A L AT 2718 ol (e ¥ EA Ao FBA S FUHAR ATE

&ote] 2ol & g sht

B 2] mAg o of Aofell thgt Al 7= AEA 9 7y o] Al AE A o
o gt Zlo] ™, Lee et al. (2017)-2 Kim and Lo (2001) o] <15 #arsle] A
28] mAdofgl o] 71Es A 8 emE Sttt B AFolA e AEA
o] A= (maturity) 5 st ols AR 9 v]E2Q g3 Az
A0 Ao A BHols o wol WEYo] AsAgE Faste] 2
= Aol sjgdtvta 7 eklth. shAIRE, AE Ao AEA = et

e o, Aol o= AE gasteAs dAEA dE] ARG 2
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-

S AP A 4.6 -7.6cmol AFsE EXZE(F 2), AEXY uf A5A A
9 cm (Choi and Kim, 1988) K.t} Ao & 4 ). weEba], 2 Ao A=

of <]

o

g st

ol

7=l A, A, 29, TE2 vAdolo ek thE

= 7Hd (Case 1) 3 22, o] dojof sigdrt= 714 stelA F7H4 o=

flo
oX,

v WALk AW, A, a8 vAelR AR, FE, U

o] = 7}4 &2 th(Case 2).
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IV.3.1. 82 A= 7133 3¢

Aze ol (A, A4, 2u) e} Aol (3, tw) 714 (Case 2) ol 2]
3 W7 Ao} o Eu] g (S,), W71 vlAlo] & nEl o] A A (W) O
W71 o] g wle) o] BEEA (Wyme) & THATHIE 19; 17 20). W
N (Y, AR, W AAAAD olQ Bl o Hek(,)

AR Case 19 U3 A55 o| &eAth (14 3). Eol tigh ARdEE

(effective sample size) = 355 YHIHOE FOoH, T2 H A 3tE ofo] £
(4 (39) & HARE o= B 57 (estimate) 2 ZJEH 5= of = (predict)

o] o] Fol 5k,

= 2 9o AYSHAIL, FAE B4 2o AneAs 19 21014 S 5

A A3} (3 5) 9 Case 2914 B4 4 43 (% 9)

30
o
(@)
QD
@
[EEN
o,
>,
m
4>«

A Aol dE el Aae nE RS RN A9l
Ae) Aol7k Qeivk. WA AAFel it vgo] AAF wES FHol vl

dotelr Aoz 7P E A wlAdoj ek Aol o) mlgo] Zebsly] wlitel Case

RE71E vl o] AR (By i) ¥ W71 A0 AL (Bymg) ol tHall A=
g Adas glshd, nAdol (Mg, Ad, 429) ALY B 4o (T, tiE)
A =o] 2009 &HE7], 2010 EFHE7], 2014d EFEE7], 20154 SHEEVE
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ALstas ¥ B2 s FAE ¢ AvH (2™ 22). o] A5 FlAM TE

At WA ol 2 19E A%, ol el Aol WAl AP wrt

r!I.

718 u)Ad o} o bl (Cp ) ©fl TS A5 A 3he} WbV Ao of

b (Comg) ol At A= Ay 2533 o 5%k (predicted value) 2

9\}]\

zpo] 7} Sk o 2 SQIH AR, oA SFho] AR FAE W2

rlr

o =
A& &<l

R

5 9tHI 23). w718 vgo] o Hukside] e 43 Ao Case

19 A3 (19 14) B A7l (HD o tidt 2= A 9% A7k ¥ E304

)

1718 v o] o A rtRla=o) HIE (pg i) Ol TS A T A 3ol W] Ao

2 utEl 59 & (prme) ol S ATE AIE Case 19} vl A2 A&

ol

I S5 gko] A TdATH(CLH 24).

61



# 9. Case 20| M X[ [ X3t 21} gt

B 578 A ZF9xt
o 0.320 0.054
b 1.425 0.495
r 1.338 0.236
K 7.652 x 10° (MT) 4.841 x 105 (MT)
q 5.491 x 107° (vessel™®) 3.797 x 107° (vessel™®)
Uim 0.210 0.274
Uma 0.210 0.274
R, 0.030 0.055
R, 0.590 0.479
R, 0.040 0.072
R, 0.510 0.486
Rs 0.060 0.107
R 0.230 0.334
R, 0.040 0.073
Rg 0.380 0.448
R, 0.040 0.073
Rio 0.420 0.471
Riq 0.050 0.090
Ry, 0.590 0.477
Ri3 0.120 0.199
Ris 0.650 0.459
Ris 0.070 0.122
Rig 0.400 0.461
Ry, 0.110 0.184
Ris 0.340 0.429
Rio 0.150 0.239
R, 0.400 0.456
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18 20. Case 201 A 2009 FE 2018 7k A| Bt7|&H 0|0 ¢F oo Eo

FA (weim) 2F BE71E 404 o Ot2|9] B FAH (Wema). H7IA Ol = ME,

A, A fEste, o= SE, B ettt H24F(a)2 BHIIE
=

al
nj-gol g ntele] 7 FA

ol

0H

LIEL D, & (@)2 EH71E g0 3t nt2l<f

B FA S LEH-CE
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Upm 000 0.00 0.00 0.00 0.00 1.0
u 000 000 000 000 000 g '
‘ma - - A . A
Ry 000 000 000 000 000 b
R, 000 000 000 0.00 000

0.5
R; 000 000 000 0.00 000 K -011 o016
Ry 000 000 000 000 0.00 q 014 -0.15
Rs 000 000 000 000 000 _
Rs 000 0.00 000 000 0.00 r G044 “o‘l? 0.0

R; 000 000 000 000 000
Rg 000 000 000 000 0.00
Ry 000 000 000 000 000
Ry 000 000 000 000 000
Ry1y 000 000 000 000 000
Ri; 000 000 000 000 000
Ryz 000 000 000 000 000
Ryy 000 000 000 000 000
Rys 000 000 000 000 000
Rig 000 000 000 000 000
Ry 000 000 000 000 000
Rig 000 000 000 000 000
Ri9 000 000 000 0.00 0.00

g b K q

6 b K g v Uy Ung Ry Ry R¢ R; Rg Ry Ri; Ry

2! 21. Case 20i| A
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IV.3.2. Case 13} Case 29 W& HX] ujidoj g o] XA

n/dof gk Aol ZHg el SEE mdolel Aol T ot E M ettt
nAjo] ek o =gk (predicted value) 2} A o] 2@k o Z342] 2ol 7}
HHASEATH( L™ 125 19 22). # ATelA = Tl mAoE M HE A
$-(Case 1) & o= 71 == 4§ (Case 2) 2] Aats F3hste] njdo] =4
F(Byim) 15 Aot Aol ALF (B 15 ARE AASTHIH 25;
9 26). wEbA, gk dEe e B vjAdo] AR Case 2 Ay BUp @

il Case 1 A3 Bt} 25 Zlo® 7|gH ™ (1" 25), do] A2 Case 1

A3 By Wi Case2 23 W) 25 A0 =% 7|djEth (29 26). ¥ A9
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IV.5. o1& & 2] u]idojg} AJo] =4

B o]qelq 7| AAAL o] n o] WA S o] Frjgow L, A
W o9l e Aol WA E o Fr oz srh(Kim etal, 2015). AA 5] of
2o ol s} Aol 7t Z o £ o] ojFfr. 1984 - 1986\ 7]

zbe] ol WA A 2= AR BAY ol Aol A ol sk

g

219 cm o)) 7k AL, A ol el Mmool s stk HA1(9 cm vRh)
7F A9 (Kim, 1988). =, 71AA# T 21| ol F =2 v]Adof W] £,

A o1gle] ol AEL ol Hlgo] Frhi RS vt

re
rO
—
2
>
rlr
1
offl
ol
18
ug.
0
2

g Fo] Aol o] AL 7IHdEE
Fojd g9 vgolg o] S WmEE Ao® PSS 1 ol
el A o] 2 ke oF 70 %E AbA| sk o ola

Ao ol gz gk vl el Ao =4

BEZF 7] wZolvh. weEbA, 7 AAdE oY oGS AL A

r_a{_ll

30 %] o el th3t vl sk ol 2L A olel FSHY )|
o olgl o8 Ee) vjgel g ol 24 ol A 5 ALk A olAe

sl A oG] oF 5.6 %E AA S (KOSTAT, 2021) .2 A
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IV.6. X5 & 3}

FAH A3 kg E A8l 2 2} (process error; g, ,~N(0,02)) ]
w4k (ef) 7 3 2.2k (observation error; & ,~N(0,05)) 2] #4k(g2) o] 2t
I 7HEEH (5, 02 = 0f = 05) T BFE NFE Y T Al
gk, g @] ALY 5 e Ape] ko] FUE A9-(0f = of) = Aol
TUBA B B (o) # 0f) Bk Bg FAl Slo] Wk (bias) F 2 &
A7 oA o w @ dAstE F7do] Atk (Auger-Méthé et al., 2016). A A
2 GH AL #At #5231 #Ake] wYEA & 4 JoEE EAt
o] TYU3A A& A (gf # 00 E A=dE Hart vk kAR, #Ake]

At kom FAs ok RO ATt S71ety] el #g e

ﬁd
1o
M

B Ao o) EE JHH % L, 2 ¢, ESS (effective sample size)
7} AFEE QT ESSE AFEEA ¢ko [0 TMEA I B thE 9 A

=l Hlal szobd A3 A 3ol of g go] m= A7E g, 2 AT

i
o

o 4] ESS+= Case 1014 695 1= ko= 9141, Case 204 355 1&g #e
2 F9t}h, Case 17} Case 2 zFzFo] ESS] 918 312 1058 Al #Hsle] 12 7k
s T7/MEE W FAHA S A Fske 7 2 gkelth. =, Case 1014 43
+E Bd, ESS7} 690 dell= A H A 37 B A 5skelar, ESS7) 691t
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& (R 5 % 9), W v o] AL (B i) ¥ A0 AL (Bema)

= A5 F AH(TH 12; 37 22). o]+ F7HA

2

F=2A R w4
oA BN & (Sp) & ARG8L] miEel 7hesith. B, W A AFeEe

o]
o gk wjdo] A=) vl (R,) & A7 A (point estimate) 4+ ofve} &

dot
=

2 2} (standard error) & AAEsH7] Wil AF=EQ1 W71 v]Ad o] o] En]&

(S0 & W71 A Aol thFt vl AAF v& (R 2 /HYehe 7

= Aol M A s R Ao} AR (By i) 3 HE71ME A o] A
F (Byma) & A58t WS ko] A S AT &9 B A ¢
vpoter o= Qlvh. EERh, WbV Aol ARk AbsbAR R (spawning stock
biomass) ©. = s ¥ o] el E fla Bed AR &9 5 vk &
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VI.1. TMB Z&=

/I a state-space production model for Korea Pacific anchovy stock
#include <TMB.hpp>

/I pass missing values
template<class Type>
bool isNA(Type x){

return R_ISNA(asDouble(x));

}

I square

template<class Type>

Type square(Type x){
return pow(x, 2.0);

¥

// dInorm
template<class Type>
Type dinorm(Type X, Type meanlog, Type sdlog, int give_log=0){
/I return 1/(sqrt(2*M_PI)*sd)*exp(-.5*pow((x-mean)/sd,2));
Type logres = dnorm(log(x), meanlog, sdlog, true) - log(x);
if(give_log)
return logres;
else
return exp(logres);

¥

/I objective function

template<class Type>

Type objective_function<Type>::operator()(){
/I data
DATA_VECTOR(Y?); // yield (MT) at time t
DATA_VECTOR(S1t); // proportion of immature fish in yield,;
DATA_VECTOR(It_DNF); // CPUE at time t of Draft Net Fishery
DATA_VECTOR(Mean_w1t); // mean weight of a immature fish
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DATA_VECTOR(Mean_wz2t); // mean weight of a mature fish
DATA_VECTOR(modeCV _r); // mode and CV of r for prior
DATA_VECTOR(modeCV_K); // mode and CV of K for prior
DATA_VECTOR(modeCV_u_im); // mode and CV of u_im for prior
DATA VECTOR(modeCV_u_ma); // mode and CV of u_ma for prior
DATA_SCALAR(ESS); /I effective sample size

Il parameters

/I fixed effects

PARAMETER(logsig_o); // sig_o: the sd of the observation error

[IPARAMETER(logsig_p); // sig_p: the sd of the process error

PARAMETER(logb); // P1 = b*logN(0, sigma_p”2)

PARAMETER(logK); // K: carrying capacity

PARAMETER(logq_DNF); // g: scaling role, where It = q*Bt

PARAMETER(logr); // r: intrinsic growth rate

PARAMETER(logu_im); // u_im: catch probability of immature fish

PARAMETER(logu_ma); // u_ma: catch probability of mature fish

PARAMETER_VECTOR(logRt); // Rt: proportion of immature fish in
population;

/l random effects

PARAMETER_VECTOR(logPt); // Pt =Bt/ K; Latent random variable (i.e.,
random effects; state variable; hidden variable)

/Il derived quantities

int ntimes = Yt.size(); // ntimes: the number of times
Type sig_o = exp(logsig_o);

Type sigo2 = sig_o0*sig_o;

Type sig_p = exp(logsig_o); // assumption
/[Type sig_p = exp(logsig_p);

[[Type sigp2 = sig_p*sig_p;

Type b = exp(logb);

Type K = exp(logK);

Type q_DNF = exp(logg_DNF);

Type r = exp(logr);

Type u_im = exp(logu_im);

Type u_ma = exp(logu_ma);
vector<Type> Rt = exp(logRt);
vector<Type> Pt = exp(logPt);

Type logMSY = logr + logK - log(4.0);
Type MSY = exp(logMSY);
vector<Type> logBt = logPt + logK;
vector<Type> Bt = exp(logBt);
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vector<Type> logpredlt_ DNF = logg_DNF + logPt + logK;

vector<Type> predlt_ DNF = exp(logpredit_DNF); // predicted It

vector<Type> E_logPt(ntimes+1); // Expected values of log(Pt)'s;
/I E_logPt(0): this is not used.

vector<Type> B1t(ntimes);
vector<Type> B2t(ntimes);
for(int i=0; i<ntimes; i++){
/I length of Bt is ntimes + 1;
/I length of Rt is ntimes.
B1t(i) = Bt(i)*Rt(i);
B2t(i) = Bt(i) - B1t(i);
}

vector<Type> N1t = B1t/Mean wlt;
vector<Type> N2t = B2t/Mean_w2t;
vector<Type> Nt = N1t + N2t;

vector<Type> Y1t = Yt*S1t;
vector<Type> Y2t = Yt - Y1t;

vector<Type> C1t = Y1t/Mean_w1t;
vector<Type> C2t = Y2t/Mean_ w2t;
vector<Type> Ct = C1t + C2t;

vector<Type> Et = Nt - Ct;
vector<Type> E1t = N1t - C1t;
vector<Type> E2t = N2t - C2t;

vector<Type> qlt = C1t/N1t;
vector<Type> g2t = C2t/N2t;

vector<Type> plt(ntimes);
vector<Type> p2t(ntimes);

plt = C1t/Ct;
p2t =1.0 - plt;

vector<Type> pred_plt(ntimes);
vector<Type> pred_p2t(ntimes);

vector<Type> pred_C1t = u_im*N1t;
vector<Type> pred_C2t = u_ma*N2t;
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vector<Type> pred_Ct = pred_CL1t + pred_C2t;

pred_plt=pred Clt/pred_Ct;
pred_p2t = 1.0 - pred_plt;

/I objective function
vector<Type> nll(8); // negative loglikelihoods that have eight components
nll.setZero();

/I process equation

Il only for the initial biomass, which is treated as the fixed effect parameter
//'logPt(0) ~ N(log(b), variance), where the variance is assumed to be sig_p
nll(0) -= dnorm(logPt(0), log(b), sig_p, true);

/Istd::cout<<"nll(0): "<<nll(0)<<std::endl;

for(int i=1; i<=ntimes; i++){
if("isNA(Y1(i-1))){ // a zero-based indexing scheme
E_logPt(i) = log(Pt(i-1) + r*(1.0 - Pt(i-1))*Pt(i-1) - Yt(i-1)/K);
nll(1) -= dnorm(logPt(i), E_logPt(i), sig_p, true);
}

¥
/Istd::cout<<"nll(1): "<<nll(1)<<std::endl;

// observation equation
for(int i=0; i<ntimes; i++){ // a zero-based indexing scheme
if(NisNA(It_DNF(i)){
nll(2) -= dnorm(log(It_DNF(i)), (logq_ DNF + logK + logPt(i)), sig_o,
true);
}

}
//std::cout<<"nll(2): "<<nll(2)<<std::endl;

// binomial loglikelihood
for(int i=0; i<ntimes; i++){ // a zero-based indexing scheme
nll(3) -= (Ifactorial(ESS) - Ifactorial( ESS*p1t(i)) - Ifactorial(ESS*p2t(i)) +
ESS*plt(i)*log(pred_plt(i)) + ESS*p2t(i)*log(pred_p2t(i)));
}
/Istd::cout<<"nll(3): "<<nll(3)<<std::endl;

/[ prior for r

/l'r ~logN distn.

Type prior_mode_r = modeCV _r(0);
Type prior_CV_r = modeCV _r(1);
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Type sig2_r = log(square(prior_CV_r) + 1.0);
Type mu_r = log(prior_mode_r) +sig2_r;
nll(4) -= dlnorm(r, mu_r, sqrt(sig2_r), true);
/Istd::cout<<"nll(4): "<<nll(4)<<std::endl;

I/ prior for K

Il K ~ logN distn.

Type prior_mode_K = modeCV_K(0);

Type prior_CV_K =modeCV_K(1);

Type sig2_K = log(square(prior_CV_K) + 1.0);
Type mu_K = log(prior_mode_K) + sig2_K;
nll(5) -= dlnorm(K, mu_K, sqrt(sig2_K), true);
/Istd::cout<<"nll(5): "<<nll(5)<<std::endl;

/[ prior for u_im

/l'u_im ~ beta distn.

Type prior_mode_u_im = modeCV_u_im(0);

Type prior_CV_u_im = modeCV_u_im(1);

Type prior_a_im = prior_CV_u_im*prior_CV_u_im;

Type prior_b_im = 3.0*prior_CV_u_im*prior_CV_u_im*prior_mode_u_im -
prior_CV_u_im*prior_CV_u_im + prior_mode_u_im - 1.0;

Type prior_c_im = 1.0 - 2.0*prior_mode_u_im;

Type alpha_u_im = (-prior_b_im + sqrt(prior_b_im*prior _b_im -
4.0*prior_a_im*prior_c_im))/(2.0*prior_a_im);

Type beta_u_im = (alpha_u_im - 1.0 - (alpha_u_im -
2.0)*prior_mode_u_im)/prior_mode_u_im;

nll(6) -= lgamma(alpha_u_im + beta_u_im) - lgamma(alpha_u_im) -
Igamma(beta_u_im) + (alpha_u_im - 1.0)*logu_im + (beta_u_im -
1.0)*log(1.0 - exp(logu_im));

/Istd::cout<<"nll(6): "<<nll(6)<<std::endl;

/[ prior for u_ma

/l u_ma ~ beta distn.

Type prior_mode_u_ma = modeCV_u_ma(0);

Type prior_CV_u_ma = modeCV_u_ma(l);

Type prior_a_ma = prior_CV_u_ma*prior_CV_u_ma;

Type prior_b_ma =
3.0*prior_CV_u_ma*prior_CV_u_ma*prior_mode_u_ma -
prior_CV_u_ma*prior_CV_u_ma + prior_mode_u_ma - 1.0;

Type prior_c_ma = 1.0 - 2.0*prior_mode_u_ma;

Type alpha_u_ma = (-prior_b_ma + sgrt(prior_b_ma*prior_b_ma -
4.0*prior_a_ma*prior_c_ma))/(2.0*prior_a_ma);

Type beta_u_ma = (alpha_u_ma- 1.0 - (alpha_u_ma -
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2.0)*prior_mode_u_ma)/prior_mode_u_ma;

nll(7) -= lgamma(alpha_u_ma + beta_u_ma) - Igamma(alpha_u_ma) -
Ilgamma(beta_u_ma) + (alpha_u_ma - 1.0)*logu_ma + (beta_u_ma -
1.0)*log(1.0 - exp(logu_ma));

//std::cout<<"nll(7): "<<nll(7)<<std::endl;

/I joint negative loglikelihoods
Type jnll = nll.sum();

/[ REPORT
REPORT(jnll);
REPORT(Bt);
REPORT (predit_DNF);
REPORT(sig_o);
REPORT(sig_p);
REPORT (b);
REPORT(K);
REPORT(q_DNF);
REPORT(r);
REPORT (u_im);
REPORT(u_ma);
REPORT(RL);
REPORT(Pt);
REPORT(MSY);
REPORT(B1t);
REPORT(B2t);
REPORT(C1t);
REPORT(C2t);
REPORT (pred_C1t);
REPORT (pred_C2t);
REPORT (p1lt);
REPORT(p2t);
REPORT (pred_p1t);
REPORT (pred_p2t);
REPORT(ELt);
REPORT(E2t);
REPORT(Nt);
REPORT(N1t);
REPORT(N2t);

/| ADREPORT
ADREPORT(sig_o);
ADREPORT(sig_p);
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ADREPORT (b);
ADREPORT(K);
ADREPORT(q_DNF);
ADREPORT(r);
ADREPORT(u_im);
ADREPORT (u_ma);
ADREPORT(R);
ADREPORT(PY);

ADREPORT(Bt);
ADREPORT (predlt_DNF);
ADREPORT(MSY);
ADREPORT(jnll);
ADREPORT(Bt);
ADREPORT(B1t);
ADREPORT(B2t);
ADREPORT(N);
ADREPORT(N1t);
ADREPORT(N2t);
ADREPORT(C1t);
ADREPORT(C2t);
ADREPORT (pred_C1t);
ADREPORT (pred_C2t);
ADREPORT (p1t);
ADREPORT (p2t);
ADREPORT (pred_p1t);
ADREPORT (pred_p2t);
ADREPORT(E1t);
ADREPORT(E2t);
ADREPORT(sigo2);

/IADREPORT (qLt);
/IADREPORT(q2t);

return jnll;

¥
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