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A comparative study on the estimation
methods for the potential yield in the

Korean waters of the East Sea

Jung Hyun Lim

Department of Fisheries Physics, Graduate School,

Pukyong National University
Abstract

Due to the decrease in coastal productivity and deterioration in the
quality of ecosystem which result from the excessive overfishing of
fisheries resources and the environmental pollution, fisheries resources in
the Korean waters hit the dangerous level in respect of quantity and
quality. In order to manage sustainable and effective fisheries resources,
it is necessary to suggest the potential yield (PY) for clarifying available
fisheries resources in the Korean waters in the future. So far, however,
there have been few studies on the estimation methods for PY in
Korea. PY, which is defined as the maximum sustainable yield, is an

essential data for establishing reference points for ecosystem-based



resource assessment in the Korean waters. In addition, there have been
no studies on the comparative analysis for the estimation methods and
the substantial estimation methods for PY targeted for Large Marine
Ecosystem (LME). For the reasonable management of fisheries resources,
it is necessary to conduct a comprehensive study on the estimation
methods for the PY which combines population dynamics and
ecosystem dynamics. To reflect the research need, this study conducts a
comparative analysis of estimation methods for the PY in the Korean
waters of the East Sea to understand the advantages and disadvantages
of each method, and suggests the estimation method which considered
both population dynamics and ecosystem dynamics to supplement
shortcomings of each method.

The ecosystem dynamics analysis has the advantage of predicting the
change of total ecosystem, but it is estimated to have the disadvantage
of the great uncertainty of the PY estimates because of its needs for a
lot of input parameters for estimating the PY and its limit to realizing
all input data. On the other hand, the holistic production method
(HPM) of the production-based analysis utilizes relatively a few
assumptions and parameters, and estimates the PY by using the whole
data over 51 years including the initial stage of resource exploitation. In
particular, the ME model of the HPM estimates the PY on the basis of
the probability-based parameters by setting a theoretically possible
ranges for each parameter. Therefore, the ME model of the HPM is
considered to be the most reasonable estimation method due to the

high reliability of the estimated parameters. The results of this study
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are expected to be wused as significant basic data for providing
indicators and reference points for sustainable and reasonable

management of fisheries resources.
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Fig. 2. Annual catch in the Korean waters of the East Sea and the entire Korean waters.



Table 1. Average catch, area and catch per unit area in recent 5 years

(2012~2016) by sea area in the Korean waters

Average catch (mt) and Catch per

catch ratio (%) in recent Area (km?) unit area

5 years (2012-2016) (mt/km®)
East Sea 175,996 (17%) 155,853 (36%) 1.13
West Sea 124,812 (12%) 74,479 (17%) 1.68
South Sea 735,799 (71%) 201,618 (47%) 3.65
Entire 1,036,607 (100%) 431,950 (100%) 2.40

Korean waters

E3o] F2 ol% Hss AWy, HZ 570d (2012-20161) o] B
o &9e AR, F2uiA, Hol &It (Table 2). ©]
ol g FLE T3 A ol & oF 89%
g A AT 53], A Aojo] Ht o] F7F Hgo] oF 39% R HII &
#S Utk A9 155e F8 oFTeE AT T A= oF
M3l Fig. 337 2ol el 1970 Z7)ols AeAojs} =REE]
o}gnlgo] Egou, HATos =FE ojFulgo] A Fof

wo] ogolst Berhd, Ho| 5L ol gste FAlolth

rlo



Table 2. Average catch and catch ratio in recent 5 years (2012~2016) of major

species in the East Sea

Rank Major species Average catch (mt) Catch ratio (%)
1 Common squid 69,026 39.2
2 Red snow crab 38,136 21.7
3 Pacific herring 17,887 10.2
4 Sandfish 5,579 3.2
5 Flounder 5,132 2.9
6 Octopus 3,940 2.2
7 Amberjack 2,823 1.6
8 Chinese puffer 2,082 1.2
9 Spanish mackerel 2,045 1.2
10 Jack mackerel 2,039 1.2
11 Sea snail 1,926 1.1
12 Snow crab 1,872 1.1
13 Chub mackerel 1,782 1.0
14 Atka mackerel 1,542 0.9
15 Pacific sandlance 1,490 0.8

Total 157,301 89.4
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Fig. 3. Changes in annual catch ratio of major species in the East Sea (source from KOSIS).
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Table 3. Average catch and catch ratio in recent 5 years (2012~2016) of major

fisheries in the East Sea

Rank Major fisheries Average catch (mt) Catch ratio (%)
1 Offshore pot 38,440 21.8
2 Eastern sea trawl 32,871 18.7
3 Offshore angling 28,532 16.2
4 Coastal gillnet 19,738 11.2
5 Set nets 15,708 8.9
6 Eastern sea danish seine 9,554 5.4
7 Small powered 8,658 49

purse seine
8 Coastal complex 5,145 2.9
9 Coastal pot 4,491 2.6
10 Offshore gillnet 2,078 1.2
Total 165,214 93.9
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Table 4. Criteria for classification of species group in the Korean waters

of the East Sea in accordance with the ecological features

Feature 0 1 2 3 4 5
Swimming
ability None Weak Strong

Bone Osteichthyes ~ Chondrichthyes Mollusks Crustacean Others

Body size Small Medium Large
. Long- Lo

Shape Spindle Compressed Flat Cylindrical ~ Others
compressed

Habitat Onshore Offshore Brackish

depth

Habitat Pelagic Middle Demersal Sand/Mud Rock Others

Diet Predatory Carnivorous Herbivorous ~ Omnivorous

Spawning Oviparous Ovoviviparous  Viviparous

_13_
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Fig. 4. Input screen for initial information in the Ecopath model for estimation

of potential yield (PY) in the Korean waters of the East Sea.
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G AAFE FA5e] A§IAATH (Park et al, 2009)
bl Aol AgTbsR AR7E RESe] nHF A A7 o
Foz FHE BAA o v BT P4 2AREE SR

index)7} 90% ©]/&<l

__(')_
< F43t9 AHESHA T (Kim et al., 2011).

1.1.3.2. WAtF/ A ZF (production to biomass, P/B) ¥
A/ BAE (P/B) Hl= AdZFS AAZFLE Yo AdtsAu, v
°F Pet B Foll sty F4o] EVMsT AFole AEFH AAF Y
BAE ol 85t ofefo] 250l o8 FAH<

& (T: turnover ratio) ©]-& : PIB=T (Waters, 1969)

o
o
ok
+
%0
o

- FAFFE A$ . P/B=0.65xM—-0.37 (M: body mass, kcal)
(Banse and Mosher, 1980)
- Aol A BAYE e A4S P/B= T/10
(T : annual mean temperature, C)

(Johnson and Brinkhurst, 1971)

=%, PHFE (dB/dt=0)NAE ot o] EAAMAS (27}
P/B# o2 AH8E & 3t (Allen, 1971).

P/B=Z )
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o, el olet #HEH =& A glo] Y =7 55 FL
sted frAF ROl g AEE YEHIATE (Alias, 2003; Lassalle et al.,

2012; Mackinson and Daskalov, 2007; Trites et al., 1999).

1.1.3.3. A4 &F/ A ZF (consumption to biomass, Q/B) Hl
AAZF/ A (Q/B) Bl e @9 AAFT Hol AAFo= A
&= T4 oal 73 A A4 F Q= BAFT B)e=E vw HE AE
T TASEY WAFOE 7tsBdEeA FATH AN FUdl= o]}
BEd =F0] AY glo] #4E =23 T Fasty FA 2Rl W
g ARE YYsA T (Alias, 2003; Lassalle et al., 2012; Mackinson and

Daskalov, 2007; Trites et al., 1999).

1.1.34. Ho]=4 (diet composition, DC)

Holzg e ABEe 424 BAE YEUE A2, DOE EA
A 7 AAR Hol B4 MAA 7} AH sk REoln.
Q . k
DCﬁz ] Z DC]'Z‘Z 1 (4)

A71H, Q= AR jo A FAATIL, Q= EAR jol o) 44



olt}. WolzAd BF At 7F B 3

W,
s
k1
X
Ll
o

zsle] o] Fawd wa J1EA (1-5F FAT (Alias, 2003;
Mackinson and Daskalov, 2007; Lee et al.,, 2002; Mustafa, 2003; Tamura
and Fujise, 2002). Z18]1 &/ FATEY A ZFoE 7teHAT &
F28 tEelFo) Holz4 ARE B0 AT} (Table §).

1.1.3.5. o] & #F(catch, C)

AT SAHY 1966~19683 37/Md FAd=e}t AFEE A=l
g PEae LAY (Fig. 5).
|Navigator fa start }%2 Landings |
a £ Ecopath
4 o Input
[ Wodel parameters Fleetl
| Basic input Group narme (t/km;/year Tatal
= g:eet'lt’itcuosr?ztismnn 1 Marine mammals 0.000
[& Other production 2 Sea birds 0.000
o Fishery 3 Sharks [0.00200 [0.002
[ Definition of fleets 4 Hays 0, 00200 0,002
Landings 5 Predator pelagic 000700 0,007
Discards £ Common mackerel 000100 0,001
Discard rmortality rate 7 Herring 0,000
— Discard fate 8  Small pelagic 0,20 0.20
Of-vassal prica 9 Anchowy 0.0410 0.041
_'\] Mon-market price 10 Flounder 0.0130 0,013
- 38 Tools 11 Other demersal 0,182 0182
.= Qutput 12 ‘Sandfish 00,0430 0,049
'y o WSadd T b gaw
> {4 Ecospace - EEIIL” g .
» 3¢ Toals pifauna 00170 0017
16 Fed snow crab 0,000
17 Infauna 000100 0,001
18 Zooplankton 0,000
19 Phytoplanktan 0,000
20 Detritus 0,000
21 Sum 0,919 0,919

Fig. 5. Input screen for catch in the Ecopath model for estimation of potential

yield (PY) in the Korean waters of the East Sea.

1.1.4. AEiA F+x2 &

AEA 7+x2E 243t7] 98l Ecopath Edeol 2|3 A 54

A& 7




22 FAAEEY AN @& HEs E4T F de AHA 95 =
(Ecosim module of Ecopath)< AF83l3TH (Pauly et al., 2000). ©] W<
AeFdd 22 (mass-balanced model)= AHg3ste] 93 AlEHol A B
FH Y W3S E43T

of i EIA i FANEES oldFH ool 2 HIGH D
7} 3, Ecopatholl A1 &
EAAfo) o7k (i)e] &ulF + (i)e] 7l AR eR AHoHT AVIA is
, S ALY AAR E71A 5L AHE 7= A WY
= ( T T o) E FA)OIH. o A& tET Zo

a1
ERIRS

ol

4
ok
td
i)
rlo
i o
o=
2
o
Il
©
2
ot
o
+

Jm
o
rlot

273

Jm
oxl
ri
e
o\

=

rr

v
%0
£

SHRAAGA T (2)% 22 Y AR/ A E vloltt (Allen, 1971). Y=

9] ol Fgol1, B &aHA F2 xAAe) A Fet. (Q/B),= &HA

J
jol &9 AAFE Ho] &mFolal, DO= jo HolodA i7F AAsk=

A
a

=

O
ke

BE (7} i® 9A 2L W, DO, = 0)olth 1Y EE 577 5
A b AR iR AAT F ANE (Q)e Q, = B(Q/B),DC,o=

U
Bhd = ok My o= gl o7 Ae MG JIeAEA ol Tk
il
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9} 2t} Ecopatholl A& 712 A4AE AYsta B-(P/B),E 1% jol 9

s AAE HelF (X Q)0 AFEE ()W) FoE AN F, 2

2
2

A jRe 9FEE Q= B (P/B), =g,)] Q0 HEHES A

2l (60 93 mEE wEy] YaElAME, 4 (6)e AHe AT Wae
EhiE, 7124 2% AAF Bl waE (P/B)°

[-'0
S
~
&
it
kv

HE 2T 4 =2 DAL ATt @ Ve Al U@ A3
£ o8& (H)E YUY, H = F-BE Yed 5 93, 74 Fe
sl mAsolt nRE AAF Q= AAE Be Beol W w

Aol ARA R=AE dSd F= BAHE gAEop gt

dB,/dt = f(B) — F, B, — E C; (B, By) =-My/B, )
j=0
A71AM, ik 712 f(B)E B ¥4t Ha, wreF Anxietd

f(B) = ¢,3C,- (B, B)) 7t Ak A7A, C, (B, B)E B BE¥H

QF AZsed AHE Felth wek (B)S O, (B, B) 35E &
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EFoE Ad@FS Algdoldste] A3 goz 8T o gs oF
=

g4 BAFEFOR AUTAG. 7)A, kA, BHERR, BES
=

1.16. AT +4
AENA A ok AL (potential yield, PY) ofgfe} o]
Gulland (1971) 7} & ©]-&3t FA 3R

PY=0.5MB, ®)

1.2. A4 719 E44

Ak EAH) o Faflo] A L"E FAHEAE Al 7HAZE ATk
, &3 AA A AdFH G F AETE HFERE st Y
A d (Fox, ASPIC, ME R)2 o 3ujA; s =8aFat A4l

AR

FS F43= TFANTF AW (holistic production method, HPM),

=
= T oY &7

)
2
o\
%
u
_|>f_‘
.
>
off
&
2
=)
Au)
2
o
_?L
o

production method, PPM), A A, A|HEZ A&7l Azl whet o

A Rde A 8ot olduiYd 45 8FI FAENEFS FAsHE
A bF B4 (fishery production method, FPM)©]t.
1.21. TFA =415 (holistic production method, HPM)

SEANF BAMNA ASE FIYNF BAS o HF ojHeYP
2

AEWE AgIe] A0 Yol g



(maximum sustainable yield, MSY)& T3l W24 AAH 7ol A5+
AHEE] a1 )T (Zhang, 2010).
2 AFolMe HY JANNFREDQ] FoxEE 3 HHE JofdqgFn

o wl
= =

@l ASPIC (A Stock-Production Model Incorporating Covariate) .

HAAEZY] (Maximum Entropy, ME) E&-& Ar&3sto] ZFAJYFS F
Atk & AFA BT EF (K oAU 48T (ECOLE,
A A LAY E (MSY)S AT (PY)eg, HUASHPLF
(MSY)& 2437 9% FFY ALHF (Bygy)<> FARLZFS 24317

A% FE) AUF (B OoE, ANASHAYLF (MSY)A o Fweey

(fusy) L AT Al A =FHF (fp) 22 3R

% wstee UJEEe 4 90 mERAAL sz s Yo,

Y =rBInB, —InB’] (10)

A7NM, Y'=¢fB', B =Y /of =U'/geIth. o1& o= F ()} B
=9 o}gF (CPUE)9 BAYo2 Yehwl g3t )

_21_



Fox Bl o3 PYE F43t7] flsf A2 @A4 = ol&ste] A3 3]+
BAE Ak 4714, U= B¥ CPUEoItt. vwiZ/flsE F43t7] 9la)
A Anel AddieE st AFststd 4 (13)3% 2o

A7NA, Y= InU, X= f, dAZFS vEH a= U, 71$7] be
—g/rolth. 2 (12)& fol tidte wEskal 2] (14)9} o] FANAZFL F
33Tt

ASPIC =49

Ay JoAFREl ASPIC REL T X 2~E AAREE 7

il

B,
TR

r

B (15)
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ASPIC Edl ojgii% SAF& & A LZFS F8317] 918 Fig.
63 o] ASPIC Z =19 J¥3He] Z7|gez HASZHAYLF
(MSY=PY), A3t 84585 (K=ECO), A3td 458 o
3 B4 A AHAY Ad#Fe] ¥ (B/K), A¥FE (¢°] AHgHEh

ASPIC 292 Schaefer RS 7|EOo=E 33 97| W&ol B/Ke 052

AT MSY =714k ASPIC vl gde] Axr|Fd met FH- A

29 AT Ha ojF g HAuteEFo g A HAHSIA L, K 27

& ASPIC wlr@7del A7l Hal ojgaFe] 2~208) ol A3}
[e]

MSY<} K¢ Hage A" 2rge] dutesos dAsda, A
& 27139 22 2ASATE. ¢=CPUE/BelEE Hi ol g7Fe| 5 S
AdFo g k3o, i CPUEE Hi olg#e 5HlE U oz A
ARt (Prager, 2013).
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! General Data | Model Specification | Advanced Options |  Series Selection | Series Data

Parameter Starting Guesses and Estimation

Starting Guesses Constraints Estimate ?
: Min Max i

0.5000 Check any Parameters
BIZK n to be Estimated (or
MSY 1.3751E+05 6.8752E+04 2 7501E+05 [#] Uncheckto Leave

Constant at Starting

K 1.3750E+06 6.8752E+05 2.7501E+06 [¥] Guess)

[ Generate Default Values Restore User Input Values

Convergence Criteria Additional Pareameters

C.C. for Simplex Optimization 1 p0ODE-08

C.C_for Restarts 3.0000E-08 Maximum F Allowed During 1.0000
Estimation
Number of Restarts 8
— Random Number Seed 8254199
C.C. for Estimating F 1.0000E-04

Penalty on B1 > K

® ON ©) OFF 50.0
! General Data Model Specification I Advanced Options | Series Selection , _Siﬁf_[_’;i_ﬂ
Series Parameters
n o e Statistical
Series | gonet . Series Title Sents e Extimale @ing. | Weight for
a 9 Series
v 1 TR series 1 |Efort and Catch [+] [ |a.07s0e06 |1.0000E:00 |

Fig. 6. Input screen of the ASPIC model for estimation of potential yield

(PY) in the Korean waters of the East Sea.
olgA BE AlE#HNHAS A% 7 JdEAEES AASIY ZE IR
o] AlEd oA AFREIA HY (Menu-View-View Aspic Report File)©]
et F48 Ay SAFEFT AN AHRR A9

‘Model parameter estimates’ol| A K (=ECC), MSY (=PY) #So& At&H1H,

FAYRATFS s AT o AYFLS ‘Management and derived
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MODEL PARAMETER ESTIMATES (HON-BOOTSTRAPPED)
Parameter Estimate User/pgm guess 2nd guess Estimated User guess
E1./K Starting relative biomass (in 1966} 5. 000E-O1 5. 000E-01 5. 271E-01 u] 1
MSY Max imum sustainable wield 2. 140E+05 1. 375E+05 1. 661E+05 1 1
K Max imum population slze 1. 033E+06 1. 375E+06 9. 954E+05 1 1
phi Shape of production curve [Bmsy/K) 0. 5000 0.5000 R 0 1
————————— Catchability Coefficients by Data Series ——————————————-
CISW] Series 1 4. 0Y5E-08 4. 075E-068 3.871E-04 o 1
MANAGEMENT and DERIYED PARAMETER ESTIMATES (NON-BOOTSTRAPPED)
Parameter Estinate Logistic formula General formula
15 Max imum sustainable vield 2. 140E+05 g e
By Stock hionass giving MSY 5. 1B7E+05 K/2 Kanss(1/01-n))
Fmsy Fishing mortality rate at HSY 4. 141E-01 MSY Busy Y/ Bmsy
n Exponent in production function 2. 0000 s s
g Fletcher s gamma 4. 000E+00 e [n++(n/Cn=1231/[n-11
E./Bnsy  Ratio: B(2017)/Bmsy 5. 7E0E-01 e
F./Fusy Ratio: FI2018)/Fmsy 9. 229E-01
Frsy /F. Ratio: Fmsy/F(2016) 1. 084E+00 R R
V. (Fns¥) Approx. vield available at Fmsy in 2017 1.922E+05 MSY+B. /Busy MSY+B. /Busy
...as proportion of MWSY 5. O80E-01 e b
Ve, Equilibrium wield available in 2017 2. 108E+05 4B+ (BB ++2) F+MEY+(BA-(BA D ++n)
...as proportion of Y 9. 851E-01 S Ssan
————————— Fishing effort rate at MSY in units of each CE or CC series ——————-
fmsy(1)  Series | 1. 016E+D5 Fusy/al 1) Fmsy/al 1)
FKapenta Fage 2
ESTIMATED POPULATION TRAJECTORY (HON-BOOTSTRAPPED)
Estimated Estimated Estimated Observed Mode| Estimated Ratio aof Ratio of
Year tot starting average total total surplus F mort biomass
Obs  or D F mort biomass biomass vield wield production to Fmsy to Bmsy
1 1966 0.328 5. 167E+05 5.367E+05 1. 758E+05 1. 758E+05 2.136E+05 7,91 0E-01 1. 000E+00
2 1967 0.224 5. BA5E+05 5.946E+05 1.330E+05 1.330E+05 2.087E+05 5. 400E-01 1.073E+00
3 963 0.330  6,303E+05 5. 286E+05 2.072E+05 2, 072E+05 2. D40E+05 7.959E-01 1. 220E+00
4 969 0.224 B, 271E+05 5. 548E+05 1.4E9E+05 1.469E+05 1.935E+05 5.417E-01 1.214E+00
5 970 0.246 6. 7BVE+O5 5. 333E+05 1.E9EE+05 1. B9EE+05 1. 900E+05 5.935E-01 1.313E+00
=] a7l 0.195  5.991E+05 7. 208E+05 1. 406E+05 1. 40BE+05 1. B05E+05 4., 709E-01 1.353E+00
7 1972 0.243 7. 390E+05 7. J69E+05 1.789E+05 1. 7E9E+05 1.751E+05 5. 863E-01 1.430E+00
g8 1973 0. 266 7. 352E+05 T.2T1E+05 1.933E+05 1.933E+05 1. 785E+05 B.418E-01 1.423E+00
=l 1974 0. 266 7. 205E+05 7. 160E+05 1.904E+05 1. 904E+05 1.822E+05 B. 420E-01 1.394E+00
10 1975 0.245 7. 123E+05 7. 1B0E+05 1.753E+05 1. 753E+05 1.822E+05 5.912E-01 1.378E+00
11 1976 0.380 7. 191E+05 6.819E+05 2.591E+05 2. 591E+05 1.918E+05 9. 175E-01 1.392E+00
12 a7y 0.436  6,519E+05 G 1TIE+05 2.639E+05 2, B89E+05 2. 056E+05 1.052E+00 1.262E+00
13 s 0.437  5.888E+05 5.B87E+05 2. 436E+05 2. 486E+05 2. 117E+05 1.05E6E+00 1.139E+00
14 a7a 0.429 5, 518E+05 5. 416E+05 2. 325E+05 2. 325E+05 2. 135E+05 1.037E+O0 1. 0E8E+00
15 950 0.476  5.328E+05 5. 158E+05 2. 453E+05 2. 453E+05 2.139E+05 1. 148E+00 1. 031E+00
16 1981 0.586 5. 01 4E+05 4. BT7E+05 2. T39E+05 2, T39E+05 2. 118E+05 1.414E+00 9, T03E-01
17 1982 0. 687 4, 393E+05 4. 002E+05 2. Th0E+05 2. Th0E+05 2. 027E+05 1.660E+00 g, 501E-01
18 1983 a.e12 3. BTOE+05 3. T07TE+DS 1.898E+05 1. 898E+05 1.969E+05 1.237E+00 7. 103E-01
19 1984 0.600 3. TIE+05 3.622E+05 2. 173E+05 2. 173E+05 1.948E+05 1.449E+00 7, 239E-01
20 1985 0.715 3. 516E+05 3. 258E+05 2. 350E+05 2. 330E+05 1. 846E+05 1.727E+00 6. 805E-01
21 936 0.637  3.033E+05 2.962E+05 1.885E+05 1.885E+05 1. 7850E+05 1.537E+0O0 5. 869E-01
22 937 0.624 2, 897E+05 2. 360E+05 1.784E+05 1. 784E+05 1.713E+05 1.50EE+00 5. BOVE-O1
23 985 0.518  2,827E+05 2. 940E+05 1.522E+05 1. B22E+05 1. 14ZE+05 1. 250E+00 5. 470E-01
24 989 0.489 3. 047E+05 3.184E+05 1.E5VE+05 1. EEVE+05 1.824E+05 1.181E+00 5. 895E-01
25 1930 0. 483 3. 31 3E+05 4. 436E+05 1.661E+05 1.661E+05 1.893E+05 1.167E+00 6. 412E-01
26 1991 . 470 3. 652E+05 3.B7T3E+05 1. T26E+05 1. 7T2BE+05 1.961E+05 1.135E+00 6. 873E-01
27 1992 0. 408 3. TEEE+05 3.996E+05 1.623E+05 1. B23E+05 2.029e+05 9. 806E-01 7. 326E-01
28 1993 0. 465 4, 192E+05 4, 242E+05 1.975E+05 1, 975E+05 2.07T1E+05 1.124E+00 8. 112E-01
29 1994 0.453  4,283E+05 4. 349E+05 1.971E+~05 1,971E+05 2. 036E+05 1.095E+00 5, 299E-01
30 1995 0.520 4, 403E+05 4.316E+05 2. 245E+05 2. 245E+05 2.032E+05 1. 256E+00 5.521E-01
Fig. 7. Result screen for estimation of potential yield (PY) in the Korean
waters of the East Sea in the ASPIC program.
HAYAEZI] (ME) =9
WaE o A g o] = 31 o o S Al B Ea
A Qolagrdel AAERy] (ME) 2EL oIy 458
3 AAQAALEZELS =AF 2] 5 )= 3 A ALS= 3 o] Al 3
g AARNES FAsr] A ded AdgsdHe 4 17)F

Verhulst (1838)¢] =X ~¥ 3

(18)= AH&stiTh
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¢, = ql5, B,exp (et ) (17)

B
B ., =B, +rBt(1—?t)— Clexp(y,) (18)
A7NA, Ce 49 F AT = AFFE, ET tdY oA4gxg,
B+ td9 Ad#E, r2 WAXRASFTIHE, K= AU 84 58F (ECO),

rB(-B/K)E AQAZNE b 1de] olfFd tE o, = 1de

g=pl- 0+pi h/2+pi h (19)
r=gr - 0+ p, BOBES o5 0.75 (20)
€, =p1 - (—0-2) & p§f D0+ p3=0.2) (21)
w=p) (=02)+p,- 0+ps- (0.2) (22)

=3, o FUd BAFEF (K=ECOL okldl 4 23)% AHgstel *

ECC=p{“. 0+py“- n/2+p{ h (23)
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714, he F3taA = Z+ gerlE e gE po HAAHAFRS
BT ¢=C/(B- /) @A oF ¢o] HUWHA (h)E
Onax = Cona/ 2+ Coin - friy &2 7HA 3 Bl o) A9 ¢, & 2.95E-052
Ao dAEAT r& d
o o3 HoEE 17hA 5 F dov, AR WAARATIHE ()
043 FFolgt= Cortes (2016)°] AF-A ] FAsI B AFolA= ro
HUHAE 1 28] 5o 77k 0752 AT ECCe HUH S (h)
£ ASPIC EdoA 9} Zo] Gulland (1971) 7Fdol &A% PY Z7]%2
2 7HE% Ha oY g AAANEATY At FFOE e PYS 6459
o 1595 Hall& 968 = AR, AL W= ECC Bk 5

3 gro 2 7FAS T, a3 HYE £20% WelE AAF ] Yl e=0.2

5/
r]I.

HOZ /2~ Fpy(0.25< Fpy< 0.5)9 A

olgA md AEHoAS AT 7€ AHAERESS 23] GAMS
(General Algebraic Modeling System)& ©] &3t &&
2 4ol o3 setre g FA}AT Tl AHE GAMS Z23 0

3
Max —prlnpf - ZZpijlnpéj , g=9q,7,ECC 1=B¢u

i=1 t j=1 (24)

GAMS Z=090] IYAEE dHst ZdS 23 (Menu-File-Run)Al

719 Fig. 83 o] Algd#old At QAT Agnd AF&F
HAYFge AAstd 2= e ‘Display-P'$} ‘Display-S'E 243t
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Compilation -
Egt“zggz Listing SOLVE ENTROPY Us ey 149 VARIABLE P.L PROBABILITY (PARA1&TRISECTIGN)
Column Listing SOLVE ENTROPY Us
Column 1 2 3
- Model Statistics  SOLYE ENTROPY Usi
gﬁ}é“c&? Report  SOLVE ENTROPY Usi 1 a.757 a.243
SolVAR 2 1.000
[~ Execution 3 0.303 0.330 0.367
= Display
—
Q
R ———= 149 VARIABLE Q.L PROBABILITY OF EPSILON (YEAR48&TRISECTION)
=
i 2 3
1 0.330 0.670
2 0.670 0.330
3 0.133 0.867
ES 0.670 0.330
5 0.240 0.330 0.430
& 0.705% 0.295
T 0.299 0.330 0.371
8 0.631 0.369
El 0.500 0.500
10 0.565 0.435
11 o.330 0.670
12 0.330 0.670
13 0.314 0.330 0.356
14 0.330 0.670
15 0.185 0.330 . 485
16 o.107 0.893
17 0.106 LS
18 0.670 0.330 Bri
19 1.000
20 8.254489E-5 0.330 0.670
21 0.224 0.776 v
Tl I8 | (ol | b

Compilation
Equation Listing

.

SOLVE ENTROPY Us

b-—-

149 VARIABLE 5.L

- Equation
|~ Column Listing  30LVE ENTROPY Us
== Column 1 e )
Model Statistics  SOLVE ENTROPY Usi
»;; gg:;tar}ﬁapnn SOLVE ENTROPY Usi 1 0.168 0.834
#- SalVAR 2 o181 0.818
|~ Execution 3 0.016 0.984
= ?ispp'a\‘ 4 0.062 0.330 0.608
Q 5 0.282 0.718
FR 5 0.330 6.501158E-4 0.668
g 7 0.243 0.752
8 0.315 0.885
) 0.330 0.670
10 0.238 0.762
11 6.09% 0.908
12 4.873142E-4 0.330 0.870
13 0.164 0.330 0.506
14 0.199 0.330 0.471
15 0.28% 0.330 0.4086
is 0.323 0.330 0.347
17 0.393 0.330 0.277
ie 0.460 0.330 0.210
i3 0.330 0.85% 0.0186
20 0.522 0.330 0.148
31 0.571 0.330 0.098
2z 0.527 0.473
23 0,570 0.421
24 0.810 0.390
25 0.583 0.417
26 0.581 0.419
27 0.587 0.413
28 0.522 0.478 E |
23 0.474 0.526 |
30 0.473 0.527 -

PROBABILITY OF STOCK (YEAR4STRISECTICN)

Fig. 8. Result screen for estimation

waters of the East Sea in the

of potential yield (PY) in the Korean
GAMS program using ME model.
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Fig. 89] A© I3 3 £9] ‘149 VARIABLE P. L PROBABILITY' & 4t
Aazte] 1~338 2 ey g r, K (=ECO)9] FEAE YEIUH, 1-3
zt FEA ] W (p~py)E HERT.

i

=
e

rlo

1 2 3
1 (¢ 2 Py 2%
2 (r) p1r p2r pgr

3 (ECO) p, P p," Py~

AF EH, Tl A ¢ FEAIL p°=0.757, p,°=0.243, p,"=02.2 FH
Hol 2d zr|ger AT ¢ FEAEY WA 0, h/2=148E-05 h
(Gax)=2.95E-059F 2+7+ Fall Al Al 7] & HtH ¢= 3.59E-062 2 A4t
HAdth r FEXE p=0, p,'=0, p;=1.0000-2 FA=o] B Z7|FHO=E
AR r FEX9 MY 0, 0375, 0.759F 2H7F FalA Al Y & ©std

7500.2 A Qrh. ECC &7 p, 20=0303, p,"=0330, p,"=0.367

ﬂ
flo
o

2 FAHY =R zrge= AT

t

CC FEX9 HH o,
h/2=665,334mt, h=1,330,689mt (3 oJF | 9.68v)} 7}z Fal| A Al
Mol &< Hald Sl ECCE 1,415853mto2 F4 = o)

Fig. 8¢ && 27 A Z2| “149 VARIABLE S. L PROBABILITY OF
STOCK' Z 4t&d ZAdes f4gAs 5170 gk A=l AY9%F FE3
o, oJ It AATE&Fo] ALF FFEolg} AL A (23)S o] &3}
o A=E AdHFS FASFAT. dE =9, 19669 AdF FEX = 0,
0.166, 0.834E FA o] Z7|gre g HAS ALz M9 0, h/2=665,334mt,

h=1,330,689mte} Z+zF FHallA Al /Mol &S Hstd a9 1966 @ A&
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£ 1,220242mt o 2 A=}
22 ANE#HodE Sl FAHE FAvH o, Agdd ETE
(K=ECOE YERHE 4 (20), 4] (23)= ol&3te st Zo] A4k

Fe FASA

ol

FAFE D437 A% FFY ALF (B2 dA 3] 7%
o2 dAxd ALFL veuE 4 )6 JAydFs Bud

i
£
Lo
JiSs)
A
o
fru
o
o
ol
2
fu

1212 29 HA
Az A¥=E Hriety) S8 4 2o tid AAASF (RS ALt
Aom, o] 23t 2t

oJ7)A, 2= AA CPUE, z= 2do| o3 ¢]=8 CPUE, it 9%, n
Z ralSo 93 FAX 9 AA AR AFE=E HIEr] s 2x19

A H+ AFT (root mean square error, RMSE)¥ Theil®] U A ZF

(U) (1966)= otefe] 43} o] Aztatint.
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RMSE = \/% Zn}l[z (z;) — 2(z,)]? (27)

1A, z(z,)E x4 AA CPUE, 2’(@)*‘:— zolA el Bdo o&) 4

]
¥ CPUEE YT

AN

714, z & B 93] 4=9 CPUE, z&= 2A CPUES YehdTh
Azl AFEE JeER= RMSES U SAHS 1 o5ty uf mdo]

3 47 AR ARE A deada B 5 gow, ghol Ae5%
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B AFolAs FdALNE BEAH o3 Fa o AALZFE (PY) F73
Aok AA A5 AEE
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P 3 Ao AtelE AFFRtew Alteta, ALt F78
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Fox =&
Fox 22 & Delta method (Bolker, 2008)E &3l FAHx]o A

(variance, Var)¥ EF22} (standard error, SE)

i
X,
e
ol
ol
2
iy

PY = Lp:;i’ _ e;_i (29)
vare) = (22 vﬂr(aj+-(iﬁf]ﬂ var@ +2(5 ) (55 ) -Corta.

_ {_ 92—1): Var(a) + (.9;;1): : L’grlf__,f}:] L3 {_ 9;—1J (%:) -Covia, £) (30)

=) var(@ +2(- =) (57) - covia (31)

i ) Var(z) + ( =

SE(PY) = _.\III{_

PY FA X2 AlF]F3FE Delta m

o,

=

rr
=4l
N
&
b
i

Apek 95% A rEe v
o] 7hsdttt. o71A, &

95% confidence interval of PY=PY+1.96 - SE(PY)

ASPIC =49
% ATE FHAS s A

ASPIC =98 ECC® PY FAHHA 9 95
20 =

4 X2 ASPICO Z23 BT E AME3FHT (Fig. 9). ASPICS] BOT
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| General Data | Model Specification |  Advanced Opti | Series Selection Series Data |

Mode Selections

Program Mode [BOOTSTRAP -]

Model Shape [LoGisTiC -]

Optimization Mode [Conditioned on Yield |

Objective Function [Least Absolute Values -]
Monte Carlo

Monte Caro Mode Number of Trials for MC Search 300

Bootstrapping

Number of Bootstrap Trials 1000 Corfiskonce ki orvals %~ 95 %

Output Options

Screen Verbosity Generate R Compatible Output File

[¥] Generate .SUM and PRN Supplementary Output Files

Fig. 9. Setup screen for the Bootstrap method for estimation of potential yield

(PY) in the Korean waters of the East Sea in the ASPIC program.

1
s FA8ske WHolth (Hoyle and Cameron, 2003). £ Aol A
Ex

Al
RE~EZ AF 3= ASPIC "iwdol wat AZ8 3t A4S ¢33 4
Ad 342l 1,000 0.2 HAASAT, 1,000/ FEXAEH TERS A835)

of FgA 2 95% A=A sFHA RS FASAS. ECCS PY
FAA 95% AT FALS 98] ZE2IY BT E ‘Bootstrap’ 0 & A
Aoty 2d-Es A3 (Menu-Run-Run ASPIC Model)Al7]¥ Fig. 107} #Z o]
AlEdold AREIA 9d (Menu-View-View Aspic Report File)o] 44
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ok ECCe PY F

yde)

(=PY)&] 95% lower, 95% upper

gAe] 95% A=
X 314 2] “Estimates from bootstrapped analysis' o4 K (=ECC

BA —

Y
oo
ot

b3

flo

RE~EY WY
)sk MSY
2 A&Ey 7+ 95% A A 9

o

o

-

= = [e)
AT S YERATH
FKapenta Page 4
EST IMATES FROM BOOTSTRAPPED ANALYS!S
Estimated Estimated Bias-corrected approximate confidence linits Inter-
Param Point  bias in pt relative quartile PRelative
name estimate estimate bias B0% lower 80% upper 95% lover 95% upper range |G range
Bl /K 5. 000E-O1 0.000E+00 0. 00% 5. 000E-01 5. 0D00E-O1 5. 000E-01 5. O0OE-01 0. 000E+00 0.000
8 1.033E+06 -5.121E+03 -0.50% 7. 250E+05 1.131E+06 T.017E+05 1. 177E+06 9. 201E+04 0.083
a1} 4. 075E-06 T.623E-21 0. 00% 4. 075E-06 4. 075E-06 4.075E-06 4. 075E-06 0. 000E+00 0.000
M 2. 140E+05 6.578E+02 0.31% 2.110E+05 2.262E+05 2. 100E+05 2. 2B8E+05 2. 643E+03 0.mz2
Ve(2017) Z.108E+05  -1.082E+04 -5.13% 1. 991E+05 2.151E+05 1. T26E+05 2. 172E+05 5.193E+03 0.025
¥, (Fmsy) 1.799E+05  -4.064E+03 -2.26% 1.77959E+05 1.835E+08 1. T88E+05 1. 835E+05 2. 5558E+03 0.0m4
Emsy B.167E+05  -2.B61E+03 -0.50% 3. B2EE+05 5. 654E+05 3.508E+05 5. 857E+05 4, 601E+04 0.089
Fsy A141E-01 1. 172E-02 2.83% 3. 722E-M 5. 235E-01 3.563E-01 6. 514E-01 4. 194E-02 0.10
fmsy(1)  1.016E+05 2. 875E+03 2. 83% 9. 134E+04 1.B31E+05 8. 744E+04 1. B99E+05 1. 029E+04 0.10
B./Bmsy  8.780E-01 §.506E-02 9,695 5, T0SE-01 1. 115E+00 4. 819E-01 1. 485E+00 2. THE-M 0.316
F./Fmsy  9.229E-01 -3, 168E-02 -3.43% 7. 176E-01 1. 3T1E+00 4, 957E-01 | . B95E+00 3. 286E-01 0.356
Ve, /MSY O.851E-01 -5.231E-02 -5.31% 8.958E-01 3.999E-01 7.610E-01 | . O00E+00 3. 308E-02 0.034
INFORMAT |ON FOR REPAST (Prager, Parch, Shertzer, & Caddy. 2003. NAJFM 23: 3459-361)
Unitless limit reference point in F (Fmsy/F.): 1.084
CY of above (from bootstrap distribution): 0.3344
MOTES OW BOOTSTRAPPED ESTIMATES:
- Bootstrap results were computed from 1000 trials.
- Results are conditional on bounds set on MSY and K in the input file.
- 411 bootstrapped intervals are approximate. The statistical literature recommends using at least 1000 trials
for accurate 95% intervals, The default 80% intervals used by ASPIC should require fewer trials for equivalent
accuracy, Using at least 500 trials is recommended.
— Bias estimates are typically of hish variance and therefore may be misleading.
Trials replaced for lack of convergence: ] Trials replaced for M3Y out of bounds: u]
Trials replaced for g out-of-bounds: 0
Trials replaced for K out-of-bounds: 94 Fesidual-adjustment factor: 1.0202
Elapsed time: O hours, 2 minutes, 11 seconds

Fig. 10. Result screen for the Bootstrap method for estimation of potential yield

(PY) in the Korean waters of the East Sea in the ASPIC program.

ME Bl 5 Aggolde ¢
A9 95% AFFIHE AR FAHE
FHOAE HEFHOR Hrishs
1958) &= of o A3 o] =

3 AFEH GAMS ZE oA FA
FAA, AFANA Ao FAFY
Jackknife resampling B (Tukey,

A4kt PYS} ECC F4 X

— (3:1 —



o] 95% A#TA L s A S FAHsAH.

0, =nb—(n—1)9, (33)
0,
(é]‘ —my, -)2
Var,,, = 2 hiv & (35)

B = \/ E% :In o) (36)

n
95% confidence interval of PY=PY+1.96 - SE (37)

A71A, 65 Mol Aol o5 #HE Pseudo F, 9= 9 AEol

{

WE FHA, 0= jHA ARHES AT jER) U FAA, ne U A

A (sensitivity analysis)= AAISIATH WA o2 WIZE FA4o HAH
T2 Wl gk 7Hel A5kl HEE

s g wessstE shetahs A
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A 3}

_g]

tath A ZFH o gk
A< (sensitivity index, SI)E Al

S|

A s

1

(e}

sk

/1\_]__

(38)

-100

Tested PY—Predicted PY
Predicted PY

SI (% change in PY)

.

SEE

AEE 5%

FSA .

3|

HeE 24

-20%~+20%

(population production method, PPM)

1.2.2. WA+ 2

A4

o) %

2 AFolAM =

FA .

=

H (Kim, 2016)2 AH&

S HT 571d (2012~2016'3)2] o]FE o] ¥ H]E (KOSIS

1%

T8

3l

5

ZHA) 2

=
o =

oA o

nld

M_wwo

o

Itk (Table 11). AEE 1261%

s

=9
o =

8 129
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1.221. F& o34 1201 F 0 tig ZAA =
B AFdAEs Ao, H&UiAl, Hol, =75, 7kAn], Wol, Hof, 4
, AZ8o), A, LFAZ F 1101F0l tsiMe o5 oj¥F3} CPUE
A8E AHESHY 1211 JodAE mdo) Hg/3 o] ME RdE 3
= Aol et oAFE FANNFEY g FHFEFES AH
ettt 2ga = dAS e ofFE o ko] Wi ol o T
iF Bl &S o] &3t T Ao AFH FAFAYNF (PY,,)H o1
4 BBFEF (ECC,,)S ot 2oz FA33h
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ut

C
PY,, =PY, (=) (39)
CEs
ECCy, =50, (&) (40)

A7, PY, = % AANGe] U@ sol Tl AAMAE, O = 5
of TE solFel ofw, G b B AA thF solFe] oI,
ECC= @3 AAN o tat solFo] ofAr)ak 8458l

ME =mdd] o3 43 fa] o] 87 Aur7t F53 ofF (&)l
el = A 570 (2012~201613) 0l TR A EdFo] Y 2 F7HE o

Elfe ofFel disiAe A& 387 (allowable biological catch,
ABC)s FAAAFS R 7HstATh. 99714 ABCi= Zhang and Lee
(2001)] 59A ABC 54 Alz=®Hlel wel F83tdtt. oo 4% o]&7}
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AQAGAS (M), 4RAG (K F742 128k Fishbase &310]7 ]
=E]

DB ARE 7|Hto 2 ofFW¥ I EY (resilience) T+ HAHI}HE oF
=

B3 X F2 1201F o909 o]F F HAYNIH Y BH5E
} Hs

o] (Skates), A4 FEZFo|F{ (Predator pelagic), &% FEZF°|F (Small
pelagic), 7FAH|F (Flounder), 71B}F A A{o]{ (Other demersal), F+=F
(Cephalopods), ®4-5%& (Epifauna), WA&= (Infauna)® T 8709 T1&
o2 A AFEFTY VFFS FEE F8 1201F T AYH
7t AR AR EE vt A¥EEAH.

FTERTE F29F o292 ofFd tigt FAPATFE ot o=
FAsA

) (43)

A71M, PYy,© 1F G solFol ti S8 ZAYLE, PY, = 1
= G9 7|F °|F (standard species, std)2] &8 HAYNLE, C, .= IF
Go| sofZol g w3 oA (2012~20161d HHF), Cp = 1w G 7
= A% (std)9 F3l o1¥F (2012~201611 H), GE oFT LFolth

uebA, Fal Al A o1 FAAYLTF (PY)S ot A3 2
=3

PY=Y,PY, + Y PY,, (44)
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ofy
flo
o
)

AFEFTE F201% ol9)e] ool @ oIy &
o 4oz FYsnh

ECCG,std

ECCG,S = CG’S . ( CG7std

) (45)

l

A7A, ECC,, = 1% G solFol gk Fa gy S48,

oz

ECC 4= 1% G 7IE °F (standard species, std)] &3 o] oh
e ggolt.

weha, Fa A2 HA AYd BAHFEHF (ECO2 ot 23 2
.

ECC=) EQCy,+ Y ECC, (46)

1.23. oG4k EA4H (fishery production method, FPM)

2 ATGAE o8 AAANE FHS S8 ojEE LT A
gl utet Yol BAS Hgdte] FAYNFS FASE o YA
4% (Kim, 2016)& AH&3F9 T

Sl Fa oy AE/NELE HT 571 (2012~2016F) ] oI g
Mg (KOSIS F7FsAXER)0] =& &oA o]y o8z 1 o]8 g
ARIL o] §7b5 T ol e AHah AEE 8 o oY FTEY

EE, AW, d9dAE, 284, d¢TE, IR olth (Table 12).
1

SATFHES, 2AAYY], AN, 2FHY, AAFW, e
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i3t F3 g dAx¥E AFgFAEE IVFSAEE (KOSIS)ol A
1998~2009d ol tigt A HFARE St AHE3ATH Fal g A=

A7NA, f.= sl voldel ti £F3E FETF, v,
e A<, GTPV, = voldel dd A" = (GT,,/

o tid AYEE, v FAFFTIEE, FAARY], ASATL, LFAY
AtFH, Fa A, t= 1998~2009 ©] T},

FHE g d Y gyF A8S ALt 1211 AN E 2P
of A& o] ME Edol| olsf Fafeo] o AL o e
AT EFS FANAL T T2 67 Ad FANLF (PYR)H 0¥
i AT EF (ECC) F824L otgfioh 2k
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7ol e AR
oI IEFTY ol9of ojglol tha AANGFE ol Aoz FAa
o},
PY,.,
PYer=Cor (—m—) (50)
G, std

rr

A71A, PY, e 1% G Folgel tid 3 FAMAL, PY,,,
I% G9 71¥ oY (standard fishery, std)®] &3 FAYNT, C, v L
& G Foldoll tid sl ol &% (1998~2009 H+), Cp.uT 1F G
71E oA (std)e] T3 oAFF (1998~2009Y HF), G= EFRT IF
(Group no. 1-5)°]t}.

uebs, a3 Al AA oY FARALEF (PY)2 okl A3 2ok

PY=PY,+Y,PY,, (51)

ol Qu R Faclg] 9ol olgle] W o HthA BAFEFE o}
o Aoz FPstsit
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q7A, ECC, v & G Foldol thzt sl oy S38-8%,
ECC, .= 1% G 7% °IY (standard fishery, std)®] &3l o thd
g golt.

kA, 8l AZE AA AN SAEFEF (ECO)2 oty A3 &
.

ECC= ECC,+ Y ,ECC (53)

2. ofYZ = HE ALF 45 =g

B A7olME Bl d2dloidel Ade] drhy W HBHEXE 3
otr 7] ffal 20179 FE 2086d7HA FF 207k sEluvEt Fale A
Fe dSsta, FAE oI dFFEFH FANNTS HwsAt
AQF dEe 98, 14 12149 $FANF B4 5 MERDA

AE = g AT FH FAYLE, 7IE gHuEES oY A
kol &3 2 (54)° H-&3FTh
Bt
Bt+1 Bt +TB ECC RV - q (54)
714, B & t+139 ALF, BE 132 AYF, ECCS r& TA
s

24ye] MERHo| o8] F4=E gt 845897 YA
EA4 24 EXCELS A
RV= (1—CVECC)+((2><CVECC)- RAND())$} 22 218 493t A4t
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G =4qB,f, (55)

A71A, G= tde] oA8F, ¢= olFdE& AT, fv tde AP gFol
o 2 d7olAE 2016 @A AR HF S, FABAT Al =
A fpy, 201613 FA oA x=HZFE (f)ol thst] x05, x1.5919 F 4714
AU L5 A3t o3 =d wE AdFS dSsAn.

oAy SAFE&EFd diFdF WEAFT (CVp s F837I

f

Jackknife resampling WS AFE3IAT (Tukey, 1958). ©] WHL #A50|
A Dozl BAES BEROAE HIRFHORE Hrlste WHyolth /Mg ©

&3 Jackknife] 2 T AgA ARHES A AASE BAFS
Adste Qe wHEse, dojx AuolZEAFe] B RELAE
AL 04 1.21.34d2 4 (33)~2 (36)37 &
mEbA B AFeAE ECCO HEAT (CVpeps TS f18 o

m

)
o
ol
O
rlr
oz
i
o
o
I
[

SE. .
jack (5 6)

CVECC = ECC

WRE 20168704 51E B o8P g P AR F

N
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AN 17132 AEE 19663 H-E 2016174 =AM E 32 AAA 50
MNAel A5E 7HA e EES 51/ BT Ol ® 2 385 MER Y
HEANA SUMe] FAHAE T ts 4 33)~4 (36), A (56)= HEAIFA
ECColl tist HE5AFE T3t (Table 5). WetA F3le] ECC HEA S
< AL o= A ECCOl WE P A

)

= 01612 FAHAH, ©]
&3t
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Table 5. Estimates of potential yield (PY) and exploitable carrying capacity
(ECC), standard error (S.E.), and coefficient of variation (CV) by the

Jackknife resampling method in the Korean waters of the East Sea

Sample PY estimate Pseudo VaAlue ECC estimate Pseudo Val}le
) of PY () (6,) of ECC (4))
1 263,001 389,016 1,479,613 -1,772,133
2 269,955 41,302 1,439,762 220,387
3 270,324 22,871 1,546,919 -5,137,434
4 255,467 765,723 1,362,491 4,083,962
5 264,545 311,800 1,410,909 1,663,044
6 251,277 975,197 1,340,147 5,201,161
7 271,004 -11,120 1,445,354 -59,201
8 252,929 892,634 1,348,953 4,760,821
9 258,413 618,421 1,378,203 3,298,355
10 259,359 571,138 1,383,246 3,046,177
11 255,772 750,453 1,547,790 -5,181,031
12 244,929 1,292,608 1,306,289 6,894,017
13 277,174 -319,632 1,478,262 -1,704,596
14 253,989 839,627 1,354,608 4,478,117
15 264,545 311,800 1,410,909 1,663,044
16 252,535 912,342 1,346,851 4,865,931
17 261,141 482,034 1,392,751 2,570,957
18 272,501 -85,982 1,453,339 -458,463
19 265,456 266,285 1,415,764 1,420,293
20 252,765 900,817 1,348,081 4,804,467
21 258,294 624,363 1,377,569 3,330,044
22 264,958 291,188 1,413,108 1,553,110
23 272,501 -85,982 1,453,339 -458,463
24 259,746 551,776 1,385,312 2,942,912
25 252,765 900,817 1,348,081 4,804,467
26 261,974 440,386 1,397,193 2,348,833
27 262,168 430,647 1,398,232 2,296,893
28 265,456 266,285 1,415,764 1,420,293
29 265,456 266,285 1,415,764 1,420,293
30 256,077 735,227 1,365,743 3,921,321
31 260,783 499,918 1,390,843 2,666,338
32 239,534 1,562,356 1,310,721 6,672,429
33 258,254 626,392 1,452,904 -436,686
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34 264,545 311,800 1,410,909 1,663,044

35 251,496 964,264 1,341,313 5,142,851
36 239,893 1,544,434 1,279,428 8,237,090
37 247,946 1,141,748 1,322,381 6,089,429
38 275,656 -243,741 1,470,167 -1,299,845
39 264,545 311,800 1,410,909 1,663,044
40 252,765 900,817 1,348,081 4,804,467
41 260,764 500,895 1,390,739 2,671,549
42 240,030 1,537,560 1,477,109 -1,646,965
43 255,469 765,639 1,362,500 4,083,515
44 264,545 311,800 1,410,909 1,663,044
45 252,765 900,817 1,348,081 4,804,467
46 252,765 900,817 1,348,081 4,804,467
47 239,893 1,544,434 1,279,428 8,237,090
48 240,872 1,495,490 1,438,040 306,509
49 256,026 737,782 1,365,471 3,934,944
50 264,545 311,800 1,410,909 1,663,044
51 252,765 900,817 1,348,081 4,804,467
Standard error
(S.E.) 65,339 407,472

Coefficient of

variation (CV) Lo10g 0.161

3. A=
31 AEA 93 BA4E 9% A8
87kA AEj3td EA4& mEste] fAEE ARty EAE A E
EdFoz BEFE3 A85 %0 (Table 6). $Elviet A8 A o8
o 9] 3% WX, 150, Aol oA ojF o] Ee
o]

2R =9 EFTOR w2 XF3HTh

=
=

o\
o

Y
rlo
)
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Table 6. Species by group in the Korean waters of the East Sea

Group name Species
1 Marine Minke whale, Common dolphin
mammals
5 Sea birds Streaked shearwater, Ancient murrelet, Common tern,
Pacific loon, Black-tailed gull
3 Sharks Mko shark, Siny dogfish, Bllhead shark
4 Rays Skate
5 Predat.or Jack mackerel, Amberjacks, Spanish mackerel
pelagic
6" Chub Chub mackerel
mackerel
7 Srnal.l Sardine, Dotted gizzard shad
pelagic
8" Anchovy Anchovy
9" IIZaCI.ﬁC Pacific herring
erring
10 Flounder Korean flounder, Sole, Halibut
117 Sandfish Sandfish
Temperate perch, Rosy seabass, Black seabream, Red
12 Other seabream, Barred knifejaw, Pomfret, Pufferfish,
demersal Rockfish, Greenling, Gurnard, Sea raven, Mullet, Atka
mackerel, Whitespotted conger, Snailfish, Croaker
13 Cephalopods Cuttlefish, Whiparm octopus, Octopus
14" Common Common squid
squid
15" Red snow Red snow crab
crab

Horned turban, Sea snail, Abalone, Mussel, Sea
16 Epifauna urchin, Sea squirt, Sea cucumber, Blue crab, Japanese
swimming crab

17 Infauna Scallop, Sunray surf clam, Oyster

! The top dominant species of total catch in the whole Korean waters, and
"2 the species with higher catch ratio in the Korean waters of the East Sea are
assigned independent group separately.
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Table 7. Initial input parameters and adjusted input parameters of the Ecopath

model in the Korea waters of the East Sea

Group name Bin (mt/km?) By (mt’km?) P/B (yr') QB (yr') C (mt) EEy EE.q
1 ml\:;rr‘;‘:ls 0.146 0.146 0.020 9.900 - 0.000  0.000
2 Sea birds 0.035 0.035 0.090 60.190 - 0.000  0.000
3 Sharks 0.003 0.013 0.510 2.960 0.002 1307  0.950
4 Rays 0.112 0.112 0.666 1.700 0.002  0.140  0.142
5 Predator 0217 0.217 1.200 3.510 0.007  0.605  0.606

pelagic
6  Chub mackerel 0.071 0.071 0.600 1.730 0.001 0922  0.924
7 Herring 0.372 0.372 0.800 4.340 0.000 0931  0.932
8  Small pelagic 0.717 1.085 3.750 12.900 0201 1405  0.950
9 Anchovy 0.197 0.281 3.940 19.700 0041 1326  0.950
10 Flounder 0216 0216 1.100 3.200 0013 0.801  0.802
11 dg;zfsral 4.143 4.143 1.420 3.700 0182  0.723  0.741
12 Sandfish 0.127 0.127 2.280 10.100 0.049 0549  0.549
13 Cephalopods 0.169 0.169 3.200 10.670 0.001  0.604  0.604
14 Squid 3.323 3.323 4.100 10.510 0402 0455  0.462
15 Epifauna 0.397 0.397 5.457 20.390 0017  0.747  0.747
16 Re‘if:g"w 0.577 0.577 1.000 5.000 0.000 0967  0.967
17 Infauna 0.070 0.070 7.000 27.000 0.001 0599  0.599
18 Zooplankton 40.480 40.480 44.630 204.700 - 0944  0.946
19 Phytoplankton 70.590 70.590 128.600 - - 0.640  0.640
20 Detritus 100.000 100.000 - - - 0.166  0.166
HolzA A5e 2% €3 9 BIAE Fxste Ho|] Faxet BAFS
EF 2 BRE BEI e ANEE B4 ARE AT (Table )
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Table 8. Input data for diet composition (DC) in the Korean waters of East Sea

(a) Importance of prey by species group

Prey(j)/Predator(i) 1 2 3 4 5 6 J/ 8 9 10 11 12 13 14 15 16 17
1 Marine mammals 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 Sea birds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 Sharks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 Rays 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0
5 Predator pelagic 0 0 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0
6 Chub mackerel 0 0 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0
7 Herring 0 0 1 1 2 0 0 0 0 0 0 0 1 1 0 0 0
8 Small pelagic 5 0 2 2 2 3 3 0 0 1 1 0 3 5 0 0 0
9 Anchovy 5 0 1 2 2 3 3 0 0 1 1 0 3 5 0 0 0
10 Flounder 0 0 1 1 0 0 0 0 0 0 1 0 1 1 0 0 0
11 Other demersal 1 0 1 1 1 1 0 0 0 1 1 1 1 1 1 1 0
12 Sandfish 0 0 1 1 1 1 0 0 0 0 1 0 1 1 2 1 0
13 Cephalopods 0 0 2 3 5 3 0 0 0 3 5 3 1 1 2 3 0
14 Squid 1 0 5 5 5 5 0 0 0 5 5 5 5 0 5 5 0
15 Epifauna 0 3 1 5 0 1 0 0 0 1 2 3 1 1 3 3 1
16 Red snow crab 0 0 0 0 0 0 0 0 0 2 0 1 1 1 0 0
17 Infauna 0 1 0 1 0 0 0 1 0 3 2 3 2 3 5 5 3
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Table 8. continued

(b) Input data for diet

composition (DC)

Prey(j)/Predator(i) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 Marine mammals - - - - - - - - - - - - - - - - -
2 Sea birds - - - - - - - - - - - - - - - - -
3 Sharks - - - - - - - - - - - - - - - - -
4 Rays - 0.005 - 0.011 - - - - - - - - - - - - -
5  Predator pelagic - 0.009 - 0.007 - - - - - - - 0.003  0.004 - - - -
6  Chub mackerel - 0.003 - 0.002 - - - - - - - 0.001  0.001 - - - -
7 Herring - 0.015 0.013 0.025 - - - - - - - 0.006 0.007 - - - -
8 Small pelagic 0.060 - 0.059 0.050 0.049 0.075 0.667 - - 0.009  0.007 - 0.033  0.065 - - - -
9 Anchovy 0.016 - 0.008 0.014 0.013 0.021 0.183 - - 0.003  0.002 - 0.009 0.018 - - - -
10 Flounder - 0.009  0.007 - - - - - - 0.002 - 0.003  0.004 - - - -
11 Other demersal 0.069 - 0.171 0.144 0.141 0.144 - - - 0.055 0.042 0.091 0.064 0.075 0.009 0.108 - -
12 Sandfish - 0.005 0.004 0.004 0.004 - - - - 0.001 - 0.002 0.002 0.001 0.003 - -
13 Cephalopods - 0.014 0.018 0.029 0.018 - - - 0.007 0.008 0.011 0.003 0.003 0.001 0.013 - -
14 Squid 0.055 - 0.685 0.578 0.567 0.576 - - - 0.219 0.166 0367 0.258 - 0.035 0.435 - -
15 Epifauna 0472 0.016 0.069 - 0.014 - - - 0.005 0.008  0.026 0.006 0.007 0.003 0.031 0.033 -
16  Red snow crab - - - - - - - - - 0.012 - 0.009 0.010 0.001 - - -
17 Infauna 0.028 - 0.002 - - - - - 0.003  0.001 0.005 0.002 0.004 0.001 0.009 0.017 -
18 Zooplankton 0.800 - - - 0.150 0.150 0.150 0.600 0.650 0.500 0.500 0.400 0.400 0.700 0.500 0.400 0.100 0.200
19 Phytoplankton - - - - - - 0.300 0.200 0.100 0.150 0.100 - - 0.250 - 0.450  0.700
20 Detritus - - 0.100 - - - 0.100  0.150 0.100 0.100 - 0.200 0.100  0.200 - 0.400 0.100
21 Import 0.500 - - - - - - - - - - - - - - - -
Sum 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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o2+ TYAY FEHAAY FES (gross tonnage, GT)A
o IF7FEAIEE (KOSIS)ol A 1970~2016132] A=W Ax¥ o A5
2 1992~2016 3] A= AR oy ARE FHANOH, FAE
ADEAA 1966~1969' 32| A=E AEH o TF A5

Aed dAxd ot ARE FRSAT oAdF B A HFLE A
THE AHYHo org AT ARAER e A=

HF A8E £ TFEF3IA Y (Table 9).

Job
br

Table 9. Annual catch and fishing effort data in the Korean waters of the East Sea

Gross tonnage (GT)

Year Catch (mt)

Power vessel Non-power vessel
1966 175,805 22,851 12,176
1967 132,951 26,872 11,893
1968 207,156 27,935 9,038
1969 146,896 33,667 11,719
1970 169,620 37,013 10,487
1971 140,554 39,230 11,244
1972 178,919 37,861 11,133
1973 193,253 43,026 11,746
1974 190,357 43,074 10,617
1975 175,303 44,929 8,859
1976 259,094 44,308 7,921
1977 268,860 52,510 6,339
1978 248,555 71,457 5,255
1979 232,519 78,118 3,435
1980 245,317 81,333 3,123
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1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

273,905
275,009
189,835
217,281
232,960
188,533
178,372
152,188
155,731
166,112
172,637
162,278
197,467
197,117
224,452
224,781
244,492
203,105
219,523
192,776
183,195
156,157
164,659
176,542
174,061
3T 7
205,117
226,109
228,186
179,476
183,672
187,383
184,064
174,335
168,612
165,585

90,648
106,060
118,531
129,993
134,312
153,882
158,345
170,863
169,179
167,023
175,621
187,790
170,821
151,816
154,950
162,702
166,753
161,209
167,165
152,486
143,881
140,422
138,573
131,750
134,643
135,607
134,015
121,821
111,312
111,104
110,280
113,903
116,239
116,312
124,407
120,678

2,806
2,628
2,275
2,391
2,399
2,351
2,249
1,838
2,124
1,987
1,909
1,923
1,281
842
595
464
486
453
482
424
350
336
310
340
303
312
271
243
233
237
245
221
215
199
207
208
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Table 10. Technology coefficient by vessel type of fishery in the Korean waters
based on the 1980 (NIFS (2016); Seo et al. (2017))

Vessel Technology coefficient
type 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Trawl 087 087 0.89 099 100 109 144 145 160 160 160 1.60

Purse
seine

Longline 0.53 053 053 060 100 1.17 234 234 234 234 234 234

- 039 043 060 1.00 1.15 133 139 153 153 1.64 -

Gillnet 051 051 074 0.74 100 108 120 149 156 1.68 188 2.05
Pot - - - - 1.00 137 171 199 201 248 250 250

MATAYFF RS 98 Addd T8 F8 1259 HZ 5704
(2012~2016') Ho o ¥H &2 86.6%°lH, oFE AN F FHE ¢
 FHH °o] 8753 AE+= Table 113 20}

4
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Table 11. Average catch ratio and available data of the exploitable 12 major species

in recent 5 years (2012-2016) in the Korean waters of the East Sea

References
for stock assessment
Average catch Catch and
. o Allowable
Rank Species ratio in recent CPUE biological Ecological
> years (%) by species cat%h charact?ristics
(ABC)
1 Common squid 39.2 NFRDI (2016) - -
2 Red snow crab 21.7 NFRDI (2016) - -
3 Pacific herring 10.2 NFRDI (2016) - -
4 Sandfish 3.2 NFRDI (2016) - -
5 Flounder 2.9 NFRDI (2016) - -
6 Octopus 22 i IEIZFOI}E)I Mohn (1982)
7 Amberjack 1.6 NFRDI (2016) - -
8 Chinese puffer 1.2 NFRDI (2016) - -
9 Fpapish 1.2 NFRDI (2016) L -
mackerel
10 Jack mackerel 1.2 NFRDI (2016) - -
11 Snow crab 1.1 NFRDI (2016) - -
12 Chub mackerel 1.0 NFRDI (2016) - -
Total 86.6

*Data for catch ratio: KOSIS (2012~2016)

o|%W ol#F P CPUE 27} ol §7bsd o] %L 1211 YoIP4+a
welo] Aol AUAERT (ME) 2D Agste] o8 A ated



°F ABC A&7} Qle F8oF ol9l9 oF9 7% Martell and Froese
(2013)9] AFZAe wet oFE A=Y AFF AZvS YHAEE A}
&5t r—K Al o3 MSYE FAHE Sl ‘Catch-MSY WH'o=
ofFE MSYE AHF FA3st] A&ttt ofFE oy AT F F
Aol A5, ME Rdol| &3k FHo] ojg& olFdd dsiAs A=
A& o]gsted FAH3I7] &l Zhang and Megrey (2006) E=ol &fgt
Aestd E4AE AR FAsAY dAHA 23rE A SH SAA =

29 RuA 5o FuEW ARE ALSA

Table 12. Average catch ratio and available data of the 6 major fisheries in

recent 5 years (2012~2016) in the Korean waters of the East Sea

Average catch ratio  Available year of catch

Rank Major fisheries in recent 5 years (%) and number of vessel

1 Eastern sea trawl 18.7 1998~2009

2 Offshore angling 16.2 1998~2009

3 Coastal gillnet 11.2 1998~2009

4 Small powered 4.9 2000~2009
purse seine

5 Coastal pot 2.6 1998~2009

6 Offshore gillnet 1.2 1998~2009
Total 54.8

*Data for catch and number of vessel: KOSIS (1998~2009), Korean Coastal and
Offshore Fishery Census (2004; 2010)
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AlEH A A3 Fig. 113 Zo] BRTEE €83 g

W I ZHS Table 133 Zth
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Fig. 11. Results of Ecosim simulation by species group in the Korean waters of the East Sea.
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Table 13. The estimated exploitable carrying capacity (ECC) by species group

in the Korean waters of the East Sea

Rank Group name ECC (mt)

1 Marine mammals -

2 Sea birds -
3 Sharks 3,021
4 Rays 19,305
5 Predator pelagic 37,192
6 Chub mackerel 11,971
7 Small pelagic 175,888
8 Anchovy 44,762
9 Pacific herring 61,479
10 Flounder 36,231
11 Sandfish 24,927
12 Other demersal 668,513
13 Cephalopods 26,714
14 Common squid 537,017
15 Red snow crab 91,620
16 Epifauna 62,000
17 Infauna 10,765
Total 1,811,405
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Fig. 12. Ecosystem structure in the Korean waters of the East Sea prior to

the start of fishing.

Aeltiy BAFEBT AUASH BAZ ol &3]
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Table 14. The estimated potential yield (PY) by species group in the Korean

waters of the East Sea

Rank Group name PY (mt)

1 Marine mammals -

2 Sea birds -
3 Sharks 468
4 Rays 2,992
5 Predator pelagic 6,137
6 Chub mackerel 2,933
7 Small pelagic 35,680
8 Anchovy 9,080
9 Pacific herring 14,399
10 Flounder 5,100
11 Sandfish 6,564
12 Other demersal 126,827
13 Cephalopods 4,141
14 Common squid 83,238
15 Red snow crab 32,983
16 Epifauna 10,013
17 Infauna 2,153
Total 342,707
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Fig. 13. Results of standardized gross tonnage (GT) of coastal and offshore fishery in
the Korean waters of the Fast Sea considering improvement of fishing

performance.

AU BRBTETF (ECO®, HAUASAAYLF (MSY)2 A8
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stk A (PY)S] W9+ ASPIC 299 214,000mtol 4] ME =4
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Fig. 14. Estimation results of potential yield (PY) in the Korean waters of the
East Sea by the Fox Model.
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Fig. 15. Estimation results of potential yield (PY) in the Korean waters of the
East Sea by the ASPIC Model.
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Fig. 16. Estimation results of potential yield (PY) in the Korean waters of the
East Sea by the ME Model.
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Table 15. Estimation results of potential yield (PY) in the Korean waters of

the East Sea by surplus production model

Model Fox ASPIC ME
Parameters

PY (mt) 220,908 214,000 265,472
(95% confidence interval) (210,001-231,815) (210,000-228,800) (211,077-319,867)

Error of 95% confidence

interval of PY (%) +4.9 -1.9, +6.9 +20.5
Bpy (mt) - 516,700 707,926
fry (GT) 93,499 101,600 104,529
ECC (mt) . 1,033,000 1,415,853
(95% confidence interval) (701,700-1,177,000) (967,189-1,864,516)
B of S R
q - 4.075E-06 3.588E-06
r - 0.828 0.750
R’ 0.869 0.694 0.953
RMSE 0.438 0.847 0.281
U 0.850 1.566 0.535
Regression constant a 0.004 - -
Regression constant 3 2.526E-13 - -
Cov(a,B) -2.968E-08 - -
Var(PY) 30,968,078 - -
SE(PY) 5,565 - -
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data -20 -15 -10 -5 5 10 15 20
Catch  -20.00 -15.01 -10.01 -5.01 4.99 9.99 14.99 19.99
Effort -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01

Fig. 17. Sensitivity analysis of the PY estimates in the Korean waters of the

East Sea by the ME model according to the change in input data.
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Table 16. Potential yield (PY), exploitable carrying capacity (ECC), distribution

rate of major species in the Korean waters of the East Sea

PY ECC Distribution rate PY ECC
Major species in the in the of the East Sea in the in the
Korean Korean to the Korean = East Sea  East Sea
waters (mt) waters (mt) waters (%) (mt) (mt)
Common squid 180,657 1,153,895 0.44 80,208 512,306
Red snow crab 30,171 192,709 1.00 30,120 192,382
Pacific herring 68,896 367,443 0.61 41,726 222,539
Sandfish 6,730 50,948 0.97 6,511 49,293
Flounder 19,066 121,779 0.30 5,777 36,902
Amberjack 11,810 65,375 0.25 2,909 16,103
Chinese puffer 8,986 54,370 0.52 4,712 28,511
Spanish mackerel 56,816 303,016 0.06 3,499 18,659
Jack mackerel 53,019 338,643 0.07 3,918 25,025
Snow crab 2,344 23,541 0.93 2,175 21,846
Chub mackerel 175,889 1,123,440 0.01 2,529 16,156
Total 614,383 3,795,159 - 184,085 1,139,722

% (ABC) AEE A48 AT oL AUSTo]
BEe e Bolo|th (Table 17). @2 Aol ta &

o]
S 8714mtE FAHUCH, HAFHOE = dA| Ao i &3l

o] o] Mge AP A3, Folo Falo] AAWIEE 3,613mtow F
AEUT. MUY BAFERFE AUALTE wdld] o8] 23312mtoE
ZAH
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Table 17. The potential yield (PY) and exploitable carrying capacity (ECC) by
species in the Korean waters of the East Sea estimated using

allowable biological catch (ABC) and stock trends

_ PY Distribution PY Natural ECC
in the rate of the . . .
. ABC in the mortality in the
Species Stock trend Korean East Sea to
(mt) East Sea rate (M) East Sea
waters the Korean (mt) ( _1) (mt)
(mt) waters (%) yr
Octopus 8,714  Equilibrium 8,714 0.41 3,613 0.31 23,312

1.2.22. AA ojddiido] it FAYNF A
R oJF T8 1201FE AT oJFTEY FAYLFL 36,759mt S
2 FAHAJL, A8 AT EF 218998mtoE FAHEH AT mEtA,
5 ol AA o el A YLTFES 224,458mt o

o BT EFS 1,382,032mte 2 FAF AT} (Table

o
!
ol
i,
N

H
2

—_

8).
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Table 18. The potential yield (PY) and exploitable carrying capacity (ECC) of
target species by group except the 12 major species in the Korean

waters of the East Sea

Target species PY ECC
excluding major Standard excluding excluding
Group species in the species I/)gc”“d standard E/%CG’Std standard
Korean waters of (std) Gsd  gpecies Gstd species
the East Sea (mt) (mt)
Rays Skate, Shark - *1.23 272 *7.63 1,688
Predator Chum salmon, Chub 1.42 1,055 9.06 6,708
pelagic Rainbow trout, mackerel
Bluefin tuna, Other
tunas
Small Pacific saury, Pacific 2.33 12,005 12.44 63,397

pelagic Halfbeak, Anchovy, herring
Dotted gizzard shad,
Sardine, Pacific
sandlance

Flounder Korean flounder, Flounder 1.13 1,888 7.19 11,986
Halibut, Sole

Other Temperate perch, Sandfish 1.17 16,619 8.84 103,888
demersal Rosy seabass, Black
seabream, Red
seabream, Barred
knifejaw,
Seabreams, Pomfret,
Rockfish, Greenling,
Gurnard, Sea raven,
Mullet, Korean
sandlance, Atka
mackerel,
Whitespotted conger,
Filefish, Snailfish,
Hairtail, Pacific cod,
Walleye pollock,
Goosefish, Croaker,
Mi-iuy croaker

Cephalop  Cuttlefish, Whiparm Common 1.16 486 7.42 3,102
ods octopus, Marine squid
molluscs nei
Epifauna  Horned turban, Sea Red 0.79 3,953 5.04 25,247
snail, Abalone, Snow
Mussel, Sea urchin, crab
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Sea squirt, Sea

cucumber, Blue
crab, Japanese

swimming crab,
Marine crabs nei,
Kuruma prawn,

Shrimps

Infauna  Scallop, Sunray surf - *1.23 481 *7.63 2,980
clam, Oyster

Total - 36,759 - 218,998

*Using the rate of PY and ECC to total catch of the 12 major species in the Korean
waters of the East Sea

1.2.3. o JA4F BEAH (FPM)
1.231. 8 671 gl 3 FAYLF F3
YAYLFFRED o3 FAHE FIAFFTIEE, TMARY, ALAE,
2P, A4S, A A YLk o] & o)A

2t =
FE+= Table 199 2. S TFTIE=ZS AN AS)d &7
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Table 19. The potential yield (PY) and exploitable carrying capacity (ECC) of
the 6 major fisheries in the Korean waters of the East Sea

estimated by the ME model

Major fisheries PY (mt) ECC (mt) R’
Eastern sea trawl 56,146 345,511 0.925
Offshore angling 32,800 261,873 0.667
Coastal gillnet 42,746 88,456 0.842
Small powered 21,552 153,765 0.840
purse seine
Coastal pot 5,718 43,054 0.883
Offshore gillnet 8,382 34,354 0.942
Total 167,334 927,012

1.232. AA oJ i ik FAYNFE =3
Foo1gd S ALY =g HANFE 97410mtoE FAEH NI, o
AN FATFEFS 642,833mto 2 FAHEHJT A, T
o] Aol ZAWAELS 264,754mt 0. E FAEHUL, AW AT L F

© 1,569,845mt 2.2 A ¥ T} (Table 20).
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Table 20. The potential yield (PY) and exploitable carrying capacity (ECC) of
fisheries by group except the 6 major fisheries in the Korean

waters of the East Sea

PY ECC
excluding excluding

Group Standa(rctl d)ﬁ shery I/)g Gsd standard E/CCCG’Std standard
S G4 fishery Gstd fishery

(mt) (mt)

1 Trawler Eastern sea trawl 2.0 10,980 12.1 67,571

Small powered

. 3.0 5,959 21.5 42,514
purse seine

2 Puse seiner

3 Longliner Offshore angling 0.7 6,391 53 51,023
4 Pots Coastal pot 1.5 35,855 11.6 269,972
5 Others - *1.4 38,226 o, 211,754

Total - - 97,410 - 642,833

*Using the rate of PY and ECC to total catch of the 6 major fisheries in the Korean
waters of the East Sea by weighted average with catch of each fishery

2. A 7=l O E 3= FiH AEHAY ALF dF A
47 Ayl 9] oA =el wE 20179~20361 3 &5 207 oigh
TEvet Fele AU dF A= Fig 187 2ok 20369 AHHS

O-SXfcurrent/ fPY/ fcurrent/ 1-50><fcurrent {l\—g—i X]-% E(‘}:o] }_'T_‘z_:_g}]\-q— O-SXfcurrentoﬂ A—]l\:.;

Bpy (707926%) &< A HAEJL, follA= By FEET AT =
U faren®l A= AAEFo] FAYFS GAAET]) AF T2 ALF
(Bpy) T AR X "X @ FEAA ¥MEste AoE UeETh

1.50%fcrentN A= AL O] TA| AT FAHE BT
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Fig. 18. Forecast results of future biomass in Korean waters of the East Sea

due to the change in fishing intensity.

3. FARAEF FALYHED vl 4
31. AEA 93 E4%
B AFA AeA %

342,707mt, A} S id 7 8 FS 1,811,405mto] T} (Table 21).

Aol o8 FHE B AAY TS

it
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Table 21. The potential yield (PY) and exploitable carrying capacity (ECC) in the

Korean waters of the East Sea by the ecosystem modeling method (EMM)

Group name PY (mt) ECC (mt)

1 Sharks 468 3,021
2 Rays 2,992 19,305
3 Predator pelagic 6,137 37,192
4 Chub mackerel 2,933 11,971
5 Small pelagic 35,680 175,888
6 Anchovy 9,080 44,762
7 Pacific herring 14,399 61,479
8 Flounder 5,100 36,231
9 Sandfish 6,564 24,927
10 Other demersal 126,827 668,513
11 Cephalopods 4,141 26,714
12 Common squid 83,238 537,017
13 Red snow crab 32,983 91,620
14 Epifauna 10,013 62,000
15 Infauna 2,153 10,765
Total 342,707 1,811,405

AS7HA B2 AEA &4 RdSo] AAHJARE s FAAeNA o] I
A 40 AHEEHE A& WHE Polovina (1984)° 2l3iA 7
Ecopath ®do|t} o] RdS ARgfA] AejA| o] F+x¢} 7]

L gUd AEA E4AE AdeT o) #EL e A @

Hud o Aok 28y Ecopathe A | %29
Ho] Fohe ARl Ao|A Ecopath & ol o3 A

2 TA8ESe A mE W

o =) o) O~ 1
TS B4E 4 e

= =

5% 4

i



ML= AT (Ecosim module of Ecopath). ©] =

oA MNz"oz st AlFdoldy BFGEH e MIE £4T & AL o
doll g YA W3S ols T AT (Pauly et al, 2000).
E3F E4A 0 e A I FEEAE UE = AEdite] aA-24 #
A7FA e AT

==

ol
ol
rlr
n)

>
Pl
ofo
i

3.2, A4k 7| EAHZE vla £4

Aol ik ZIRE B o) & Fae] A o Il

ET-&F FAHAAE Table 229 Aok FAYLF (PY)S] HA= &
F MY (ASPIC =9)9] 214,000mtoll Al F3A4tF £ (ME &

o] 265472mte.E UEHTH oA S TE&F (ECO)

AareE BAW (ASPIC . =)o) 1,033,000mtoll A o] A4k

1,569,845mt 2.2 L}EFSHTE

Z
OE; HE A
o
rr
of
E?{_:
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Table 22. The potential yield (PY) and exploitable carrying capacity (ECC) in

the Korean waters of the East Sea by the production-based analysis

Estimation method PY (mt) ECC (mt)

220,908
(210,001-231,815) -
Error: +4.9%

HPM
(Fox model)

HPM 214,000 1,033,000
(ASPIC model) (210,000-228,800) (701,700-1,177,000)
Error: -1.9,+6.9% Error: -32.1,+13.9%
HPM 265,472 1,415,853
(ME  model) (211,077-319,867) (967,189-1,864,516)
mode Error: +20.5% Error: +31.7%
PPM 224,458 1,382,032
FPM 264,754 1,569,845
g Fy g gF ARTS HERE 5o JAMHEE S ALE5HY
AUy BAFEFL FHNE SUANT B 4o By AR

A L, BSAE ARRSE] ALY oJARE JANNF
AA g seprg e FA o] 7hssith (Prager, 2005). A A4k
ooyt ez or Fa% oY B8 (K=ECC), PYAI 9] A
dF (Bry) 9 et FAHE 7HsdtH, * J

=)

A FAe 98 FEXE
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Table 23. The potential yield (PY) by group in the Korean waters of the East Sea

estimated by the ecosystem dynamics analysis and production-based analysis

PY PY Difference Average catch in
Group name by the PPM by the EMM (%) recent 5 years
(mt) (mt) (2012-2016) (mt)
1 Rays 272 3,460 1,171 221
2 Predator pelagic 11,381 6,137 -46 7,669
3 Chub mackerel 2,529 2,933 16 1,782
4 Small pelagic 10,819 35,680 230 3,886
5 Anchovy 1,187 9,080 665 953
6 Pacific herring 41,726 14,399 -65 17,887
7 Flounder 7,665 5,100 -33 6,781
8 Sandfish 6,511 6,564 1 5,579
9 Other demersal 21,331 126,827 495 10,574
10 Cephalopods 4,099 4,141 1 4,358
11 Common squid 80,208 83,238 4 69,026
12 Red snow crab 30,120 32,983 10 38,136
13 Epifauna 6,128 10,013 63 6,876
14 Infauna 481 2,153 348 390
Total 224,458 342,707 - 174,118
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Fig. 19. Comparison of the potential yield (PY) by group in the Korean
waters of the East Sea estimated by the ecosystem dynamics analysis

and production-based analysis.

A3 BAHIG QA 7|9 BAR oF FAHA S
o AP FFANEF FAH (ASPIC Ed)9] 214,000mtoll A1 AYEf
A 98 B4R 342,707mt o2 LUEFT} (Table 249} Fig. 20).

Table 24. The potential yield (PY) in the Korean waters of the East Sea

by estimation method

Potential yield (PY) (mt)

HPM HPM HPM

EMM (Fox model) (ASPIC model) (ME model) PPM FPM
342,707 220,908 214,000 265,472 224,458 264,754
(210,001-231,815)  (210,000-228,800)  (211,077-319,867)
Error: +4.9% Error:-1.9,+6.9% Error: £20.5%
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Fig. 20. Comparison of the potential yield (PY) in the Korean waters of

the East Sea by estimation method.
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Table 25. The potential yield (PY) and exploitable carrying capacity (ECC)
in the Korean waters of the East Sea by the ME model

Error of 95%

confidence ECC Boois Bpy Caot6
PY" (mt) interval of  (mt) (mt) (mt) (mt)
PY (%)
265,472 +20.5 1,415,853 379,912 707,926 165,585

(211,077-319,867)

1,600,000 —— Athree-year moving average
ECC=1,415,853mt
1400,000 (=== == R T T N e R T T
1,200,000
/|
1,000,000
E _
ﬁ 800,000 Bp,=707,926mt
E
2 B e~ T N Er T Teeesse=
7]
600,000 By;6=379,912mt
400,000 |
r
200,000 . F\ l

L R N I S, MK SR R g N W ¥ % & o & O 2 b b
R A A R AR ) @’é’»@»@x@'@\@x@@h@qﬁ”@f@hw@w@'ﬁ'19'19 >

Fig. 21. Variations in annual biomass in the Korean waters of the East Sea by the ME model.
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Fig. 22. Variations in annual catch in the Korean waters of the East Sea by the ME model.
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Appendix

Appendix 1. Notations used in comparing the estimation methods for

the potential yield in the Korean waters of the East Sea

Notation Description

ABC Allowable biological catch

Bo Initial biomass

Bi/K Ratio of biomass to carrying capacity (K) at the
beginning of the analysis

Beos Biomass in 1960

B; Biomass of species 1 during specific period

Busy Biomass at the level to achieve the maximum
sustainable yield

Bey Biomass at the level to achieve the potential yield

B: Biomass in year t

C Catch

Ces Catch of species s in the Korean waters of the East
Sea

Cas Catch of species s of group G in the Korean waters of
the East Sea

Cgsu Catch of standard species (or fisheries) of group G in
the Korean waters of the East Sea

Cks Catch of species s in the whole Korean waters

Crax Maximum equilibrium catch in recent 5 years (2012~2016)

Cq Catch in year t

CE;; Initial value of catching efficiency about standard year

CE.; Catching efficiency about fishery in year t

CPUE Catch per unit effort

CvV Coefficient of variation
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CVice
DG

E

ECC
ECCgs
ECCqr

ECCq;s

ECCG,Std

ECCs
EE
EMM
f

F
FPM

fMSY
F MSY

fl—’ Y

FPY

GTPV,,

HPM

Coefficient of variation for the target ECC

Portion of the prey i consumed by the predator j
Fishing effort in year t

Exploitable carrying capacity at the fishery level

ECC by species in the Korean waters of the East Sea

ECC of fisheries F of group G in the Korean waters of

the East Sea
ECC of species s of group G in the Korean waters of

the East Sea
ECC of standard species (or fisheries) of group G in

the Korean waters of the East Sea
ECC of species s in the whole Korean waters

Ecotrophic efficiency
Ecosystem modeling method
Fishing effort

Fishing mortality rate
Fishery production method

Fishing effort at the level to achieve the maximum

sustainable yield
Fishing mortality at the level to achieve the maximum

sustainable yield
Fishing effort at the level to achieve the potential

yield
Fishing mortality at the level to achieve the potential

yield
Standardized gross tonnage for the fishery v in the

Korean waters of the East Sea
Growth rate

Gross tonnage

Gross tonnage per vessel for the fishery v (GT+/Viy)
Maximum range of probability p of each parameter
Harvesting rate of species 1 over time

Holistic production method
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Mjack

MSY

PPM
PY

PYg
PYsr

PYgs
PYG,Std

PY;

q

Qi

Qji

r
RMSE
RV

s

SI
SEjack
t

T
TCyy

Specific group 1 within ecosystem which have same
state from start to the end of specific circumstance

and time
Carrying capacity at the species level

Natural mortality rate

Other mortality rate excluding mortality about fishing

and feed
Mean estimated by Jackknife method

Maximum sustainable yield at the species level
Number of rawdata

Population production method

Potential yield at the fishery level

PY by species in the Korean waters of the East Sea

PY of fisheries F of group G in the Korean waters of

the East Sea
PY of species s of group G in the Korean waters of

the East Sea
PY of standard species (or fisheries) of group G in the

Korean waters of the East Sea
PY of species s in the whole Korean waters

Catchability

Total consumption per hour of species i
Amount of prey 1 consumed by predator j
Intrinsic rate of natural increase

Root mean square error

Random coefficient of variation

Species

Sensitivity index

Standard error estimated by Jackknife method
Year

Turnover ratio

Technology coefficient about fishery in year t
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Theil's U-statistic
CPUE in equilibrium

Number of vessel for the fishery v in the Korean

waters of the East Sea
Variance estimated by Jackknife method

Catch of species 1
Observed CPUE
Predicted CPUE

Observed CPUE at z;
Predicted CPUE at z;

Annual rate of increase of technology coefficient about

fishery
Catchability for the fishery v

Coefficient about fishery
Observation error about catch in year t
The estimate for the sample j

Pseudo value estimated by the jackknife method

Process error about biomass in year t
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Appendix 2. The coding data for the GAMS program used in the
estimation for the potential yield (PY) in the Korean
waters of the East Sea by the ME model

SETS K YEAR37 /1%51/
T TRISECTION /1%3/
J ESTIMATED PARA1 /1%3/
klast(k) last period;
klast(k) = yes$(ord(k)eq card(k));
TABLE DATA(K,*) "CATCH AND EFFORT DATA"
YIELD EFFORT
1 175805 35027
2 132951 38765
3 207156 36973
4 146896 45386
5 169620 47499
6 140554 50475
7 178919 48994
8 193253 54772
9 190357 53691
10 175303 53788
11 259094 52229
12 268860 58849
13 248555 76711
14 232519 81553
15 245317 84456
16 273905 93455
17 275009 108688
18 189835 120805

- 110 -



19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
ol

217281
232960
188533
178372
152188
155731
166112
172637
162278
197467
197117
224452
224781
244492
203105
219523
192776
183195
156157
164659
176542
174061
172727
200117
226109
228186
179476
183672
187383
184064
174335
168612
165585

132384
136712
156233
160594
172701
171303
169009
177530
189713
172103
152658
1555645
163166
167239
161662
167647
152909
144231
140758
138883
132089
134946
135919
134286
122064
111545
111341
1105625
114124
116454
116511
124614
120886
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VARIABLES
ENT
PUJ,T) PROBABILITY(PARA1&TRISECTION)
QEK,T) PROBABILITY OF EPSILON(YEAR51&TRISECTION)
R(K,T) PROBABILITY OF MU(TEAR50&TRISECTION)
S(K,T) PROBABILITY OF STOCK(YEAR51TRISECTION);

POSITIVE VARIABLES P, T);
POSITIVE VARIABLES Q(K,T);
POSITIVE VARIABLES R(K,T);
POSITIVE VARIABLES S(K,T);

PARAMETER Y(K) YIELD;
Y(K)=DATA(K,'YIELD");
PARAMETER E(K) EFFORT;
E(K)=DATA(K,'EFFORT");

FILE REPORT /D:CatchModell.OUT/;
PUT REPORT;
PUT "MAXIMUM ENTROPY MODEL 1"/;

SCALAR XO % /0.000/
X1 % /0.5/
X2 % /1.0/

QO scale /0.000/
Q1 scale /665344/
Q2 scale /1330689/

EQUATIONS
OBJ
REY(K)
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REX(K)
SUMST1()
SUMST2(K)
SUMST3(K)
SUMST4(K);

OBJ .. ENT=E= -(SUMU,SUM(T,P(J,T)*LOG(P(J,T))))
+ SUM(K,SUM(T,Q(K, T)*LOG(Q(K,T)))
+ SUMK,SUM(T,R(K, T)*LOG(R(K,T))))
+ SUMK,SUM(T,S(K, T)*LOG(S(K, T))));

REY(K) .. LOG(Y(K))=E= LOG(P('1','1)*0+P('1','2")*1.48E-05
+P('1','3")%2.95E-05)
+LOG(E(K))
+LOG(S(K,'1)=Q0+ S(K,'2)+Q1+ S(K,'3")*Q2)
+ (Q(K,'1=(-0.2)+ Q(K,'2)=0+ Q(K,'3")*0.2);

REX(K)$(not klast(k)) .. LOG(S(K+ 1,'1)#Q0+ S(K+1,'2")+Q1+ S(K+ 1,'3)*Q2) =E=
LOG(S(K,'1)*Q0+ S(K,'2)+Q1+ S(K,'3)=Q2)+
LOG(1+ (P('2','1)=0+ P('2','2")%0.375+ P('2','3")x0.75)x*
(1-(S(K,'19#Q0+ S(K,'2)*Q1+ S(K,'3")+Q2)
/(P('3','1)*+Q0*2+ P('3",'2)#Q1*2+ P('3",'3")*Q2+2))
-Y(K)/(S(K,'1)=Q0+S(K,'2)*Q1+ S(K,'3")*Q2))
+(R(K,'1)%(-0.2)+ R(K,'2)*0+ R(K,'3")%0.2);

SUMST1{) .. SUM(T,PUJ,T)) =E= 1;

SUMST2(K) .. SUM(T,Q(K,T)) =E= 1;

SUMST3(K) .. SUM(T,S(K,T)) =E= 1;
SUMST4(K)$(not klast(k)) .. SUM(T,R(K,T)) =E= 1;

P.L{J,'1) = 0.33;
P.L{J,'2") = 0.33;
P.L{J,'3") = 0.34;
Q.L(K,'1") = 0.33;
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Q.L(K,'2") = 0.33;
Q.L(K,'3") = 0.34;
R.L(K,'1) = 0.33;
R.L(K,'2") = 0.33;
R.L(K,'3") = 0.34;
S.L(K,'1) = 0.33;
S.L(K,'2") = 0.33;
S.L(K,'3") = 0.34;

MODEL ENTROPY /ALL/;
SOLVE ENTROPY USING NLP MAXIMIZING ENT;
DISPLAY P.L, QL, R.L, S.L;

SCALAR QV Q value
RV R value
KV K value
MSY MSY value;

QV = P.L('1","19*0+ P.L("1",'2")*1.48E-05 +P.L('1','3")*2.95E-05;
RV = P.L('2"/'1)+0 + P.1('2','2)%0.375 + P.L('2','3")x0.75;

KV = P.L('3','1)*Q0=2 + P.L('3''2)*Q1%2 + P.L('3','3")*Q2+2;
MSY = (RV=KV)/4;

DISPLAY QV, RV, KV, MSY;
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