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ABSTRACT

I2AS LAFAHL

In order to overcome several limitations with the current Korean TAC
assessment model based on a single species by a single gear, this report
provides three types of TACAMs (Total Allowable Catch Assessment
Models) for multi-species fisheries and introduces several theoretical
approaches with related to biological, technical, and economic interactions
among multi-species and multi-gears.

One model, multi-species by a single gear among three different types, is
developed with the extended Beverton and Holt yield-per-recruit model and
biomass-based cohort analysis model and then is analyzed, in based on
biological parameters of NFRDI (2004), in order to examine whether or not
the current TAC level of mackerel and jack mackerel within TAC target
species is appropriate.

As a result of analysis, the current TAC level of mackerel is somewhat
overestimated. This result supports that the TAC level of mackerel needs to
be lowered to prevent overfishing of the small stock of jack mackerel due
to the bycatch component. In addition, the result obtained for this case
study accords with a priori expectations in the sense that target TACs are
lower when bycatch is taken into account. It also suggests the feasibility of

the approach.

ABSTRACT @ i



Conversely, in view of the modest difference in TACs from the existing
versus generalized model, it could be argued that these differences are well
within the precision of model capabilities and that the gains from the added
complexity are not worth the cost. While this rationale is comforting, should
be tested under a range of input scenarios to determine how robust the
robustness of results.

The implications of the analyzing result are, hereafter, when the Korean
government adds multi-species with high commercial value, it needs to
allocate individual optimal amount of target species by each fishing gear (or
vessel) considering technical interactions such as bycatch rate or biological
interactions like the predator- prey relationship.

In addition, this report suggests basic structures of extended models and
analysis methods of the other two models, a single species by multi-gears
and multi-species by multi-gears. These two models use biomass dynamic
models with related to surplus production and Fox models based on fishing
ratio of individual fishing gear, and the empirical dynamic optimization
model with biological sector and economic sector respectively. Also, these
two types are going to be analyzed next year as a continued research
project. From those analyses, we are going to find optimal fishing effort and
optimal catch at which individual fishing gear or vessel maximizes total
profit from the harvesting activity during a certain period. As a result, the
models can adjust structures (exit or entry) of TAC fisheries through
benefit-cost analysis by each fishing gear between multi-species fisheries,
basing on data such as economic parameters and biological parameters
estimated by TACAMs. Also, the models can not only cut back on
problems such as bycatch, discarding, and highgrading by adopting TAC to

multi-species, but more accurately estimate the TAC level of each species.



Another advantage of the models has not only a merit that can increase in
total surplus of Korean fisheries industry, but also another merit that

reduces biological loss of resource stock for multi-species.

ABSTRACT e iii
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28] g <Fol| thate] o] 19] o &g HEa)lM S o]F A
o thet HFolwqtiE HofErt ojugh o]F o2 RE dojzl F oS
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b)
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Cost
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Weight
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Ei1 E: E3 Effort
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Yield Yield
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Cost
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Emevi=E1 E2 TEMSY Eoa E3 Effort
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AT} 7Rle] HME-ZE 2de Ue oFEH o] ApAlSe} U
5312 X|o] APYAIG Atole] AP O =RE] fEEofXItk(Beverton and Holt
1957). 74i% At dAld #3F MiHE-ZE R 548 ofFY dAF
T A4S sk HE oEH AEES A¥ste wHEo|xrth(Haddon,
2001).

oz, ojFso] AREon Aees S, olEg] Y
ool 7 018 Hojd wf, HH FFolA T FES Al A2 A
o] B7}s3scH(Bevertond} Holt, 1957, Anderson, 1975, Pope, 1979, May<]
7]e}. 1979, Mitchell, 1982). B2 T}o]E - Thro]qle] Zolajake HAla}
+ 7L 7HEY ol gHoxl o, 25| 7ol gt AE2 tha YuA|
gEojx] gt olg B0, 27| SemAdA HHE-ZE(1957)E 714
e 2-g sloa o] ofFe] Fol| ek Eumetric 418 Rtk HlH -
ZE9 ool Hxo] 27]|¢| o|Hgt Afol Bkl throlEe] TR
offlF M AR 719 o]&HA AT Tt 1984 FR2T)
(Murawski)7} <2} 2-2-1>¢] Xl HHE-ZE 23 71 dZ 08 ofF FAReH
gelolo] ofs oj2jHol7l trolel Flld A Bug ofF AE)
Avelleh. A%, WE-SES] J191% A nde] BRA Sge Faa

71l ofsl SgHeia £ 4 gk
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&, ME AAAMGATE, U AlEdold sebEl E(U=1, Ui=-3, Up=3, 1
Il Us=-1), t.x AT7IIAREE, 12 APIIAHE S, Wer 012 S8 &
FE, e JE olF] Aol 0 we] o]E4 ABE, K& AATE ov
Eis=

trojgel ofsf o]gH trolEsS F835H] 8l flof Ede vk A
bl gk B34 AlXKDiscrete Time) 215 ARE-SHCY

v =Sp Fip,, W
i~ N U +Fop it <2 222>

7, 1 i olEe] 718) A, me i ole] AN, Dy A 1ol %
ol 7, pue A9 toll 7HYE HIE, M2 AT, Wis t
o i e A7 ol BE BAS A7t SJuld. o) IAAL ol
2gpo] Wl ofs) g =lojA]E vkl At 71QlF vlE, pis 018 o
T2 Adeel ofsf Ao X whehA B e of AP} oS 5EA
4%(Catchability)ol] that oj&=Hzko] vlgE 7}A3}

N FAAIF(Fi)= <A 2-2-3>3 Zt.

oot orlo

F, = Eq, <2 223>

W F7b Eu2 tHA|=E, <2 2-2-4>9F 2t}

t:ml Eqpt
- "[MiﬁEq,-pJ <A 224>

~
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ARt A bR ofgel Soll B B4 <2 22555 ek
Ni,t+l = Ni,t exp[_(Eqipi,t +Mi,t )] <2l 2-2-5>

SI71M, Niaz t APl It 9] BEFE oulgith. ofF 9] ApgAle <2
22-2-6>3} <2 2-2-7>3} Zr}

Diy =N =N, <2] 2-2-6>
=

Al 290
D,, =N, ,(1-exp[~(Eq,p,, +M,,)]) <] 227>

Aol 7] FRE & ole ARa] 918 La Hollch A4 33
Aol 7115 AR Y, throlze] &

8 wdold thE ool AvhA it 7lF w3 nelslolaic.

FRae AfdolEe] 27 B T FWI N, 2k S A 5

2
ofX

= Al 20,
F,=Yq,E, <2] 2-2-8>

71N, Friz 1 o19] AIAIAITE, gz j el <3l ofF =i i of
Fo| OJUSEATE, B j olge olfwawe A7 enaT. s
(Pikitch, 1987)= Z7] th& o8 AAS EHsl7] flete], F22719] F41&
AT, DAL 7] GE ol ANl B AAH Aol A
(Hilborn and Walters, 1992).
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Bdolt}, dRTx B o] w24 By} terolgo] A

= Fg I 9 ol tigk AeA 249 Ve RdE=
eo® olgd trofFe] Aol vk ol F4 e (Paulik <
71e}, 1967), EF1H9e] sEl4 ojgwF 24 Ed(Hilborn, 1976), 229
ddtsl 2 dl(Deriso, 1980), FY<¥ <E]x Rdl(Ludwig and Walters,
1989), 524} =&)(Cushing, 1971, 1973), 219]t] = e(Shepherd, 1982), 7tu}
(Gamma) =2(Reish <] 7Je}, 1985), n|dzly(Miscellany) ==(Chapman,
1973) 5¢] tHQuinn 3} Deriso, 1999).

g 2 24| 7bsd mdolth. tpolEom F ojFe] AY, ofsle ¥
e s 2A2E 9 v vl AHel AAE B <A 22959 2
.

B
B, =B, +rB,[1—K’—cX,)—C, <2l 2-2-9>

o714, Bt /\]7<494 A4l A A=K (Stock Biomass)S, Xam A4 T X2
o} AAFE, r& B4 AAFE, o= X7F Erid Bo AR #Jsist
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Demersal Fisheries”] 7'\dz} o]23 %ﬁgo ORE o839t} At 8% 2gle] mdd A
A3t ol - throlgdol AR EoAW, -2]e] ofdE el Hjek 7|2 7= g Ao
tjZ FAFo1d Aol
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o714 PY(4)= Zeaee] 7|7k Bt Gl 93 0]8] e Fe] o]
o] FAE, V= t 77 Ue o8 BFFomHE AL Fo|l&((1)
=(TR(1)-TC(1))<, TR()<= t 7IZF W9 FFUIE, TCH)= t 71k U9 FH]
STRE, (0t /I U] BelgS Uepi, Bo meaw sRle &
= Ozs].o]_;q oko A %D}

012};4.?.1%*?% BEE 259 D F8e AAH meeA AnEol,

TR(t) = p(t)* q(?) <2l 3.3.2>

A7, ploe t NS AETIAS] & WE, g t Al AF A
o o WEE Yepi,
FHgFE <A 33353 o] e 4 e,

TC(t) = TC,, () + TC,, (1) <2 333>

7 TCwet TCri= t 717F o] Exle}l BEE o] 3R] 2n gy} =
2k} AAE 7R FH8-S 77 ou|giti(Arnason, 1990).

2) o2 H-&

e, BA T2 oA Alkgtrel] ojsf idEAd 4 9l o g
AP e ZEReR Aed R gAAsE ﬁzﬂxﬂ, wele} o]
FHareA vepd F Slvk. AEEA Y o dApArE el & B
= AAo|&2o] ubAo] AAsHGo] A& Ate)| gt

Hbd o2 AEAe] $AA 2717 thpolE g o]dshs MY EF o
el Hl= o BAPG Ftell GFES 71 Aoltth o n osf ofr]d o]FAt



W BEL <] 334> o] UEhd = 3tk
f(n,t) = f(K(n,t), EI(n,t), B(t), E(1)) <2] 334>

A71M, fin, )= t Al o4l nell o3 opr]d ojSApgAlTe| HWEE,
K(n, )} El(n, )5 22 t Aol ofAof| o]-&=o)zl A

=40 el WEE, B o Eps AQEe] gelet 844 208 27
o]kt Arnason, 1990),

() AEH 2d : H¥E-ZE 2y AT ¥4 74
A=A 2dle TAC F7REAE flal throidel ofsf og =L
TAC oJFES FaUIeE & oot} & A& Rd2 53 7\%%‘:41
(Population Dynamics)?} A&t 7|25 wrh. A ofxel tigh +
8 WHFEA N oFe 7 Auel &5 N o] o 1 *'é‘/] Bt
TS o|&eth ol HFES U A N oFe] AR TS
Rdle thpolEite] AEA deAtes 38gitt Tﬂr’\] ULH 7
ojFe] HusHl 7123 Ho| AAY aHE HAIPHORE FHY Aol

wd W WEls= 2719} g22prke] ApdEe] AsAhg vk o) ¥}
ol

= r\r
N

3 W E-ZE »d F21.S o]83it}

4R AA toll 54 01%— of thgk X}% F oS A A7 o 2
8 (t) = B( [£ (). [M ). [w].[R(} ) <2] 3-3-5>
Yy =Y( [f@o) [M@), [wael.[RG) ) <] 3-3-6>
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oI71A TB(y} TY(1) t A2 AA15 BAZT o1g=F, Aok M1
Wty t A olGAPgAlE 2 AAAPAlSE, 2Eal o Fe] deas
Vel BlESolt). o] e 9] 21de N ool o8 ® AFwe 49} &
ok R()E t AE] 7FdRFRS(ell. oldoll 7l Al Aere] AN ool 4,
[ & t-N ARFOZHE] t ARES] S33] 1 ARE A25 e
?:_llﬂ-XJIOE 7].0131: ?ﬂ-/‘*‘— <)\1 3-3- 7>J,]. 71—0] 14_1;]_144 2= 9}\;}

R(@)=R( S(t-u), [B®)|, [E@)] ) <2 3.3.7>

SJ71A u= Ak AEkela] o]ele] AZe AFTFo =z Felsl= shelek A
o] FH|7IZHE, S(t-u)E t-utle] A FRE VRt 18ER 4y
7IRE o), At 1]‘% o R(HE n)eh= oo 7FES HA T B(r)
© SAY(AEE AMAY) He trolFe] duw AT R HY
= ofvidt E(f) 3744 2747 AgE WEZ ouEt) [ e ziztel |

:
FES u e Esa gk el Ea WEe gl A A

M(@ey=M( [Bw), [E@)] ) <2 338>

W =w( [BoL [E@] ) <4 339>
<2 3355004 <] 3-3.9>= AMEA mue] =g g FZE BAlEH).
R mde JlpHos @ AFe) o8Pt A9l e, 1eln A A

Aol | Bt AR, Tela AEolEel B % I 87
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AHFEolt)t 1 9 HFEL BF YAHSFESeth a8ra <2 3-3-5>9
<2l 3.3-6>0) <2 3-3-7>0)4] <2 3-3-9>8 ZA|o 2H Ahek) o
Ao HE thed 2 HE AE(<A 3-3-10>7 <2 3-3-11>)5 78 F 3
=3

TB(t) = B [f @), [E(). [ B©] ) <] 3:3-10>

TY(0)=Y( [f ), [E@)], [BO] ) <A 33115

o714 WY B(0)y= Aelel 27IMA t = 00X 9] terolgel A
S Uehdith. <2 3-3-10>3 <2} 3-3-11>0] oJahH Aplekat ofgke g
2203} ojgApgAlee] ARV R ] AT 27 BAF ol o8 dFe
AR S & ¢ Sk

e
784

Lu

dubA o g <2l 3.3-10>T <2] 3-3-11> B3] Fefzol) ¢zt
olF 7HlEFe] Wste] Folef Z2 ofor] HZo|, FiHEES] BAIAEY 24
of 7131ste, Alzte] ©2A wid B AES Fes sHREA o] whit

o]t Arnason, 1990).
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AAA B HREORTE opE ol8BEH 71T A4 % A
o PE 71k wehd A B ol AR 2
ol 4 % glek. olelat 7321]%4 mae PAslF BA Fadel @ HRo

ZA IR Ey JlgAAER o 2 A Ao 2 AskEojxItt <ad
3-3>0]A] HZol, J*b”ﬁﬂ H*HA BARE asle] @oel =, A, ¢
A Aol Fo) FUALEE FaaL, el o2 o2l Fela

M

HO CHAOIZ0) that TAC Botol &% 29 75 e51



Agk A Azl ofsf A 7149 Ego® AlRbEolxId.

© ofgisE

o1 g 0@-"’47‘4 gloolEe Z7] 9 %, T2jal 7]ek ofF Bl oy
e 09 7 o1 ofis T s S 5 Sl o
R 5} | flate] FURAE (=T, o7 5= 7K vrold 3
S E*Ur A=At ofakdol tig of g iFe] £ o AP
9 olgjee WA, AR olgApArRRE B olgede
29| AZLS ¢I5te] o Prhy AJ2ksE(Fishing Mortality Production Model)
7 Abgslolack

ofsire] Fo wa ool B Aol olgnEe] BEe ojd
ofgl] o] Folxitt. 54 Al ojide] &8 Thsdk ool 7 F e
getow 25an ojgole elHel olile] vk @ FAjol slelste] A
Zrell A4 gt

AR to]] o8 &Fo] FH|E-2 TREo 9 ofgu]8-2 olrt. webA FH]

88 9] K()2 Lrehd ojslolde] AREA W] FI()= ek B

FUaago] o8 % HE [P Uehl FdE 7Hl &gt

Foleulge <A 33-1259} rk

0ok

N
TC, (t) =Y .TC, (K (n,t), EI(n,1),IP(t),n) <2] 3-3-12>

n=1

A, Tewts t A9 5 018 W, ne ol nel +8 oujgieh
F8 olf] AEe ojiolth. ¥ mele] ARe] FeRAe Aoz oA
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FE DIV, K2 EAEH. o)7]14 DE oV A(K)e] Froltt.
ool g T4 A (e F 2l Fa Alojwse] shold).

SH AR e <) 3-3-13>3
N(t) = j IN (N, (t=1)=D,(N,(t=1), K@)+ 1()}dn <2 3:3-13>
o714, ne o] 5 YEepdLh
ot} sANE dukAo T AE 2AGF 54 H]E Fo| SAfgitt. ofgt 2}
g0 2A Agu]E, SAI- Zx[skE Ao o]QH &4 55

=
ot

ol HI&E FElv Clu(h=E VM, Clu()e <2 3-3-14>¢} 2t

Cl, (1) =Cl, (1(2)) <2} 3.3-14>

2
Jo

HoolE e FH8-L oful8 FAlEe] FoeA
Aol 5 gtk mieb ofPu]8t T g-& £33 FolPu]E2 <4

TC,,(t)=TC,(t)+CI, (1) <2l 3-3-15>
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& Ak 7S o AR SRy o de] Hge AR
o} e B 22 tepo]ge A83817] whitel HE AR F(lEE
12%)= o1FY (=] 3Bl 7FANNA Y] (A5 4HE &5
Folt}. thekst 7t HARNE ofF 7R 552 FU-AEATY
Z§el o3 AA=o7Ich.

HEWNE, () t AR o2 RE HEAHE] dHEHE e
I AP, () t AR HEANE M) AEE Jehdch HE5AA%
2o] WEl= G5H oYL Yo g dojzit}, ol23l Mgt mjE A
o] g mdle <2 33-16>7 2},

il

(3

O

q@) =T(p,) TY(2) <% 3-3-16>

A7|A, T(p, e HERE] IuE (12X )2RE] Fo]71 o] e
X1)E st Fo2ks Ay 23 MiEgX(12X3)S 9nsitt. a8a
TYIE oo olgdeds T8 AAHG X)E it

A mERX, Tp,ge B 7R s vlE-AE 71X 941, 784kl
FEHE o S E 5 ok ofest e THERte] 788k sHAlol
71Q18 ofgle] FFH(TY(1) FUE F7HA(IP(D), 2elal HFA ]
A1) S E35 BAA g3l oJEditt. AnHoz, T BA o v
Egx 4 X3)E <2 3-3-17>3% 2},

A(r) = A(p(0), IP(1),TY (1)) <2] 3-3-17>
o7, WiEYX A2l 22291 ape 7H A | @ EX o]F nd Foig

o] 3 dXo|r}. w3l 7RFgAAREETRe] o8] Hesh= FAHS & & Itk
AL e A B(EEY] 4 X4)E VeI 2= 78 7HEAE A
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o2 ol g vlEds C(d A% 59l 1 ><4>* e 4 ol el
AERR T A Y AsulEese] olt,

T(p,t)=C[B[H <21 3-3-18>

B EL T 7FEE gl F13u gl Folth A7te] 71 EH)
H1§E Zzte] AFE o2kl ot SAY1de) AFEAe o] ofEsi,

N
TCP(t) = ZTCP(TY(n,t),K(n,t),IP(t),n) <)*\Jl 3'3'19>

n=1

oJ7|M, TCHE t AR F 7FAMNIES, TY e t A3 n 713l
ofaf 715 trolEe] o8 HEIE, Kny)e t Aol n 7]|He] A HE]
E, I[P t AR #EE 248 W ES Yl

FAR AHE 7o gk AR o] FEEA2 oA AFEh oY
o] 4 T S 7RG webs FAtel AAlE T Ao
H-8-2 <2 3-3-20>3 2t}

d I

TC,, (1) =TC,(t)+CI (1) <2} 3-3-20>

714 Clp(t)= ARZAN LS oJujgi}.
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Mg 97e] TAC ofF & td Adoidolr] Ag=e= trols F
olgF Hlgo] F9E AR olFS AW F, 7 ool tigt £Y&S
olg3le] FQ o}FS MATTE H 11'd(1994-2004) E2t thEMdgo]¢]ol
&l o3 H o]FEL IA| 150)(71%), Bolal(4.4%), 1L H780](5.9%)
ot A 11'd &k iMool osf olgdd A olF &, 919 Al %
o] AAJsl= o &7 7] 81%°ltt. ARt Aojge= H2 1 ode] 54
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2) BMRIE

AT

(1) AP Addolgdel 23] ol8d Fa oFe] o]

T 7 i@ Adoldel ofsf ofglEol Fa TAC ofF(arsel, ¥
o))o] A7 ol&FEE A - Hrketr] SlEiAl, 111d71(1994-2004)9] ofE 1%
o o] Apung AT FdgeIgel o3 oEEolxl Fa olFe o
SEke <F 4-1>3 Pk

(I 4-1) HEHYO| s of2lE F2 01E32] 475(1994-20041)

%9 E
e 5o Z1780] ofe]
1994 197,761 35,036 35,335
1995 159,820 7,521 13,078
1996 386,877 10,790 15,837
1997 139,293 12,867 6,844
1998 148,892 15,296 5,661
1999 155,728 7913 16,791
2000 109,025 14,288 2,161
2001 177,935 10,729 123
2002 126,519 18,965 8
2003 113,121 13,558 14

ZL& : Chulinn Baek et al., 2004. Stock Assessment and Fishery Evaluation Report of Year 2005 TAC -
based Fisheries Management in the Adjacent Korean Water, National Fisheries Research and
Development Institute(NFRDI). pp. 1-237.

% ¢ % 200492 897e] Ael

) dFAaFoigde] F801F AL eNTE FHA

&3 TAC 37} melof o 4% TACS $-2lo] SPgd el o3 o
3 TACE Hlwsly] 13l $al= 20043 Zg52178t o] o3 =44¢
Fo0lF AUt A7 S olgdt) A dAe Azt FApdAS



(Feurrent)i= 35019} 778019 A9 242 0333 0.602 7geict 53] A
78ole] 7% F20047} 0924 th2 s vl A3 =u. webd $els=
F20042 Ui 318F 2A%) 83 o5 L7tIigEe 77 FA,
Feurrent=1-exp(-Fi),oll oJ8f =7koldrpdAlr(Fi)= dekEold 4= itk

o o — =S
F 4 A

ol

M to te fL Wi aj My; W Lo K Fi | Feurrent
1o 0.52 [-0.428 | 1.01 | 10 | 0.55 | 0.52 | 0.18 |2249.55|51.67 {0.299| 0.40 | 0.33
s

(%) | (age) | (age) |(age) | (%) | (%) | (%) | (g) | (cm) (%) |(yr-1)
Aol 0.53 [-0.809| 0.53 | 7 145 | 1.18 | 0.46 |1047.17| 429.9 10.248| 0.92 | 0.60
- (%) | (age) | (age) |(age) | (%) | (%) | (%) | () | (mm) (%) |(yr-1)

ZL& : Chulinn Baek et al., 2004. Stock Assessment and Fishery Evaluation Report of Year 2005 TAC -
based Fisheries Management in the Adjacent Korean Water, National Fisheries Research and
Development Institute(NFRDI). pp. 1-237.
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Lo = o]&4 =g A%
K = Brody %715
Fi = i olge] sxtolsbgAs
Fouren = @AS] AZFo1APEAIF

) Fxgl' Fx%——l XI-I

S S48 TAC %7} = @3 @] TAC H7} mdo] 47lo}d
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APBAIT(F) ] HSt2HE of9A] Foot HssteAE T8t =5k -2
T Rds vwy] g 7 2do] At Fust FE AT 2 2
2= Fx2A Fuax, Fase, Foit FoZA Fsow, Faou, Fasu, Faou, F25%S ©]
st

A ko] TAC 37t Bdel o3 FAE AR oAl ARelx <]
Fo1 & 31590] 0.17/d, A780] 0.18/d o= Z+z Yepith aglal &34 o<
o}Fo] TAC 7} =d9 & 4% F0.1 0.16/d0]A}

3 FY Fhmo] TAC H7F Bdoll o8 F4H Fuaxs 1501 0.69/4d,
ZA78e] 0.58/ 02 77t yeptow, -2 e Rl o3 34 Fuax
= 0.86/d °]3itt.

(X 4-3) T R2EIO| FxQ} Fx%29| H|W
o] - d
YR (g) at

Fanc

—Z
of % Fumax | Fsov | Faow | Fssos | Faom | Fasw | Fou Fasc

&3 TACAMo|
ofs) F44 315

18] TACAMO||
o8l 548 el
S ofs)
F49 throlE

=+ : TACAM : %3]80]83F 7} E(TAC Assesment Model)

0.69 | 0.18 [ 0.23 { 0.26 | 0.30 | 0.35 | 0.17]0.30 - 0.35| 84.0 - 88.1

0.58 1 0.16 | 0.21 | 0.24 | 0.27 | 0.31 {0.18 |0.24 - 0.27]| 304 - 31.7

0.86 | 0.27 | 0.38 | 0.45 | 0.53 | 0.64 [0.16|0.27 - 0.38| 77.7 - 88.5

A =] TAC 37} el o] F4H HA AT (Fasc) 2l aHet
9] Fuis 2501 30%, 780] 35%= Z2t F=len, -2lo egd nd
of ofsl FA4d golgigATe] sldte] Fuis 50%% FAH=AY. =3k
Y o] TAC H7F Bdlo] ofsf =44 2 ojgrtgrlael 379 Fu
a50] 25%, Aol 30% = 247k FAEA oM, fele] S ddl o)
FAE Aol AT e Funs 40%=2 45



2) Y/R(TPR)z} SSB/R(SPR)9| =#H

-

Fele 7 2due] Z42e] F.ot Fuoll thake] Y/RSE SSB/R7} %7 s
X2 248t} w8k YRS F, 18]3 SSB/RIFY F7te] AdadA 4L
&ote] ARAG AT FucE F480E 1 2H2HY $Ee 7 2
Fascoll YRS} SBB/RS H] sttt

mg
Lo

(B 4-4) = 20| Y/Re} SSB/RQ| H|u!
oo ;. !

Y/R at |Y/R at|Y/R at|Y/R at|Y/R at|Y/R at|Y/R at| FABC | Y/R at

% !
Fuax | Fsow | Faow | Faswe | Faow | Fasw | Faow | (&) Fasc
5ol 96.10 | 65.18 | 75.76 | 79.73 | 84.00 | 88.09 | 90.90 [0.30 - 0.35|8&4.0 - 88.1
(& TACAM) | I R e e e
el 3591 (2432|2817 | 3041 | 31.71 | 33.07 | 34.27 {024 - 027|304 - 31.7
ol

(&34 99.76 | 77.71 | 88.53 | 92.76 | 95.95 | 98.43 | 99.69 (027 - 0.38|77.7 - 885
TACAM)

A gh=ro] TAC H7F 2dlle] o3 4 Face 2150 0.3/%-0.35/,
Z780], 0.24/3-0.2730 2 747t AT 1) F4H TAC H7F 24
o o8] FAH Fupex 0.27/3-038/ 902 =AY} ool F mdo] 7}
7l Fasc®] YRS W=, €8 sl TAC 37 2Ele] 4§, 1159
84g-88.1g, A7Yo] 30.4g-31.7go 2 FAHEJT, e TAC H7} 2deo] 4
+, F oF] YRE 77.7g-88.5g0 % FAHESLE FIMH SR, Fuycoll 2esh
AP sh=o] TAC 37t 2dllof| ofsf FAE /E ofFe] 717 Akl ed=e]
X%E 150] 25%-30%, A780] 30%-35%2 21zt Uehston, e o
ofal] F4E throige] 7HYE AR Y] X%E 40%-50%= A=A
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2 A
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(I8 42) EEE TAC B} DO of3 2ME CioiE

k- Spe cies PR andd SRR by O TaCa ki
i3 v 1.0
e - 0.8
.m-\ FARC =0.3 g
B = 1
7.7 oo ] - o
70 Fadc =027 SO, T 97 *
=] B0 I-\._\_-.-—-—-—-—-—-—-—-—-—-!D!-h
EE a0 - -'.—_.--I-I-r_l—u—-—l_a_hnq‘.
03 B AN+ o3
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. —_— 0.2
'O o1
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O i 03 6F 04 08 af GF 608 ad 10 141 1% 18 1+
027 03
F w1}
il vFFR LT Bl S W T I

b 240l 7144 gl oA Aol HgkEol, 4wl He
AAole 1537 $istel, Agolgiel o) olHE 1FOIe Fape 0.30 55
& T o7k solzirkn 2 4 olrk aelnE Aelge] AL ojFEe
027 291014 Trolgol tiek TACS] 818 Fane 0.270] 2o} T i}
3 gerolie,

(d8 4-3) T 229| Y/R(YPR)2 SSB/R(SPR) X%2| H|u

Comparison of YPR and SPR X% betw een Two Models

GAP by TQWCHOH
>

@J [ -0 .
Fasc =0.2] Lower@ryel (M ul #e5c =0.38 Upper Bound (Multi) T 10
Fasc =0.3p Lowett Lind(Mac FRec =0.35 U pper Bound(Mac) + 09
10 b T 038
- * T+ o7
v Jo | II Frc®=0.27 Upper Bound(Jac) 1
=0 » 06 S
P s L o5 P
R ) is lower than Mac YPR C*Ts o
- T 04
d lige o dash circle due to wi& ai 1 03
3 " T 02
FAuo:OEALOWO ~====.=._---- “sj
00 01 02 03 04 05 06 07 08 09 1.0 114 12 13 14

0.24 0.27 0.27 0.80 0.85 0.38 FOr-1)

o Mac YPR Jac YPR MultiY PR
_ — ~ Mac SPR % ~— ~— - Jac SPR % Multi SPR %l
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Chrofgoll theh 27018 APl (Fasc) el 8k, 0272 §3 gh=r¢] TAC
%7} mdo] HHofEagAIRe] slek 0.3 Hot tha U] yEeRgth g

ol Hehel MME-EE wdo] lUT P Fbdos Tqd 7
o8BSk FHA ol 5EAR )t IR M E-EE

Kl
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1o,
Oﬂ o rlr

o] 7Hd AaES THAAT)7] witolt) <¥ 4-3>0)4 HiZo|, fE3 5
A A7t | ZGAPAIFS] M (Dash-Circle) oA throl&o] thst YPR 34
o] ilzole] YPR AT} gt} &89 FAIE 1efst glo], Sl ddY
=] TAC 37} RAR2RE 150]9] HA|SAPAIF(Fapc,) ] 3t 0.30%
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I 3R2|(Glossary of Terms)

(The Advisory Report on Stock Status is one of two reports produced by
the Northeast Regional & Stock Assessment Workshop process.
http://'www .nefsc.noaa.gov/nefsc/publications/crd/crd0404/intro.pdf)

Biological Reference Points. Specific values for the variables that
describe the state of a fishery system which are used to evaluate its status.
Reference points are most often specified in terms of fishing mortality rate
and/or spawning stock biomass. The reference points may indicate 1) a
desired state of the fishery, such as a fishing mortality rate that will achieve
a high sustainable yield, or 2) a state of the fishery that should be avoided,
such as a high fishing mortality rate which risks a stock collapse and
long-term loss of potential yield. The former type of reference points are
referred to as “target reference points” and the latter are referred to as
“limit reference points” or “thresholds”? Some common examples of

reference points are Foi, Fumax, and Fusy, which are defined later in this

glossary.

Biomass Dynamics Model. A simple stock assessment model that tracks
changes in stock using assumptions about growth and can be tuned to
abundance data such as commercial catch rates, research survey trends or

biomass estimates.
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Bumsy. Long-term average biomass that would be achieved if fishing at a

constant fishing mortality rate equal to Fusy.

Catchability (q). Proportion of the stock removed by one unit of effective
fishing effort (typically age-specific due to differences in selectivity and
availability by age).

CPUE (Catch Per Unit of Effort). Measures the relative success of
fishing operations, but also can be used as a proxy for relative abundance
based on the assumption that CPUE is linearly related to stock size. The
use of CPUE that has not been properly standardized for temporal spatial

changes in catchability should be avoided.

Fumax. The rate of fishing mortality that produces the maximum yield per

recruit. This is the point beyond which growth overfishing begins.

Fo.i. The fishing mortality rate where the increase in yield per recruit for
an increase in a unit of effort is only 10% of the yield per recruit produced
by the first unit of effort on the unexploited stock (i.e., the slope of the
yield-per-recruit curve for the F0.1 rate is only one-tenth the slope of the

curve at its origin).

Fio%. The fishing mortality rate which reduces the spawning stock
biomass per recruit (SSB/R) to 10% of the amount present in the absence of
fishing. More generally, Fx%, is the fishing mortality rate that reduces the
SSB/R to x% of the level that would exist in the absence of fishing.
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Fusy. The fishing mortality rate that produces the maximum sustainable

yield.

Maximum Sustainable Yield (MSY). The largest average catch that can

be taken from a stock under existing environmental conditions.

Mortality Rates. Populations of animals decline exponentially. This means
that the number of animals that die in an “instant” is at all times
proportional to the number present. The decline is defined by survival
curves such as: Ny = Ni o, where N; is the number of animals in the
population at time t and Ny is the number present in the next time period,
Z is the total instantaneous mortality rate which can be separated into
deaths due to fishing (fishing mortality or F) and deaths due to all other
causes (natural mortality or M) and e is the base of the natural logarithm
(2.71828). To better understand the concept of an instantaneous mortality
rate, consider the following example. Suppose the instantaneous total
mortality rate is 2 (i.e., Z = 2) and we want to know how many animals
out of an initial population of 1 million fish will be alive at the end of one
year. If the year is apportioned into 365 days (that is, the 'instant' of time
is one day), then 2/365 or 0.548% of the population will die each day. On
the first day of the year, 5,480 fish will die (1,000,000 x 0.00548), leaving
994,520 alive. On day 2, another 5,450 fish die (994,520 x 0.00548) leaving
989,070 alive. At the end of the year, 134,593 fish [1,000,000 x (1 -
0.00548)365] remain alive. If, we had instead selected a smaller 'instant' of
time, say an hour, 0.0228% of the population would have died by the end
of the first time interval (an hour), leaving 135,304 fish alive at the end of
the year [1,000,000 x (1 - 0.00228)8760]. As the instant of time becomes
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shorter and shorter, the exact answer to the number of animals surviving is
given by the survival curve mentioned above, or, in this example: Ny =

1,000,000, = 135,335 fish

Optimum Yield (OY). The amount of fish that will provide the greatest
overall benefit to the Nation, particularly with respect to food production
and recreational opportunities and taking into account the protection of
marine ecosystems. MSY constitutes a “ceiling” for OY. OY may be lower
than MSY, depending on relevant economic, social, or ecological factors. In
the case of an overfished fishery, OY should provide for rebuilding to
BMSY.

Recruitment. This is the number of young fish that survive (from birth)
to a specific age or grow to a specific size. The specific age or size at
which recruitment is measured may correspond to when the young fish
become vulnerable to capture in a fishery or when the number of fish in a

cohort can be reliably estimated by a stock assessment.

Recruitment Overfishing. The situation existing when the fishing
mortality rate is so high as to cause a reduction in spawning stock which

causes recruitment to become impaired.

Reference Points. Values of parameters (e.g. Bwmsy, Fmsy, Foi) that are
useful benchmarks for guiding management decisions. Biological reference
points are typically limits that should not be exceeded with significant

probability or targets for management.
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Spawning Stock Biomass. The total weight of all sexually mature fish in

a stock.

Spawning Stock Biomass Per Recruit (SSB/R or SPR). The expected
lifetime contribution to the spawning stock biomass for each recruit. SSB/R
is calculated assuming that F is constant over the life span of a year class.
The calculated value is also dependent on the exploitation pattern and rates
of growth and natural mortality, all of which are also assumed to be

constant.

TAC. Total allowable catch is the total regulated catch from a stock in a

given time period, usually a year.

Year Class (or Cohort). Fish born in a given year. For example, the 1987
year class of cod includes all cod born in 1987. This year class would be

age | in 1988, age 2 in 1989, and so on.

Yield Per Recruit (Y/R or YPR). The average expected yield in weight
from a single recruit. Y/R is calculated assuming that F is constant over the
life span of a year class. The calculated value is also dependent on the
exploitation pattern, rate of growth, and natural mortality rate, all of which

are assumed to be constant.
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Introduction

1. Necessity and Objective of the Study

The territorial Waters of Korea are typically in a temperate marine zone.
More than 200 species are found there. Off-shore and in-shore fisheries of
Korea involve approximately 37 fishing gears. As a result, these species
have been caught by several fishing gears.

Korea has enforced a TAC (Total Allowable Catch) system since 1999
and has a plan to gradually extend TAC management to more of the
managed species. Multi-species with high commercial value will also be
added to the list of TAC species in the near future. Hence, an assessment
of TAC management for multi-species is needed. Such an assessment must
consider biological, economic, and technical interactions. This study attempts
to address this need.

Nevertheless, currently, Korea has a simple TAC assessment approach. It
has depended upon ABC (Allowable Biological Catch) estimation, based on
biological information for individual species and individual historical
catching reports excluded interrelationships among species and fishing gears.
Thus, in order to improve TAC estimates, Korean government needs to
prepare new approaches suitable in Korean fisheries circumstance with

multi-species.
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There can exist several interrelationships among species and fishing gears.
Depending upon the interactions between TAC species and fishing gears,
various TAC assessment models are needed, because the interactions among
them can cause different economic benefits, social welfare, optimal fishing
efforts, and resource stocks, and stock allocations by each fishing gear. For
instance, if one fishing gear targets several species, we should not only
consider a change in catch due to individual species’ market price, but also
think about a change in individual stock due to the change in catch of
individual species. Thus, in this case, TAC assessment models need a TAC
for each species. This, in turn, involves, considering several problems (e.g.
small stock species’ depletion, inefficient fishing efforts, less profit margin,
bycatch, discarding, and high grading problems) that can occur when a
single gear catches multi-species. Also, if several fishing gears only target
one species with a high commercial value, we should not only consider
stock allocation by individual fishing gear based on economic profit and
biological conservation, but also select the best combinations of fishing
gears in order to achieve the maximum social benefits, depending upon
types and conditions of the fishing gears. Finally, if several fishing gears
can catch several species, we have to take account of complex
interrelationships, covering two cases above.

The additional reasons why TAC assessment models for multi-species are
needed include the following: First, when the government allocates TAC of
target species by individual fishing gear, this model can account for
significant exit by a certain fishing gear due to economic loss from its
fishing activity. Secondly, this model can suggest a maximum net profit
level by vessels using particular fishing gear. As a result, this model can

suggest the appropriate optimal fishing efforts to individual fishers to
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prevent social and economic losses from fish stock’s inefficient use. Thirdly,
this model can include, as endogenous variables, variables usually treated as
exogenous such as biological (e.g., predator-prey relationship), technical
(e.g., bycatch) and economic (e.g., competition between industrial fishery
and artisanal fishery) interactions. In other words, by internalizing negative
external costs (e.g., bycatch rate) within the model, the marginal social cost
shifts down reflecting the decrease in negative marginal external costs. As a
result, this model can lead to positive effects of a decrease in social welfare
loss and fishing effort that is closer to a relatively economic optimum.
The objectives of the study are first to develop TACAMs for
multi-species suitable in Korean fisheries circumstance, and secondly to
analyze and assess the optimal catches and the maximum net profits for
Korean TAC species. Since the biological models are static, so too are the
corresponding economic models. Eventually the methods can be made

dynamic but it is expected that numerical methods will be necessary.

2. Scope and Methods of the Study

This paper presents models of three types for multi-species: 1)
multi-species by a single gear, ii) a single species by multi-gears, and iii)
multi-species by multi-gears. First, multi-species by a single gear employed
as the first type, are composted of mackerel (71.3%) and jack mackerel (5.9%)
caught by large purse seine. An extended Beverton-Holt’s yield-per-recruit
model for the two species is used. Second, a single-species by multi-gears
selected is composed of a mackerel caught by large purse seine, off-shore

small purse seine, large bottom trawl, and large trawl. Biomass dynamic models
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(surplus production model and Fox model) are employed in the second type.
Third, multi-species by multi-gears are performed to appropriate species and
fisheries, existing biological, technical, and economic interactions. An
empirical dynamic optimization model is employed in the third type.

In 2005, we limit analysis to the multispecies-single gear case, as the first
model, using the extended Beverton-Holt’s yield per recruit model. For our
second and third models, we provide, as a continued research project, basic
structures, analytical methods and theoretical models of a single species by
multi-gears and multi-species by multi-gears. The reasons for these are as
follows. We chose the path, because it is urgent to set up appropriate TACs
for these species as major species and fisheries with Korean TAC system.
Second, the first model places relatively higher demands on biological
information and data than the second and third models. Third, in case of the
second and third models, we need enough time for collecting data and for
constructing models. Fourth, because the third model targets not current
TAC species and fisheries but new species and multi-gears added in the
near future, we can afford the time.

In reference, next year, in case of second model, we are going to provide
the maximum sustainable yield (MSY) and the maximum economic yield
(MEY) of the single species caught by multi-gears, using the biomass
dynamics model. Also, we are going to compare the TAC level of mackerel
estimated by our model and current TAC level of one estimated by current
Korean TAC model. Furthermore, this model is going to compare economic
net profit for the mackerel of each fishery estimated by our model and
economic net profit for one of each fishery estimated by current Korean
TAC model. In case of third model, we are going to estimate optimal

fishing effort level and optimal catches, maximizing the present value of the
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economic rents obtainable from these multi-gears by using an empirical
dynamic optimization model to appropriate multi-species and multi-gears
with biological, technical, and economic interactions. In conclusion, we are
also going to suggest implications and directions of Korean TAC system
from the results of both models

Therefore, the scope of the study in this year limits to theoretical
approaches, model development of three types, the first model’s analysis,
results and implications.

This paper is composed of the theoretical approaches, three models’
development and the analysis of TAC assessment models for multi-species
and a single gear.

Chapter 2 introduces theoretical approaches on the TACAMs for
multi-species, considering various aspects such as biological, technical, and
economic interactions. In addition, this chapter introduces generalized
bio-economic models for multi-species.

Chapter 3 provides TAC assessment models of three types (multi-species
by a single gear, a single species by multi-gears, and multi-species by
multi-gears) suitable to the Korean TAC species and fisheries. The first
model employs an extended Beverton-Holt’s yield per recruit model and a
biomass-based cohort analysis with technical interaction. The second model
uses biomass dynamic models - surplus production model and Fox model -
with economic interactions. The third model uses an empirical dynamic
optimization model for appropriate multi-species and multi-fishing gears
with biological, economic, technical interactions.

Chapter 4 estimates appropriate fishing mortalities for multi-species by a
single gear by using the extended Beverton-Holt’s yield per recruit model.

From the estimation, we estimate the optimal TAC level of the
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multi-species by a single gear. Also, this chapter compares the TAC levels
of mackerel and jack mackerel estimated by our models and TAC levels of
them estimated by current Korean TAC models. Finally, this chapter
suggests implications and limitations of Korean TAC system for
multi-species by a single gear.

Chapter 5, as conclusions of this paper, discusses expectations of this

research and suggests a direction of Korean TAC system for multi-species

and multi-gears.

(Figure 1-1) Organization of the Study
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I

Theoretical Approaches on the TACAMs for

Multi—species

Most studies on TACAMs have been limited to the assumption that a
single species is fished or at least that a single species dominates the catch
and is of prime conservation concern. Thus, most fisheries science has
treated each species and stock as a separate entity to be analyzed and
managed. However, we know that species in ecosystems interact with one
another through processes like a predator-prey relationship and competition,
but the fisheries science has normally ignored these interactions.
Unfortunately, even though studies for multi-species have been reviewed by
several papers®) (Barry Kaufmann et al., 1999), they still have been
underdeveloped and need to be improved as model suitable to each
country’s fisheries circumstances.

In Korea, multi-species with high commercial value will be added to
TAC species in the near future and so, the issue of TAC setting in
multi-species fisheries will be an important one. The reasons for the
importance of this issue are that TAC setting, considering biological,

economic, and technical interactions among multi-species, can not only

6) Multi-species analysis was reviewed by Davis and Baldwin (1993), Hilborn and Waters (1992),
Arnason (1990), Pikitch (1988), Daan (1987), Murawski (1984), Pauly and Murphy (1982),
Mercer (1982), Ralston and Polovina (1982), Saila and Roedel (1980), Pope (1979, 1980), FAO
(1978), and Anderson (1977).
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bring more accurate individual stock assessment but also provide better
benefits to fishers and societies. For example, if we know something about
how the interactions among multi-species work, this knowledge can be used
to improve predictions or help to design policies to control the other species
so as to provide a more productive community structure. In addition, even
if there is no biological interactions bring among multi-species, there can be
often economic or technical interactions which can be caused by fishing
gears. For instance, when several species are often caught in the same type
of gear, the TAC setting considering the interactions among multi-species
can partially holdback the extinction of some species with small stock
caught by the same single gear. Therefore, this chapter introduces theoretical
approaches of TAC set-up, considering three interactions’) which can be

caused by multi-species fisheries.

1. Stylized Approaches for Multi-species

This section first provides a stylized hypothetical simple model for
multi-species. Then it presents stylized hypothetical complex models of a
single gear or multi-gears for multi-species with two types: technical
interactions (e.g., bycatch) involved economic interactions and biological
interactions (e.g., mutually competitive coexistence and exclusion).

In a multi-species fishery, the fishing gear comes into contact with stocks of

7) Three interactions-i) Biological interaction is the interaction between fish stocks, and within fish
stocks, caused by predation and food competition, ii) Economic interaction is the competition
between fleets, e.g. between an industrial fishery and an artisanal fishery. The more one fleet
catches of the limited resource the less will be left for its competitors. iii) Technical interaction
means that the fishery on one stock creates fishing mortality on other stocks because the fishery
is either a multi-species fishery or because of inevitable by-catches. (FAO, 1998)
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different species. This brings about a mixed catch. This case is conceptually
different from that of a fishery having two independent fishing grounds where
the effort applied to each stock can be analyzed separately. Each unit of effort
obviously affects both stocks. This is because more than one price must now
be considered and because the varied populations may react differently to the
fishing effort. Also, the stocks may be in competition for the same food or

there may be a predator-prey relationship among them. (Anderson, 1977)

1) Technical Interactions

(1) A Hypothetical Simple Model for Multi-species by a Single Gear

Consider first a very simple case where a single fishery consists of a group
of boats with nondiscriminatory gear harvesting fish from two independent,
call them A and B species without biological interactions between two species.
Assume there is a single gear on species A stock creates fishing mortality on
species B stock (i.e. a technical interaction), and also that harvesting cost is
equal for the two species. These assumptions simplify the presentation without
losing anything essential to the analysis. (Anderson, 1977)

This hypothetical multispecies-single gear model can be briefly explained
as follows. <Figure 2-la> presents population equilibrium curves (PEC
species A and PEC species B) of two species. <Figure 2-1b> presents
sustainable yield curves (SY species A and SY species B) of two species.
<Figure 2-1c> shows that a total revenue curve (TR) has a two-hump
version that sums each revenue curve (TRs and TRg) that multiplies market
price of each species to each sustainable yield curve. Thus, its exact shape
depends upon the shapes of the yield curves and the price of each species.

In addition, total cost (TC) has a linear function under an assumption that
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fishing costs are equal for the two species.

The open-access equilibrium yield, the maximum economic yield, and the
maximum sustainable yield are determined in the normal fashion. Also, the
maximum sustainable yield is determined by the highest point of two-hump
points with the total revenue curve (TR). Those yields may lead to the

extinction of the smaller stock as shown in <Figure 2-1>.

(Figure 2-1) A Hypothetical Simple Model for Multi-species by a Single Gear
with Technical Interaction(e.g., Mackerel, Jack Mackerel caught by
the large purse seineg)
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Each curve in <Figure 2-1> can be interpreted as follows. The quantity
caught of either type of fish depends upon the effort used and the size of
the respective population. Each species will have a normal population
equilibrium curve (PEC), as shown in <Figure 2-la>. Since the two
populations are independent, the curves are derived from the relevant
intersection between respective fishing effort and equilibrium population
such that the equilibrium population size decreases as fishing effort
increases. Thus, in the absence of predation by fishing practice of man,
species A is a natural population equilibrium size of P;. Similarly, the
natural equilibrium size of species B is P;. As effort increases, a new
equilibrium is reached at a lower population size due to the increase in
catch. Particularly, when fishing effort reaches E,, the stock species B is
destroyed at zero but that of species A is at P,. If fishing effort reaches E4,
the population of species A is depleted as well.

When each species is at sustainable yield such as the <Figure 2-1b>, the
total sustainable yield is the sum of each sustainable yield. For instance,
when fishing effort of both species is Ei, the equilibrium yields of those are
Y, and Y, respectively. Therefore the total sustainable yield at this level of
fishing effort comprises those two quantities as shown in the <Figure 2-1c¢>,
and the revenue earned by multiplying relative prices to the total sustainable
yield will depend upon the relative prices of the two species and the size of
each catch.

Economically, Eveyi or E; is more efficient than Emgyz, Emsy, and Eoa
because although fishing effort is less, profit (7) of Emey: is the highest
given the total cost (TC). In addition, biologically, in Eweyi, both species
are still remaining but in Engy, or E;. At that point with Eygys, species B

is completely depleted. Therefore total revenue arises entirely from the catch
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of species A. So, in this hypothetical multi-species example, open-access
(Eoa) fishery and Emsy regulation destroy species B that could have been of
value to another sector of society such as sports or recreational fishing.
Emey2 regulation with E; also destroys species B.

In conclusion, if a fishery with related to two technically-related species
catches species A without considering the bycatch rate of species B, it is
possible that species B is depleted via the bycatch of species B. Thus,
although two species are biologically independent, if there exists the bycatch
between two species due to fishing activity of the single gear, depletion of
the bycatch species can occur. This illustrates that, in such situations,
attention to conservation of species B may be inadequate. In addition, if a
reduction in fishing effort is occurring, the economic burden on fishers
cannot be determined solely based on the economics of harvesting species
A. Policymakers need to determine the level of the optimal fishing effort
considering the commercial and biological values of all the species

harvested.

(2) A Hypothetical Complex Model for Multi-species by Multi-gears

The section provides the operation for multi-species by multi-gears.
Technical interactions between multi-species are imposed on the marine
environment by the fishing practices of man. Incorporating the technical
interactions by multi-gears is as important as incorporating the biological
interactions. There is no point in estimating optimal harvest levels and
fishing effort levels for individual species if they are caught simultaneously.
Even if the species can be caught in isolation, there is still a need to
consider the set of species as a whole. For example, a change in the TAC

of one species may result in effort diverted to another species. Also, the
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gear of one may take significant amounts of fish from the other in the
process of harvesting its own.8) Major fisheries off the coast of Korea fall
into this category. For instance, the large purse seine which fish Korean
waters takes individuals of many species even in cases when they are
concentrating on only one.

Consider two fisheries: fishery 1, which concentrates on the exploitation
of species A, using one type of gear, and fishery 2, which exploits species
B, using another. The fisheries are biologically independent. They have
technical interactions if the gear of one of them, say fishery 2, takes a
significant amount species A in its quest for species B.

This hypothetical model assumes that the price of each species is constant
and that conditions are such that the curves for population equilibrium are
neither upward-raising nor forward-bending. While not affecting the general
conclusions, this will simplify the analysis. Unfortunately, graphical analysis
is less useful in this context because of the added dimension. Since the
equilibrium population level, the sustainable yield, and the total revenue in
each fishery all are dependent upon the amount of effort used in both, only
a three-dimensional graph could plot these relationships. Doing the best we
can with two-dimensional graphs, therefore, we will round out the analysis
with verbal description. (Anderson, 1977)

This hypothetical model can be briefly explained as follows. Fishery 2
takes a portion of its catch from the species utilized by fishery 1. As a
result, there will be a different population equilibrium curve for that species
for every level of effort in fishery 2. Likewise, the amount of this species

caught in either fishery depends upon the amount of fishing effort of either

8) This increment is often termed incidental catch.
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fishery and that of fishing effort used in the other. Therefore, simultaneous
regulation of the two fisheries is necessary to reach a combined maximum
economic yield. Each curve in <Figure 2-2> as a case of technical

interactions can be interpreted in detail as follows.

(Figure 2-2) A Hypothetical Complex Model for Multi-species by Multi-gears
with Technical Interaction

Fisheries 1 Fisheries 2
Pa . P .
PEC species A PEC species B
P PBi
AL N\ Pra
PECEBI \
Pa2 A
PPEB2 P
Pa3
PESEB3
Eai Effort A EB1 EB2 EB3
Effort B
a)
Yield Yield
YB3
Ynz\\ SY species B
SY EBI
Yai Ya4
Ya2 Y en2 YBI\\ SY Eal
SY EB N\ /)
Ya3 Yao
0
Eal Effort A EBi EB2  EB3
Effort B
b)
Revenue Revenue
Cost Cost TCai
TCal
MSYB can be changed by the
change in the effort of Fishery 1
MEYa IRo
TCs2
Ea1 EoAB2 Effort A EB2 EB3 EB4 EoaB2 Effort B

EoaB3

94



<Figure 2-2a> shows the population equilibrium curves for the two
hypothetical fisheries. Fishery 1 has a different population equilibrium curve
for each level of effort applied in fishery 2. This is because the equilibrium
population size occurs where natural growth equals catch, but catch of
species A in fishery 1 depends upon the degree of effort in both fisheries.
Each curve shows the equilibrium population size for species A at a level
(Ea1) of effort in fishery 1 for given levels of effort in fishery 2. The total
catch from any fish stock depends upon its population and the total effort
applied to it. If the effort from fishery 2 is constant, the equilibrium
population of species A will depends upon the level of effort in fishery 1.
However, if effort in fishery 2 is changed, the equilibrium size associated
with each level of effort in fishery 1 also changes. For instance, if fishery
2 changes in EBI units of effort, the equilibrium size of its fish stock is
PB1 and the proper population equilibrium curve for fishery 1 is labeled as
PECgpi. As a result, if the level of effort in fishery 1 is Eal, the
equilibrium population size for its species is Paj. At this point, the total
catch of species A in both fisheries just equals the growth rate of the
population. If effort in the other fishery increases to Eg,, equilibrium
population size of species B will fall to Py, and the proper population
equilibrium curve for fishery 1 becomes PECgpy. The reason for this is that
an increase in effort in fishery 2 changes the equilibrium population size of
species A in the same direction as the change in the equilibrium population
of species B induced by intensified effort in fishery 19): it will cause a

decrease; this is represented in the diagram by a downward shift of the

9) Food for thought-This is an integrability condition. In physics there are conservation laws that
require it. I have not seen any reason (other than mathematical convenience) why this should
hold between two species. (John M. Gates)
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population equilibrium curve. The equilibrium population size of species A
will now be diminished at every level of effort in fishery 1. Thus, the new
equilibrium population size for species A, assuming that effort in that
fishery is at Eai, is Pay. Similarly if effort in fishery 2 increases to Egs, the
population equilibrium curve for fishery 1 will fall again, bringing the
population for species A down to Pas

The yield curves for both fisheries are shown in <Figure 2-2b>. Consider
first those for fishery 1. Each level of effort applied in fishery 2 produces
a different sustainable yield curve for fishery 1 corresponding to a specific
population equilibrium curve and showing the sustainable yield that will be
approaching at each level of effort in fishery 1 for given levels of effort in
fishery 2. For instance, if effort in fishery 2 is Eg;, then the sustainable
yield curve of fishery 1 will become SYgpi. This curve corresponds to
PECggi. Therefore, if effort equals EAl, the sustainable yield is Ya;. This
amount of catch, when added to the amount obtained by Eg; units of effort
in fishery 2, will equal the growth in the stock of species A when
population is at Pa; as shown in <Figure 2-2a>. If effort in the other fishery
increases to Eg,, the sustainable yield curve falls to SYgg,. The reason for
this downward shift is that an increase in effort in fishery 2 will decrease
the equilibrium population size of species A. Due to the reduction of its
population size, at each level of effort in fishery 1, the sustainable yield
will shift downward, while that of species A in fishery 2 may increase or
decrease. The average catch of this species will fall per unit of effort.
However, if the effort has been expanded more than enough to compensate
for the drop in average catch, then the total sustainable yield will rise. If
the reverse is true, total sustainable yield will fall. Given this downward

shift in the curve, the sustainable yield in fishery 1 will fall to Ya if effort
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remains at Ea;. This catch that caught under the condition of Egy units of
effort in fishery 2 will equal the growth of the fish stock when population
is Paz. In summary, each combination of effort from the two fisheries will
lead to an equilibrium population size for species A at the point where the
joint catch equals the growth rate. At any point on the curves, the
sustainable yield for species A in fishery 1 for any given level of effort in
fishery 2 is the difference between the growth rate of the equilibrium
population size and the amount of catch of species A in fishery 2.

Consider next the yield curves for fishery 2, taking into account a yield
of both species. There exist two yield curves (SYgai, SYspecies 8) for both
species. Because the total catch of species A depends on the total amount
of effort in both fisheries, a different sustainable yield curve will develop
for species A in fishery 2 for every level of effort expended in fishery 1.
Only one of these, where effort in the other fishery is Eai, is shown in the
diagram. Any change of effort in the other fishery will shift the curve
exactly as described in the preceding analysis.

Comparing this curve with those in fishery 1 may shed more light on the
interrelationships. If effort in fishery 1 is Eai, and that in fishery 2 is Egi,
the yields of species A in the two fisheries will be Ya and Yao
respectively. Both are sustainable because they equal the growth rate of the
population at Pa; as shown in <Figure 2-2a and 2-2b>. Note that when
effort in fishery 2 is increased to Eg,, the yield of species A falls as Yas
in fishery 1 while it rises as Yas in fishery 2, but that an expansion of
effort in fishery 2 to Eps will diminish the sustainable yields (Ya3; in fishery
1 and 0 in fishery 2) in both fisheries. Reversely, in <Figure 2-2b>, if effort
in fishery 1 stays at Ex; and the total effort of fishery 2 is Eg, its total

catch will then consist of Yao units of species A and Yg; units of species
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B. An increase in effort to Eg, will cause the sustainable yields, Yas and
Ys: of both species to increase whereas a further increase to Eg3 will
increase in Ygs, but the yield of species B decrease in zero, that of species
A.

The total revenue curves for each fishery are shown in <Figure 2-2c>.
Their shape and position depend upon the level of effort used by the other.
The curves for fishery 1 are identical in shape to its yield curves. Assuming
that both types of fish are actually sold, the shape of the total revenue
curve for fishery 2 is similar to that of the sum of the yield curves for each
of the species; the basis for the curve in this case is the yield curve for
species B, but depending upon the level of effort by fishery 1 a certain
amount of species A will be caught which will also add to revenue. The
highest revenue curve, labeled TRy, is reached when the other fishery is
closed down. It shows that when operating independently, fishery 2 will
destroy the population of species A if it exerts a level of effort of Eps or
higher. The lower revenue for fishery 2, which would be strictly related to
the yield curve for species B, would occur when effort by the other fishery
has destroyed the population of species A.

In <Figure 2-2¢>, the concept of maximum sustainable yield of
multi-species fisheries with technical interactions is more imprecise than that
of maximum sustainable yield of other two types, because the yield of
fishery 2 includes two types of fish and any increase in its value. Thus,
maximum sustainable yield is almost indefensible as a management goal.
The management must consider the composition of the catch and the
relative prices of the two species. In addition, since the revenue curve in
each fishery is affected by effort in the other, analysis of the open-access

equilibrium yield is also extremely difficult and complex. The equilibrium
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of the open-access can be achieved under only if total revenue and total
cost equal to each other in both fisheries at the same time. Assuming that
total cost is represented by the curves labeled TCa; and TCgi, then if the
levels of effort used in fisheries 1 and 2 are Ex; and Eg, respectively, and
if the populations of both species are at the equilibrium sizes for those
given levels of effort, a bioeconomic equilibrium will exist. At those levels
of effort, the existing revenue curve in each fishery will intersect its
respective cost curve. In addition, note that if the cost curve in fishery 2
drops to TCpy, the population of species A will be destroyed no matter
what the level of effort in the other fishery. That is, for the individual
fisherman in fishery 2, the catch of species A is just a bonus; revenues will
be higher than costs even as that population is ultimately destroyed. Since
the revenues will attract entry to the fishery until it actually is eliminated,
it is obvious that without regulation or some other type of agreement,
open-access in fishery 2 will cause the extinction of the stock in fishery
1.10)

Finally, the concept of the static maximum economic yield from these
fisheries can be explained as follows. Because of their interdependencies,
the optimal level of effort in each fishery must be simultaneously
determined. The two fisheries should be operated in such a way as to
maximize the difference between the sum of their total revenues and the
sum of their total costs. In terms of the levels of effort in each fishery, the
criteria for static MEY can be stated as follows: (1) the level of effort in

fishery 1 should be expanded until the marginal increase in the value of the

10) In addition to the dependence of price on quantity, changes in the exploitation rate alter the
distribution of fish sizes. Since fish price is also dependent on fish size, the revenue curve
introduces significant complexity for our model. This model abstracts from these complexities.
See Gates (1975)
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catch in both fisheries equals the marginal increase in the cost of producing
the effort in fishery 1; (2) simultaneously, the same rule applies in fishery
2: effort should be expanded until the marginal increase in the value of the
catch in both fisheries equals the marginal increase in the cost of producing
the effort in fishery 2. Since a change in the amount of effort in either
fishery affects the revenue in both, MEY must take this into account. When
the level of effort is expanded in one fishery, three things happen. First, the
revenue in that fishery changes. Second, the revenue in the other fishery
goes down. Third, the total cost of producing effort increases in the
expanding fishery. For society as a whole, the true net gain is the net
increase in value-that 1s, the difference between the net increase in
combined revenue and the increase in cost to the fishery that increased its
effort. Each fishery should expand its effort until the net increase in revenue
from both fisheries equals its increased cost. The expansion of the above to
consider the more complete dynamic MEY obtains the same general results.
The overall goal for proper management is to maximize the sum of the
present values of the stream of net revenues from both fisheries. In each
fishery, therefore, the level of annual effort should be changed as long as
the net change in the present value of costs to that fishery. (Anderson,
1977)

2) Biological Interactions — Competitive Coexistence and Exclusion

Consider two types of multi-species fisheries where the populations of the
different stocks have biological interactions. These two cases provide
examples of multi-species with biological interaction - mutually competitive

coexistence and exclusion.
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These hypothetical models assume that 1) fishing gears selected is a single
gear case. This will be extended later to multi-gears, ii) fishing cost by
gears selected equals, iii) the interactions are considered to be all-or-nothing
affairs: for example, in the case of competitive coexistence, the population
of one species would continue to grow as long as that of the other species
decreased, and iv) if fishing effort is over some range, it is possible that

increases in effort will decrease both populations.

(1) A Hypothetical Model for Multi-species by a Single Gear -
Competitive Coexistence Model

This hypothetical model on multi-species by a single gear with
competitive coexistence can be briefly explained as follows. When two
species of fish are competing for food or for some other limiting factor in
an ecosystem, then — assuming this competition does not destroy both of
them — either they will reach a point of coexistence where both achieve a
viable natural equilibrium of population size, or one will eventually erode
the ability of the other to maintain a viable population. Thus, a species A
has a peculiar shaped sustainable yield curve. The revenue curve is a
two-hump shaped curve due to adding to the sustainable yield of species B
as pictured in <Figure 2-3>.

Each curve in <Figure 2-3> can be interpreted as follows. The population
equilibrium curves show that prior to exploitation size of this species
decreases in the normal fashion as shown in <Figure 2-la>. However, in
this hypothetical case the size of species A actually increases, because,
despite its exploitation by man, its competitive position is now improved by
the decrease in population of species B as pictured in <Figure 2-3a>. For

example, PEC species A will increase until fishing effort reaches E; but the
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population of species B is depleted completely at E;. The stable coexistence
of the natural equilibrium has been upset by fishing effort of man. At that
point, species A will have reached a size of Ps, and any further increases in
fishing effort will serve to decrease its equilibrium population size.

The sustainable yield curves (SYspecies o and SYspecies B) Of the two species
are pictured in <Figure 2-3b>. Note the forward-bending change in the
curve for species A at Ei. Up to that point the yield has increased rapidly
due to the concurrent growth in its equilibrium population size; beyond E,
the yield curve attains the standard shape which results from the normal
reaction between population and effort. The sustainable yield curve of
species B shows the standard shape throughout because no abrupt changes
alter its population equilibrium curve.

A total revenue curve for the fishery as a whole is pictured in <Figure
2-3¢>; again it is the vertical sum of the revenues earned from both species.
As a result, the total revenue curve (TR) has a two-hump version that sums
the each revenue curves (TRx and TRg). In addition, total cost (TC) has a
linear function under an assumption that fishing cost invested to gears
selected in order to harvest two species equals. 2.3c can account for an
optimal yield of open access and MEY based on the total revenue curve
and the total cost line and also MSY based on the hump’s height of the
total revenue curve.

The level of the optimal fishing effort of the above competitive
coexistence model is Emeyi. When maintaining the level, fishers can earn
the maximum profit (7) economically and also prevent the depletion of
species B. However, in this model, there exist two fishing effort levels
(Emey1 and Ewgyz) with the same maximum profit (7). Thus policymakers

need to consider cost-benefit effect between economic and biological value
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that fishers can get by conserving species B as the level of EMEY1 and
economic benefit that they can get by increasing in fishing effort as the

16V61 Of EMEyz.

(Figure 2-3) A Hypothetical Model for Multi-species by a Single Gear with
Biological Interaction - Competitive Coexistence
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In conclusion, a theoretical analysis of competitive coexistence model
with biological interactions looks similar to that for independent species
without biological interactions shown in <Figure 2-l1c> above. However,
there is a big difference between two models in that the change in
population equilibrium curves caused by biological interactions between two
species brings the change in the total sustainable yield and the total revenue

curve.

(2) A Hypothetical Model for Multi-species by a Single Gear -
Competitive Exclusion Model

The hypothetical model on a multi-species fishery with a competitive
exclusion natural equilibrium can be briefly explained as follows. If both
species are in competition for some factor of the environment and only
species A secures a viable population with no fishing, species B may
become viable as effort reduces the population size of its competitors. This
will result in peculiar shaped yield curves as shown in <Figure 2-4b>.

Each curve in <Figure 2-4> can be interpreted as follows. 2.4a presents
population equilibrium curves (PECgpeciesa and PECspeciess) 0f two species.
Without exploitation by man, species B will not be viable.

When fishing effort reaches from zero to Ei, the equilibrium population
size of species A will smoothly decrease until it reaches P,. At that point
species B has a new lease on competitive life and its population will grow
as increases in fishing effort up to E, continue to whittle down the number
of species A. In this range between E; and E,, species B gains more from
its improved competitive position than it loses by way of the more intensive
fishing, while the equilibrium population size of species A drops at a faster

rate as species B becomes viable, because it now has to contend not only
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with the increased exploitation by man but also with increased competition.
At E, species A is completely destroyed and species B reaches its
maximum size, after which increases in fishing effort will cause its

population to decrease in the normal manner.

(Figure 2-4) A Hypothetical Model for Multi-species by a Single Gear with
Biological Interaction - Competitive Exclusion
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The sustainable yield curves for both species are shown in <Figure 2-4b>.
At E; sustainable yield from species B starts to be greater than zero. Also
this level of fishing effort produces an abrupt change in the shape of the
sustainable yield curve of species A due to the increased competition. At E;
the sustainable yield of species A becomes zero, and the shape of the yield
curve of species B changes abruptly due to the removal of the other
species.

A total revenue curve for the fishery, as a whole pictured in <Figure
2-4c>, is drawn on the assumption that species B commands a substantially
higher price than species A. Species B with high commercial value finally
dominates this ecosystem instead of species A. Like all the other total
revenue curves, its exact shape depends upon the nature of the two yield
curves and upon relative prices. If the prices were closer together, the total
revenue curve would be more like those shown in <Figure 2-1c and 2-3c>.

In conclusion, excessive fishing effort for a species can exterminate the
originally dominant species in an ecosystem. As a result, new species can
be substituted in the same ecosystem as dominant species. Namely, at
higher levels of effort the natural equilibrium is altered to the extent that
the exclusion is reversed and the originally dominant species does not
survive. Thus, besides considering the relative commercial values of two
species and the degree of increase in population density of new species due
to the increase in fishing effort, policymakers need to determine the optimal

fishing efforts (Emeyr or Emey2).
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2. Bio—economic Approaches for Multi-species

This section provides bio-economic models of a single gear or multi-gears
for multi-species with biological and technical interactions. Effects of
predation and competition of stock due to biological and technical
interactions are likely to be most important for its juveniles. In multi-species
analysis, the net effects of juvenile production and survival are usually
represented in terms of the stock-recruitment relationship among
multi-species. Thus, a key starting point for multi-species analysis should be
to examine whether the stock-recruitment relationship shows evidence of
variation due to changes in the abundance of predator or competitor species.
(Hilborn and Walters, 1992)

1) Beverton-Holt’s Yield-Per-Recruit Model for Multi-species

The Beverton-Holt model of stock-recruitment derives from the balance
between density-independent and density-dependent juvenile mortality.
(Beverton and Holt, 1957) The Beverton-Holt model of the spawning
stock-recruitment relationship was devised to incorporate density-dependent
survival rates reflecting intra-cohort competition for critical resources.
(Haddon, 2001)

In general, when species interact biologically or are susceptible to fishing
by a common gear, it is generally not possible to manage each species at its
optimum level (Beverton and Holt 1957, Anderson 1975, Pope 1979, May
et al, 1979, Mitchell 1982). Although tools for analyzing the aggregate yield

of multi-species fisheries have been available for some time, their
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application has proceeded rather slowly. For example, in an early treatise,
Beverton and Holt (1957, p 422) derived a eumetric curve for an aggregate
of species subject to technical interactions. Despite the early availability of
Beverton and Holt’s example, multi-species yield-per-recruit analyses appear
to have gone virtually unused. However, Murawski (1984) recently provided
a detailed account of a single fishery and multi-species yield-per-recruit
model which is quite similar conceptually to that presented by Beverton and
Holt!) as shown in eq. 2.2.1. Murawski also extended the model to
examine the case where several fisheries exploit differing mixtures of the
same stocks and applied both the single and multiple fisheries models to the

Georges Bank otter trawl fishery.

; U, exp[-nK(z, —1,)]
Y/R=Fexp(~M(t, =t,) .Y F+M+nk (2.2.1)

n=0

where Y/R represents yield-per-recruit in weight (g), F represents
instantaneous fishing mortality coefficient, M represents instantaneous
natural mortality coefficient, U, represents summation parameter (Uo=1,
U=-3, Uy=3, and U;=-1), . represents mean age (years) at first capture, ¢,
represents mean age (years) at recruitment to the fishing area, W represents
asymptotic weight, f, represents hypothetical age the fish would be zero
length, and K represents the Brody growth coefficient.

A logical extension of Beverton-Holt’s yield-per-recruit analysis was

developed by Murawski (1984). To account for multi-species caught by

11) The current Korean TAC assessment model, which does not consider technical interactions from
bycatch rate, uses the single species Beverton-Holt yield-per-recruitment model (Beverton-Holt,
1957).
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multi-gears, the discrete time equation for yield per recruit is

~ Fp;
Y,=2.D, {M—} W, (222)

where, 7; represents the age at recruitment for the i" species, m; represents
the maximum age for species i, D,, represents the total number of fish
dying at age ¢, p;, represents the fraction recruited at age ¢, M;, represents
the natural mortality rate, and W;, represents the mean weight of fish at age
i in year t. The relative recruitment proportion p;, can be adjusted by gear
selectivity, whereas F can be adjusted by effort changes. This model
normally assumes that fishing mortality (F) is proportional to fishing effort

with the proportionality factor being the catchability coefficient, ¢:
F, = Egq, (2.2.3)

If F; is substituted into Eg, eq. 2.2.4 is

Eq;p;,
Y=D |———>—| W 224
l U|:Mi,t +Eq,p;, } " ( )

t=r,

This model still needs two more equations, one to calculate the initial

cohort size, and one for the number dying. Numbers over time are given by
Nijw =N, exp[-(Eq,p,, +M,,)] (2.2.5)
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where N;, represents the number alive in the i" cohort at time ¢ The

deaths are given by

Di,t = Ni,t+1 - Ni,t (226)
or
D,, =N, (1-exp[~(Eq,p,, + M, )] (2.2.7)

The initial size of the cohorts is needed to determine the total yield.
Unlike a single-species yield per recruit where the optimal policy is
independent of average recruitment, in multi-species yield per recruit, this
model should be considered to the relative average recruitments of the
different species.

Murawski suggested that the average initial cohort size for each species is
N;; would be obtained from other data such as surveys. Murawski then

extended the analysis to n fishing gears using the relationship:
F,=Yq,,E, (2.2.8)
j=1

where, F; represents the fishing mortality rate on the i" species, qij
represents the vulnerability of the i” species to the jth fishery, and E;
represents the effort in the jth fishery. If we let subscript i denote age as
well as species, then we can include size-specific vulnerability to gear. This
accounts for the total yield per recruit and the species compositions for a

mixed stock fishery. Pikitch (1987) used Murawski’s formulation, and
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combined it with economic data on the value of different species, to
analysis different fishing policies. (Hilborn and Walters, 1992)

In summary, there are many recruitment models for biological analysis of
multi-species. One of the most interesting of these is an age-structured
model with biological interaction. This model includes multi-species Virtual
Population Analysis (VPA) and multi-species stock-recruitment models. It is
based on a variation on VPA in which the natural mortality rate for each
species and each age depends upon the abundance of the species which
prey upon it. (Pope and Knight 1982, Daan 1987) Although this model is
far from proven, it shows that the methods hold considerable promise, with a
very expensive price tag. As other models for biological analysis of
multi-species, these models involve the equilibrium yield model from several
stocks harvested jointly (Paulik et al., 1967), the dynamic harvesting model in
mixed fisheries (Hilborn 1976), the Deriso’s generalized model (Deriso, 1980),
Ludwig-Walters model (Ludwig and Walters, 1989), Cushing model (Cushing,
1971, 1973), Shepherd model (Shepherd, 1982), Gamma model (Reish et al.
1985), and Miscellany model (Chapman, 1973). (Quinn and Deriso, 1999)

2) Biomass Dynamic (Surplus Production) Models for Multi-species
Biomass dynamic (Surplus Production) models can be similarly modified
to account for competitive and predation interaction among multi-species.

For a two-species case as multi-species, the biomass B at time t+1, as the

logistic growth model extended which includes catch, is

B, =B, +r3,(1 —%—CX,j—C, (2.2.9)
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where B, represents stock biomass at time #, X; represents the biomass of
the competing or predator species, r represents the intrinsic rate of growth,
c represents a parameter that relates how much a unit of biomass of X;
reduces the relative growth of B, K represents the unfished or virgin
biomass equivalent to the carrying capacity, and C; represents the catch
level over time t.

Though this is only the case if the catchability coefficient, g, does not
vary through time or with stock size, it is common practice to assume that
catch is proportional to fishing effort and stock size.

If we implement these further changes, then eq. 2.2.9 becomes the
extended dynamic biomass model for two species proposed by Schaefer
(1954, 1957).

B
B., =B, +VB¢(1_?[_CXZJ_QE¢B¢ (2.2.10)

where E; represents the fishing effort at time and g represents a parameter
describing fishing gear efficiency (the catchability coefficient, in quantitative
terms, is the proportion of the stock biomass B taken by one unit of effort,

i.e.,, C=qEB/). The parameters r, K, ¢, and ¢ can be estimated by
(Uf—”j—lzr—KLU, - reX | - qE, (2.2.11)

The problems in this estimation are even worse than for a single-stock

biomass dynamic model because in addition to the need for contrast
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between U and E, this model needs contrast between X and U and X and E.
Furthermore, a X approach is basically hopeless as a realistic management tool.

The generalized extension for multi-species is
J=n
Bi,t+1 :Bi,t +r,B, I_Zbiij,t _Ci,t (2.2.12)

This is conceptually quite simple and elegant, and a whole generation of
ecological modelers has explored the continuous version of this model. The
matrix of b;;’s is known as the community matrix. Because of parameter
estimation difficulties, the structure is not going to be very useful for real
fisheries work.

Essentially, it is hopeless to attempt to get the b;’s from real fisheries
data if you can only observe an index of abundance such as
catch-per-effort. The only cases where it has been done successfully have
been in the laboratory where each species can be paired with each other
species, and the r’s and b’s estimated separately in experimental trials. Even
in the two-species case, the experimental control required between fishing
mortality and abundance of the two stocks is so stringent that it is very
difficult to ever get data with the needed contrast. Some of this difficulty is
due to the fact that we are trying to understand ¢ as well as », K, and the
interaction term (b’s). If we knew abundances, then the problem reverts to
one of stock and recruitment understood in biomass dynamic terms, and this
certainly is possible, at least in the two-species cases. Here, this model only
needs difference between the abundances of the species and does not need

difference in fishing mortality. (Sainsbury, 1989)
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In addition, an alternative to multi-species production models in which
each species has an interaction with each other species is to aggregate
species and treat the aggregates as stocks to be analyzed via production
models. Ralston and Polovina (1982) developed various method of
aggregation for a multi-species tropical handline fishery in Hawaii, and
found that on a species-by-species basis the results from production model
analysis were highly erratic. (Hilborn and Walters, 1992)

In summary, studies on biological and technical interactions among
multi-species are almost totally different when comparing with a single
species approach with a single-gear. As Pikitch (1988) has pointed out,
biological interaction is difficult and expensive to study and takes many
years, whereas technical interactions are much simpler and cheaper to study,
and useful results can be obtained rapidly. The technical interactions involve
understanding: 1) gear effectiveness on each species, ii) fishermen’s targeting
on species, and iii) discarding. As mentioned above, the multi-species
yield-per recruit method of Murawski (1984) is also an analysis of technical
interactions. Nevertheless, the biological orientation of most fisheries
scientists means that much more effort has been expended in the analysis of

biological interactions.

3) Empirical Dynamic Optimization Model

Dynamic model provides an indication of the shorter term effects of
changes in effort on the level of catch and economic profits. Optimization
model involves the maximization or minimization of a particular objective,
subject to a series of economic, technical or biological constraints.

Thus, dynamic optimization model combines processes or concepts of
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these two models above. In other words, the dynamic optimization model is
used to estimate the “best” outcome over time that can be achieved under
a given set of conditions. The interpretation of “best” depends upon the
objective function of the model. This could be to maximize the profit of the
fishing gears or to maximize the sustainable yield. Linear, non-linear and
dynamic programming models are all examples of optimization models that
have been used in fisheries analysis.

A dynamic optimization problem poses the question of what is the
optimal magnitude of a choice variable in each period of time within the
planning period (i.e., discrete time case) or at each point of time in a given
time interval, say [0, T] continuous time case. The solution of a dynamic
optimization problem would thus take the form of an optimal time path for
every choice variable, detailing the best value of the variable today,
tomorrow, and so forth, till the end of the planning period. (Chang, 1992)

Our empirical dynamic optimization model is broadly composed of two
sectors like economic sector and biological sector. Each sector has several
sectors like harvesting, processing, and capital investing sectors as economic
sector, resource and environmental sectors as biological sector. In addition,
each sector has several theoretical models or functions. For instance,
biological sector involves several theoretical models like fish stock growth
model, aggregative population growth model, biomass-based cohort analysis
model, Ricker model, Beverton-Holt model, virtual population analysis
model, Ecological weight function, environment influences, etc. The
economic sector also involves several theoretical models like objective
function, processing cost function, harvesting cost function, the revenue
function, fishing capital function, fishing mortality production function,

fishing time function, etc. (Arnason, 1990)
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I

Extended Model Development of TAC

Assessment for Multi—species

After a long tradition of a single-species assessment as the main basis of
fish stock management, fishery science has moved into a new era where
multi-species approaches receive due attention (Mercer 1982). The concept
of multi-species assessment recognizes that fish species do not exist
independently of each other and also that they are not harvested
independently. Here, that multi-species do not exist independently of each
other means that there are biological interactions and also that fishing gears
do not harvest independently of each other means that there are technical
interactions. In addition, the effects of these two-interaction types, biological
interactions and technical interactions, are different.12) (Daan, 1987)

In order to evaluate a Korea TAC system that has been enforced for
recent 7 years by Korean government, this chapter focuses on the extended
model development of TAC assessment for a main part of species and

fisheries within TAC system.

12) Biological interactions may modify the expected response of a particular stock to a management
policy aimed at optimization of the yield by regulating the specific fishery on that stock.
Technical interactions between fisheries will rather tend to invalidate management measures
introduced under such a policy. (Daan, 1987)
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1. TACAM for Multi-species by a Single Gear

Multi-species by a single gear are used as mackerel (71.3%) and jack
mackerel (5.9%) caught by large purse seine. An extended Beverton-Holt’s
yield-per-recruit model for multi-species and biomass-based cohort analysis

model are employed in this type.

1) Model's Basic Structure

It is assumed that i) species are independent each other so that there is
no biological interactions among multi-species, ii) multi-species caught by
large purse seine, a fishing gear selected are limited to mackerel, and jack

mackerel and other species caught by the gear are ignored in our analysis,

(Figure 3-1) The Basic Structure of Multi-species by a Singe Gear

| Single gear : Large Purse Seine | | Other Gears

Catch Rate

MACKEREL
(71.3%)

Assume that

. No Biological
Technical .
. Interaction
Interaction

(Bycatch Rate)

| Multi - Species |

Note: Catch rate and Bycatch rate Data are based on MOMAF 2002
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iil) there exist a technical interaction, because the large purse seine on the
one target stock creates fishing mortality of other stocks, and iv) bycatch
rate, percentage of these species caught by other gears is also considered.

The basic structure of multi-species by the single gear is illustrated in the

following diagram.
2) Extended Model Development and Analysis Methods

(1) An Extended Beverton-Holt's Yield-Per-Recruit Model

Y/R means that the average expected yield in weight from a single
recruit. Y/R is calculated assuming that F; is constant over the life span of
a year class. The calculated value is also dependent on the exploitation
pattern, rate of growth, and natural mortality rate, all of which are assumed
to be constant.

Fy means fishing mortality rate defined as X% of the slope of the
yield-per-recruit curve that would exist in the absence of fishing. F;
corresponds to X% of level calculated by differentiating the extended
Beverton-Holt’s yield-per-recruit model (Y/R) for multi-species with respect
to the instantaneous fishing mortality (F).

To estimate appropriate fishing mortalities such as Fo; and Fmsy for
multi-species caught by the large purse seine, the Beverton-Holt’s
yield-per-recruit model is transformed as eq. 3.1.1. The extended model uses

w; and a; in order to consider technical interactions like bycatch.
, , U, expl-nK, (1, ~ )]
Y/R= zwiaiFi CXp(—M,.(l‘“v _tri)) [m/neiz aF,+M, +nK; ml_exp[_(‘l,‘E M, +}’IK,.)(I” _t(,')])
i=l n=0

(3.1.1)
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where s represents the number of species, w; represents a relative bycatch
index of i species (bycatch rate of i species / average bycatch rate of all

species targeted), ai represents a relative instantaneous fishing mortality
index (= F; / £.), F: represents an instantancous fishing mortality rate of i

species, erepresents a weighted average instantaneous fishing mortality rate
of s species, M; represents an instantaneous natural mortality coefficient,
represents mean age (years) at first capture, ¢ represents mean age (years)
at recruitment to the fishing area: t=0 (NFRDI, 2004), W. represents
asymptotic weight parameter, U, represents summation parameter (U=,
U=-3, U,=3, Us=-1), K represents the Brody growth coefficient, ¢
represents hypothetical age the fish would be zero length, and 7, represents
the maximum age (years) of each species.

The weighted average instantaneous fishing mortality rate can be

calculated by

F, = —— (3.1.2)

where m,; represents a bycatch rate of species i, s represents the number
of species and Fi represents instantaneous fishing mortality rate of species 1i.
The bycatch rate of i species, m,; can be estimated by the bycatch rate of

TAC target species and TAC target species fisheries.

k
m, =1=Y(C,/T)’ (3.1.3)
i=1
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where C; represents an annual catch by fishery (gear) for a TAC target
species 1, T represents an annual total catch for a TAC target species, and
k represents the number of fishery (e.g. gear types) for a TAC target species
(Jeonggon Ryu, et al., 2002).

The level of fishing mortality at Fo; is defined formally for a given

recruitment age as that level of F where (Deriso, 1987)

d(Y/R) _(0.1)d(Y /R)

dF dF ey G141

F=F,

From the eqs. 3.1.1. and 3.1.4., we can estimate Fo;. In addition, Fyax
can be estimated by the highest level (g) of extended Beverton-Holt’s
yield-per-recruit obtained due to change in instantaneous fishing mortality.
Here, Fmax means the rate of fishing mortality that produces the maximum
yield per recruit. This is the point beyond which growth overfishing begins.

Fo. means that the slope of the yield-per-recruit curve for the Fo, rate is

only one-tenth the slope of the curve at its origin.

(2) An Extended Spawning Stock Biomass Per Recruit Model

SSB/R means the expected lifetime contribution to the spawning stock
biomass for each recruit. SSB/R is calculated assuming that F is constant
over the life span of a year class. The calculated value is also dependent on
the exploitation pattern and rates of growth and natural mortality, all of

which are also assumed to be constant.

13) This equation is used in a 1% order Taylor Series approximation to project yield. This
approximation is only valid for “small” F value. For “large” F values, higher order terms would
be needed. For the case study F is relatively low.
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Fyx means the fishing mortality rate which reduce the spawning stock
biomass per recruit (SSB/R) to X% of amount of present level in the
absence of fishing. The equation can estimate instantaneous fishing
mortalities (Fy) that can maintain the SSB/R of X% of the spawning stock
biomass (SSB).

In order to estimate Fy, of multi-species caught by large purse seine, the

extended spawning stock biomass per recruit model is employed as eq. 3.1.5.

SSB 2 , ~ )
S| =X mExpEMG, )], 32U, expEnK(, =1,

F=o 0=, =0 (M +nk) ml_exp[—(M+nK)(tL _tc)])

(3.1.5)

where SSB represents the spawning stock biomass, R represents recruit, ta
represents maximum age, and mt represents mature proportion by age t:
mackerel (m;=0.02, m»=0.68, ms3=0.95, my=0.96, ms=1,00) jack mackerel
(m;=0.15, m>=0.40, m3=0.80, my=0.95, ms=1,00) (NFRDI, 2004)

When F=F;, SSB/R is as follows.

SSB a 3 1 ‘. —t,
3 . :; mléxpEM(z, _t’)]m;mm‘expﬁF+M+n©(tL -

(3.1.6)

% SSB/R (x%) means the proportion of SSB/R g« divided by SSP ¢ in
absent of fishing effort.

To find X%, we can derive:

SSB /R| _
—|F-Fl = X% (3.1.7)
SSB/R|.._,
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where F; means instantaneous fishing mortality of each level such as
Fo1, Fos, or Fys.

(3) A Biomass-Based Cohort Analysis Model
In order to estimate biomass (Bj) by cohort (age) of species j, in year i,
the biomass-based cohort analysis is employed as eq. 3.1.8. However, in our

model, we use the result of each species’ biomass (Bj) estimated from
NFRDI (2004).

B =B oMo, 2 (3.18)

where Bjj represents biomass in weight by cohort (age) of species j, in
early of year i, Cj represents catch in weight by cohort (age) of species j
in year i, M represents an instantaneous natural mortality rate, and G;
represents an instantaneous growth rate of species j.

For last year and maximum age, the biomass-based cohort analysis is as

follows.

(F,+M=G)

B, =C; E -G (3.1.9)
y jF;j(l_e(ﬁ,MGl)

Where, Fj represents an instantaneous fishing mortality of species j, in
year 1.

Fj can be estimated from eq. 3.1.10.
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= In( )-M +G, (3.1.10)

i+ j+1

Gj can be estimated from eq. 3.1.11.

Wi
G, =In(= /%) (3.1.11)

J

(4) Estimation Equation of Annual Allowable Catch (ABC)
To estimate TAC based on ABC estimations for multi-species, ABC
estimation equation for Tier 1-3 information available within Korean ABC

estimation model (NFRDI 2004) is employed as eq. 3.1.12.

ABC = v ABC ~(M+Fpc)
ZM+FABC ~e ) (3.1.12)

where ABC represents annual allowable catch of species and tA
represents maximum age.

Finally, in order to compare current Korean TAC (ABC) for single species
by a single gear to TAC (ABC) for multi-species by a single gear estimated
by our model, we use respective Fapc estimated by each model and recent

(2000-2003) average catch rate of a single species caught by a single gear.

ABC of a Single Species Caught by a Single Gear
= ABC of a Single Species x Recent Average Catch Rate (2000-2003)
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2. TACAM for a Single Species by Multi—-gears

A single-species by multi-gears is used as mackerel caught by large purse
seine (72.3%), off-shore small purse seine (21.7%), large bottom trawl (5%),
and large trawl (1.8%). Biomass dynamic model are employed in this type.

(Jeonggon Ryu, et al., 2001)
1) Model’s Basic Structure

It is assumed that i) there exists an economic interaction among
multi-gears, because the more one gear catches of the limited resource the
less will be left for its competitors, ii) catch of a single species caught by
each gear is also considered, iii) Mackerel caught by other gears except the
above four gears is not considered, and iv) the fishing costs invested in
each gear are different.

The basic structure of multi-species by the single gear is illustrated in the

following diagram.

(Figure 3-2) The Basic Structure of a Single Species by Multi-gears
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2) Extended Model Development and Analysis Methods

(1) Biomass Dynamic Models (Surplus-Production Model and Fox Model)

In order to estimate the total yield of a mackerel in Korea, a surplus
production model is employed in this model. Also, to know whether or not
we can use the Fox model in this model, we are going to investigate the
relationship between the annual fishing effort and the catch per unit effort
(CPUE) of mackerel caught by each gear above. As a result, if a decrease
in CPUE due to an increase in fishing effort shows a logistic function
shape, we are going to use Fox model in this model. The model equation

is

Y, =U, exp(- 2 £, (3.2.1)

r

where, Y; represents the maximum sustainable yield at time 1 U.

represents the catch per unit effort that would occur if the stock were at an

unexploited level (U. = gk ), g represents the catchability coefficient, r
represents the intrinsic growth rate, k represents carrying capacity, and f;
represents the fishing effort at time t.

The maximum sustainable yield and fishing effort of mackerel caught by
each gear can be estimated by Fox model. The total maximum sustainable yield

is sum of the individual maximum sustainable yields caught by each gear.

th = Ylp +Ysp +Ylbt +Ylt’ f‘t =flp +f€p +f‘lbt +ﬁt (322)
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where, Y; represents the total maximum sustainable yield at time t, Vi,
Yo, Yo, and Yy represent individual maximum sustainable yields caught by
each gear, the individual maximum sustainable yield depends upon the ratio
of fishing efforts among those gears, and f, or f,, f, fix and f; represent
fishing efforts by each gear. Y, Yy, Yu and Y, of eq. 3.2.3 can be
estimated by

Ylp:Yt( ﬁp )’ Y;pzyvt( f;p )
ﬁp+f€p +flbt+flt flp +fsp+ﬁbt+ﬁt (323)
e R L S
S+ S T+ 1o T Lo ¥t Ja
where,
T o S S

Iy T Py S P A S A e P A RS PE
represent the ratio of fishing effort by those gears.

Therefore, according to the above equations, the individual maximum
sustainable yield and fishing effort for mackerel by each gear can be

estimated.

(2) Standardization of Fishing Efforts of Multi-gears

Mackerel in Korean off-shore waters has been caught by large purse
seine, off-shore small purse seine, large bottom trawl, and large trawl.
Measure units of fishing efforts by those gears are different respectively.
Thus, in order to standardize the measure units of fishing efforts of those
gears, a general linear model is used in our model. (Quinn and Deriso,

1999) The reason that this standardization is necessary is to allocate
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mackerel’s optimal catch by each gear as well as to maximize mackerel’s

fishing profit by each gear.

(3) MSY Estimation
The maximum sustainable yield (MSY) and fishing effort (fusy) of the
mackerel caught in Korean off-shore water can be estimated by

differentiating eq. 3.2.1 with respect to fishing effort (f).

a(um exp( —%f) ij

0y, —o0=-4 _4 _4 (324

o o = o =0 rUmexp( rf)Df+Umexp( rf)( )
_ Uu.r

From the equation 3.2.4, MSY can be estimated as expq and f can

be estimated as

S = fusy = (3.2.5)

r
q

(4) MEY Estimation

In addition, it is possible to estimate the maximum economic yield
(MEY) through the below process. First of all, total revenue can be
estimated by multiplying market price (P) to MSY. A total profit (Q) can

be estimated by subtracting total cost (C) from total revenue.

0= P[UW exp( =) Df} -C (3.2.6)

= P[Um exp( —%f) Df} - aRrf (3.2.7)
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where Q represents the total profit, P represents the average market price
(won/kg), C represents total cost, @ represents weight average unit cost by
one net, and R represents production value rate by each gear. MEY and

fMEY can be estimate by differentiating eq. 3.2.7 with respect to f

O[P((Uw exp(- 2L ) Df] —aRfJ
r

(3.2.8)
q _ arR

In( fopy ) = 2(5) fagy = In( ) (3.2.9)
r U.qp

MEY = P|:(Um exp( _%fMEY ) Uf vy } — aRf \igy (3.2.10)

where f represents equal to fyzy, and MEY in eq. 3.2.10. can be estimated
from eq. 3.2.7.

(5) Each Gear’s Total Revenue Estimation

Total Revenue of the mackerel for each gear can be estimated by
multiplying average market price (Pj) to MSY estimated by each gear. Total
revenue (7Rj,) of mackerel caught by large purse seine can be solved by

multiplying the average market price (Pj) of large purse seine to

=Y flp ) .
Jp ¥ Sy TS TS ineq. 3.23.

/i
TRlpzplp D/;( -
ﬁp +Jpsp + bt + It

(3.2.11)

)
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Total revenues, respective YRy, YRu, and YRj; of other gears can be

solved by the same method above.

(6) Each Gear's Net Profit Estimation

Net profit of mackerel caught by each gear can be estimated by
subtracting total cost of each gear to total revenue of each gear. The total
cost of a certain gear can be estimated by multiplying production value rate
of a certain gear to total cost (C) spent from each gear. Total cost of each
gear is estimated by information or data analyzed from several fisheries
institutes.

Net profits (NP, NPy, NPy, and NP, ) of four gears for mackerel are as

follows.

NP, =P,Y,=C,. NP, =P,Y,-C,

Ip> sp

(3.2.12)

NPlbt = Plthlb Clbt’ NPlt = PzzYzz _sz

!

where, Cp, Cg, Cir, and Cj are cost of each gear for only mackerel. This
cost is based on the number of fishing vessel and the number of trip. In
order to estimate optimum fishing effort of each gear from net profit curves
of four gears, contour profit curves as a function of operating interrelations

of fishing efforts among those gears are used.
(7) Optimum Allocation by Each Gear for Mackerel

Ultimately, total maximum sustainable yield (MSY=Y;) of mackerel

estimated by eq. 3.2.1 can be divided as four individual maximum
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sustainable yields (Yj, Y5, Y and Yi) by eq. 3.2.3. Individual maximum
sustainable yield estimated by multiplying the ratio of fishing effort by each
gear to the total maximum sustainable yield (MSY = Y. Thus the
individual maximum sustainable yield is an important factor of estimating
four net profits.

In conclusion, in order to find optimum allocation of individual gear for
Mackerel, we are going to carefully examine the change in net profits of
mackerel caught by four gears according to the ratio of fishing effort by
each gear (Jeonggon Ryu, et al., 2001)

3. TACAM for Multi-species by Multi—-gears

This section only provides, as a continued research project, a basic
structure and analyzing methods of multi-species by multi-gears in this year.
In addition, next year, we are going to apply an empirical dynamic
optimization model which is using a computer programming (e.g. GAMS)
for appropriate species and fisheries, existing biological, technical, and
economic interactions.!4)

Thus, TACAM for multi-species by multi-gears is going to be employed
to a certain species and fisheries which economic, technical, and biological

interaction among multi-species and multi-gears obviously are found.

14) GAMS is an acronym for General Algebraic Modelling System. It allows us to write a
mathematical programming problem in a syntax similar to standard algebra. GAMS can be used
as a “stand-alone” simulator but the major vendors of solvers have made their solvers GAMS
compatible. Consequently, one can use any of a suite of solvers for optimizing a GAMS model
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1) Model’s Basic Structure

It is assumed that i) there are economic, technical, and biological
interactions among multi-species and multi-gears, 1ii) the fishing and
processing costs invested in each gear are different, iii). The model is
formulated in discrete annual time. Due to the crucial role played by stock
variables like production capital and fish stocks, the dynamic structure of
the model is quite involved, iv) Many of the functions contained in the
model are also highly nonlinear, and v) unpredictable environmental factors
do not influence variables of the model.

The basic structure of multi-species by multi gears is illustrated in the

following diagram.

(Figure 3-3) The Basic Structure of Multi-species by Multi-gears

Processes
N E Process
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Fishing  "PPRI 4 TR
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Fishing Mortalities
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Stock Effort Effects
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<Figure 3-3> shows that the application of commercial fishing inputs in
the harvesting sector produces fishing mortalities by means of the fishing
mortality production function. Fishing mortalities produce catches and affect
the state of the fish stocks which in turn influences the generation of
fishing mortalities. The catches are supplied by the harvesting sector to the

fish processing sectors which turns them into final fish products.

2) Extended Model Development!® and Analysis Methods

This extended model consists of two main parts: (i) biological
components comprising certain fish stocks and their biology in a highly
disaggregated form, and (ii) economic components divided by a harvesting
sector consisting of different fishing gears, and a processing sector involving
different production processes (e.g., freezing, salting, drying and reduction).
The connection between the biological sector and the harvesting sector is
described by a special function called the fishing mortality production

function.

(1) The Objective Function

The objective function of the empirical dynamic optimization model is to
maximize the present value of the economic rents obtainable from the
fisheries. This objective function presumes that each harvesting program

generates a certain present value of the fisheries. The harvesting program

15) Main concept and theoretical model of the extended model development is cited from “A
Numerical Model of the Icelandic Demersal Fisheries”, a paper of Arnason (1990). However,
after we select multi-species and multi-gears suitable to our model related to Korean TAC
assessment, the model's frame and theoretical methods cited from the paper will be changed
substantially
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denotes any well defined time path of the available control variables over
time. The control variables might for instance be investment in fishing
vessels and the application of the available fishing fleet to different
fisheries. A harvesting program simply specifies the values of these control

variables at each point of time over the control period.
T T
PV(0) =D V(1) [B(t) = Y (TR(t) = TC(t)) [B(¢) (3.3.1)
t=0 t=0

where PV(0) represents the present value of the fisheries under
harvesting program by the symbol & over the program period, V(?)
represents total profit from the harvesting activity in period t, (V(f) =
(TR(1)-TC(1)), TR(t) denotes total revenue function in period t, TC(¢) denotes
total cost function, and J(¢) represents the time discount factor in period t.
The program period, of course, may not be finite.

The total revenue and total cost associated with a harvesting program are

specified by the economic model. The total revenue function is defined by:
TR(t) = p(1)* q(1) (33.2)

where p(f) represents the row vector of output prices at time t, g(¢)
represents the column vector of finalized outputs at time t.

The costs are defined by:

TC(t) =TC,, (1) + TC,, (t) (33.3)
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where TCy; and TCpy represent total harvesting sector cost associated with
investment and total processing sector costs associated with investment in

time period t respectively. (Arnason, 1990)

(2) The Fishing Mortality Production Function

The biological and economic sectors can be linked by the fishing
mortality production function. This fishing mortality production function
basically maps economic fishing inputs of the economic model into the
fishing mortality rates in the biological model. Regarding fishing mortalities
as outputs, this function is, in important respects, analogous to a standard
production function in economic theory.

In general, the state of a certain fisheries selected that harvest
multi-species as well as that of the ecological environment will affect to the
production of fishing mortalities. The fishing mortality production function

generated by vessel n is:

S(n,t) = f(K(n,t), EI(n,1), B(1), E(t)) (3.3.4)

where f(n, t) represents the vector of fishing mortalities generated by
vessel n at time ¢, K(n, f) and El(n, t) represent the corresponding vectors
of capital characteristics and economic inputs used by vessel n at time ¢,
and B(t) and E(¢) represent the state of the fish stocks and environmental

conditions respectively. (Arnason, 1990)

(3) The Biological Model: Beverton-Holt Model and Cohort Analysis Model

The biological model includes several TAC species caught by multi-gears.
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It describes their relevant biology and, in particular, population dynamics.
The central descriptive variables for the population at each point of time are
(i) the number of individuals belonging to each cohort of each species and
(ii) their average weight. The multiple of these two variables constitutes the
biomass of the species at that point of time.

The biological model allows some fairly general population interactions
among multi-species selected. Most importantly, the model contains
empirical estimates of the effects of food competition on the average weight
of individual fish. Mortality interactions in terms of predator-prey
relationships (e.g., competitive co-existence and competitive exclusion) are
also employed in the model. Since, however, knowledge about the nature
and magnitude of these relationships is extremely limited, this particular
capability of the model is empirically rather vacuous. (Arnason, 1990)

The structure of the biological model is based on a formulation of the
Beverton-Holt model, mentioned in the previous chapter. According to the
Beverton-Holt model, the stock and catch equations for a particular species

at time t may be written as:

T8(t) = B( [f (), [M@), [w().[ RG) ) (335)
Y@ =Y( [f@) [M@), [we].[RE) ) (3.3.6)
where TB(f) and TY(f) denote respectively the aggregate biomass and
catch of the species at time t. f{t), M(f) and W(f) represent vectors

containing the fishing mortality, natural mortality and individual weight for

each cohort of the species in time period t. The dimension of these vectors
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equals the number of exploited (or exploitable) cohorts in the fishery, N
say. R(f) represents recruitment, i.e. the number of individuals in new
cohorts recruited to the fishery. The brackets, “[ ]”, indicate that sufficiently
long time paths of the respective variables from time t-N to time t, in this
case covering N periods, are involved.

The general recruitment function can be specified as:

R(t)=R( S(t-uw), [B@), [E®) ) (33.7)

where u represents the lead-time between spawning and the resulting
recruitment of a new cohort to the fishery, S(z-u) represents the size of the
spawning stock at #-u. Thus, u periods later, this spawning stock gives rise to
a recruitment to the fishery denoted by R(¢). B(f) represents the vector of
cohort stock sizes of the multi- species in the certain fisheries (e.g., demersal
fisheries) and E(f) the vector of relevant environmental conditions. The
brackets, “[ ]” indicate that u periods of the respective variables are involved.

Similarly, we may specify natural mortality and weight as the vector functions:

M(t)y=M( [B@), [E¢) ) (33.8)

wey=w([B®)]. [E@)] ) (339)
Equations (3.3.5)-(3.3.9) describe the essential structure of the biological
model. The model basically explains the stock size and catch in terms of

current and previous fishing and natural mortalities, individual weights,

recruitment and environmental conditions. Of these variables, only fishing
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mortality and environmental conditions are exogenous. The other variables
are endogenous. Thus, substituting equations (3.3.7 -3.3.9) into (3.3.5) and
(3.3.6) yields the following final from equations for stocks and catch:

7B = B([r )], [E], [ BO] ) (3.3.10)
ry(e)=Y( [f@)]. [E@]. [B©] ) (3.3.11)

where the vector B(0) represents the stock sizes of multi-species at
arbitrary initial time t = 0. From eqs. 3.3.10 and 3.3.11, we can know that
the development of the fishery is completely determined by its initial
biological stock levels and the ensuing time path of fishing mortalities and
environmental conditions.

Egs. 3.3.10 and 3.3.11 constitute, in general, a dynamic system of
nonlinear equations. Due to the nature of biological renewal, i.e. the annual
recruitment process, the dynamics are formulated in terms of difference
equations with one year as the time unit. (Also, probably as a result of the
same biological feature, much of the empirical data is in a yearly

disaggregated form). (Arnason, 1990)

(4) The Economic Model

The economic model has the structure and operations of the fishing
industry. The model is composed of two sectors of the fishing industry; the
harvesting sector and the processing sector. The economic model limited to
a fishing industry is only a subset of a larger economic system. The large

economy supplies inputs of labor, capital and materials and serves as an
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outlet for its outputs. The value of these input-output flows is calculated
with the help of prices which are determined by the complete economic
system. In this way the complete economic system influences the economic

model to the large economic system. (see <Figure 3-3>)

(D Harvest Sector

The harvest sector includes several types of fishing gears distinguished by
location, size, age and other characteristics. The sector combines
multi-fishing gears characteristics with other economic inputs to generate
fishing effort. The fishing effort generates fishing mortalities and
subsequently catch. The transformation of economic fishing effort into
biological fishing mortalities is described by the fishing mortality production
function.

The central stock variable of the harvest sector is the fishing fleet. At any
point of time the available of the harvest sector is the fishing fleet. At any
point of time, the available fishing fleet imposes an upper bound on the
fishing effort that can be exerted. The fishing gears changes over time due
to physical depreciation and investment.

Total costs of the harvesting activity in time t period are the sum of
harvesting costs for each individual fishing gear. Those, in turn, depend on
the fishing gear’s capital characteristics represented by the vector K(?), its
use of economic inputs, represented by the vector El(?), and the corresponding
vector of input prices, [P(t).

The total harvesting cost is defined by:

TCH (t) = iTCH (K(nat)aEI(nat)’IP(t)an) (3312)

n=1
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where TCy (f) represents total harvesting cost at time t, and » is an index
for vessel n.

The main harvesting capital is fishing gears or vessels in the form of
indivisible units. The capital dynamics of the model are consequently
restricted to changes in the number of vessels, i.e. the number N. This is
assumed to alter due to investment (positive or negative) in vessels and
physical depreciation of them or, more aptly, deterioration of the vessel.
Deterioration is determined by the function D(N(f), K(¢)). Investment, /(¢) in
fishing vessels is one of the main control variables of the model. Thus the

dynamic capital function can be defined by:
N(t) = J.n_:]N {N,t-1)-D,(N,(t-1),K()+1(t)}dn (3.3.13)

where n is the number of fishing vessels.

Investment, /(f) which merely involves the exchange of equivalent assets,
is not regarded as a cost, because the usual capital costs associated with
financial capital, maintenance and depreciation in vessel value etc. are
included in the harvesting cost function. On the other hand, in general, there
can exist certain costs associated with capital adjustments. These costs
include transactions costs, capital gains or losses realized at the time. These

costs (CIu(f)) be represented by the function:
CI, (1) =CI, (1(1)) (3.3.14)

which of course may not be symmetric for positive and negative I(¢).
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Finally, total costs in the harvesting industry associated with investment are

given by the sum of harvesting and investment costs as follows:

TC,,(t) =TC,, (t) + CI,, (t) (3.3.15)

@ The Processing Sector

The processing sector transforms landed catches into final fish products.
The sector comprises a couple of fish processing plants which operate one
or more of different production processes (e.g. 4 processes: freezing, salting,
drying and reduction). Corresponding to these processes there are four basic
final product classes. Since there are several multi-species (e.g. 3 species) in
the model, however, the number of different final products are actually the
number (e.g. 12) which is multiplied the number of production processes by
the number of species. The vertical flow of fish through the various stages
of processing is determined by a set of input-output coefficients.

q(t) represents the column vector (e.g. 12x1) of final products from the
fishing industry at time t and p(#) is the corresponding row vector of
product prices.

The vector of final products is obtained, as explained above, by

transforming landed catch.

q(t) =T(p,t) TY (1) (3.3.16)

where ¢q(?) represents the vector (12x1) of final fish products in time t
period, T(p,t) is a matrix (e.g. 12x3) of input-output coefficients that

transforms a given catch vector into a vector of final outputs. TY(?) is a row
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vector (e.g. 3x1) of aggregate catch volumes by species.

The transformation matrix, T(p,¢) is a composite of a few sub-matrices.
First, there is an allocation of landed catch to processes. This allocation
depends on economic conditions, including the relative prices (p(?)) of final
products, relative input prices (IP(T)) and, due to capacity constraints in the
processing sector, the total supply of catch (TY(?)). Consequently, allocation

process matrix (e.g. 4x3) function can be defined by:

A@t) = A(p(0), IP(1), TY (1)) (3.3.17)

where the elements (ai,) of the matrix A describe the fraction of the total
catch of species n that is allocated to process i.

There may be another transfers of catch between processes. This can be
represented by a (e.g. 4x4) matrix B. Finally, the quantity of final outputs
obtained from the catch volumes transformed by each process depends on
the appropriate utilization rates. These utilization rates may be represented
by a (e.g. 12x4) utilization matrix C. Thus it emerges that the
transformations matrix 7(p, ) is in fact a multiple of individual

transformation matrices as follows:
T(p,t)=CI[BLHA (3.3.18)

Processing costs are the sum of the processing costs of the various
processing plants. Each plant’s processing costs are assumed to depend on
the volume of catch processed, its capital structure, as well catch into final

products.
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TC, (1) = ZN:TCP(TY(n,t),K (n,2), IP(t), n) (33.19)

n=1

where TCp(t) is total processing costs, TY(n, t) is the vector of catch of
the multi-species processed by firm n, K(n, ¢) is the capital vector of firm
n and [P(?) is the vector of prices of the relevant inputs all at time t.

The capital dynamics of the processing sector associated with investment
are modeled similarly to those for the harvesting sector. Total cost in the

processing industry associated with investment is given by:
TC (1) =TCp(1) +CI,(2) (3.3.20)

where CI,(t) represents capital adjustment costs.
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Analysis and Results

This chapter analyzes the optimal TAC level of the multi-species by a
single gear by using the extended Beverton-Holt’s yield per recruit model.
This chapter also examines and compares TAC level analyzed by our model
and current Korean TAC level. As a result, this chapter provides results of
TACAMs’ analysis and suggests implications of Korean TAC system for

multi-species by a single gear.

1. Target Species / Gear and Data

1) Target Species and Gears

To compare TAC level for multi-species and current Korean TAC level
for each species without considering the technical interaction for
multi-species, first of all, target species and gears are limited as three
species (mackerel, jack mackerel, sardine) and one single gear (large purse
seine) that have been regarded as major species and a main gear within the
current Korean TAC system. Those species caught by the large purse seine
have higher catch rate (i.e., mackerel (71%), jack mackerel (5.9%) and

sardine (4.4%)) than other species caught by it. Thus, after we select major
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species among multi-species caught by large purse seine, we decide major
fishing target species, considering bycatch rate by each species. Among
whole species caught by the large purse seine for 11 years (1994-2004),
those three species below occupy 81.1% of whole catches. However, sardine

was excluded in our model, because recent catch is extremely small.
2) Analysis Data
(1) Major Target Species Caught by Large Purse Seine
Catches of major target species caught by large purse seine is as

following <table 4-1>.

(Table 4-1) Catches of Major Target Species Caught by the Large Purse Seine:

1994-2004
Unit: Ton
Year Mackerel Jack mackerel Sardine
1994 197,761 35,036 35,335
1995 159,820 7,521 13,078
1996 386,877 10,790 15,837
1997 139,293 12,867 6,844
1998 148,892 15,296 5,661
1999 155,728 7,913 16,791
2000 109,025 14,288 2,161
2001 177,935 10,729 123
2002 126,519 18,965 8
2003 113,121 13,558 14

Source: Chulinn Baek et al., 2004. Stock Assessment and Fishery Evaluation Report of Year 2005 TAC —
based Fisheries Management in the Adjacent Korean Water, National Fisheries Research and
Development Institute (NFRDI). pp. 1-237.

Note : * means catch and catch rate collected up to August, 2004
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(2) Biological Parameters of Target Species

To compare the current Korean TAC and our TAC for mackerel and jack
mackerel, we use same biological parameters estimated from NFRDI in
2004 except instantaneous fishing mortality (Fi). We assume that Feyrens of
mackerel and jack mackerel are 0.33 and 0.6 respectively. From the Ricker

Formula, Feuren=1-exp(-F;), we estimate the instantaneous fishing mortality

(F)

(Table 4-2) Biological Parameters of Selected Major Species

Parameters

Species

M fo te fL Wi q y; We Le K F Feurent

052 0428 | 100 10 | 055 | 052 | 0.I8 | 224955 | 51.67 | 0299 | 040 0.33
Mackerel

(%) | (age) | (age)| (age)| (W) | Ch) | (B) | (8 (cm) (%) | (D)
Jack 053 ] 0809 | 053 7 | 145 | LI8 | 046 | 104717 | 4299 | 0248 | 092 0.60
mackerel | ) | (age) | (age)| (age)| B | %) | B | @ | (nm) %) | ()

Source : Chulinn Baek et al., 2004. Stock Assessment and Fishery Evaluation Report of Year 2005 TAC—
based Fisheries Management in the Adjacent Korean Water, National Fisheries Research and
Development Institute (NFRDI). pp. 1-237.

Note : M = an instantaneous natural mortality coefficient

to = hypothetical age the fish would be zero length

tc = mean age (years) at first capture

to = maximum age (years) of each species

Wi = a relative bycatch index of i species (Bycatch Rate of i Species / Average Bycatch Rate of
all species targeted)

a; = a relative instantaneous fishing mortality index ( =Fi/ )

my = bycatch rate of species I

W., = asymptotic weight parameter

L. = asymptotic length parameter

K = the Brody growth coefficient

Fi = an instantaneous fishing mortality rate of i species

Fourent = the current levels of fishing mortality.
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2. Analysis Result

1) Estimation of Fx and Fy

We analyze how Fyy, changes from the change in Fi of current Korean
TACAM and our extended TACAM. We estimate appropriate Fyy, and Fyx of
two models in order to compare current Korean TACAM and our extended
TACAM. Our models use Fuux, Fapc and Foi as Fx and Fsoyu, Faou, Fisu,
F3o and Fasy, as Fyy.

Foi at current mean age at first capture estimated by current TAC
assessment model is mackerel (0.17/year) and Jack mackerel (0.18/year)
respectively, but Fo; at current mean age at first capture estimated by our
TAC assessment model is 0.16/year.

Fumax estimated by current TAC assessment model is mackerel (0.69/year)
and Jack mackerel (0.58/year) respectively, but FMAX estimated by our
TAC assessment model is 0.86/year.

(Table 4-3) Comparison of Fx and Fx% between Two Models

Unit : Year -1 and g
YR (g) at

FaBc

Species Fuax | Fso% | F40% | Faso | F3o% | Fasew | Fo.t FaBsc

Current TACAM
for Mackerel

Current TACAM
for Jack mackerel

0.69 | 0.18 | 023 | 0.26 | 0.30 | 0.35 | 0.17 |0.30 - 0.35|84.0 - 88.1

0.58 | 0.16 | 0.21 | 0.24 | 0.27 | 0.31 | 0.18 |0.24 - 0.27{30.4 - 31.7

TACAM for

. . 0.86 | 0.27 | 0.38 | 0.45 | 0.53 | 0.64 | 0.16 [0.27 - 0.38|77.7 - 88.5
Multi-Species
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Fyy; at lower bound FABC estimated by current TAC model is mackerel
(30%) and jack mackerel (35%), but Fys, at lower bound Fapc estimated by
our multi-species model is 50%. Fy, at upper bound Fapc estimated by
current TAC model is mackerel (25%) and jack mackerel (30%), but Fys, at

upper bound Fapc estimated by our multi-species model is 40%.

2) Estimations of Y/R (YPR) and SSB/R (SPR)

We analyze how Y/R and SSB/R changes from the change in respective
F, and F,s, within the models. We estimate appropriate FABC through the
relationship between Y/R and F, and between SSB/R and Fy,. We compare
Y/R and SBB/R at Fpc of the two models.

(Table 4-4) Comparison of Y/R and SSB/R between Two Models
Unit:  Year -1 and g

Y/R at|Y/R at|Y/R at|Y/R at|Y/R at|Y/R at|Y/R at| FABC Y/R at
Fuax | Fsow | Faow | Fssw | Fsow | F 250 | Faoys | (Year 1) | Fagc

Species

Current TACAM
for Mackerel

Current TACAM
for Jack mackerel

TACAM for
Multi-species

96.10 | 65.18 | 75.76 | 79.73 | 84.00 | 88.09 | 90.90 |0.30 - 0.35|84.0 - 88.1

3591 | 2432 | 28.17 | 30.41 | 31.71 | 33.07 | 3427 |0.24 - 0.27|30.4 - 31.7

99.76 | 77.71 | 88.53 | 92.76 | 95.95 | 98.43 | 99.69 [0.27 - 0.38|77.7 - 88.5

Fagc estimated by current TAC assessment model is mackerel (0.30/year
- 0.35/year) and Jack mackerel (0.24/year-0.27/year) respectively, but FABC
estimated by our TAC assessment model is 0.27/year-0.38/year. At this
point, yield-per-recruit (Y/R) for individual species by current TAC

assessment model was estimated as mackerel (84.0g -88.1g) and Jack
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mackerel (30.4g-31.7g)

respectively.  Yield-per-recruit

(Y/R) by our

multi-species model was estimated as 77.7g-88.5g. In addition, X% of

spawning stock biomass per recruit (SSB/R) for individual species by

current TAC assessment model is mackerel (25%-30%) and jack mackerel

(30%-35%) respectively, but X% of that by our multi-species model is

40%-50%.

(Table 4-5) Symbol Descriptions of Each Model

Symbol Descriptions Unit
Mac YPR C-T |Mackerel Yield-Per-Recruit By Current Korean TACAM g
Jac YPR C-T |Jack Mackerel Yield-Per-Recruit By Current Korean TACAM g
Mac SPR % |Mackerel Spawning Stock Biomass-Per-Recruit By Current Korean %
C-T TACAM
Jac SPR % Jack Mackerel Spawning Stock Biomass-Per-Recruit By Current %
C-T Korean TACAM
Multi YPR O-T |Mackerel and Jack Mackerel Yield-Per-Recruit By Our TACAM g
Multi SPR % |Mackerel and Jack Mackerel Spawning Stock Biomass-Per-Recruit %
O-T By Our TACAM

(Figure 4-1) Current Korean TACAM for Mackerel and Jack Mackerel
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(Figure 4-2) Extended TACAM for Mackerel and Jack Mackerel

RALH - BEe cesa YRR arod SRR = by Caar TaCoa i
a0 T 1.0
LR EEIE - O@
| 00 ARG =i, 3 L oo
Bl G 9o o7
S
Fif ga i i ey S, T 08 "
3 eo b - B o v mmm p om0 mmmon o o OB
[} S - .-—.a......-_.a......-..-......-_._._..,\_-,qa
e ey A0H: 4 o
i - ———
20 e ———— T o=
161 ——— 0.1
o (= u]
S BT A3 553 54 08 O A7 a8 @ 1.8 1.1 13 1B 14
027 036
[ ]
=Lt rlhl‘-'i._.-T. BB SRR S T

Lower bound Fagc level (0.27) of TAC for our multi-species is lower

than lower bound Fapc level (0.30) of current Korean TAC for mackerel.

To protect jack mackerel’s stock, the large purse seine should less catch

mackerel. If Fapc is set up the 0.3 level, due to bycatch, jack mackerel’s

stock can be reduced. Especially, based on the lower bound Fagc level

(0.24) and the lower level (30,41g) of current yield-per-recruit (Y/R) of jack

mackerel, we can know that the jack mackerel’s stock is not enough.

(Figure 4-3) Comparison of YPR and SPR X% between Two Models
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As shown in the previous technical interaction’s theoretical approach, to
prevent the depletion of small stock species, Fapc level (0.3) of the
mackerel targeted by the large purse seine can be overestimated. Therefore,
in an aspect of small stock’s conservation, lower bound Fagc level (0.27) of
TAC for multi-species also should be considered when TAC of each species

is set up.

e Mackerel

Our lower bound Fapc level (0.27) for multi-species is lower than the
current Korean lower bound Fagc level (0.30) of Mackerel. The reason for
this is because w; and a; imposed to yield-per-recruit model of the original
Beverton-Holt decreases the level of yield-per-recruit of the extended
Beverton-Holt model. As shown in <Figure 4-3> above, YPR curve for
multi-species is lower than YPR curve for Mackerel within a dash-circle,
meaning a valid annual fishing rate range.

Without considering bycatch problem, we can select a lower bound of
FABC level (0.30) for mackerel from current Korean TACAM. However,
because jack mackerel’s stock is small and its bycatch rate is high, we
should consider technical interactions among these species if it is possible.
To protect small stock species, we should consider the lower bound FABC
level that can be estimated from TACAM for multi-species. In conclusion,

the current mackerel’s ABC may be overestimated.

e Jack Mackerel
We suggest that jack mackerel has been caught at the lower bound Fagc
level (0.24). If Fapc of mackerel is reduced as the lower bound level (0.27)

of our multi-species model, from this reducing effect based on bycatch rate,
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we expect that jack mackerel’s stock can be improved somewhat rather than

before.

3) ABC of Mackerel and Jack Mackerel caught by Large Purse

Seine

Each recent average catch rate of mackerel and jack mackerel caught by
the large purse seine is 87% and 72% respectively. ABC of each species
caught by the large purse seine can be estimated by multiplying recent

(2000-2003) average catch rate to the single species ABC.

(Table 4-6) Comparison of ABC between Two Models

Mackerel Jack Mackerel Mackerel of TACAM
by current Korean TACAM |by current Korean TACAM for Multi-Species

Species
P Total Catch | Large Purse | Total Catch | Large Purse |Total Catch|Large Purse
(100%) | Seine (87%) | (100%) |Seine (72%)| (100%) |Seine (87%)
F30% F40%
Feritica F25%, F309 ’ ’
ted e F35% F50%
147,348 128,192 7,712 5,552 134,350 116,384
ABC(Ton) - - - - - -
191,706 166,784 9,884 7,116 205,488 178,774
Fage (Yr-1)| 0.30 - 0.35 0.24 - 0.27 0.27 - 0.38

3. Implications and Limitations

Current TAC assessment models for single species (Mackerel) without

considering technical interactions like bycatch depends upon original the
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Beverton-Holt yield-per-recruitment model (Beverton-Holt, 1957). However,
our TAC assessment model for multi-species wuses the extended
Beverton-Holt yield-per-recruitment model as shown in eq. 3.1.1 above. Our
extended Beverton-Holt model adds two terms (i.e., a relative bycatch index
(wi) and a relative instantaneous fishing mortality index (ai)) to original this
Beverton-Holt model. The reason for adding those terms in the original
Beverton-Holt yield-per-recruit model is because bycatch of those species
(mackerel and jack mackerel) caught by the large purse seine can affect the
instantaneous fishing mortality and the recruitment of each species. Thus,
those terms have an important mean in that our model considers a change
in stock of each species which can be occurred by bycatch.

TACAMs for multi-species with a single gear can compensate ABC
estimation by species of a single gear by computing ABC for multi-species.
For example, average fishing mortality among multi-species considering
bycatch caused by fishing gears can adjust fishing mortality to a single
species and a single gear to prevent species with small stock from being
overfished or depleted when there exist extremely different fishing
mortalities among multi-species.

TACAMs for multi-species can not only use, as endogenous variables,
problems such as bycatch, discarding, and high-grading which can occur by
adopting TAC to multi-species, but also may better estimate (not estimated
completely) the TAC level of each species. That means, by internalizing
negative external costs (e.g., bycatch rate) within our model, marginal social
cost shifts down due to the decrease in negative marginal external costs. As
a result, this model can lead to positive effects of a decrease in social
welfare loss and fishing effort that is closer to a relatively economic

optimum.
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The graph below shows positive outputs which are attainable by

internalizing a negative externality within this model.

(Figure 4-4) Effects Obtained by Internalizing a Negative Externality(Bycatch)

MSC = MPC+
MC/MB EG
MSCnew = MPC+ l
MSC E MEC
l MPC

MSC new Jesssssssssssss Reduction of Welfare Loss

(CJADE —»[]ABC)

MPB=MSB in the absent of MEB

0 TAC Catches

Note : MSC(Marginal Social Cost), MPC(Marginal Private Cost), MEC(Marginal External Cost), MEB
(Marginal External Benefit), MPB(Marginal Private Benefit) and MSB(Marginal Social Benefit)

In addition, we provide several limitations from the analyzing results,
methods, and assumptions. First, TACAM of multi-species by a single gear
has a limit of estimating ABC by individual species by using the extended
Beverton-Holt Yield-Per-Recruit model for multi-species. Second, TACAM
of multi-species by a single gear does not provide appropriate fishing
mortality rate (Fapc) for individual species. This model just offers fishing
mortality combined by multi-gears, considering bycatch inflicted by fishing
gears. Third, as models are a simplification of reality, they cannot contain

all possible interactions that occur in the real world. In most cases,
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biological and economic parameters are uncertain. Lack of knowledge on
future conditions, such as future price levels, also limit the predictive
powers of models. As a result, all model results, regardless of how well the
model has been constructed, should be viewed as indicative rather than as
fact. (Conroy 1993). Fourth, Box(1979) has summed up the limitations of
models in a simple statement-“all models are wrong, but some are useful!”.
Models are best used to compare alternative policies. Certainty is not given
to us; Even a virgin fishery can collapse due to exogenous events, so how

much precaution is enough?
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Conclusions

This report provided three types of TACAM for multi-species and
multi-gears. In order to overcome several limitations with the current
Korean TAC assessment model, the study suggested several theoretical
approaches with related to biological, technical, and economic interactions
among multi-species and multi-gears and suggested TACAMs of three
different types. One model, multi-species by a single gear among three
different types was developed with the extended Beverton-Holt
yield-per-recruit model and then analyzed, in based on biological parameters
of NFRDI (2004), in order to examine whether or not the current TAC
level of mackerel and jack mackerel within TAC target species is
appropriate. As a result, the current TAC level of mackerel is somewhat
overestimated. In conclusion, we suggest that the TAC level of mackerel
needs to be lowered to prevent overfishing of the small stock of jack
mackerel due to the bycatch rate.

In conclusion, the results obtained for this case study accord with a priori
expectations in the sense that target TACs are lower when bycatch is taken
into account. It also suggests the feasibility of the approach. Conversely, in
view of the modest difference in TACs from the existing versus generalized
model, it could be argued that these differences are well within the

precision of model capabilities and that the gains from the added complexity
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are not worth the cost. While this rationale is comforting, should be tested
under a range of input scenarios to determine how robust the robustness of
results.

The implications of the analyzing result are, hereafter, when the Korean
government adds multi-species with high commercial value, the Korean
government needs to allocate individual optimal amount of target species by
each fishing gear (or vessel) considering technical interactions such as
bycatch rate or biological interactions like the predator- prey relationship.

As a current example, even though the sardine caught by the large purse
seine has been managed under the TAC management target species for
several years, its stock has been almost depleted as shown in <table 4-1>
The main two reasons for this depletion can be due to sudden marine
environmental changes like a rise of water temperature and excessive fishing
activities of fishers. If the latter case is a major reason of sardine depletion,
we should necessarily consider ABC estimation considering biological or
technical interactions that can take place among multi-species and
multi-gears.

In addition, the paper suggested basic structures of extended models and
analysis methods of the other two models, a single species by multi-gears
and multi-species and multi-gears. These two models used biomass dynamic
models with related to surplus production and Fox models based on fishing
ratio of individual fishing gear, and the empirical dynamic optimization
model with biological sector and economic sector respectively. Also, these
two types are going to be analyzed next year as a continued research
project. From those analyses, we are going to find optimal fishing effort and
optimal catch at which individual fishing gear or vessel maximizes total

profit from the harvesting activity during a certain period. As a result, the
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models can adjust structures (exit or entry) of TAC fisheries through
benefit-cost analysis by each fishing gear between multi-species fisheries,
basing on data such as economic parameters and biological parameters
estimated by TACAMs. Also, the models can not only cut back on
problems such as bycatch, discarding, and highgrading by adopting TAC to
multi-species, but more accurately estimate the TAC level of each species.
Another advantage of the models has not only a merit that can increase in
total surplus of Korean fisheries industry, but also another merit that
reduces biological loss of resource stock for multi-species.

Finally, political suggestions from this study are as follows. First,
TACAM of multi-species by a single-gear needs to be adapted to the large
purse seine which catches mackerel, jack mackerel, and other species as
soon as possible. Secondly, before Korean government adds multi-species
and multi-gears to the list of TAC species and fisheries, the government
needs to accumulate biological and economic data with related to TACAM
of multi-species and multi-gears, and also needs to set TAC of each species
targeted of multi-species and multi-gears considering biological and
technical interactions. Thirdly, the government needs to review net profit of
individual fishing gear based on MEY and MSY (or TAC) obtained from
TACAMs for three types (multi-species and a single gear, a single species
and multi-species and multi-species and multi-gears) provided from this

study.
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Appendix

1. Growth Model (Von Bertalanffy, 1957)

L=L,(=-e """ o gp

(1) Relationship between length and weight of mackerel (Choi, 2000)

L, =51.67(1= 249y i =0.0037x L

(2) Relationship between length and weight of mackerel of Jack
mackerel (Ahn, 1973)

-5
L, =429.9(1— ¢ 280080y W =1.318L; x10

2. Natural Mortality Estimation Equation
(Alverson and Carney, 1975)
Mo = 3K

K (0.38 * max

e .age)_l

Appendix ® 161



Cl5=013 - Clse0igio| TAC 7o st oi

20054 12H 28H  Fukl
20054 12H 30H #4T

By

BT W BB T K E B OB B

HeEWA] 2T HH3E 1027-4

epay
A 3 2105-2700 FAX : 2105-2800
5 5 19844 89 6 A16-80%

MR - FIRI/A& 7] S84 2272-1533 A7} 15,0009

Aol 5 He s AR =diAE
Tel : 394-0337, 734-6818



