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ABSTRACT

A Study on Assessment of TAC for
Multi-species and Multi-gears 1I
- Single Species & Multi-gear / Multi-species & Multi-gear TAC

Assessment -

In chapters 2 and 3, this paper, provides a Total Allowable Catch (TAC)
assessment model for a single speciesmulti-gear fishery (1xN) as an
alternative for overcoming the limits of common TAC assessment based on
a single species and a single gear (1x1). As a case study on the single
species and multi-gears, this paper, in these two chapters, analyzes a hairtail
species caught mainly by the Korean pair trawl and large otter trawl gears
(1x2). The study uses a surplus production model based on the exponential
growth model (Fox 1970). The estimated information includes maximum
sustainable yield (MSY), allowable biological catch (ABC), and fishing
efforts for MSY (EMSY) and for ABC (EABC). Fishing efforts for the two
gears are standardized and used in the general linear model (Gavaris, 1980).
The Fox bioeconomic model is then used to estimate maximum economic
yield (MEY) and fishing efforts for MEY (EMEY). Furthermore,
introducing economic parameters for the single species and multi-gears, the
paper shows the net profit (NP) to the two gears from estimated ABC.
Finally, comparing this approach to the common TAC assessment model

based on 1x1, the paper suggests the necessity of TAC assessment for the

ABSTRACT ® i



IxN case.

Chapter IV reviews case studies for multi-species and multi-gears (NxN)
with biological (e.g. predator-prey, competition) and technical (e.g. bycatch)
interactions and also provides theoretical approaches of TAC assessment for
the NxN. These approaches use the extended surplus production models
based on the logistic growth model which considers predatorprey,
competition, and bycatch factors (Flaaten 1988; Clark 1985, 1990). The
estimated information includes MSY and ABC. The Schaefer bioeconomic
model extended by predatorprey, competition, and bycatch is then used to
estimate. MEY and NP of each fishing gear. In addition, this chapter
proposes data necessary for NxN TAC assessment.

Chapter V contains a summary and suggests the implications and the

limitations of the two abovementioned cases.
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(3) o]3x=F P (Effort Averaging Method)

Fox A2RA((A 2-13) F2) 2278 Bastarles] A 399e=

Aol 8% (Um)ﬂr e = ‘3} | flaiA oS Hetle AR
oi71M AR XP = ek s BFEshE deli=HBo| Y F
AT e=gF +4 7‘]( E,)olth. Fox(1970)] oJ3) 7 o8l
F FBRE A 2100 A e ol ekl 4 9tk

o
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2 2do] o3 ZX|Akde] MSYS EuwE FA8] flste] H 16
(1989-2004) F<te] Ik A FolFF} hF7|AgE ol HPES]
o] Qg o FF AmE AHEEI.

(5) AE3tH 51801YHABO) 34

(E 23> ehte} TAC oA ABEA AT oJah Aolasle] ABC
AREs vehd Zolck2) Selel ZAo] digk BalelE - tirelgd(1x2)
wEle B4 A5a PuszEl)d net 299 cPUEsh Msyel <5 7

2) ¥ A7 A8 TacY] 4L s Toldardee] £ - 37 FRAE Sl Ad A0
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(£ 2-3) TAC O{URIATZ|A|AEIO] KoY ABC FHZE

* Tier 1 Information available : Reliable estimates of B, F, Busy, fusy, Fxw, and M
la) Stock status @ B/Bwsy )1
Fasc < low value out of fysy or Fssy
1b) Stock status : @ (B/Busy < 1
Fasc < low value out of either fysy X (B/Bysy-@ )/(1-@) or Fsy
1c) Stock status @ B/Busy (@@ Fagc = 0

* Tier 2 Information available : Current B, Bxwu, Fxu, M
2a) Stock status : B/Bssu% ) 1
FABC g F_’)S%
2b) Stock status @ @ { B/Bssy, < 1
Fasc < Fss00 X (B/Bssu-@)/(1-a)
2¢) Stock status @ B/Bssy, <@ Fapc = 0

* Tier 3 Information available : Current B, Fo;, M
Fasc < Foa

* Tier 4 Information available : Time-series catch (Y) and effort (or CPUE) data
4a) Stock status : CPUE/CPUEysy )1
ABC < MSY
4b) Stock status : @ { CPUE/CPUEysy < 1
ABC < MSY X (CPUE/CPUEysy -@)/(1-@)
4¢) Stock status : CPUE/CPUEwsy < @ ; ABC = 0

* Tier 5 Information available : Reliable catch history Y
ABC < 0.75 X YAM (average catch over an appropriate time period)

1) Equation used to determine ABC in tiers 1 ~ 3 :

ABC= %&L(l—e(M+FM))
ABC
where, B : biomass, M : instantaneous coefficient of natural mortality,
Fapc @ instantaneous coefficient of fishing mortality determined by the data
available and the stock status
2) In tiers 1, 2, and 4, @ = 0,05

A& Ryy, J. G. et al., A Study on Comprehensive Mid and Long Term Plan for Fisheries Resource
Management, MOMAF, p. 256.
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NP= P[ Uooexp(—li E)E] —TC (A 2-18-1)

ZP[ Uooexp(—f E)E] —amE (2] 2-18-2)
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oE oE

:P{ 9y L exp(— fE) E+U exp(—E)} (2] 2-19)

=0

Eveye A58
YeR)7] ofef —f‘ o] Qltt, 01_—.11“—@4%“] Evey % UHQ] ol T4+

el (2 221)% o] Yepd 4 ek,

¥
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NP E=EMEY:P[(Uoo€XD(_J‘7€ EMEy)EMEY)]—amEMEY (2 2-21)

7) 718 olge FFUTRF FHITO) F4

& 71APgE ol 3t P ES YN A=t s]8o]2=HABC) Tl
N FrU( IR, TR)S AUER FHE A2 ABC 7E(C 0 Cane)
of Zx|o] At WlertE Fste] ALY dE B9, d@7AEE o
Aol B ojgFomnt FU( 7R )& Bt 2ol 7 ojge] A ABC
Tl BAEA7H p )& F3ko] I

E ]
TRbf:PptCABCp,:PptcAgc(mﬂE) <Z\—| 2-22)

A g = BBIARElI] 59, p = F ool o3 of2
| 2] Ju duielold. el e 25U 1) EF 9
of Ao 5UF AeL B 7 4 9

S U871 E0lo17 i ERoiolq o] 24 ofge] 208 <zt Fof
P, 1) 7 oAdE 7 BT 109F 118, B9 A
H1&(,,) 22l ofElwelsk £ ol RE FAYS ofs) T

o

]l 2.92_
TC y=a ym wE 4 (A 2-23-1)

Al 9292
TC y=a ymyE (¥ 2-23-2)

3) P, e, IO, T ol 2T wet e AN ojgdef Sejulgela, 2
off thgt B]-gwhe UEhdit,

RI2% THUOIZ - CH0f ol T3t TAC Bt RW 715 25



oJ71A, 7h e 19097 HlE( )20 A 2P, 199 A, o
PN
T

A, A Foulg 22la BrkerAgl o8 #4495 §

AA

v

8) 7NE o1g9] &olo(NP) 54

371 A8Lolo] 7 P EZ0]YP ABC FollA] oFw A9l o]
(NP)& 7N ofde] Fdolld g Zx]9) Fojdul&-S Ao gy A
AbEITh AN of]iollae] ZX| o] oFu]E-2 7} ool g A oY
Hgol| 7} offellA] AatEE 2] At vl&-S FFozH AT 5 9l

o olgle] fole] FAH(Np,, np ) TSl (A 2208 Ak,

]
]VPM:PptCABCpt_ Tcpt’ ]VP/;:P;;CABC”—TC” <)‘\1 2‘24>

E, ]
]\Pﬁt:PﬁtcABC( Ept_l_E”)_a’gtmptEpt (¥ 2-25-1)
E,
]VPlt:PltCABC( )—a m 4E (4 2-25-2)

Ept+E[t

(A 25y o AAFK ¢, ¢ olMst 2ol N ofYelne] 29|
ABC( 0= (F 23)¢ feuel TAC ojatd#e|Alzrle] Afojxtel
ABC FARES olgste] FAHHE ABC(c )8 7N oldelA9 ABC
(Cape, Coppe) ™ EEIRTE CIA] 7E o9lef oSl vl &ol we} 7
a2 A oAl el AGF( ¢ Cppe )& (A 225) ol tiSHE ABC
FollA o1gd dAe] ol np,, Np)E TE F T

4) SIS /) = [T FoIHHS(/A/(RE 2HLF x 197 A x A7
T

26



3%

THelelZ - oiseigel T TAC Th ASEA

2 A2 Gavaris®] ¥HIFRDS o] &5 od=ddF EF3t 71 Fox
mlo] o3k JARFFRE S o] &3k FUolFTrol(1x2) RdS ASE
AL, ¥4 AA2RE FHE 23] ofFe] ek oy MSY, ABC, 18]l
MEYE ZA|o)Fe| ddolFehdo]d(1x1) o] MSY, ABC, Z12]al MEY
o vlaLHEST B3 ABC oM ] i oo solef Bl HH g

B4 d2 dA 971¢] TAC el
FoRM terofddel olsf olgEar 3l
L BAE ofFsle vl el R 7]

A, dsold, HAEIdd, Awtrlold So l ATt
o] T WEVIAEE I, FHFoldd, hBAZAH, A7l Fa

_4



e @R A oldlon Bk
QgIel slsl o151 2

1l =
= e o Oiéﬂl%(nS%)ED} =S %?“8}3 B o] BA tjatolA
Al2lE o]+, 1997\ o|F e oAl o] thZZ <l 7H o 7)¢lste] 7
2)o] A o] o] FZA3] Hashs FA 7] wiEo]tHMOMAF, 2003).

= |
53], &% ZAolF9] TAC ¥ 2efd ul, FES o] Pdgoly
Hoh TAC tieldde] 2 7hsAel =

9k T AR 9 ofgFge] TrlskL Qe dsolde HIESY taldl
p=h S =

=43 £ da® Slrk SRRt fdgoiel tidh 7|2 H ] FEo = Qlshe,
2 droMe 7Aool Y ES Y 2ls) ogd ZAE
T B IolE 2 older HAsh

oV} ol Selfe clasle] A= chalojEo] tha Tirolede] o3k
ol o] AFA Abdlebar & & Qlet, spARt ﬂ‘/}?/‘r Aale] 2
A7} e Qo T4 eolddel o8 ojeHele B
ke 20 7 TG el e ABCs] e claslAEElol

ox] ojgE ojggFrhs aefgt Tdolqiel oJgk ddolFe AU WS
aE #g3ka YEHNFRDL 2004), 2, & 29 ABC %7} while 23]
I % AR G BE 12 A ST 345k, 392
MSYE Aslolge] alE T wel uetdsigolSHABOY] 5 4

ol 27ste] 2| o] HA oS AT

o|FA 2PdE A9 ABCE H 3Rt o] o8 dA Y oI Hl&
o 2jstel A olede] 23] ABCE Wk whebx] o]2lak ABC B}
e 2AE ojslahe throlg e AAA $aAee TEsA Eaw 9

N

o
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2. Xlg B4

1) Zxlel ol oi=Z ¥ ojzllg

=
oHF B olulgL Hunw (%
O

31 2 (F 32)9F Brh g9 oJEEE2 1995~2004W7FA] ] S| FFAkE 4

(F 3-1) ZHx|2] of2ie 0{2]2H1995~2004)

eh=t ot

jiide}

1__‘—)6\- m—

oft
e
o

A4 | e | A

=
ol
N
2
(m =

Mt ot

1995 | 17,173 16,875 | 41,002 5,091 3,960 7,694 2,735 | 94,59

1996 | 19,893 | 13459 | 25,732 | 4,900 3,704 4,987 1,780 | 74,401

1997 | 19988 | 13493 | 19537 | 4591 | 2907 | 4379 | 2275 | 67,170

1998 | 19291 | 16430 | 21061 | 5114 | 3020 | 50666 | 4239 | 74821

1999 | 21443 | 11449 | 9516 | 4683 | 4867 | 7,081 | 5395 | 64,434

2000 | 20549 | 17,543 | 5863 | 9316 | 10,685 | 6401 | 10693 | 81,050

2001 | 22317 | 19,136 | 5318 | 12422 | 90642 | 6946 | 4,117 | 79,898

2002 | 24,533 | 9264 | 3178 | 13,069 | 2943 | 5106 | 2079 | 60,172

2003 | 21,182 8,358 4,839 9,603 5,932 2266 | 10681 | 62,861

2004 | 13,199 | 5404 | 16056 | 8412 | 4687 | 2123 | 16410 | 66,291

Hit | 19,957 13,141 15216 | 7,721 5,235 5,265 0,040 | 72,575

AR ¢SGR (MOMAF, 2006).
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(G 3-2) X9 o]H 0{=H|Z(1995~2004)

oo %
ae (MU amy | as | uwaw| A | o8
1995 18.2 17.8 43.4 5.4 4.2 8.1 2.9
1996 26,7 18.1 34.6 0.0 5 0.7 24
1997 29.8 20.1 29.1 0.8 43 0.5 3.4
1998 25.8 2 28,1 6.8 4 7.6 5.7
1999 33.3 17.8 14.8 73 7.6 1 8.4
2000 25.4 21.6 7.2 1.5 13.2 7.9 13.2
2001 27.9 24 6.7 155 12.1 8.7 5.2
2002 40.8 15.4 5.3 217 49 8.5 3.5
2003 33.7 133 7.7 153 9.4 3.6 17
2004 19.9 8.2 24.2 12.7 7.1 3.2 24.8
3t 281 17.8 20.1 10,96 7.18 7.18 8.65

AR ¢ G S Al AE(MOMAF, 2006),

2) Ztx|2| O{El-2E) W CPUE

Z2)5 ogsl= /NE oo Agwg=HE)S EF3slr] HEiA thE 714
Erolojd ¥ Y EZo Y oG 2o Te=go]g=HCPUE)S °|§
akaict.

o12)%, oY== 9 CPUE Al5+= 1989HE] 20049714 167]1d AF=.
o] g3yt o8-} CPUE A “TafAold-Folge] FxHe ¥
3l A" Mo ZA3FATHMOMAE, 2003, 2005 2 20006).

&7 ABEo| T HIESZ Y AX| ofgFa CPUE 7He] A=
(19 3-1)3 2t}

e mlm

30



(38 3-1) ZAI0) ofele ofslz U CPUE

a) U871 48200l (b) EPEZ0IY
25000 500 . 20000 1000
§ oo ©E || 3 > §
o (5}
15000 300 600

10000
10000 200 / /\ 400
5000 A "

5000 100 \Y¢ V \\ 200

0 10 0 0
1989 1992 1995 1998 2001 2004 1989 1992 1995 1998 2001 2004

Year Year

CPUE === Catch CPUE

=—@— Catch

AR - EAAYFOIAY FRANH B AF - 1, 33} A= HIIA(MOMAF, 20006).

3) &x|o dMAH 4 FHX|
BAA AFERA, 229 Adxd fuidrie} il dxdE HY of
HHEF ZoldTre FHHIAELAN FAAEE o833t
ol o] FHre T Au AR E o] &atalt. o714 Huf
wrpel g olgdul g ¢ dejojgulge dvd Ay E 20009 71F A7}
A2 Sk v O FAE ARSRlT AR ghke o b H
ALE 7l & sk Aol @A olARt 71 HZo] E7FAIF Afm+ 2000
dol7] wfiol B dAtoM= 2000:8S 7]Fo R 3
hojol g g2l 1918 AYGH8-2 o1t 19 Hat g 35

__li_
sto] 4 YT Y A5 AN F, o] GO Y F oJYulgL hr



HE71AARAG BEoloY HHESY
A |32 | Zojols | Holgdu) & | Tufeh | 315 | Z0]od4 | Holdulg | Hufehr}
D | kg YD) | (kg

1995 | 357 257 1,071,174 | 1,780 9 249 1,002,920 | 1,481
1996 | 347 270 1,128,607 | 1,985 9 259 1,205,220 | 2,102
1997 | 337 253 1,187,095 | 2,022 94 242 1307,337 | 1,545
1998 | 304 243 1,192,836 | 2,170 92 226 1,357,048 | 1427
1999 | 287 253 1,493,039 | 1,271 90 258 1,536,137 963
2000 | 206 252 1,654,800 | 1,138 70 266 1,748,835 | 1213
2001 | 201 301 1,792,789 | 1,669 62 292 1918267 | 1,176
2002 | 143 312 2,155,571 1,110 62 297 2,069,832 659
2003 | 131 280 2438981 | 1,300 60 220 1,852,050 059
2004 | 95 285 1,071,174 | 1,117 58 211 1,879,948 608

AR el FHFBIAEIA B SRR RS ARMOMAF, 2000).

(I 3-4) UH7IMEE0(0t EESENYI| ZX|0d ZHY Ha

S ﬁ%‘_ﬂ"éﬁl%"* Oiféli%%} S o R o e LB Sl IR R LI
HY/A) | @85/2) | P 9Kg) | (a F/D) | (m %)
7)Ao | 1,682,950 853 1,519 1,765,369 0.151
JIES 1,595,034 798 1,135 2,196,907 0.119
3 Fin 1,639,292 - 1,327 1,981,138 0,135
g A - 1,651 - - -

syl SAA FEE ANAEZIRRY ] Aol S 219 20008 VFE EVHAE AMSE
=2 goldn47} whejolFulee A VB BERE A 7RG e FEGE AoiRe
20004 7|E EVHATE ARSEL

I
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3. ¥4 4%

MHL

1) Chroiol ofale 2t 23 &4 ZAxn

S eutet 29 olFweaEe tidYIAEelolds) Tl ERolgle] CPUE
£ o|&3}e] dulX g dl(General Linear Model)dl] 2-85te] & 7] #x4-Zo]
ool thet WP EZ0IY] CPUES HF3lst3lrt.

o] FA thd Yol AfY=gwks shte] TeE BFEskely] s &
T8 HFol Ax(1989~2004)¢ o FH(HF 71 A EE o], HFESZ)E AH&53

agja AP RAS H887] flsiA TivisTE AREE AT Egk 1989
d PYEEZ CPUEZL 7]F CPUERA AREHRTE old] we BFEshe
FAAE (E 359 2o
Fudo F4H JAAFE (F 36007 21, 1 FHE JAAS:Y
of uje} F ool ¥FsH CPUES oS ahd (E 3-7)

rx
=N g

P
o,
ofo
fh

N

g
s
N
Q
o
.
b
o
o,
e
=

H3Y HLOS - ctofHoll tigt TAC 7t A5 2433



K
K0

K

.I

l=l CPUE

&

3-5) Oj

iz
AL

(

17.2

23.9

22.8

P‘}.,
N

79.3

85.3

119.9
95.7

147.1

1248
114

17.2

45.7

50.4

43.6

151.4
163
179.2
229.1

1829
281
2922

238.4
217.7

176.3

Est,

) Est, U

2.8
3.2

3.1

4.4

44

4.8

4.6

5

[Ta}

4.8

4.7

2.8

3.8

3.8

5.1

5.2

5.4
5.2

5.6
5.7

\'a)
)

5.4
5.2

X Dummy Variables

1

0

0

0

90| 91|92[93]94] 95| 96| 97|98 99| 00| 01]02] 03] 04] d1|!D

0
1
0
0
0
0
0
0
0
0
0

0
1
0
0
0
0
0
0
0
0
0

0

oY

pt

pt

pt

pt

pt

pt

pt

pt

pt

pt

pt

pt

pt

pt

pt

ltﬂu{:

It

It
It
It
It

It
It
It
It

It
It
It
It

It
It

ox

1989 | pt*
1990
1991

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

2002

2003
2004
1989
1990
1991

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

2002

2003
2004

HE7VAA Ao,

Z*p[ﬁ

=
-
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Factor level (fj)z) ng:;] u(j_u;?} t Stat P-value Pij
In (U) B 2.845 0361 | 7.80 | 0.000 17.2
1990 B 0.649 0.495 1313 0.209 1.9
1991 Bo 0.977 0.495 1.976 0.067 2.7
1992 53 1.187 0.495 2.400 0.030 3.3
1993 By 0.931 0.495 1.882 0.079 2.5
1994 Bs 1.813 0.495 3.005 0.002 0.1
1995 Bs 2,176 0.495 4,398 0.001 8.8
1996 Bq 2,249 0.495 4.547 0.000 9.5
1997 Bs 2.344 0.495 4,739 0.000 10.4
1998 By 2,590 0.495 5.235 0.000 13.3
1999 B 2,304 0.495 4,780 0.000 10.6
2000 B 2.79%4 0.495 5.048 0.000 16.3
2001 Bp 2.833 0.495 5.727 0.000 17.0
2002 B 2,630 0.495 5.316 0.000 13.9
2003 Bu 2,539 0.495 5.132 0.000 12,7
2004 Bis 2,328 0.495 4,706 0.000 10.3
CJr (1) B -0.647 0.175 -3,701 0.002 0.5

A o8 Rl dHorRe FAH 7|& CPUE FAAE= 17.20]H,
200013(16.3)7F 20013(17.0)S A 9|dtLE 7|5 CPUE F4X|9} tha zol7}
Ne ASE vt B4 A3, Q@A E ool CPUEE Bz o®

HHESoIY CPUES] it FEOE vehbA] e Aol Holw 9es
% 4 Sk
(28 32E F ol Azel dig ¥Rl AFwE vkl 2o

T o]y BT ARzt wE CPUEY 2417} Hj2=ate of 2=

o

I,

;O

RIS BHUOIS - C}401 20l th3t TAC 7 AZEA 35



(a2l 3-2) 2335}E CPUE 2 FHXA]|

o]
6.0 ~ 6.0 4
i

5.0 §
4.0
3.0 4§

20 1 Gear 1 : pair trawl 20 Gear 2 :large otter trawl

1.0 - 1.0 4

OO T T T T OO T T T T
1989 1992 1995 1998 2001 2004 1989 1992 1995 1998 2001 2004

Year Year
‘ O In(U) ——EstIn(U) ‘

‘ O (U —Estin(U) ‘

T3 2498 CPUERRE 77 E2shE oldwddm)e (F 37)3
el

7} olgle] olZelek Wl gL 7t ojqle] ojYelke HEshE olFwde
o= throld] 73 % Stk o2 BESHE ojg o znE T ojge]
P vas FarE R AR oL 07601, HESOIe

0.242 YEFITH(EE 3-8) F=x).

Gompertz AT ERE FEH Fox RdS ARES ZA91A] ofUd 2Ax
g A3l 7)23 Schaefer RdS AREEE A21A|9] o= 24H F o]
Aol CPUESt ojwedaf 7ho] JAdAE Ao wn AAHt Spss 14
Z2I39] Curve Estimation Method& ©]-838}e] #4135t A} FAH o]
e APnRrhs Aedsd JARAE BoFa 9ol Gompertz A4
FEHE FE¥ Fox Zdo] 40 B2 At 7102 AE (R 3-9)

Z=z),
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oflicafa
714 gEol HIE= #73H

A% | o}3)%F | CPUE | o3 | o3k | CPUE | ojgwdef | o=
M) | kg/IB) | Q) | D) | kg/lB) | Q) | @)
1989 | 5,175 9.0 | 574925 521 172 30,301 605,226
1990 | 6277 | 17.2 | 364276 | 2080 | 329 63,192 | 427469
1991 | 5551 | 239 | 232095 | 3060 | 45.7 66,979 | 299,074

1992 | 5692 | 295 192,887 5076 | 56.4 106,016 298,903

1993 | 4662 | 228 204,144 3,638 43.6 83,397 287,541

1994 | 9712 | 552 176,034 | 12,110 | 105.4 114,909 290,943

1995 | 17,173 | 793 216635 | 16,875 | 151.4 111,442 328,076

1996 | 19,893 85.3 233,091 13,459 | 163.0 82,558 315,650

1997 | 19,988 93.8 213,036 13493 | 179.2 75,286 288,321
1998 | 19,291 | 119.9 160,858 | 16,430 | 229.1 71,721 232,580
1999 | 21,443 95.7 223,992 11,449 | 1829 62,609 286,600
2000 | 20,349 | 147.1 139,667 | 17,543 | 281.0 62,421 202,088
2001 | 22317 | 153.0 145908 | 19,136 | 292.2 65,496 211,404
2002 | 24,533 | 124.8 196,550 0264 | 2384 38,855 235,405
2003 | 21,182 | 114.0 185,842 8358 | 217.7 38,389 224230
2004 | 13,199 92.3 142,995 5404 | 176.3 30,649 173,644

(i 3-8) U7|M&B0|oigzt HEEZ{YQ| o2lcE HIZ

=N

A= [1989/1990|1991(1992]1993|1994|1995|1996(1997|1998| 1999|2000 {2001 | 2002|2003 [2004| 3

0.95/0.85/0.78/0.65|0.7110.61|0.66|0.74|0.74|0.69|0.780.69 [0.69 |0.83 |0.83 |0.82| 0.76

YWPEES |0.05]0.15]0.22]0.35]0.29]0.39|0.34|0.26|0.26|0.31|0.22|0.31 |0.31|0.17|0.17|0.18| 0.24

(E 39) 29 29 U H2H0je 2T

Bd gok }ulE F4X
2]
R® |FEA%| DFl DF2 | Signif, F N Al
g 493 | 13.600 1 14 .002 216,510 0.000
2O8FE | 547 | 16.892 1 14 .001 1925.518 | -145.698
A | 681 | 29.911 1 14 .000 616,592 |-7.22E-006

H3Y HLOS - ttofHoll tigt TAC 7t AB524 37



(12! 3-3) EFS|E ojglosz 285 U CPUE M

CPUE
200.00 —
O Obseved
—Linear
—- Logarithmic
150.00 — .
— —Exponential
100.00 —
S50.00 +
—a. _
0.00 T T T — ==
0.00 200000.00 400000.00 G00000.00 S00000.00

Efforts

NTH

2) &l 32k "Wt (Effort Averaging Method)
(A 2-14)0l gk ofg=g HHetHel ot HYES ol
(U =g® A7 (— g8 F887] A8 Bview 3.1& ARkt 44

Aol ghe ZHzt 615.9163 -0,000007228 LFERGTE

(E 310) 29 20 Y Teule FYA

=
g gok shhale  FAA
Rl
R2 |F BA%| DFl | DF2 | Signif, F N A%
A8 | 0.68096 | 29,881 1 14 | 0.000083 6.423112 | -0.00000722

38



(E 3-11) CPUE ZX%|

EEEE Folgd | opup AR | S0 OPUE
Ae oY= 4]
(hauls) MD) (kg/hau) (kg/haul)
1989 605,226 5,696 9.41 2.24
1990 427 469 8,357 19,55 2.97
1991 299,074 8611 28.79 3.36
1992 298,903 11,668 39.04 3.66
1993 287 541 8,300 28,87 3.36
1994 290,943 21,822 75.00 4,32
1995 328,076 34,048 103.78 4,64
1996 315,650 33,352 105.66 4.66
1997 288,321 33,481 116.12 475
1998 232,580 35,721 153.59 5.03
1999 286,600 32,892 114,77 4,74
2000 202,088 38,092 188,49 5,24
2001 211,404 41453 196,08 5.28
2002 235,405 33,797 143.57 497
2003 224,230 29,540 131,74 4,88
2004 173,644 18,603 107.13 467

3) MSY & Ewsy & Zx}

Fox Zdle] Arkaae o8 w2ek(E)e] wWalol] wkal (4] 2-14) o 28 +
A HFES (A 213) o ddFo2H F& & ok ot BY ARE
EOZ (A 2103 (2 21700 oJ3] TF 8 T ode] HAESH e
(MSY)- 31,383MTo]aL, ojuje] o] gk (Eysy)> 13850401852 F4H
Act.

sk 7 ofde] MSY9} Eusve (3 3-8) 9] oY==k v & ¥ 7]
A5l 0.76, HHESE 0.24) o|&3te] 78 4 e, 7|85l
Aol MSYE 23778%, Eysy: 105263¢14-90th Il P ES0|¢¢]
MSYE 7,605%, Eusyis 33,24100%8<22 YERT)

H3Y HHAHS - ch-0{Hol et TAC 7t 2524139



(A8 3-4) I |M&BEo|oint HES0YC| ZX| MSYLt Evsy

’E“ 45000
£ 40000 oooc?l
S 35000 | % o7 95
MSY = 31,383 2 o o°

30000 1 Oo3 99 %

25000 -

20000 O o4

15000 |

10000 ™

93 OC 9L 900
5000 -
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 50 100 150 200 250 300 350 400 450

Emsy =138 -
Fishing Effort (Thousand hauls)

‘— Sustainable Yield Curve © Observed Catches (MT) ‘

Zx] o 3k 1989~2004'A2] BFstE QAT o g AF(CPUE: kg/W)
o} o8 A5 E Bview 3.1 Z2AWE o] @3}o] Fox B9 iAol 4
SAZT 1 An, Syuse] F5usd giE AuEe onjshs REEe
0.362 Thh H9pot, 5% frolg<rolr froldh 3|HAE YeplE p
£ 0.0112(p€0.05)2 YERAL}

(9 3-4)+= 1990t 5F Sof 72Ty 2 HHEZ|Ye

718k 128 HojEr) olgfeh A=, (E 3-1)olA HolE T dE VA
AEololdH HFEEZIG| o3l o]8d Zx]e] ofgFo] F43] Ak A
I FHSHA] %t

4) ABC % Easc £ ZAn}

- AEtHs] 8o HHABC)E AF=3dl] flsf F-Eluet TAC o gAbeidt

40



glAlz=dlol] ofgh Aojrkele] ABC RS o] &35St & Rl 2&-¥
Az R o=t ofgmgFoln] MSY <] CPUEC thgh = CPUE
H]go] 0,058} 1 Afo]Z UeR7] wiiToll (3 2-3) 9] 4T FR5F9] 4b)d]
W} ABCE FAa19th o714 A CPUEE T 31d(2002~2004)7+] Hit
CPUEE Yehdtt, wlr CPUE H|&<Ql CPUE/CPUEwsyi= oF 0.560.2 e}
stk
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5) MEY % Ewey &8 Z1}

A et (A 2-18) 3 (2] 2-19), T2lal (& 3-4) ZFH P 7AEE
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83 P71 ARl P ESoIdl o3l ogd AX|o] Ho)EA4
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2o gNE] =AE MEY $Foxe] Fo]o](Np)e oF 15854k lo]ch
TLBJAL MEY ol olde] A okl 1651918 Rt
A 2QHFE Gakshd F 40FolaL, o7 7 olgje] oS nlE
0.763} 0.24% uo}@ T olge] 24T yehlw 7Rl
2T 303, HPESIY 2UHTE 10508 SAtEIHS)

il Ol% ojfellr] FgH 2o MEYSH MSYE H|uws] HH MEYE
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S MSY FEOR fadtele 1 ofgFe] AaFde Aoz vithe
omgitt. F, oSk HTFL 530 HaAIAR 1 o7 2008t E4] %
T AegA dAje] ojgeiFo] #o) FYH oA i Ae whddith

SHAIRE (17 3-5) oA} o] HZe| Fegt ofslom Qs Aol i

guo] g7 miel FARANE MEY 27419 ol vt A +

o WAYAF]7] ofHet, Fhdabd, Apglo] A AellA o] 3]
o sHHoE AYE X8| FATA HER, d AN E A &

olefg HE 4 grke Aol
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Ho] ofg=gF gL IF7APFE|GH HIESIYe] 44 0.573%
0.430]t}, 7|4 7 ofge] olele 747} 9933wt flojal, F o] T
0|92 19,8679y Yolrt, o] FAle A9 o =ETF H[gol 3t Fmo]
oJHt} oF 1938Wut o] A}
AEH 02 ABC F<ollA 23] ofgo] tigh F o]Ye] AAH Joike 1

|

=
=
HEthd, 2829 @ WHe wolelo] e 7 |AgE o el 3]

HJ

44



(A8 3-7) o2cHE Hlgn =o[nte] oA
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9z, 1x1 ReloAe] ABCE 17,548MTO 2 1x2 Rdle] 15283MTS A+3]56}%)
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A 95Rol 1x1 Bl ofgh 7 offe] MSY H= ABC
574 olFol it MSY = ABC Ao lojA ST o o]0
] =

RIS BHU0IS - CHAOI0ll THEH TAC B7H ABEA e 45



El

(F 3-12) 1x10{4} 1x20{9] H]

- Gelols - delofd ol - ol
(1x1) (1x2)
e | B | :
_ 3 & _ _ 3 & 2 &
7o | dEaq | S g | geae | B8 2
/)&1—73-0] EH c—= /‘/\1»17—0] EH c—= T 01(?;
o= [efi=1
MSY(MT) 29,129 7843 | 36972 | 23778 7,605 31383
ABC(MT) 9,705 7843 | 17548 | 11615 3,668 15,283
MEY(MT) 27,161 4381 | 31542 - - 25,184
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43
chpe]% - chgolgdel ofdt TAC = 29 7%

2 FoMe bl - vrolgell tigk TAC H7F RS Aol HE

o 7)1x8l] A 1A S0 7 Yol & o7)A] tholE - Ty

of gk TAC H7} Rd AEA7ed Jazgd et 247] b2 71End
S 7, 3 B E=gk Zb7) Adolatet. wetbA ol2gh mEle] A8 gl
ol Aot 71&AA % Aw =g debd davt itk

olEHE 3 wlel A2leke= thx g diTek 7HE(Capelin)e] #AE
o} A diTe A T8 ZARo|ARE AEY gk o] ¢s
FARpoIt}, mEkA] o5 ofFo] ZHAAL e ABEA FEEEel 71eleke] TN
H 7R Wste] 239 FAske A2 4A vt wEkA e st A
G2 JHE ofF o HYASAAYNFMSY) B A EA A
(MEY) 4 ols-& Zagth(Pascoe, 1995).
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(1) Tk AR B

WA 4Ego) il 4 oj2) Ml HlAE ERE s
Q3IA 2R 2R Al AREE A7 HAESSiTh o] FollA] Flaaten
(1988)F} Flaaten & Stollery(1994)% throlgoll gk Z 211 2z} & oA rt
RS ST 4 Flaaten(1988)2 EAAL-3]| 27} ] oj A bk dl S
A= & ojgel A=, TA| 2o ATl oFAES E87] Y3l
e skEsERo] Aeke IA] 7FAaAA shba Fste] ZAH oz

Be =4S B Ao olujd 1ol F3e, PA £ TEA B 7}

153

= Y A2 B X80 AgHor S A9le uf, nlel= oA
2 X8s BHEd 2 =2do] ARl ojdAAd dxstirk(Yodzis,
1994).

0]% Flaaten & Stollery(1994)+= E-FthA % WA el ofF E2]q wf
BAA FEFE FAs . 25 EAR-IAAF Yo A=A
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A A7 23, B Al Aol 10% S71e
29o] 7o} Holo] Fololo] Zz} 5.2%0} 12.4% A& FHAste] 17
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VPA(Virtual Population Analysis)& 37 AR838SITE o]2fsh #4418 ol 3
88 24317 3] 9(stomach) W-EE X3} o] gz gl O%QL:EJ,%} P
TG, ARFE drolE & TAAIAA WA F 48H 458

| e 2 AT olelet HEEo Ytstel 37 Mxl—@ PR
& $AFo A ol Erirolddol g TAC Bbol 71l SrhPascoe,

=

2) AAF 3= 2 HlAle A

BAA & 2 AR T oolEe] FUS AAA We] TRt A=
B o] gt ofefgk dl=A, Bl el ARl HJolg o R <l
1940dthoF 1950\ dt el Foje] zkde] g€ v} Qlok. 2gjal 1 AelE 1
Gl ofglebA] ekgkd A zkde] diAlERSITE. &, HAle] Aol Aol
o] 385 Walist 2 o2 YERTH(Clark, 1990). 3FAINE o]YGollA 2] A
2 gFol et At A7 A = Aot} olgldt T4 Ul ofF 3t
o] AAA FEo] ul2alel T Axle] AN WIs AES UE U
<AE Fohf7] ofg7] ulioltt,

i
rok
=
oz

2) 7|=x H33E A

ol - throlglel B 7147 B AEE Agke] ol JBFO e of
19 AeA] 54 058 olfske @ olglo] thE o}l olHArdE 9
S 7)1 wf WS (Ryu, Gates, Nam, 2005; Sparre, 1998), w2br] 7]&2
452489 Aok kol 0 o2, o ofgel Ao
@ B SR, oI offel S Ao A A o, e
—‘?—PrEi B719gt Farolgo] ihAE utel glot, gk throlE }9] A
E7Hgo] ZARNHA ol ool FUL FolA A AAGTH
%’49] oo} o] FUg 7eA FeApgo] WA 7 k. gk d2A, Ao

\1

10

_‘N

R4S CHEOIS - CH0{ 20l th3t TAC TV 2Y 75 e 49



=0l 1ol 71e7 Fezkgo] A Nicoyaits & 5 3tk 2
Fo] ofdl A= Z=H]F(snappers)2} §l1oF(sciaenids) o] 583+ Ho| AJEZ
g4 7k =rRet Wolwel Hol Al JFs
T glor g ofiele S M o 53], o2 W2 oY
£ ofgste Abgolgolr &3] Tk, td A7t ol Al
olgld & 3ot ERE A EEoloME fis 2o, FYHe=m
Q3% ol (finfish) o] W]/do7t Fedom ofgd < 3l
|28k A2 Aret7] 9l8l, Anderson(1975)2 ©l& ﬁOJ 27§ ofoll gt
o ol 2l B, 2 2t @ 0}2) ojgke 1 ool et o}
N ol B oF9] okl Srdle HoE mHsialth
Clark(1985)2 L3l £3to]ES o] &3l &g o] (Mixed Species Fisheries)ol|
3t o]22 ndg A|AEIYE. 2§, Dann¥} Pascoe(1994)+= AndersonA
welsh fAR 2US ST, 158 BHolEs Yolgolze og
EATE w2 FAskAtk(Pascoe, 1995).

L= R

S

trolE - vrold e A, o 9 9F 1 dsEgell 71dEke] A
Hog o] 9 o]gde EYAA RUL BEAs7)7F 44 &l Anderson
ol2fdt ZAIS Aefaty] s, vhrolF - vereld 1tel e Aes A Ve
A 5447 HEH FsAEo R 1l o250 R 18It Anderson,
1975). 41, AEH B8 ofF o] deAeS nlet, 1 g o=
N YA 7L wE @ olFol 4H JATE e The ol Hobue
T2k 92e] A9E B3 ok o] A% tigolq] o] g olFe] o]y
F Wshs O ofFe] A9lgw ojgeRonne e W fok oo
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o

2 J1%H JEAEE troldd el A ool olsjust of g
482 oujgith Tee o2 olgelEe o] BEF ofF I
£ o5e RrHOR of ek 392 B 4 Ak meb] B - 1%H 3
AL o}y WA i Hrolgle] o5 F3180IIHIAT ol

W olze] H4 ol F4ol e /1A & ek

B

A}

(1) E2449 AR B

terolF - vhrofde] A ool ol XA olfFge ] fsl,

A % ol Zro] EARSL DAY #BAE /R lERd B B

(Flaaten, 1988).

aX X
ax, :71)(1(1—};)—5)(1)(2 (2 4-1)
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X X
aX, =1, X,| 1-—2
dt aX, (2] 4-2)

PN x = AR )T EANE ) A2te) AAFE,
B N ool BAA AHEE, o WHolge] BASEEUS, 4o X
Holgol ela] 4u|H TolFe] AUF HEE, & ANolEe T7let X
Holge] Arf 217] Aole] AL A2 thehich. F, (gx,= g T4
Fo AUyl o|EHe THolFe] BATEFAS ugh 1w o
oFe] 73 Aol L= (4 433} o] Ukl % gl

% =a (2 4-3)

AN xbo}h xre olEe] BAN, T olze] Azl 7Y ALF FEL
Jepdch, Jelm F olge] FEALE SRS (2 41T (A 4208 00z
5325 Ae BAe] W (A 449k (4] 459 2,

X?:Jlgp (A 4-4)

71 +BaK,

E—— e d (A 45)

71 +BaK,

oLl (4 4)sk (4 45yl TAolFe] FY ANF Fe] 1 Aol
Fo) AR YB(,)0 FFL A 23 03l T2olBe] BAH 43S
(% 8358590l el=aic

gle] B F ofFe] ojstel G4E I (4 46) L (A 473
2} (2 463 (A 478 T olFE ol2T ] A9 JES e
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%L :7’1X1<1_%L)_BX1X2_01E1X1 (% 46)
1

dX X
dtz = rzxz(l_a_lej_%szz

7N 3 e 7Hbﬂ o1 ol ¥ ojewele Sio] k7t ol pol
o] A olFe] o) 5EASFE Uit o17]4 A
o2 o)g sl 7H‘?§_ o)zl olgjFe ojgw 2]
(C= XS 7Hda 71ga}. N ol%e] ofgeo] 2p9le] HAE 2
& W, ofF ofFe FY) e, o) A9le] JFEL 0oleh(-Ll ).

Wb Aol Eaelel oldleat Agle] AETe] BAS Aoz
EUE (4 48)F (4] 499} 2,

a.BX, = 7’1X1< X) —BX X, (# 4-8)
Xz
quzxz_rzxz(l_ale (A 4-9)
Ae] (A 4-8)F (A 49 E X T X, A& FH (2] 4100 (A 41D =
vepd Qo
E__ 7”17’7[K1 _(qlKl/Vl)El] ():11 4-10)
7172+&K1(72_QZE2)
X]25: CY7179[1_(617/79)E9][K1 _(41K1/7’1)E1] </_\] 4-11)

7179 +BCYK1(72_Q2E2)
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ot ofgiegel dis) AFAre A4S 7Y weel, (A
410y 3 (2] 4-11) & oA 7 olFd Eﬂfﬂ Al A& AHCTY T

Age F gla, aRe (A 4-12)9F (2] 413) 02 YERE = 9t

VlV?QlEl[Kl _(01K1/7’1)E1] (2.\11 4-12)
179 +&ZK1(72_Q2E2)

C]VEYZ

CI5Y — CYV]V?G?E9[1—(09/7’9)E9][K1 —(41K1/7’1)E1] (A 4-13)
2 r17o+ R | (ry—q Ey)

271402 ABCE =49 ™8 (F 23)9] ABC 2A2AS o] g3ty =

A% % ok

X292} getag 4 B o n ¢ K

dof stetleie ol olF e Anny

T34z} QJepalgn
B 349 4 otk (A 493 (3 49 BRI (A 410 2 (2

_l

415y} Zof tiAlE & 3ot

C?:Vle(l_%lL)—ﬁXle (4 414)

X
CEz =I’2X2 2
aX, (A 4-15)

CPUEE A ( 7= 30l Hledthe 710l whel (A 4-14) o} (4 4-15)
B (2 416) B (A 4172 vepd S gl
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_n _L B (A 4-16)

CIIE a1 1(1 Q1K1) 41492 hb, K
E_T2 _JLLJZ) (A 4-17)
Cz qs U2<1 agy U, K

B A =P Ol CE=C 44U P PR (A 416) 3 (A
417)2 o5 2ol yehd & gl

au, o, R G 2] 4-18)
Ul =7 qlKl Ul qz UZ d1 (]1 <~l
aU, —  rng U G (A 4-19)

U, Lo, Uy 2 U,

Schaefer(1957)2] AR (approximation) 7}l wel (2] 4-18)3 (2
£190 Tt 2o) e 5 g el B8 ol ojse
soaye #4o] 7Fsd)

Upin—Upp o T T

Y= Yo 1=7’1,0_7’1,1 Ui—rUy=r3E, (] 4-20)
2U1,t
Upp— Uy, U —
Yo Yo

FHE 5 g g g Ko BT (A 42003 (2 421) o] FAAFY] &
25 3 T E o o vhE S EH Y AHEAATEr 2 5)9 3

ZholE B3 o)t WISt el ofel e o Sltk(Pascoe, 1995).
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AT BEAA B4 MEY B NP 34

_13 Iy o

rlo

AAH sEOH, W8 T4 Jelgagnd Lo
of 3eiE & ok 2 ofFe] TAATAR wA S o) 34
A % olge UK Aol WA Folzl el AAF et o

2

]\P :Pl C1+P2C2_C<E1+E2) <)'\-} 4—22>
=P,q,\ X\ E\+Pyq  XoFEy—aym Ey—aymoky

o71M pi= 7 ol ¥ AWHA, o= olFE AYF, o= ol¥x

g9 drEAe] SR, pe A olFel tig /iE o] oS &

&, g oFE oFAE, xx ofFE AYE, = oldE K s

GHg 2 = 015‘33 A7 o] BaHlES yeRdit, (A 4-12) 9}

(A 413) o] BAS Z=2lofA] ok 2 3}%0] MEY F<zolxl 9] ofgegars A
H

AsHe A v oele Aotk FAL F F e b A PEe
99 z2 aow ¥ claeig
1

4-12) 9} (2] 4-13) ol Fol7l AYE f&d
g AdzACl, g +p,<E ) T
X3S AN HAs Z2aS ARSE ZiO]D}(Pascoe, 1995).

@ B4R 32 L A BA
A4 FE 2 A JNFED : MSYsh ABC 7

throlE - trold el T olF] o HH ofgIFE FHsh] )

$2 % o 7ol AAH 3E L A 7 F1Eud 2 B e Ay

N ool ARUTE AU T olF] A0 7o 2T Wi of
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1o

gt 2A2gsitta 7hgeitt, 2e]a ojgeke o Feggkel tig
St2lS 7hEItka THAE AAA FE o vjA] shollA e T ool A
& (2] 4-23)7} (A 4-24) 9} BTHGause, 19353).

e

%L =71X1(1—%L)—CYX1X2_6]1E1X1 (# 4-23)
1

% :VZX2(1_%§Z)_BX1X2_02E2X2 (A 4-24)
2

71 g8 g olZ g Arolth AAH ol watel, b 4

0Xt} At gufstd 7iE ofFo] Ao ] el FA JFgFS 7
mEolt, v, e g F SR 2o EAE VIKIvhd, ame] 22
< A AFES T2 }Q‘r g 2ake] #A9 e A4S YERALE

A AFEE (2] 4-8)F (2 4-9)9F o], Ao BEA dHE F o]
o A% 04 wf EAgitt wEha] o]RE o= YEhH (2] 4-25)

GEX = X1 e X, 4 425)
1

X _ (%] 426)
qoE2 X5 =7, X5\ 1 X1 X, -

(2} 4-25)9F (A 42002 x 3 xoll thall E vkl (4 42707 (4

4-28)8 =28 F 9l
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X5=K\[1- (e +a,ED)] A 427)
L 1 J

(2] 4-28)

X5=K, 1—;L2<a51+q2E2>

(A 427y} (4] 4-28) & 008 FaL
] 4-30) 7} 2t}

Al
K(1—4 By ()42
E ! 1 ! " @) : )
Xlz a’ﬁl{lKZ <"l 4_29>
1= 179
Kf1—L )b
E : vy ? 73 ry 1 )
Xy= KK, (A 4-30)
173

A7t ogwedFol sl HFFE AL A e, (2
420y 9} (2] 4-30)& THA] T ofFel| gt Ao A&H Atk o] e

AR 4 9lan, a2 (A 4303 (Y 43202 ekl £ gl

(4 431)
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Kz(l—;“ 2) ’BK;le (1 VEI)
CY¥=q,E, - aﬁ,{l}{z . (2 4-32)
1_7

17y

271402 ABCE AW ™2 (F 23)9 ABC FAHAL o]&3le] =

A 7V,
AAA 32 R A BHE 240 5 4 o0 K

B2 32 2 AEA L] ol o] tfe stevle oj3jgt of
B ARSI 49 £ 3l T (4 69 (4 20 B

C?=71X1(1_%]1')_QX1X2 <)'\‘} 4'33>

ngerg(l_ a);;vz )_BX1X2 <)'\‘} 4'34>

71 CPUEE AR pr— x0o Hedkeh 7bgel wet (X 433)3)
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Schaefer % ?;{7% —E,
EA2E !
R R Y L N R e
(Logistic Surplus )
Production)
Walters2} g M, T
Hilborn U, ag VIR
e
”oﬁ' In Ut ln(qk) (4/7’) E,
A% ooy o
(Exponential Fox #ﬂ =r n(@—r(U)—qE,
Surplus !
Production) Clarke,
Yoshimoto, | In U= JL S In(ah)— 2—Z ln( U)— (E +E )
Pooley
At JoABF - e T e
(General Surplus Schnute ]11( QU”“ )Zr— qm—lgmfl( = +2UM )—U( EZJFZE +l)
Production)

o

|

uld o 7 gAY AU Schaefer B
Hilborn W<, A5 AFEDE oeddH iy, Fo

i=]
Yoshimoto®} Pooley WHS ARSsith T dub Jojialkey
Schnute WS AR}

EZolF YA 24 ¢ MEY & NP 3

BAA gEHIE O, Bl8)e E80F Jofdtgndel A8

S o} 3 71$H JBAE HNE T olEs P £

12
fijo
)
rx
i
ifi<y

27t 3. Folzl o] ARl et wref2 that 2ol dedhe o]

5 =
A9 + 9l

ke

b

H4Y Ch0iE - Chof ol st TAC E7F ZH 5 63



NP=Pq\ X \E+Poq:XoE—cE=(P1g . X, +P2q:X,—OF (*1 4-43)

o] Bg A&H FUFAL T AT F2H Fog ket o] 34
o] Fell= Aol Fele} ol 7HA el wet dekiinh. FAl wolde
tiskelr] 3k ol £ Aol A2 oFe HWFoR olojd £
= itk &, AFoldd BFAPM MSY, MEYE ARdEo] He ofFe] dE

o2 olojd % Qlth(Anderson, 1975; Ryu, Gates, Nam, 2005).

3. HQ &4 xt=w

dnb o7 Ahrts Feshol SlojAl 7 &3] FElsl=
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a4 a2la o ARRE §, ARARY, 4= 7F e E &
A= Aol w¢- F8sktHGulland, 1985).
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Chapter 1

INTRODUCTION

1. Necessity and Objective of the Study

A goal of total allowable catch (TAC) assessment for marine fisheries
resources 1S to maximize social benefits from sustainable use of the
resources without any damage of ecosystem. Thus, the TAC assessment
should provide necessary information about the sustainable use of the
resources and also consider economic and social efficiency for the
resources’ use.

TAC assessment has been generally understood as maximum sustainable
yield (MSY), a criterion of the biological stock assessment due to a
conceptual nuance with TAC. However, the TAC assessment needs to
consider benefits of the whole society from the estimated stock assessment
and also needs to achieve maximum consumer surplus and producer surplus.

For example, in the case of Federal fisheries management in the USA, a
target biomass goal may be sought if a certain fishery is overfished. In
pursuit of this goal, the regional fishery management council or the
Secretary of Commerce should submit a fishery management plan or plan
amendment within a certain period. For all users of the resource and the
affected fishing communities, the plan or amendment should contain
analyses of social and economic impacts which may result from the plans

and regulations (NMFS 2002). The plan and any accompanying regulations
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should stop overfishing and rebuild affected stocks of fish within a certain
period. Thus, the intent of stock assessment is not only to ensure
sustainable resource use, but to maximize social surplus.

In 1999, the Korean TAC system was enforced as an alternative to solve

following factors:

* establishment of the 1996 UN Law of Sea and its parliamentary
ratification,

* depletion of fisheries resources within the Korean inshore and offshore
water,

* limitations of the Korean Conventional Fisheries Management Regime,

* fisheries negotiations among Korea, Japan, and China (Ryu, Nam, and
Gates 2006).

In particular, as a method for restoring the Korean inshore and offshore
fisheries resource depleted by overfishing and overcapacity, the Korean
government developed the Korean tiered allowable biological catch (ABC)
system as a conservative approach for setting TAC. The tiered TAC system

includes:

* TAC target species and fisheries,

TAC determination criteria and system,

TAC allocation methods

* TAC monitoring and reporting systems.

However, the government was not familiar with output control systems

such as the TAC system at that time only adopted the 1x1 TAC assessment
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model to easily manage and control the TAC system.

The theory of the 1x1 assessment model starts from a fundamental
assumption that a single gear dominates the harvest of a single species.
Thus, the 1x1 model excludes technical, biological, economic interactions
with multi-species fisheries. However, Korean fishing circumstances are
generally not in this 1x1 case but in Nx1 case, 1xN case, or NXN cases
mixed by these interactions. In particular, the Korean vessel buy-back
program adopted in 1995 has even decreased the dominance of a single gear
for a single species. In addition, according to fisheries statistic data of
MOMAF (2006), most species with high commercial value fall in the Nx1
case, 1xN case, or NxN cases mixed by these interactions and also parts of
these commercial species will be added to the list of Korean TAC species
in the near future. Therefore, the Korean TAC assessment also needs to
develop TAC assessment models which reflect Nx1 case, 1xN case, or
NxN cases rather than the 1x1 TAC assessment model.

Therefore, objectives of the study are first to develop and analyze TAC
assessment model of single species and multi-gears suitable to the Korean
fisheries circumstance and secondly to develop TAC assessment model of
multi-species and multi-gears in order to more significantly estimate stock
assessment by considering biological interactions and technical interactions

among multi-species fisheries.
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2. Scope and Methods of the Study

The paper presents models of three types for multi-species and multi-
gears: multi-species and single gear, single species and multi-gears, and
multispecies and multi-gears. The first type with multispecies and single
gear was composed of mackerel and jack mackerel caught by large purse
seine. The first model used an extended Beverton-Holt’s yield per recruit
model and biomass-based cohort analysis. The first model was carried out in
2005. The second type with single-species and multi-gears is composed of
hairtail caught by large pair trawl and large otter trawl gears. A Fox surplus
production model and Gompertz growth function are employed in the
second model. The third type with multi-species and multi-gears uses a
Schaefer surplus production model and logistic growth function which
considers economic, biological and technical interactions. The second and

third models were carried out in 2006.
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(Figure 1) Scope and Methods for 1% and 2™ Years
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This paper is organized as follows. Chapter I explains necessity and
objectives of the study and its scope and methods.

Chapter 1I provides limitations of TAC assessment with single species
and single gear (Ix1) and also briefly introduces a basic structure and
assumptions of an alternative way of multi-gears for hairtail. In addition,
this chapter provides main models and analysis methods as theoretical
approaches on an alternative way to set a TAC for hairtail caught by the
Korean pair and large otter trawls. The alternative approaches use a general
linear model to standardize fishing efforts of the two gears and also apply
a Fox yield curve and a Fox bioeconomic model to estimate MSY, ABC,
MEY, and NPA for hairtail.

Chapter III selects target species and target gears suitable to the 1xN
model and provides data necessary to analysis. This chapter then provides
the results (e.g., MSY, EMSY, ABC, EABC, MEY, EMEY, and NP)
estimated from the 1x2 model and also compares the results of the 1x2
model to those of the first version 1x1 model.

Chapter IV provides case studies and theoretical approaches of TAC
assessment model for multi-species and multi-gears and also suggests major
data and limitations of information necessary to analyze the TAC
assessment model.

Chapter V contains a summary of results and concluding remarks about
implications and limitations of TAC assessment for the multi-species and

multi-gears.
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Chapter I
TAC Assessment Model for a Single Species

and Multi-gears

1. Limitations of 1X1 TAC Assessment and Case
Studies

1) Limitations of 1x1 TAC Assessment

Fisheries across the world are usually composed of multispecies or a
single species and multi-gears (NXN or 1xN) rather than a single species
and a single gear (1x1). Nevertheless the common TAC assessment is based
on the Ix1 case, excluding other gears that are catching the given single
species. However, this 1x1 case is rare in fisheries. As a result, the TAC,
as it is nowadays conventionally calculated, can be overestimated or
underestimated. In addition, the assessment based on the 1x1 case does not
consider the allocation of ABC between multi-gears, because it only
considers one gear. There are usually two versions of the 1x1 model. The
first version considers only catches of a single species caught by a single
gear. The second version considers all catches of a certain species caught
by all gears but its fishing efforts only use one among all gears. For
example, if there are 1XN cases, ABC estimated by the 1x1 model either

reflects ABC of the chosen species and the chosen single gear or reflects
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ABC of the species for all gears. Thus second version only uses one of

gear types used to harvest the species.

(Figure II-1) First Version (1) of the Common TAC assessment Process

| Single Species and Multi-gears | |C0mmon TAC Assessment System: Single Species and Single Gear
Surplus Production Model ABC Estimation
Y and E for Setting TAC

Other Gears Sa@e
Species

Excluded Parts

Fishing Efforts
of Single Gear
® — @ — _ABC Single Gear

f = TAC,
Single Gear [—> Single
Species Catches of

Single Species

Catch Caught
by Single
Included Part Gear

<Figure II-1> shows the first version of TAC assessment process related
to the surplus production model. In this case, a single gear catches all of
the single species and MSY can be estimated by a given surplus production
model. Then, for resource conservation, an ABC that may be less than
MSY can be estimated by the ABC determination system. Here, in general,
ABC of the single species and the single gear equals TAC. So, ABC and
TAC are the same.
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(Figure 11-2) Second Version (2) of the Common TAC Assessment Process
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Hairtail TAC Assessment Process: Single Species and Single Gear

Multi-gears
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<Figure II-2> shows the second version of the TAC assessment as a case
of Korea. The Korean fishing configuration obviously has 1xN or NxN
fishing structures. The current Korean stock assessment has been using
several assessment methods!) depending on the degree of biological and
technical information on a certain species caught by a certain gear.
However, these methods are all based on the strong assumption that a
certain species is caught by only one single gear. In particular, the stock
assessment of hairtail caught by multi-gears (i.e., pair trawl, large otter
trawl, stow net, long line, large purse seine, jigging, and others) is using the

surplus production model due to limited information (i.e., catches and

1) Several assessment methods involve the Beverton-Holt yield per recruit model, the biomass-based
cohort analysis, and the surplus production model.
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efforts). Nevertheless hairtail’s TAC2) has been estimated by its total catches
caught by all gears above and fishing efforts of only a pair trawl. Here,
fishing efforts of the pair trawl represent fishing efforts of all gears so that
the efforts of the other gears except the pair trawl have been excluded as
factors of the TAC estimation. Thus, the estimated TAC has been
proportionally distributed to each gear, based on recent catch rate3) of
hairtail caught by each gear. However this approach can also generate a
large bias for the TAC estimation by only considering the fishing efforts of
pair trawl, a gear chosen.

Thus, many researchers are recently considering the stock assessments for

multi-species and multi-gears.

2) Case Studies

Seo and Zhang (2001) introduced multi-gears and multi-species fisheries
assessment models in Korean waters. As a case study, they applied the Fox
surplus production bioeconomic model and standardization of fishing effort
for the small yellow croaker stock caught by the pair trawl and the stow net
fishing gears. This result shows that fishing efforts of the two fishing gears
for the small yellow croaker are in overcapacity. However, their paper lacks
economic analysis (e.g., economic surplus) and implications on the optimal

TAC allocation between the two fishing gears.

2) At present,thehairtail species is not included in the Korean TAC species, but the stock assessment
for ti species has been continually carried out the National Fisheries Research and Development
Institute (NFRDI).

3) Recent catch rate, in general, uses the average catch rate of hairtail caught by each fishing gear
for latest 3 years
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Francis (2002) used a simple bioeconomic model of fisheries exploitation
orientated towards both Lake Malombe Chambo and the Whole Lake
Malombe Fishery. He applied the Gordon-Schaefer and the Fox surplus
production model and a modified measure for fishing effort, which is the
standardized effort in gillnet units. Bioeconomic exploration of both fisheries
was based on the catch, effort, and price data from 1976 to 1999. The
result draw the problem of effort over capacity as the current capacity
exceeds, by a wide margin, the capacity that would be required to harvest
a sustained yield.

Also, Berachi (2003) used bioeconomic analysis of artisanal marine
fisheries of Tanzania (Mainland). For the analysis, he applied Gordon-
Schaefer surplus production model on time series (1987-2000) of total catch
and standardized effort. The result shows that the artisanal marine fisheries
of Tanzania have expanded beyond the economically optimum point where
the current level of effort is further beyond that of maximum sustainable
yield resulting in suboptimal yield, i.e. it has been evident that there is
already overfishing in the inshore waters where majority of artisan
fishermen concentrate.

In addition, Chae and Pascoe (2005) used simple bioeconomic models to
estimate optimal effort levels in the Korean coastal flounder fisheries. They
applied a simple surplus production bioeconomic model and different effort
standardization approaches for the flounder fishery. The result indicates that,
even with poor information, relatively robust estimates of necessary
reductions in fishing effort can be derived.

Therefore, this study also tries to consider the TAC assessment for single

species and multi-gears as a case of multi-species fisheries.
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2. Basic Structure and Assumptions

A characteristic of Korean fishing structures is either a single gear that
catches multi-species or multi-gears that catch a single species (Lee J. U.,
1991). In particular, hairtail caught by pair trawl (about 28%), large otter
trawl (about 18%) and long line (about 11%) in the adjacent Korean water
is a typical case of Korean single species and multi-gears (MOMAF, 2006:
1995-2004). However to easily describe and explain a TAC assessment
model of the single species and multi-species (1xN), the paper analyzes a
1x2 case of hairtail caught by the Korean pair trawl and large otter trawl
(1x2).

Assumptions used in the model are as follows. First, there is an economic
interaction among multi-gears, because the more pair trawls catch of the
limited hairtail stock the less will be left for its competitors, large otter
trawls. Secondly, only catches of the hairtail caught by multi-gears, the pair
trawl and the large otter trawl, are considered. Thirdly, the fishing costs
invested in each gear are different. The basic structure of a single species
and multi-gears is illustrated in the following diagram.

In addition, a TAC assessment process for hairtail caught by the two
gears as a simple case is composed of three parts, i) standardization of
fishing efforts ii) the surplus production model and iii) bioeconomic model.

From this process, this paper compares the TAC of each gear estimated
by the common TAC assessment (1x1) to that of each gear estimated by

the alternative (1x2) for single species and multi-gears (1xN).
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(Figure 1-3) Basic Structure of a Single Species - Multi-gear Fishery
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3. Theoretical Approaches: Main Models and
Analysis Methods

1) Standardization of Fishing Efforts

About 50% of the hairtail in the adjacent Korean waters has been caught
by pair trawls and large otter trawl (MOMAF, 2004). However, units of
fishing efforts input to these gears are different. To determine MSY, MEY,
ABC of hairtail between the two gears, the unit of fishing effort of each
gear needs to be standardized as one’s unit of fishing effort. Therefore, to
estimate a unit of standardized fishing effort, we use a general linear model
developed by Gavaris (1980). The general linear model involves CPUE data
over a number of years and considers effects from several factors such as
months, years, different gears, depth zones, and fishing areas.

The standardization equation of the fishing efforts is the general linear
model of CPUE for one combination of levels of the factors based on the

lognormal distribution.

# Xij &
0 =, [TITP e
i

<[I-1>

where U is the reference CPUE at one level of each of the factors
(years, gears), subscript i refers to the factors, subscript j refers to the levels

of each factor. I:)ij represents the relative fishing power for the jth level of

the i" factor. For the reference level of each factor, Pij is set to 1. A
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X

superscript dummy variable i is equal to 1 when a datum refers to the

jth level of the i™ factor and 0 otherwise. € is a normal random variable

with mean 0 and constant variance o
A logarithmic transformation of the Equation <II-1> results in linear

regression models as follows.

U =1U, +3 S X, P, +&
i j

<[1-2>

Y :ﬁ0+;ﬂkxk té where {k}:{l}Y{J}

9

<[1-3>

where subscript kK subsumes i and j, the Y- intercept Buis the reference

log CPUE, and the parameters {ﬂk} are logarithms of the power
coefficients (Quinn, Deriso, 1999).

To estimate a standardized unit of fishing efforts of pair trawls and large
otter trawls, we use gears and years respectively as the factors and levels of
each factor are 2 (pair trawls and large otter trawls) and 16 (1989-2004).
Through the combination among factors and levels of the factors, values of

dummy variable are determined, and then, by using the determined values in

the general linear model with other variables, the CPUE (U ) and the unit

of fishing efforts standardized between the two gears can be estimated.

For multi-gears harvesting hairtail, the estimated standardized fishing
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effort (Ept orlgn) of each gear can be calculated by the estimated CPUE
(LAJ) and catches (Cp; or Cy) of each gear for hairtail. The estimated

standardized fishing effort (E¢) of multi-gears is the sum of the estimated

standardized fishing effort of each gear.

Ci=Cn+Cr, Et=Epn+En <I14-1>
A C A C
__nt !
Ept T A Elt T A
U and U <I1-4-2>

where Ct is the total annual (maximum) sustainable yield at t year that
sums the annual (maximum) sustainable yield of hairtail caught by each
gear, Cp; and Cy; are the annual (maximum) sustainable yield at t year of the
pair trawl and the large otter trawl respectively, and Et is the estimated total

annual (maximum) fishing effort at t year that sums the estimated annual

AN

(maximum) fishing effort at t year of each gear. Ept and én are the
estimated annual (maximum) fishing efforts at t year of each gear.

The annual (maximum) sustainable yield of hairtail caught at the level of
fishing effort of each gear can be allocated by the rate of standardized
estimated fishing effort of each gear between the two gears. To estimate Cpy
and Cy of the equation <I[-4-1>, the rate of the standardized estimated

fishing efforts of each gear between two gears is multiplied by Ct.
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A AN

E E
C,=C(—"—), C,=C(—)

pt A
Ep+En Ep+En <II-5>

E pt Elt

2 A

where épﬁ_é,t Ept+|A5|t are the rate of fishing efforts of each

gear. Cyr and Cy represent the MSY of hairtail caught by each gear.
An extended model of the single species and multi-gears uses surplus

production models.#) And also if the relationship between the estimated
standardized fishing effort (Et=Ep + Ew) and the estimated catch per

unit effort (U.=C:/E¢) of the hairtail caught by pair trawls and otter
trawls is exponential, then we use the Fox model induced from the
Gompertz growth function rather than the Schaefer model based on the

logistic growth function.

2) Fox Model Introduced by Gompertz Growth Function: MSY
and ABC Estimations

TAC assessment model is generally composed of three models: analytic

models, yield per recruit models, and surplus production models (Zhang,

4) Surplus production models are basic tools used to establish safe harvest levels in a gear when
only catch and effort data are available. They are also called lumped paramete models because
they abstract from age class structure and many other biological determinants of birth, growth
senescence and death. While these determinants are important, they cannot be controlled, nor can
they be forecast from existing data
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1987).

TAC assessment model of this study uses the surplus production mode
15). The surplus production model focuses on change in stock biomass of
fish. Stock biomass of fish generally depends upon environmental factors
(e.g., carrying capacity, water temperature, etc.), and interrelations among
fish stock. When, in the absence of fishing, the level of recruitment to
the fishery equals the level of natural mortality, an equilibrium of the
fish stock biomass occurs. Thus the objective of the application of
surplus production models is to determine the optimum level of effort
that is the effort that produces the maximum yield that can be sustained
without affecting me longterm productivity of the stock, the so-called
MSY (Sparre and Venema, 1998).

Theoretical backgrounds of the surplus production model are as follows.
The model was first proposed by Verhulst in 1838 and then the model
was developed as logistic growth model by Pearl and Reed in 1925. In
1935, Graham used the concept of MSY that is the maximum surplus
production derived from sigmoid curve theory after he substituted weight
of population for the number of population as unit of stock biomass
(Eyolf Jul-Larsen, et al., 2003).

And in 1954, Schaefer built up the first widely used surplus production

5) The surplus production model, as the most common form of equilibrium model, provides an
indication of the long run sustainable yield at given levels of fishing effort. By surplus
production, it is meant that the growth in the fish stock is surplus to that required to keep the
population at the same level. That is, the difference between the level of recruitment to the
fishery and the level of natural mortalit. In the absence of fishing, it would be expected that the
rate of growth in a population would be zero, as the population would be limited by the natural
carrying capacity of the environment (Sean Pascoe, 1995).
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(biomass dynamic) model from earlier work by Graham (1935) (Schaefer,
1954). And then Gulland (1961) tried to transform the Schaefer model
from a new assumption about “surplus” of the fish stock and he
developed a simple method for estimating equilibrium catch rates based
on a comparison of catch per unit of effort and average effort over
number of previous years.

Pella and Tomlinson (1969) provided a more general model with an
additional parameter (m) to allow the biomass level, By, at MSY to be
shifted to the left or right. Fox (1970), as a special case of Pellar-
Tomlinson model, developed a surplus production model based on the
Gompertz growth function under an assumption that the relationship
between CPUE and effort is exponential rather than linear. This study is
based on the Fox surplus production bioeconomic model. Then Schnute
(1977) developed an alternative approximation system that is based on
integration rather than average. Csirtke and Caddy (1983) who thought
that fishing effort cannot entirely reflect fishing mortality, expressed the
equilibrium yield equation of Graham (1935) in terms of the equilibrium
value of annual mortality.

The Fox model used in this study is a particular logistic form of
production model in which the relation between yield and effort takes the
form of an asymmetric parabola contrary to the Schaefer model (Fox,
1974; 1975). The Fox model uses the Gompertz growth function and
harvest function. Thus the model is based on basic assumptions of the
two functions shown in <Table II-I>. In addition, strong and weak points

of the Fox model are shown in <Table II-2>.

Chapter II, TAC Assessment Model for a Single Species and Multi-gears®103



(Table I-1) Basic Assumptions of Gompertz Growth Function and Harvest

Function

Gompertz Growth Function

Harvest Function

(DBiological interactions (e.g., predator-prey,
competition) do not exist

(2In the absence of fishing, a stock biomass
increases as certain proportion up to an
upper-limit level in the given carrying
capacity (K)

(DCatchability coefficient (q) is constant
regardless of fish age and time. Thus,
both fishing effort and fishing
mortality is independent to the stock
size

(@Fish stock is constantly dispersed

be easily estimated

@It is possible to assess stock
regardless of information by
age of fish population

(® Since data necessary to
analysis are only two (fishing
effort and catch), cost on
stock assessment is relatively
small

Basic | @At a certain level of fish population, a regardless of the region
change in stock biomass can be described | (lndividual fish can be all caught
Ass_u @Information on age structure of fish regardless of age. Thus, individual
mptio population does not need to explain fish can be all used in fishery and
ns changes in biomass catch-possibility of all individual fish
(DA decrease in fish population fully depends is same
on the fishing mortality and the natural | @Fishing death and natural death
mortality happens at the same time
(@0Other factors such as environmental | 5Data of catch and fishing effort is
factors except the above mortalities do not accurate
influence in the change in fish population
(Table 1-2) Strong and Weak Points of Fox Model
Strong Points Weak Points
F (DCatchability coefficient (q) | MThe mode is not easy to apply additional information
N can be estimated by only such as abnormal environmental conditions and change
X annual data of catch and in cohort of a certain species
fishing efforts for a certain | 2The model does not reflect changes in carrying capacity
species (K) and habitat caused by biological interactions,
M| @MSY and Ewsy can be environmental pollution, and others
0 estimated by only annual | 3To estimate MSY, the model assumes that the population
d data of catch and fishing keeps maximum sustainable yield under the level of
e efforts fro a certain species current fishing efforts. However, in general, data
1 | ®Model is simple and MSY can collected are not in the level of MSY

@The model has a strong assumption that change rate of
the population is completely density dependence.

(®An assumption that the relationship between CPUE and
fishing efforts is exponential is not also general

(©Surplus production model assumes that individual fish
can be all caught regardless of age and also all
individual fish have catch-possibility. Thus, surplus
production model considers whole stock for a certain
species
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(1) Fox Model induced by Gompertz Growth Function: Description

In 1970, Fox developed a surplus production model based on Gompertz
growth function. The Gompertz growth function is an exponential growth
model used as an alternative to the logistic growth curve assumed in the
Schaefer model. The Gompertz growth function is given by an Equation

<[I-6>.

where r is the intrinsic growth rate and k is the carrying capacity of
the environment. r and k are assumed as constants. B is the stock
biomass.

In addition, to estimate MSY of each species caught by each gear, Fox
assumed that the (maximum) sustainable yield is equal to the growth of

the population. The assumption is shown as an Equation <II-7>.

C. =rBlin(k/B) <II-7>

where Ce is the (maximum) sustainable yield of a certain species
equated with population growth. The equation <II-7> is based by an
assumption that catch per unit of effort (CPUE) is proportional to the
stock biomass (U = gB). Thus, the equation <II-5> can be respecified as

follows:
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Co=r2 kA= r 2 e || = p Y e oY
g U g

where U.. is the catch per unit of effort that would occur if the stock

was at an unexploited level (Uoo = kQ) and lj is the mean catch per
unit of effort. Expanding out the right hand side results in the
cancellation of the In (q) terms so that the equation <II-8> can be

simplified as follows:

CE:rg{muw—mU}
q <II-9>
Here we assume that Ce is equal t0E-U. Then, by dividing both

sides of the equation <II-9> by L], equation <II-10> can be induced as

follows:

E= L[anw - lnL]}

q <I1-10>

Ce
where E is the level of fishing effort and is also equal to |j . By
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transferring the equation <II-10> as a function of InU , we can generate

the equation <II-11>.

InU = nU, —(ﬂjE

r <II-11>

By exponentiating both sides of the equation <II-8>, we can infer

equation <II-12> as the mean per unit effort in the Fox model.

r q
U=U -(—)E
- eXp( (r) j <II-12>

Here since E-U is equal to the (maximum) sustainable yield (Ce),
the equation <II-12> can be expressed as an equation <II-13>, Fox yield

curve.

_ _9E).
Co=U. exp(-E) E <II-13>

where Cy is the annual (maximum) sustainable yield at t year, U. is

the catch per unit of effort (Uoo:q'k), q is the catchability coefficient, r

is the intrinsic growth rate, and E; is the level of fishing effort at t year.
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(2) Effort Averaging Method: Estimation of g -k and g/

To derive the Fox yield curve of the equation <II-13> with estimates

of U, and - g/r as biological and technical parameters of the 1x2 case,

we use the effort averaging method. Here, data used in this method are

the estimated CPUE (U:) and the estimated fishing Efforts (E:)
standardized by the general linear model. The effort averaging method

developed by Fox is based on the equation <II-11> (Fox, 1970).

U+ = In(gk) - (/1) E <IF14>

Consequently, the annual maximum sustainable yield (MSY) and the

annual maximum fishing effort (Emsy) of hairtail caught by the two gears

can be estimated by (Y.= gqx k), and (- q / r) produced by the

equation <I[-14>.

(3) Estimation of Maximum Sustainable Yield (MSY)

The level of effort (Emsy) that maximizes yields in the Fox yield curve
of the equation <II-13> can be given by the first order condition,

oC, _0
OE
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a(uw exp(—%E)- Ej

oC, q q
= =0=--U ~2E)-E+U -1E
OE OE r ~ exp( r ) - exp( r )

<II-15>

q q
Dividing both sides of the equation <II-15> by ?Uw eXp(_?E) and

solving the resulting equation for E gives

;
E=E . =—
MY g <I-16>

Then, by substituting Eumsy for E; into the equation <II-13>, MSY can

be estimated by writing:

_U,r
qexp(l) <II-17>

To estimate MSY and Eysy of hairtail, we use the standardized fishing
efforts (E) and annual catches (C) of hairtail caught by pair trawls and

large otter trawls respectively over 16 years (1989-2004).

(4) Estimation of Allowable Biological Catches (ABC)

<Table II-3> shows the Korean tier ABC determination system for setting
TAC. ABC of the 1x2 model can be calculated by the estimated CPUE and
the estimated MSY based on tier 4 information level of <Table 1I-3>.
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3) Fox Bioeconomic Model: MEY and NP Estimations
(1) Estimation of Maximum Economic Yield (MEY)

MEY can be estimated as follows. First of all, total revenue can be
estimated by multiplying market-sale price (P) to yields of the equation
<II-13>. Net profit (NP) can be estimated by subtracting total cost (TC)

from total revenue (TR).

q
NP = P|U “2E).E|-TC
[ - exp( r ) } <I-18-1>

—PlU_ exp(-3E)-E|-amE
r <II-18-2>

where NP is the annual net profit, P is the average market-sale price
(won/kg) of the two gears expressed as present value of hairtail, based
consumer price index of Korean commercial fish among 19952004 when

the base year 2000 is normalized to be 100.
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(Table II-3) Korean Tier ABC Determination System for Setting TAC

Tiers Information Available Levels

* Tier 1 Information available : Reliable estimates of B, F, Bysy, fusy, Fxu, and M
la) Stock status : B/Bmsy >1
Fasc < low value out of fygy or Fsy,
1b) Stock status : a<B/Bmsy < 1
Fasc < low value out of either fusy*(B/Busy-0)/(1-a) or Fssy,
1c) Stock status : B/Bumsy <a: Fapc=0

* Tier 2 Information available : Current B, Bxv, Fxv%, M
2a) Stock status : B/Bssy% ) 1
1:ABC g F35%
2b) Stock status : a< B/Bssy, < 1
Fasc < Fisy, X (B/Basora)/(1-01)
2¢) Stock status : B/Bssy, <a: Fapc=0

* Tier 3 Information available : Current B, Fo;, M
Fac < Foi

* Tier 4 Information available : Time-series catch (Y) and effort (or CPUE) data
4a) Stock status : CPUE/CPUEwsy >1
ABC < MSY
4b) Stock status : a< CPUE/CPUEmsy < 1
ABC < MSY x (CPUE/CPUEwmsy -a)/(1-a)
4c¢) Stock status : CPUE/CPUEuMsy < a; ABC=0

* Tier 5 Information available : Reliable catch history Y
ABC <0.75 x YAM (average catch over an appropriate time period)

1) Equation used to determine ABC in tiers 1 ~ 3 :

ABC — BI:ABC (1 _ e—(M +FABC))
M + FABC
where, B : biomass,
M : instantaneous coefficient of natural mortality,
Fagc : instantaneous coefficient of fishing
mortality determined by the data available
and the stock status

2) In tiers 1, 2, and 4, a = 0.05

Source: Ryu, J.G., etal, A Study on Comprehensive Mid and Long Term Plan for Fisheries Resource
Management, MOMAF, pp.1-490.

Note: recent years usually represent latest 3 years.
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TC is the annual total cost and a is the weighted average unit cost
(won/haul) of the two gears expressed as present value of unit cost
(won/haul), based on the producer price index of Korean commercial fish
between 1995 - 2004 when the base year 2000 is normalized to be 100.
m is the weighted average of the rate of hairtail production value caught
by each gear. Using the rate of hairtail production value as a cost term
of both gears is done because the only fishing cost that has to be
considered is that of hairtail caught by the tow gears. Especially, since
the rate of production value has a positive relationship between fishing
production value and fishing labor charge, the rate, we think, can be
used as an alternative variable of fishing cost. E is the annual number of
fishing efforts (hauls) that can be estimated by CPUE (kg/haul) and
catches.

From the equation <II-18>, the level of effort (E) that produces the
maximum economic yield (MEY) and Emey can be found using the first

ONP
order condition for profit maximization, g

e 6(P£(Uw exp(—%E)- Ej—amEj .

oE oE

- P[—?Uw exp(—% E)-E+U, exp(—% E)}—am <1-19>

Unlike the related equation in the Gordon-Schaefer model, Emey cannot

easily be expressed as a function of the model parameters due to the
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exponential function. At best, the relation can be expressed as follows:

orm
)

q
In(E 2(—)E =In
(Evey) (r) MEY (l _qp 120>

q
NP [ce,., = P{(U © eXP(_F Ever ) Ever :l —omE e, q21>

(2) Estimation of NP at the level of ABC

Total Revenue (TRp or TRy ) of the hairtail at the level of ABC
caught by pair trawls or large otter trawls respectively can be estimated
by multiplying the annual average marketsale price (Pp or Py) of hairtail
caught by each gear to yields (Capc pt or Cascr) of hairtail caught by
each one. For example, the total revenue (TRy) from hairtail caught by

pair trawls at the level of ABC can be solved by multiplying the annual

average marketsale price (Py) of pair trawls for it to Caec pt of the

equation <[[-22>.

E
TRpt = Ppt 'CABC pt Ppt 'CABC (—p)

Epi+En <1I22>

where TRyt is the total revenue of it caught by pair trawls at the level
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of ABC, Py is the annual average marketsale price (Pp) of it caught by
pair trawls, and Capc is ABC of it of caught by the two gears. Total
revenue (TRy) of it caught by large otter trawl at the level of ABC, TRy
of the large otter trawl can be solved by the same method as above.

TC (TCy or TCp) is the annual total cost of hairtail caught by each
gear. TC can be estimated by the annual weighted average unit cost ()
of each gear, the average rate of hairtail production value (m), and the
level of fishing efforts (E: annual number of hauls).

TCy =ay -my, - E, <I1-23-1>

p pt

TC =&, My - Ey <[[-23-2>

where the annual weighted average unit cost (a) ~ of each gear can be
estimated by the annual number of days at sea, the number of hauls per
day, the number of ships, the total cost per ship and the producer price
index. These data use the fisheries cooperative associations’ annual
fisheries business statistic reports. An average annual rate (m) of hairtail
production value of each gear can be estimated by dividing total
production values of all species caught by each gear to total production
values of hairtail caught by each gear. These two data are obtained from

MOMAF statistic reports.

6) Unit cost ; won / haul) = [ annual total cost per ship (won / ship) / ( annual number of days
at sea number of hauls per day) producer price index.
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Net profit (NPp or NPy) of hairtail at the level of ABC caught by
each gear can be estimated by subtracting total cost (TCpt = apr My Ept
or TCy = ar mi Ep) of each gear from total revenue (TRp = Ppr Cascpt
or TRy = Pi Cagcrr) of it. Therefore net profits (NP, and NPy) of each

gear are as follows.

NP, = P,Cgce ~TC

pt pt

NPIt = PItCABCIt _Tclt <11-24>

pt>

Ept
NPpt = PptCABC(—) —ay -

m_-E
E,+E " " " <A125-1>
NP =PC. (_Et y_a .m.E
It — 't ABC( ) alt mlt It
E. +Ex <I1252>

Using the same method as for Cp and Cy estimated by the equation
<II-5>, the ABC (Cagc) of hairtail for the two gears estimated by the
Korean Tier ABC Determination System in <Table II-3> is divided as the
ABC (Cagcpt) of hairtail caught by the pair trawl and the ABC (Cagcr) of
one caught by the large otter trawl by the same method with Cy and Cy
estimated by the equation <II-5>. By substituting Cascpt and Cascre divided
by the rate of fishing efforts of each gear between two gears into the
equation <I[-24>, net profit (NPyx or NPy) curve of hairtail caught by
each gear at the level of ABC within a proportional range between 0

and 1 of fishing efforts can be estimated.

Chapter II, TAC Assessment Model for a Single Species and Multi-gears® 115



Chapter II
Data Analysis and Results of TACAM for a

Single Species and Multi-gears

This chapter provides an analysis of the data and of the results
estimated from the alternative model. The chapter also compares the

above results to those of the 1x1 model.

1. Target Species and Target Gears

Hairtail selected as a target species has a high commercial value but it
is not currently included as a species in the current Korean TAC system.
Hairtail has been caught by pair trawl, large otter trawl, stow net, long
line, large purse seine, jigging and others.

The main fishing areas of gears active in this fishery are the southern
area of Yellow Sea (Huk-San Island, Il-Hyang-Cho, Socotra, and Cheju
Island etc.), the northern area of the East China Sea and the sea area
near Thushima Island. The large otter trawl, the large purse seine, and
the jigging gears are mainly used in the sea areas around Cheju Island
and Thushima Island (NFRDI. 2004).

However, this paper considers only two gears with high catch rates for
recent 10 years (1995-2004) as target gears that catch hairtail. Note that

the average catch rate (20.1%) of stow net is higher than that (17.8%) of
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large otter trawl as shown in <Table III-2>. However, the reason for
choosing the large otter trawl is that the average catch rate of stow net
has dramatically decreased since 1997 except 2004 due to its vessel

buyback program (MOMAF, 2003).

2. Data Analysis

1) Catches and Catch Rate of Hairtail

Using a Fox model, this section provides catches and fishing rate of
hairtail caught by main gears for recent 10 years (1995-2004). These data
are based on a MOMAF fisheries statistic report (MOMAF, 2006).

(Table 1) Catches of Hairtail Caught by Each Gear (1995-2004)

Unit : MT
Large Large

Year Pair Otter Stow Long Purse | Jigging | Others | Total
Trawl Trawl Net Line Seine

1995 17,173 16,875 41,062 5,091 3,966 7,694 2,735 | 94,596
1996 19,893 13,459 25,732 4,906 3,704 4,987 1,780 | 74,461
1997 19,988 13,493 19,537 4,591 2,907 4,379 2,275 | 67,170
1998 19,291 16,430 21,061 5,114 3,020 5,666 4,239 | 74,821
1999 21,443 11,449 9,516 4,683 4,867 7,081 5,395 | 64,434
2000 20,549 17,543 5,863 9,316 10,685 6,401 | 10,693 | 81,050
2001 22,317 19,136 5,318 12,422 9,642 6,946 4,117 | 79,898
2002 24,533 9,264 3,178 13,069 2,943 5,106 2,079 | 60,172
2003 21,182 8,358 4,839 9,603 5,932 2,266 | 10,681 | 62,861
2004 13,199 5,404 16,056 8,412 4,687 2,123 | 16,410 | 66,291
Average | 19,957 13,141 15,216 7,721 5,235 5,265 6,040 | 72,575

Source: MOMAF 2006, Fisheries Statistic Data, http://www.momaf.go.kr/info/statistics/.
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(Table II-2) Catch Rate

of Hairtail Caught by Each Gear (1995-2004)

Unit : %
Large Large
Year Pair Otter Stow Net Long Purse Jigging Others
Trawl Trawl Line Seine
1995 18.2 17.8 434 5.4 42 8.1 2.9
1996 26.7 18.1 34.6 6.6 5.0 6.7 2.4
1997 29.8 20.1 29.1 6.8 43 6.5 34
1998 25.8 22.0 28.1 6.8 4.0 7.6 5.7
1999 333 17.8 14.8 7.3 7.6 11.0 8.4
2000 254 21.6 7.2 11.5 13.2 7.9 13.2
2001 27.9 24.0 6.7 15.5 12.1 8.7 5.2
2002 40.8 15.4 53 21.7 4.9 8.5 3.5
2003 337 133 7.7 15.3 9.4 3.6 17.0
2004 19.9 8.2 242 12.7 7.1 3.2 24.8
Average 28.1 17.8 20.1 10.96 7.18 7.18 8.65

Source: MOMAF 2006, Fisheries Statistic Data, http://www.momaf.go.kr/info/statistics/.

2) Fishing Effort (E) and Catch per Unit Effort (CPUE: kg/haul) of
Hairtail

Fishing efforts (E) used in this analysis are the annual number of hauls

estimated by the annual total number of ships, the annual number of days

at sea, and the number of hauls per day. Catch per unit effort (CPUE) used

in this analysis is a unit estimated by the catches and the annual number of

hauls. Here, the unit of CPUE uses kg per haul (kg/haul) and the data is

based on a study on the structural adjustment of offshore bottom trawl
gears (1% and 3" Year Report) funded from MOMAF (MOMAF, 2003 and
2006). Data (1989-2004: 16 years) of fishing efforts (E) and CPUE of

hairtail caught by the pair trawl and the large otter trawl are used to

estimate the standardized estimated CPUE and fishing effort (E).
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In addition, the relationship of catches and CPUE of hairtail caught by
the pair trawl and the large otter trawl respectively shows similar trends as

shown in <Figure III-1>.

(Figure 1lI-1) Catch and CPUE of Hairtail by Gear (1989-2004)

(a) Pair Trawl (b) Large Otter Trawl
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Source: MOMAF, 2006, Fisheries Statistic Data, http://www.momaf.go.kr/info/statistics/.
MOMAF, 2003 and 2006 A Study on the Structural Adjustment of Offshore Bottom Trawl
Fisheries — Ist and 3rd Year Report.

3) Estimates of Economic Parameters for Hairtail

As economic parameters, we used the fisheries cooperative associations’
annual fisheries business statistic reports. The economic parameters included
the market-sale price of hairtail, fishing cost per ship, and annual days at
sea of two gear types (pair trawl and large otter trawl). Total ships of the
target gears were found in the Fisheries and Vessel Statistic Data of
MOMAEF. The rate of hairtail production value of each gear was found in

the fisheries statistic report of MOMAF. For the unit cost we used the
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fisheries cooperative associations’ annual fisheries business statistic reports

and MOMAF, 2003 and 2006.

In <Table III-4>, the fishing cost per ship, the market-sale price of hairtail

and the unit cost are average values converged as a present value in 2000.

The annual fishing cost per ship represents the weighted average

fishing cost per ship (thousand won/ship) expressed as present value of

the annual fishing cost per ship, based on producer price index of

Korean commercial fish between 19952004 when the base year 2000 is

normalized to be 100.

(Table lII-3) Total Ships, Days at Sea, Fishing Cost per Ship, Market-Sale Price
of Target Species and Gears

Pair Trawl Large Otter Trawl

Consu | Producer
Y [Total [Annual Fishing [Market-S[ Unit Cost | Rate of | Total | Annual | Fishing [Market-S| Unit Cost | Rate of |mer Index| Index
N Ships [Days at| Cost per |ale Price [Production| Ships | Days at | Cost per ale [Production|
a Sea Ship (won/ . Value Sea Ship Price . Value (Com.| (Com.
T | (no.) | (days) | (10°won/ | kg (won/ (%) | (o) | (days) | (10°won/ | (won/ (won/ (%) Fish)| Fish)

ship) haul) ship) kg) haul)

95 | 357 | 257 | 1,071,174 | 1,780 | 1,503,102 | 0.115 | 95 249 (1,002,920 | 1,481 | 1,017,615 | 0.201 71.25 74.1
96 | 347 | 270 | 1,128,607 | 1,985 | 1,736,107 | 0.143 | 95 259 [ 1,205,220 | 2,102 | 1,342,647 | 0.214 8228 81.8
97 | 337 | 253 | 1,187,095 | 2,022 | 2,110,961 | 0.133 | 94 242 | 1,307,337 | 1,545 | 1,433,588 | 0.150 | 101.97 87.0
98 | 304 | 243 | 1,192,836 | 2,170 | 1,131,846 | 0.112 | 92 226 | 1,357,048 | 1,427 | 2,207,719 | 0.141 107.56 87.1
99 | 287 | 253 | 1,493,639 | 1,271 | 1,617,393 | 0.144 | 90 258 | 1,536,137 | 963 2,753,414 | 0.076 104.9 95.9
00 | 206 | 252 | 1,654,890 | 1,138 | 1,669,638 | 0.145 | 70 266 | 1,748,835 | 1,213 | 2,889,204 | 0.125 100.0 100.0
01 | 201 | 301 |1,792,789 | 1,669 | 1,792,687 | 0.196 | 62 202 | 1,918,267 | 1,176 | 2,511,338 | 0.141 100.6 102.0
02 | 143 | 312 | 2155571 | 1,110 | 1,964,990 | 0.172 | 62 297 [2,069,832 | 659 2,636,012 | 0.066 108.4 1129
03 | 131 | 280 | 2438981 | 1,300 | 2,113,408 | 0.233 | 60 220 | 1,852,050 | 659 2,354,806 | 0.051 106.7 111.3
04 | 95 285 | 1,071,174 | 1,117 | 2,159,219 | 0.115 [ 58 211 1,879,948 | 608 2,627,688 | 0.027 103.2 124.0

Source: Fisheries Cooperative Associations, 19952004, Annual Fisheries Business Statistic Report.
MOMAEF, 2006, Fisheries Statistic Data, 2006, http://www.momaf.go.kr/info/statistics/

MOMAF, 2003 and 2006 A Study on the Structural Adjustment of Offshore Bottom Trawl
Fisheries — Ist and 3rd Year Report.
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(Table II4) Economic Parameters’

Estimates of Hairtail Caught by Pair Trawl

and Large Otter Trawl

Fishing Cost per Fishing Market-Sale Unit Cost Rate of
Gear Ship Efforts Price Production
(thousand won/ Value
ship) (hauls/ship) (P: won/kg) (a: won/haul) (m: %)
Pair Trawl 1,682,950 853 1,519 1,765,369 0.151
Large Otier | 595 634 798 1,135 2,196,907 0.119
Trawl
Average 1,639,292 - 1,327 1,981,138 0.135
Sum - 1,651 - - -

The fishing efforts per ship are the average of annual fishing efforts
per ship from 1995 to 2004. The marketsale price (P) represents the
annual average marketsale price (won/kg) expressed as present value of
hairtail, based on consumer price index of Korean commercial fish
between 1995-2004 when the base year 2000 is normalized to be 100.

The unit cost (a) represents the weighted average unit cost (won/haul)
expressed as present value of unit cost (won/haul), based on producer
price index of Korean commercial fish between 19952004 when the base
year 2000 is normalized to be 100. The unit cost can be estimated by
dividing the annual number of hauls per ship to the annual fishing cost
per ship.

The annual number of hauls per ship can be estimated by the annual
number of days at sea and the number of hauls per day. The rate of
production value (m) for hairtail of each gear is estimated by dividing
total production values of all species caught by each gear to total
production values of hairtail caught by each gear. The rate of production
value is the average value of annual rate of production value from 1995

to 2004.
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3. Analysis Results

1) Standardized Fishing Efforts: Results

The standardized fishing efforts of hairtail caught by the two gears in

the adjacent Korean waters are calculated from the logarithm CPUE [In

(lj )] estimated by the general linear model. The estimated CPUE of it
caught by the two gears is shown in <Table II-5>.

This analysis is undertaken only with respect to two factors (year and
gear) with 16 levels of the year factor (1989-2004) and 2 levels of gear
factor (pair trawl and large otter trawl). The reference CPUE is selected
as year 1989 and the large otter trawl gear for convenience. The X
dummy variables that were needed in order to perform the general linear
model analysis are shown in <Table III-5>, along with the logarithm of
CPUE as the dependent variable. Note that no X variables are included
for factor levels corresponding to the reference CPUE because these
levels are obtained by setting the other variable to zero. The general
linear model provides an answer by considering consistency in trends
over various combinations of factors. Another use of the general linear
model is in forecasting missing values of CPUE for some combination of
factors (and, indeed, it is for some other factor combinations than those
used here), then it can be estimated from the predictive equation.

The general linear model fits the data well, with an R” of 0.876 and
an F-statistic of 6.658 with 16 and 15 degrees of freedom (p <0.05).
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Estimates of regression coefficients and related statistics are shown in
<Table III-6>. All are highly significant except for year 90, 91, and 93.
In reference, estimates of year 91 and 92 are also significant within (p <
0.1). Exponentiating these estimates yields estimates of “fishing power”
coefficients”). The reference CPUE obtained from the intercept is 17.2.
From the year coefficient, CPUE in all other years is somewhat different
from the reference year 1989 except for year 2000 (16.3) and 2001(17.0).
CPUE for the pair trawl gear averages 50% of the large otter trawl gear,
which is a significant difference. This difference could be due to
catchability between the two gears. Hence, there is need to standardize
for years and gears. The model can be modified to allow differential
trends by gear, but an interaction effect is required between dummy

variables and gear types. We do not have enough data to do this.

7) This non-linear transformation is biased downward in absolute terms, but the relative values of
fishing power are not. Goldberge(16) gives a first order approximation for non-linear bias which
would be appropriate in forecasting the dependent variable.

Chapter III, Data Analysis and Results of TACAM for a Single Species and Multi-gears ® 123



(Table 1IK5) CPUE (U) Data, Setup for General Linear Model, Estimated CPUE
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large otter trawl / U =

Note: pt = pair trawl / It
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(Table lI6) Estimates of Regression Coefficients, Related Statistics in the

General Linear Model

Factor level | Coef. Est. S E t Stat P-value Py
Ln (U) Bo 2,845 0.361 7.890 0.000 172
Year 90 Bi 0.649 0.495 1.313 0.209 1.9
Year 91 B2 0.977 0.495 1.976 0.067 2.7
Year 92 Bs 1,187 0.495 2,400 0.030 3.3
Year 93 B4 0.931 0.495 1,882 0.079 2.5
Year 94 Bs 1.813 0.495 3.605 0.002 6.1
Year 95 Be 2,176 0.495 4,398 0.001 8.8
Year 96 Bs 2.249 0.495 4.547 0,000 9.5
Year 97 Bs 2.344 0.495 4,739 0.000 10.4
Year 98 Bo 2.590 0.495 5.235 0.000 133
Year 99 Bio 2,364 0.495 4,780 0.000 10.6
Year 00 B 2.79%4 0.495 5.648 0.000 16.3
Year 01 Bi2 2.833 0.495 5.727 0.000 17.0
Year 02 Bi3 2.630 0.495 5.316 0.000 13.9
Year 03 B1s 2.539 0.495 5.132 0.000 12.7
Year 04 Bis 2,328 0.495 4,706 0.000 103

dl Bis 0,647 0.175 -3.701 0,002 0.5

Note: factors considered are year (1989-2004) and gear (1, 2).

P-value: 95% significant level (p < 0.05).

<Figure III-2> shows the good fit of the model to the data and the overall

difference between the two gears. A consequence of the general linear

model is that the same trend over time is imposed on each combination of

a factor, gear.
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(Figure 1II-2) Observed and Estimated In (U) of Hairtail by Year and Gear
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(Table 1II-7) Standardization of Fishing Efforts of the Two Gears for Hairtalil

Pair Trawl Large Otter Trawl Est.

Year — — Staqdardized

Catch |Est. CPUE| Est. Fishing | Catch |Est. CPUE| Est. Fishing | Fishing Effort

(MT) | (kg/haul) |Effort (hauls)| (MT) | (kg/haul) |Effort (hauls) (hauls)
1989 5,175 9.0 574,925 521 17.2 30,301 605,226
1990 6,277 17.2 364,276 2,080 32.9 63,192 427,469
1991 5,551 239 232,095 3,060 457 66,979 299,074
1992 5,692 29.5 192,887 5,976 56.4 106,016 298,903
1993 4,662 22.8 204,144 3,638 43.6 83,397 287,541
1994 9,712 55.2 176,034 12,110 105.4 114,909 290,943
1995 | 17,173 79.3 216,635 16,875 151.4 111,442 328,076
1996 | 19,893 85.3 233,091 13,459 163.0 82,558 315,650
1997 | 19,988 93.8 213,036 13,493 179.2 75,286 288,321
1998 | 19,291 119.9 160,858 16,430 229.1 71,721 232,580
1999 | 21,443 95.7 223,992 11,449 182.9 62,609 286,600
2000 | 20,549 147.1 139,667 17,543 281.0 62,421 202,088
2001 | 22,317 153.0 145,908 19,136 2922 65,496 211,404
2002 | 24,533 124.8 196,550 9,264 238.4 38,855 235,405
2003 | 21,182 114.0 185,842 8,358 217.7 38,389 224230
2004 | 13,199 92.3 142,995 5,404 176.3 30,649 173,644
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In (U ) estimated by the general linear model can yield fishing efforts (E)

standardized with catch data as shown in <Table III-7>. In addition, the rate
of fishing effort of each gear for hairtail can be produced by dividing the
standardized fishing effort of the each gear by the standardized fishing
efforts of the two gears. The average rate of fishing effort of hairtail caught
by the pair trawl and the large otter trawl over 16 years (1989-2004) is 0.76
and 0.24 respectively.

(Table 1I-8) Average Rate of Fishing Efforts of the Two Gears for Hairtail
(1989-2004)

Unit: %

Year 198911990 1991199211993 1199419951996 1997|1998 1999|2000 {2001 | 2002|2003 {2004 | Ave.

Effort Rate pt | 0.95 [0.85[0.78 [ 0.65| 0.71 [ 0.61 [0.66 | 0.74 | 0.74 | 0.69 | 0.78 [ 0.69 | 0.69 | 0.83 | 0.83 | 0.82 | 0.76

Effort Rate It |0.05 [0.15{0.22]0.35]0.29 [0.39 {0.34 {0.26 | 0.26 | 0.31 [0.22 {0.31 [ 0.31|0.17|0.17 | 0.18 | 0.24

In addition, to determine whether we should use the Fox model induced
from the Gompertz growth function or the Schaefer model based on the
logistic growth function, we analyze the relationship between the estimated
CPUE and the estimated fishing efforts of the two gears with Curve
Estimation Method of SPSS 14.0 program. The analyzed result shows that
the relationship between the estimated CPUE and the estimated fishing

efforts is closer to exponential rather than linear as shown in <Figure III-3>.

(Table 11F9) Model Summary and Parameter Estimates

. Model Summary Parameter Estimates
Equpation — -
R Squared F-stat. DF1 DF2 Signif. F Constant | Coefficient
Linear 493 13.600 1 14 .002 216.510 .000
Logarithmic 547 16.892 1 14 .001 1925.518 -145.698
Exponential .681 29.911 1 14 .000 616.592 -7.22E-006

Chapter III, Data Analysis and Results of TACAM for a Single Species and Multi-gears ® 127



(Figure 1II-3) Estimated Fishing Effort (E) and Hairtail Catch Per Unit Effort
(CPUE) Standardized by Gears
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2) Effort Averaging Method: Estimation of g4, and g/

The coefficients of (U.= qxk), and (- q / r) estimated by the effort
averaging method of the Equation <II-14> are 615.916 and —0.00000722
respectively. For estimating these parameters with data of <Table III-11>,

we used Eviews 3.1.

(Table 1IF10) Model Summary and Parameter Estimates

E . Model Summary Parameter Estimates
quation
R Square | F-stat. DF1 DF2 Signif. F Constant Coefficient
Linear 0.68096 | 29.881 1 14 0.000083 6.423112 | -0.00000722

Note: 1Y o = 6423112 and Exp [n (U)] = U= 615916,
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(Table 11IF11) Estimated CPUE Produced by the Standardized Estimated Fishing
Efforts and the Observed Total Catches

Year Stan, Est. Fishing Efforts | The Observed Total Catches |  Est. CPUE In Est. CPUE
(hauls) (MT) (kg/haul) (kg/haul)
1989 605,226 5696 9.41 2.24
1990 427 469 8,357 19.55 2.97
1991 299,074 8,611 28.79 3.30
1992 298,903 11,668 39.04 3.06
1993 287 541 8,300 28.87 3.36
1994 290,943 21,822 75.00 4.32
1995 328,076 34,048 103,78 4,64
1996 315,650 33,352 105.66 4.60
1997 288,321 33,481 116.12 475
1998 232,580 35,721 153.59 5.03
1999 286,600 32,802 114,77 474
2000 202,088 38,092 188.49 5.24
2001 211,404 41,453 196.08 5.28
2002 235405 33,797 143,57 4.97
2003 224,230 29,540 131.74 4.88
2004 173 644 18,603 107.13 4.67

3) Estimates of Maximum Sustainable Yield (MSY) and Fishing
Efforts at MSY (Ewmsy)

The Fox yield curve can be driven by substituting U, and (/)
estimated by the equation <II-14> into equations <II-13> when fishing
efforts (E) change. As a result, MSY and Emsy of hairtail caught by the
two gears estimated by equations <II-16> and <II-17> are 31,383 metric
ton (MT) and 138,504 hauls respectively. From the average rate of
fishing effort (pair trawl = 0.76 and large otter trawl = 0.24) of each
gear within <Table III-8> produced by the equation <II-5>, MSY and

Emey of hairtail by each gear can be estimated. As a result, MSY and
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Emey of hairtail by the pair trawl are 23,778 metric ton (MT) and
105,263 hauls respectively. MSY and Ewgy of hairtail by the large otter
trawl are 7,605 metric ton (MT) and 33,241 hauls respectively.

Moreover, the results of the regression between the observed catches
and the catch curve at the same standardized estimated fishing efforts (E)
show that R* is 0.36 and p-value of the independent variable (observed

catches) is 0.0112 (p<0.05).

(Figure llI-4) Sustainable Yield Curve, MSY and EMSY for Hairtail using the Fox

Model
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4) Estimates of Allowable Biological Catches (ABC) and Fishing
Efforts at ABC (Eagc)

A Korean tier ABC determination procedure for a hairtail TAC caught
by two gears can be found at 4b), tier 4 in <Table II-3>. This hairtail
TAC was estimated from data on the annual yield (or catch) and annual
effort. The CPUE:CPUEysy ratio falls in between 0.05 and 1. Here,
CPUE represents the average CPUE of the latest 3 years (2002-2004).
This value of the CPUE is about 128 kg/haul as shown in <Table III-
11>. In addition, CPUEysy can be estimated by MSY/Emsy so that the
value of CPUEwmsy is about 227 kg/haul. Thus the CPUE:CPUEwsy ratio
is about 0.56.

By the Korean tier ABC determination equation [= ABC < MSY X
(CPUE / CPUEwmsy - @)/(1 - a)] in 4b), ABC of hairtail caught by the
two gears is 15,283 metric ton. The large difference between MSY and
ABC is due to a rapid decrease in recent CPUE (2002-2004). The level
of ABC is about 49% of the level of MSY. Also, based on rates (0.76
and 0.24) of fishing efforts respectively, ABCy of hairtail caught by the
pair trawl is 11,615 metric ton (MT) and ABCy of hairtail caught by the
otter trawl is 3,668 metric ton (MT).

<Figure I1I-4> shows that current catches of pair trawl and large otter
trawl for hairtail have been excessive. Fishing efforts has been in excess
of the level of fishing efforts at MSY and also recent catches since 1995

except 2004 have exceeded sustainable yield curve. In addition, CPUE of
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hairtail caught by the two gears has been steeply decreasing since 2001.
As a result, even though inputs of fishing effort were only slightly
reduced in 2004, the catch dramatically deceased. After all, this result
shows that hairtail stock is rapidly decreasing.

Therefore, to protect the hairtail stock from overfishing and depletion, it

needs to be included in Korean TAC target species.

5) Estimates of Maximum Economic Yield (MEY) and Fishing
Effort at MEY (EME\()

MEY and fishing effort (Emey) at level of MEY of hairtail caught by
the two gears can be estimated by the equation <II-18>, <II-19> and
economic parameters of <Table II[-4>. Here, to estimate MEY and Ewgy,
Maple 8 program and Excel Goal Seek program are used.

The estimated MEY of hairtail caught by multi-gears is about 25
kilotons and standardized fishing efforts at level of MEY is about 68
thousand hauls. In addition, net profit (NP) at the level of MEY is
approximately 16x10° won8). Here, total operating ships of the two gears
at the level of MEY can be estimated by dividing summed annual
average fishing efforts (1,651 hauls) in <Figure III-4> to the Emgey
(65,716 hauls). The estimated total operating ships at the level of MEY
are approximately 40 ships. In addition, the total operating ships of each

gear at the level of MEY can be estimated by multiplying the average

8) http://www.keb.co.k: Approximately 930 won = 1 dollar.
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rate (0.76, 0.24) of fishing efforts of each gear in <Table III-8> to total
operating ships estimated above (40 ships). The total operating ships of
pair trawl are approximately 30 ships and those of large otter trawl are
approximately 10 ships. Also, the estimated MEY of hairtail caught by
the two gears is about 80% of the estimated MSY and the estimated
Emey of hairtail caught by the gears is about 47% of Ewmsy. This means
that, when Eusy reduces 53% to reach to Emgy, the MSY just reduces
20% to achieve MEY. Thus this implies that current fishing efforts of the
two gears for hairtail are in overcapacity.

However, since recent hairtail stock has been overfished and overcaught
by these gears as shown in <Figure III-5>, it is very difficult for fishing
efforts at the level of MEY to achieve the maximum net profit due to
the stock depletion at current time. In other words, given the depleted
status of the resource, the fishing efforts at the level of MEY can
gradually recover the resource but cannot achieve the maximum net profit
until the resource recovers to the steady state biomass associated with
MEY. In addition, since the pair trawl and the large otter trawl have
been used for catching other species, the operating ships of the two gears
should also take into account the revenues of ships of the two gears that

catch species other than hairtail.
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(Figure 1IK5) Implication of MEY criterion under depleted statue of the Resource

Catch Observed
Revenue Catches
Cost

Net Profit

Efforts

<Figure III-6> shows that the net profit at MEY is higher than
at MSY when the resource is recovered. Hence, if the hairtail
resource is recovered, the level of MEY can be much more
efficient than the level of MSY in aspects of fishing efforts and

net profits.
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(Figure 1I6) Total Revenue, Cost, and Profit of Korean Pair Trawlers and Large

Otter Trawlers Harvesting Hairtail: Estimates based on the Fox

Bioeconomic Model
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6) Estimates of NP at the level of ABC

Hairtail derived Net profits of the two gears can be estimated by
equations <II-24> and <II-25>. As a result, at the current proportional
levels (pt = 0.76 and It = 0.24) of fishing efforts between the two gears,
net profit of the pair trawl is about 17,643 million won and the net
profit of the large otter trawl is about 4,162 million won. Also, total net
profit of the two gears is about 21,805 million won. This result implies

that the pair trawl has input much more fishing efforts than those of the
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large otter trawl. As a result, the pair trawl has earned much more net
profit than the large otter trawl. This result is due to lower unit cost and
higher market-sale price of the pair trawl than those of the large otter
trawl for hairtail in <Table II1-4>.

In addition, <Figure III-7> shows the relationship between the net profit

and the rate of fishing efforts.

(Figure lll-7) Relationship between Net Profit and the Rate of Fishing Efforts
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7) Comparison between Single Species by Single Gear and

Single Species by Multi-gears

This section analyzes the common TAC assessment based on a 1x1

case and also compares results of the 1x1 model to those of a 1x2
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model. As shown by the results, the total MSY (36,972 MT) estimated
by the 1x1 model is greater than MSY (31,383 MT) estimated by the
1x2 model and also ABC (17,548 MT) estimated by the I1x1 model is
greater than ABC (15,283 MT) estimated by the 1x2 model. These
results reflect that the sum of each MSY or each ABC estimated by the
Ix1 can lead to overestimates of MSY or ABC of a certain species. In
addition, the total MEY (31,542 MT) estimated by the 1x1 model is
greater than MEY (25,184 MT) estimated by the 1x2 model.

(Table lIF12) Comparison of Economic and Biological Estimates between the
Two TAC Assessment Models

Single Species and Single Gear Single Species and Multi-gears
Model (1X1) (1X2)
Hairtail & Hairtail &
Hairtail & Hairtail & Hairtail &
o Large Otter Total Large Otter
Criteria | pair Trawl Pair Trawl Two Gears
Trawl Trawl
MSY
29,129 7,843% 36,972 23,778 7,605 31,383
(MT)
ABC
9,705 7,843% 17,548 11,615 3,668 15,283
(MT)
MEY
27,161 4,381 31,542 - - 25,184
(MT)

Note: * all values are same, because CPUE/CPUEMSY is greater than 1 and ABC equals TAC in 1x1

cases.
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Chapter IV
TACAM for Multi-species and Multi-gears

Chapter IV provides case studies and theoretical approaches for TAC
assessment models for multi-species and multi-gears and also proposes
major data necessary to analyze the TAC assessment which considers
economic, technical, and biological interactions’) with multi-species and

multi-gears.

1. Case Studies for Multi-species and Multi-

gears

Case studies for multi-species and multi-gears with biological (e.g.
predatorprey and competition) and technical interactions (e.g., bycatch)

are as followsl0).

1) Biological Interactions’ Cases

Biological interactions are caused by competition for the same food

9) Wmentioned biological and technical interactions to stylized approaches for multi-species in first
year report a study on Assessment of TAC for multi-species and multi-gears (pp. 86-104). Hence
this section only focuses on case studies ofthes interactions.

10) In Chapter IV, we only consider case studies of multi-species and multi-gears related to the
surplus production model.
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resources and through predatorprey relationships. For example, Atlantic
cod is a major predator of capelin in the waters of Iceland and the
Barents Sea. Conversely, capelin also feed on cod eggs. Estimating the
effects of a change in the population of either species on the overall
productivity of fishery is difficult because of these interactions (Pascoe,

1995).

(1) PredatorPrey Cases

Predator-Prey cases were developed in order to demonstrate the effects
of a biological interaction on the optimal harvesting strategy in a multi-
species fishery!l). Flaaten (1988) and Flaaten and Stollery (1994)
introduced predatorprey surplus production model for multi-species
fisheries. Flaaten (1988) applied a bioeconomical analysis to the Barents
Sea Fisheries with the predatorprey surplus production model. At that
time, Flaaten’s work was controversial because of his conclusion that sea
mammals should be heavily depleted to increase the surplus production of
fish resources for man. Also, this was in harmony with Norwegian
government policy, which, ever since the European Community ban on
the importation of the skins of whitecoat (nursing harp seals) and
bluebacks (hooded seals < 1 year old) rendered sealing commercially

unviable, had subsidized sealing in the Barents Sea (Yodzis, 1994).

11) Yodzis mentioned thatCI[Ithe first logical steps in this direction are predator-prey and food chain
models. An early exploration, May et al. (1979), has proved very influential, and now forms the
basis for a very controversy piece of work, a bioeconomical analysis of the Barents Sea fishery
by Flaaten (1988)d(Yodzis, 1994).
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Subsequently, Flaaten and Stollery (1994) analyzed the economic effects
of biological predation in the case of the north east Atlantic minke
whale’s consumption of fish. They employed a predatorprey surplus
production bioeconomic model to measure the economic losses from the
reduced harvesting of prey species resulting from an increase in the stock
of a natural predator. Their conclusion was that, when the north-east
Atlantic minke whale stock increases by 10% stock, the gross profits of
the Norwegian cod and herring fisheries are estimated to suffer a
reduction of approximately 5.2% and 12.4%, respectively, or over $17
million.

Yodzis (1994) reviewed predatorprey theory and management of multi-
species fisheries. The principal discussion in his paper is a review of the
biological meaning of the various forms taken by predatorprey model, to
show how, in predatorprey models in which the prey are harvested, the
form of the model influences the model’s implications as to how the
predator affects the harvest, and how the harvest affects the predator. He
also reaches the conclusion that the form of model inherited by Flaaten
from May et al. (1979) biases the case against marine mammals, without
justification in terms of the underlying biology (Yodzis, 1994).

In addition, after the interactions between species are known, the Multi-
species Assessment Working Group (1991) has been expanded into an N-
species. The Group identified a series of predatorprey relationships for
eleven species caught in the North Sea. However, the approach of the

Working Group used the surplus production bioeconomic model and multi
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-species virtual population analysis together. This involves an analysis of
stomach contents to estimate feeding patterns as well as catch and effort
data. Contributions of the Working Group are to provide estimations of
the biological interactions with predator-prey relationship between multi-
species and also to analyze the long term maximum sustainable yields of

the species given these interactions (Pascoe, 1995).

(2) Competition Cases

Multi-species can also compete for space within the same habitat.
Fishing can affect the balance between the species, favoring one species
more than another. In detail, species may compete for a common food
source. A reduction in the stock of one species may lead to an increase
in the stock of a competing species. In such cases, reducing effort on the
one species may not lead to a recovery in the stock it may have been
displaced by the other species. For example, due to a consequence of
over fishing, the Pacific sardine stocks were collapsed in the 1940s and
1950s. The stocks were soon replaced by an anchovy population which
was not being harvested at that time. Clark (1990) indicated that the
anchovy stock had prevented the sardine stock form recovering. However,
case studies cited of competitive behavior in a fishery are only a few
examples, because the existence of competition is generally difficult to

demonstrate conclusively.
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2) Technical Interactions’ Cases

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 (Ryu, Gates, Nam,
2005; Sparre, 1998). For example, in the Gulf of Nicoya, the technical
interaction exists between the gillnet fishery and the trawl fishery. As
young shrimp are an important food item for large sciaenids and
snappers, an increased effort in the trawl fishery may affect the food
resources of these fish and affect the fishery. In particular, this happens
in the gillnet fishery where large sciaenids are caught in the 3.5 inch
nets that are primarily directed at large shrimp and also this happens in
the shrimp trawl fishery where many juveniles of commercially important
finfish are caught as bycatch.

Anderson (1975) developed a theoretical two species model where the
catch of one species was a function of the effort directed at that species
as well as the effort directed at the other species. Dann and Pascoe
(1994) have also developed a model where the catch of one species is a
function of the effort applied to that species as well as the effort targeted
on other species in the fishery. That is, there were separate target and

bycatch catchability coefficients (Pascoe, 1995).
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2. Theoretical Approaches of TAC Assessment
Model

Iti-gears or the optimal catching strategy for the fishery as a whole. As
a result, these interactions can bring out a difficulty of estimating TAC,

MSY, or MEY of each species.

1) Theoretical Approaches of Biological Interactions

(1) Theoretical Approaches of PredatorPrey

Predator-Prey Model: MSY and ABC Estimations

A two species model with predatorprey relationship can be developed
in order to simply explain the effects of a biological interaction on the
optimal catching strategy in multi-species and multi-gears.

The extended surplus production model can be explained by adding

parameters (ﬂ and @) related to the predator and prey into the normal
Schaefer surplus production model.

Basic assumptions of this predator-prey surplus production model are as
follows. First, predator and prey species all are subject to exploitation
and these species can be targeted individually. Secondly, the prey species
is the only source of food for the predator and the predator species is
the only predator (other than fishers) of the prey species.

In the absence of fishing, growth rate in the two species with the

predator and prey populations can be derived as follows.
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<IV-1>

X X
oX, =X, 1-—
dt aX, <IvV-2>

where X; and X, are the stock biomass of the prey and predator
species respectively. r1 and r, are the instantaneous growth rate of each
species, ki is carrying capacity of the prey species, B is the proportion
of the biomass of the prey species consumed by an individual predator

and @ is the relationship between the size of the prey stock and the

maximum size of the predator stock. Thus, @Xi(= k,) is carrying
capacity of the predator stock, which depends upon the size of the prey

stock. And, in equilibrium, & can be expressed as follows.

X, <IV-3>

where XIE and XzE are the equilibrium level of stock biomass for
both species in the absence of fishing. And the equilibrium of each stock
biomass for both species can be found by setting equations <IV-1> and

< IV2> to =zero and solving the equations simultaneously. The
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equilibrium of each stock biomass for both species is as follows.

E _ r1k1

Lo+ Bak, <IV-4>
E Ofrlkl

2 r+ ok, < IV-5>

An distinguishing feature of the equations <IV-4> and <IV-5> is that
the equilibrium stock biomass of the predator species (X;) is independent
of its intrinsic growth rate (r2), but dependent on the intrinsic growth rate
(r1) and carrying capacity (ki) of the prey species (X))

By adding catch equation of each species into equations <IV-1> and
<IV-2>, the growth rate of each stock biomass for the two species can

be expressed as follows.

dX X
: :rlxl[l_k_lj_ﬂxlxz_qlElxl IV-6>

dt 1

dXx X
—21= rzxz[l_ax2 j_%EzXz

dt 1 <IV-7>

where (1 and @, are the catchability coefficients of the prey and

predator species while E; and E; are the levels of fishing effort applied

Chapter IV, TACAM for Multi-species and Multi-gears ® 145



to each species. Here, we assume that each species can be targeted
separately and the catch of each species is given by a linear function,
C=qgEX.

When the catch of each species is equal to its natural population
growth, these species reach to equilibrium. At this point, the growth rate

dX
at the level of the equilibrium goes to zero (gt ). Hence, equations

between the catch and the growth rate of each species in equilibrium can

be expressed as follows.

X
q1E1X1 = rlxl(l_k_lj_ﬂxlxz

1

<[V-8>

quzxz = rzxz(l_ X2 ]

aX, <[V-9>
Solving equations <IV-8> and <IV-9> for X; and X, equations <IV-10>
and <IV-11> can be derived as follows.

X E _ r1r2[kl _(q1k1/r1)E1]
"onn + fok (r, —q,E,) <IV-10>

X.E = arlrz[l_(qz /rz)Ez][kl _(qlkl /r1)E1]
2 nr, o+ fak, (1 — ,E,) V11>
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Since the catch equation (C) is a function of fishing effort (E) with a

linear relationship (X=C/qE), the equilibrium catch-effort equations for the

two species can be estimated as follows. If B is zero (in the absence
of predation), the catch-effort equation for the prey species reverts to the
normal Schaefer surplus production model. However, since the carrying
capacity of the predator population is defined only in terms of the stock

of the prey, the equilibrium catch of the predator species, the equation

<IV-11> is meaningless with a zero predation factor (ﬂ ) (Pascoe, 1995).

C.MsY _ nra,k, [kl —(q,k, /rl)El]
1 Lr, + Bok, (r, — 0,E,) <IV-12>

C.MY _ arlrzquz[l_(qz /rZ)EZ][kl _(qlkl /rl)El]
2 1, + fak (1, ~ 0,E,) <v-13>

In addition, ABC can be estimated from the maximum sustainable
yields (C™Y) of each species by using the Korean tier ABC

determination system in <Table I[-3>.

Parameter estimations: Estimations of £, a, i, Ui and K,
The parameters of the predatorprey surplus production model can be
estimated form catch and effort data. Equations <IV-8> and <IV-9> in

equilibrium can be replaced as follows.
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X
C* =r1x1(1—k—1]—ﬂxlx2

1

<IV-14>

X
Coh = X,|1--2
aX, <IV-15>

According to an assumption that catch per unit of effort (CPUE) is
proportional to the stock biomass (U = gX), equations <IV-14> and <IV-

15> can be respecified as follows.

CElziul[l—ﬁJ— £ yu,
g, a.k, ) a0, <IV-16>

CEzzr—ZU2 1- G &
g, aq, U, <IV-17>

Assuming also that AX; = C% - C and hence that CiF = C; + AUilq,

then equations <IV-16> and <IV-17> can be expressed as follows.

AU r C
1:r1_ 1 Ul_ﬁuz_ch_1

U, gk, 4, U, <Iv-18>
AU, na U,
U, * eagq,U, U, <IV-19>
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According to the approximation assumptions of Schaefer (1957), the
equations <IV-18> and <IV-19> can be replaced as follows. The

parameters can be estimated from observed catch and effort data.

U i —U 1 - =
2U i Yo TVaPt T Nal 2 T s R <IV20>
Uosin —Uo y y U, y E
- = — e 2
2U 2, B VI <Iv21>

The parameters, /B, a, i, U and K, can all be derived form
manipulation of the regression coefficients in equations <IV-20> and <IV-
21>. Parameters involving other functional forms of the growth models
(e.g., the exponential model and general model) can also be estimated in

a similar fashion (Pascoe, 1995).

Predator-Prey Bioeconomic Analysis: MEY and NP Estimations

Economic parameters (e.g. price, cost) can be included in the predator-
prey surplus production model. Under the predatorprey relationship
between the two species, it is necessary to combine both species in the
profit equation. The profits for a given level of stock biomass can be

simply expressed as follows.
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NP=RC +PC, —c(E +E,)=Rg X E +Bg,X,E,—amE —amE, <pv-22>

where P; is the constant annual average marketsale price of each
species, C; is catch of each species, ¢ is the unit cost as a function of
fishing effort, Ei is the level of fishing efforts of each gear for each
species, Qi is the catchability coefficient for each species, Xi is the stock
biomass of each species, a; is the annual weighted average unit cost of
each gear, and m; is the average rate of each species production value.

From the complicated equations <IV-12> and <IV-13>, it is fairly
obvious that determining the level of effort that produces the MEY in
such a fishery is difficult. The easiest way to solve the equation is to
use an optimization package, setting the objective function to maximize
equations <IV-22>, subject to the biological equilibrium conditions given
in equations <IV-12> and <IV-13>, as well as any constraints on the

total amount of effort (e.g., E;+E2 < Emax) (Pascoe, 1995).

(2) Theoretical Approaches of Competition

Competition Model: MSY and ABC Estimations

A two species model with competition can be developed to explain the
effects of a biological interaction on the optimal catching strategy in
multi-species and multi-gears.

The extended surplus production model can be explained by adding

parameters (/3 and @) related to the competition into the normal
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Schaefer surplus production model.

Basic assumptions of this competitive species surplus production model
are as follows. First, the growth of each stock is logistic. Secondly, the
growth of each stock is dependent on the size of the competing stock. In
the existence of fishing, the growth rate in the two species with the
competition can be derived as follows. This system is based on a

dynamic system developed by Gause (1935).

dX X
—1:rlxl(1—k—‘J—aX1X2 -q,E X,

dt . <IV-23>
dXx, X
=rX,| 1-— |- gX, X, —q,E, X
dt 2 2( Kk, ] PX X, -0, By X, <IV24>

where @ and B are the competitive coefficients. The competitive

coefficients, @ and B are greater than zero, because each species has a
negative impact on the growth of the competing species.

As equations <IV-8> and <IV-9> mentioned before, when the catch of
each species is equal to its natural population growth, these species reach
to equilibrium. At this point, the growth rate at the level of the

dX
equilibrium goes to zero (¢t ). Hence, equations between the catch

and the growth rate of each species in equilibrium can be expressed as

follows.
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X
q,E X, = rlxl(l_k_l]_aXIXZ

1

<IV-25>

X
quzxz = rzxz[l_k_zJ_ﬁxlxz

2 <IV_26>
Solving equations <IV-25> and <IV-26> for X; and X, equations <IV-

27> and <IV-28> can be derived as follows.

1
X5 =k|l-—(aX, +0,E
1 1|: r( 2 ql 1):| <IV—27>

1

1
XzE = kz[l_r_(ax1 +Q2E2)}

2

<IV-28>

Solving these equations <IV-27> and <IV-28> simultaneously, equations

<IV-29> and <IV-30> can be driven as follows.

k1[1—q1E1J—“klk2 (1—%52]
X]E rl rl r2

<IV-29>
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kz[l—quzj— pk, (l—qlElj
X2E rZ r2 rl

1— apkk,
nr,

<IV-30>
Since the catch equation (C) is a function of fishing effort (E) with a

linear relationship (C=QEX), the equilibrium catch-effort equations for the

two species can be derived as follows. If @ and B are zero, then
these equations are identical to the normal Schaefer surplus production

model.

k{1—q1ElJ—“klk2 [1—(‘252J
I I r
C]MSY :qlE 1 1 2

1 1_ aﬂ(l k2
‘o, <v31>

K

k{l—quz]— pk, (1—%5]
MSY r2 r2 rl
C," = q,E

2 q2 2 1_ aﬂ(lkz

e <Iv32>

In addition, ABC can be estimated from the maximum sustainable
yields (C;™®") of each species by using the Korean tier ABC

determination system in <Table II-3>.
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Parameter estimations: Estimations of 8,a, i, Ui and K
The parameters of the competitive species surplus production model can
be estimated form catch and effort data. Equations <IV-23> and <IV-24>

in equilibrium can be replaced as follows.

C* =r1x{1—ﬁj—o¢xlx2
k, <IV-33>

<[V-34>

X
Ch =1 X,| -2 |- BX X,

k2
According to an assumption that catch per unit of effort (CPUE) is
proportional to the stock biomass (U = gX), equations <IV-33> and <IV-

34> can be respecified as follows.

CElziul[l—ﬁJ— 2 yu,
g, qk ) 0,0, <IV-35>

cEzzr—zu{l— Y, j— £ yu,
q, a,k, 0,9, <IV-36>

Assuming also that AX; = C% - C and hence that CiF = C; + AUilq,

then equations <IV-35> and <IV-36> can be expressed as follows.
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U, 1 q,k, 1 a, 2 U, <IV-37>
AU r C
2=I’2— 2 Uz_ﬁul_qz_2
U, g,k, a U, <Iv-38>

According to the approximation assumptions of Schaefer (1957), the
equations <IV-37> and <IV-38> can be replaced as follows. The

parameters can be estimated from observed catch and effort data.

Ui —U 1 =

2U e L
Uzt —U 2 s =

2U 5y Voo TVaaB 1T 12002 T s R o

The parameters, £, a, T, O and Ki can be derived form
manipulation of the regression coefficients in equations <IV-39> and <IV-
40>. Parameters involving other functional forms of the growth models
(e.g., the exponential model and general model) can also be estimated in

a similar fashion (Pascoe, 1995).

Competition Bioeconomic Analysis: MEY and NP Estimations

Economic parameters (e.g. price, cost) can be included in the
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competitive species surplus production model. Under the competitive
relationship between the two species, it is necessary to combine both
species in the profit equation. The profits for a given level of stock
biomass can be simply expressed such as the equation <IV-22>

mentioned before.

2) Theoretical Approaches of Technical Interactions

(1) Theoretical Approaches of bycatch

Bycatch Model: MSY and ABC Estimations

A two species model with bycatch can be developed in order to
simply demonstrate the effects of a technical interaction on the optimal
catching strategy in mixed species fisheries, a case of multi-species
fisheries. The distinguishing feature of the mixed species fisheries is that
one species may become depleted while the other continues to support
high catches. This bycatch effect can occur as a result of different
growth rates of the different species.

The extended surplus production model can be explained by
considering a bycatch effect into the normal Schaefer surplus production
model.

Basic assumptions of the bycatch species surplus production model are
as follows. First, there is no biological interaction between species.
Secondly, the fishing activity of a certain fishing gear can affect the

stock biomass or the growth rate of these species. This system was
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developed by Anderson (1975) and Clark (1985, 1990) and Dann and
Pascoe (1994).

dX X
= rlxl[l_k_l]_qlEXl :Gl(xl)_qlEXI

dt . <IV-41>
dXx, X
=, X,|1-—|-0q,EX, =G,(X,)—q,EX
dt 2 2( k2 ) 4,EX, 2(X5)—0,EX, <IV-42>

where, E is applied to both species as the same level of effort, but
catch (C=qEX) are different due to the size of the biomass (X) and the
catchability coefficient (q) of each species. MSY and ABC of bycatch
species can be estimated by the normal Schaefer (or Fox) surplus
production model by vertically summing the sustainable yield curve of

each species.

Parameter estimations: Estimations of Fi, 9 and  Ki

Parameters, Ti, 9 and ki, can be estimated by the Schaefer method,
the Schnute method, the Walters and Hilborn method, the effort averaging

method, the Fox method, or the Clarke, Yoshimoto and Pooley method.
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(Table IV-1) Estimation Methods of Parameters: g, k, and r

Models Methods Estimation Equations
LJ_ + - LJ_ - r —— e
Schaefer =l o2t - —U,.-qE.
2U « gk
isti Un+ r l.T + LT + E E +
Logistic SlAlrplus Schnute m{ ) nui } - { t 141 }_ q{ t + Ewn }
Production U gk 2 2
1 u ,. —
Wa.tersand U_yl—1=r—r—U1—qEI
Hilborn U . k
Effort Averaging | InU = ln(C]k) — (q / I’)Et
E tial Uit -U _ —
xponertia Fox Ve 2V gk )= rin(U ) - qE
Surplus 2U
Production
Clarke, Yoshimoto oo 2r 2-r. = q = =
and Pooley anm—2+rln(qk)+2+rln(Uq) 2+r(E1+Et+|)
General Surplus U na r U +U0 ™ Ei+Euw
Schnut; Inj| —|=r-——1 -q
Production chndie { n } k"'q [ 2 2

In general, the logistic growth model uses the Schaefer method, the
Schnute method, the Walters and Hilborn method and the exponential
growth model employs the effort averaging method, the Fox method, or
the Clarke, Yoshimoto and Pooley method. A general surplus production

model uses Pella and Tomlinson method.

Bycatch Bioeconomic Analysis: MEY and NP Estimations

Economic parameters (e.g. price, cost) can be included in the bycatch
species surplus production model. Under technical interactions between the
two species, it is necessary to combine both species in the profit

equation. The profits for a given level of stock biomass can be simply
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expressed as follows.

NP =PRqEX, +P,q,EX, —cE =(Rq,X, +P,0,X, -OE  <v-43>

where P; is the constant annual average market-sale price of each
species, i is the catchability coefficient for each species, Xi is the stock
biomass of each species, ¢ is the annual weighted average unit cost of a
certain gear for the two species. The effect of the level of effort that
generates the combined maximum economic yield (MEY) will depends
upon the growth rate of the two species and the catch effort relationship.

In this case, the sustainable revenue curve is a monetized version of
the sum of the two yield curves. Its exact shape depends on the shapes
of the yield curves and the price of each species. The level of fishing
effort that maximizes overall profits may results in the extinction of the
small stock. In other words, open access equilibrium yield, MSY, or
MEY may lead to the extinction of the smaller stock (Anderson 1975;
Ryu, Gates and Nam 2005, p88).

3. Data Needs

In general, one of the commonest obstacles to carrying out stock
assessments is the absence of adequate data. This often occurs because

the main user of the data- the stock assessment scientist —does not have
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direct control over the collection of much of the data, especially the
statistics of the commercial fishery. It is therefore important that those
who do have control of the collection of data have a good understanding
of why it is needed, and what is needed (type of data, details required,
desirable precision, etc.) (Gulland 1985).

In this section 4, for TAC assessment of the multispecies and multi-
gears, major data necessary to the biological interaction analysis are the
predatorprey and the competitive coefficients. These coefficients can be
estimated by parameter estimation methods or biological science
approaches such as the analysis of stomach contents. These estimated
coefficients can affect the logistic (or exponential) growth function of
each species and reflect changes in stock biomass of each species. As a
result, MSY or ABC of each species will be different with that not
considering these coefficients. Hence, for more accurate TAC assessment
of the multi-species and multi-gears, data base construction about the
predator-prey information is basically required.

In addition, an important datum necessary to the technical interaction
analysis is the bycatch catchability coefficient (q@;). The bycatch
catchability coefficient can be estimated by effort and bycatch data.
However, it is not easy to collect the bycatch data in real fisheries
circumstances due to fishers’ discards and illegal catch report. Also, for
the analysis, these bycatch data over at least 10 years need. Hence, for
successful TAC assessment of the multi-species and multi-gears, the data

base construction about bycatch information is necessarily required.
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(Table IV-2) Data necessary for NxN models

Interactions Data Related Equations Estimates Comments
annual, seasonal or monthly
data of Cj and Ejand different
Standardization| gears, depth zones, and fishing Eas. <I-1. 2. 3> Estimated over 10
of Efforts areas, total ships, total-hauls, as- > standardized E; | observations
total house-power, total days at
sea, hauls per days, etc.
Predator-Prey : L a T
annual, seasonal or monthly | Egs. <IV-20, 21> ’ -
data of C; and E; Qi k1
B oot G Kk g |Ees<vi0 11> | X -
Biological ﬂ a, I ) q; ) k1 E Egs. <IV-12, 13> cM -
Interactions Competition: ﬂ o ri
annual, seasonal or monthly | Egs. <IV-39, 40> ’ -
data of Cj and E; Q; , k|
B oa 4 k Egs. <IV-29,30> | X -
B oa N O K g |Egs.<v313> 6" -
Bycatch: rq k not easy to
Technical annual, seasonal or monthly | Table <IV-1> i, i, M get Cibycatch,
Interactions data of C; and E; and C; pycaen i bycatch T bycatch
E ~MSY —Msy
f s g s ki , Ei, Tibycatch Eq. <IF17> X, G Ei B
marketsale price, unitcost,
Economic production value, the rate of | Tables <III-3, 4>
. production value, consumer | Egs. <II-18§~25> '™ NP; -
Interactions

and producer index, fishing
cost per ship

Egs. <IV-22, 43>

Chapter IV, TACAM for Multi-species and Multi-gears ® 161




Chapter V

Conclusions and Suggestions

1. Summary and Conclusions

1) Summary

This study provided models of three types for multispecies and multi-
gears: 1) multi-species and single gear (Nx1), ii) single species and multi-
gears (IxN), and iii) multi-species and multi-gears (NxN). In first year,
2005, the Nx1 model based on an extended Beverton-Holt’s yield per
recruit model and biomass-based cohort analysis was carried out. In
second year, 2006, the Nxl and NxN models based on the surplus

production (Fox and Schaefer) models were carried out.

(1) TAC Assessment Model for Multi-Species and a Single gear

To consider technical interactions such as bycatch that is possible to occur
when the large purse seine catches mackerel and jack mackerel, the TAC
assessment model of the Nx1 case added two indexes [a relative bycatch index
(w;) and a relative instantaneous fishing mortality index (a;)] to the general

Beverton-Holt yield-perrecruit model. The two indexes were used to detect
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changes of yield per recruit of each species caused by bycatch. From the
extended Beverton-Holt yield per recruit and the biomass-based cohort analysis,
we estimated MSY and ABC levels of the Nx1 model and then compared the
TAC level of the common 1x1 model to that of the Nx1 model.

As a result of the 2x1 model, lower levels of ABC of mackerel and jack
mackerel estimated by the Nx1 model were 116,884 tons and 5,552 tons
respectively. The ABC of mackerel estimated by the Nx1 model was less than
that (128,192 tons) of mackerel estimated by the 1x1 model. We suggested that,
to prevent depletion of jack mackerel with small stock, a non-target species that
is possible to occur when the large purse seine catches mackerel, the level of
TAC of mackerel, a target species, should be reduced. The result obtained for
this case study accorded with a prior expectation in the sense that target TACs

would be lower when bycatch is taken into account (Ryu, Gates and Nam 2005).

(2) TAC Assessment Model for a Single Species and Multi-gears

For overcoming the limits of common TAC assessment based on a
single species and a single gear (1x1), we provided TAC assessment
model for a single species, multi-gears (1xN). As a case study on the
single species and multi-gears, we analyzed a hairtail species caught
mainly by the Korean pair trawl and large otter trawl gears. For
analyzing the 1xN model, we applied the general linear model for
standardization of fishing efforts and the Fox surplus production model

based on the Gompertz (exponential) growth function. From the analysis
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of the 1xN model, we estimated MSY, ABC, Ewmsy, Easc, MEY, Ewmgy,
and NPagc. Finally, we compared the 1x2 model to the common TAC
assessment model based on the 1x1 case and suggested the necessity of
TAC assessment for the 1xN.

As a result of the 1x2 analysis, MSY and Emsy of hairtail caught by
the large pair trawl and the large otter trawl are 31,383 metric ton and
138,504 hauls respectively. From the average rate of fishing effort (pair
trawl = 0.76 and large otter trawl = 0.24) of each gear, MSY and Emey
of hairtail by the large pair trawl are 23,778 metric ton and 105,263
hauls respectively and MSY and Ewmgy of hairtail by the large otter trawl
are 7,605 metric ton and 33,241 hauls respectively.

ABC of hairtail caught by the two gears is 15,283 metric ton. The
difference between MSY and ABC is about 16,200 metric ton. This huge
difference is due to a fast decrease in recent CPUE. Based on rates of
fishing efforts respectively, ABC of hairtail caught by the pair trawl is
11,615 metric ton and ABC of hairtail caught by the otter trawl is 3,668
metric ton.

MEY of hairtail caught by the two gears is about 25,184 metric ton
and standardized fishing efforts at level of MEY is about 68 thousand
hauls. In addition, net profit (NP) at the level of MEY is approximately
16 billon (16X109) won. Also, MEY of hairtail caught by the two gears
is about 80% of the estimated MSY and Ewmey of hairtail caught by the
gears is about 47% of Emsy. This means that, when Ewmsy reduces 53%

to reach to Emgy, the MSY just reduces 20% to achieve MEY. Thus this
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implies that current fishing efforts of the two gears for hairtail are in
overcapacity. However, since recent hairtail stock has been overfished and
overcaught by these gears as, it is very difficult for fishing efforts at the
level of MEY to achieve the maximum net profit due to the stock
depletion at current time.

NP of the pair trawl is about 17 billon won and NP of the large otter
trawl is about 4 billion won at the current proportional levels of fishing
efforts between the two gears. Also, total NP of the two gears is about
21 billion won. This result implies that the pair trawl has input much
more fishing efforts than those of the large otter trawl. As a result, the
pair trawl has earned much more net profit than the large otter trawl.
This result is due to lower unit cost and higher marketsale price of the
pair trawl than those of the large otter trawl for hairtail.

Also this paper, thought the comparison between a 1x1 model and a
1x2 model, indicates that the common TAC assessment based on the 1x1
model can generate biological and economical bias in general cases
except a rare case such that a certain species is only or mainly caught
by a single gear. The results analyzed from a Korean case study also
show that MSY (36,972 MT), ABC (17,548 MT), and MEY (31,542
MT) estimated by the 1x1 model are somewhat greater than MSY
(31,383 MT), ABC (15,283 MT), and MEY (25,184 MT) estimated by
the 1x2 model. More specifically, the 1x1 model overestimated MSY by
about 18 percent and the MEY by about 15 percent. These results show

that the 1x1 model can generate a decline in the stock of a certain
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species due to the bias of the analyzed result.
(3) TAC Assessment Models for Multi-species and Multi-gears

To build up theoretical approaches necessary to TAC assessment for the
NxN case with biological (e.g., predatorprey, competition) and technical
(e.g., bycatch) interactions, we reviewed case studies about NXN or NxI
related to the surplus production model. In particular, from papers carried
out by Flaaten (1988), Flaaten and Stollery (1994), Yodzis (1994), and
the Multi-species Assessment Working Group (1991) as case studies, the
theoretical approach of the predatorprey case, one of biological

interactions was set up. Major points of this approach were first to how

to add predatorprey coefficients (£ and @: eg., the predatorprey
interaction between the north-east Atlantic minke whale and cod and
herring fish in the Barents Sea) into the normal Schaefer surplus
production model and secondly to how to estimate these coefficients in
order to estimate MSY and ABC. Also, based on papers of Clark (1985,
1990) as case studies, the theoretical approach of the competitive species

case, one of biological interactions was set up. Key points of this

approach were first to how to add competitive coefficients (ﬂ and «:
e.g., the competitive interaction between the anchovy stock and the
sardine stock) into the normal Schaefer surplus production model and
secondly to how to estimate these coefficients in order to calculate MSY

and ABC. In addition, based on papers of Anderson (1975), Clark (1985,
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1990) and Dann and Pascoe (1994) as case studies, the theoretical
approach of the bycatch, one of technical interactions was built up. Main
points of this approach were first to how to add a bycatch-catchability
coefficient (Qi: e.g., the technical interaction between sciaenids and shrimp
caught by the gillnet fishery and the technical interaction between shrimp
and juveniles of finfish caught by the trawl fishery) into normal logistic
surplus production model and secondly to how to estimate this coefficient
in order to estimate MSY and ABC vertically summed for the two
species. Finally, using economic parameters such as the price and the unit
cost, the Schaefer bioeconomic model transformed by predatorprey,
competition, and bycatch was used to estimate maximum economic yield

(MEY) and net profit (NP) of each fishing gear.

2) Conclusions: Implications and Limitations

(1) TAC Assessment Model for Multi-Species and Single gear

The Nx1 model 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 (Ryu, Gates and Nam, 2005).

Also, the Nx1 model is useful as auxiliary and assisting system of the 1x1
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model. Thus, the Nx1 model can complement ABC estimation of the 1x1 model
by computing ABC of the Nx1 model. For instance, average fishing mortality
among multi-species considering bycatch caused by fishing gears can adjust
fishing mortality to the 1x1 case to prevent species with small stock form being
overfished or depleted when there are extremely different fishing mortalities
among multi-species (Ryu, Gates and Nam 2005).

In addition, the Nx1 model has several limitations as follows. First, the Nx1
model has a limit of estimating ABC by individual species by using the
extended Beverton-Holt yield per recruit model. Secondly, the Nx1 model does
not provide appropriate fishing mortality rat (Fagc) for each species. Thus this
model just offers fishing mortality combined by multi-gears, considering
bycatch inflicted by fishing gears. Thirdly, as models are a simplification of
reality, they cannot contain all possible interactions that occur in the real world

(Ryu, Gates and Nam 2005).

(2) TAC Assessment Model for a Single Species and Multi-gears

For problems of TAC allocation which can occur from competitive
fishing activities for a certain species between multi-gears, the 1x2 model
shows that TAC of each gear at ABC level is economically inefficient.
Moreover the 1x2 model suggests the direction of change (more pair
trawls; fewer otter trawls) in sector allocations if economic efficiency
were allowed to evolve. In detail, under TAC system, major roles of the

government are first to maintain the sustainable maximum yield of
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fisheries resources and are secondly to facilitate transfers of allocated
quota via rights based fishing to maximize the wealth of fisheries. Thus
the government should simultaneously consider both  biological
management system and economic management system.

As limitations of analysis on single species and multi-gears, first, there
is a lack of biological and technical information necessary to the analysis.
Due to minimal data, in this analysis, the surplus production model was
simply used. Secondly, the 1x2 model mentioned as a case study can
facilitate understanding of the analysis process, but the model has a limit
in not considering other gears commonly used for catching hairtail. Thus
as a further study, the 1xN model considering all gears need to be
analyzed. In particular, when the 1xN model is applied, one of important

methods is to standardize fishing efforts for different fishing gears.

(3) TAC Assessment Models for Multi-species and Multi-gears

Most analyses of N xN cases with the biological interactions have
ignored the predatorprey and competitive interactions due to limitations
of the statistic estimation on these interactions. However, if these
interactions relatively have a high proportion, such analysis may bring out
large bias in a set of TACs, such that the TAC of a certain species can
be overestimated or underestimated. The main reason for this large bias
is due to directly use the normal logistic (or exponential) growth function

without considering biological interactions between species. Thus, to
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remove misspecification problems of this normal logistic (or exponential)
growth model, the predatorprey and the competitive coefficients can be
added into the normal growth model. These added coefficients reflect
changes in stock biomass caused by predatorprey or competitive
interactions. These coefficients can be estimated by parameter estimation
methods or biological science approaches such as the analysis of stomach
contents. From the parameters estimated by the parameter estimation
methods, we can estimate MSY and ABC of each species, considering
biological interactions, and also can estimate MEY and NP by vertically
summing revenue curves between two species of each fishing gear based
on economic parameters. Hence, the coefficient data availability is a
primary issue for the biological interaction analyses. As limitations of the
biological interaction analyses, first, it is not easy to estimate the predator
-prey and the competitive coefficient when these interactions are complex
due to several food chains among species. Secondly, from the
complicated maximum sustainable yields of each species, it is fairly
obvious that determining the level of fishing effort that produces the
MEY in such a fishing gear is not easy.

Most analyses of the N xN cases with the technical interaction have
generally ignored the effects of joint catch, particularly when the bycatch
component of a species total catch is small relative to the targeted catch
the species. However when the bycatch component of a species total
catch is large relative to the targeted catch the species, such analysis may

result in a set of TACs that are inaccurate, such that the TAC of one
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species can only be filled by exceeding the TAC of another species
which is caught as bycatch. Therefore, to prevent the exceeding the TAC
of another species, an important technical problem is to how to reflect
the bycatch effect to TAC assessment of the targeted species. One of
biological solutions for technical interactions with multispecies and multi-
gears is to add bycatch effects of the species caught by other fishing
gears in order to estimate more appropriate TAC assessment for the one.
In this case, a main technical issues are first to how to apply the total
catch (catch+bycatch) and standardized fishing effort information between
a certain fishing gear and the other fishing gears for the species and
secondly how to collect bycatch data. In addition, if we are available to
use bycatch data, we can estimate the bycatch catchability coefficient
from bycatch and effort data. Then, we can estimate MEY and NP by
vertically summing revenue curves of targeted species and bycatch species
caught by each fishing gear based on economic parameters. Therefore,
one of important data is bycatch data caught by other fishing gears for a
certain species and this data availability is a fundamental problem for the
technical interaction analysis. As limitations of the technical interaction
analysis, first, it is not easy to collect bycatch data under real fisheries
circumstances. Secondly, MEY produced by the monetized sustainable
revenue curve and the linear cost curve of each fishing gear may occur
the biological damage of the small fish stock.

Consequently, theoretical approaches about biological and technical

interactions undertaken in this paper were largely a function of the data
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availability and the level of understanding of these interactions within a
fishery. Therefore, data availability is a fundamental problem for the

biological and technical interactions analyses.

2. Suggestions

As political suggestions with TAC assessment of the multi-species and

multi-gears, this TAC assessment can:

* provide useful information as an auxiliary assessment method to
current Korean TAC assessment model.

* reduce loss of social welfare caused by inefficient fishing
activities (e.g., overfishing, overcapacity).

» prevent competitive fishing activities from overfishing.

* control the catch and the level of fishing effort by species
between multi-gears.

e provide the optimal allocation direction of TAC by species

between multi-gears through the economic analysis.

* provide the maximization of the net present value of profits from
the optimal control theory.

* reduce biological damage of resource stock.

* provide exit criteria of a certain fishery which causes economic

loss.
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<Figure V-1> briefly shows a direction of TAC assessment models for
the N xN cases. When the circle goes toward the industrial requests, this
direction can cause resource depletion. Conversely, when the circle goes
toward the economic resource assessment system, this direction can
achieve resource’s conservative and efficient use in the long run, however
in the short run, the implied stock rebuilding can cause large losses for
fisheries industries and fishermen’s income. Hence, economic resource

assessment system needs responsible analyses for the damage.

(Figure V-1) Future Direction of TAC Assessment Process
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APPENDIX

1. TAC Assessment Model for Hairtail Caught
by Large Pair Trawl

(1) Effort Averaging Method: Estimation of gk, and q/r

The coefficients of (U.= q x k), and (- q / r) estimated by the effort
averaging method are 1040.94 and —0.00001316 respectively. For estimating

these parameters with data of <Table A-1>, we used Eviews 3.1.

(Table A-1) Model Summary and Parameter Estimates

Model Summary Parameter Estimates
Equation
R Square F-stat. DF1 DF2 Signif. F | Constant | Coefficient
Linear | 0.734189 | 38.669 1 14 0.000024 | 6.948838 | 0.00001316

Note: lIono = 6.948838 and Exp [In (Uco)] = Uooz 1040.94.
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(2) ABC, MSY, MEY, and NP of Hairtail Caught by Large Pair

Trawl
(Table A2) Estimates of ABC, MSY, MEY, NP
Criteria Methods Parameters Estimates
q/r 0.00001316
, exp(In(gk)) = gk =Y o (kg/haul) 1041
Effort Averaging
MSY Method
ctho Evisy=t/q (hauls) 75,994
MSY=[Y o x 1] lexp(l) x gl (MT) 29,129
recent CPUE (kg/haul) 140
CPUEMSY (kg/haul) 383
Korean Tier
ABC | ABC Determination | recent CPUE / CPUEysy (%) 0.37
System
a (%) 0.05
ABC (MT) 9,705
Market-Sale Price (P: won/kg) 1,519
Unit Cost (a: won/haul) 1,765,369
MEY
. . Rate of Production Value (m: %) 0.151
Fox Bioeconomic
and Model
MEY (MT) 27,161
NP
Emey (hauls) 51,000
Max NP (billions won) 13.8
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(Figure A-1)MSY, MEY, and NP of Hairtail Caught by Large Pair Trawl
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2. TAC Assessment Model for Hairtail Caught
by Large Otter Trawl

(1) Effort Averaging Method: Estimation of gk, and g/r

The coefficients of (Uoo: q x k), and (- q / r) estimated by the effort
averaging method are 412.81 and -0.00001936 respectively. For estimating

these parameters with data of <Table A-3>, we used Eviews 3.1.

(Table A-3) Model Summary and Parameter Estimates

Model Summary Parameter Estimates
Equation
R Square | F-stat. DF1 DF2 | Signif. F Constant | Coefficient
Linear 0.104451 | 1.63288 1 14 0.22208 6.022996 | -0.00001936
Note: 1Y o0 = 6022996 and Exp [In (U )] = U = 412381
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(2) ABC, MSY, MEY, and NP of Hairtail Caught by Large Otter

Trawl
(Table A-4) Estimates of ABC, MSY, MEY, and NP
Methods Parameters Estimates
q/r 0.00001936
MSY Effort Averaging exp(In(gk)) = gk = U, (kg/haul) 412
Method Ensy=1/q (hauls) 51,644
Msy=(Y e x 11 lexp) x gl v 7,842
recent CPUE (kg/haul) 165
Korean Tier CPUEMSY (kg/haul) 151
ABC
ABC Determination recent CPUE / CPUEysy (%) 1.09
System 2 (%) 0.05
ABC (MT) 7,842
Market-Sale Price (P: won/kg) 1,135
Unit Cost (a: won/haul) 2,196,907
MEY
Fox Rate of Production Value (m: %) 0.119
and Bioeconomic
Model MEY (MT) 4,381
NP
Emry (hauls) 13,800
Max NP (billions won) 1.33
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(Figure A2)MSY, MEY, and NP of Hairtail Caught by Large Otter Trawl
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