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SUMMARY

The ecosystem paradigm has emerged as the dominant approach to managing
natural resources internationally because many scientists have begun to recognize
the potential of ecosystem based fisheries management to improve the
sustainability of fisheries resources. The approach recognizes that plant and
animal communities are interdependent and interact with their physical
environment to form distinct ecological units called ecosystems. These systems
contribute to the production of fish, marine birds, and marine mammals that
cross existing jurisdictional boundaries. The approach also recognizes that many
human actions and their consequences, including marine pollution, extend across
jurisdictional boundaries. Therefore, the shift away from the management of
individual resources to the broader perspective of ecosystems has taken root in
many government policy and programs.

In the literature review, many scientific modeling were reviewed. A simple
approach for analysis of trophic interactions in fisheries resources, so called
Ecopath with Ecosim, was introduced to show the usefulness and complexity of
the ecosystem based approach.

In the Unites States, NOAA, the principal federal government agency
concerning the ocean, has actively worked during the past 20 years to establish
the scientific bases for an ecosystem approach to managing coastal and ocean

living marine resources. However, the application of the ecosystem approach to
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fisheries management in the United States is in the early stages of
implementation. Fishery Ecosystem Plans are the vehicle for expanding and
strengthening the application of ecosystem approach to fisheries management in
federal fisheries. In the other countries, the ecosystem approach to fisheries
management is not being applied evenly or comprehensively across jurisdictions,
regions, Or ecosystems.

The policies for ecosystem based fisheries resource management are based on
the following principles: 1) managing along ecological boundaries, 2) ensuring
coordination among national agencies and increased collaboration with local
governments, and the public; 3) using monitoring, assessment and the best
science available; and 4) considering all natural and human components and their
interactions.

An effort to broaden and strengthen the scientific research program is needed
to support an ecosystem approach to management of all coastal and ocean
resources. Also, the future research include the following areas: (1) ecosystems
and fishery impact assessments, (2) socio-economic considerations, (3)
assessment of management measures, (4) assessment and improving the
management process, and (5) monitoring and assessment.

taking ecosystem concept includes the use of other tools of management in
addition to fisheries regulation measures, such as stock and productivity
enhancement, provision of physical structure, or marine protected areas. Korea
should seriously consider to take the ecosystem based approach to fisheries
management, since major fish stocks are currently depleted to many reasons such

as over-fishing and coastal pollution, etc..



of

]

8
g HE
1. 7ol Way U =
o A MA OJYAIA0] A BRe Frix)Er s AR Maximum sustainabl
vield € e 70 A o185 1l A=
- &2 A9 BEE sidalA 60~90%71 oln] UE F= 14T riad
Sl 1eio] ofd
o MA & ojgagas HH 19 ol#] B=0lY (Capture fisheries)ol
ol Wit FA Lol 9;1 Aol olst Wit BT FAlol JAs=
— WtA FAOE HIESH 0113‘1 TR 7]7=0] QIFY ZFARAR]I Of A X}
A= IEAZIY] A&l FHal B85kl UAs
o WA= OlAXIY 119 o1g F=E Q7S] LS ojEEE2
ZE AR L}, 1990dtiol] S0] olst B2 v L A=
S A9 oI ATIHUOEE A=7HsT S

- B3, BolE B4
2451 A7 ArkE Q0] BuE
H

4T, O Holtd= dEAE 782 E gl ol Rt

~ WEty BolE

@ 7E|9 Yol T US

o APHOE TYUOIBY XA BABS BES S AEHQ Y
RAVEIE B o4 HES BYPORT AFHK LT Y= FAY

Soll HlRE GBE SAlo] TFoF ST}

— ojeio] dejA e 722t 7
= MEL=E Qlalo] deheil



o

TAAISI= o012t &2 oA ME@Fdeke HE FAlskeh]

o MEAE 1ES ogAEAEIE Adlste dolFiHIa A

(Revkjavik Declaration)= MEASIAS

— FES 2002¥@ QoMIZH A AFE AE7hss HES S Al
ABESY o= BolZHIA Ao Falsty] 20109 71X SR
A goHe g As 1 o=

o

ST o2 o] 7H) LeEa=E Qe SiYdE A st 2

I
WL oZ Qg m W2 ol sdAS

5 AHsE FES0] AIdEA AS

o T AS7RIY REUE oldXiABE s ALAHE NsEoR
AT = 0|2 HIBOE BE|STHE0] MEEOIHOL SOl Bratl
AR 2ol YNBSS AISIE AL ANR o

o

@)
v}
Ho
ies
kil
[N
fut)
rr
2
14
P}
[
o
ol
I
>~
N
N
10
el
e
Ok
i®)
[l
Pl
14
e
0
i

Al E oy 7K Al S A AlGEH
- U ol AlE2 dEiSE 2
T ETotl SHARIEY B

SE40] Bojxal A=

e
I
o
kG
ki
©
°
iy
™~
L
0
HLl
al
o2
i
[

o
Y
=

metA fElvEte] dE ol s sISA7IA '
flelAs LEHAE 785k QLasE Vs B

ot SHAIE 7IBIeE Gt AR #E Qo

lis]
[0
9

o O] 9] FAL oF7IK] LELIEA] ThA A4S /EQl MEfAIE
7IHICE Sl ol PAIEATIY =Al =9 sT= ekl



- =9 ARIZ4E Sald Feiviet A8 B dEAE VLR
st odxidae] mldets AMAIEAL g

e FE BESRAIY BdE4s Sd olFoA=
- QFAHIES & =2 =0l = thSHUniversity of Rhode
Island)& AFA 2 Hl= ST ]
Atmospheric Administration) 1} HEZH SHUniversity of Maryland)
= I’Mﬂ a4E 7)ds dEcty HA } | HESIAZ

1 1E =A| FrL 5’—< TAFEC A BERAE 7IHIRE Gz oA}

A (National Oceanic and

St =Ll Oi%lﬂ*% | 242 F= AR s VIEE 0)F
oFed g Id S FUAEIEAE 9 s AXsIA=
A<

ES

- O=0] 24800 &3 2 430 flal @871 ods

o MEZFQI OJQX}OJ*}EIE HAOIE FFA A 71 (Recruitment) 1 4

-1
S=2 A= Bl Bgle A AAL E= A2 F8ck= A
o) =1



vi

SRS
_His0l s
ARIATE] WA SR QARSI Fr} BEE

olpRABE = (NS EEHOE 02517 sl MAZ
szl A 2HE AANHE GHORL} ANOS HIFAT £F
(@]

2 WHAFALL B2 RANTIEH BES Fo U2
o BIEQ ALY VIS ANME 7%, AAAZol 08t AR

T, oAl et A+ S =35 atetetd] AHeE s A
VS

- It é‘HlB&E Ol TO_P QASS A0 Fall A= SEA L

o MEZMEBAA 7V thEd
HEolal o] HeoA dEstAl JdF

(Logistic growth function)E& 7|22 5}1l Y

o,
e
o
o
n
]‘__):‘
6
@]
-
(oW
(M)
3
(D
o
Q
&
=

o ZEIE49 = o Xt AFolgdl AoIA Al SF0
2 ojgielol deEy 8=8HQl St (Dynamics) & 1BI6H] FE.
8L o8l TEAIVIZ 0jFA ZdE, oo WE #Qlu H|S0| &
SHAl &

- Hel9 42 olEE U=SAVIZ nFA Hol met ol dxiae] 11y
Ao W2 ALEY S7IE A AKA I s0ld
HE2] E5 glOF Qg odroe HEAIVIE NELEA

Flr



Aol thet SeE 4248/ Ha0 E4gr= SMTIRIZA AR
= ZE old gt ALAA

el

2 ol &=
- 4l(3-1)2 olxtka1t olgAt ] dEHstE0] dlshs oAl ol

9 syt olFoldt= Ae Hos

oH® .
oy =U(=m=0
=U'h=m
m=— oH* + dm — adjoint equation
oX
=-mG (X)+m
= G (X) =6 —-———-Equation 3.1
o EEHOE FAHEH BHoAL BX] SS9 olgEu AHASTHE
sUE 1HsIA=
- Lkl ot o159 A33A, S EHA 78240 3 S=
TPshs 42 o|E5oE AYs|7t ofEy] nEY
— o A e A 4 B BIOIE TV ThseittE AlEdold
HEs FHEE FHo| 7Isg
- WEtA 81 A9 BE ofSAdlol Qlof FA ofgE FE2 B o
= S B4 FEA VIxzstl UAs

=]

oF e Vil



viii

Jf
>
2
OfX
i

o B0]E0]Y (Multi—species fisheries) ST 2t =7 == 11 0] A9
OES0| AZ AF8F E= UAPEHCE g F= 4 9gn|g
- E20|30jd e MESHAQ Q011 7|=F0l QRICE BRH
— MESHHQl QOIS MESHAQl AT ANZ (ZAIXIe} D] AR AT

g, A-, QAR 5 S)o] ofF= Aloldl E/ista A=
- 71580 QOIS dMElAlol ool Zrgsto] wet Bl sk=H &+
Ho= 282 o

o REEQ e MESA Q01 7|&=AQl Q01 7 ASJENS
74

- A Q2 JES9 42282 F 719 QI=S0] 586 &g
Holl wt 50130/l thgt Aejdete =&V e oel=

2, EiA Rl M2l oHXl22|9l JHE
1) HEfAIE 719 sl ojdAtade]

o o 01E5= olgshs Ol¥lE LR e 5015 I2I7F =l Eol
L Gl Al ol A9 aid AEE <19 4= HAE o= B ot
dlol BlE511 [s
- 18U o R7e dAE v &
ahs Asit=E 1 AV =

— motA "EfAIE VYRR she o= old§ SHAE S5l
ol TRHEIR=E 71ESY “WElAl T2 (Ecosystem management)’
o= TEE

o ’e;EHﬁMEl NE2 1972d Q17 S0l dst ~E2E 3|90l A A&
]

AAE &2 olgf 1992d RASENES]9], HErttd Ot



A =R 1 38s A

IPSE) o) b e=

~ AEIATEY HAS ABIN BRR = 7RIS ASHY 450
2803 8 = QTR SHAS SAAZEEH AS

1) :LHL} /‘“EHZHE 7 H}o

A2 BIYFI= S0
- FAOS] “MEIAE 7%
A7 A, 01,
S NBAAN A
=

= o= A=

o MEMO ojgIT= A

ol A HElA ATIECH= BV A

1=

Z k= olgddl= o{g}o]a}b E4 algAt

@
it}

OF ol= olgdel’ = oy ddsi ¥

g = 1E} Hlﬂl*lx} @Zﬂ—’?‘i@ gd&ck= s
oh et

e

AHEE mid oS HOE Ao }‘313 ol=aior oF—ﬂ &gsk= 2
- 8L SEAIE 7RISR ke olXid A= A E OE e EA

ol dej Aol &
oA SEiA el
4ol glo] HEZ9

2) HYIeA =422

& Qe GET ol T2 Qazo) MSlE o
=7 @FA UES S5 ZRE &

C)
SRR 0183RE A

o oj8) BE0| MEiAcl nFE Y HPH Fejot AEHRl FH=

Us & A=

- AEH J2 AtA

— I8} ol o] MEfA
st o|=351717F ER

o g9 WEtrEorE=
A7} Qa1, o
SIAPSI e

— AI=7HR HeEE EH

1

ol

OF Ho} gA SgetAL d7st & + A=
ol mxl= Aol g71Hel Fek2 88t

1 O o=

olst ks ESIotAU o Eot=t

ShelEs: Sl
ST St Oil:éﬂxl Fstd iU eA Y &

F29 deA o tRE2 A88E= ol
ASH =



- &gt old HES2 o X199 d4s 8381
ol YESIAIZIZI7F OlE R AL, OlEE AMESHY £

=18
ALt HejA &= diSsie A2 27

OH=E OIE &Y

A W8 olalal

Hq

oz K
:&

o F|Zol= HEIAIE 85kl Y= 4
At Hoh 48401 MEjA 2o

U=

— AeA XRoE AT HEolE BAZEYSHEE T} Ecopath
ol A=

— Ecopath2E12 F0I7 Al2Hlol| tist §EE Qo 5= Qlal o] HE
£ ARSTA MElAS TR0} V15 d8E T T M 58
AE ALkl o] gEe tE JelAY g=ix Hug 5= AS

A3 2AH =29 §F % AMAAHEH

1. =8 =9 &

1) WHuky

o 20H7] B SIBRIAC) TEE OIBOR Q1B KIIZH40} MENA T}
AZARIBA A7 AP0l N BES A0 BTHE =017 B
2
~ SANYUIY ol FABAALSIY0IH HHE okdTt 2159

SEOR MHAR JWOE 5= olgaisl BB ol HorSol
CREEE

- 53| ot} 212 sigdiol deiA §28E ARA2 A
=H, M1780l= it At 8] B 7ol Ak SgHe AT el

AW WIWES HBIEE =7

J

]



o 1995dd A8 RACEAAYE 2 ddSA] 715 HEN A

sigd olge =EE &
-~ ES oA Hoy, AR BE 2 olgindel IBAT olge
DRI 98

o 1995@ FAO FQ= oele fIsh daHe skl Histy
AR ST J™o P& Antal & = A=
— 8L} Agenda 2101LF FAO 3=
TEEO] = EH

o X0} 54k 2 A Tl HE MBI WY HlaE HIHOR £8
s A
R RN U e W ERL

o 19954 FAO BQIQE O]¥S 918 FSHHUE o7} 2

- O] BSTHES GEAE 7|HI2=E st o] MEd Asd &+
A= I7IKIS EefA AT dEES ES6hl A=

o FAOT SEiAIIFE S 2 |¥=9 =1 R0 BIFAIF17] 15
20010l SHLBEN ALY HQ=4H
— 0] g9ol A= L9 T2 BER Y 0| SHW 42 st =4t
QAT ZO] B GE2 FHo|FH|= HAEE AE 9
SHIAH IO A ME = ASHAE A

- C=0] 0] dlEe & ofdAT]o] dejA AT QaE B= Lolot

o
ox!
0z
ol
o
2
z
M
ol
32
N T



Xii

- WA 2= AlA ik Ao gaks d8shks S8 A LEA

3) WSSDe} UN2J9|

o 2002 Hot=Ze| 7t Qatl=H TIolA MEE AEH7hss e
= 2 AlA 919 oA oldA= 0] MEEA=
- SEAE VIEICR sl olg el A¥e A= Eal, siged U
HAU= ool Ast YolFH A S &ilstd, 20109 7] 8
A Hode e d1g

A=

o O iFEY FUHE2 AFACE YA E VIRICR st olgd
BIE ool Algstal AX] @il F= AR BHOE I o2
== Mgt Aldstl A=
- Ol= B2 =7k=0] ot 7HA] Alefell wet o] el s H552
= g7t olg7] tEY

e}

o T Y5O BEOIFS0] et BElE 197690 HS AZE 5
199640] SHE W £ E BB ED El‘ﬂOﬂ =2 oEFL AS



- o] He ddst] flaiAl 2 A9 S0l wetor & =77I=A1E0] nkdE
o] A=E o XFo A= HoiRE7Hs diE2 dess 2
ads AEelA shtel xidolut i SERIZERH g + A=
SLF0] Fojok sthal BAlskal A=

- B=0l FrolEs Eéa}ﬂ el HAu A= Vst g 28le
% —

o m=9] =g 1}s2 3] (National Research Council) 7} A AISH A EN
AE 78RR sh= ol el o= “olgs ATIE ujol dEfA Y
EE 784 2 A AHlEES 196, SE83s8HE ol oltks
535 245ty flstel 2 ZEfis deAY nAUS
(Mechanism)& Olsligl= ZoIth” tal Z9 &

- O|HE dEfAE VIECE St ojATIE flste] AYATIA=2
FHOIE0] £ HolAks Wl 3], 712ete] iy, o7 A4
R|eke] A, olglgs0] o FA T O MAX ol Hixl= S 52
Jsiof gt

o FZ 0] n=AHLE AL LS (U.S. Commission on Ocean Policy)=
ol st HIAME BIEI S
Olo] WEH MEfAS 7|HIOE = oPd3BIE eS| 9

OF LTS} marine zoning & AR

B

R

o

l

o Hl= L 71= (NOAA) 2 21HI71E {18t AEH| A (Strategic Vision)
= TEoiH R =228 &8

A 47
=3 VI2ollA T dejA 71 AT E FHRd 9= 88
s

- O] U7X
atol 018 243y 98 w86l s
2) EU
o EU gl¥=1 =E90]9] SLeE= A= 19974 34 JI9E &



o oy} SEEA Sgloll AsH
gt O] 29 = WEAE VEteE

AEs AMYolA=

- S oh= OARIA AT @ AH S YF
== AAIGIGI=E 56, old, &8 B, HE A A8 AxE S8t
g ol = FH9 WSHEE olg&s A= 5100k Sthal XIAGIAS

o EU= 2001€0] ‘SSo1d2 9] nigioll et HalA" & BRG] &
I A V150l tiall SHE A4 B2V BEgE AH5IAS
— E5 ojQl0] SSOLEA ] SEESet HHE ZAlds ofEA <t

SZIEAl O QRS A&6IA=

3) 7t

o AT 1996 QY WElA Belol B 1EES TG A
- 0] He SHAXSA Mu, EG1A Y L o|dA™ HOHo o|2S

o= HYTY WS AU OIYHES 51 AS
Azg Qo a-% 7%

o 2004¢o] Mutt USRS SHAE VIECE Sl= oddT
UteEs Hdal ATisio dHAY A, Vs R dEEQ sjYE
89| dquality)o] HFrEolA FAEES st A7 2= Z9siA=
- TS GEAE VIHCE ol SERITIE flote] 1719 HSEEA

& (Marine ecoregion)S A& sIE S

I

F

Xiv



o
folr
N

o BFE 19989 Yol Wt YEjA BEEW okl BEAAS
JBOE S QBT BT AS
- QEIAE 7BIOR She AYABSY 2 PElo) BHE RE FYY
SENE WEE KNS, D) JF HolZ TS el A0}
QP2 HESN, ZE FYEREE0] A /152 s 6 BL
o BEY AHEE KA St A
- 2 seEne Fumel o@e 98 YA 2 B ZAK
A2 nEas
5) 71et
o HBBEE gHA BIUS Fo By BES 41 US
- B 259 AEA BE BES 885k IE S A4S
— L ORI B9 HEe] BE 52 WOKI 19639 OIQIHE MERA

o Q]

At
ol

3. H|<FAt

o
0=

£
© jar £

£ 7|HICE = o dATIE A &SI

5
k=l
30
1jo

C

TOFZ2]719] 19984 S E

Qo= FEMES 19904 OJHE
el 2 7IBIC R St= oY ATIE SAl

He defA doiet uHAE

K=}

ol

11 A=

=

o
Ar

MO FH= ol BElE O|ZHOR HYBVAT BES

Aloll 01 9] olol: FAIGHA siFE=E O]¢AQl ATd

=l
N

ol xd
)
ol

1HOZ= ot 71 Aot o) =7iet X9 2]+
7IERE she olgAlE ASELE kst Ert
o] AEE olgdATiol MR Eelste] Aldaial

1124
il

ST
®
I

il
JE

So

=

i

A

[0 11

o
2y

¥ rr ool
rlr 0 rlo
> = 0

oz
.
P
<

=0]
10



1) gt BeAl FAlel 224

- S Feboll BAIE S A TET dHAE LR 2 gy
o YA F=

o 53], LTIUEY] dF EA Zeld olES0] FH= M 2R
OF o]0 thet HEjAIE 7|8CE Sz oA T Al FE=1LY
=

e gamole) & £ AS

ol

2) H7]E9] M

o SHFHERAIQ} 11 Q4

S BaEsn, Bus U 142 Sdso s 29

il
)
1©
N
ol
bl
0z
fol
i
g
il
H
4
_\;_L
©
Qi[
rlr
“
rlo

o XE7H] M8 =71 B= =Al7I771 SX8 HOHZ= S56] 2t
@EE HS A~ o

= == T =
- mehd WE71s9 sHAIZE BEIAIE VYRR Sk oA E AT

st=tl 2 d8=0] 2 -+ s

e
ol

3) OfletAIoF &

ox

&
o MEIAIE 7|YICE = ORI BTE Algsk= A
o, U5 Ao A AES Eote A& Ao 4 sZ2s)or & 1
A7t B

- &g TIpie S8t AT Aldstal, 2Q §EE AV fle AT

W
)
:1?:’,
P
1
ira)
all

Xvi



S VNS She oYX BT E B
222015 B0l HIFA Bxlol = BYIHCR

=)
fol
o
2

G

- Ju A7182E £ off. A 7IEICE s oYAAE= o
AR Aol o] Lotrtor & BEilol= E8l0] flal AlEs) &
- Q= 019 (benefit) 5t AEE AY
o ABHOZ WStE ZHOA JEjA A 2E e FEot, oy
HE 2op9 "ol 9t g 2 A7 8olsithE "ol A 34
s 21 UAS

- I8y o] =72 dHAE VEeR 6}5 odr A= B8
Aldaor 5171 Hth= dEfAol Ash & o=
J= E5E ool AIBE = Qlg 89 53X = A6t A=

M43 BEHAIS 71908 o= ojURIdaEe = et

1. x| Hefel ExF

o 2Lt MEiAIE 7IH2E St oA 3T ME e =5t
flaiA= A PEUSY o AR AT ol theh g=6til g
Q] QlAlo] EQst
- QU 2AE QAS BiEoR SELet ddol T MHAE V)

HIOZ k= olgIRIITE Belo] £ 8 4 97 2
- 20| HAS /IHIOR Fh= ol B SAY oQBE +0E
Al oh= Aol ofltt SE71H2E MejAIE Jldich= 7HE ool Al

=0]
2

® XVii



Mo FHEs 80t Helshkes Aol HEd

o 2TILEY] o ATI= AEHLE 01/\401%194 *5‘47}31% ZLe=E

Abe 6}1:}7} 19991_—rE4% ogEgd=s %KﬂoP” ‘%6‘1%015;‘%&’ ==
TRl do] AREH AL A=
- T20] AFFAZEAIRY ABCE QZoIxAY, SHEFAY S&

sl AdEal s

o oldrtd A rHE d40 it EFE EE FA gAAH s
Ql ZtAT| ot ARHAE LR s & UAs

- AigA]ol= A B8 A, O8E A, JIed A, 2T

THIE Essial YU
- A A o= 8838, o8ad, AIEEr, vtk 580l =
A
(1) ol A

o G XA 2 T ol =HE A E fldl §7HES, A
OFAIESZEE, of HAEA, old 45 St €2 THS0] ALS
0|8 sI7Hr= @8 - A9 ol2d 28 2 ol #d8de
THEIIR o8 sE StE Aol Aglele A
- 28U 719 s7HE = Ak dEiol thet 113 glo] 485 A1, T

THTORE NHENE AT 0@ gl JESHA AT
ze O 4 £ul B8 B9t 9

o ABEZ AT 5171 B0 HE0 tEEQ ofF B8 A +uY

— O =F0] ofE e ™o Hig] B2 A= B7HEo wet ol&A

2 712 9AIGH] 216 a0l © Sl Asi7E SR6IAS

- O34 OATIAIAl O AT ERE ERBICE o83 L7} AZESE SV}
st A=

Xviii



o A OjRIES0l OJFE AFETl Ao =R ATLE B71A
Ql FOEHE =¥ S5 16kl Fil JYFC=E HrstA AMsE Al
A= 48

~ JBOIE BTSN OJATEAE of PAIRA TiE H480) 71%0)
o} ATl €0l B % AL

- WEHY ool tISt AMORE O TASBAE) EHES BRE 9
SIME o F AR Bl B4 &

o OEEE Al =T F JH tiBEQ Zo] odAEY

- oldAE 2 oEsE 24 ST AaE B R £S5
£ THa| flgh +ELE AIdEIA As

- 8L AR THeE 2AE AFAI=0] A|IXY] B BEE
WEHE Th=oll 9AGY Aol +EEAl AS

- E5 §R &0 ol EFoIE H olgle SHLE o TR
g3 51E MAlsEth= fTIUEH ojdojglo] il A= =il e
A0l ZAIE odadEE Sold si&sid= SHol doittal & &+
A=

- olddE g0l ddHQl o EEE daAlYI= Ao : 27
Stal |/ =011 9] At ol =B = FAIGH] oA, AET
A0] ofd B9 FFALOl Qo] FABIEAN AAXQI of
SrEy AASWE ATV olEe 438

- Wt 4F O ARHUREE AS8e 7RV O SER JsH 7

Aot BAEIOl0k 5tal, BI=0] AHAIG Y 53E AdAc]ol SH=

Ol g=sie 287t s

- &6t 48 BEa= 540, E8X90 thet TR A 2R AlA]
Shal, HaE2 ol &+ B OhLTt old E, s 28HE Ol A
OF &t

=]

oF & XiX



° OEIETA B TACE LERTAO o) /8 49_1 SRSt

XX

LTILEIY] B HErE A0l JEEHA &
ol AIE AMEENA 2004E S 770 ool 97H
O gl AAIFI A=

- TACAI == SQ ATItE 0Bl thet 1eHd AHARALE HIB 2=
REAQl of=lo] Thsstes Ealgogegs AAlske AY

- OB 7h8 71=E) & 5+ Qe ARE £80] At E ol FojRIR] &
= 8% a4V B 7SS o ICH, olglg &€go] o]Fd]
AR e 2ol = G712l 880l 71538t of Aol thet R84
Ql ggkol dlstE & A=

— WetA TAC th&oldolLt of Sl thate] da&Ql AteLt FHol &
2tet A F7IEE 0] EEOj oL 611l O] ol&5t0] dl=Eld A=
WS TACE e + AE 5tojof &

[
Qo O

o g Fomo o H=

TAC 8FAI= 518018185 o2z
S50, SA

k= Jlse

H=0] 289 A= S5 % 42
SEIUEH OdRISE 08 & = Ql=
Z}2k9l 70| nE|ojor g

=

1]

St
=

sSEe E3

=202 o

Joll ojiRle] AdZH] W} XEE A

5}
=

A

g

o

¥
Hlo

A<

e
p—
-

v}

12
E
pal}
o

o

A=

%
fjo

> 00

ok 40
oo
0%

>

1o

=

QI_[

N

)
x

e
[l
P
0.

0z
o

o
e W
o
Qi[
I

QI_[
2
[0
9

oyl
I:I

H1 ot

I rlo
ol

SYHT HEHIEA 2 5to] A AE ol Wt TAC
o] ol 2227} A0l Soigal met ARIS]
Soldth= QA 2 =N AEEd A5

o
Ol o
[t

oft
o
H1
Of
>

ol



cxell

k=)

, AO1E

Ald = ALH

(=)

=

A & EBRI A
2 2], 207, 20171 S

[si3
=

o

5t

HOo=z2 @'Oﬂ
@ 718 7
o O&oIT A

5 % % §5 ¥E 52 By
w0 ™ o W o _ﬁ s
2® L R TR dx omy @
T 5 ° % Coyooolg Ko
w X ¢ B om w0 Hd oy
o B o & Ha o 8 KA '
o re) Hl ~ re) htr.._ =< ._mm_ ™~ O_D __JOM_/ 1o
A I L < AN B
| Jjo m| 7 N R o o T T

T S ® 9w i = & b o O &
__mo ) T o = e N5 g 00K
® M S o R gy T oo
H K 5 o X P XN W
L o T BW ppggIEBND
0 X& = wir o 7K o o W,o M. KRN g K
© 29O NS m@ WD p, WA

re) —_— 1_._ .1_||..ro "IN 0 K
il o 3 ol 5 & . zmo&mwimo%mo
U 2 AW o TR X Aol X )
= o) i) 1o T OF S 00 o F .

2 b Dow g e LBE DG
TR WERERIgSN SCm8a W
] porlyRgo g _®w S h L
towmos exbelagm iy 2FF
B T FREP W o _Bag gt
T O® = pEZropmB wEZEY_Gw
S afyg FowHEEuiN wE L LTz
Bom . ow TAa P g g e
M = oa daurm i T @ oe w o

O O
S

oF & Xxi



2)

(1)

XXii

Hut SelHo] ShAE u S50 ol&schs oIt &S0

ZH 7= &

- % X SR 22 9E B ZslEE xSl
A= 7129 & FHE OISAIEA (RiEdTolg #1es]) 7 xked
OF AFE + AXE SE QT A= dslstojor g

Az
gz

o A Y 2ot & eddt|rHd= oldds), AEMd, sidd=E

A, BE A 2 ISEHQ o7l *

> 2
Q2
0=
u)
pe)
=
[
o
W
oo

)
o)
H
ok

- U o|H sl AIRIE S it ol &to] Q= Sh= AIOIEE of &t
ol HEAQl X0l o=



of77F 7WEk E O Kok

]

(2) oEzM
o HEE ZHAAS 5 SAEY AAEQ MASEE AlE5io] AE)
A=A, AFESH 2 ol A58 A= 7Ise 7K s
- AldAIdo QojA= AEEY S A=ss SAAKCE LH 4
AlEHoF St RAIFQ! T2 Qlol +=HE Il Qo thAolE thel
WEHEQI RANE H]ES)

- WA SEE 2de fIet X ARAL S B AlE ot
1, Al 2 dBIAIE T 2 Al 2= Eelctd] Exis ASAAE

2715l RALE HXE &85l A=

— T=0] AS01E HAIZRA] AZ0=E Ald o]F9] R & ek
ol tigl S=8t 240 AAIEX] et &5l Al O] AIE0] Ol1F| A
ASAEAIG Y Syfol theh E40] o2 8¢

- AR E B LE AI-EY] fsiA= BitEgAR | ke

A1 A7 2 Q3HH, HHE Edol Bz @8asA ox
e B EAPE Q8
- E5 A30x Ald= diSal thet olgdeldl thet FAHE EEG
gtal ol SEol tiet SFEAXE FE & A= FAAAD +-
Y 18 e S HEc YO QZojx7} olF TelFofHok &
(3) XHEE7

o ZETNY] FQ el SHEF A2 VIE=0dSEE oz 2

F o XXii

=]
_|O



Asl s U6l oldass SHAIZI= Aol 55
- e 888, AHddE 2 gt nixle et B SUEEAL

— WA Aol A BLHE AZshal RAH tiddo] =2 Jojg 88X
gtal Z X199 g g8 s 1Esto] ASHE AolA BF3HA Gt
ofor gt

(4) HIEI=SY

o HEAIE V2R Gl olgA AT] BEA = 1 LEURe] 71E
oAl ofl Qo) 7hE 2 2ME2 ARYHE R g6t
of O|E HIZ LR Z1aT] F&o] SR F Kok gl = &6t 97
ol thyolEe AlQstils AHLE7PE At = O] FOjAIA] Fal
A=
- TS0l o 7] =0 BEE R S0] A E VIHeE R

718 2% E8XlolMor =t EMle 449 +EE0 HEHCE
OIFAA XIS sl=auE Juist sl=tl AV A=

1) 4

rH

A

o E|UZIA BENAE 7IHICE Gh= OlgARATIE TG {6l
A= MAZ=7F nfaE oo g
- 5, OlXIgATIE ZET HAHENAE VIHICE ol SeHE &

XXV



L Qe S sgad
Ll

% QES ol 2o Aol i B
293

- n=9] ol E HH, m710] HEZ JejA Q] ATIE A QS
) SR chet 2pt A1

o HENAIE V|EICE Sh= AR ATIE T QA= AT E3
= dsfaiofr g
- 53l, SSERAL HEARAL AR RAL AF2H31et &2
718/71% HUHEo] &gt A7 EQEt
- Jdu ElUete] dds = o A7 e T AleE2 0l
gt SEAQ s vEvlde BES WOl Il =
1, SEiAIQ] yEolt HEA J Astoll thall 1412 HefAlE 71t
= OlAAE 7 HEHOE Tslds AtECE B

|
[ rO
Oll
"

o HU
Oll

Blo

o WEN SUHOT BQE T HoOIRA TS0 Ml KIS A7 =

T A=

- 3 HAl=, ool SiEEfAdl nxle gake Olsial= @—TL 11,
= Hll= oH FAE A Q] SEiet HEde HUHE sk AQ. 0
HIOE HE ORI AT 7IEAEQ A Bl that @
019

2 B0l 79
15 AEHOR ol 71Tl 4 ORI T Y= ATANE B
il B9 + Y A2Y TEE B

(1) ofgdo] MEfA|f Djxl= &g A+

o dEjAE 7IEeE Sh= o XA 7 Y] fIsiA= ol
ol gejAol mxl= S&ol the A7 st

Jol
ol
Offt

=]

OF @ XXV



=l 7
H OFHET €4 =EA &+

o A=) tig stE ESAE S A1E o] 2 ges n|d
- olgg EsHalY Qo E= olFE EAO FEEE HESHH O}
AXRALS HEX, O8]l 711 22

iy FExE9 Faghd, At
S8 7189 RAdsE S
- OlHiEl EEHIT RAS2 AT FEX 9 M 8¢ 0 gt
ZAl Al Eoor &
- FELEF AZd o138 tist AE 8IS HIuA 5| 61
=

fleiA= Hoh B2 A% dds Heor & AY

o
lly
1
X
1o

3) SHEA A

o LAY ATIHRIE AT o WEHAQl FAE JIERRE 5lo] MElA
BAE 89asloior g
— L SHSEENAl A= LU= AT o] Q2L SEjA B4
of tist BErle &t HAEE FAV A=

XXVi



- —rﬂlbh’i@l A% S5 Eefiske BAE ofE9 BALH 4ol

4) 012 Folot =AIE

o MEIAE V2R = ol AAE 7 R EY] fdiA= ol
=9 olsi et SE0] 2R
— OIA7IA] SEIoA=E tA d4st HEAIE 7IEC=E st oAt
2] JHEOoIXRE o] 7HE 2 A== KIEA TelE dnishk= Ao] ot
Uzt Zt2te] 3] sd=ss SR Fdole SAld AR/ A
AR7F H= SHAE 1186k }%1‘_?131% sith= A

— &g Pl Ak B 719 olE2 EA gl oB0EE
STV BEjAE 7IHIRE she ofgAd A= 17 &7
=0l =AREE S Zalstolor g

—

2 sh= olangagd o
SHQl T 25l Y

- 3L EAIE VIECE ke oA ATV &% FEI0F Bl
deolgt= Hols EEY =750l 95kl A=

o PTURHE BHE =71 HIAVIRIZ YEjA|E 7I8ICE 6l ol iRt

AT E BF sl A2 od 7K S4EQ mer 2ol ofHE

- Wt STLEl EAE 7EICE gl ORIFATIE T/

fgt Fe AE7IsT MEe 28 MAZES oA Axst
201082 VIR F7IQ @71AQ FH BFe= LAt &

o 7| FAUYEY Fx= 2010@ 7H] LTIUEE 4R 3ol



BAE 7|2 E Sl oA ae] e = #RIEe A A

_|_4

3 252 BOT S MHAQ) SAS KHA)
= (@A)Z Fsjolo}
A, LTI ALBE SB AEEE £BS SHATE A
ZHHOE AANA BB YHAZ 7NCE = olgRABES

O
e AE 7IEL=E Gl= olRi AT HLE. =l
A, SEiAE 7R She ofg At ATlol Qs dFE 385t
oo gt
Nz W AE 7P R ol odde] /EeS oIS
HAFHCZE Ol AIAHOF T

) B

XXViii

|EYeNe)

o FVIHCE MHAE VPR = ol ATIE FU5H] flahA

= 3, 58 7kst Xlae HUBE Ags &880 2 HQ7t s
=A, SeiA zrol A At T FH0| B FE SAldl s A At
e 2gslal ATisle wEHEel SeXIATIAAE 2=oiof &
AR, Ak

olLt dafoll= HEfAl 71E AkEedTAlILBE BE0A of
RIS0] ATIFA 7t HolAd ZEATiof] S o&8e ojdod
oLt mFeoe, LFAloe AR F9Xls 7Kl Al +
A= siofF g

- UA, QF 48 st el = deAE et SHCeE HEd
a

A Ao 88X E FASE AIE 4 A= HIOEZATIALE S Bs
oot &t

- A, Zallole Z9EENA 718 TACRTIAIZ' & BHE0lA =7t

(B3I A9 =A7|7H7t AeIFA7F FHolA F= Adal old
ode &L= Adlsle Bets B Zo] Qs



Mg 28 R 84 719

o ORARIAS] Hol= =S TI8|al A, Algl, A=Al SHe KT X
glelal Aof AT1Y] 2WE TKIFCE LR ZId= oede dol A=

- T=0] A A7 =2 F1 48T 29 AE5Hel 448 6lal A
T Bt ASHCE el = S8add met ATEHeS 2

Z-z|ojFor g
- 53], SEiAIE 7IYIC R Sk oA Tl = 7hss St MEf Aol A
oLt HE ASAES T8 o 5h=H], olEe ASAEL oA

A BsHA Breld QA RE

o H=0| LEILEHY o] =1 HFHERAlol theh kA K44
F2 = 1 O 2 JHACE HHAE 7IHICE sh= oA ATIE
Tslol= ol &0l A=
- U SAIALE 2010€71A] SEiA 2R S ofdxiddelol =

sk Ag A6t JASCE RELEE TAIAISY] YACEA
OJFE Tiolal, 2| =S XE7EssH RAISH] [l A= A
AE 7IEICE Sh= ot d] el HAXolE & + A=

o Lt Sl ’“XOHH SEIUEtl A9l HEAIE 7RIS E Gt ol Rt
gl 88 AT E Hestke L= Oral dsiAFel kg
OF oldfatoor g
— O 72 olgioll EMlichs SETH MEfstA SHgoll Al oio] GEefA

nxle ekt defA Halrt ol doll Tl XA 2 S&a 2
olaial Lt "zt deiA HEE oAt ol H&d Liotrior

o} &t

i=3

)
09’1
o

o WEN BAS RAS BAH0 EQECE, 87150 £
4 %:'iEHlﬂ% MOE Sie olRBEIE ERslolor &
o 2

5‘%‘@% UHEH] fIsHAS ol

x

i)

@E‘ﬂ

=0]

OF & XXiX



o BT 21t RTIUEt a8 Fd] T0ig = Q= d2 tE EE

- 2A, LU= ta 840 d
R NES =AlsE Fasd=9] AREd=
sl GA asilE

- SR, MAXIEVSE &390l A 2 =7kS0lAl 2010€7HK] el
FoHES Toitial Ash] mEt fTiveie 2 dgolA AMAE
87 T3S VIE=E GuAE VRS Sk oA dE] =
Ydels nEg - 91%

—éiRH ke %HO@K}

gtod olal

]J_X}EE /\}%% T A=

- ORXHCE =l ARt ae] 259 24
4 oldntdT] g 2Rde B4
dac] g3 niEe] AVt E & As



A2

A

rhu

1 970 WeY U =X

A AA oAt R Fate A AE7Fs ALk (Maximum sustainable
yield)S Wi oA o] 8= 1L 9lom, 1980 oA 1990W7HA] BH=sHA| o
g 39 v 250y S71eFGED weba] Al oAfdAge dA Ao B
E algellr 60~90%7} oln] FE i nAETk s Felo] ofut) A
A & o]gskS B 19889 o] &0l (Capture fisheries)oll )&k AR
A=) Qar, Falof ot AYake F7F FAel k. wlebA] FAOE M5
ofe] FAZ|FE] A7 THARR] oldAAS 35A17]7] Sla Fehd] =
gatar et

a2y FAdE AGAY 2] Yele T2 Azt Hwdt o] o s
olgf of71¥tka o7 o, 1990t ol B0 o]2jdt Azt uiHa gt} &
], @dojF o] ojdaidHEvte g e A|&7set Alls GAIsh=|
AZE ek Qo] Sk wet Eqojgde], o Yopike AuAE
Hko 2 3= ofxtel #elel Fae] uFE St
olggh sfrielel Ak falsfdHol 2 Uehdt et BE 57t o

ol

&

7

)

1) Alverson, D.L. and P.A. Larkin, Fisheries: Fisheries Science and Management. In C.D.
Voigtlander. ed., The state of the worlds fishery resources : Proceedings of the World Fisheries
Congress, Plenary Session, Oxford and IBH Publishing, New Delhi, 1994,

H1E ME et



3 e A A thet A== o] S vfetsof ghrkal Aaakal JlaL, o]
AuARR FAOS] Adlofgel gt P5A|7lolA tha] Azstar St 2
Hog ‘T’_]r%loﬂ%«] A&A Qe 288 she el ogdAdde= o

A48 o= AR gFaL glom, ofgje] HEjAle] Tx8} 7]l
AA= FFE T aLgsfol gtk TiE o R ¢lAo] HetHa vt =
A= ofof 2 offixtdde]e] JBEASE tS FAlstslr] 2fsh A
£ 13k o]dAFYdHE](Ecosystem-based fisheries management)E HiL3H=
dlol7H| =2 A (Reykjavik Declaration)= AelsHA| =JAct, &3k 20029 &
shilaM2ollx HHE AETFse JiEs fIgk AAIRAEE]el(the World
Submit on Sustainable Development) o4& ‘o7 AAS 3F1s)e]
2010704 AEiA] ASHE =Y Zi% ?i_’ ataL giet.

SEutete] odAtdE ofy] 7HA] QAEAR gk FEA st 3 %
Jolgog Qlaf wig- 2 el %049,1‘:1' olglgt AHdE 3EA17]7] Hat
of ofe] 7HA] A el 3 AL E FeEo] Al ot v Al
7HA1e] SeluEt oG X}%”EH** HetHom ?'r‘ﬁ"ﬂ T ol& Hg
o7 Helgdse] AAHA L o Betal dF Zafjoly tholgs
Alefstale= AR 77E AR o] Fof Z]?q ol 511
S40FS R ogdF Z2 offFs sk TS Adstal 3l
o} O] azEE oS FEATY] fal QleolRAK B
S o] 7 AR S Ak Qo o]d AlES AHgtH o s s 7Y
A At Hol eole 7ot AejARte] FHA Y are glo
o= Fro] ag/do] Holx|aL Stk wEbA feuehe]
< 3EA7IAL BEARl #HYE HdME AU AE sk 8AES
S8 THH R 1Btk AEAlE 7Nke R sk A E9o] dasitt

o] Ao EAHL ofA7A] fElufetellx] tha Aad ZEel AEAIE 7]

L

)
o
ol
e

I-l'U

r 1r
>
I~
o
=
b
roh
N
il

0

2) Gislason, H., M. Sinclair and K. Sainsbury, Symposium overview: incorporating ecosystem
objectivies within fisheries management, ICES Journal of Marine Science, 57, 2000.



wow skt ojgrATele] FAl wel S ek, ATe] ARy
Fato] el Aol B AEAS WO She oA =Y

r& mlo

2 ANIA Gl ek, £ ke Br)HomE FAMY Bid] Biol
2010970 EYsHE AS BEZ @ Pebe, T8 ofFole 47142 33
WaFe At g
2. A7 Wy

B ATE F2 PR RS o olTolon] AFARRA F

nl=ro] AlEEA L Zroldds ﬂ]i}(UmverSHy of Rhode Island)Z 7=}
2 1|3 &Yk 713 (National Oceanic and Atmospheric Administration)3}
W=t &H(University of Maryland) 5 ZHA] & 713-S WEste] SRk}
dgstal SulellA] 78 F gl ARE dgedte] EAskelr =gk vl A
HAE 7o 2 sl ofdatddte] R3S el B FAFeRH T
SASFE o] FTh olfdolm IAF B AN AHAE TRte R
SR ol Bl AuE es 2As 24 s e ) olkia
Qe BHL FE PP ARE 7|2E o] Folgow WAl A

SRS ALY o 8L FEser Hgol BAATe £EH 2w
5 A%a] 98 Rkl oe s,

H1g ME 3



(I8 1-1) 947R7 SEE

A Y

e
Ho - UEE
C
e »
T IA IA
M =<
ﬁﬂ ~
oo
i =
o e
=
h ‘,HDU
I <
o
X i
il Ho -
i ap
<0 -
- =
ML a7
T -
= k
- e
N
) .
IH
.
: e
: n i
7 - -
al 3] 5 5
il
2 :
3




A 27

SECRE

xq%xqo] qu}% a_;— trolojz —’F—f—oﬂzﬂ 7}°‘(Recruitment)3ﬂr 3%, A

%—6‘}&1 Tﬁgﬂoﬁi QL1‘/}(<Zl‘j/‘ -1) %}Zi) Tet 01‘3301] Ol%ﬂ“ T
2 S A & FiEo|il, B FES AR Hi Hale Al AY
T A2 AR Al ok 22y #Fx), Edk o]l ot o]g
2 HJojglog gk AHsH wslx doftar Slrk. 53], A o
*l‘%ﬁ K2Rl FAHR1 Qe VA% gt weba] 2 l Eo] a4

95 dfset AEA] GdolE AN Brold EAReR A
A A Qlon, tge] A&Tbse oS A Sl AeiAl Ak
THARI oG] WA 029 1A HeH(Paradigm shift)o] b FzEaL
Act.3)

.I[olv

3) BorolglAle $Al3tel BrRHE W Sol A3 AkEt Qouk o} AgsEE 5
o221 sla 9t} Sparre, P., Introduction to multi-species virtual population analysis,
ICES, Mar. Sci. Symp. 1991.

H2% 0|2X XM es



I Ecosystem
I Environment
I (E)
| $
|
Recruitment Natural mortality
: (R) —” FishStock [ (M)
Growth (S) Fishing
! (G) > —> (F)
|

AR e, 2002,

(A8 2-2) MefA| oMo &2 AE

Ecosystem

Biotic anvirnonmantal componants,
Abiolic environmantal variablaes
[climate changes, pollution, ...}

! '

Multi-spooios group

_[F'\-npulnll-uﬂ } { S :.

mnbETE@Chon IV on MU“"QFQQ'H% GIrCLI

Papulmbion [~

-'rr- Propiilateon
(RS ML F)




71E8] oA AS EeAeR o8sty] flste] WAl el
A

AE AHE FHomy dHor vitAd £EoR WstATI,
& AN S5EE ol gk dwb o JiAlE 59l Al
2 A HH, bkl Aol ojsto] )
ol sfate] ARFCHIF7E Al Z7hErt ol A
o] Addor FA=E Aol olge] FlsAA At olgh 7k
T2t #7heny meba) A9 AR debd 43S A1
o WEL 7RIsh ARl I3k ARlE, oleApel g Al 5 A
el wigol ols) ARG e} AAHoR ojeld 25 e FiRol
z3)9ls A B0 S E dake W B Aoz el ol
o g}
$=S1+A+G-D-H

=, o= 8 27]9] AdFS)H v o Z2719] A% (S2) Abelell= 7Hl
FA)eE 7RA S Aol mE soid TG o3k Ae| F7EalH A
APETHD) B ol el] oIt ApdaFel ol SlgH ()l o3 g lo] 28
AdHFo] gl BHYH (S:=S)hH A+G=D+He] #A7} JH=o] S7ta
A Faglle] A7t 2 ol 27} ol & Je Fol VIeeE U
R H=A+G-Dot}. o BAI42 ojglo]&2] 7|27} He 4oz of2F
(H)E AdHEF] A+G-DHE FHsl =, Ade ek i
YIS FAITE Svjoltt. ®tek, HL Ttﬂiﬂ} =9 S¢S0l Hol AL

4) Russell, E.S. “Some theoretical considerations of the overfishing problem”, J Cons. Int. Explor.
Mer., 6, 1931,



X
(o,
e}
AL
rlr
)
(o,
o
(e
offt
<
(e
(e
Al
rlr
5
[40
N
EO
&om
o
)
re
Pes
=
ol
Pk
2
ok
Pad
ol

A ol(open access)stollx o] 712221 =7 Al = H(Bio-economic model)

=o= w0 2th, AEAA DA 7}
} o)Z Al Ao] 1E-27(Gorden-Shafer) R ot} 5 o] R &3}
Aol AArde gz~ AAsk(Logistic growth function)E 7|22 &}aL
AT, AHAHe]l F7H= FolRl #3H3IF(Environmental  carrying
capacity, K)stoll] o] GAHd = (X)# aLf+24d7dE (Intrinic growth rate, r)ol] 9]
3 AAE 2oz B3 thedt 2

X
G(X) —rX(l—E)

AAEHX)0] Xysy Bt F AolE ¢ (N & oxt} 2ha, 2dEko] Xysy 2
9 A} geW GOE xRt =AY 2 Aew EHEIM

oG G
8720 for X < X, 0]:11 a—X<0f0rX>XMSY o]q_.

5) 7378} Gordent s FY=SAL Shafere] o] F-E whr WHHskIrt. 1952 4l¥= o=
S7}ell wet o YA AT (Stocks) & TF G AAFelN e HH, T FagFe odAt
A4

of A& rel do] gltkal Fsltt. o]o] 1953 1EL 49e] Aads
2 ofeiAle] AHolEFEE AN, = Fele] oldAele] HHo| 85Tl BB
o #4-& F MSY(Maximum Sustainable Yield)ou, #8373} =91 52| A7
MEY (Maximum Economic Yield)7} #Zjo]-g5o] Hojo} gttt F43]9]



SollA AFF=o] AGALe AR (Renewable Resource)o]”] whizol
ukekol| o] Fgk(H)o] AFde] =445 (Net Growth Rate)2t} F 49 A&7}
s 01%9— A2 glok, oA Zliﬂb?"} o} A e] gl o3
AgEng Ao AFEY o85S 2/ FoW HgE AYFES #
WA A&EH o7 o8 & F U ﬁolﬁ} o714 G(X)= e B4

[e]

-
A ARE Jelgusold & £ grk FHo2 B, ol

D
i
rlo

>
o

X=G(X)-h
e BdS o83t Aol digh Aws el YERE, X
A 5S JERR AL, SY(Sustainable Yield)= A|&7FsdF Ak EE 0@#
2]

e, 283l TRE 7 o]t £l FoldrdS vl
23) Fx). TRHEAL ofFe] U3 Hxt7H4dl sYE st

giekoll 7}A o] 1ol2tal 7gshd SYFAe TR A} TCE A¥3
FRA 7 Folgmegk| et 8-S FAEHL Qi

Folgmgge TRENH TC2A o] thik= A, 5 EnclX 43& &

gheko] o950l Eon Tt T B2 Oigiﬁi’.%*—p: TMAE 78S FH8o]
FTolFET AA Eolfo] 47t HEE Folgdmis selA| ¥t v
2 Eoath A7 B APolls T7dol FH8HT ol Fojgmeks 7t
2A71A] 9831 EoaZHA 7P Z3A|A|th (Economic rent)7Hd-S ©]-8-3k]
ol Argabd, oAt e AR AAES 7HAAL Q7] wiEel] o E-2gk
o YL I nlgo]l dxdte]  BAANIE  FYAE(Excessive
capitalization)®] FENZ ¢33 L= FE7HA] F7Hs) webA] EoaolA A
] THE olETh Wk ofgmggko] Eo BTt A oH oo <la) WAy
T BAANZE 0Bt 2ER Q2 ogmgfo] FHET 2 ojgxd
o] Eoaith I AAAHE 05t AA| Hol o]gEo] A EL A= o
g EIlehe | ofdle® <l o=k FofErt

M2% 02 HI 9



(a2l 2-3) xFeojstel Sy, TC, & PECS)

A
Yield
TR
 Busy. B Effort
Xoa
Xusy /
Xuey PEC
X
v

Fepdom EashY theat 2ol ek 4 gl

EH—] _Ez = ”[Ph(X ) CE]

> t

1714 Et B AREO whE o &gk vehdtt, 5 2 R 099
ol wet olg:=ge wWIes Yehle 2% uEv]E|(Adjustment
Parameter)©] 3L, ¢i= @9 o] &i=gzke] u|-golt}, nheke] molf(Net Profit), =
Ph(X.E)-cE 7} ol Fojd e 2Auletnly vl&o uet 271E A
oJt},

6) SY(Sustainable Yield)= A|&7F5A82-24 ; TC(Total Cost)= EH] L34 ; TR(Total Revenue)
& Zo]&=4 ; PEC(Production Equilibrium Curve)= AAHFEZ4 02 Folg =gk 353}
= A9 #¥85EE Uil Qi



HAPAEAE & 7 e o] Eusys BAA oS A= &
, EMEYOHHQ BAAUNE Evsyd] AAAN R 7]

o= oAt Ol%d T Uk &4 7} 00] H=

785l ghate] AHES 7\}—01 TR MSYE ZBAZoEE 3541 o]gwF
o] 7]l & F U} Loy o dt T B]%”‘ 73 0¥t} =27] ol A
o2 &S AL Ewey/} HL A7) W A2 XueyZ}F HE

AEAH 0" AHY “5P°1W* 2o aE2%l 0|8 o gk Artas
7F Fosh FAHAL JoBR FolPddS ofute]e] H2o] we} Eoacl
A Ewsy, S EmeyE O15A717] $laixe ol dmegbel gk #el7} Fasict

A 0 Aol oAb e] AA ol 8ol QlojA AlREe] SFe whE o
ele] Melat &S] Fe](Dynamics) S LEdHA| &=t} o]8S th24]
2 0 =9, oldl w2 HeF H]go] WA Hrt, dlE £9, T
B olgs TR vFA el wet ﬂﬁx}'ﬂ«] 37 ] w}% A
Fo] S7ER Qs ALAN7E Soldtt. vlEe] Aol olgem
Fs AR R8N sojus vt dF 59 FY=d
gk oo} 22 EAo] WAYEA Hot,

o]yl TEF TA M= o]} Zo| AFde] AZHA Hijdo] wE #JI} H|
£ WS agste] 7} 21719 ofgRS At = FHA oAt &
g4e 2 A1 olgdeln dolA At BAHIS ol ol
shgo =M olFojr,

A e B4 AEAATES A st ge BARE W
A7 22X A8 ZHH ) (Net social benefit)S sl Hlolt), 2oz &
a8 2Agrs) v g

2 4
32
¢
™
=
=
tlo
s
ST
Q‘E
_‘N re

Oo>J

Max.NB = j: e "Uh)dt

7) Plourde, C. G., “A Simple model of Replenishable Natural Resource Exploitation”, American
Economic Review, Vol,49, 1970,

H2% 0|2 HT o1



Subject to
X=G(X)-h
71 Ut #AH818 Weke tehla, 0% o482 tehla vt wd
& weslel] i ARl dat slde weisAl stk BHEE

AE QK Hamiltonian) 32 ZESHH olee] 27 ZAth®

H=e"U(h)+A[G(X) - h]
H® =U(h)+m[G(X) - h]

o714 HY & @A) A b, me et s Bk
geze thest gt

oH ¢
oh
=>Um=m
oH
)¢
=-mG (X)+m
= G'(X) =8 -——-Equation 3.1

=U'(h)-m=0

m=-

+ 0m — adjoint equation

2312 o2& ofAtde] AgHskEo] dA|ete oA oae St
3P} o] Folit= RS HolEth

(29 2-4)E SHAAEl(Steady-state, X = 0, m = 0)&Fol|A o] HZ A4
(XS Kol HAAAZFL 23,1004 HZo] ojz&3 ojakgde] A
E, & 4454, X9 71718k v Aol s Aol (2
2-5)2 HAolgHh")e] Folg dA AdFe] A LFRY W A
Xy X"}t Ao ApdFo] HARLFET A2 BHX(XHE Hro] HolF
3 ot HAALZHXN) 2] 7, AL AAE oA “B=E(Golden Rule)” ©]

¢ (X)G(X) _
p-c(X) = o]g3fe] X*& U 2oz xFs}

do ot o off

2 pae 4o 907

8) Johnston, R. and J. Sutinen, “Uncertain Biomass Shift and Collapse : Implications for Harvest
Policy in the Fishery”, Land Economics, Vol.72(4), 1996.



W et 2o

X =0.25[i+1<(1—é)+[i+1<(1—é)] +8K[i]]
Pq ' pg r par

(28 2-4) HERLY

A
Yield
GX)
o
\ . >
X Xy Stock
(22 2-5) Hzojizel o
A
h
X >X
X=X
h* >
X <X
Time -

9) Clark, C., Mathematical Bioeconomics. John Wiley & Sons, 1990.
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HAEHOR AATA TA N E &A] golge] ot AAs7He S
A of] ojFke] A, SHFYEA T #
2 o2z 07 MAWalr|7t o] wjoltt, ey A
of Akl 2] Bl HloE)7E Tkt Alg o]l Bl HH o) g
7 -

FAo| 7hestrtal & ¢ Sleh WA dA Ao BE ofFte]dl glo] 4
ol FHL 9 o5 TR BHE FAA 71xstaL ek

o] o2 ol olF2 teR itk weEhA HgrolFold(Multi-
species fisheries) 2|2t —,—7H T o9 ofFEo] M2 HH4 e 1
Hog g2 F= AL Arigtt olHd g AeE T FeAES
gk ErolFoldde] T84S QIAsh] ARk A2 1980 ZHTEE 0]
T} 10)

ool AEsh el Aea8-2 Arsl=tl slolA F 7119 84l
O & 77t 7hsditt &, AESHQ Q%19 71eH el glloltt, AEdHA <l
ale A=Al Aok (ZARe SRt Feakg, A, A4
TE 50l oF= Aol EAStAL Stk Aol #e] Sirt. o] ‘3%5”‘4
F3 Aol Bdo] He A e hdd ﬂ%d
I R o] AlxoRE HY B B2 FEo] dojuo] HoldAP} /ﬂ
= EgsH Oﬁﬂ Je AISEFZHAIR ekl ol BESHA a9l %
A 2de] AdeA ofjde] e e 4 EAss Aol

ol9= szq 7IeA9] 8912 sk Aol ogo] A&l whet
gt aeja BEsHH”l ajlelMel 2ol 7le#el alle #dEHe F9
F7h S7Fetel wiet v Ee AT of B olF3t Ao 7o #

>4
o> 2

10) Pauly, D. and G.I. Murphy, Theory and Management Tropical Fisheries, ICLARM Conference
Proceeding, 9, 1982,



o 2
Q3 71%2) 29l 7hol B2 ALt web] GERRe] AS Fa of
F5e) 45Agol o F /M4 29 F oa: %o 1—c Al 700 of 4
Foll= of % 74He] agigo ek

*4‘5143:1ﬂ1U1(L1near programmlng)Q 0]%”}— Ao}, o] o 1974 &
MG LB (ICNAF)7F AASE 7 o] s Al o] Axo|
M ZF ofFddl FEEYHTAC)S AAsHA Sl A ofFdd g
TACE 7t o]l et TACY] FEu AA AAgH v} v}, 2l g2 W
Ho JfHo]Ee] ARFZE BAsk= #Holt}. Beverton and Holt (1957)7}
7P 1A dB8TE Ede AARE of#l, Houghton (1981) o] Rd& 23
AAA 7L P2 EEoidel] thel A8eF3iaL, Murawski (1984)=
Georges Bank EZo|ol| thall B 7yt 2dls 4835130
Shepherd (1984)+= E01 o] 7IddAskey 2dlS siukshHA | 2=k 7}
A% 2 o] ohfe} FAESNE of wals] T Pikitch (1987
A Fe] A1 RS A, of mldAE ruz UE o
NATE ARESloH, F71=F, AAIRHARl W, 2ejal BEar|e mEE =

1) 70 w2 o)l ool §) olZE: A9} @ ool <7 o] o] F0]2 ] Fite)
olo] B ooz <8 A4 ANAE WAdl 5 5
2) o=, wiARo] A$ES $uHo sl B9}

BEe ofdsh 498 & 4

o ANolFES
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Aol w2 9 5 Ak o] Rde 28E(Oregon)e] AMF ool
A2 Eodth H, Spencer et al, (20022 FX Hgs] AAFolgel] B4
A i #gste] AddeEeE AAsit

2. BEiA AROIMO] ojARtAT o Y

i—

=]

1) MEfAHE 7|22 Sl= o YAz

N

ofe] oJFE olgshe oYs fﬂ }o 2 g Hold delrt ESiHo] A
e A Holxe] 7 ojFE 7] 4 IAIE o= A% ol whedst
Ao}, 71E9] ofjdte] WA ool A Wl JFE VA= B
AE FoA o ks etk 2§ ok ARAlE 7Y
sk ogHele ol eAE S537] fa actEAE 71 A
#2](Ecosystem management) ¢h= - EC)

AeARE Nde 19729 2fF o] B A5 3]9(Stockholm
Conference on the Human Environment)ollx] =5#]%] X] A5 w2 o] 1992
f-Agt7d7letkg] o] (the UN Conference on Environment and Development), A
ET}FA g2 Convention on Biological Diversity)ollA Hx} 1 245 <l
gato} git} 13 AejAlde] o] Al AbsjelA QR sk 7HXE AGA<
FEo2 Al d F JE=s AHAE A7 ok w=gk YA
Hele EAS A o] 8 Esdlvt IgkelA] 2 BE #H o8-S #E
s}, Al AA 5 FH A Helgith= ofnl= ofuth 15 whebx] A7

o

[e)

—_—

rlo
i o

i

13) Garcia, S. M., Zerbi, A., Aliaume, C., Do Chi, T., Lasserre, G., “The Ecosystem Approach
to Fisheries. Issues, Terminology, Principles, Institutional Foundations, Implementation and
Outlook,” FAO Fisheries Technical Paper, No. 443, Rome, FAO, 2003.

14) Ibid.

15) Larkin., P.A., “Concept and Issues in Marine Ecosystem Management”, Reviews in Fish
Biology and Fisheries, vol.6, 1996,



o BEE A, BE EF ABE0] Tfel MG Ao Bad v
ARGE AL, B, BEST A9S Folo] RE E3 4 g

nEsha, AR, A5 A4S fA, IR, FeAsh BEe Kgt 7bs

[me

2L ox o o
e o me to o

2
40,
L
P
=
s
ol
ﬂF
a2,
ol
L
i

T AEHAE 7Ee R S ojddtels oldolele 54 YA ol%
S5E deditke SHM A delEvhks v AldEta & 4 3
ok FAOS| “YEiAIE 7o sk ofdee] = ol #uste] AejArt
2%, olf, 8 3 e Mulag Al AEshs EHS ASAAM

Sl Bt oljel A1 oA 2 9 Y 5 IS s A 2EE

gt LS T AR BESRE AS onietn, Al ofe) &
< 7 Se dEe TR Bl glole 2B HaE s 24w

I A= Aoz FHE R g Tt AAUR Wkl &
g 7ML (™ 2:6) FAx). P A =3 4 AeAek AEA
el 3z Ag Bl olg AeAleh et S easyt 28Rt wEbA
g2 FHEA el shtel Fddolr] miEel ool oJF Akl
olgo] AejAlol FF= A= AL FHsI.

HAEAR ol BEH A oM Folxl A= E oAt
< " ojud o s ArigkE offlsfof sh=AE AAshks Aol 1
2y AEAE 7o sk ofdAtddes A ot e Hfdl A
EiAlCl v Qe S old whE AN HEkE oSshdA e
el T3 474 vddS fAlstas BAA &40 glo] AAwe] it

A9e ol g3k olch 17

16) The Ecosystem Based Approach, Joint Nature Conservation Committee, www.jncc.gov.uk.
17) Each organism maximizes net energy equal to the difference between energy inflows and
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(A8 2-6) =2[H2l Hat AAY

TINEE DD Wy e
ST rEFAIE PR e rmma oy

SPALT ROCALL

YL E T E LT I LA ETHAL THTE AN I reTAluhi I il TR G

EFTECTE O T T FIR FINEYILR-TLANE Eialabail Bl Adk Fide
FINHEERIN Al ST BPFFEIEHCTIS ddE o PLEULRTIOR §LLR T arp

TIME S(CALI

A& : NMFS Pacific Fisheries Environmental Laboratory

AE) e e SAALBYAINE BUolE B BaolEpel

A EE el ofgh o] 223 5| golgee] A4, Jelw o)g wuE Y

s FAJshe A TP aet 71 olgdddelshs D ofed

A0l AN S 71X ek, AR TAeke} ] A

97e ARsron nEsEY SRS AEs HATIEA ol
&

SafoF k. =, AEAE 7oz sl oAkl de= AEATE 717

A FASIA AR S T5e S ARt FEG 5 9
% olzte] BES YUTA, AABAH, ARH 2 1EH SRE B

o2 Fgo] A A e APA Feloh A FH

outflows. So, Net energy = Energy from sun +Inflows- Outflow - Respiration. A maximum
is achieved when the marginal benefits of predation equal the marginal costs of predation.
John Tschirhart, General equilibrium of an Ecosystem, J. theor. Bio., 203, 2000.
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[eXxe]
T 5 otk o2 Sof oABFOR AT N2A ) %ﬂzﬁﬂ Lﬁ} 24, o1
= gET RorolgEe] of g 24, ol % AIED o8 she

%0 |
=
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TZ0| H3tE EEH‘S}@H Al YFAlY FERE HMFA7IHA O volr}
A & AT A 249 Hals xE i vk ey dAe) Fet
FEoRE ofEldt IS AYgsletAY dlSsht AV} AL, lSgtt &t
tete dlSdate] FAA s FeiAl] Behado] Ea)git

AF7HA 7R A o] iRt A ARTE o] 2FQl B F
2 AFHo] gt o] mdEL ) Jio] EnEE 7 AR EdsiH,
AEA AAE £3FA71E Ao ofdet dFETRS E3HA]7]7] wlizel], o]§io]
AeiA PXle FFe S8 skl Fahdh oled RERE 5 ¢
Anderson and Ursin (1977) 223} Ee3Fe] Laevastu and Larkins (1981)
wdo] g} o] RUEL olde A dael P92 olsiaiA) L &)
oA Sl 27K A9 5 oI mARE B Aok W
Al glem e e sjode] QA7) ofif, olse 3
d7) 9158 olstaAn A @ae dSe Ae Bk,

Aol AuAE FART Y A% k) BAE 9% Ao
sk w4879 A 2ol i 477} A s AT e o)
ol e e BT AR 3 Eeopath 2] T,

18) Larkin, P. A. and W. Gazey, Application of ecological simulation models to management of
tropical multispecies fisheries, In Theory and Management of Tropical Fisheries, ed., by D.
Pauly and G. Murphy, ICLARM Conference Proceeding.9, 1982,

19) Polovina, J.J., "Model of a coral reef ecosystem. I. The ECOPATH model and its
application to French Shoals", Coral Reefs, 3(1), 1984., Christensen, V. and D. Pauly,
“ECOPATH 1II a software for balancing steady ecosystem models and calculating network
characteristics”, Ecol. Modeling, 61, 1992,
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Ecopathi2 @l =13 R dl(mass-balance model)o|2tis E2]&=H ke
AEA Yol EAlshs 9 $(E2 5 25l st & Jeie} 5] Wels
= FA8A, o] ot Hsks iﬂxﬂ o] Foixl 717kell thsf 3 g HenA <]
FHE JFHoz Ayttt o] AL Christensen and Pauly (1992, 1995)0|
o B THEHAL, Tt HrRg FAe] WUl ol 5 AHA
o de] §-85a glon Fsh HTde S35 A28 (Farming system)<
HAsR=HE AgHa o0
50| Ecopath a2 Fo]zl Al=Hlef] thgh RS gokst o gle e
2 RS vt Qleh &, o] BAE ARRA AEiAlS] 729 7eE A
T ookt AEA SRS AR o] BES o A gEHE ¥
W 4 vk, 2y} Ecopath®He Aej7A] 9 739 AA davks
of F7] Wil o] SE3F7] $181M Ecopathdel o3 AejA S4AE
122 FRREEY AR wWE WEs 24T 7 Jde AHA 9%
(Ecopath/Ecosim) 2 @lo] 7= lc} 2D o] Rdle 7]Eo] Rl o5t rdls
sESs AR BdEA o8y syt Ae Aol mX|= mlEe] FEFs
Algglold st AR = . o] A2 mlE
o% g} /\]%ﬂlolﬁﬂ} 63 el BstE A
=

E

Iz

N

IIAE el 2292 g2 dsl=d ‘top-down Tt ‘bottom-up’
o #gk 7Pd-E AdeaiA AAeA Ao ARE 5 STt

20) Dalsgaard, J.P.T., C. Lightfoot and V. Christensen, “Towards quantification of ecological
sustainability in farming systems analysis”, Ecol. Eng., 4, 1995.

21) Walters, C., V. Christensen and D. Pauly, "Structuring dynamics models of exploited
ecosystems from trophic mass-balance assessments", Review in Fish Biology and
Fisheries 7, 1997,

22) Pauly, D., V. Christensen and C. Waters, "Ecopath, Ecosim and Ecospace as tools for
evaluating ecosystem impact of fisheries", ICES Journal of Marine Science, 57, 2000.
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FAA o] BR U AR

1L 2AH =0 5Y
1) edntd

20A17] & aFAt Y] HEgt o] o= gk Ak A 3kt A
ZA A A QIZEe] s FollM o] Gs-& iAo Stk w=oj7h SAkET] Al
Pt frasFHE ] Aol w2 el wAT TAES S UA
sl stwEo] Qoi s Falel ZaEer & Wadt I 2 Al
oh29 et slobd ekl AFE BAN A AAAE Aoz e of
daele] 7ol Eus] =oHA] 4o ATt whebA AEAl HIol ¢
AR ew gEler), A5 SPAAAS Defse] Bl At o)
& ol wjAlgh e oyt

SallsfefHEer o]E F-ols s3] o](UN Conference on Environment
and Development)olA] zjel¥ o}Alt} 21(Agenda 21) 5¢] JgFoz AejA
£ 7|9ko = sh= ol Bgh ofe] Yoksol AHEIH. 53] oflt

12 sfjdeldd AeA HIHe AR AEatsl=tl, A7dels e
31} At el o Iidel] #et F3A et oA HIwE HEsleE

gore A4 ANL Adsta, 10 Aol 38, AUke] 45

23) 1982\ frallaf ok
9 AFAFH EF] Bl B3l eIt SYTEY] 87 HER L skt

,]Z/H
24) Ibid.
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axple] 3& OHL AenAo] g 2 S AR (discards) o] A, EE9]7]

= o
2 Aol B 1y (destructive) oHe] 4 & Hete] & TS5 uF

1995Lﬂc>]] AAE S-dlo]= (Fish Stocks Agreement)-2 3| EA}
o] 714 HEH 3184 A O]%'% ERE Rl Qiok HEgh oA AW,
BETEE 1S 9 oG] 318734 o8-S tFaL glon, FoxE0]
B ES] S Heshal, oldatde] A&A o8& BAs] fIgh 24|
£ Adetal, a2ejgk Ao HA o]&-& s, A 9 EFTS L
o =AM AEA H2Hs AHstes Fefst d
71 Foolgtx Fdst Abdol disiAe A e e 24
e e 73¢] dH& At

1995 FAO A= oGS st A& 11H(FAO Code of Conduct the
for Responsible Fisheries)2>) oAM= AejA| HIH = AHAE 7HEo =2 3}
= ogHeE g3 Ao WAy 2 UNEES duetAlE Frh 2y
sl ool Histe] AeiAl #ejo] ol 233 3l
sllets Agenda 210t} FAO AQI8E oGS Hgt B5He HA 759
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25) 1995 FAO 9= ods H?\i YE 1 (the 1995 FAO Code of Conduct for Responsible
Fisheries) frlalodd oF 2 frdll olEAAPAH BT dke] 1482 AFAIA 44
@ @=ol(capture fisheries)TF G2l that HAAZ BAAZ <12En g}
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o] gl= o™, 1995 oAt FAL AA HlE=7Ee] 7} AlgkH o)zt
AR FAEA R AEAE 7N R g olfduele 9xE AAeld &
7} moketttal & 4 vk 2 9fo] AEAIE 7INIe R sk ojg¥e]d
] 71ofgk of 7RR|e] IAzoF 9 3lof7} o] FoHTH(RE 3-1) FH=).
A9 g B 7 71T oA A HI2HE HlaE HSHoE aaet
Aoz d#7l 1980 d F=3lkA Y BEFF (Convention on the Conservation
of Antarctic Marine Living Resources: CCAMLR)2] geFa o= AYefA &
ool Bolet Hols AHes] e A4 4L vt ohk AEA ZYE
g Z2ado} o HIHS Axstl ke AR A A2
AFE|o] QIS Wolrt, o] Yok ol wEH st BEAtH] AE P4
A1 AlTt7E (recruitment) & sk 7 olet= /WAl 7} 7

AR BEF pofof stal, XY, o 9 A% AT e AE
FrAB ok 3h, A AF2 QP ATt S Bk Tl R 3 EAIA
of staL, mpA=o 2 Gy A e HES BAAY, HELR Qg YFe

oE Hispehs HE A wet dsjor gt}

(F 3-1) EfA Mg s 2 IH3(

3]9| e 2 A3
3% Hol WEAY 2 ofell WA= Jakol| | $4471919] 3F LAYl st A&} 59
#Ask FAO 7]£3]2)(FAO Technical Conference

on Marine Pollution and its Effects on Living
Resources and Fishing, 1970)

1972 QlfFe} e At ~EZE 3|9 | S ZHoM Y AIAITREE e
(1972 Stockholm Conference on the Human | B £3] Zukdel AejA ] 2 AeAE 7]
Environment) Ho g 3= ol Jide A=

ofdeeltel sk FAO 7|=3|e (FAO |HY ¥ oY 9 &5 ofgt 491y 534
Technical Conference on Fishery Management | of¥-2] Holl A M2 Adae 2
Development, 1972) Erolg 2ke] #Alel disiA =9
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e 9 2

AA - B43 pde B H93(World
Commission on Environment and Development)

o] 9J9s]7} #AZ8E Brundiland Reporte $F
2314 Tpde] aE ‘%}ﬁ 53] Azt &
, AR o], % %7} A=,
W B ﬁﬁ]”ﬂ] SAZA} AR}
of et @E—% e UE

o 2 o ont

1992 HETIFA] ok (1992 Convention on
Biological Diversity)
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wil, 83084 olg 5 Basha g
I BRI ol 3 A} Hel 7
3§l ABTbge SJEste oikkel @9
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£ AR 7= 7. Aetdele A
tlopy, Zrhoky SAA Tlopy So| w3,

Aetidde] HE2 e AdAE 7t
OS2 k= ofelE skl T3 aaeld,

Security):

e} e o gkl A3fsiAd,
A Z B = ?’{} kS 5] o
woltk, E ok 1982 ol Fokel
SYeHE HEe ofF-E o AU Bt
ESvsss
AR AE 95k o]ge] A& 7)ol et 1 | B A AAlY ARt Sl o< 7]
E Ao (195 Kyoto Declaration on the | &gt w5 Zz3lal ogxde] X8E4 7
Sustainable Contribution of Fisheries to Food | & #]3 o] Y& AL

CCAMLRo|9Jdx= HES| o] A FAYP7]|F =A] LE:0]H 2] ¢ 3](the
International Baltic Sea Fishery Commission; IBSFC), 2ES|Y3HH H 3 9

3)(the Baltic Marine Environment Protection Commission) 2 ==&l 2FErA}

%194 3](International Council for the Exploration of the Sea)= %
2 A E(Baltic Sea Regional Project)E ©]3J5}7] ¢I5te] #&slar e}, o] =
JE= 20023 9EFE AR HoH, AHAE 7HoR s dele] £
Bal7] ffste] AHEIT HE=

A e Al(Large Marine Ecosystem)E T/J3F3L o2 AEAE 7]
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8718k CCAMLRZ} IBSFC ojolli= A|Sat7] el ArAlE 7]wke
2 3 ojgisels 5us] wES oWl Sl FAVTE A g 4
2] FAOS] & ol mherl thie] Aol ege] AbE Fve s
she ojginiel ol Auzt o|del I HolA] X3k ol R 1995 &
AolEAR Fo] AE7) o) o] AR il 19959 ojFAHel Fok
o) e ge) B T4 moke A Foke) ol Belsh nEo] B
& F8E Adsta 7] wiEolgta g2

1905 o) Az ARE Arme )T TARNEY TEs ol

= B 2 A2 Y3](Commission for the Conservation and Management of
Highly Migratory Fish Stocks in the Western and Central Pacific Ocean)

T2 gk o] 43| (South-East Atlantic Fisheries Commission) 2

AR olwok ]9 Y3 (West Indian Ocean Fisheries Commission) %
o] Att. ol5 Xk A7 AHAIE 7IWFO R sl ogte] dHE E3staL
J=tl dE B, 7 IATEL oY E K oS =t 3o 8

FYEAY Ao mAE FFE HLSAAKE OF-E THAAL QlH olF
Aok B3 oA HIRS A8skes skl Atk dhollA Awdh A FHof
2 3]0 oldw= AHAE 7Ivte R o= ofddtelel B A A e
(&% 3-2)} 2.

)

=

26) FAO Document, RFB/I1/2001/7, Ecosystem Challenges for Coordination between Marine
Regional Fisheries Bodies and Regional Seas Conventions.
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1971d TAHeE Fagk FAo A Ik

19731 HEA71E] A AN He FA

1979 opB| o] HEo] Hek 2 FHoF

1991d ATHEE

1992 Transboundary watercourses®| o]-&3} Rz o #3h AA7] Fof
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2

1995 FAO A= ods A% Farle ot 4dd oz &4 &
2940z 46}@1 oleelE shofol Bkt Al Bl A1
= Stk o] WETEL AUAZ Sk s o
= mu A7 Bel 945 TR S,
AEo] AAGEIAU e Folsl kA S-S

3

%}o S 7 gtAIEke] AEA AAE 2 BES)
AAA WA g 715sE Al mx]=
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27) Fisheries Management -2. The Ecosystem Approach to Fisheries, FAO Technical Guidelines
for Responsible Fisheries 4, Sippl.2, FAO, 2003.
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8} sfofof sjni, et 03@% AL AAE) % ATZRaRe A
g AL AnaT 37409 @ HoHRA 8-S Aay|n $4HeE ok
% 7F5, 2, A B2 A, ol olF5] Bhel BAEL 714

[ai3
e 8% ol ¥l ARdHZE B Al 9 ojzad e T4, %
B3] o} 7o) Wastn, oluAle] Holg FAlo) B AL 7}

A, ﬂ?jﬂ«l Pt o8& o] oYl mAlE FFS ARkAL, o
WAAE o) 2AL HEs salol @) ojgle] BAAFE W Hrleke]
of 3w, 2l ol BBES Bl 748 AUSE Al HEAY ;
ek, 55 M AFAES g AFTEES A9 71 2
A ol ol B} ol g ARl ATk olgle sigkel )
TAE AE At F FEA AVls A Al2ES TdEte] 29
QAE AASIL, oA jE7E ‘=A| Autodd HEx]Eek (International
Convention for the Prevention of Pollution from Ships: MARPOL) 9] 871
of weh Aol e, W)k, oze] WES Zolw sle] Wb (e
o 7k galel iRl WrkAle) Akee 27k Fitt

THAA, oldde] BETF el viAle dFE Hast A71aL o gl o
& A7E AAjshelol Atk el ol FAS Batel ze] WES)
71% H3ole =gajo} gt

P, o] BETFRE BEFH W|ZHES

Ak FEska ot oEFd duE 3 EH, Bz #gt ATE SHAY
T, 443 wa % 7 ofd) s YA Ak, jade) 3

s 9 Bash

A, dorede olgielel AAH H2WE AWT Fag W A
ooz 5% B35l Pasi

ofEp), FAHT ol Nelge B ol RiolFels, HYF]
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UP‘]‘:’LO 2 '5H JH_ 3
ajoF st o] BEAAS 84S st AFolYolv 7S sty
Aol AP & F7He A AS g

FAO= AgiAddzES 72 3d=o =W Addl| wredAl717] <As)
20010l SIFAENAIY A A52kdo] B3 F]o](Conference on responsible
fisheries in the marine ecosystem)Z 7]&3}S}. o] 3|ojolH = dA)e] @+
o}F T4l T Heprh ke AAEe BHE o] & Afstiltte
A2atel] sfke] o A=A olE =2 &4E elg FAYGHE R
WS BRIt BSo] o]E B2 AAES Agste] 20024 99 Qsh]
22N HEE ASE A el A&kt weba 2001d
SHFYERA el A= ool #F ok a A (The 2001
Reykjavik Declaration on Responsible Fisheries in the Marine Ecosystem)©]
AN A oo AeA #y 8405 Y Asfetes @alstal
ATH(HZ) Fx). o] AL 1982 sk g er 2 UNCEDS A3l
olds gt FFHe 2R st YAt ofe] FE ofwgt JFF

= PX=A ]tk olsid Do IAEkaL, AR, AEjAleE 1ol &
g Agle] Eabdel BE 3 BHAGE 0§ uAH) gste] ool
AejAwe] d2E JeAE As S76rgek. gk AejA e E27te} 3
AZZke] HA g QIZRe] ol g Al nAe JdFE 1EE s
dxstgon, Aete] g gl ofy 9 o] Al nX|= JaFel| thaiA]
T 7 oKX T xR AR e (& 3-3) 3 2
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(i 3-3) glo[7H|F MAZ| AULE

2] &
- FAOS] AUl ol AT Fstie o

I

= 3 o

Of

- SAFEAY 9 wEAAT ofle] AFEA 7]oE AR F5AY
2 |- 3R ojgEEAE JMER Ales A Ao &Y

- 7129 1°ﬂ 2 =74 ogHerTE 3t
3 |- 93 A N2 7TE MUY

- AEA Tjrfilfﬁr Y| HES Slste] 7177t HEe A3t

4 |- ol 9o 3ol sFEA % ol mA= ¥ A

- A delel ded Ao 4

@ A T10 she ek Aol oldfshen] W A4g 3
(b) 2 e, wlol 2, F0be] A, L TAAS AR WA, A4S ofg
A o P ool S VIR BB, Beld, S an 5

stet,
S| @ A wsel YA Al FIRE e AAGoR BUHGT Yere A7
WS olgel Rolgoldl o oI e ssiel A0 A ofalg o

RS LR ]

(¢) ofF 1 olgiBae] Bt A7 2 e A,

(0 o1 sle] o] sk PIA ok 1 e o] AR AL o
ol PR 9% L

6 |- %A 7N ZEol(Capture fisheries)?] 4% d#dS ZUE

- NS Algske] A #EE ofgeeldl =4

- B3 AE Qe S 98 A4 W2 4l

8 |- A%7lsd ol 918 /1% old

-7le 3 ZH@J&L 1]71-?9% FAO7} gato] BQl B Az B3 7leH 2

2 AR, 53] Ay 3= A9,
I BEREEETE W AR AT A2 57

- 71EAAE= FAO o919l v 3)7] wol Al

olefolm SFHEAE et olgHelel tiEt olsiE W37 sl At
AEAAe] AH I, o] AAES Hrolgdsds Fol7] g 11
Hek =8 glole AFAHAN AY Fagell tist & o] F7|7F wig- o
gl Aolgtar Addd. gk AEAE 7R E shk= ¥#e|(Ecosystem-
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based management)o]l gt 22421 A ool thsted= o7t glovt, Hao
T T B e el g T HEakd, 28a dA) Y] A
A A= A Bo ¢ FHS BE HRE Y= Aozt stk &
3], AEA aLejArko = AT YR o] A8o] AdzE oA of gthal A
319}

AEA R Yo7 A2 71E2] A clA A= H FAO A<
4 A 2 e #E FAR A s 5 VA LEAkEtl
8] 2 o] 1 oS AEgt AR|H ool HAXQ] EAjolrt, webA

AL e dele] Wk ke S8 AR oA s & Aotk

O~
T

E
h

3) WSSDS} UN3| 2|

2002 Holzelghe] Qe am el FHE A&7 e A% Al
Al A243]¢](the World Summit on Sustainable Development: WSSD)'  of|A]
o3 7| 2](Plan of Implementation)o] LA} AEHAZ 7]Hlo 2 F= o]
daeok ddsir= 53, G el AYUSE ool B3 o7
AAE Farsted, 20109 744 AEiAl FoHe 29T AL sl o)¢]

o= =7} # ol = o] T8 Y, s o] ALY A=t
= frAlsok s, ARl AW 5o tefdt WS of8ste, 34 s
ol Y FANNIE T =S dfof dhpa daskar Utk

frollE3](General Assembly)e} s ool #st v]3213 9] 3]2|(The
UN Open-ended Informal Consultative Process on Oceans and the Law of
the Sea) & frdlo] sjFad 717+ =3 HZ Sof AHAE 7[Nte R sf= o
Hetelel] #3) Ax S =98 ot

AEH o2 IAH Adelx] sFVENA BS o F-E skl e Feke

28) Report of the World Summit on Sustainable Development, Johannesburg, South Africa, 26
August- 4 September 2002, United Nations, A/CONF.199/20* Para. 30(d), 32(a), 32(c).

30



7o) ol §7) BT /UL dolF Bele) AANE Fua)
Aaie B8l SRR} Lasiths d2e gl del, e se
2 s olguael 92e AUsy] Adag. T dREe F5e
g0 JAE oE s oldueE EYstel AL 9A g,
F2 7bd A0 oz 7 o|2ES AEste] A3t Qth 29 uleba] o]
oM el F7hEo] oA AEAE 7Ive R sk olgAddelE =9
534l ot 16k 209l elol LAk Ao, I A
ok tivhre] Z7keol theh Al #4425 :

o] ofz] 717 Aokl W} o] W] Feke AFHo= walt @MHow
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W% Qe | gt gels 10760 Ae AFE T
1996\l A H MU 2EES o] HEH 2 (Magnuson-Stevens Fishery
Conservation and Management Act)ol] T2 2]E3}al U}, o] WS 3 dPs}17]
SN 7t AiZ o] welel & FrblEAe] vRalEe] gt o FrbAA
e HAohAs R e ARE 2 8REAS TefsA htel A
oluf A4l HAAZHE AL F gl Aikeo] Hojof ghrhar WAstaL Qlot.
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29) Molenaar, Erik Jaap, “Ecosystem-Based Fisheries Management, Commercial Fisheries, Marine
Mammals and the 2001 Reykjavik Declaration in the Context of International Law,” TJMCL,
Vol. 17, No. 4, 2002,
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O&o] Bpolds o] A3 BAads dee 7kt ¢ 295 Has)et
L £3o] §7]"L]6]‘ Bl 90 g AFES Haseok gty 1 v
AlatGEt. o9l BEjAIE 7o R sh= ojgee] ¥ &S AL
2 o572 o FoulE-2 A, HFYAERE ofzt FAYGe] BE, 3
5 2 37140 A (health)s} M-S S8t B4, AHAIE 7Ivhe R
sk odHEE AdEESE F7F7]F(national standard)S “ggch, AR, of
dee|A o] HEREFE B AR ojudt JFFS mX|=Ad #ek HUt &
ojgelAlgo] AejAlel nAl= G Frietth, A, vjHetd olF
AMAAE gt npEte 2 o] AR A AlY e oddEAgS FHS
& A EAAG T dXAFIE Foltt,
n]=o] 2] 7}8t9] 93] (National Research Council)?} A|AJEH AejAIE 7]
o2 3= ofgddElY] Aoe oS AT uol] AEiAlY BE LA
2 gl AuASS TEjsl, $A8HY o] folgls ERE 9dely] sk
B} FH 3 YA vlAYZE(Mechanism)S o]sfsl= Aoty ghar A<
Eo] It} ogt AEAE 7o R gl ofgjHelE sty odHeAt
E3golFo] &3k HolAks Wo] B, 715eke] AT, o Fel AA A9t
A, olg&tFo] of Al I MR mA= FF T
5 ZSA Y oldde e vlste] oY 744 8RIES ¥
sk SAS 2Tl & TR 34) F=2),
A B0 T AL (U.S. Commission on Ocean Policy)= 3%
o #gk HuxE Wkl oo W2 AYAE Ve R sk oldw
hetstz] sk sk W o 2 k93K (marine zoning) S HAEFICE
FTsE ik ofg 7HA] S o]&ste] AHAIE Ve R k= oY

wd

b

= wefaor

tHog 1y

h=] —_—
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30) Sustaining Marine Fisheries, Committee on Ecosystem Management for Sustainable Marine
Fisheries, National Research Council, 1999,

31) Ecosystem-Based Fishery Management —A Report to Congress by the Ecosystem Principles
Advisory Panel, US Department of Commerce, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service, 1999,
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AT E Adsta et oY 7HA dle ool At WS A=A
HI I AAAE B3] {8t Al o] sjdEs FHoR A E o] A4
o} EZoly] % 7hel] Ao ofje] |4 HAoH, 2005l HEfH o]
FEeAd3e Gt A 2o ks AMsES BEsl] fldte] EE
oy FATHE SR F vt A== A s AlRbsHairt. EHi=
HE71E] 2dle} nfoapabe] 8 BolFo|ng gz g T-olA 7
Yu= A 7] flste] He9 a0l Fe8og7e AGAMERE Y
of wjAstltt. dRA dEolMe BE WHHojgs FAAA vleARAbe] 4

FS JHEE sholty, 2t uiepapael S 9 EE71EQ] GHtE
EX(short tailed albatross)-J HojFolgde A A

0|

(E 3-4) =ElztstelEalel Ak

- EE olsjaArEe] A —E— FotaL oAAR T Heje] Fefd = Qlofof gt
- ool AHAE FTHLE A= < drt

- oldell o3k BA e JJEH aefafor .

- old 2l9f 7Ie} sl ol 8F el A7t AR e aAFoF Frt
- A ARl ARAE olshslor it

- ‘Mﬁl«] HFdH 7£ % 7lsE BEsoF It

- Hogde] dE =ddt

- °1°UrEH HeE ALl A= At LA,

- 8747175} olgael7T el S AT

- @714 SRt ot AU SR =g A AR

- HE} QRIsH ol gite] AHE #¥E AT

- AR et Wzt B7hE e AR

- Rt ohel HeA delE T FAE AN HS 283

- A Bleis} S5l thgk AR RS et

- A9 A deE SJske] ZE A3t Foprt PekwS di

B} oﬂum AIHL B Ysl| FHesi)
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oleloll iz ml=e AAEY T2 5 AuEAE VW s olduuE
A&t Hd B2 Zeads A $olv, BElgdelddel s3]

F)riﬂ?}«] xi/ﬂO%T(groundﬁsh) 01%01] A E 79Ee 2 o= oldel7t
o] AlFER e, AXolRY offeS Wi W2 HEFE
(conservative levels) 22 AA3l= Zo] o] #ele] Ao, TS =
ol7] st & olddE Helehe HelBEdIdHe U3 (North  Pacific
Fishery Management Council)= 19981 d¢] Heje} e)HF th+(Pacific cod)2
A& (retention)& o] &7d4eF 2719 AdHglo] 100%= F=s QAL
1, QI7ko] &m|sHA] ed2 ol Ft s FrIsteR sholth 1999ddle 29 E
2h#(demersal shelf rockfish) @ 7]e} o}Fel|w o]gdt 7]&o] 25t

(32 3-1) 0|29 21M7| M|

3
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ITE @ AT CANTAE AP Eei@da
e dran i reenyE AT
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n|=r 371 (NOAA)
FHaEA AR, YA 7]
Sslo] o]3f|(Understanding climate variability), A&, 7] 2 A AH]
2(Serving weather and water), YA, ¢Hdst $AEZIEZC] & Al
(Safe and environmentally sound transportation)S =3 (Mission Goal)Z AJ
ottt o] UZkAl 31 7Rt = AEA 7] delE ] <2 A
gote] ol 2As7] Sl =9 skar .

2 214715 $Igt AR (Strategic Vision)<
ul #2](Ecosystem-based management), =4, 7]

2) EU

EUCIM= 1990 ) ol ofn] FejAl HWS Hafof ofdae]dl =4
= WQko] =ofH7] MBI, EU B3t ez do)e] skt g At
S 19974 39 3o dof o SARA Tl AF TS A
At & AAES A Aol Aol oy &7 Ao T2 I
Astelofof ahH, ol @] He, BE Y g 227} T e
3, 71, A Aeadd Al Adskar, s e 2A¢]

aesks 5 A Ao B8ds dT A v

gelloF et B Mestal gtk E3 o] 3o= AEAE Ve s s
g AHEE AAEelH 531, o4, #F He, HE

2] 228 FHE wels HA Y| At H o5 AR shofof drtal

2
hind
Y
s
<
Ak
jg
i
(e

= 2 slofo] FAEe FanneA A, AUl 724 54 3 7
T, A B A gede BT fANGeER Bl el
2191 A3 (health)& Btk shat, =4, o] A7& i ke
T A=S HAo RN sjFAEAtele] A& o]8-& s, A, A
J ade m}a = g 61918}034
:
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Future of the Common Fisheries Policy)S 2713le] sjFAefAle] 715l o
3 A A JE7L RS AL, oJ¢e] $-501 7= (Common
Fisheries Policy; CFP)2] 37K 59l AHE FAHS of9A 3r7]=A]
1 891ES AT, wat 1ejdt CFPe] A4S Helsly| 9iste] £ 4]
= A71H o2 AHAE 7R R sk HEE o|FT A AlRbeHrh. wEgt
8 o AAA HE 48 F7](medium term) EX2E FolFolg
2 YA AAsEth A e e ogee] Joel =Ystd
SFAENAIL A&H o] 8-S GAetES Wis|E kT

20021 3Yoll= A5ak HallE ol #et A3 2| (International Conference
on the Protection of the North Sea)E 7|F3}e] =71 A A(Bergen
Declaration)S &8t 3i=d] o] A AT YejAE 7o = sh= &
2]E oL Stk E3l9] el JFS rAe BE Qe &S #e
st AETHFdS BES D A&4 /g BAs] Hste] & 3] A
E2 53l AuAle Addg0 JFS vAE T8 84F Felsta HAlEE
5o AeA FIHE olFE Ao Fotdtt. 2ol EUs FH SR
(European Marine Strategy)S 7lslar glomn, o] Ao odHz e
S o9A HEA71aL o|FAE A7EE vhE Aol

o)A ATEH Y3 (European Commission)] 7|52 53l 3 €
T A FeEAF Y 8] (International Council for the Exploration of the Sea)<]
ATAHAR Bt dHe S flgh A g xS B AE7kA| o 53|
Tkl gk Addels 4 EAFH B X AolFe] ARIAE 1L
a7 atlov, F2 oFHE o] Folrkal A Akt gk Q17 ol
ogEe|A=rnte] ATt GFFES LHsIY oY dH BE QX &5 ¢
go] ofFe] el JIFE VAL Y55 AX et tso] Half -9
TS} 25 ol WE S oA} Ateld Aol AT

Ao =ZH sl Wt 9 715 wste] et 3RS aelsfor &
ekt o] AFtellA 18 Alg 7|EY AdHe 2HEA 7Y
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2 T AL FASHE Ro| ol&Ale] a2 ozl B mefstel
ES A% HoAlzo] WEe FaMAA0] Sk TA ol
29 4 FRFL FARL MAA A} e 7S AAH Muz
o

3) FHLtCH

Aucte] 19961 3% (Oceans Act)S HEjAl Za]o] B3k
3L glon, 19859 ol s AEH ddolF HelEs 2o = slal g
ou AHAE 7o s #YE olYdl AR =

Tt 2] o}, 19969 sigie 83k i, St el 9
q el oeg 2ow A ,

o] Hel el A kAL ddd T2 e v 2
A, st L Ao AE5H e flsto] s, ’SH FH4 (ocean processes),
At A AFYHA L olalE ST, A, A HIs 2Rk
2 3 HEXAL sjdE e AerdF gt S FAlsks 27tol dvke
g FABRL, A, oA JIHe 3 Ao BE, ¥l B ol&d FH
St Agste] o]g e Bkl sdeEES By flste] s,
Aoz sjefEt 1 ARl SeE SXMITL

20023 FEHE MUt ik (Canada’s Oceans Strategy)S S5
ofE, sFAde] HET AEHH o8-S flste] B 845 ¥AHOR
gfate] QItgES Hed AYS AU Ae dxska o 2 AL A
A Fikos she Bel P2Ue Aasia Qo FAl el
(Large Ocean Management Areas)2] 7Hd% Z7fskar Stk 20041 d ) vt

Tl - (Department of Fisheries and Oceans)© JE|AIE 7|WHO2 3}
oldHeE "ULTES HHe] dEfste] YA 7=, 7T B A<l 3
Fe3el A(quality)o] ATl FAIHES she AU o2 Aofsioitt
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Ayt ARe] AeAE 7IRe R s AW thadt 2ol o Hrh((E
3-5)3%). t%o] 2004 DFO= AHAE 7|92 sh= sqdeE #et
of 1770¢] YA S (Marine ecoregion)< A|A3}F3ITt.

(i 3-5) MEIAE 7|HI2E st= ofdAlipte| AL

a7

- gEfsle] A e A stelstn

- AFYNAE ol

- A geE Whskn

- QRHEES Bl

- Fojal A el BEheRy, A, 5 2 ANAS] Aquali S A5 9
258 A4a

- R AEE AT AEsel 1o 2Rk SYHES By

4 5%
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1. The Ecosystem Approach to Fisheries
Management: The Case of United States

Federal Fisheries
by
Jon G Sutinen

University of Rhode Island

Background

The ecosystem paradigm has emerged as the dominant approach to managing
natural resources in the US as well as internationally. The shift away from the
management of individual resources to the broader perspective of ecosystems has
taken root in many government policy and programs. Since the late 1980s, many
federal agency officials, scientists and policy analysts have advocated a new, broader
approach to managing the nation’s natural resources. The approach recognizes that
plant and animal communities are interdependent and interact with their physical
environment to form distinct ecological units called ecosystems. These systems
contribute to the production of fish, marine birds, and marine mammals that cross
existing jurisdictional boundaries. The approach also recognizes that many human
actions and their consequences, including marine pollution, extend across
jurisdictional boundaries.

Many observers explain the emergence of this paradigm as a response to the
failure of the single sector/single species approach to achieve sustainable
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development of interdependent natural resources and effective protection of the
natural environment. There is now a pronounced trend towards more integrated
ecosystem management. US administration and legislation are increasingly requiring
an ecosystem approach to natural resource research and management. The
September, 1993, Report of The National Review: Creating a Government That
Works Better and Costs Less recommended that the President issue an executive
order establishing ecosystem management policies across the federal government.
The policies are based on the following principles: 1) managing along ecological
boundaries, 2) ensuring coordination among federal agencies and increased
collaboration with state local and tribal governments, the public and congress; 3)
using monitoring, assessment and the best science available; and 4) considering all
natural and human components and their interactions. To implement an ecosystem
approach for environmental management, the White House Office of Environmental
Policy established an Interagency Ecosystem Task Force to implement an ecosystem
approach to environmental management.

Perhaps the most important ocean policy initiative to occur since the mid-1970s
is the recent report to the President by the United States Commission on Ocean
Policy (2004), which recommended applying the ecosystem approach to managing

all ocean and coastal resources. The Commission stated

“US. ocean and coastal resources should be managed to reflect the
relationships among all ecosystem components, including human and nonhuman
species and the environments in which they live. Applying this principle will
require defining relevant geographic management areas based on ecosystem,

rather than political, boundaries.”

The Commission is not the first to call for an ecosystem approach to management
of ocean and coastal resources. The move towards an ecosystem approach to

management of ocean and coastal resources is reflected in, for example, the
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Magnuson-Stevens Fishery Conservation and Management Act (as amended through
October 11, 1996), the Marine Sanctuaries Program, the National Estuary Program,
the National Estuarine Research Reserves System, the 1990 Amendments to the
Coastal Zone Management Act and also in the actions of federal agencies with
resource management responsibilities.Since 1992 all four of the primary land
management agencies (the National Park Service, the Bureau of Land Management,
the Fish and Wildlife Service and the Forest Service) have independently announced
that they are implementing or will implement an ecosystem approach to managing
their natural resources, and each has been working to develop it own strategy (GAO,
1994). Several other agencies, including the Soil Conservation Service, the
Departmentof Defense, Department of Energy, Bureau of Indian Affairs, Bureau of
Mines, Bureau of Reclamation, Minerals Management Service, USGS, EPS, and
NASA, have engaged in significant ecosystem management activities (CRS,
1994).Further, the Strategic Plan of the National Oceanic and Atmospheric
Administration (NOAA) is based, in large part, on the ecosystem approach to living
marine resource management.

NOAA, the principal federal government agency concerning the ocean, has
actively worked during the past 20 years to establish the scientific bases for an
ecosystem approach to managing coastal and ocean living marine resources (NOAA
2005a). There are more than 90 Congressional Acts, treaty obligations, Executive
Orders, regional agreements, NOAA-specific policies, memoranda of understanding
with other federal agencies, and court orders that form the legal and regulatory basis
for NOAA’s ecosystem approach to management. Some of these include such
federal laws, executive orders, courts, and international treaties as the
Magnuson-Stevens Fishery and Conservation Management Act, Endangered Species
Act, National Environmental Policy Act, Marine Mammal Protection Act, Coral
Conservation Act, ICCAT, IATTC, Coastal Zone Management Act, and National

Marine Sanctuaries Act. One of the four mission goals of NOAA’s current Strategic
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Plan (2005) is to

O ‘Protect, restore, and manage the use of coastal and ocean resources through

an ecosystem approach to management.’

To clarify the meaning of this goal, NOAA defines an ecosystem as

O ‘a geographically specified system of organisms (including humans), the

environment, and the processes that control its dynamics.’

In addition, ‘an ecosystem approachto management is management that is
adaptive, specified geographically, takes into account ecosystem knowledge and
uncertainties, considers multiple external influences, and strives to balance diverse social
objectives.” Figure 1, from NOAA’s Strategic Plan (2004), shows the relationship
between the ecosystem mission goal, outcomes and performance measures.

Figure 1. Elements of NOAA’s Strategic Plan FY 2005 — FY 2010

NOAA’s Ecosystems Mission Goal
Outcomes Performance Objectives

Increase number of fish stocks managed at
sustainable levels
Increase number of protected species that reach
stable or increasing population levels
Increase number of regional coastal and marine
ecosystems delineated with approved indicators of
O Healthy and productive coastal and|  e¢ological health and socio-economic benefits that
marine  ecosystems that benefit| are monitored and understood
society Increase number of invasive species populations
eradicated, contained, or mitigated
Increase number of habitat acres conserved or
restored
o A well informed public that acts as Increase portion of population that is knowledgeable
of and acting as stewards for coastal and marine
ecosystem issues
Increase  number of  coastal  communities
incorporating ecosystem and sustainable
development  principles into  planning  and
management

a steward of coastal and marine
ecosystems
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The strategies for NOAA to achieve the objectives and produce the outcomes of

its plan include the following:

O Engageand collaborate with our partners to achieve regional objectives by
delineating regional ecosystems, forming regional ecosystem councils, and
implementing cooperative strategies to improve regional ecosystem health.

O Manage uses of ecosystems by applying scientifically sound observations,
assessments, and research findings to ensure the sustainable use of resources
and to balance competing uses of coastal and marine ecosystems.

O Improve resource management by advancing our understanding of ecosystems
through better simulation and predictive models. Build and advance the
capabilities of an ecological component of the NOAA global environmental
observing system to monitor, assess, and predict national and regional
ecosystem health, as well as to gather information consistent with established
social and economic indicators.

O Develop coordinated regional and national outreach and education efforts to
improve public understanding and involvement in stewardship of coastal and
marine ecosystems.

O Engage in technological and scientific exchange with our domestic and
international partners to protect, restore, and manage marine resources within

and beyond the Nation’s borders.

How is NOAA applying the ecosystem approach
to fisheries management?

The application of the ecosystem approach to fisheries management (EAFM) in
the United States is in the early stages of implementation, and few examples of
ecosystem approach to fisheries management currently exist. This is due, in part, to

the deliberate and systematic approach that the agency is taking in this
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implementation.

In 1999, the Fluharty science panel reported to Congress (Fluharty 1999) on the

principles, goals and policies that should embody an ecosystem approach to fisheries

management. In summary these are as follows:

74

Principles

9 The ability to predict ecosystem behavior is limited.

@ Ecosystems have real thresholds and limits which, when exceeded, can effect
major system restructuring.

9 Once thresholds and limits have been exceeded, changes can be irreversible.

@ Diversity is important to ecosystem functioning.

€ Multiple scales interact within and among ecosystems.

9 Components of ecosystems are linked.

9 Ecosystem boundaries are open.

@ Ecosystems change with time.

Goals

9 Maintain ecosystem health and sustainability.

Policies

9 Change the burden of proof.
@ Apply the precautionary approach.
@ Purchase “insurance” against unforeseen, adverse ecosystem impacts.

9 Learn from management experiences.



@ Make local incentives compatible with global goals.

@ Promote participation, fairness and equity in policy and management.

The panel evaluated the extent to which the National Marine Fisheries Service
(NMFS) and the Regional Fishery Management Councils (RFMC) were then
applying these principles, goals, and policies in marine fisheries management and
research. The panel concluded that while NMFS and the RFMCs were applying
some of the principles, goals, and policies, the Service and Councils were not doing

so evenly or comprehensively across jurisdictions, regions, or ecosystems.

Fishery Ecosystem Plans

In order to expand and strengthen the application of ecosystem approach to
fisheries management, the panel recommended that RFMCs develop Fishery
Ecosystem Plans (FEPs).Since legislation is required to implement FEPs, the
Secretary of Commerce recently (on September 19, 2005) submitted the Bush
Administration’s proposal to authorize regional FEPs as part of its bill to reauthorize
the Magnuson-Stevens Act. The Fluharty panel proposed that there should be one
FEP for each major ecosystem under a RFMC’s jurisdiction and should incorporate
the panel’s principles, goals and policies.The objectives of an FEP are to: (1)
Provide a clear description and understanding of the fundamental physical,
biological, and human/institutional context of ecosystems within which fisheries are
managed; (2) Direct how that information should be used in the context of fishery
management plans; and (3) Set policies by which management options would be
developed and implemented.The FEP would be an umbrella document that would
contain information on the structure and function of the ecosystem in which fishing

occurs so that managers and stakeholders are made aware of the effects that their
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decisions and actions have on the ecosystem, and the effects that the ecosystem

components may have on fisheries.
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Each FEP would require the following:

. Delineation of the geographic extent of the ecosystem(s) that occur(s) within

Council authority, including characterization of the biological, chemical and
physical dynamics of those ecosystems, and “zone” the area for alternative

uses.

. Developing a conceptual model of the food web.

. A description of the habitat needs of different life history stages for all plants

and animals that represent the “significant food web” and how they are

considered in conservation and management measures.

. Estimation of total removals, including incidental mortality, and showing how

they relate to standing biomass, production, optimum yields, natural mortality

and trophic structure.

. An assessment of how uncertainty is characterized and what kind of buffers

against uncertainty are included in conservation and management actions.

. Developing indices of ecosystem health as targets for management.
. Describing available long-term monitoring data and how they are used.

. An assessment of the ecological, human, and institutional elements of the

ecosystem whichmost significantly affect fisheries, and are outside
Council/Department of Commerce (DOC) authority. Included should be a
strategy to address those influences in order to achieve both FMP and FEP
objectives.

Appendix I provides the table of contents for a comprehensive FEP that the
Fluharty panel suggests.



Figure 2. US. Exclusive Economic Zone overlay on LME boundaries

Regienal Ecosystems of (he United Stabes in Relation
to the United Stabe's Exclusive Economic Zana

Regarding the first element of an FEP, NOAA has recommended that Large
Marine Ecosystems (LMEs) should be the basis for delineation ofmarine and coastal
ecosystems. Therefore, the US EEZ would contain 10 regional ecosystems: the Artic,
Bering Sea, Gulf of Alaska, the California Current, Pacific Islands, Gulf of Mexico,
Caribbean, South Atlantic, North Atlantic, and the Great Lakes. The use of LMEs
is a starting point for the delineation of marine and coastal ecosystems, however,
and the boundaries will remain flexible in order to adapt to regional issues. See
Appendix III for detailed information on the 10 LMEs. Figure 2 shows the location
and boundaries of these LMEs in relation to the US EEZ.

The Status of the Ecosystem Approach to Management
in US Fisheries

As indicated above, the Fluharty panel found that the ecosystem approach to

fisheries management was not being applied evenly or comprehensively across
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jurisdictions, regions, or ecosystems. A case where it is being applied — though not
completely — is in the North Pacific waters off Alaska. Alaskan groundfish
management illustrates how fishery managers in US are taking incremental steps
towards implementing ecosystem approaches to fisheries management. Source:
DeMaster, et al (2005).

Alaska

In this case, the North Pacific Fisheries Management Council (NPFMC) has
developed a system of in-season constraints on target groundfish species, non-target
groundfish species (primarily groundfish incidentally captured), forage species, and
prohibited species (important non-groundfish species incidentally captured) that is
consistent with EAFM.

The catch constraints (total allowable catches, or TACs) are built around a tier
system for estimating allowable biological catch (ABC) and the overfishing levels
(OFL) for fish stocks or stock complexes. This system establishes the maximum
permissible levels of catch given the quality of information available. In addition to
the constraints on catch at the species or species group level — and this is a critical
feature of the ecosystem approach to fisheries management —the NPFMC also
imposes an overall cap on the total amount of groundfish that can be removed. This
overall constraint results in considerable reductions in catch for several target species
in the Bering Sea Aleutian Islands region.

The NPFMC groundfish managers always set TAC < ABC < OFL. Therefore,
catch of any one species is usually less than TAC, almost always less than ABC
and is always less than OFL. The NPFMC has designed its groundfish management
strategy to preserve biodiversity by protecting target species along with non-target
species that are impacted by the fisheries. The NPFMC’s groundfish fishery

management plans (FMPs) also include constraints stemming from the Endangered
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Species Act. For example, there are time, area, and gear restrictions on groundfish
to reduce direct and indirect mortality of Pacific salmon, short-tailed albatross, and
Steller sea lions. In addition, a biomass control rule was established for pollock,
Pacific cod and Atka mackerel to preserve the forage base for Steller sea lions.These
constraints are intended to mitigate adverse impacts of fishing on endangered
species. The NPFMC groundfish FMPs also protect essential fish habitat from the
effects of fishing through seasonal or year-round closures.

In addition to its efforts to apply an ecosystem approach to groundfish
management, the NPFMC is currently considering supporting the establishment of
a separate Ecosystem Council. According to a staff report (NPFMC 2005),

[R]egional ecosystem councils are not intended to displace existing authorities.
Instead, they would optimally provide an opportunity for managers to coordinate
regional information and consider the cumulative impacts of all ongoing activities
on ecosystem components. However, the development of an ecosystem policy
(consisting of goals and objectives for maintaining ecosystem health) inevitably
involves reconciling competing objectives. Vesting such authority in a regional
ecosystem council would tend to constrain the regional fishery management
councils’ and NOAA Fisheries’ management.

The Ecosystem Committee of the NPFMC has recommended that the general
ecosystem approach to ocean management be tested for the Aleutian Islands. The

relationship and structure of the Ecosystem Council is illustrated in the figure to the right.

South Atlantic

The South Atlantic Fishery Management Council (SAFMC) also has made
significant strides towards implementing the ecosystem approach to fisheries
management in recent years.

The SAFMC has been at the forefront of habitat conservation and management.
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It currently regulates fisheries to protect essential fish habitat from the direct or
indirect impacts of fishing. This is done by prohibiting the use of specific gears and
using closed areas. In addition, the SAFMC has developed a stand alone Habitat
Plan —the first in the nation. The plan consolidates al information on the habitat that
is essential to the species managed by in the South Atlantic region.

With the Habitat Plan as a base, the SAFMC is developing an ecosystem
approach to fisheries management. Several workshops have been, and are being held
to begin developing the approach; and this is being supplemented by a cooperative

research program to develop GIS mapping capabilities related to the effort.
Pilot Projects

To spur further progress towards EAFM, Congress, in FY 2004, allocated
approximately $2 million to NOAA Fisheries to conduct ecosystem approach to
fisheries management projects in the four regions of New England, Mid-Atlantic,
South Atlantic, and Gulf of Mexico. These projects are just getting underway and,

at this date, there is little evidence on actual achievements.

Research Needed to Support the Ecosystem Approach to

Fisheries Management

Needless to say, the research need to support an ecosystem approach tofisheries
management is much broader than that needed for single species fisheries
management. To address this concern, NOAA has established teams of internal and
external experts to assess what scientific research is needed, and how NOAA should
organize its ecosystem research program. A recent paper by DeMaster, et al. (2005)
provides some perspectives on this set of issues.

DeMaster, et al. suggest that one way to organize the science capabilities
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necessary to manage LMRs in an ecosystem context is to consider the framework
recommendations of FAO (2003) regarding research needed to implement an
ecosystem approach to fisheries management. These include research organized
around the following areas:

1) ecosystems and fishery impact assessments,

2) socio-economic considerations,

(

(

(3) assessment of management measures,

(4) assessment and improving the management process, and
(

5) monitoring and assessment.

The FAO perspective on an ecosystem approach to management is fully consistent
with NOAA’s definition of EAM (i.e., “Most importantly, the approach aims to
ensure that future generations will benefit from the full range of goods and serices
that ecosystems can provide by dealing with issues in a much more holistic way”
[FAO 2003]. The primary aim of the Agency is to transition from the traditional
single species management approach to management in an ecosystem context.

Appendix IV contains the 13 areas of key research identified by NOAA in 2005
categorized by the five areas identified by FAO. In addition, these include the
science capabilities identified by the FAO that were considered important in

managing LMRs in an ecosystem context.

Summary & Conclusions

This paper has briefly examined the ways in which the United States federal
government is implementing the ecosystem approach to fisheries management.
NOAA, the principal federal government agency concerning the ocean, has actively
worked during the past 20 years to establish the scientific bases for an ecosystem

approach to managing coastal and ocean living marineresources. However, the
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application of the ecosystem approach to fisheries management in the United States
is in the early stages of implementation. Fishery Ecosystem Plans are the vehicle
for expanding and strengthening the application of ecosystem approach to fisheries
management in federal fisheries. An FEP would be an umbrella document containing
information on the structure and function of the ecosystem in which fishing occurs
so that managers and stakeholders are made aware of the effects that their decisions
and actions have on the ecosystem, and the effects that the ecosystem components
may have on fisheries.

The delineation of marine ecosystem is a key element in an ecosystem approach
to fisheries management. As a starting point for the delineation, NOAA has
recommended 10 ecosystem regions that are based on the Large Marine Ecosystems
that fall within the US EEZ.

The ecosystem approach to fisheries management in the US is not being applied
evenly or comprehensively across jurisdictions, regions, or ecosystems. However,
there are two fishery management councils (the NPFMC and the SAFMC) that are
applying some of the elements of EAFM to fisheries in their regions. To strengthen
efforts towards EAFM four pilot projects have been initiated.

Last, butnot least, is an effort to broaden and strengthen the scientific research
program in NOAA that is needed to support an ecosystem approach to management
of all coastal and ocean resources. The agency currently is evaluating these needs,
which are much broader than the needs of single species fisheries management.

I am impressed with NOAA’s approach to implementing EAFM. Their approach
appears to be a very deliberate, systematic, and comprehensive. The agency has
proceeded from a general concept of an ecosystem approach to management, to aset
of operational objectives and measurable outcomes via a strategic planning process;
and NOAA and the RFMCs have begun to develop the tools, including fishery
ecosystem plans, to achieve the desired outcomes. These exact plans and tools may

not be appropriate for Korea — that I cannot judge —but I would encourage Korea
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to seriously consider the processes that have been used in the US as an effective

way to apply EAFM in Korea.

Appendix I

SUGGESTED TABLE OF CONTENTS FOR A
COMPREHENSIVE FEP

Source: MAFAC (2003)
1. Introduction
a. Agencies (lead, participating, supporting, interested)
b. Laws being implemented
¢. Public consultation process
d. Time period covered by this plan
2. Description of the geographic area of coverage
a. Identification of significant political boundaries
b. Identification of significant ecological units, subsets (may need to consider a
hierarchical approach, stepping down from large to small scale as needed), and
boundaries
c. Base maps (created/obtained):
i) Large scale of the ecoregion and small scale overlays for specific areas such
as Habitat Areas of Particular Concern (HAPCs)
ii) Inventory and obtain GIS data available from other agencies
iii) Identify GIS data storage for security and accessibility
3. Description of current natural resource and socio-economic conditions using
categories that are potentially developed/discussed in the Fisheries Ecosystem
Plan to provide status and trends of all stressors affecting the natural resource

and its system. The categories may include:
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a. Quantification of key environmental parameters

b. Identification of the structure and relative abundance of each trophic guild

c. Identification of abundance, geographic range, and age-class representation of
key species

d. Description and historic antecedents of the relevant fishing communities and
related socio-economic setting

e. Models used and results to present the integrated picture

f. Issues of special concern (T&E, catastrophic events, etc.)

g. May focus on details at each tropic level and representative guilds, species, and
environmental parameters

. Description of the historic ecosystem through trend mapping for the metrics used

to describe the current natural resources and socio-economic conditions in

addition to descriptive information such as traditional knowledge.

. Description of the Desired State of the Natural Ecosystem expressed in the goal

statements for the ecoregion and stepped down into sub-goals and quantifiable

objectives as necessary. These would be similar to the current conditions in

lightly perturbed reaches but would have to include rebuilding/restoration in

highly disturbed/over harvested systems. The goals and objectives may be

separated into short-term (2 to 5 yrs.) and long-term (>20 yrs.) goals and

objectives. The desired state must be linked to the long-term desired

socio-economic conditions.

. Description of the Desired State of the Socio-Economic Ecosystem conditions

expressed in the goal statements for the ecoregion and stepped down into

sub-goals and quantifiable objectives as necessary. These also could be separated

into short-term (2 to 5 yrs.) and long-term (>20 yrs.) goals and objectives. The

desired state must be linked to the long-term desired ecological conditions.

. Description of EcosystemManagement Options presented in terms of pros and

cons of various management options to correct or mitigate the effects of adverse



anthropogenic stressors and to accommodate natural cycles, to encourage resource
abundance and health, to attain the desired resource and socio-economic goals.
8. Apply the selected indicators for ecosystem “health”, for example, species and/or
community, environmental, and/or societal descriptive metrics.
9. Evaluation and Follow-up via a clear process that institutionalizes periodic
follow-ups on progress, and implements needed corrections.
10. Identification and prioritization of crucial information needs -In many
applications, implementation will be limited by lack of information. These needs

should be revisited periodically and considered during annual budget planning.

Appendix II

EVALUATING IMPLEMENTATION

Source: MAFAC (2003).

The following questions provide a nominal evaluation plan to assess progress in

applying an ecosystem approach to fisheries.

1. Was a sound, interdisciplinary, ecosystem assessment conducted or is one
underway that describes the current conditions and the major natural and
anthropogenic (if any) stressors and constraints for a geographically/politically
defined area?

2. Were goals and objectives (or are they being) collaboratively developed,
describing a vision of desired future conditions, limited by historic restrictions
and irreversible changes, including:

a. Marine resources
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) Key environmental parameters;

ii) Structure and relative abundance for each trophic guild;

iii) Abundance, geographic range, and age-class representation of indicator
species;

iv) Tangible measurable (or monitorable) outcomes.

b. Socio-economic issues

) Public process in place to make resource allocation decisions;

ii) Ability to use economic incentives and/or disincentives to match fishing
capacity to sustainable harvest of resources;

iii) Pursue conservation measures that pose the fewest socio-economic

problems.

. Were the calculation and presentation of the trends, in the measurements/metrics

selected for use in item #2 above, done for at least three time periods (a past
period with relatively light disturbance/natural conditions, present, and desired

future)?

. Has interagency collaboration and coordination of activities and data sharing and

reporting been implemented?

. Does the Fisheries Ecosystem Plan identify and prioritize management actions to

address the natural and anthropogenic stressors and the socio-economic tradeoffs

limiting the achievement of the goals and objectives?

. Are periodic interagency follow-up assessment meetings, open to the public, part

of the standard operating procedures?



Appendix III

LMEs of the United States

Excerpts from NOAA (2004b):

The LMEs provide linkages between the coastal ocean, its coastal margins and
associated freshwater basins. Ten LMEs are in U.S. jurisdictional waters: Beaufort
Sea, Chukchi Sea, East Bering Sea, Gulf of Alaska, California Current, Gulf of
Mexico, Caribbean Sea, Southeast U.S. Continental Shelf, Northeast U.S.
Continental Shelf, and Insular Pacific Hawaiian (Figure 3). More detailed

information on Large Marine Ecosystems can be found at http://www.lme.noaa.gov/.

Figure 3. Large Marine Ecosystems of the United States,

Source: http://www.edc.uri.edu/Ime/maps.htm

Laree Manne Ecosystens

1@ Linited States
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The Caribbean Sea LME includes U.S. jurisdictions (Puerto Rico, U.S. Virgin
Islands). The Great Lakes are considered a freshwater ecosystem given their spatial

extent and distinct characteristics.

Northeast U. S. Continental Shelf LME —The Northeast U.S. Continental Shelf
Large Marine Ecosystem is characterized by its temperate climate. It extends from
the Gulf of Maine to Cape Hatteras along the Atlantic Ocean. Efforts to examine
changing ecosystem states and the relative health of this LME are underway in four
major sub-areas: the Gulf of Maine, Georges Bank, Southern New England and the
estuarine-dominated waters of the Mid-Atlantic Bight. This LME is structurallyvery
complex, with marked temperature and climate changes, winds, river runoff,
estuarine exchanges, tides and complex circulation regimes. It is historically a very
productive LME of the Northern Hemisphere.

This LME is bounded on the east or seaward side by the Gulf Stream. Its
complex circulation with meanders and rings greatly influences the LME. The gyre
systems of the Gulf of Maine and Georges Bank, and the nutrient enrichment of
estuaries in the southern half of the LME contribute to the maintenance on the shelf
of relatively high levels of phytoplankton and zooplankton prey fields for
planktivores including fish larvae, menhaden, herring, mackerel, sand lance,
butterfish, and marine birds and mammals. The Northeast U.S. Continental Shelf is
considered a Category 1 (>300 gC/m2-yr), highly productive, ecosystem according
to SeaWiFS global primary productivity estimates.

Southeast U. S. Continental Shelf LME - This LME is characterized by its
temperate climate. It borders the Atlantic Ocean, extending from the Straits of
Florida to Cape Hatteras, North Carolina. It contains many bays and sounds, and
extensive coastal marshes that provide unique habitats for living marine resources.

Upwelling along the Gulf Stream front and intrusions from the Gulf Stream cause
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short-lived plankton blooms. The offshore upwelling regime is not as intense as in
the higher latitude regions (see Yoder, 1991 and NOAA, 2002). The Southeast U.S.
Continental Shelf LME is considered a Class II (150-300 gC/m2-yr), moderately
productive ecosystem based on SeaWiFS global primary productivity estimates. The
seaward boundary of the Southeast U.S. Shelf Large Marine Ecosystem is located
along the area of confluence between the 200 m isobath and the landward margin
of the thermal front of the Gulf Stream as it meanders along the coast between Cape

Hatteras and the Florida Straits.

Caribbean Sea LME - The Caribbean Sea Large Marine Ecosystem is a
semi-enclosed sea located in the Western Hemisphere between North and South
America, and bounded by Central America to the west. It encompasses an area of
2,515,900 square kilometers and is the second largest sea in the world. It is noted
for its many islands, including the Leeward and Windward Islands situated on its
eastern boundary, Cuba, Hispaniola, Puerto Rico, Jamaica and the Cayman Islands.
There are numerous banks and breaking shoals. The LME is comprised of four deep
basins: the Venezuelan Basin in the east, the Colombian Basin in the west (from
which it is separated by a ridge), the Cayman Trough in the northwest, and the
Yucatan Basin in the north. There is little seasonal variation in surface water

temperatures.

The Caribbean Sea LME is considered a Class III (<150 gC/m2-yr), low
productivity ecosystem, according to SeaWiFS global primary productivity estimates,
although upwelling along the northern coast of Venezuela contributes to relatively
high productivity in that area. Other factors contributing to the greater productivity
of South America’s northern coast are the nutrient input from rivers and estuaries.
The remaining area of the LME is mostly comprised of clear, nutrient-poor waters.

Key components of the shallow water ecosystem are the coral reefs of the Caribbean
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Sea. There is some background information available on this area thanks to a
multidisciplinary study called the Cooperative Investigations in the Caribbean Sea
and Adjacent Areas (CICAR), which was completed during the 1970’s (see Richards
and Bohnsack, 1990). There is still a need for better understanding of the role of

physical and biological offshore processes.

Gulf of Mexico LME- This LME is characterized by its tropical climate. The Gulf
of Mexico is partially isolated from the Atlantic Ocean. The continental shelf is
topographically diverse, and includes slopes, escarpments, knolls, basins and
submarine canyons. Ocean waters enter from the Yucatan channel and exit from the
straits of Florida, creating the loop current which is associated with the upwelling
and the high level of nutrients flow of this LME (for more information on what
controls primary production in this LME, see Lohrenz et al., 1999). There is an
additional major fresh water source, from rivers in the U.S.A. and from Mexico.
Productivity ranges from eutrophic conditions in coastal waters to oligotrophic in the
deeper ocean. Overall, The Gulf of Mexico Large Marine Ecosystem is considered
a Class II (150-300 gC/m2-yr), moderately productive, ecosystem based on SeaWiFS
global primary productivity estimates. The productivity of the LME is complex. The
region of the Mississippi River outflow has the highest measured rates of primary
production in the Gulf of Mexico LME (see Sklar and Turner, 1981 and Lohrenz
et al, 1990). Hurricanes may increase phytoplankton biomass and primary
production because they increase the vertical advection of nutrients into surface

waters (see Iverson, 1977).

California Current LME — This LME is characterized by its temperate climate. It
is a transition ecosystem between subtropical and subarctic water masses with an
upwelling coastal phenomenon. The California Current Large Marine Ecosystem is

separated from the Gulf of Alaska LME by the Subarctic Current, which flows
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eastward from the western Rim of the Pacific Ocean. The California Current system
is very complex and is further described in major currents of the North Pacific
Ocean. The coastal upwelling phenomenon, El Nifio, and the El Nifio-Southern
Oscillation (ENSO) result in strong interannual oscillations of the productivity of the
ecosystem. ENSO events are characterized locally by an increase in; sea temperature,
a rise in coastal sea level, diminished upwelling and increased coastal rainfall (see
Bakun, 1993). The California Current Large Marine Ecosystem is considered a Class
II (150-300 gC/m2-yr), moderatelyhigh productivity ecosystem based on SeaWiFS
global primary productivity estimates. California Cooperative Oceanic Fisheries
Investigations (CalCOFI) is a program that has sampled zooplankton biomass almost
continuously from 1956 to1980. There is a need for a better understanding of the
climate’s role and seasonal change in the regulation of populations and communities,
and of the feedback loops that determine community structure, regulate energy flow
and population dynamics.

Gulf of Alaska LME - TheGulf of Alaska Large Marine Ecosystem lies off the
southern coast of Alaska and the western coast of Canada. It is separated from the
East Bering Sea LME by the Alaska Peninsula. Its climate is sub-Arctic. The cold
Subarctic Current, as it bifurcates towards the south, serves as the boundary between
the Gulf of Alaska and the California Current LME. The Gulf of Alaska Large
Marine Ecosystem is sensitive to climate variations on time scales ranging from the
interannual to the interdecadal. The climate ofthe North Pacific is known to change
sharply over periods of decades, centuries and millennia, in concert with climatic
processes in other parts of the world, such as in the North Atlantic. This has an
effect on plankton production and plankton species composition. The Gulf of Alaska
LME is a Class I (>300 gC/m2-yr), highly productive ecosystem based on SeaWiFS
global primary productivity estimates. It presents a significant upwelling
phenomenon linked to the presence of the counterclockwise gyre of the Alaska

Current (see NOAA, 2002). The LME’s cold, nutrient-rich waters support a diverse
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ecosystem. Large-scale atmospheric and oceanographic conditions affect the

productivity of this LME.

East Bering Sea LME - This LME is characterized by its Sub-Arctic climate. The
East Bering Sea Large Marine Ecosystem is bounded by the Bering Strait on the
north, by the Alaskan Peninsula and Aleutian island chain on the south, and by the
Alaskan coast on the east. The LME is characterized by a wide shelf and by a
seasonal ice cover that reaches its maximum extent of 80% coverage in March.
Temperature, currents and seasonal oscillations influence the productivity of this
LME. The Eastern Bering Sea LME is considered a Class II (150-300 gC/m2-yr),
moderately high productivity ecosystem, based on SeaWiFS global primary
productivity estimates. This LME is experiencing a regime shift. There is still much
to understand about the levels of natural variability in many of the species

abundance, mainly because of the limited time series of unbiased observations.

Chukchi Sea LME - The Chukchi Sea Large Marine Ecosystem is characterized
by its Sub-Arctic climate. It is a high-latitude marine region situated off of Russia’s
East Siberian coast and the Northwestern coast of Alaska (U.S.A). Pacific waters
enter this Arctic LME via the Bering Strait. The LME is characterized by its
extreme environment, and by major seasonal and annual changes in ocean climate.
The region is driven by climatic conditions and by the annual formation and
deformation of sea ice. Sea ice dynamics help explain the productivity of the region.
This LME is relatively shallow with an extensive continental shelf. The coastline has
many islands, shallow bays, gulfs and inlets. The ice-cover varies considerably
during the year and inter-annually. The annual formation and melting of sea ice
impact the productivity of the region. Climatic conditions and temperature influence
the distribution, growth and recruitment of the major fish species and other living

marine resources. The Chukchi Sea LME is considered a Class II (150-300 g C/m
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2-yr), moderately high productivity ecosystem based on SeaWiFS global primary

productivity estimates.

Beaufort Sea LME - The Beaufort Sea Large Marine Ecosystem is characterized
by its Sub-Arctic climate. It is a high-latitude marine region situated off the coast
of northern Alaska, in the United States, and of Canada. The LME is characterized
by its extreme environment, and is driven by major seasonal and annual changes
inArctic climate conditions. It is covered with ice for most of the year. The Beaufort
Gyral Stream forms a clockwise drift pattern. Other relevant ecological criteria are
bathymetry and trophodynamics. An LME book chapter pertaining to this LME is
Carleton, Ray and Hayden, 1993, which describes marine biogeographic provinces
of the Bering, Chukchi and Beaufort Seas. During the winter there is limited light
penetration because of ice cover. In the summer when the ice melts, productivity
estimates are significantly higher. The coastal region supports a wide diversity of
organisms, some of which are unique to this coast. The Beaufort Sea LME is
considered a Class III (<150 gC/m2-yr), low productivity ecosystem based on

SeaWiFS annual global primary productivity estimates.

Insular Pacific — Hawaiian LME -The Insular Pacific-Hawaiian Large Marine
Ecosystem 1is characterized by its tropical climate. This LME includes the main
Hawaiian Islands of Hawaii, Maui, Lanai, Molokai, Oahu, Kauai, and Niihau, as
well as the outer northwest islands and their near-shore boundaries. The region is
influenced by equatorial currents (see NOAA, 2002) and predominant northeasterly
trade winds. The Hawaiian Islands were formed by successive periods of volcanic
activity, and aresurrounded by coral reefs. Ocean surface temperatures range from
21 to 29 degrees C. The LME waters have a high diversity of marine species;
however, they have relatively low sustainable yields due to limited ocean nutrients

(see NOAA, 1999). The Insular Pacific-Hawaiian LME is a Class III (<150
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gC/m2-yr), low productivity, ecosystem according to SeaWiFS global productivity
estimates. The LME has a high percentage of endemic species: about 18%-25% of
the LME’s shore fishes, mollusks, polychaete worms, seastars, and algae exist only
in the Insular Pacific-Hawaiian LME. It is an important habitat for the North Pacific
humpback whale. The LME’s important algal habitats and coral reef ecosystems are

used by a variety of organisms for food, shelter, and nursery grounds.

Appendix IV

This Appendix lists 13 areas of key research identified by NOAA in 2005
categorized by the five areas identified by FAO (DeMaster, et al. 2005). This list
includes the science capabilities identified by the FAO that were considered
important in managing LMRs in an ecosystem context:

I. Ecosystems and fishery impact assessments

a. study ocean phenomena

b. study coral ecosystems

c. promote research on inter-disciplinary and biophysical integration of

observation systems

d. promote technological development

e. investigate sources, fates, and effects of anthropogenic influences

f. explore submerged landscapes and the effects of physical changes on coastal

and marine ecosystems

g. map and characterize previously uncharted habitats

h. forecast and asses temporal scales of ecosystem variability

1. create biophysical coupled models of water mass movements and their effects

on biological productivity (including fisheries recruitment and population

distribution)

94



j. study aquatic biodiversity
k. expand knowledge of how fishing impacts target and non-target species and

their associated ecosystems

II. Socio-economic considerations

a. understand the dynamics of social and economic systems and their relation to
ecosystem management

b. conduct interdisciplinary research to better understand marine biological,
chemical, and physical processes and their implications for human health

c. develop appropriate multispecies bio-economic models

d. conduct research into the factors that influence the day-to-day behavior of
vessel operators

e. Apply an integrated environmental and economic accounting framework to the
assessment and analysis of interactions between fisheries and other sectors of

the economy

III. Assessment of management measures

a. develop and demonstrate environmentally compatible culture systems for
commercial, overexploited, threatened, and endangered species

b. develop technology in the area of fishing gear and practices to improve gear
selectivity and reduce the impact of gear on ecosystems

c. develop procedures to integrate traditional ecosystem knowledge into
management

d. identify the species and ecosystems that are suitable for stock enhancements
programs

e. assess the potential role of MPAs as a management tool and evaluate their
effectiveness where already implemented

IV. Assessment and improving the management process
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a. implement research on how to evaluate management performance, how to
include uncertainty and risk assessment in management, etc.

b. develop procedures to improve the participatory processes by stakeholders in
the management process

c. develop ways to better communicate the implications of different management

strategies

V. Monitoring and assessment
a. promote technological development
b. develop simple and efficient appraisal methods
c. develop adaptive management approaches to assist with data-poor situations

d. develop multiple analytical techniques to underpin the decision-making process

e. develop, as possible, a set of generic indicators that can be widely applied to
different ecosystems and different fisheries
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3.

Reykjavik Declaration on Responsible

Fisheries in the Marine Ecosystem

Having metat the Reykjavik Conference on Responsible Fisheries in the Marine

Ecosystem from 1 to 4 October 2001,

Appreciating the initiative taken by the Government of Iceland andthe Food and

100



Agriculture Organization of the United Nations (FAO) to organize the Conference

with the co-sponsorship of the Government of Norway,

Recalling that this initiative was endorsed at the Twenty-fourth Session of the
FAO Committee on Fisheries (26 February - 2 March 2001) and at the One Hundred
and Twentieth Session of the FAO Council (June 2001),

Reaffirming that the 1982 United Nations Convention on the Law of the Sea (the
Convention) sets out the rights and duties of States with respect to the use and
conservation of the ocean and its resources, including the conservation and

management of living marine resources,

Recalling that in recent years the world community has agreed on several
additional legal and political commitments that supplement the provisions of the
Convention, including the Rio Declaration on Environment and Development and

Agenda 21 (Chapter 17),

Reaffirming the principles of the FAO Code of Conduct for Responsible Fisheries,
Recalling further the four International Plans of Action formulated in accordance
with the Code of Conduct, namely for the Management of Fishing Capacity, for the
Conservation and Management of Sharks, for Reducing Incidental Catch of Seabirds
in Longline Fisheries, and to Prevent, Deter and Eliminate Illegal, Unreported and

Unregulated Fishing,

Reaffirming that the FAO Council during its One Hundred and Twentieth Session
recommended that ecosystem-based fisheries management studies to be conducted
byFAO as agreed in paragraph 39 of the Report at the Twenty-fourth Session of

the FAO Committee on Fisheries should be balanced and holistic in approach,

Welcoming and taking into account the discussion in the scientific symposium of

the Conference,
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Recognising that sustainable fisheries managementincorporating ecosystem
considerations entails taking into account the impacts of fisheries on the marine

ecosystem and the impacts of the marine ecosystem on fisheries,

Confirming that the objective of including ecosystem considerations in fisheries
management is to contribute to long-term food security and to human development
and to assure the effective conservation and sustainable use of the ecosystem and

its resources,

Appreciating that the Conference represented an important opportunity for all
fisheries stakeholders to jointly assess the means for including ecosystem

considerations in fisheries management,

Aware that the sustainable use of living marine resources contributes substantially
to human food security, as well as dietary variety, provides for the livelihood of
millions of people and is a central pillar of many national economies, especially

low-income food-deficit countries and small island developing States,

Recognising the complex inter-relationship between fisheries and other
components of the marine ecosystems,

Convincedthat including ecosystem considerations in fisheries management
provides a framework within which States and fisheries management organizations

would enhance management performance,

Affirming that incorporation of ecosystem considerations implies more effective
conservation of the ecosystem and sustainable use and an increased attention to
interactions, such as predator-prey relationships, among different stocks and species
of living marine resources; furthermore that it entails an understanding of the impact
of human activities on the ecosystem, including the possible structural distortions

they can cause in the ecosystem,

Recognising the need to strengthen and sustain management capacity, including
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scientific, legal and institutional frameworks with the aim of incorporating among

other things ecosystem considerations,

Emphasising that the scientific basis for including ecosystem considerations in
fisheries management needs further development and that there is incomplete
scientific knowledge about the structure, functioning, components and properties of

the ecosystem as well as about the ecological impact of fishing,

Recognising that certain non-fishery activities have an impact on the marine
ecosystemand have consequences for management. These include land-based and
sea-based activities which affect habitat, water quality, fisheries productivity, and

food quality and safety,

Recognising also that the majority of developing countries face major challenges
in incorporating ecosystem considerations into fisheries management and that

international cooperation and support are necessary,

Declare that, in an effort to reinforce responsible and sustainable fisheries in the
marine ecosystem, we will individually and collectively work on incorporating
ecosystem considerations into that management to that aim.

Towards this end, we further declare:

1. Our determination to continue effective implementation of the FAO Code of
Conduct, which is our commonand agreed guide in strengthening and building
fisheries management systems, as well as the International Plans of Action as
formulated in accordance with the Code, and the Kyoto Declaration on the

Contribution of Fisheries to Food Security.

2. Thereis a clear need to introduce immediately effective management plans with
incentives that encourage responsible fisheries and sustainable use of marine
ecosystems, including mechanisms for reducing excessive fishing efforts to

sustainable levels.
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. It is important to strengthen, improve, and where appropriate establish, regional

and international fisheries management organizations and incorporate in their
work ecosystem considerations and improve cooperation between those bodies
and regional bodies in charge of managing and conserving the marine
environment.

Prevention of adverse effects of non-fisheries activities on the marine
ecosystems and fisheries requires action by relevant authorities and other

stakeholders.

. While it is necessary to take immediate action to address particularly urgent

problems on the basis of the precautionary approach,it is important to advance
the scientific basis for incorporating ecosystem considerations, building on
existing and future available scientific knowledge. Towards this end we will

undertake to:

(a) advance the scientific basis for developing and implementing management

strategies that incorporate ecosystem considerations and which will ensure
sustainable yields while conserving stocks and maintaining the integrity of

ecosystems and habitats on which they depend;

(b) identify and describe the structure, components and functioning of relevant

marine ecosystems, diet composition and food webs, species interactions and
predator-prey relationships, the role of habitat and the biological, physical and

oceanographic factors affecting ecosystem stability and resilience;

(c) build or enhance systematic monitoring of natural variability and its relations

to ecosystem productivity;

(d) improve the monitoring of by-catch and discards in all fisheries to obtain
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(e) support research and technology developments of fishing gear and practices
to improve gear selectivity and reduce adverse impacts of fishing practices on
habitat and biological diversity;

(f) assess adverse human impacts of non-fisheries activities on the marine

environment as well as the consequences of these impacts for sustainable use.

6. The interaction between aquaculture development in the marine environment
and capture fisheries should be monitored through relevant institutional and

regulatory arrangements.

7. Our determination to strengthen international cooperation with the aim of
supportingdeveloping countries in incorporating ecosystem considerations into
fisheries management, in particular in building their expertise through
education and training for collecting and processing the biological,
oceanographic, ecological and fisheries data needed for designing,

implementing and upgrading management strategies.

8. We resolve to improve the enabling environment by encouraging technology
transfer contributing to sustainable management where appropriate, introducing
sound regulatory frameworks, examining and where necessary removing trade

distortions, and promoting transparency.

9. We urge relevant technical and financial international organisations and the
FAO to cooperate in providing States with access to technical advice and
information about effective management regimes and about the experience
from such arrangements, and other support, devoting special attention to

developing countries.

10. We would encourage FAO to work with scientific and technical experts from
all different regions to develop technical guidelines for best practices with

regard to introducing ecosystem considerations into fisheries management.
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These technical guidelines should be presented at the next session of the FAO

Committee on Fisheries.

AND REQUEST that the Government of Iceland convey this Declaration to the
Secretary-General of the United Nations, the Director-General of the Food and
Agriculture Organization of the United Nations, the Chairman of the World Summit
on Sustainable Development to be held in Johannesburg in September 2002 and

relevant fisheries management organizations for their consideration.
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