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Pl +/hEWVWEZEZTEWMNE, AETIE, PL)<122WET D, Lo T, (13)DF 2 HITA
Thbd, Lo T, FidEs T,
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P (LM —C'(L) >0 (14)

TRINIER RN, VAT RS2y —ATiE, REEEITP UM -C'(L) =0%&i-+2 i
HEELEY, 2k, ORI D, v, =0THHLEICHET S, LR ->T, P'<0,C">0%
Y FcE R FE I AELT .

L' <L, (15)

AT bDERD, LoT, ROMENKNLT D,

aml: QOZHRET D, 20L&, BINOIT ) FMEERAIL, VA7 PR r—2 80
b, URAZ RN R —ADTNNEL 2%,

OF, DA vERO LS ICRELRT D, £T. AEEONAXIIH T 2HMWE

bx?

W =ax—— (16)
LB, —h.

0 =E(x—p)?=Ex?) — u? 17
X0

E(x®)=u*+o (18)

W25, LiehosT,
bx? u’+o _
E(ax—T) =au—bT=v(y,0) (19)

Ll n, LichoT,
b
v =a—buv,=—7 (20)

“hEBEVwIE, (13)1F

bory,

o0 (2D)

(a—bwp', —

LRI,

(3) ERFEES T AT A

ER ORI, BUF (v LIEE ok oMk L RE) LRERRER EORHE L O —xt
— (NATTTN) OBMBIZMEL TS, S, BFALOEOBOT & KT 2 R4 O
el 7 GERFIZREL ST AT L) 2EFx D, UFTHE, BUROEN 2 ob & THlmz T 705,
Thbb, A—0AERRULL)ERAETD 2 OB (B 1 LB 2) B"bdbned %, %
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o, TNENOBUFIZ. MAICE LT Y A FOBEEERMMAE L ABS Bz fsSbo LT 5, L
EhoT . o7 a Y=y bREET 2 EFEMRDHERPE LOMERL S SNDIRAMY [F
FLT D,

ZDEE, WO XD RHERFRED AT L2 BEAT L, TRENEMNICT Y =2 b &
BT 205 FAEALAIIICE L TR - RIS E 0 13, 2 D OBUNAME 2 S EHLAR A I — B 7
— VLI ETHECIRSTLH2LE0VbDTHL, MYFERT AT LA TORoDIEZ ', 0" TE
T, 20L& FENOIHEFEu), u@)E, WO LI ITEXKSND,

P(L1)+P(L))M

u() = %—C(h) 29)
P(L1)+P(L))M

u2) = %_C(Lz)

T, ENTNOHEcO)TRL, UTOXIICEHET S, £7°, HEFIRAE D> AT AT,
TV ENDHRFER, BLOZNETNOBUFIZE > TOEBEOFErIX, KOX 57 4>D 7 —
AT B,

2ODETHEENICERTE 7 —2 (ZDOWERIXIP(L,)P(L,))

Ry =2M,m;; =M —C(Ly), M, = M — C(L,) (23)
1 DETORBEMICRDT B —% (ZDHRITZP(L,)A - P(Ly)))
Ry = M,myy =3 — C(Ly), My =5 — C(L2) (24)
2OETOHBENICEKDT D7 — R (ZOHRIT(A - P(L))P(Ly))
Ry = M, 3y =2 — C(Ly), M35 =5 — C(Ly) (25)
WTNRPOETHLRET S 7 —X (ZOHRIFXA - P(L))(A - P(Ly)))
Ry =0,m4 = —C(Ly), 74 = —C(Ly) (26)
ZIT, myld. F—AxIZB T B0 EREOFEE RS, 5L,
o(i) = E(m%) — u(i)? 27

SL/IN

0,(1) — 0_(2) — P(Ll)(l_P(Ll)):P(LZ)(l_P(LZ)) MZ (28)

LRtRE SN D,

DEXY, S BFEIFOMAEZW, 55 &,
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W, = vi(u@),0(),i =12 (29)
. - - 29
i ((P(L1)+2P(L2))M (L), Pt P(L1)):P(L2)(1 PU2) 2y

LB, Thbb, £ BFEFOR AL,

W; = Wy(Ly, Ly),i = 1,2 (30)

LLTHEEZRINDGZ LI D, HFHAFBUMIL, MBUFOREERMLZTG L LTAHSY O % &
KIETHEDERET D, Thbb, MEBNORKEREDEQL, LT Ty 2L L TRBLE
N5 &b, T70bb, (L, L)L,

oWy (LLLy) _ dwp(Lyly) _

oL, oL, 0 (1)

TRIND, ZTNICESWTEHET DL, T v 2B TIE,
v;'hulLi(i) + voi‘o-’Li(i) = 0 (32)
NilzshTnwb, ZZ T,

PI(Ly)(1-2P(L

Wi, = PLOM = CliL), o', () = "D M2 (33)

ThHO, u,FLICEL TERT 2, 72, o' ,(OBP <120ED b & TIZEMT 2 Z & 2R
N5,

PLFRCld, MNZRIZEE Sy o AT & & LRIFIGRE S S AT b CTO B {5 # m il &t 5%, g
D=OIl, MHMFBEMFILIES>TZLFA—THY, LER-T, GO =COHETDH, IbIT, Ty
AW THLmME O REGEEmEILR -5, ZO&EOLE T, 32FA3)E L TAHAL D,

F9. B EW Eri(L, L) THRT, LiLoR —MoELY, W GTEIFIZE > T, Z O
R —Th o0,
ri(Ly, Ly) = vup'y, (0) + vp0', (D), 0 = 1,2. (34)

A T G 6 1) B /BN

ariLyLs)
Brow
7arléLLle2) <0,j#i (36)

J

WEMNND, SIHIC, (1DELETHIET, Li=L,=LThHDH7RHIX,

N
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PI(L )M

p() = p,u () = u'y - o)==t (37

ThHZ BN UEXY Li=L,=LThHsdeE r'LL)>0Tho7bIE, r'(L"+ AL L +
AL) = 0Z& 072 TALIZ, T IETHDLZ &N bnD,

u‘F‘/C“bi\ L1=L2=L*¢C“&)5&éi\ Tl(Ll,Lz)O)ffzj\:%%i_\“@‘o i‘a_‘:\

PI(L M ary

ri(L*: L*) = Uu( ,L 0 4
v’y +ve0", — = (U#P (L*)M + v, 3J'L)

)+,

——(v”yL +v,0', +U”C’+VJU'L (38)

_ 'L

= _E(U”C, 0—7

Pr(L*)(1-2P(L*))M?
2

)

— % (el + v,

NOE W

P> 06 —s 20 (39)
n

Pr(L*)(1-2P(L*))M?

L, TIT, —Z=SETh Y S BN L & SIS E MR S0 Ic L

Vu
HMHFHEOEMyEERT, LEN-> T, VAZEMNRIEE ZOMEBPRELS D, LoT, (390D
TOEMRREZIND R HIE. ROMEENRY LD,

Ly=Ly>L  (40)

2T, vEQA9 EEENLT D &

Vg _ b
o = (41)

L7725 T, a—bu> 0%/ TH#H TR+ RKEWEE, GIKLTHZ &b, 2O
RERICE LD A,

R 2 MEFBNOEN2THDL LT D, 20L&, WMBOABEEEOEABEENF—T
b o7 bE, HEFIEELS v AT DT D et P i FE L X

Uy S 2cL*
v, P'(L)(1—2P(L*))M?

DTz SIND7e01E, MIYFRE G AT AIBTA2ZENEFNORKEREGHE CHHL LY KX
WH D LD,

W3 (192 RETH, &b, MFBIOEN2THLETH, 2oL x, WMBIFOZH
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B OB BN F — T 572 b3, HEMIEE D > X T LB T 2 il ki i fE L

b 2cL”
T 2@ =bp) P = 2P(L)M?

D72 EN D761, MR D AT BT 2ZNENORERETIE TCHIL LY KX
Wb Db n, ZOREIT LD MOBMEB THLIHAEIC, MB+oRKREL DT &ETHRL
TWABZ 275 (I272 0, a=bu> 0Nz TR TSR,

D ENHLFEFIREL > AT ATBWT, FBUFO AN, MILFIREL 5y > AT & L ik L T8
MLTWENES &R THD, T T,

dWL|LL =L,=l* = ri(L, LY, (42)

e = T 0,000

Lo T, Li=L>LThaRb61E, MoNCWmBFOAIE., HEMSEAES Y AT A2
WTHIMLTWD Z Lt d, ZORRERICE LD D,

FEEWR 4 WMBEFOENM2THDLETDH, 2ol E, WMBUFOABELOEABENE—T
bO . LERFEE > AT LITBIT D R EREEE LMY FRAL S AT JHRXTHEKRT S
Z2HIE, MBUFOMHABEEML T 5,

LD o T, IRBEREHRBAEMT 2KM40L L TIE, HAGEINT 52 L2k 5,

3) #iwm

ARETIE, J:D*ﬂ&z“ﬁ’ﬂfociﬂﬁf%?ﬁﬁt@?'é WEEEE O REE CTd 5 LFRFIER S > AT L DR
FIZoWTHzEITo72, +2IC U A7 EERTH 5 & &, HEKFRFIEE D AT L0 TR, AL
FIZRBL Sy v AT AL kh‘éi@%ﬁffﬁﬁ% EMEIINT RELS Rolz, 2O EIE, SHBOEBRE
JFEFIH O ABS M CZEMAEE D> AT 22 +RICRFNT 22 ENERLLIZETHDLZ &
R L TWD,

AREOHIEEL DT AT LTI, BEMRIINER LT e =7 FosE EIRAREFRE S S
HZR. BHICOWTIEHESY SRR, ZO8ZEBLESTITIOLOMETH 5,

<BEIW>

KBHPH (2017) EEEIRFHIC BT 28 MEE W O F] 3R E 51220 T~ [ FEF 48 B
VAT AL ICOWTOEmMEL] [k 28 FE RERFOBRMNE (BEEIROF
Aizky ET%&‘%E’J%IJQ F O O AW S R 2SR~ O E I 9 5 3l T
EOWIE) WF5E #J pp.80-87.
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QLYY xR DBEFRMEDRR

VAT PN S S 72

R KT M

BERBRE RHEOHOH

CRAR L, 29FEDRRE GO 3FEMORREEL L L 2 THRET 5, )

ERVN
1) J¥im
2) AKim
(1) WHEEEEROEZEM
(2) LYz R
(1] MEEEERE LY ) = 2O B%R
[2] vV = 2 EA O BB

(3) WFZext% . ¥ THEAEER
(4) FFAM7 %
(5) fE%

3) i

R (L IREEES. B
(2) 7oAhr— e

1) Fim

KPR TIZ, BEEREEVZREORBIZERT IABROL YV Z U RIZER L, £2
T, ABRROL VIV U 22 EmOLABRERLE TS L THONAIEROME (BERIC
TEEER O KA RFIHTEME, KRV o ARNEE AR R) ZRERE T, i
i, ARV —ERXROBLENOZAMICEHET 52 FiEE Bt L, ROV IAREBRICE T
LZWHEBEEERICEN L, Z2AMNRNELZERT 52 & T, BREIRORF MM Z T,
BEEWREEMEZHREDOREICERT ALY 2 AEFHICH T HEROERZEIE L, BURD
RBESELZEEANE LTINS,

BEERIL, AEEDAMICHERZ DL L TWLAEERY—EAD—2& LTEZOEEMEN
Jis < B ST % (Haines-Young & Potschin (2013), Kumar(2010), MA (2005), Moberg and
Folke (1999)), = ®— 5 T (EMEZEEME (B2 WIZEOKIR)) FHED I L =7 LAAEREREE (MA,
2005) 12 ZAVIE, FEOMEIRA M I AWV E THEIT L TR Y | AL A RERIT IS W T SRR 22 HE IR
L LT, 50~1000 f5m WHEERETH L L s Tnd (M 4.4.2-1), BES , WHLE, SHE.
AR D 10~30% M HEIRO GG S 4L TR Y CRFRAICIEAMEEEIEEICMET 5 & Tl ST
W5 (M 4.4.2-1), 29 LRz, ZOREPCHERFANRRDLENAN TS, £ 2 ThaE
WCMT S EIERRVMARRINTEY, EWOLEMEICE T 25%K (Convention on
Biological Diversity, CBD) Ti%, EMZ DR 2 L O R O Fefe T aE 2 R I 2 T
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BEEROBEELRFPZRZKNO=2>OHKD—>& L THITFT TS (CBD, n.a.),

Extinctions per thousand species per millennium
100 000 7

Distant past Recent past Future
(fossil record) (known extinctions) | (modeled)
10 000 4 Projected future
extinction rate is
-«—— more than ten times
higher than current rate
1000 A
Current extinction rate
100 - is up to one thousand

times higher than the

For every thousand fossil record

mammal species, less
104 than one went extinct
every millennium

J N

- Long-term average
extinction rate
0.1

Marine Mammals Mammals Birds Amphibians All species
species

Source: Millennium Ecosystem Assessment

X 4.4.2-1 AHEOEBEOEIR

(HH# : Convention on Biological Diversity
(https://www.cbd.int/decision/cop/?id=12268))

BIEWIIEY . KM, WEY. F&. OBKR & ERRICHE Y — BRI @M T 55 58
(Haines-Young, & Potschin (2013)), O A — R LT KRS BRIBEEHRAL T D,
DFEY, ARRRDODLEDODEH D VOBEBERLELBRENDIDON, EDLOTAREETH D &V D K
Wb, Leno>T, BIEROM KRB ATEMELZ XSG, ABROKFEDHES T 1
B2AEZRETLHOTIE RS, ABREOLDEZKREL ., E%%%‘i%%ﬂib\ ARG PR O 4G AT
REMEZHRET 2R RS,

T TR T, AWEHEEERE L, BEEEFEOMGATRREZ R T 2AEBREHOH Y
HelTory Yz A~DOEROFM A ZAMICHE Lz, BEMNIIE, 1 F—Fy h T~
F—rHEEZHWT, 1) RPRFEZHVEERO LYY =0 ARG 72 b TR ~O I EE
BOHERE, 2) AT E BE 56 %)ﬂb\f_V/)I/X%ﬁﬁTé;”ﬁi boMEBORE, £ LT
3) ARV —E2AZEZAVWEMOERRY —EALORBIZEBITZ LYY = AR E
B2 E LTz,

HHL LT, TOEEMENRETTETH I TV IWHEBESEIR, FICY v IEOWEHFEERBEIR
LUV DU RERE L, VU aIE, MEEEEROBLAP LRy FAKRy heahTnb
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https://www.cbd.int/decision/cop/?id=12268

LBz, AR MLV RADORBIZLV A - FEWAFEELTEBY, MU RERBREENSE LT
STW5D, hraffld, BEATH [ THARRMRSITEGE 2016-2020) #HRE L., T4
W) 2 KRR E RIS 2012-2020) (CFAk 24 4 9 H 28 HEGRRE) KO MEEREARGHE ] (CERk 25
£ 4 H 26 BEIGFERE) 2BTFoR WD IfEERRAERESICEBRT I HEZDERD OO
ITENGHE AL EAHT 570 8 (BREEA. 2016), HEARFHENG LI TWVD,

2) Xim

(1) ?ﬁiﬂ*ﬁﬁ%ﬁ@ﬁ%‘ﬁ

WHEEREROEEMNIL, XM AT 7 ) uV—0DRBONA LT TR ART T 400 T ORY A
LY, REICEE->TWVD, FJH%E Z. The Census of Marine Life ¥ & U the World Register of
Marine Species ® H 0 f A 1C T RMBEEIE R 0.93% DEIA THRELED LN TND

(K 4.4.2-2A, Bf) . EGERRBIZHONWTAH D & GenBank DR FF P~ 0 i I8 Az & 7 A3
BEE L 72 FF T Bk ICBI LTI 12% &, BlIC#EA TS (K 4.4.2-2A, H#), TOIEMHIE
RHBIE LG DIz oTBY (K 4.4.2-3, 4.4.2°4) , I, WHEBREERE BE LZHFTFO S b
55% MM NDEERIZEHT 260 THY | ZOHEIEMEN S 725 (K 4.4.2-4, Human Health),
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A 160000 ' '

140,000+ -
described

&)

z 120,000 -
5,000+

as source of MNP I

4,000-
600+

number of speci

as source of gene patents

400+

2001 domesticated

20,000 ' : 6,000
B

Ln

= 15,000

cts

natural products described
~4.000

10,0004

~2,000
5,000+

Accumulated umber of marine
natural produ

distinet sequences patented

0 | T 0
1980 1990 2000 2010

Year

4.4.2-2 Arrieta et al., 2010
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. L_’ with one or more described natural products

Llgs

[ | TI,iﬁ‘]}] with one or more patented DNA sequences

[ | ]:{":'T’: domesticated

177

X| 4.4.2-3 Arrieta et al., 2010

% of patents

Q.'O W&
@9\ 3 Application

X 4.4.2-4 Arrieta et al., 2010

Y AR R O R A E LS S0 T Leary et al. (2009) 723 BUIEPESE | WEFR 155, ALbE i o 3¢
CELT|MY £ TBY, TLEh 6,430 {F R/, 500 {& R/, 2,310 fE RV & HERFL TV D

(% 4.4.2-1),
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# 4.4.21 BEEECEBEROBREMMECETDIELED

PE 3 TH ST 35 0 HE 72 e i fiE

Fr (Bl

= 3K pE 3 6430 & K/ (2016 4)

5000 J7 ~11& /v (VEf Bk D~
ZIRHE, 2005 4F)

10 f& KV (EEEJRE ko 7 v 5ty
'Z, 2005 4F)

2300 75 F/b (A RIRHE
[Retrovir], 2005 %)

2.37T1E R (LR
[Zovirtax], 2006 4E)

(=N o HIX 5008 K/ 4 (B£3)
e 10f& RV /4 (DNA HhHi i)

#E 1.5 18 v/ 4 ([Valley Ultra

Thin], O EIKYE IR k)

HEE 2000~3000 7 /v
([Luminase)], &% H%R)

(B bE & pE 3 e 2310 1% F/L (2005 %)
e 383MEKRNL (AX U&7 T RN,
2005 4F)

H it : Leary et al. (2009).

%72, Erwin et al. (2010)1Z#557FT — & % & I C. P4 H Sk o R TA 9 38 O I ) 722 %
FMEOHEFH 217> TV D, #5112 i, 253,120~594,232 ¥ O # 7= e b #W E 03 g v £
WWEENTEY, 2D 90.4~92.6% N KE R THDHE L TWDH, FWHEAYH KO MEE IR K
DFIER 2 BB MOV TIX, EMEEMEORREIC L - T, 0.56~5.69 K KL DOMENH 5 &

HEEL T 5,

132



A
Fungi (0.7%) .-« vviveeianan .. .....Monera (22.3%)

ASC — PRO |
0% 40%  80% CYAl—/—
0%  40%  80%

Animalia (77.1%) - [}

‘Plantae (1.9%)
CHL
0%  40%  80%

0% 20% 40% 60%

$0.56 - $1.45 TRILLION

B
Fungi (0_2%) .................... . -Animalia (35’5%)
ASC I POR
0%  40%  80% - MOL
CHR
BRY

0% 20% 40% 60%
Monera (63.8%):-----
PRO——————————]

CYyAd
0% 40%  80%

$2.20 - $5.69 TRILLION

-Plantae (0.5%)
"" CHL
0% 40% 80%

X 4.4.2-6 BHEEVEROBEFEREOBEN RBEFMMEOHS (Erwin et al., 2010)
MZ 77387770 FCRRINTVDIEDLSHEMEOHIHMEMBONRTH D, B 7 73{FRTDH
Ml o 2 5 &k LT\ 5%, Ascomycota (ASC), Bryozoa (BRY), Chlorophyta (CHL), Cyanobacteria
(CYA), Chordata (CHR), Mollusca (MOL), Porifera (POR), and Proteobacteria (PRO).

(2) VY=
[2]-1 BEREBERE VYU = 2OBMK

Felombv | EF, MEBEEROBEBEENRH I, HHEEREHOBEEMENETETEE
S>TW5h, &5IZ, Arrieta et al. (2010)<° Leary et al. (2009) 2383 2% X 012, #IEELREIR
BT MEZEE A CHEERERE~ORBELARDLENTND,

e EFR I AN ERE, ARV —E20S5HEICBW B — X I ES T 550
(Haines-Young & Potschin (2013)\ Kumar(2010), MA (2005), Moberg and Folke (1999)) .
it AR HKFMEAL TS, 2FV, MMOBRERFAEE, WHEERERIL. WBEAEAEBROED
N ONDOANBICHERZ 0T ONERET L2 ZEEFEFICHETHD &V ) REEENE-
TWb, Bl ziE Leary et al. (200)1X— 2> OFHE N THITH 5 £ TIZ 15~20 4FE00 0 |, 5,000 F&
FOBEMICER EOMERH 2 EBoh 26D 55, EH LTS5 ONRMIKHBRE TLED

HEx, AMAORAETELIOF 1FETLA R EERHL TV,

L7zBo T, BEERICESTTRXRTOEBRPNEETH Y (Kumar, 2010), B E PO R
B 7o fAs FTREME 2 AR 2 TV E B RE BT, MFEEHREZ SO AERREZMERE T 22208 RkD6 5
DThHDH, FERREHFTHZ LI, ZHRLEREEROMEBATRENEL 72 O T AW SR Z R

133



THZEIZOENR-TWND,

HARREMER T2 OOEZT EHOZ =7y P LT LY AREREZEDTVD,
LYV R F, A ML AEZ T TH, ARROBREOMEZHEFT 2810 ZE TH D,
72 & 2 1%, Anthony et al. (2015)1%. ¥ > xR 4.4.2-2 D L H 7%, AR P L RAICEHLENT
WHELTWD, A ML RAIZIEZSOFEEN & Y | press-type stressors (754, HEFEY, L
WK D LR Bk TAEEROL YV TR, FAOEEBELEZHLDTHY
pulse-type stressors (i, FLBER, A=t hT O REAE) ITAEEROMIECHE Z MR+ 572
DICHER VDY Z L RAEZSIHIIUEETDLHIILIZRDARNLATH D,
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#4.4.2-2 VUOOERZITEIHHNRA IR, ERBRR~DEE, KRV VIR

Drivers or Resilience processes Potential management
Stressor Pulse/Press  activities Impact affected levers (see also Table 2)
Storms Pulse Natural cydes, Structural damage, Recovery and Preparedness and
(stochastic) climate change floods and connectivity if recovery planning locally;
sediment-ation damage is extensive compensatory measures
Destruct-ive Pulse e.g. bomb Structural damage,  Recovery, Increase incentives for
fishing fishing, poison mortality of flora reproduction, nondestructive harvest of
fishing and fauna recruitment and resource through
connectivity if education, regulation and
damage is extensive enforcement
Crown-of- Pulse MNutrient Coral mortality Recovery, recruitment  Improved management of
thoms enrichment, and connectivity if catchment, protection of
starfish natural cycles mortality is extensive CoTS predators, tactical
(CoTS) CoTS control
Thermal Pulse, with Climate change, Coral bleaching, Reduced growth and Identify sites that may
anomalies press-type natural cycles diseases and reproduction, and have lower vulnerability;
after-effects mortality potentially protect from local
connectivity if impact  skressors; manage for
is extensive enhanced recovery
Sedimenta- Mixed Mixed: land use Sediment stress High turbidity from Improved management of
tion, depending and river and light re-SUSpension can catchment land use
turbidity on sOurce catchment limitation, cause long-term through education,
practices, enhancement of suppression of coral regulation, incentives and
flooding, algal growth recovery and provide penalties. Restore land
resuspension, competitive vegetation. Control
coastal advantage to other coastal development
construction benthic groups such activities.
as algae and sponges
Nutrient Press, but Mixed: land use  Enhanced algal Increases susceptibility Improved management of
enrichment pulse if and river growth, increased of corals to thermal sewage and intensive
Tinked to catchment turbidity bleaching. Provides agriculture activities
flood practices, competitive through education,
events flooding advantage to algae, regulation, incentives and
which can suppress penalties
coral recovery.
Pollution Press, but Land-based Toxicity, affects Reduced coral growth  Improved management of
(herbicides, pulse if (urban and metamorphosis and reproduction. urban, agricultural and
pesticides linked to agriculture) and larval survival. ~ Suppresses reef shipping activities
and heavy flood and from supply-side ecology. through education,
metals) events or shipping regulation, incentives and
marine penalties
incidents
Ocean Press Dfrect CO, Reduced coral Coral growth rates, Identify sites that could
addification effect, point growth and skeletal strength and have lower vulnerability
and nonpoint strength, recruitment reduced. and target for protection
sources of low enhanced algal from local stressors,
pH runoff growth control land-based
sources of pollutants that
decrease pH (e.g.
nitrogen /sul fur oxides)
Decline in Press Human use Reduced algal Fotentially drive phase Improved fisheries
herbivores mortality, algal shift to macroalgae, management through
overgrowth of exacerbated by education, regulation,
corals nutrients, warming incentives and penalties.
and acidification

H# : Anthony et al. (2015)

LIeRoT, LI T Remddl ildk, EELWEBRORELZ M ELMERL, £Y
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ZEPE. 2 L CIBEN R B EERA MR T 5 2 & 2 AEe

LV 2 ADE I AR
—7y b LT, LYV REREDDL I ED,
W5 (Scheffer et al., 2001),

L Par
RE R E

REHOT T —F L LTH,
N FE TOEIEMEND %ﬁaﬁf‘%é LEahT

5] 21X Anthony et al. (2015)IT L YV = A D #E 2 5 & EERIA
WHERAT I 20071 —20 =27 L LT, @Il YY) o 2AEH (Adaptive

b LEZOND,
ERHSNATEY,

A e

Resilience-Based Management, ARBM) 7L —AU—7 B L TW5 (X 4.4.2-6),

TR AW S KM 1T A RE
L., LU= R
(ex-ante) IR THDH EWVWH ZENTE,
LUy,

RV SND 2 THELNDFHM (expost) RFL, R THDHDIC
TECERSAEYWSEEEZ LT AR Z RN
BEOLYY U ANHE

MEFF 4 2 FRETH
HEOFHMRLE L TSHSD

ﬁwanagement & Research \ / ocial-Ecological System \
H

o

Influence drivers J Environmental and
or activities J anthropogenic
B ‘& drivers/activities
A ~ B = T——
o= )
G_o als. = | Decisions Reduce . § o 50
objectives V ~ stressors | @ a >3
gl lsg =8
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LYY = ZADORE A EIXIRERN TH H, AL TIEL, Baumgirtner and Strunz (2014) ®
BEZFH e N—ACEHARIFEEZRH X EREOR ZET 5,
LYY s ZOREMAEIE, BICAERBRMAI R P LA EZITTH,
TEREIBZILTINETOAEABERY —EARZ I oL DT EEE<, BRI E
(insurance value) & L CHZ LN D Z &N Z W (#l 21X, Admiraal et al. (2013) .
Perrings et al. (1995). Ronnbick et al. (2007)), 7272 L. BE#EIZ\W
Baumgirtner and Strunz (2014)

MEs#BELTLY—AY

Baumgirtner, S. (2007).
21E. RBRMEIZL Y o AR L TlED —>TH Y |
EhE, VYO AOREMEIIRRMEE LoV A0 Eicfko TR SN D HEIED

136



M Eaokfne LTINS,

Z T, LLF., Baumgirtner and Strunz (2014) 32 L7z, VAV L IT LADEZ L
ERRFEET N EMAGDLETEE L, LY U 2 20RFMEE AV 5,

T 2HBEOABROREBESZS ., ABRZLLEVITE (yy >0 BELNDIRE, AR
LRV (y,>0) RELNLIRERDHLIEL, ZOEEZUTFTOLIICERT S,
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Ay =yy—y,>0
FriGoET, ZERAPBEEZ /-2, BOFEL VTS~ L S OE KN REAE
LTWAIRETHDL LEZDLZILENTE D,
AREZR N E WA NG B 5 IR EE (domain) 2> I WIS NE SN DRE~LBITT MR EZp L
L. lERITEFELEHR THHL YUV Z (RE[01]) OEEKEEHET D,

p=pR)withp'(R) <0 forallR and p'(R) for all R € (0,1)
and p(0) =1,p(1) =0.

ERBEEIILLTO®Y IZERET D,
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WRICHHBEEEZERT D, EERFAEIL, SWEREENERO —>orEEICER L Tk
D, ZTNENDOHERITIp(R)ELI-—p(R)TEHZOLND, DFEV, LYV RAIZL o TOABIESN
% [Fi#3< Ulincome lottery)] TH5H LEZX5HZ LN TX%, von-Neuman Morganstern % o

137



MR HEEZ AT, DIHBEBEZLTOBEY E&XT 5,
U = Ex[u(y)] withu'(y) > 0and u'(y) <0 for all y,

ARERFMEDO Y X7 Bl 2 M S E 572018, WHBEEOBEBIZIZU T O~ X —A %
Ao,

u(y) = —e PY with p > 0,
PIFAERERMMAEDO Y XA gEZB T NI A—F Th D,

2T, RBMMELRFHES LOYV R FLITANELALETDH L, IR HEAKE U X
77V T AORBIFIUTO®YICERSND,

u(Eglyl = I(R)) = Eplu(y)]

DFED, EFBONDIWEHENS Y R T VIT LERLEDARE LN DFHEICY A7 R
ESBEOIM LA —ThHd I LEZEEKL TV D,

OV R TFVUIT LAOMEEMNT, LY U 2 ZORBRMHEIR)IZ, LU = ZRBIRAR
NCEAL LIZBED ) A7 T LI T AOELE LT, ATO@EYICERT D,

dll(R)
dR

I(R) = —

FELVVI U RAORBMEVR)ZLL FTOBYIZERT D,

VR = i W (AR)
(R) = ARS0 AR

Er[u®)] = Eg4ar [u(y - W(AR))]

SDFD, LYV URAOREMMEIL., LYV DA EFBRBAMICH ES®H A LICwtT 5 ER
(ex-ante) M AKX ERBEWIC Lo THEZ LN D, AMIEIZFERMMETHY . DEV | RIS
BOoNLZHABEITMEILELDTH D,

UEDOETFTAZRBTSZLICED, L2V ZORFMPEIZLLT OB ITRKIT 5 2 &R
T 5 (EHBEBEIZSW TiX Baumgéirtner and Strunz (2014) % &),

1 ePty — 1
p1+pR)(ePY — 1)

V(R) = —-p'(R)
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ERIFEUTORBZLUTOLIICENT LI ENTE D,

V(R) = —p'(R)Ay + I(R),V(R) = 0 for all R.

SFV, LYV r2omn B MEFEOm E (—-p'(R)Ay) vV 2om bRtz
O3 RBRANE (I(R) Ofne LTHRAHND,

(3) WFEXR : o TEAERRR

AFFETIE, LFOBERBICEIY, MBEOY L IJHENOELNIEHEBEERE Y IO L
VIVZ AR ET D,

Blo, Ik, WL L OBUKOBERERER E WV TEBIREREE & e B AT, W
BLREROER Yy PAKRy hEEFbh T3 (Arrieta et al., 2010),

IS, MBRE LT, FHOXMG L LT <, EREBICEYMEANBEIZTOATY
HZENFETOND, BEEE T 20104 4 HIC T4 IfEARERE2ITEIRE ) 25K E L, 2016
B4R IIFEINETOITEIGIEERCR I 2 B E 2 T M9 v A RRRR2ITEIGH R 2016-2020
ERE Lo, ARFHENT A S ERMEEZ I 2012-2020) (CFAk 24 4 9 H 28 HHEERE) KO

MEPERAGHE ) (CFRk 25 42 4 H 26 ARIGRRE) I2BIT 6T D 3o THEAERER ORI BER
T 5 AEEDERDOTZODOITENGIH & L TAESIT., Lo TEMBEDEMICET D7D DITH)
Bl E STV d (BREEE. 2016),

BB OE 44221 BT L FHEBSEIERAMA P L RIZELINTED,
WY EHNBHE Lo TS, 29 LIEAWA P L X FRICABRA ML A X 5% T
DI LA R 72 M3 T Y (Arrieta et al., 2010). AAD Y TS FI4 TiX v (B8
B, 2016), S OICEFETIEA Lo o THEARERSEIE LIZ< W (BREH. 2016) &9,
LYYV Z AR TOBEVTERINL TS,

BUIZH  TEATBNT, VYR ZAOMERELSZTFANLALTEY, VLYY T 2D
LR OWENEEA T D (Bellwood et al., 2004; Hughes et al., 2010; Nystrom et al. 2008),
TR I L0, o TR, ERBL A F I 7 X, BE., BROLEFEKICE > THREBSITH
NOBHARATHLZERWHLNER > TE TS (Nystrom et al. 2008), il 21X, X 4.4.2-8 D
Lo, B AMARRITMESCEEN O ORBHOWADOREIZL > T, eV IHEARE
R D KRB EAN Y =TSO EHEBICY 7 M T H RN RS TWwWS, £, oo
TENR B DL EMEIRIZ T 7 P T DL R DBEIC O VT HIERRMEN I T D (Dakos et
al. 2015; Karr et al., 2015; Quinlan, A. E., et al., 2015), BEZ4ET 2 ICMEL. ED LD
RIRETHNIE, LY—2 7 bR EILRWVN, LW — kR IEE % 5 2 5 safe operating
space DEZ T HIEBE INTE Y, Norstrom et al. (2016)1X 2N F TOEIEHFEE N— R (T, i
M, KE, KBEEHCEHLT, ZORETHAIE, LY=LV 7 MIEILRVE W) KEE
HELTWD,
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predators
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X 4.4.2-8 YU IWABRDOL Y —L YT MedhbbT &R (Bellwood et al., 2004)
ERIT LR RBIHOMAIL L T, LYV Z U AREF LTV AR AEH LD LTS,

Macro algae

state \

Rock

BBICEBRDERBY, OO L ) U AMROERIZHE ST, LYV 20 &% S
VAMEDOAERRRERICIY ARSI ENED N, FLREBIN TS (Anthony et al., 2015;
Hughes et al., 2010; Karr et al., 2015; Mellin, C., et al., 2016; Nystrom et al., 2008),

(4) 7S5

[1] RAEOHE

TUr— NI TBOREREICHETLI Ty — A E0WHOLAMTEMMLE, HAESMICE
=Z—=BE LTI REED 200 69 DB LEMRELLT. A =3y ML OMA %L
FE L7z, 20079 H 29 HArH 10 A 4 HIZHMIRTE(ED 120 A & R DSMERED 120 A%
KEGE LTV T AMEERL, iIAEEZLELZS 2T, 2017410 A 26 H»H 11 A 1 HIZ
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FEEOBERMIZT R TORBZEFICHKBEBTHLIN, AL U=« 27—V v 7 OBEMITNE
DORLL 2BEOEMEZMAEL., HEAZITIZZOVWTANCHEIZELTS o7, BAMIIE,
RIS . MPRIRDSMEEE L b, FEROEIZEFREICIIL YY) 2 A AT 2 MiEB Z 0~ 5
OOEMIZEZE LTS bW, KPR ORIZEEICITY > THEARERD R T o~ AR —
EADMHMEEEEZFRL7200EMICEEZLTLLo7, LY U AT 2 MER % H
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REEDDORAR « U= K« 25—V TOEMIE, 77— hMZBWT vz ([H
") 2@ CEBREREZRETHEVIBEZFAREZEEZ L EVE T LW ERICKL
T NI EREELERIEFICORER LT,

Flo, T —FIZBWTHEFICERINDI LYY D U ARLEBEBEEROMBOFET, HE
FOVV I RACKT AT MBAEE A AREERE 2N, o THARRBREMT S
a7 ERER Y —ERAOMMMEEEEZRARNDLTZODONRNAN - U= « 24— v FTOHEMIZ
DOV TIE KPR ORIZEF IV ) 2 o AREBERICEHT 2WA LT ORNCEZE L TE B,
B OKFEHOBIZEZEIZIZIL YY) 2 U AREBBEROMALZIToLHICEZEL T b o0, W
DML, LYY ARBEEFICET 23N EIEE OBRIZBICKETHEOR &L RGET
%

[2] {RA8FFAilh & o> B R

Loz Azl bt BEEHREZERET D LICHT 2 XL ERHEEZ B EIC L0 #H
L 7ce RAEFEHME S X, 77— P2 AW TRERICH T2 Ax DI ESEHEAH S T
“ETHDH (B Lfth, 2013),

RAREEAm L OB R Cix, oY THEARER O 1ha (100m X 100m) & WEPEREX &35 2
LT, LYV DU ARG WY TEARER 2 HER L. EﬁxfoeL{r;i%/ﬁﬁxﬁ%bnf;b\oto et s
VD R ARRY e B % Eé%_mbko%_f I, BHEREXERETH LICLD, RESLY

2k 2RI A% VVUIyxkﬁﬁgﬁu%“@%@iﬁwkﬁmbto%LT\@ﬁ%%
E@ﬁ%ﬁﬁ FY TWAERERORE (FE=X V7 A=t FT O, FrITOBHE)
BHISE OO OB ANENDL1D, TNOEFE T LD OEENHE TERWE | WEPERE
XITMERF CE W ERE LTz,

ZDHZT A HOEMIILNERESZHET DD Eer o > THEEHEL LMELE,
KT 1TEIRY &L, ZHBWICE o T, WHEREXEZS% 10 FRER x5 & L,

ZOREFEMEOGM T, BIEHFIC2 OO RMEEEZBZEL-2>2ATHELTLL--, 1

DB BERDBERLIND Z EICHET I RERETH D, ZOMWEREX T, WO, FOBEKRE
BRI NI TCIER2VWI &, LT, BRI ELTH, ERAMETITE 10 2
5 20 FELE VIRV MY, BIEFEAENZOHELEE COREZ TN NXIE- &0 &
T b RN & EFHP LI,

HIO)120F, VYU AEHOMENEORERBEINDINCET IAEEETHD, T
SEAEROL VY 22 @D LT-0IIE, HIHEREREZRET LI ENAMNTHD I L3
ONEROTELEN, ZOWMHEREXTEDODREL VY Z U AREDLNDLDNHIE- XD &1
bmmbinwz &, b, WBFEREREZRELRNIE T, FOREDY Y IERRBLKDR
LZMbiEoZ VTN LRVWI EERREIEFRICHWA L, 20— KT, YL ELERRIT
BHETZOMMANEFICRBETHD L, £/, ~ERbhZARREZRET S Z LIFEFICH
HTHDLIEND, AENPBRRUTHLEHRZED IV ERNDH DL ENI BT DL L a2 HEHE
215 2 T2,

b XS RSB O®%IC, K 4.4.2-9 O X5 R EEEICET2EME2 o772, 22 TlE.
TR BB A RA L, £ 4.4.2-30RT 5=V VORREEHREL,
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AN OB OFHNCIELS b by 2 Uy o ANRHHER G (Schwartz, 2012) %5 L
T, LY U RITHT Dl ES A4 L7z,

4 M EOWRERGRHE 2 RICY o TREABRPRM T 5 EE R — B RICK T D il 8L A2 5
a2 Ty O NIRRT 5 X O BEE L7z Hicks et al. (2015)% &%, LV
TUARAZEELEEOER -HALLT, VIV R EWVIEBILFHICHELEZE L2056 ;R
WeN7e Z & ~PREE L 720G BT RINAREZ R R T 2720 5 Hile R BREREZERT 720,

TAEMEZ R EIC LT LWL T HMB R EOCEE L2006 [BEREB L0 D
BRZIEH Lo s ik, Ax, FiE, BO~NBEEZ LT EREEGZVWIL ), THS
UNDOZHERFE 2 IO ND 7= 3 NFEO=D ; ARO 7=, THEE~EE L, HATITE L
TZWING  BE~OREER/NRICE EDZ0ND T OEECEHREEELZVNDL] O 5
DOERELE, TLT, RAK U=k« 27—V U7 HHNT, 215 55075 - HEN
INEFNEOREXFINDINERHZ, ZZTHWERZA R U=k« 27— 7 L,
B FICH L CHEEOENEZERL, Zohhrs TE2F L), TEHEM), HETXHRE)
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ZTCHRVIESTZET, MEFEORKZPL T D Z LN TE D (Louviere et al., 2015),
FROSOOE R - HEADO O L, MERERE (BIGWERAREM 7 vy 7 5HE) (ICESWTEIE
nie 4 SxREZEHEICRERL, (IRVFEETEZ] b0L KRHFEETERV] bOZRRLTH
5HOBME, RTHIHEAEZELEZTLIAICOES5EMYIELEZ, HAEICHWZEMIZX 4.4.2-10
DEIRbDTH D,

HRIENV VY T AZEEL L) Hn - Bl L L TRGITWVIBIK S &b VIEREZ RIR
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QAR Y — v R O x84

BEEREZRHETOIREN, MOARRY— A LB L TEOREREE LML TWVE N
EHA LT L0, Vo TEARERN LD Tk A RAERERY — B X OMXHFEM 21T - 7=,

T, VU THEARBRER L L TRENRAEBRY — R L LT, TERMY ) M,
RTEY ) EERHOEM ), TRAROMEE), OB, EEEERERETLILY )
FRAERER ], THMEOGHRITERSRFLZDO O], THEOE ), B LB &), T8
ERAHS), T adEi A, AEAODRRY OERR] © 11 f2HY L, 2T oMt
MEEEEZNRZAR U= 27— 70k TR, 226, EEEHRE2HE#ET LV
Uy NRAERR] DMUOERERY —ER LR TEDORERERELEZ LN TV DNHL M
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S
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