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(1) Method to evaluate the economic benefits (monetary and non-monetary
benefits)
SREOAR (&858 - HEEOAE) OFMFHEOIA

DProducer side /4 BE & fl;

The Methods of economic evaluation on genetic resources and the introduction of

PIC BEHEBEWRDOEFMMEE FIZEHE 2 DBEFDEDIT FEEDRT

This paper tries to analyze the two methods in order to evaluate the level of genetic

utilization and its economic evaluation.

First, we estimate the incidence of genetic resources utilization. The general ratio of
genetic resources usage is a useful indice which evaluates direct and indirect usage of genetic
resources. This general ratio is estimated on our Input-Output Table for genetic resources
(IOGR) , which indicates that the indirect use of genetic resources would be larger and wider
than the direct one. However the level of genetic resources usage is gradually declining.

Second, we estimate the economic values of innovation through microbe usages. We
estimate the effects of Stachin on Hyperlipidemia and a new lactobacillus on Yogurt. Those
effects are evaluated on the economic model. Empirical analysis indicates that the value of

the innovation would be huge and some effective policy should be needed.
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®Consumer side B EZH

We conducted a questionnaire survey last fiscal year to the general public which includes

potential consumers in order to clarify preferences for the goods utilizing the genetic
resources. We analyze the data this fiscal year. Using conjoint analysis, we compared the
willingness to pay (WTP) for two types of goods. For the first type, a part of the sales revenue
will be used to protect the habitat of genetic resources. For the second type, no sales revenue
will be used for habitat protection. The result shows that the WTP for the first type is higher
than that for the second type. This result suggests that the public supports a system where a

part of the sales revenue will be used to protect the habitats of genetic resources.
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(2) PICHEBEAZL2ELCERANACRETZEOTFHICHITZRAE
Analysis of the firms using genetic resources,/ BEEEBEOFBICET A2 E 04

The objective of this study is to (1) understand how firms use genetic resources in their

business activities; (2) evaluate quantitatively a relative importance of the factors affecting
the use of genetic resources by the firms; and (3) investigate the difference in economic and
CSR activities between firms using genetic resources and those not using them. These
objectives will be achieved by using the firm-level survey regarding genetic resources and
their uses. We mailed a survey to a total of 1,305 firms in agriculture, fishery, mining, and
manufacturing industries. Collected data will be used to address three objectives mentioned

above.

AFROBEMIZ, (1) CEOBERBEFRFAOEEZIALHNCT LI L, (2) REOBEKBER
FIHZER - RETDIZDICHEREREZFET S L. (3) BEEREROFMNEIEORE N
TA =T UV ABIOBRERSITHICG 2 2HEBLHMT L2, THDH, ZHLOLDOHMNDRZDA
e Cix, B, KEE, i, g 1,305 25 Bic T v — M2 £ L7z, 343
ﬁm%@ﬁﬁab ILBEEEBRZFAL TV DIF 1184 Th o7z, WHESNTZT — X ZF|H
LT, LEEEMICIR -T2 EEGTEZ S HBED T HFH TH D,



(3) BATOPICEHAK LS8 - RAECOFMICH T RE
DEvaluation of the benefits of introducing the PIC /PIC & A ® {& 2§ @ FF i

It is useful to evaluate and compare the costs and benefits of introducing the Prior

Informed Consent (PIC) to examine whether to introduce the PIC from the view point of
economics. In order to do it, we conducted a questionnaire survey to evaluate the benefits of
introducing the PIC based on the preferences of citizens who receive the benefits. Under the
assumption that some firms raise the price of their products in order to obtain funds to
contribute to the conservation of the domestic ecosystem which is the habitat for genetic
resources, we will estimate the maximum amount of the increase in annual expenditure
which can be accepted by citizens to conserve the domestic ecosystem. We conducted the

survey this fiscal year so that the data can be analyzed next fiscal year.
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@ Feasibility study on generating domestic ABS cases in Japan/E XN ABS EHl#
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It is a challenge to conduct a research that there is a lack of existing ABS cases and

available data in Japan at the moment. Thus, in order to examine the possibility of a
substantive research based on generating ABS case examples thorough pilot project, we
visited Tsushima (Nagasaki prefecture) and Okinawa prefecture as the candidates to have

meetings with stakeholders and to gather information regarding local genetic resources.
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(4) Theoretical approach to economic evaluation on genetic resources
S ERORARICESSCREFTME LYY =R
(DAn evaluation of economic value of genetic resources  H#H B ALICESLIEF
B i

This study aims to evaluate economic value of genetic resources in Japan in particular in

the area of pharmaceutical development, being based on the formulas provided by Simpson et
al. (1996; SSR) and Rausser and Small (2000). The study adds to the SSR formula some
factors reflecting PIC in Nagoya protocol and tries to evaluated the parameters in the
formula.

Several times of interviews conducted several, however, has revealed that it is not easy to
specify the exact values of parameters by interviews themselves. Instead, we are in a process
of evaluating the value based on the questionnaire sent to the companies developing

pharmaceuticals.
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@®0n benefits sharing among providers of genetic resources: a theoretical

consideration on a cooperative benefits sharing system FIBESIC2OWTOHES
B % £

On benefits sharing among providers of genetic resources’ a theoretical
consideration on a cooperative benefits sharing system, BLEEFAFIZEIT 5 #
HEERDFIBEIZ O T~ [THFAFIZEED S AT L] 12O TOHEBHE L

The argument over benefits sharing (BS) in the context of the CBD centers on a bilateral

BS between a user and a provider countries. A multilateral BS, however, has also attracted
an attention after it was included in the Nagoya protocol in 2010. On the other hand, India
establishes a national ABS system in which a superior authority manages sharing benefits
sharing arising from projects between states and users. This study examines a new benefits
sharing system named “cooperative benefits sharing system” based on the characteristics
that the multilateral system and India’s system have. Under some assumptions, it is shown

that an expected revenue is unchanged but uncertainty of the revenue declines so that the



expected net benefit of each provider involved in the system rises and the optimal

preservation area of ecosystem increases.
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®Resilience/ BEEE L L PV 2 L OBEER O &M

This study investigates the importance of resilience in relation to genetic resources and the

economic valuation of resilience. Genetic resources are unique in the sense that we do not
know what part of ecosystem becomes important as a source of a genetic resource and when.
It makes difficult to target a particular component, function or process of an ecosystem. It is
an ecosystem as a whole then that we need to maintain. Resilience approach has been proved
to be effective as a management approach to maintain an ecosystem that keeps biodiversity
as a source of genetic resources. This study also investigates the economic valuation of
resilience because specific numeration is desirable to make the importance of resilience
explicit. The stated preference method is selected as an evaluation method, with which the
willingness to pay (WTP) for resilience can be estimated. By adopting sophisticated models
such as a latent class model, factors affecting the WTP can be elucidate, which is instructive
for the adoption and implementation of a resilience based ecosystem management. Coral
reefs in Okinawa was chosen as a study cite since coral reefs are considered to be a hotspot
for marine genetic resources and face anthropocentric stresses. They are also important
management target for the Ministry of the Environment Government of Japan. This year, a
draft for the internet survey for the stated preference method was prepared for the

implementation of the survey that is scheduled to be held next year.
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(5) Impact of the economic value of genetic resources use on biodiversity
conservation
JBEEIRA OB E AN WS RIERSITE 2 5 B8O

(D Effect of recognizing genetic resources use on awareness of ecosystem

conservation
S BEEEAAICET AREBILAEBRREERICEZ2EE ORI

We conducted a questionnaire survey to the general public last fiscal year in order to

examine whether additional information about genetic resources may change respondents’
awareness and willingness to pay (WTP) for ecosystem conservation. We analyze the data
this fiscal year. The analysis using contingent valuation method revealed that the group who
were given the information on genetic resource utilization had higher willingness to pay for
the National Trust than the group who were not given. The WTP for the conservation of the
nature increased with the provision of information on the use of genetic resources. The
analysis using best-worst scaling showed that the group who were given the information on
genetic resource utilization were more likely to agree with the statement "ecosystem should
be preserved even if we don’t use it immediately, because there is a possibility that it may be
used in some way or useful things may be found in the future." This result indicates that the
information on genetic resource use increased the evaluation on option value. The results of
two analyses suggest that disseminating the information on the utilization of genetic

resources 1s effective for improving awareness on ecosystem conservation.
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@ Effects of the potential to find useful genetic resources on the awareness of
ecosystem conservation/  FRA AL EBLCEREIRREINATHEEIAEZRRELERICE
5B EB DRI, Questionnaire survey,/” 7 > 7 — FREIC L B HREE

A questionnaire survey was conducted last fiscal year to analyze the influence of the

possibility that useful genetic resources are found on the motivation of the general public to
ecosystem preservation. We analyzed the data this fiscal year. The citizen's preferences for
the designation as the nature reserve were analyzed by using conjoint analysis. The results
made it clear that the willingness to pay for the designation as the nature reserve was higher
for the nature with high possibility of finding useful genetic resources than the nature with
low possibility of that. This finding suggests that the high possibility of finding useful genetic
resources brings about improvement of motivation of the general public to ecosystem

conservation.
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DAL, &Y OFIEBLET 2 BMC & 5 WITFRSFHERENZ T D, AW EIREFRA R OTR L5
ToT= BN « E£AMICK LT, FERIFES SN D03, 2D X 2B A « EBAERBFEE WA,
EWEIR OIS & Frfe ATRE 2 M A2 S U A& IR UG S 7o IO o E RO A A 18iET 5
7ebizflibihd 3,

Zo &z, REETCIE FIAER X ORRMEN TORMEARFIZREL S O & 0 FMEL LoD H Y |
FRAEEDRFARIE & A MR HEIC DN D Z 7L, WYNTEY SND 2 EBMRES LD L DI
2o TWD, ZhUE, EMSHESKOBED—>TH 5, FIEONIEN B af s 2 EE L, 17
HENZ, FREMSHEMREDA T 4 TR 525 2 LTk,

A2 RO ABS VA7 ATHBEN DI, SFXFE72 SBB #5H T2 NBABHFELTNDHZ LT
b, O LIHAENZ2 EERSBANIEE L, FREAIIZ OV TOWRED AHENKZ FIUE, SF&
EREREDOA BT 4 7T EIRERATHZENTEDLTHA D,

[2] ZEMFIRES S AT A

A HEHEETIE, ZEBFSES Y AT AO ARSI S 2, URNCEMIEH LT 5
EEIRIZ K o TEAH SNTFRSIC OV T B 2RO 572D THLHZ b, —DOBHE ST
Wb, 4 ZoORRET. ATEREES RIS, RO LIRS TS,

FERIENT, BAREIR R OB IR BT D55 e ik Cdh o ¢, EBR 2B X 7R CIFET 5
HOIFHOERICIESSFAEE 52D LB LIFH/DL Z N TERVLOOF AN L AT HF
IR DINIED DB BAST LT 2D 728D, HIERAHAL 0O A E M ORISR OEL 5y D HAR I D M FNE K OY
RERRIZ DWW TR %, BB K DSBS EIRIZ BT D ARHEH 22 ARk ORI 723 Z O % 18 U
TSI 2FIEIE. 2D ZARIE DR A O OREREESE DRl RE 72 R 2 HIERIO B TR+ %
DI E NS,

Z DSIERFZSEL Y S AT LD BARI R TGREIZ DWW T DFRIE = > TV A b TidZaun, Ll
D BEMEEBRNT S, RO G THREORHEA > T D, bbb, AEMSERIEREIc K-
THRAEEFEFAZARET S EICOWTE, ZOREPHZR LD, T72bb, pEEIclE L &
b, FREDES SNDFREMN H D Z L ThHhDH, DO LIk -»T, REER, BEEFEFHOZD
WREIZ 12 AT ORI LaW U A7 2R CTE 2 RN H 5D TH D,

IV NEH MR 28354~ HATEIT #6127%) 20144 11 A 24 A GREEE  EIER)
4 WD HFIEEOIRAT DN TR, EMSERMESKISF 10 FIRHIESHE BB Tl Ok
PEREESHIZ,
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[8] AECTORER®

& EEOERRREEOEEREIC, EEERNAOA TV a U idsshiie 525 2 L1k, EWESEEE
FHTHLREESN TS, LnLARRDL, EOX D RREEEREEIT I ML, EEICRHT 505
BdHd,

WEIOBBH TN T2 L 912, RELIZE EOHIFHIERN R T 5 L 010, EEREETTO B
DERETDHIER N TH D, LoLann, HIFHEEET Tldied . EORMFIEMEICONTD
TREETDHENDS EHEIISNDS, 22 TiE, HEAFERTTHALL 9,

HHELVE EER, BEOLEERZRET DI0ENOBREITI O L LE S, £z, e T5
L OBRER (AR EHAIAEIT) 2 L TORFEORIE) B, XFreLko, —, ’eT
5L TRIBEFFANTIREE 220 . NA AT a AT T 4 T RBRTHZ LT, I LTEA.
PAEEARED—IBEGD Z N TED LT D, ZOFREITY RV Th D03, EEP p ThD, ZD
L& PV —XRIETHL7201E, ZOEITIMNTREOEERELZITI EEZXDDIEA I, pHIVINE
WEE, EEEIT, 2054 ARICHZ RENOHRITHE RN 10k b, LEedi-> T, Hiff
WANRFDRENEDTH - ThH, FERITIAZIAE ST D ERERIEIR A2 BRI 5 RTREMEAN R
L TR RN EBZHDITAARTH D,

ZD X, MIFHEDOK/NZT CEEIREZITO O TII N E LT, o X F S E 20 LLET
KR EN TR, v F o I U, fERRERHN 2B R & LI LIz AERIki:, 2ot
R LD THD, T LIEEBZINDE, N AT AT T ¢ T3, TR E R
Tlo & Z PR AERMT Z ERHETYH, £< 0@ EETIRXZEERE OO H 5 HoIcidis
HRWATREE L H D Z L3 bhns,

WHEILARECIL, & EEBFOREERED ., IFHES I3, ZORHEEE S EEHT D L0
PRI S T, KDV A7 AR B & 5 72 FIZERe sy v AT L& T 5,

(2) MMSLFIZREY VAT b L EFEFIRE DV AT A
[1] EAXEF L

bHo% FEARET S, ZOETHE, ZHOMT LR EEZRNMEEL, #EERNZRZThO
HEFEFIC L D EBSNTOA b0 L5, FHIROLREROREMAL L5, FHIKTIZ, 2ok
BREHEEL T AT RRT T U ZITERT D0, BEOTOICET 5 2 L 3 kD, A
FFRARY T 4 TR LT SA, BAEREYS 720 . POMRTM T OWAREIETE 550
L5,

u=PM 1)
LTHUL, L7eddo ¢, PREEIEFELICR LT, ZOMIFRR ALl & 70D, —5, BRI IR,
EEINANTFEFCE D, (RiETDHZ EOMESEHCE,
€ =C(L) )
LERT, 22T C0)=0.0=0.0"=0LIET D, b T NRr—AZBWTIE, ko
HELRC 1,
W = ul — C(L) (3

ETEDOND, RELREmAL I,
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u=C'(Ly) (a)

LIRESND, FHIZ,

cy=%c=0L<I
ERPEILL LD, 22T, ik, RSB O ERFEZRL TS,

L,=% )

EHRINICER SND, IR TG 2 RET D,

[2] LSERIZEEL S S R T A

LU, AT CRHA L7c & D12, 2o &5 e qbid, INADRHESEIEIS R 4% Y FE ORFl 2 X
BEL TR, HIFFIADIRE < &b BEIERMEWG SR, (EROATEKIEZ BLE T 5 HITTE
HiE &0, TOMFRAZIES BEL5TH A9, 2826 PERENRIK LG EIZIE. T
IRWBEFKIEICH A L2 b7, ZOREERAEWVIEE, BUFIE, L0 U 27 [EEEICATE 2
T9bDEBEZLND, ZTORMERBEEH720IT, AFETIE, HIFHANATZT TlEe< | R A
HRHIICRK S E D, T7mbh, REEMEOH HINADHNEHMEZY & U, v Z2HIFHE & oL
TLHDTHD,

v = vy, o) (7
ZZT,
= _ gy =2
v =3, 0,.vg_ag<0 ®

Thd, ZoOLIEREIT, BEEEORKER— 7 4+ U AR TR SN b DO TH HH,
REICBITH2EFRETHLHEHARETH 5,

L7z -> T, GBI REWVZE, FUHHFNATH-TH, TORMAEIXMENLD LD, ZOEA
NG, WMHFBIROMERERT &

W = v(u o)l — C(L) 9
L, ZoEMUICB T 2 EaEfEERRIL, G)D0b LT, RO K IcRSND,

L, =224 . g (10)

L7=28> T, IROMWE DT D,

fhaml QBLOG)EHINET D, ZOLE, MFBIFOIT O ML, FIFRADRKE WL,
FIBAVINEWVNEE, REL 2D, —F, BIBEMNO LARPREWVTLE FRGEREIT NS <
5%,

B, T T
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o =P(1-P)M? (11

Th D,

(3) HFEFFET T AT L

2 ETOmIE, HOTEF (20 LidZ OHUslOMFECIERIA) & JeEE 2720 E ORI & o
BHIZBELTWD, T70bb, HHERGIOETH D, ZI0bid, MG MhOMITBUR & 3
[~ 2 FIRREL Y DR A Z B 2 2D,

[1] #HBEBORFENR 2 D7 — R

fELDTD, [F—DOERRRERAT D 2 DOMGENRF (BHF 1 LEF2) BNbdrbold5, %
7o, ENENOHGEIFIX, EBNZFECZ A 7 OBEERFAE & ABS ZBREfisbol4+5, L
2o T, TNENDOT BT =7 MPEET L PEE IR 35 L OFIREEL /Yy S D IUAM § [F)%
L5,

ZDEE, ROX D BFT /2RISR )Y AT A EANT 5, ERENNERNC T r Y =7 &R
T 50, FERINCE LT B 72 FIRRRL . 2 DORGERFAMES SRRk A — B 7 —1
L7z ECHEICEDTHLE NI DO THDH, ZOFIRI AT Lk, HEFRRE T AT A EESD
LTt 5, Fo, BHGBMSL LT R Y =7 M RBBT DREEHY S AT Mk, MNTRRSRL Sy
VAT AENES, £z MSTHIZERLSY VAT A TOu e DU, VTR T,

ZDEE, 2ODMGOARRBION Y a7 MIEKE—DOLDOTHLHDOT, FEMNELEN
FNOHGEmEILE— 725 EEELTITEIT 5, T72bb,

L=L,=1L, 12)

ThD, LFEFGEED S AT LT, = ENDHFFRFRER B L N ENOEFIZE) S D
SN AT, IRD X H 70 4 DD r— 2251 b,

2 SOMIE TR KT B r— A
R, =2P*ML.» = PML, (13)

o 1 OHBKTOIREEIITEKNT D7 —A -

R, = P(1—PYML,,n = 22220 (14

s

o 2 DOHBKTOIRPEEIITKNT D7 —A -

Ry = (1-P)PML,n = =28 (15

o WTNLOHILTHRIKT 57 —A !

Ry=7n=0 (16)
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Lo T, ZOFTRFIREST S AT LA TO, FBIFOMFRN AL A%,

upl, =22BarBerRe _ ppey = L (1)

[

LIRBZ LMD, Thbb, BALEESH - O, ey eyes hERBELZE
EOWIFNA L F—IZ72 5, —FH, BBIFORMEFE S 720 OWNADGHIZOWTITET 22 &2
WTE D, Thbb,
M2P(1-P)

: (18)

O

(n)YP+(n) PA-P)+ () (1-PP -y =

T

”

Fhebbh, HREFREEY S AT LTI, MNCHESAEL > AT A S LT, B OERS 1 5 &
DI TND TR0 D, Y LEDORRZE, IRICELDD,

fim 2 HIKBURES 2 THH LD LT D, 2oL & HKEFEE /> AT AT, FBUFOHIFRR
NFISIRZREL Sy S AT LOMIFHNA L FE LV, —F ., FBUFORADG B, ISIFIREE Sy AT
LDIBTD0WMOEs LD, TG, u,=u 0, =0 [2ThH %,

PAEOME A VT, FEF - JSERIZSEL Y S AT LAOAERER RO KR E S 2 kT 5 2 LT
x5, TNTNOBUFOMMELEIX

W = v(ua0.)l, — C(L,) (19)

L%, LIE3o T, medfR#mfla i3, RO LIk o,

[ =2l (20)
ER2BLOvOERE L0, LT,

vl 0.) > v(u, o) (21)
WENLT D, LD T, RS 5,
UllgTg) . v s

L= = =L (22

c c

ZOfEEmIE. WICE EDBND,

fEim 8 HUKBUNEN 2 THH LD LT D, DL &, HEFREEY > AT KMIEBT 5 EBUF O
BRAETREIL, JNIAIREALY S AT MCBIT 5 L0 bRE W, Thbb, L = L' Th b,

IO X ST, HFEFREELY VAT LTI, RERREmAE, INTRIZER ) > AT AT LT
2(Ly — LYIE2THNT 5 Z Ebhd,

[2] 5 BRFE A nD Fr— R

L0 L T, GBI THLr—A2HE2 L5 T 2L LoEE) . ZoH/1E 7'r
P MR —OWIIT S L TO, FHIGTBUFORDFIIM b 72 s, F7o, B0 rRErER,
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(M (n—-1)7, (n=2)7,.7,0) (23)
En+ 12O —ABEIET 5, £12, TRENOREFRIT, Eﬂﬁj\%ﬁf&#&“&:kf (k =01, n—1)
EFT L, kITHLT
(P", CeP™ (1 =P, . (1 =PV )Lk=1,,n-1 (24)

LB, EFROr— A TORBURF ORI Y 72 D ORI AL, & F D53 o, 1

up = PM
M2p(1-P) (25)

n

LD T ENFERETE D, FRRO#EmETTH 2 & T, Aokl 1%

O, =

o — Plnn)  UlnoyOn-g) _
&n = -~ e

c c

n-1 (26)

PEOLND, ZORRITROELIICTEEDLND,
fheh 4 WIRBORF S Inn 2 2) TH D2 b0 LT 5, Zo b X, HEFIRE SV AT DB DS BUF
DOEOERGEIAEIL, né LI KT D, T7obb, Ly =L, ThHD,

3) HMiwm

ZZE CREEROFRSEINCOVWT, BEOT Y27 b, T u V= b TELNDHIEE
BERST DY AT LB LT, ZOVAT AIBWTIEL, B Y 7- 0 OIS, SR
WS AT b LRSS B8, LRV AT LSBT DT BURFRSOIE L, AR RERAES K
LB LEVIRERNE DN, B2H TR Lz, A v FOFREE DS AT AT, BhET 5
RSB IL S LD, o & RIAF v 72, TXRTOMNBIFITEILLIND EWVWI VAT A% &
52 LT, R#ET D ENGENTHHERRRERSERT 2 2 EAVRENTZ, bbAL, ZITH
IR % 2 & C ERT2EMAEZBETIUL, FlERs ez RO D 2 ERHKD A9,

DX, WEROFREHE > AT AOFEGR Tl AR ER & SR EERI ORI OW TR E H
RETROTETN, A AT ARY T ¢ T ORREED D 72DIiE, $REEERICO v 2T AZD
WCTLRTDZENFERTHDL EBDND, 29 Liziimid, E%%ﬁiﬁﬁ@ﬁA%iUWET
D X978, EMBARIER S L RFERB DS ENL T AR EED Z LICEHT 27255, &b
Higam 2 Bass L TV B ZERFRSAC S AT M A el RE7eigim Ch D,

< SAEPE D 7>
FEROERIZ. DD THMARREIZIESW NG, BEER—LIX TEO®EY TH o,
1. PR L RO BENE « AT, RERESVDNEEThHIL, EHHERP 2Vl
MIZHEZBNTWD EBE L, LL, —RIZIE, 2L OmEERE L TL Y BkdEms
%@%ﬂﬁ#éﬁﬁ FRERIZ AT HEBEZDONRRYTH D,
2. HUFBURFOZNARE : AFaTid, w2 BATEADY 720 OB L L7end, X0 —fi7eikam
T, e L TR IR CORRHA L +RETHA D,
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3. HESBMOERN A TiE, FHTBUFOMEIIF — & Liz/od, MERFORERFIC
ONT, BH LFAFOHE L L TEmatEd D 2 ENTE i, ZRMEE DT 5 2 L 3B
I T %,

PUE, D2 L BIBRTNEREZET 2, 29 Liemiz, L0 —bL T, #HMTHD L TRIN
DR ETEHT 5 Z LA TH D,

<BH IR >
Onuma, Ayumi. (2012) "Monetary benefit sharing arising from bioprospecting with traditional
knowledge between the North and the South." International Journal of Ecological Economics

and Statistics, 26, no.3, pp.16-30.
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OBEEFE LYY v X L OBRME R O3 LM
AVAcy: PNE S S 7

1) Fia

BEERIT, ERRSARICHEREZ 70 LTWAARERT—EAD—2 L LTZEOEEMENIAL
Ak STV 5 (Haines-Young & Potschin (2013). Kumar(2010). MA (2005), Moberg and Folke
(1999)) . £D—F5T EMSHRIE (B2 WNIFEOMEE) ) Eifo I L =7 LERERFHE (MA, 2005)
W EAUR, FEOMEEAREIT AW THEIT LTl 0 | (L ATLERZ I DWW SRR 7ot & bl L
T, 50~1000 AWV ERFTH D & STV (K1), FfEL, MiFEH, B WA 10~30%
DIMEBR O fEREIZIl ST Y | SRR ERRII T IET 5 L FHlsh s (K1) . 290
TR EZT, ZORERHE ERFHAPRD 5N TS, &2 CREICMIT - & F SRR AN
RENTEY., EWOZFEMEIZET 5558 (Convention on Biological Diversity) Tid, AEM&telt:
DIRA L Z ORERE R OFFge ATREZR2FI TN Z T, BBEEIROE EZ2FIH %2 5500 =>D BO—>
ELTHIFTCWD (CBD,na.) .

Extinctions per thousand species per millennium

100 000 7
Distant past Recent past Future
(fossil record) (known extinctions) = (modeled)
10 000 Projected future
extinction rate is
<«—— more than ten times
higher than current rate
1000 A
Current extinction rate
100 - is up to one thousand

A

times higher than the

For every thousand fossil record

mammal species, less
10 {1 than one went extinct
every millennium

o\

- B Long-term average
h extinction rate

0.1 1

Marine Mammals Mammals Birds Amphibians All species
species

Source: Millennium Ecosystem Assessment

X1 (https://www.cbd.int/decision/cop/?id=12268)
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BEEIIEBY . A, WEY, FE. KR L L RRICHG Y — e R I@E T S o R
(Haines-Young, & Potschin (2013)) | fhiOftfa—E A L TR & B2 a A L5, OF
0., AREROD LD PNOBIEEIRE AR SNDHDN, TDODTHREERTHD LV FHERH 5,
L7238 > T, BUEIRO R ZMA ATRENE 25 2 25 A . ARERORKEOEERS T 0t A 2 R4ed
HOTIHRL ., ABREDOLOERE L, EMEERIEEHMEF L. LoD o> CREEIROMS rIiett %
MEFFT 2 Z &R DD, AFETIE, TDEOOT7a—FL LTV U ADAHEMEIZOWN
TR E T 272, BT, LYV DU RAZARREROT Fn—F L LTHEMT 272008 RE LT
LU = ADRREMEREMIC OV CRETE1T o 72, S4EEIL, @&, AR OR alietE, L
VI ADBWROER, LU T ADORFHIMEDSE 2 7 O, LYY o 2O ME 2 HEE
T HIODOFEOKF, & U THERHINE 27 o — NREOFR LA ER LTz,

B, AR TIE, FOEEENETETEE > TOAIEREER, 8oV v IEOWERRE
ReLy )z 2adfile UCRE LTz, Yo TiE, EREEROBLENOAR Y ARy Fé &
NTWDEEHIZ, AR ML AOEEIZ L VAL - SEREHEA L T Y | e AR E BN 2K
Lo TS, o Tl BREECH [ IR TEIRE 2016-2020) #MEL, 4
MIZAFPEEZENE 2012-2020) (PR 24 4= 9 A 28 HMEEIE) KO NEEEAGHE ] (PR 25
4 A 26 HERRIE) (28T 5T ¥ o IEAERERIRRICER T 5 HEESEOER O 72D D1 TH)
Sl EALEAT B (BREEE. 2016) . EEARAEEILGS L STV,

2) K

(1) WBHFEERER
IERIREIROEENEIL, A AT 7 /) aP—ORERAA T T 0 AT T 4 T OB AR &
D, ZHIZEE > T 5, [FIFFIZ, The Census of Marine Life 35 2 U the World Register of Marine
Species DLV FAIMZ KV | BT RBPEETRAE 0.93% DFEIEG TREMEA TS (K 2A, BHY) .
FIIEHIRBUZ OV TIE, GenBank OFFFFERFH ~DOURHFER{ZE IR B L 7 Fra ki B L CIIsF
12% &, RHIEA TS (K 2A, HH) . TOEMHFIECHRIIZIEIC D> THY (X3, 4) |
R, WHERIEEIR & B L7 A5r D 9 B 55% B ANDERIZEIT 2D TH Y | ZDOEEMN 5 )
MNz5 (X4, Human Health) .
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m L’ with one or more described natural products

Llgs

- Ii:._ﬂf]]i: with one or more patented DNA sequences

. h‘{":':"' domesticated

177

X 3 Arrieta et al., 2010

6
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&§ a"‘}(& ° @.»_:#@E s’f}a éﬁg & ﬂﬁf @# &
& o o O & ®
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F e D v o« A S
{g,‘} P @ & °
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& &
K Application

X 4 Arrieta et al., 2010
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SRS TR OREF IR OV I K D ORFZED 72 S TR Y | Leary et al. (2009)1 3
BRERNBIE S 725 L TODRREIMEIC DWW T, SpESE . BRI, (bhEmPESEICEI LTl £
EHTHEY, FNEN 6,430 % RL, 500 Kv, 2310 KLt oTnNg (R .

®1 BERCEHOBREFMMECETIELD

Industry Total estimated value of world | Selected product annual sales value
market

Pharmaceutical ° $643 billion in 2006 e $50m and $100m for herpes

industry remedy from sea sponge (2005)

e  $1 billion cancer fighting agents
from marine sources (2005)

o  $23 million for AIDS drug
Retrovir (2005)

e  $237 million for herpes treatment

Zovirtax (2006)

Enzyme market

e  Minimum of $50 billion a year
for enzymes
e 1 billion per year for the DNA

extraction market

o Estimated $150 million per year
for Valley Ultra Thin (from deep
sea hydrothermal vent source)

e KEstimated $20-30 million for

Luminase (from geyser)

Cosmetics industry

e Total $231 billion in 2005
e $38.3 billion globally in 2005

for skin care products

Not available

Hi#h : Leary et al. (2009).

F7-. Erwin et al. (Q010)13#53 17— # &4 FIV T, MR LW R OB BRI DO RN 72 A
EOHEF 217> TV D, 5L, 253,120~594,232 FEEDOH 7= 7o b S B EMIC & £
NTEY, D 90.4~926%NARFERTHDH E LTWD, M EAEWH ROIEETEEREOEIEN) 72
BRFMEICHOWTIE, EWERRIEORREIC L - T, 0.56~5.69 Jk FADAMENSH 5 & HEF L T

50
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A
Fungi (0.7%) .....c0ovnneninnnn. .-+ :Monera (22.3%)

ASC — PRO '

0% 40%  80% CYA

0% 40% 80%
Animalia (77.1%) - L

-Plantae (1.9%)
CHL |
0%  40%  80%

0% 20% 40% 60%

$0.56 - $1.45 TRILLION
B
Fungi (0.2%)- - ssrrersnernnranss -*Animalia (35.5%)
ASC ' POR
0%  40%  80% MOL
CHR
BRY

0% 20% 40% 60%

Monera (63.8%)------
PRO )
CYA D

0%  40%  80%

$2.20 - $5.69 TRILLION

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

B 5 VAN R OEFIRREOEERN 2REMEOHE (Erwin et al., 2010)
The pie charts depict the relative contribution of each kingdom to overall value under lower (A) and upper
(B) biodiversity estimates. The bar graphs display the percentage contribution of individual phyla within
each kingdom. Ascomycota (ASC), Bryozoa (BRY), Chlorophyta (CHL), Cyanobacteria (CYA), Chordata
(CHR), Mollusca (MOL), Porifera (POR), and Proteobacteria (PRO).

(2) v2Y=xzr R
[1] BHFEEEER, EBREHE, LY IR
SEIk DY | T, WHEREERO BRI S, WEEREHEOBEEMENETE TR E ST
W5, X652, Arrieta et al. (2010)° Leary et al. (200923512 & 512, BEEEEENLHZ6
FAME A B E 2 T EE IS B~ O BB LASRD T D,
WHEREERITANERRR, EER T —EADSHICB W TR — B RICMEST B b )
(Haines-Young & Potschin (2013)., Kumar(2010), MA (2005), Moberg and Folke (1999)) . fi
LR DEEALTND, DFEV ., MOBEEFRE, WEREERIT, WHERRO E DN
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WO NN Z B 72 T ONEFRET 2 Z LITEFICHEETH D &0 ) REEEEL > TS,
Z1X Leary et al. (2009)1X—2>DHFEMNTHITH B £ TIZ 15~20 2300 . 5,000 FEEEOEHERIZ &
W EOMMER S 5 & B bEWD 5 H, T LT 5 ONEHKRRBRE TV EE, FAFAOR
FAETELIDIZ L TLI RN EIERL TS,

L7=03-> T, BEEIRICE > TR TOARRNVEE THY (Kumar, 2010) | EETRORE
IR ATRE M 2 RAE 2 7o SRR BRI, SR A B UOAERRREHER T 5 2 kO b2 D TH
D, AREREMFFT 2 2 Lid. ZHRLEREROUEFTRENZ b 72 O T AMZHRE R T 5 2 &1
DIRMMHTUND,

HREREMERFT D72 DBE R, HHROLZ—7 v he LT, LYV UARERHELRD TN D,
DU A, IR B L RAEZIT T, ARROBEECHEE 2 HERF T 2RE D Z L TH D, X
£, Anthony et al. (2015)i%, V> TfETR 2D L H 7, HMIA R LRAIZEHENTNDE LTS,
SEGA R L AZIZ O OFERENH Y | press-type stressors (54, HEFEY, SLE. ¥EKiEO LR, B
{b) ITERERDOL VY R~ A T ADOEELY 52 55D THY . pulse-type stressors (J&. HIL
Big, A=t NTORFEAE) (TAEREROERBOMEZMERT T 272D ER L VY = 252 I 5T
BLTHZELIIRDBANLATHD,
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#2 YUITHENRZITEZHNEABFL A (Anthony et al., 2015)

Dirivers or Resilience proosses Potential management
Stressor Puke /Press  activities Impact affectsd levers (see also Table 2)
Storins Puks Matural eyeles,  Structural damage,  Recovery and Preparedness and
(b hastic) climate « hanges Maosisd 5 amad eonnectvity if recovery plarming locally:
sl e - ko dam.tsé B axbarslve O e T bory measures
Drestruct-ive Pulks eg. bomb Structural damage,  Recovery, Tnerease incentives for
fizhu ng 'ﬁﬁhing. _Fﬂ:li.-ﬁ:ln mmrtal ii_l.-' af flora r\q}r\c".ld ucHai, mondestructve harvest of
fishirg and faurna recruitment and resource through
eonrech -.-'it_!.r if education, reguhﬁ-.’:ln and
damage i extersive enforoement
Crommi-od- Fuks Mutrient Coral mortality Recovery, meruitment  Improved management of
thorms enrichment, amd commectivity if catchment, protection of
starfish ratural oy cles meortality is extensive CoTS predators, tactical
{CaTS) CoT% control
Thermal Pulkse, with Climate change, Coral bleaching, Reduced growth and Tdentify sites that may
anomalies pres-type ratural oy cles diseases and reproduction, and have lower vulnerabiity;
after-effects mortality potentially protect from local
connechvity if impact  stressors; manage for
is extengive enhanced recovery
Sedimenta- Mixed Mixed: land use  Sediment stress High turbidity from Improved management of
Hamn depending and river and light ré-SUSpemEion can catchment land usa
1.1.1r'|:|cid.it_l.-' N SO ree catelmment lirmdtation, AL hrng—tema t'lm’!lug'h aducation,
practices, anhanoement of su prpression of ooral respulation, incentives and
flooding, algal growth recovery and provide  penalties. Restore land
rESUsperEion, competitive vegetation Contral
coastal advantage to other coastal development
construchon benthic groups such actvities.
as algae and sponges
Mutnent Pres=, but Miced: land use Enhanced algpl Tricrenses .‘iL‘l.‘R.'tTl“Li:'i]it_lf' Il:!_pn:l'.-'\ed T T e et af
enrichment Pﬂulbé if and river g'r\ﬁl.\-ﬂﬂ. incneased of corak to thermal SErara o and inbersive
linked to catchment tu rbcidit_l.r h]eadﬂing. Provides agrism]{ur\e activibes
s Fmd:iue.'i, mmpeﬁtive ﬂm’hug'h education,
events ﬂm’ﬂinﬁ adl.'an‘l:aﬂe 'bﬁ.ﬂ]qu. r\egu]d.i::ln, incentves and
which can suppress penalties
coral recovery.
Follution Pres=, but Land-based Toxicity, affects Reduwead coral growth  Improved mamagement of
(herbicdes, puke if {udban ard metamorphoesis and meproduction. urban, agriculiural and
pesticides linked to agriculture) and larval survival.  Suppresses reef shipping activities
and heavy Fomed and from supply-side ecology. through education,
metalksh eventsor shipping regulation, incentives and
marine penalties
i idents
Oreean Press Dhrect OO Reduced coral Coral growth rates, Identify sites that could
acidification of fect, parint growth and skelatal strength and have lower vulnerabiity
and norpaoint strength, rec ruitment reduced. and target for protection
sonmes of low enhancad algal from kocal strassom,
pH runaf growth contml lind-based
sounes of polhitants that
decresse pH (e g,
n.itr\ﬁglm.-"sl.l]i"u r oxidas)
Declive in Presas Hurman use Reduced algal Potentially drive phase  Improved fisheries
herbivores ortality, algal shift to macroalgas, raragement through
overgrowth of exacerbated by education, regulation,
carals nmutrismats, n'unhing icerhives and _Fl&lu]fﬂ.'i.

and acidification

Lo T, LY U Aa@dn 2Ltk h, EE LWERROREBAFBROHMER L. AEWEH

Ph, & U CIBER B R B IR HERT 40 Z LB AIREL R D D TH .,

LUV T ADEZ FIIEEREROT7 7 —F L LTH, HEHEINTEY, EEREHOX —5

Yy RELT, LYV REEDDLZEN, TNETOEEMENL AN THL L INTND
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(Scheffer et al., 2001) , #lx1E Anthony et al. Q015X L 2V = ZADHE x5 % EERI A REREHE

WGEAT 272007 L—0U—27 L LT, #GHL YY) o 2B (Adaptive Resilience-Based
Management, ARBM) 7L —2AU—7ZB LTS (X6) ., BEERSCAEMSEREIIARRRN
MERF SIS Z & THELND FHM (expost) 72HFG:, MR THLIOIZX L, LI =2 A TREEIR
RAEMZRRNEE S 72 O T AR Z FERINCHERF 3 5 FAIRY (ex-ante) ZREETH D LD T LN TE,
BEDOLVY T ANEREOEBNRLE LTSI LY,

ﬂnanagement & Research \ / Social-Ecological System \
H

Influence drivers Environmental and

or activities | anthropogenic
' R drivers/activities JEs
A B - = = -
Goals & H E ' Sw 5 5%
; ~ Decisions Reduce <90 =
objectives || stressors 23 >4a
2 \ a o~ -—
) | — / ] v ;5,:;'. gg
C ~ | F support v s s |
; : ‘ Restlience :
Monkoring, 7 Ecosystem condition
Indicators, K 1 & J
Models I | ] =
\ | . . Goods & services
Support
N < Resilience | J
\ P 1 Social-economic conditions

K
| Stewardship, cultural and
\ . economic dependence

6 BEHLPIo  ABEEBOT7 L —LT—Y

[2] LU = R DffiflE & &5 LA
<LV = A DR AT O B EE >

LY ) 2 R W EBRA~OREIHT 5 FF 25572010, ZOEEEREZHAOLNITLH L
WROBNTND, LNLARRE, LU AOEEMICEET % HIRBIA e BISE, 0| ofE/ s
EH2HDD, ZORFMEIZEET 2HEIIIER ITIRER TH 5,

LirL, LYY ZADOMEEZH BN L, BERREICHAAE RN LIZRY | ARER~OHY)
RRCE. BEHOZOOEIRE N2 SN TWRWNWZ ERFER ST D, iz X, Perrings et al.
(20091 T4 RRIE L AERER Y — B ADIRFFIE, LU = AD X ) ROk S 7 F /T Rk
ENTWRWERRZHONICTHZ & THH LIERL T2, Uehara(2013)1%, A —ix5#eT
NV EIERIVERERE T N AALAE DT ARRRFEET VAR L, LYY 2 ZDffE (2T
AEREROBRIED D OFERE) 2 S ME B L TWRNZ LIk 0 | SR R L ADARE %@%ﬁ%
Flenpl b, LYV RAEKBLURWTSATENC L > T, BEZ /20T LE S, ARERRERH
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EOFEEW SN LT, 25 Loy = AOKRFMEEZH ST 5 2 LT, BIRERE, B
R EF . FIERBREICH L, LY ) U REHMRTT 2 EROEENA(RZ D LRIRHZ, —fRD A%
(CEDEEMELTESET D Z L BNATREL 725 D T % (Erwin et al., 2010),

Fro, ARV —EXORFEFMICEL T, BEER, WEY, L7 ) z—ar ol AxR
EHRELZE L 5 — B ADFHEIZ DN T LYY T AD K ) AR REROBMEMEZ B L TR g
OHEEINR B Y | ERERAN— A DRl O MLENEN EIR X TV % (B 21F Limburg et al. (2001), Nunes
and van den Bergh (2001), Pritchard et al. (2000)) , X 52, BEEERO LAY R U & LTOARE
REMERFT D LY ) T AORRFHIIL, BMERAERRRR BT 6T 5 SOEERY—AD—2L L
THEA SN TS (Freeman et al., 2014, p.4) , BEEEEEROMEE WV O BLEN LA TH,
Leary et al. (2009, p.192)(%, BIESEZEIRN G 72 O3 BN ZMBELSN &2 59 D AFZE0 KD S
TNDHIZH 0BT, o TIERNI 2L Tl | EEREREIR & 2 OG22 A
PERMEETZ LT ) = AORFIEA IR D Z LITIIRERBERERLH DL EEZ OND,

< LY ZADRFHTE >

LU = ZAOBRFMMEIL, FIZAEBRDPAIA ML AEZITTH, LB TLI—A0 7 b
DEIDHZETINETOERBR—EZARZIT oML 252 L2 <, PRERM0E (insurance
value) & LTHZBND Z EMNLV (il x1E, Admiraal et al. (2013) . Baumgértner, S. (2007),
Perrings et al. (1995), Rénnbick et al. (2007)) , 7272 L. BEICW I, REEMFEIXL Y =02
NH 72 59lfED—>TH Y, Baumgirtner and Strunz (2012 LA, L PV = 2 ORRFHfE
VPR & L2 U = 2D B> THIFRF SN A O B ofsfne LTI R bivd,

Z ZCliE, LUF. Baumgirtner and Strunz Q01 L7z, U AT T LI T ADE X )5 L ARE
PHET NV afAGbETER Lz, LYY = 2ORFEZ V2,

FT2HEOERROKRIELE 2, AR OLEOITE (i =0) BEOLNLREE, AR B

WHTE Oy =0) NMELNLDRERH DL L L, TOELZLUTOXIITERT D,

Ay=yy—-m =0

FHGOET, ERAPEELZ £ 8280 @mOATED SIROFTHE~ & FrisOBEN A L T
WHRETH D LBEZ DT ENTED,

iy
o
)
Y
v
Tt

AR OEITRDF D ALDIREE (domain) 7> BIRWATEAG O D KHE~ EBATT DR Zp &

L. MRt chorr vy 2 (Rel0l]) ok %45,

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

and p(0) =1,p(1) =0.
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ERPEEATLL T O ) ITEET D,

p(R)=1-R*%with—mw <o < +1

HERBREEIIoDRESITI T MTDEIRBIRE R D,

19
a<()
0.75 4
< 05+ o=\
=)
S
o
0.25 4
a=>0
U | ] L ]
1] 0.25 0.5 0.75 1

Resilience R

7 VvPYzREABRPHIORBICBITT 2R OELE

WICHMBER A EFRT D, ARBRATIE L, @RS SARWMERR D SO RMEEMIZER L TRV |
INENOHERTpRI L1 -pRITEADND, DFV, LYV ZL AL TORRESND THT

%< Ulincome lottery)] THDEEZDH I LN TE D, von-Neuman Morganstern % o #1%54h FH
Boa VT, HBEESEZ LT oMWY E%T 5,

U= Eluly)lwithu'(y) >0and u' (y) < 0 forally.

AERERFIHE DV A7 Gl % Kk S 572912, 2B D BT ZLL T D~L X —A Hl % Fu
50

uly) = —e™#Y with p = 0,

Z 2T, ARRMENFTEL COY R 7 F LI T ANLELND 5 L, WAL Y 207
LI 7 LAOBRIZIT OB ICER S LD,

w(Ex [y] =NIR)) = Eglu(y)]
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DFY | EFEEBLNLEHEENS Y 27 LI T AR LESANE SN DFTRICY 27 H3ES
BAEOALE—THDHI EERLTWD,

DYV AT FLITLAOMEEZNT, LU o ZAOEBMEI(RNE., L) = AR BIRFRHY
WL LTEBRO U 27 F LI 7 A0 E LT, LTOBmYICERET S,

dI(R)

Y= -
IR dR

FLTV) = AORFEMEY (R)ZLLF D@ v SRR

ﬂ
i
P

W(AR)
~ MR=0 AR

Ep [u(y)] = Ep, iz [uly — waR))]
SFED, LYV AORBFMEIZ, LU 2 A ERMICH XSS 2 ok A
(ex-ante) I AZHEEEAWIZ L > THXBND, AMEEITFEFIMHETHY . 2F 0, FBRAIHEDS

NHFHFEIIMINL L2 D TH D,
ULDETFAEREMT2ZLICED, LYY 2 ZAORFHMEIZLL F OB IZRBL$ 5 2 LN TE
% (EHIEFEIZ SV TIE Baumgirtner and Strunz (2014) 2 &)

ea;'n' -1

VR) = -p (R] pl + p(R)(eody —1)

FRUIU T ORBRAEUTO X D ICER T2 LN TE D,

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

SFEY ., LYY = RO EICEE S TR om E (—p'(RAy) LoV 2om ERL LT

REafifE (IR)) offne LTHZ HNLDTH D,

(3) WrZExige : o I

ARFFECIE, LFOHEBIZE Y, RO TN BB DD EEEER & IO L VY
TUREEH LT D,

W, o TR, LSRRI K OBUK OB RERER & W o T RRIRERES & 72 D AT, RIS
EROK > FARy hEFHI TS (Arrieta et al., 2010)

AT, MRRRBRBE & bR L C, FEOXG E Lo, EEBICEY AN TN T D 2
EPFEF HND, BB TIE 2010 45 4 AT T IR RERR2T TEIEHE ) 23R E L, 2016 4F 4 H
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(I AV E COTEFHEERCAI ABE E 2 T, [ A RR IR A TEIR 1A 2016-2020) % 3KE L

Tz, AFHENT [EMZARIEE SN 2012-2020)  CFAk 24 45 9 H 28 ARREIE) KUY NETHEA

AR CERR 256 4F 4 A 26 HERRIRE) I8 biv TV o ¥ TR IR RICBIR T 2 BIZED

BERK DT O DATENFHE & L TALEDT, b o TERABEEOERICE T 272 OO TEEHE & S Tnd
(BREiE. 2016)

B EICHR DR 21T e LIS U IR S E S ERIMIA ML RIS H SN TR Y, bR
BNRH Lo T0D, 29 LIAMIA B LA FRHIAZBRIRA b L AIZ K 59 > SEOSERH1E
VIR A 22828 T U (Arrieta et al., 2010). AARDO Y THESL FIALTIEAVy (BREEE . 2016) , &
DITEETIFA L LI o TREARER A B LIC< vy BREEA. 2016) LW o) LY U= ADET
DREEBERFR ST\ D,

FINCH o THEAIZRBNT, LYY 2 ZOMENES ZIT AN TEY . LY = XOBLA
IO OWFZENEA TH S (Bellwood et al., 2004; Hughes et al., 2010; Nystrom et al. 2008) , ZiE
WFZEIC L0, Yo TR, Y A I 7 A BIE, EEOLEFEEIC X o TR T Hiv o B
RTHHZENHALMNE - TETWS (Nystrom et al. 2008) , FlziE, 8D X Hiz, W THE
AERER IR ZEOIEI ) D OB ORA DRI L - T, R/t IHARERN S KRBT
ZBETFEOLEFBIC ST ML RREEER SN TV D, Fo, Yo TERBIOLEREIZ ST b
T 5K L 72 B BUEIZ OV T HIEFRAFED e ST D (Dakos et al. 2015; Karr et al., 2015;
Quinlan, A. E., et al,, 2015) , BEZFET DI AZ, EOX S REETHIT, LI—Lav T
RS Z B0, &) —RIY7RTESR % 5- 2 % safe operating space D& X FREINTED,
Norstrom et al. (2016)1F Z 4L E TOEIAFFE A ~N— A, M, KE, KEEBHICBEL T 2o
RETHIUL, LY—AV 7 MNIEZ LRV E W I HEZIEE L T D,

Overfishing of herbivores

Extra nutrient

‘Healthy’

state Overfishing of echinoid

predators

Macro algae

state \
Sea urchin
barren state \

X8 YrIdERROLY—AV 7 bed bbbt &K (Bellwood et al., 2004).
AT EREBIHEDOMAIZ L T, LYV ARNKETF LT AR EZH b LTV,

Rock

104



BRIk LB Ao L YY) U AGEOERICE-> T, LYY 2 ZA0M&E Y
MEDAREREERIZILD AN DN ED B, 2B STV 5 (Anthony et al., 2015; Hughes et
al., 2010; Karr et al., 2015; Mellin, C., et al., 2016; Nystrom et al., 2008) ,

(4) B3t fE Al F 15
L) = 2O FEMERAZ BT 2503 E R ICIREN Th 5, ZHETOFEE LT,
Pearson et al. (2013) % T Walker et al. (2010)iZL 2V = 2% A kv 7 & LTI X, & ORFAHE
ZHRIHL, GENEEEInclusive Wealth) ~H ) AN TW5, EEERNTA Ny 7oz,

ENRHY ., TNEBZDERLDMWE, REBIZANI A vy D& X) B"bH, ZOA N7 Off

#% (q) 1 ZEIME L BUR L Ot e VTR D, BIZIE. fldd 5 —ERED AN A TR,
FEBICLVEEZEA CLES &, ZOMMHEKL TLE D ZENEZ LD,

2 2 Cpne &P ZHIIEZBADRMEDA by 7 Ky DI, ¥ % RV - 7T A4 AL T D, Fe Z2W5fHEE

TIZA by 7 I3BMEf 2 B2 DR TH D & 9L, It £ TICRIE] 28 2 7RO, DX 0 AfF

S(x.t) =1-F(x.t)
b, ANy IS LT, BEEBA VAR, OFVEENS ORBENE 8D 2
EOfE, v % FU « 774 ZILAF O ([ZRKBLEh D,

65 . .
q; = 5}%{ _ IPr:r}‘i:r — Pye Kl

DED, LYV AOMEIZ, A by 7 N—HAER D 2 ST K0 EINU T AR, B
BATHE LB WEAEDA Ny 7 OffEOZEZF - O L LTI X 5415, Pearson et al.
2013)L = DFiEEA—A FF U 7 ? Goulburn-Broken 5 /K255 L 7=,

FREFEIIRIE A 2 R W EFRERN o T D Z L iR E LTSS, Perrings (1995)753 &
sk oic, v AOEBRIME CEEZROIXD 2 ERNRAET DHRN D> TNDH, U A
7. TiF7el, £ LIEHERNDINOIRVAFEIZETHD LR L TW5b, £/, ZhE o=
HECRIT ALY o A ClE, B E Lo— A3 7 MR Z 2HEROBRITIZ L A S ST
STWRWZD, RFEOHEHITIRETH S EEZ D,

Z 2T AR TIEEFRIFED —DThHarVaA v e V5 G TR Z#ED T 5,
arYaA r hMptnd, BIEFRICEMNE G, BROBHEOMAGDOENGRD VT U A EiR LT,
[BEFH O@YF 2T v r— hfE e E Tl hbs FIETH S,

T or— RT, BIEZEOFENBEME (. BeE, BB 28847 - Hakss) 27230528 T,
BYEDEWNC L > T LV Y 2 ANOIFAEEEN ED L IR D0 EHAHNNCT 52 LR TE,
LYY AOY U AEERIC ST T, AENGOLNDL EEZBND, ) LIEARRT—EXI|Z
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K3 %380 LB A O BHEOBIROARERE I T 2 EEMNBZ 5N TWD—FH T+ 72 f7en
THOINTWRWKRITH S (Hicks et al., 2014)

FloL VT RAD L) BREMERARER OISR F PO FIELEH T2 Z LI LT, iR %
FHNTWA—J5 T (Kumar, 2010; Limburg et al., 2002; Pritchard et al. 2000) . #&#FFE L TH
9 LT A B R A R LT s O M2 5R 2 521 CH Y (Freeman et al., 2014; Nunes
and van den Bergh, 2001) . #fEZ I E 2 7R ERHm2 KO HIL TV D,

(6) Y7 U A

AEFLL, TV aA v Mohiie & OBERIEEZ AWV CERIEEIROME rIetEs L e b o
ETBLVY o RO KIEERAEHR T HT-0DA X —F%y b ERAWET v — AW
BTV AOREEER LTz, 728, (ERIZHTZY | STHRFREDIZD ., Bl EEE st O a O
BREZEZLLTWD,

T, Ry 7 ZAZANTELER TV ADORRETHD, A X —Fy ~ 77— MNAEIZEEL T
3. MROFEARL LV T RFB LT, RIEFENIR LT WL D ICTREEZITO TETH D,

1 BA Y TEOBEEIREHEIR L L TORIIS

[V THEOBIEEREHEIRE L ToREIx]

ARESR DN B IXEIRELO R, [LhESh 72 I Wb A kA A EROEIR, Wi A BIRE TR
FRINTEY, EEA%OHIRBEERPERLINDAREER SV 3. Fro v TEIERE
FERRRIND RN E <, HH SN TWET (Arrieta et al., 2010).

2. RO

(4> FHEEHE - BAMEIC S D F77]

L L7235, Ho TR L T Y (Arrieta et al., 2010, p.18322), AARLAISTILH
D ERA. Bz, BARKHOY > IHETH S A P G <, ENZARICHEE Sz
1970 FARUZ AR THE O @Y > TRESATIR DS KRIEIZIAD LT ET CARVERERN B AT AE S,
2007). 2014 FIZENARICHEE SN B RS (TR oW T1Ed 1990 U~ TRE
PO L TWET (eI E B~ OB &I ).

3. EHOWMLIM

(4> THEZ D b D OHERF O M FEE]

Lo T, FRIChzY, BEERMPERLIND X HI2T5720121F, Yo TREOmEY & B K
HDHNET. ZOE, WO, EOEMFEMPBEERE L TESLOONNE, BETITRW =D,
SREDKFEDORELCEE M E X —7 v b & LB TIIRL, P IMOLERRZO LD E2HERT5
E BN RD SN ET
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HREIROMIG ARENEZ & 2 12156, o TEDAERER T DL DO EHEFT 2 L O BB O MM
BEAFAFZE CHEE ST % (Bl 21X Arrieta et al., 2010)

4. LUV RAOHEREZHRE LB

[BHOF—TU—RNiZL ) K]

LZAT, UMY, 15, R, RELE), 5, L CERIZREESCREEE b DOTEY KR E D
RIFIEENED, Wb DA7e a v 712k, ZOEERP KDL, KEENEIET 5708 LT
LEIZERDHYET (FEEZOND). 29 LAY a v 7 OFBNCH A Ty TffEA#ER L7210,
—RF RPN DL HEY , JTORRBIZRE D AERRRDOREN D Z L2 L) = X (resilience) & FFOY
FT . EFEOY L IEOFRICEHT A TY, LYV REEDDH T ENY U IO O
MWD ERHABLNEZ2->TEFE L (Bellwood et al., 2004; Hughes et al., 2010 ). L7=23->7TC, ¥
Y ATEDOREEEZMERF T 5 2 & T, BIEEROFERAREMEA R T ZDIIL V) U R E2mH DL LI 7R
BEENRO HILET.

5. EHOHW, Tk, ROZOZR

[MEPEREX ZRETHZ LICLBEH L DR ]

IEOHIZET, LYV 2@ 5120203, M REX 2R ETH2ZENEETHL I ENHL
MERSTEFELE. BIZIE, A—AFTIVTOTL—NUT U —7 OWEREX 25 L L=
T, BETAIRE SN QW N TS BT, BARRE, YT A< s akBig,
R, A=t T OB, BESEONMIIRY 3 v 7 BZT T, RN, EREROEEIVIE N,
WENSDEENRFD, DF 0, LYY Z U ARE NI ERH LN S E Lz (Mellin et al., 2016 ).
F 2T, BIEEROE RO ZHEEFT 272012, VYU A2EmHsb 2 xR E LTI
FEX 2RO TEO—ICERET D & LET. BRI, O 26 1Tha (100m X 100m)
UREIRGEX S LET .

[VEHERGEX AR ET D 2 LIk D EDf~DR 2 ]

W REX TIE, YT L VY 2 A~DEBENIIE AL RN EBRONDX AT, a2/
=T VT, RN F U TEOL Y —{EINIONWTIINE THEVFEROET. /2L,

LIV IZHONTUE, Yo THEDERRR~DOEENRESND T2 Bl 7544 OFF), HIRLET .
72k, MWIEREREZRET S Z L CEUORERNPIEZ D Z ENBZXLNETN, BEREXNTO
EEE Iy LIRS ND LIRELET (DF Y, HEELL LUy —08 0 FORERITEI LN
ELET ).

W REX CIIBEERA R AT D12 ORMARDET. 12721, BEERAFMNEZ B E L7
BuZ, %, DEOV TNV ULOMERNZD, B TREOAERE~ORBE TN E Vb TV ET

[#eh5 L Eizon ]
BTV FITUE, WL ODDORFENREmNH D £
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20 1 RO AR DD TN D LS

LRI T, LOBERRNORESND DEBETISH Y FHA . ELBREAIL LT
b, FEACETIRROBIAANY 10405 204 ), HREAEOEREZIT HA I
T

ZD 2 FEHOMNEOMEND LS

Sk, VIO L V) U R EEmDDHT-OIIE, HEHEERERTET I EAITHDH L
D, MRICE VAL RS> TEE Lz, 2720, Y REX T, FOoREL I ANRED
b, FIUZE D EOREBRIREIRORE LATREMEZHER T2 Z LR TEX 20N HENTT. ZD—
FHC, B IEEGUARRIIEM CEOMANIETICRETH DL Z L, F, —ERbNIAER
ZRETDZ EIIEFICRETHDL LN HDHZ LD, RHENDRLTHEBREZED DZLERD D
EHEXOLNET.

Bz CTHHR#X (marine protected area, MPA) &\ 9 HZEZMIH L TV A DI, H#EK
IZecological islands” Clid7a < . HREREROFT TIRZDZMNERNH DD THD, KTV A5
DAV & EFE O TREDAEREREEANCH TE D FALE T 572DI21E, 29 LIEREDR
BHERWDZ LIFEETHS EEZHND (Cumming et al., 2015) ,

ROV TR, HIERGITNIC L > Th RS, o ITMERRERL LTEXD LRI
R 725 LB Z BIVD, o THEOEREROIRIEICK & e BA 5.2 H0MIRY . 5225 L. Hi
2IEXFavFavudThHIIE~I ¥ - B NG, BFOBERESEIZ LT, 270
RAEX OEFEIT Tha & LT,

WHRER 2R ET D 2 LI L DIEDDERR T —EA~DOEEIZONW T, HATREMEICE - T
Bp o0, —HHIEE 220N, EMFOBRAZSEIC LoD, £AENLREEIROUE el
R OENCT DLV Y T ASOHAESFICGRERNR A IRE L T\ D7), T 5, SIREL
TWD, FEEITIE, BlzE, RKERDRNY - THEOAERBRMERH B L 52 TV D Lo L
HY (Allgeier et al., 2016) . REEE2ERH D,

DD L SITHOWTIL, BORRIREOBLEN G, FITHEZT O LERH D, —DDHEEL LTT
FROL I, %R EOHETRI T, EMMRRIUCE EDD 2 LT, BIEZDOHWIZPIENRD Z
ENEZLND, VAR IOFDO LYY AL I NE TREAIIITONL THWDH DD, %
BT 2D CIRENTH D, b9 —2DHEE LTE, ok b T\ 2% 5%
THEHRE LTIRRT D2 EDRBZIOND, Y%IZBT DM TRERTIXdH 5723, Mellin et al.
(2016)1%, Z'L— bNU TV — 7 OWFEREXICRE STV D Tk L ShvTunent o IEo
W 20FEOT — & &bl LT, WHHEREXICRE SN TV DI D SN, 21-38% L E L THY
S A B L ADBEEN 30%(K< . FMOA R L AIZ XD EEN D ORI 20% F0 &\ 9 BRI 28k
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TWEMESTZZ &1F72n ) & sz Z &b b 2abEd e, NEREHERT ALY ) 120

TUTK 74%, THRHEEA DO RY U 7 FIRH 7 U A2 B2 D0 TIEKI 80. 8%, [ v 7 /L iR
H I TN PIONTIR90. 1%E 720 B DANZNH ORI ZH > TS Z ERH LN ETeoT,

HID 720 HoOTWHIME fio7cZ b s
S72Z LiEen
WRBRERT ALY 286 (25. 7%) 478 (42.9%) 351 (31.5%)
A VTN PIRER S I 7L 110 (9. 9%) 688 (61. 7%) 317 (28. 4%)
HBHEZAHDO R 7 AR Y A b 215 (19. 3%) 363 (32. 6%) 537 (48.2%)

EEEIRA S U8 C B 2385 (Q5)

<3 BISETRIZ OV TORERZ G2 IRI T OARRRIR I BT 2 Hilk S E O HR

B, BEEENREOL IR bOonEBRHALEZ Y 2T, BE, AEREARET I LAEES L
BOMEIPEEM LT @Q6), BEERICET20HEZITY 2 LT, ARERREOERIEMEIHT S
DA E LTV A0 E R T 5 2 & T BIEERICET 21 MA A2 OERRRREE#A ) LS
HNERGECEH B2 DND, FERIZLLTOMEY Th 5, BIEEFICET 20217 9 Al & g L
T, TETHEE) NETEMULES, 2L U QUIERRMREOETNEICET 27O K& 2m E
IR TE R T, Tt BEERICET 28 EIT O RO T, 37T < O AR
BOBERFEMEZ /TR L TR Y | BEERIZET 2HHIC X > TARBRREEMNR M 3 5 )
LIrole oD Th D LIS,

NE (%)
ETCHEE 588 (52. 7%)
EHENEVWITEE 394 (35. 3%)
EBELEBN RN 109 (9. 8%)
ELOLMNEWVWZITEE TR 13 (1. 2%)
A EHETRN 10 (0. 9%)
stk 1 (0. 1%)

ARERIREOEEMEICB T olak (FmiZftig) Qo)
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BAS, BIEEENEDOL )b ONERHA L) 2T, HE, ARERAEET D Z LT AR
K72 T OOER ([P OAMBELNZ0 . I LANELNZ T X512, AR 61X
Bx L o THRBRERMFONDLD T, FERERET X (MRS 2 2 & TERKEEFEND
BT TR H D Z L TRENELENTZY T 5 X 912, AERERITF A OAETE O S 0Lk
DO BN SDO T, ARERERETREE), TWETSHATD Z 8137 Th, R L0
THA LY, BRWENER SN0 T D AREMRH DD T, AERERET &7, [EER
AR LR B ISR T 2 LICERDB S 50T, AR RET &), THEREDC
ELWVRBNAET D Z L HRICERN D LD T, AREREHEET &), EEREEETHZ L
FEETRW], EBROZ LIZLDRLRN]) OFNZIUCOW T EORERE TE 0%
ML= Q7). BEEFRICET 2 EIT) 2 & T, ARERREICHT BN L T HE 0 E R
AET 5 2 LT BIEEIRICET A WA 2 OERERRAERA B S EL 0 EHGET H 2 LN TE
HEEZLND, BT, TWETHAT S Z L1372 Th, FRMLADOE TR LEZY . Ak
WENBERINTZ D TR H D DT, EREREHRET X LWV I BRAICKT 2 RIENHE X
T EiER T 5 2 & T FEROFIH I REMEAHMER 2 2 L THROLNDMETH S (472 3 AfifiE)
DA LU ERGET 2 2 ENTELEEZLND, RIZLLTOMY ThbH, EOMOE RT3
LA, BAREFRICBET 23 21T 9 a1 S IRERERCH L2, TWETSHAT L Z 1372 Th,
FERAT S OFTRIA L0 | AReWE R SN0 T HAEEERH H 0T, AR EHRET
72 V) BRICHT HEEL. BEERICBET 28217 9 A& i L TRE <ML 7=, &5
BRI 22T ) 2 & T, 472 a M) 25 L L7z alREMERNE 2 B b,
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2 E 2 Fo5Bbhwn bbbt E9HES ETHESA
e WZ RN Y
P ISRV N %/ ¥ W el BN
PHANELNTZYTDH LD
1 2 3 4 5

2, BERBRNDLIFHERAICE ST

5 (1.3%) 23 (2.1%) 147 (13.2%) 540 (48.4%) 390 (35. 0%)

B ERPHLNLDT, 4

RERERETNED

TN D D Z & THERIEN

BN, FEPRHDHZ L TK

Bt snizo 345X 512, 1 2 3 4 5

ERERITFH A DATRORE S 12 (1. 1%) 22 (2. 0%) 149 (13.4%) 510 (45.7%) 422 (37.8%)

LD LI DT, A
BERE RS <&

WETCHBT S 2 21T
b AFRIT S BT TR L1

D SRR SN Y ! 2 ’ A >

2 (0. 2%) 31 (2.8%) 184 (16.5%) 563 (50.5%) 335 (30. 0%)

T DA B 2 DT, AR
ERETNEE
HEREYRPE LV RBLA R

1 2 3 4 5
HRICET ZLICEERH DD

4 (0. 4%) 38 (3. 4%) 205 (18.4%) 556 (49.9%) 312 (28.0%)

T, ARRERETNEL
HEREWRE LORBINFE

1 2 3 4 5
THZLEARCEELHDO

4 (0. 4%) 50 (4.5%) 226 (20.3%) 556 (49.9%) 279 (25.0%)

T, R ERAT R

ERERERET AT LITEET 1 2 3 4 5
A 500 (44.8%) 391 (35.1%) 150 (13.5%) 53 (4.8%) 21 (1.9%)
ERRRADZ LT < bhben 1 2 3 4 5

232 (20.8%) 298 (26.7%) 426 (38.2%) 124 (11.1%) 35 (3.1%)

ARERIRAEIC BT 2B RIS 2 FEoRE (FldRitg) Q1

4> AARTHSS L7oBIZETRZ O U728 2B % - IR9E L CRIE 2 ST TV S ENAORZEN S |
FIRED—E % AARDAERERREDT-DIZHUH L TH B 5 HillE O ASCHRE D—H A BEE RO
HFIH D SND LI D 2 IOV TOREROHERE

HARCESS LT- B s &R 2 0 L7 B 2 B8 L CRIE 2 B IF QO B [ENAAOREN D, FlZgo—
A BAROAERERREDOT- DI L TH S D HIEZEAL TUXE I NLWIBEZHFRH D Z LITD
WCH L7259 2 C, LFOERZIT> T2,

B2, AARTHESS Lo E R Z S U728 A e LU CRIAR 2 51 TV D IENSAORZEN 5
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FZED—¥% BARDEREREEDTZOITHUH L TH 5 S HIE OB AT 2E R @Q8) #EM L7-Q9),
FERIILIT O Th D, [MRSER & TEHLNEWZITER 28858, K TL.3%E o7,

NE (%)
i1 < BLRK 239 (21. 4%)
ELLMNEWZITERL 555 (49. 8%)
EBEH &N 282 (25. 3%)
EL L E W IR 31 (2. 8%)
5 < Bkt 7 (0. 6%)
Z Dt 1 (0. 1%)

FATHG L2 BS GRS L7 2 758 L CTHIE 2 &1 T 2 ERAAORZEN S
MR D —HZ BARDAERRRREDTZDITHUE L TH 5 5 HlE DA 5 E A (Q8)

BT, OB ERERREITEILINT Y | BEEROEBHE Ay S0 358300
ZH) TRV LY bIFENDINE, 2 VaA r MO EVREELTZ (Q9), ARFFHONERB LW
SINTAERIZOWTIE, AREED T 4. (1) OEEFEMA [ZFEHSATW20 T, ZHRILZV,

LANIZD& 8 Yad y MytrOBEM A K L0, 8 BT X TOEMIZHENT, kbEEL
WHDE LT TERBEDRV) @R UZEEE T, FEOBBAZEM Lz Q10), £z, =2~
Vad v Moo LTS 2 LA HE LT, BEROFARHEE (CW) L AEMbITo T,
T ThRTEDERITHT 2205 28 TE THRRNE N, (BT 3Fh > T= 8D — R
%1%/\ LD B ERRRREIfEDD ) OREEZAT D702V B3 FA>THUVLWN
BONEER L Q11), MRIIELTOEY Th o,

(Y

b
2 E%ﬂ[y

N %)
WM ORI b Em T E D005 13 (20.6%)
WP ORI IR TRV 15 (23.8%)
IS AN AVIEY S 29 (46. 0%)
Z DA 6 (9.5%)

TRCOERT ERbEDARV] 28N L7z REE ORZEOHA (Q10)

TRTOY T 10000 LAk % BLHfE
LT LI 7L
A 65700 M 5000
/) ME 0 0 M
AR 1000 [ 1000 M
I 1415.4 1 1254.5 [
IR 2507.3 [ 769. 8 1]

PAEFHmIE IR 2 A% Q1)
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PFAEFHIE TR OTZ, & THIENE L. BEDBIEL - =S50 — IR ERER IR i 5 Bl
RS2 ZHEEREOEMEEIL 1000 M, THMEIT 1415, 4 F, HEHEFZE 2507.3 H & 72077,

<B> AARTHEAG LICBREIRZICH L7 2 BR%E - IE L TR Z DI T D EINAAOEFEND |
S DO—E B EIROIRMEE 1ALy SN D X DI 5 Z LITHOWTOEROIERE

HARCTIS LB &R 2 0 L7z 2 ke U TR 2 1T TO 2 EINAAD NS | BIZETR
DIREF TS L THREDO—E B SND KO ICTHNE LW EANR DD Z LIZHOWTHHA LD
AT, XD LTI 2ERZEAM L. Q12), #RIZUTOM@Y Tho, MIHEM & [Eh 60

EWRITE 280D &K 64. 4% Te 0Tz,

5 < K

EH O E WX ITERL
RS YR AV RAA
EH BN E W IEROR

58 < BORS
Z DAl

NE (%)

176 (15. 8%)
542 (48. 6%)
339 (30. 4%)
47 (4. 2%)
9 (0. 8%)
2 (0. 2%)

HATEG LB E IR 2 e L2 2 IR5E L TR 2 &1 T D EINA O3NS |
BIREIRORMEF G L TR O —F Ay Sh D L 91295 Z Lickd 28R Q12)

6> LRER DA MRBIBEREN RSN, Thi b LIELNIZ R EZEMESn D Z &Il

TR O

Bl BEDEET 2MENROAERRRO OAMNRBEERERAER S, Thzb LiTfEbhni
HENEAMESNDHRIZEDS DWEE B EER L Q13), #RITLTO®Y Th o,

AN %)
10% 36 (3. 2%)
1% 196 (17. 6%)
0. 1% 166 (14. 9%)
0.01% 176 (15. 8%)
0. 001% 180 (16. 1%)
0. 0001% 121 (10. 9%)
0. 00001% 65 (5. 8%)
0. 000001% 46 (4. 1%)
0. 0000001% 129 (11.6%)

A& DS DB ROAERER D B A MR BISE R FE L S,
Zhab LIzt sin g 2 LI2d 2 E8IRER (Q13)
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B B REIR A O L2 EE S OBR S CEMMENEBLT DRI BT 515 MAE 5272 9 2 T,
FERDOEMZIT o7 Q14), [HHE 52 DRI OEIEZ T 5 2 & T, BRI RN AN 2 D I8l
HIFERICED LD ICHBT 2N BT A LN TEH B2 N5, MFIZLLTO®Y Ths, #
(&R Z S L7 IS OBR R E CEAM EBLT DHRICBT W% 5 -2 D%, #9651, 5%D A
23 0. 01%LL B2, K9 67. 6% AD3 0. 001%LL EZ& Z IR L T2, BIREIRA IS L7-EHR A
DOBAFEE CEAENFEBT HHERICET D15 WA 5 2 728 TIE A 37. %D AD3 0. 01%LL 4 £ 56. 4%
DAD 0. 001%LL B2 ZNZAVRIR LTz, BREIRZ 0 L7z EIE S OB & CRMEAFHLT D e
BT D1 mE 525 2 & T, FBIRHERIME T DM RS S v,

NE (%)
10% 29 (2. 6%)
1% 108 9. 7%)
0. 1% 134 (12. 0%)
0.01% 149 (13. 4%)
0.001% 209 (18. 7%)
0. 0001% 133 (11. 9%)
0. 00001% 128 (11. 5%)
0. 000001% 75 (6. 7%)
0. 0000001% 150 (13. 5%)

HE DR 2MEFROARER» DAMNRBEERERAER S, Thzbiic
e s D Z LIZBT 5 TRIRMER  (IFERRiHg) Q14)

<6> FIGIRDOFH

BIE, BIRZITO LD b, ARERERETRE LB XD AOHFITIE, TR SO CARER ZF]
HATHAREMEEBEL TWDALNDEBZBND, TDL )AL, ARANCHIG VNS W ATRE
MR D, 22T, HIGIELARRMREER L OMEA T 52 L2 L LT, 5RO
179,

ZITIE 17 AIZ100 TS 69 ZENTE LN, ZNnb I HIZ LFERD 13 » HIRE TR T
i o2 DL L L) ZENTELLWVIHIRUAZFEELTH LW, 137 ARV BHH X
HOTHIUE, BEOZTE]Y % EMfFOZ LN TEX 20 2EM L7 Q15), 100 A & 200 77
PLEAREMEE UTHIER LS AOFEEEIL 116.0 FHE -7 8147 N), ZOBAEDEG|R
1% 16. 0% & 72 %,

<> FRIR=EEE O

AERERIR AT & FENEEEOBRE DT 2 2 L2 HME LT, FRINEREELa3RIEM%E
iTo7c, 22T, & THFEEZ 105, ETHARFEEE 0 1L LIZHEAIC, BIEOE OREELI 5
BV B EERM L Q16), FERIILITOEY ThD, FHMEITK 6.0, EHERFAITR 2.3 &
ol
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0 1 2 3 4 5
NI 19 24 46 93 82 192
%) (1. 7%) (2. 2%) (4. 1%) (8.3%)  (7.4%)  (17.2%)

6 7 8 9 10
N 128 224 193 68 46
%)  (11.5%) (20.1%  (17.3%)  (6.1%) (4. 1%)
FBIREREE (Q16)

<8> FMhATTHE

AERER IR EEG & FIMMEDORR Z 05 Z L 2 B & LT, FATENC DWW TR 5 8/ &21T
ofc, TITIEH, BESEMICTFICR T T4 T2 L2 Enb 0B L. Q17), fERITLL
TOWEY ThH D, FRLULEDADPIBES FRNCTFMNRORNT T AT 2 LIl LD T LIRALN L
ot

NE& %)
5 606 (54. 3%)
720 509 (45. 7%)

W25 FEHOFIRR T T 4 7 O (QL7)

9> FEIRRREL
arYaA y My OB T, BUREOEAZFH & L TEMEZIT>TWD DT, BIEE O
REENBIE B E KIT T RN B 5, BIEHEOREERIEL 20 Y a1 MW OBERNCK 3 5 (8]
BEORRZE T 5 Z L& HINE LT RIZFORRBEIREZ R T 572D O-EME1T 57, 2 2Tl
ARABE A OEEREL T& THRETHD ) 6 TRV ETO 4 BPECRHIT 5 H#l
PEREZEIE L T Ho7e (Q18), FMRIFLLTOEY THDH, [ THHETHD ) & TEhHEhkt
ETHD) 2abEn e, KT8.5%E o7,

NE (%)
LTHEETH D 134 (12. 0%)
EFHEHIEETH D 741 (66. 5%)
HFE 0 HEFETITZRW 191 (17. 1%)
fERE T2 49 (4. 4%)

TR (Q18)

<10> £ A
[BEEDT 0T 4 —Np EICOWTHEMEZIT -7 (Q19-Q25) , #RIZFHIIRLICEY TH D,
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THRDIFEEICETAT Vv r— b £FHER

HRARY:  PRAEREZS

Tr—MiE TEROEICET AT 7 — ] EWH AR CEM LTz, AREOEIZEEZ O] -
ol - TR - 572 COMEIILI T oMY TH D,

AN (%)

PRI FE 508 (48. 9%)
ik 531 (51. 1%)

G 20 1% 131 (12. 6%)
30 1% 211 (20. 3%)

40 1% 211 (20. 3%)

50 1% 185 (17.8%)

60 1% 301 (29. 0%)

i EaYan=| 371 (35. 7%)
INEE 54 (5. 2%)

FAAH S 19 (1. 8%)

HE 2 74 (7. 1%)

ST 217 (20. 9%)

28—k 106 (10. 2%)

AT 73 (7. 0%)

S5 36 (3. 5%)

stk 89 (8. 6%)

ik 200 J5 FI A 121 (11. 7%)
200-300 A& 172 (16. 7%)

400-500 5 M & 254 (24. 6%)

600-700 75 A& 202 (19. 6%)

800-900 7 [+ 125 (12. 1%)

1,000-1, 100 5H& 57 (5. 5%)

1, 200-1, 300 5H& 36 (3. 5%)

1, 400-1, 500 FH & 31 (3. 0%)

1,600-1, 700 FH& 7 (0. 7%)

1, 800-1,900 FH& 9 (0. 9%)

2,000-2, 100 HHH 5 (0. 5%)

2,200 FHHELLE 14 (1. 4%)
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ARIAEDOTIAENE & EFHHAITILLT O Y TH D,

<> ERERRAEICET 2 MR o1z

B, AR 2T 2 Z LA BV L LT, TAERRR) . T4AEMSERE). TERE
A, TSGR, TAEERES © 5 SOMFECET 28MELEM L QD, #RIZUTFOEY
Tho, VERR, WS, DEGEE) LU C, TAREAR), NREER) ., 4hEwE

EE] ERRMENMIN D
L A EEEE] C.

ERWBNE STz, AU HATRIRENIZEEETH D [hUlakE &
B RE 222030 5 AU R ITET 5,

EREZHS>TWD BRI S 2205 B 720
W=Z EEdh B
ARER 662 (63.7%) 311 (29.9%) 66 (6. 4%)
SRR 429 (41.3%) 370 (35.6%) 240 (23.1%)
HREAR 114 (11.0%) 276 (26. 6%) 649 (62. 5%)
BRER 93 (9. 0%) 219 (21.1%) 727 (70. 0%)
Ay e 92 (8.9%) 359 (34. 6%) 588 (56. 6%)
Pl e 426 (41.0%) 495 (47.6%) 118 (11.4%)

MFEDRME QL)

BV ERRERET D I ENEELZ LB N LI NEEM L Q2), FRIFLLT D@ TH D,
TETHEE] L [EHONEVWATEE] 28bE5 K88 1%L 720 £ DABERRERE
THZENEELELEBEZTNDIEBRHLMNE T,

NS (%)
ETCHEE 545 (52. 5%)
EHENEWVWITEE 370 (35. 6%)
EHLHEHNZ R0 91 (8. 8%)
ELLMNEWVWZITEE TR 10 (1. 0%)
A EHETRN 22 (2. 1%)
stk 1 (0. 1%)
AERERIREOEEMICEET 5587 (Q2)

2> ASKMEEEEI~DOE T ORBROE
ZOT =T, Fat e E TR MOFMEEF L U TAERRRRIC
ZIET D70, BIMREEEI~DO T ORR 2R T 272D OB Z1T 9,
ZZTE, Fradv s FIARNMIOWCEALEZS AT, Frafs IR NEEFLDELE
HAAMREEEINZ T T L2 e EEM L, o, T LI endbs LBEELEANTIE T
TaF e TR S EENLSD BIRRGETEENC  Z N EAUAEITEAT L2 2 L3 20 & BRI L2 (Q3),

x4 % SRS
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FRIILL T O#Y ThH D, £ 16. 3D NS HARGREFEINCTFF L2 enH o emIE L, £, &
TaFie A MASOFHHIOWTE, TRIFMLEEZ ERHDHAN32 A0, 2B EFMH L
ZENRHDAD 23 Nz, Fa S BT R LSO BIRREEEI~ DO T IOV TR, 1 EIFF
L7=Z b AN 62 N, 2L EFM LIZZ E23H 25 AP 71 ATz,

N (%)
B oY) 159 (15. 3%)
720N 880 (84. %)

H AR TR BN~ DA DFEER (Q3)

<3 BRBIRCE ORI BT 2 HECEFROE  GEIREIRICE T D15 H & 5 2 T BED#)
[BE# % 2 BRI, —HIZOHk, BIEEREIIED L 572t o), BIERNSERLOBRREZ X
UL LTckkx 22 0B AL > T D Z & 2015 4ED ) —~VIEFAFZEIT, HETOMAED IS
R LTV & G U O RBRERIE A ~UL X 7 T B U T2 KA AL R S B 0 2 5
SN LR ARG L,

ZDH 2T, BEEWRICET HERE 5 2 RO ITH LT, BIEERCT OR#EIZBT 5 il
HkoEZ B E LT, LTO-EMEIT- 7,

HIo, BEOMAE e E D ERLEII LD & L NEICHE RSB S TWS 2 L
IS TWENEER L (Q4), FERIZLLTO@EY Th D, K 620D AP ESEIRH I W THl-
TWEZ ERHBNE ST,

NE %)
HioT= 327 (62.0%)
LIISYAYiRNSY 200 (38.0%)

BAREPRFIANCBE T 258E  (Q4)

BT, BIEEIRA IS L7 REMZR B LT WHREERAIT ALY v, T4 7 o PIEHESE
I 7)), THBEEHED R) 7 FRY 7Y A2 b D352 0 EF, Zhboflihz2%- T
L, Fle, IO EFEST-RBNRHH1EEM L @Q5), MRIILLTO@EY Ths, [H-o
TWERMEST=Z Ll & MlofeZ &b D) 2AbED &, NHRETRAIT ALY ) (2o
TIEK 72. 3%, [IEEE A D KU U 7 AIRLY 7Y A2 b ZOWTIRI T9%, [ v 7 v iR
XTI ONTIEHI89. 9% L 720 L DANRZINHLOREEZM S TND Z ERHALNE 25T,
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FNB 720 o TWDHME o7l b D
ST 2 LT

WMAERF T A v 146 (27.7%) 236 (44. 8%) 145 (27.5%)
A TN PIREER Y I T 53 (10. 1%) 339 (64. 3%) 135 (25. 6%)
AMEGHDO RY o 7FReY 7Y A~ 111 (21, 1%) 0 (30.4%) 256 (48. 6%)

EREIR A L7 5ah 2 B9 2780 (Q5)

4> ERER IR 2 MR OE (G IRICR 2 e 5 2 72D 7
BB DM A G- 2 T BEDO T3 LT, AR IR T 2 Mk OBk otz 2 B L L
T, UTOEMZIT- T,

—IZ, BE, ERREARET DI ENEELLES NSO NEERM L Q6), BEIEIRIZET
Lt EAT S T & T, ARERREOEBEMI N 258 0 0 L L TW A28 5 2 & T, BinE
TRICBT DIEMA N2 DERERREEREZ M LS EI0ERFETE L EERbND, AT T O
D ThHD, BILERICHT2MMHZITOATE R, TETHEE] & TEH0hEVAITEE] 26
ED LA 90. 30 & 7o Te, ARGRIREOEENEIBIT D8O K & 722 0A) LITHERE TS el 723,
AU ERETRICBI T 2B AT O BIOBRE T, T < O ADVERERIREDEEM L 47158
W L CTRY . BIEEFICET D 1EHIC L » TARBRREEED M LT D R/MND R -T2l d TH D

EHER S D,

N (%)
ETCHEE 320 (60. 7%)
EHENEWVWITEE 156 (29. 6%)
EBELEBN RN 41 (7. 8%)
ELOLMNEWVWZITEE TR 5 (0. 9%)
A EHETRN 5 (0. 9%)
Z Dt 0 (0%)

ARERIR ORI o8ak (FHiZftig) Qo)

B> ARERMDAMLBEERPER S, Tha b SIEL N /EAEMbsND Z LIZBET5
FHAHEROERE (BIERICET 1WA 5 AT D)
BB BT 20 E 5 2 IO T LT, AR DA MRBEERIP RS, Zhab
’1’EEﬂf: L NEAMES NS 2 LICBIT 2 FBIRIEROEZ A& LT UUTOEMZIT -7,
. BEDEET DEGENROARERN DA HRBEERNSER S, Thae b IEbirk
ﬁzi% ﬁ\%ﬂﬂtéﬂéﬁﬁéi&@< BWZEEEERLE Q0. FERIZLTO®Y) Th o,
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NE& (%)

10% 15 (2. 8%)
1% 71 (13. 5%)
0. 1% 93 (17. 6%)
0.01% 66 (12. 5%)
0.001% 85 (16. 1%)
0. 0001% 61 (11. 6%)
0. 00001% 29 (5. 5%)
0. 000001% 23 (4. 4%)
0. 0000001% 84 (15. 9%)

HE D EET 2MEFROAERER» DANRBEERERAERSh, Thzbiic
e AR s D Z LICBT 2 EBinMR (Fadettig) QD

B I B REIR A O L2 EE S OBR S CEMMENEBLT DRI BT 515 MAE 5272 9 2 T,
FEROEMZ1T 72 (@8), 1HH%E 52 DA ORI Z i 2 2 & T, BRGNS N2 O FEBIRY
ERIZED L D ITHETINEAMETHZ LN TEL LB LD, BRI TOWMY ThbH, Eis
B A O LT E3R S OB E CRAMEDEB T DM RICET 21HH A 5 2 Ha01%, £ 46. 4D AH
0. 01%LL % | #9 62. 5%D ADS 0. 001%LA A4 ENZIUEIR L TV ey, BIRETRZ IS L7z EH S OB
HECEMENEBLT DRI T D IEHE 5 2 721 TIE. K9 29. 4%D AH3 0. 01%LL_E% . #9 45. 1%
A3 0. 001%LA % Z N E AR LT, BIREIRA I L7 ESES OB S CEM N ER T D iERIC
BT 21HE 5252 & T, FRIAMEMET T M3 R S,

NI %)
10% 8 (1. 5%)
1% 39 (7. 4%)
0. 1% 51 9. 7%)
0.01% 57 (10. 8%)
0.001% 83 (15. 7%)
0. 0001% 68 (12. 9%)
0. 00001% T (14. 6%)
0. 000001% 53 (10. 1%)
0. 0000001% 91 (17. 3%)

HE DR 2MEFROARER» DAMNRBEERERAERSh, Thzbiic
e AFERb s D Z LICBT 2 EBIRIMER (Fadettii) Q8)
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6> Fate T A MK L IHETHEONE EEERICET WA 5228 E 52 T

PROEED EEER)

H & RS 2HEGERT RO ASREREE D 5 b AERERIREOBLS) ORI EENED & 11 10ha 21
AL, BREL TV 720D ad b b7 A ROERYEAIMTON TS EHEELTHLLY, 2D
Frat e A MDEDIZEFEH L THONE RS GFICHOWCTEM L7 Q9), Z 2Tk, AR
s (CWM) & vz, ZOBEMIC XY #EEH S 5 A EEREY | BIERICET 2 W e 5 2 -t &
B2 TR WBECHIERT 5,

ZITIE, BB ORIFERIILTY S O @E OFAERMEEOER (ESIRHME) (2T, BE
DIEET 2 MO TR NIZ 72> 7226 0 T (BT 2 Hsko SER) e NI 2 HE L C) [\
LT 6 o HEmaHMiOERM 17 o7 Q11), FBEHHORMONE I LU RIZOW T, Al
HEO M. 4. (5) OBEEFFIRICET 2780V ERRRREERICE 2 2 FEORKGE) (TR
NTNDHOT, ZRENT, LT CIEHERTHm ORI ONE R KOO HTiERIC OV Tk~ 5,
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ARERZIRET D Z LIFEELEN, Ty at - T A NSO FIET 139 (31.1%)
FEhiF _RETZEE I NS

stk 66 (14. 8%)

2 bAf Uiz < 2 & mlE U728l (EBEHE)  (Q10)

N )
SRENRETEDND 246 (45. 1%)
DO NFERRZRET DI ENEELLEZZ TRV EREI DD 127 (23. 3%)
MO NFTAEREREZRET D Z EIFEELEEXTHDLN, Fratn- 127 (23. 3%)

F T A MO TIETHRET RERLEZTND LES 1
Z DAt 45 (8. 3%)
2[EE BT LIz R e EE L7zl (Heama i) (Q12)

8 AR T 2 EMOE GBIEERICET 215HE 52 7o & 52 TOZRWEED i)
ARERERET 5 Z L ITxtT 2REFENR T OOBRZRY EF, ThZUC oW T EORERE TX
DMENAR « U—=A K« 2=V 72X THEMLE Q13), ARRBONEI O RIZD
WL, AREED T 4. (5) OBEEIEFAICEET 25880 BRI AERIC G 2 2 EBOM
FE) ZREH STV A DT, BRENTZ,

<9> FIG[ZRDFHH

BUE, BAREIT) L0 b, ARRERETRE LB XD AOTITIX, FERM SO CARER ZF]
HATHAMEEEBE L TWDABND EBZBND, TDL I RANIE. ARANCHIG VNSV ATRE
MRS D, 2T, FIRLARRREERL OBELZ T2 2 L2 HNE LT, HBIROFH%
179,

ZITIEHR 1 7 HIRIT100 T B 59 ZENTEDLD, TNNPLI DI LHFEHRD 13 7 AL E TR T
X, o b2 DOBFHELLI ZENTELEVIIRUZEELTH LW, 13 7 ARIZWS BHH X
LD THIL, BEOZITIY Z 1 EMFFOZ LN TE 20 E2 B L. Q14), 100 J5KdM & 200 77
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AR OB EICXT 28 E 2V a A v M L VR L7z (Q8), s L OFEH#
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ASC1 2.72532 | #xx | 31.18 1. 52223 | #xk 20.42 | 40951.47 M
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