VI 5 BT 2 EERIEL - inFRRIECOBIK & #E G R

1 SRR LD RRR

1.1 MM “ocean acidification” (OA) & W EMM(L“coastal
acidification” (CA)

KEF D b3 (COL) L, NOAA Zua— L= 7RO AT
\Z&De, FEEEMFTORK 280ppm (ppm/m) 75 2021 421X 414.72ppm & 40% LA
EEOML T (1), REHF D CO, #IN D F 72 R NIT b A RS TR 0
PEHIZE DB DT, 1880 D 2015 FEFTORKFD CO;, #mdH>H 60.8
(+4.4) %, 1965 4E735 2015 AEETIE 56.5%% 15D TW5 (Licker et al.2019) ,
BT, HHURIH B EE DT Ty 7 A%, 1880-2017 4E D FE 1 1972 B CO2 B
HED 31%I2% 5T 520V HIBI L7 (Le Quere et al., 2018),

420
Global Average

g

CO; (ppm)
g

Global Growth Rate

CO; (ppm/year)

-
T

1080 1985 1990 1995 2000 2005 2010 2015 2020 2025
Year

Fig 1. Carbon Dioxide (CO2) measurements (data source from NOAA)
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THALRFRIZ A THOD, MFEIZREDD 500 VAL LL ED COy 2RI T
BY, ZIUT 1970 FREAED N 21973 COL BEH DK 31% 1248 2 -5 (Gattuso
et al., 2015), W72 A& LI CO, OUFHES~ORYIAKT, ZERALKRFE DT
(pCOy) LTEF IR IR B A MSEH— /T, pH ZK T3, [REEI/LTT L0
MDOT T FARETIIVY A NOUE KO EIFIKAE Z K T ¥ 5 (Gattuso et al.,
2015) . REDWEDIRFEIX, 4B BHERITHEHSNDRFBOBEIKAF T L0,
CO, HEH ENHAEDOLIE THD business—as—usual (IPCC RCPS8.5, Bopp et al.,
2013) DFEETHIL, THIEVHEFEIIRIELL, pH X 0.33 REFETIK T 957
REMENH D, 208G, THEFEREME/L“ocean acidification” (OA) &L TA
RSN TWD, MEFERETEBIL, WA ERERICHEA R EEZLT-6L, £
DFER, NEORBZ 2ARESCHEFICE W EZH7-6L TS (Doney et al.,
2020) , F D=, X A O BB 1ETE S Z B 2 (the Intergovernmental
Oceanographic Commission) 23F & L7= [ £t i REZRBR R D7D D 2030 7=
A (Agenda for Sustainable Development) | TiL, [MBIER ML O E O & /M E
KLY EAE 14.3 LLTHEIT BTV,

AKEEOEBEMELIE, R H O Zf bk FE O MIE T AR IF TIrEe<, pCO, D4y
A IXHER 2K T —4k Tid7Zev (Vargas et al., 2022), ib FEREE T, AR O
pCO; & pH OERRITIVEHE T, OMWEEFHI 7 m e AL > TGRS ZEn
HY (K 2), 2T FEBEHE{L“coastal acidification” (CA)|tLTabnT
W5 (Wallace et al., 2014) , B 21X, WIFE, @ T4, 207 ROBRE TIX, /T
72 O & B/ PE ) g R & pCO, DA B2 H E W CTEREIL, B iHE &
pCO, AR E K MITIZIEREH ST L, WEHOBMEICREEL 52569 —D>D
BRI, )13E H (Pérez et al., 2016), JKfi# (Vargas et al., 2018) 721X M
KT VTV IR DOPEH T D, KO, EREHIOE B O & i) 7e A
NUREZRY, WBTEAY O D) AN BRI 5 B a5 2 DA e 23 &% (Kurihara
et al., 2007), SBHIZ, MEMEALIX, IRFEDWES, 7205, pCOy i D E O K
KEPIBFEDORICE ST L3528 THR DA REMED B D (Cao et al.,
2010;Vargas et al.,2016)

AR, Z<OMFZEIZEY, IhFEOE REBICDIR FBEMEAL (CA) DT rEAD R
HERBERO— D THLHIENFERH I TWA (Cai et al., 2011; Wallace et al.,
2014) ., T700b, BERFBLITMHEDOAEY KB O N L7 Rl A2 EEO
REFEZMRL, AP SNSRI BENFEBL COy 235, L,
BRET, —HOMBT—RAEEEOREZRITEL, 0%, 57 COy DL
VIABZHEINEYE, pH 2 LR SELZEICE- T, BEILEZHZETHIENTES
(Cotovicz et al., 2015, 2021).),
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Fig 2. Examples of CO2 natural variability in the coastal ocean driven by different
local and long-term processes. a. local metabolism in a daily cycle; b,c. freshwater

runoff; d. long-term OA effect.

N2 W72 KD COy OHIIEE A b7 B ADMAEHHIZLY, %
<O FIT pH DL F=° pCO, O _EF B3R H S TEY (Feely et al., 2010; Cai
et al., 2011; Sunda and Cai, 2012; Duarte et al., 2013; Melzner et al., 2013), &

BIZZZH AT pH UL DK F 231 TL Cud (Waldbusser et al., 2011),
FEmREAEIE, R D COy IZRDIMNEINOD AT L - TH & 2SN D HERHL
ORI THLDS, KR ONEEEMELIL, Rl ERICB W TRERMEE
HA[BEMED B D,

1.2 OA b6 bZER), AW FH) SR FRIE

KREHF D CO DMEKIZEE IR T HE COy HAITAKE S L TR EE (H2CO3) 24
L, KFEAA %S TREEL CHE R (HCOs) &R (COsH) A4 1725
(Millero, 2010, Figure 3), L7232 T, EKHF D CO, 2038, HREEAA &
IKFBAF L DEFEN LD, KRN pH MR T35, ERRKLKF O CO, %
WAL T 2REINE, 7T by, oA, HEREDWEFEAED OB FHICH kT
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% CaCO; DK P A~DIRMEDORR LMK AFL £, CaCOs DK - i fif i K 13
NI DA EIRFEAFT VR EDAF U FECTEFRSINDEIFREE (Q) )1 J:OT
EALLET, ANV LDAFT IR IR EICHB T D720, Q), REEAF
(CO32-) DEBICIV REIILELEND, — K2, BHOBHOEHIT Q) > 1.5,
WAL Q) < 1.5 THEZ5 (Barton et al., 2012; Gruber et al., 2012; Ekstrom et
al., 2015) . SRR RKUEICE > TEMT D720, SR EBITIRRE THE W
BRI Caeh <, FR I T e EE M I o TR T K JEk T e 1< 72 % (Reisdorph
and Mathis, 2014; Pacific [slands Ocean Acidification Vulnerability Assessment,
2016)

atmospheric CO,

Fig 3. Chemical reaction of OA in the water

OA NIAFRMHE AW L AERERITE XD EW PRI BT O T, KRB
FEDPMTOINT VD, FAFREEME T 35720 SESERBRIBRED D OA DFY
BIHR CTHDHZENREIN TS (Green et al., 2009; Miller et al.) , #ilz1X, &
EFUTEFERBEAC DO B L RO THIEN 0o TR, HRRE i‘?"C
X DV N Z > TV 5 (Bednarsek et al., 2014) . AL M T 2000 48 F 01X
AT X WAL ORZN 7236 T FHET, HEOYEAIFRIZKTH OA 2
DI L7 o7~ (Barton et al., 2015; Mabardy et al.. 2015), —J7. FFlIZFBEC—
EORE 77 7N RETIX, OA ICEDTTADEEL BohoTnd, CO, R E
DO EFIX, A RICED—IRAEFEAREEL | RSO 7T 7 b DEFTE RSN
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AT AT TAD B % 5. 2 F9 (Bach et al., 2017; Xiao et al., 2021),

FERERICKIT D OA DORET, B — O ERICK 75 B Lk L T, v
%:‘E“Cibéj BEM N DD, OAIZL-> T, 777 (Bach et al., 2017; Hoppes et al.,
2018) R°fa$H (Mirasole et al., 2020) 72 &, OA (KT DRINIIG T T, WK D
FrEDESEKROMBENZELT DB LW, BEOHMBEDOE/LEELIC, BY)
LA e RS S 2957259 (Marshall et al., 2017), CO, OHIANIC L0 15

DSAF 2 AR FEVED M LT D708 | W DO AAF~ ARAEFEME 3 ) 370,
IS BF MM Lo TRVIFFLWE R RELSM 12725, Ll BTk
ARERIZESTIE, KIED E&H (Forao k) R OA IZL-> T, rax I
5% DWFEEALTRAGEY PN B L Z 1T HZ 12725 (Guinotte et al, 2008;
Buddemeier et al, 2004) , —BOWEFEAETERIL, BBIEL, WERAL, B K2R
DEEINFITED | FFITHEEs Th D, KR IL, AEY O KMEMERIZE ST
MR NHE S, COy DNEIF LS B Al (170: 117) TERRSNDTZD J1%
ANZITER B IR E O T2 E W 35 (Anderson and Sarmiento, 1994), 2D X912,
OA IFHAEEITH OF LWEREEZLLEOMREZR TE > TEY, HED A
BRI O RFERETIIHEAER NIRRT, B — AN ZAER IV AW EICE
RIpFEL 2D RN D D, EEDOAN ZABE R DN EEAY A RRRORIR
\ZH- 2D BIIHOWNWTOEBLZIIMD TEETHD,

OA MFFRIZEWT, AW L T #h SR E IR BT DV T,
HEVE LI TR, OADBES NHHESICE 2D SR E 2T, flﬂf z
PAEMICEERHAREICESZY T 2o G THEBINTWET, B2
JEECIE, s, T, dEas, J‘mfik@ﬁiﬁ\ﬁ%@?%# OA | ;i@ﬁ%fi%ﬁ%%
ZTHEHEESN TS (Margi et al.),  BVHF LB /) B LB 78 [E L2V T, &
DEEMEDIR T, EDHE /N, BUC~DEEE INEALTT~DHA=TRE
RA 72BN L — 7 /NI EII R I B W T ICEAL THY | 5
DOUWFFEARE R R BRI EH E R HIZ RT3 e &5 (Schmutter et al., 2017),
OA DN TRRDIN I AN E AV AY (L) ITOWNTO XD 2RI 72
FLARIE, OA RHIGHERE OB I AR UL 272012, BT DlE» 55,
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pH

1.3 HBARIZBITS 0AFELESHOMFE=—X
A A & R OV R YEAL R I 232 pH ORMIET — 22858,
H A UE ClIiE 2 30 41 (1980 4FE{~2010 %) THER A DA 2R L= (1 H
5.2011; 8 S, 2021, K 4), HAEE TIEERE(LN OA O EER THHIEN
HIBH L 7= (Yamamoto—Kawai et al., 2015) , (FE ¥ E TiThON - FE R Tlx, TRk
D OA L-UL T, OA IZE> TABHMBBEIL , SOBENELL ., RO
IME T 4520V REBEIT= (Cattano et al., 2020; Kurihara et al., 2021), <™
WFFEDS A ARIZB I DRk D OA A ZfaHiL . OA D EA/RL TVDHH, OA 73
HARDWEIZE 2 DB T 56— RBRITEEREN THD, DD, 1T&
AEDIFFEIL, OA BT AWM FRIEEICE ALY TTWDH, OA BHARD
T T DT R R 2R ’i‘é?ﬁ:éftﬁ?”‘“ IFIEF DT, 5% MEED
ERENZE R LS A . IS HERIE ORE I T23572 00580, B RO E R E
FOREREEHETMZESTRAIILETHS,

8.4

I | I 1 . I | I

(@)

83 |

8.1 | | $41598-021-84657-0.pdf e Syt

8.0 ! ) l ] ] ] !
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8.0 ] ] ] ] ] . 5B A =
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Fig 4. Long-term trends in the oceanic pH in the cOAstal regions of the Sea of Japan
(a) and North Pacific (b). (Ishii et al., 2011)
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2. H B

AWFFETIL, £T OA BECHREZRE L, OA DT v 7' 7 —NMI DWW CHLfE
EED, OA HEIZOW TR A RBLAOOEKRB AL, ZL T, OA 251
BEOBERNELEEMSOAERRRICE 2 DB CE S A2 Y TiEm el | Tk
DUWEEEALDOI U ROREGBERIE T DI 2R AT, 2. H RO FE D]
IR ESVFELINDT-0121E, SCERR A 2 UGl s R IS 957 v — L7
SN BAEICVETHD, iBIC. BARMED OA & HARDIIE 2808 ¥ DR 4 s
FR T, BARITBITD OA IS DT8O DR FAIIN-DN AV F R DA B2 1 52
TAHIENTED,

3. MEHE

3.1 OABEXBRDOLE 2—LFLD

M PERRMEA LI BE 8 95 3Lk IE . Google Scholar THRISHWL7- (X 5) . #7581
BB LRERE L E 2—3 372012, WOMD ATV —0N K EII TS, TOA |Z
L5521 “OA impacts” DA 7TV —IZiE, Bk 2 22 EW ~D AW 2 OA
DI FEE OA (ZEE T D5 5 AR FIER IS 22 E N E b, [/ r—3 0
72 OA LE a— | OH7TAV =TI, KFEFEEEGE R FOKEE, Hispifg, fidh (77
2I1, INT == AFVR) 2L IR OER % 72 il 36155 OA KRB E FAr TV
%, 2. BARD OA RMAHRE 272012, WX OLE 3 E, RO DFFHHE,
W ELORSBE VSN PEAEY - R BERIC 5 R BB RO AT AV —b R T2, =
OO ICHRIE, OA IZET 2 AR 72K IA % O RO M BV Z PR T 52 &
ZHMNZEED LD THD,

3.2 0A WHABRDIFXZRIMEIZE 2D EICETHVEHMARE

3.2.1 BB P& E M

X OBELL, B AW O R/25Y7 (K 1) T, 10km O FEEEZ kR TR E
ZHWTIThbii=, 1990 4E 6 735 1991 £ 1 H FTIE 4 oL aE <, mH (11
HZBRBIHIL, 2015 005 2022 FEETOREE 5 ANnD 2 HETH 3 B0k
ZNLC, B 28 FDEMLEIH - FHIZTT o 72,
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Fig 5. Global distribution of OA publications by country. Data from the IAEA

Ocean Acidification International Coordination Center (OA-ICC).
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Fig 6. Map of the area where oyster observations were conducted off Hinase in the

Seto Inland Sea (https://www.msil.go.jp/).
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3.2.2 wHXRWEL L DBLE

~AFFEN AT, BAEREBRMASOIRAXEES 77 2y
(Kitahara net; Nakai, 1962) Z MW\ TRz, ALIFSXERT T 7R M,
P EFB 22.5cm, HRZEDELE 45em, Ay 2P AR 50 um OB AT T
IR Fy N THD, WEND/KE ETOREE RMITLY 10 ERIZBWTERIRLT
Yo TN % 10% PYER L=V TREERAFL . MLAH ZZ BSOS Bl 5 %
1Tol7 ~HXFWEHAIL, C. gigas ShAEFRAIZEI T3 Ifremer VELYGER E=4
Vo7 7u2z 7 A (Ifremer VELYGER monitoring program of larval
development of C. gigas) (X 7) (256> TanlL . @pl L7z AF S/ EDRKES
o ME 32— 2T LT I AT S WS THIE LT,

Large umbo eyed pediveliger

Larval developpement

of Crassostrea gigas
(VELYGER monitoring program)

Medium umbo

1 v

Early umbo

235 um A00Hm
D-shaped
\\‘\ \ 15 J ’
" : 21j
6] Y &7
---------- 57 “m Ll \\\~\ “\
©lfremerArgenton otmees 1 J ------- :\-\_:‘ I fre m e r

Fig 7. Size and morphology of larval development of C. gigas.
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3.2.3 AY)-RET —ZDINE

HAEBOOFEIZBWNT, 5 b 2 HETHEH 30~164 {E14% £ LA
LT, 1990 4225 2,071 fE A, 2015~2021 4E 127t 5,980 AN & SHiz, %
E (DVH, #TEH 2O 0 ETCoORRKEMEZ 0.0lmm HAL T | M E &
(TW, # E &% 0.01g HALTEHM) . WA EE (MW, 0.01g HALTEHH) FHRILZ,
2022 AEITEILI-Y o 7L LFEEEIZ, DVH, TW, MW IZIN1Z T, 5308 (SW., R il
\CE AR OMWHOETOEARIEM 0. 01lmm) . /% (SD, Lk o4 mET
kI OSE O OFEHE: 0.01lmm) | izl H & (DSW: 0.01g) BE Uz H &
(DMW:0.01g) & T OV g9 AT RN R | THIE LTc, RIFFEE(CD 1X., Fo gk
HE (DSW) 12T 2Rz B & (DMW) OFIE LU TER L., s/EHEH (STD 1%,
PLTF D (Freeman and Byers, 2006, Naddafi and Rudstam, 2014, Ricard et al.,
2021) ZaE H L7z,

STI = 1000 « DSW/(DVH*(SD*+ SW»)** « /2

1990 4R ICAF OBIERLELIZREE T — 2 NE LT, FIFEML BT, &
A 1B AL Am 2 [A]) ., /K 2m OKIEEHE /3% CTD (JFE TR AN T w78k
Xtk T7 /0 AST-10009) ICEVRIEL ., Z7aa 7 4/v a (L8 IEIETRIELE,
2015~2021 SEDOFHAE TIX,. /a7 4 i (JFE TR ATy 7S 4
INFINITY-CLW) &\ CZaa”7 (L a BLOVKIREZRIE LT, o REIX, 21H
HAKER (Multi 3410, BV ZRASH) ZHWT, X EIHETAH 2
EHIE LTz, FCHICRICETEONT-AY - RET — 22 L L TEOAY - B
BEARREZ L, 1990 204 H D 4 DT — X% FH#J LT 2015-2021 D 21 f&D
B L L, 1990 4E& 2015-2021 ED AT OREECEREERK O A ZL0E N
ZRRET LT,

3.2.4 REHFRIMENT

(GBRELZAMANEEORBR)

FI U BIEN SR BEN TR COIFITONT, B E - EREOBG
EfENTLT-, C.gigas DR RN EEOMBRERLISET O, REEHTHD
ZEnbhol, ¢ W=alb

ZZIT WL TW F721E MW, L 1L DVH Thd, /ST A—F a BIO b IZTEHT
D, XL, b=3  TH NN E (isometric growth) .\ b < 3 TADZE R %
% & (negative allometric growth) . b > 3 TIED% R4 (positive
allometric growth) ZZp %, [F Uk -3 HEDO MR (TW-DVH £/2i%
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MW-DVH) 2250735 A—4 b 1%, 1990 4E& 2015-2021 FEOHFX DL E/Z— %
RTTOIT, FNEIN A ODOIXFEIEKEL 21 OIFFEIEE THI 2 I E LT,

(AR ER)
TW & MW O H R E R, L TFTOXRTRHLE, :

GW = (hl W2 — 11’1W1) / (Tz — Tl) x 100

ZIT W 1 1 A HICENSERLI-~ X0 TW 7213 MW OSEBE ., W,
IERTH IR TR O BL = P02 Ths, (T, — Tk, 2 2O#EHIH
DD A ZZR T, [FERIZ, HBIRE SR (GTW £721L GMW) 1%, 4 2Df%L 21 D
O TEB LI, £ 1990 £ 2015-2021 FFOIF R ERERK T,

(PHXAFIEN A DY A X 5340)

N H XM N LA XA DT — R BEHETE T D0 hEDH A X 5% %
WP CT 4o T4 7L, E—NEEEOMEXBE L, R 3.6.1 (R
Development Core Team 2019) @ ’Mclust’ /Ny —TZ2HWT, HUAF
[RIBEET VEEAL, hHAEYA XM OE—FZRDZ, LT R 3.6.1 ®
Ryr—v ‘multimode’ ®BI%% ‘locmodes’ = VT, E—RF DXL 5 0% %)
BV AXDNLE Z R TE T DT, T AN —F WL DT — V5 EHEE (the
kernel density estimation with gaussian kernel) #£¢H L7=,

(GAMs FEHT)

— Ak IniEET L A generalized additive model (GAM)% H T, 1990
NG 2015-2021 ORI 7 A OBF ORLEMERRIC KIZ T ERBEE K O F 84 H
#L7, GAM ORITLL F OV THD, :

In (P) = a+ as. factor (Year) + as. factor (Location) +Y;_, E; + ¢

ZZT,P X DVH, TW, MW & L hXOEYFIN T A—2 R o 13ET
noy)fy, factor (Year) (27U 274 factor (Location) (FEDOALE
EjIBRER 7 OKIR, ¥y, Zaa7 b a) | e 1352 L7 D,

Fo  BERTFPIXFOMEREICH XL ELT D010, — b niEE
TIUWGAM)ZM L=, 7 A DR O ENKED -T2, 8 A~1 HOT
—2DHEHEA LIz, GAM OXUILL FO@EYTHS., :
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In (G) = a+ as. factor (Year) + as. factor (Month) + Y3_, E; + ¢

2T G EAFOHABIEKESR(DFY GTW FiziX GMW) | factor (Year)ix
FTRTOV 7V 74 factor (Month) (X8 An 1 AoV 7 U7 A E;
IXEBRBEIA - OKIE, ¥y, Z7au7 4 b-a) R L TND,

(FERSG 3T (PCA))
FRLS T AAT YN, 1990 4E L 2022 4E D I3 D LE W) FHIFME D E WA X B LT,
L7z OAEYFRI R IR, RE R (TW) | #28a%E & (DSW) | & (SH) |
e (SD) | &g (SW) | ¥ P B & (WMW) | Bzl 8 & (DMW) | S F5 %k (CI) |
ks Bt (SH,SD) | s/ 7 iE (SH, SW) Th 5,

4 FER
4.1 OA RZICETIBETOMBMEM XYy

4.1.1 OA ¥ AR EBREIE T

OA ﬁ§¥§¥$$¢@ ZH 2 MR BR 572D SO RTThiuT
WD, OA ITRET DEOSIZFR U RIS E T2 CRRLZENHESI T
Do BIZIE, BHIL CWDHEEED OA TR T ADINMIFEIC L - THEZRY | L6 poH
JERRBWIN /28 DAEFR AN =R LDEAIZEY DA FEM I A 5 %
AZEDHBMNT > TUVA (Hengijie et al., 2023), £7=. Z<DOW%E T, %< Dl
MO BN OA I KERFBEEZITHIEEHLMIZLTWDAN, —FH T, <D H
YT OA I3 BEME hERio TCVWAZEEIE RLIZELH D, Fl 2L, TR E
FIEPOEMSNTTUE X, BIEEITH O OA (ZITERH o703, 990 H-15k
OERENT-8E T OMAEREIL, OA IS L THELWELE REMIIMEE R L
(Swezey et al., 2020) LWV EFI BB D, oI ARER L, MEHEREMELOELTIC
Lo TIRAN 25 B 2 T DL A< E SN TWD A (Hoegh-Guldberg et al.,
2007; Pandolfi et al., 2011), —#3DOT 7T+ A o 2%, pH & EH-IHF54E
\Z&o T M PEBR AL D B 5 B L TR KL RE B O HZENTES (McCloch
et al., 2012), CO, 28 EH- U720 F Tl EEra X X0 E WS CRIMR [E11E )
ZHEFFL . TR OBEMEAL LT E SR o 32118 Hhom Ea/RL T\ (Jacob
et al., 2018 &), AlsOA I[ZXDLHRD 7 a1 — )L 3B Clid, BBV HY OA 12%F
L CEIEEHIETHDLZENHALTRY, =R Rk D OA [ZxfLCHIE %
FFoZ L3 sl S 417z (Dupont et al., 2010, 2013), L7235 T, fFRAVICHELT T
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% OA OEBISREASEAHT-OITIE, OA 1T T 58 ATED K S AH R+ /L
23D CEETHD,

4.1.2 H—FETIERAERBRLNIL~DFE

Z<OMFEIT, OA DN —FEICHE XD BICEREZ Y TTWET A, ERERIC
5.2 DB OV T OB ITIEF | BE%%LTVZQ @I//\/I/T%%é’%éﬂf’%ﬁ*i“ .
FEREAL LD EACIZ SN A Z E RSV CUNS (Christen et al., 2012),
T T8 O N A A BESE Tld, OA IS L TREE DR E N K ESEIEL, £
FREME T L2 e TWD, AIRE AN X 7R BEE DG A KA
Y DIFE B EZEDMEWEEERICEITLT-D THSD (Dupont and Portner, 2013),
ZOIHNT, WM LI LTI ) ETIE I FTEL, AR R L LIS B S
M 28T d, A KB L 221 s O OB g 115 O E i, B kS
FETFICBWTAEREREZREIZE(LEE D (Kroeker et al., 2012), —J7, OA WA
ZRRMESC AR RIREEIZ 5 DRAN R B OIS TS, BARAYIZIE, OA
ISZARNE /*‘4%71\ KFEOBEHES, AREREEELIK TSE, WO ML
ARG ZEERIEL TS (Kroeker et al., 2011 4F), R DM Ak E
WS K EDOREICEZDEBICONWTIEL, BELOMENTHOI TS, L
DNDEENIIRY T 47 THHIENVHIBAL TEY (Thomsen et al., 2015; Wahl et
al., 2018; Young and Gobler, 2018) . FDOMIZ X T T 47 £/ XHF L THD
(Groner et al., 2018; Lowe et al., 2019), ¥ 5 2358 K D R AV F R 222 LS
V) pH & LR-SED0 | EOIFIE T THFDORE D RERDZLITIRHE
FSALTUD (Thomsen B, 2015; Wahl 5, 2018) , 75D A B & (3, O N
FR]OAFAE T THeRIZ725 (Ricart et al., 2021) . EHIT, AT OHFZE TIL, W
1L pH ZEE T 5L TMMEAL DR EBEREF TEDHT LN 502> TS (Koweek et
al., 2018; Garner et al., 2022), L7=23>C, {#EIT, DX OREFECHFTAEED
BN Z DR IR IR 7] R 72 7% O microbiome % KELBLEFELHZEMN
INEIILA (Garner et al., 2022) . ZHNUHOHE FiE, EREAL L CHAFFH AAE
A2 T _XRCONEEZETHIEOEBEEEZRFAL TD,

4.1.3 OAZXBEHINE

OA WFZEICAFIET DD — DD X vy 7 1L, OA BLl=b T R/ %
RS HZEThD, 728720, FIHA eI EICEMMoOERTHY, B
AR 72 B fes <018 s 2 BB FIE T A ZE N TE 72V T D (Dupont and Portner, 2013) .,
BUE ClE, TR OMETERE 2N EER A7 pH ALHRIZ 6T L CHE T IC R AR DR S 2R 77
FTR =D OGSO RESIT, IREWIH. RIS ICEERHL ~ L DB
H7= AT ATREE . Z=EitE D AR ZER EOM BEAEH , =% ¥ —K
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oy BT AT EAEY O AL RSN ZLOERICES>TK
B Z A EN TSI TWA (Williamson et al.. 2020), i~ <57
MDA AT L ER TR ERELHAOHZELOMICHALNRIA~
Y FBAEL, BB L o TRRDRIGH R b7z, meta-analysis THIH2MI72
o7c situ pH OREERA M E 5 LIS O m W BEREE OB IR LA E e E
BRAE IR LT 4 — VRIFSE D — B HEIZR DR 2T, Lizi>C, EMeE=4
Vo7 7arsn BEXOERESLM FCERSNTZT —ZOMREAE I, HE
ICXKPLE D RETH D (Keil et a., 2021),

4.2 OA Lo EEREOE MR LK T

WEEERTE L7200 T WAKIR D B3 BiEg 3 | e T T AT v 7 oK DRl fiE
708 L OBERDHEEEME B E G 2 T0D, B2, ALRED S T2 44T
X, 77T FARBEEFIL TR NWZERNHHL TS E | REEI LT LD fEF
WREIX, ZNOOERICZE > TRARLF MM )>TWD, BARMIZIE, KKHFO
TERALIRF ORI, PEEEMATIVREOQ A 0.3 BEK T L. #EKORE
fRIZEVESHIZQ 28 0.4 BRERTLTWS, AT, ZEKDIRBE(IL, Q OF
YIfE% 0.1 £ F&HE7~ (Yamamoto—Kawai et al., 2011),

4.2.1 OA LR {bEL TR R

OB E SN EAEE RN I, e LI (OAW) TH D,
B 2L AR AER ~O A R 7% Tld, B LOBILIERA N XE M TH o7z,
i pCO2 Ik TOY =G A DT A X /N, JEAE R RTEZ 8725 AT REME 23
B AR AL LR IL, VoD ELAEL, T 0T RAERINE
WHD ., oD RIE T 52K F S5 (Anthony et al., 2011), OA EiRBE{L N
Nucella lapillus OEKTEENREIC G- 2 DIENIR B % 5. 2 D03, EW K-
Y NT A= 2T IREDMEIEL ~L DRSS REREEE 5 2 OA 23
BITEN AT ~DORZEOEMN B W CTRRICEE R ZE 2O LN RS
277 (Queiros et al., 2014) .,

WIEOMOER LA G DOELZET, B2 RIL, EREY T Y7 L
Bz, PG AR e R T TR, T, EIETHIC
720%3% (Gao et al., 2019), VEPED—RAFERITBIL T, BRMEAL ., KEGERIMER.
BIONRE EHOE G EIT FEAE DAIRALEEE O A KA Z O
TEE5, BEEBEIC oW TIX, COp EHED ERPHAIZEHLT, KL~ LD
K TIEREZEET AR, L~V TIELET S, ITEAL DA R EEH
EEEE T, FIELE COy 28 Ny EEIEMEZE O LG LRV, E IR D
FIHFTREMEZR E M DR EE N T A—F DM BAERIZEY, 2O RIT S idh,
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BBUNTIHET BB LIA, — 7, KAGMOEIL, iR O] B pH (T~
OMERE | YLD B A% %559 TS (Cornwall et al., 2012, 2015),

£z, REOHBROWCICH T BTN D | R OGO e AL VR
FIXE WU RZIZEHEI TS (Cheung et al., 2022) ., ZEMAIIZIE. XEICHETS
AV AE P L TOBOIL, KIFHEALHEA L F R FR I CHB,

S R T SV TV DM IR HEBV 00 00 26 ik, BLAE L FERLC 2100 47
FTIZ 12% GBIV THREEMEDLHD ., ZDHE 3.4% 73 OA IZE KL TWDHIZ EDVH
HHL7= (Tai et al.. 2021) . 512, OA OB T FEILFIR O L9112 pH OE(LN K
ZUNVHIEE CIE AL T BN . AR KEPED LS PEIR NS AL S & ik 35 0 B BB /3 IR
70 B HL B C IR SN B,

4.2.2 OA-REL BTG T

Fo, OA I EEREZZ D NG YEYELM E/EAL, E, BEEE. &
JBOEALFEROMEE  BREE T O MR O IZR KT T DI ENH L, FiR
L7z CO, L4 B LD AN HAER I, Y OB FL 8 5 MR iE I
2R, FEE, B E ORI BEE R IR A TEH =X — &AM
SH, FIUCE ST IR OEM DO AEAFENT 4 —~< U R B L 5 2 D e
&% (Ivanina & Sokolova, 2015) , LU, VEFEAERER OBEREL e PRI KT T
TEM 72 BT RSN D70 FFE D FEEE IR > T8, BRE
HIThH5,

TG G MEEIRBZE L OA LEbIT, REBEHZ DU NRTIAT AT —VI|T
T2 LT T RN HD, 27 OIFERIFHIFIT OA KT TR LA, 6
HRIT, REHEDIK F2BCTIAT7HAINVORRENET D20, a7 O
R B & #3251 C, global climate drivers KV EHE TH5 (Leal et al.,
2018),

4.2.3 OA LT FTAF v 715

WA T T AF 7 iHYIE OA oD N 2 )72 S AN A RN L TR A
LTCWb, OA L7 ITRTF o IHYRIT, ENEN T oXar/dxTI0RELAHEH
EFHIERMONTND, HOHWDDHAN ZAER O LY FHFEE X, AN AEX]
DIBINZE>TEALT DA RN H D720, OA &F I T TAF I DIFELENHIE
B AN AZER O T ik, 1B B &R CRCENIC R =+ 54X T IR OE A M3
ZLUR T TBHZENHBAL - (Rowlands et al., 2021),
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4.3  HFITBITHEERRMEL (OA) B SR
OA N OWFIZEE % KT L TWAT-w M2 K- T o 31 23 i 12 52
LENTVD,

4.3.1 *XHE

KE T, OA IZH L T Mass e AR HERMZH L D, R
HFCH OA EROEHICRDREIMMEINLETHEINDLOT, KR ETET
T AT R . RN T E PG U AL B IS & T DAL 75 T D (Ekstrom et al,
2015) , OA DL 7D TIEAENI R BT KL T 572 D AT AT RE /R iR IR IR DR =
EHREE T D701, MagsME o BT 38 H Sivie, YA FHAI O Rk 537 F A1 Difa
¥ S, TEEEIE ~DOIRAFEE S m <L TR0 FH O B R 23 Eh g i) 2D 7
W2 TIABEE R OA IZXAV A N et @ W2 EDREIT- (Mathis et al. .
2014),

OA |[ZHWfHTe — DD HIEIX, MEATERD OA IZSHINDHDZEJHHT LT
5D, FIZIE, WONDOEFTILE KB ORBELIRZ T TWD, K ~D%
BHLOWMAZES T IO 7 MU 22 T8 X, MOV LR ES, 9 —
DO E B ITIEIL, WIEX GO LR bl SRR T THD,
FERPIMESSHEZERI T 200 — DO H T, A2 SCHIROE ISR 12 bl
THAY, BHFEA~DOT 7 BARCF A A REMZB L CGRMEE 0L EE, KEHEF
AEVEE O HF B IR FEE DS OA IZE DR R Z I+ DI >TWD, £
DO ORREL TE, T OB FZHE O 1. KR ALVE S D PEZE LA FE D X
—hF—2v7 QaragDUT WA A LIRT=HI T O, HEK O FHIEEE AL,
W EEOXAIL T OEE RIS OMA (I3 EEOREL) 2L
WD, VTNV =T MO KRB ERER T, BEFOERB R — 2% HE
FFL, RSB L& E<TodIiz, A SNV AT AL L O G JRE H~DOFFH
HIMTHON TS, Bl Z X, EEHEOREICHTZ> TREFERE LSRR FELE
Mz 5, KECLHOF] A - B R Z2E B4 DB R OIEECHIG Z 52 I B35
(Klinger et al., 2017) 72EThH D, SEIEFRL L TIRESILTND OA IZxFT5
FZL DI EER 1 ITRT,
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Table 1 Actions that can be taken tOAddress OA, divided into five major categories

(top to bottom), and separated into non-legislative (left column) and legislative (right

column) options (Cooley et al., 2016).

Non-legislative options

Legislative options

Education/outreach

Assess and address knowledge gaps

Write and publish op-eds

Hold conversations aided by fact sheets, videos
Partner with informal educators to teach the public
Identify and convene specialists and/or industry
representatives to share information within or across
industry and regions

Facilitate conversations with equivalent policymakers
from elsewhere

Organize letters to decision-makers requesting research
and monitoring

Hold multi-stakeholder convening to ID state of science,
knowledge gaps, risk to industry, optimal next steps
Coordinate local research activities to address ocean
acidification

Broaden local monitoring (leverage I00S and other
networks)

Determine baseline economic conditions of threatened
industries

Write a report capturing this information and include
recommendations

Proclaim that ocean acidification is a relevant issue
Create a public-private partnership with industry to
participate in data collecting

Create or direct a state commission to create, track and
publicize information about local acidification

Direct funds to formal and informal ocean acidification
education programs and teacher training

Include ocean acidification in state education
curriculum/learning standards

Create or direct a state commission to identify state of
science, knowledge gaps, optimal next steps

Request formally to fund local research, monitoring, and
coordination. Create budget mechanisms, RFPs (state
entities)

Write ocean acidification into existing ocean initiatives
and environmental policy (research/laws/observation
systems)

Support industry/jobs

Manage for resilience

Cut ocean acidification

Educate industry groups about specific adaptation/
mitigation steps for businesses

Create a future proofing/ business survival plan: Support
coastal business growth in uncertain environment
(insurance, cooperation, relocation)

Partner with businesses to protect themselves from
ocean acidification

Restore oyster reefs/sea grass beds

Design fishery stock assessments to alert managers of
changes

Conduct coastal management/restoration pilot projects
(with NGOs, state agencies, researchers)

Practice smart growth and land use that seek win-win
development opportunities*

Participate in National Estuary Program and National
Estuarine Research Reserve System*

Leverage CWA 319(h) funds to implement best
practices, permanent improvements*

Enforce existing water quality (WQ) regulations*
Enhance wastewater treatment at public works*
Voluntarily cut CO, emissions directly/indirectly (greener
power, waste reduction, recycling, etc.)

Fund survival planning/implementation via Sea Grant,
grants, loans, tax credits, workshops, gear switching,
diversifying seed sources (e.g., away from a single
hatchery)

Revise permit requirements: future proofing plans; data
collecting requirements

Manage fisheries by including climate change and ocean
acidification in planning and harvest decisions

Increase photosynthesizing submerged aquatic
vegetation e.g., eelgrass, kelp forests, and mangrove
forests

Broadly legislate consideration of climate impacts and
other environmental threats

Allow and fund coastal ecosystem restoration

Reduce nutrient runoff from point/nonpoint sources
Enhance wastewater treatment at public works*
Strengthen WQ regulations (point sources, limits,
designated uses, wastewater treatment, etc.) to limit
sources of coastal acidification (both air- and
waterborne)*

Include ocean acidification into Environmental review
under State NEPA equivalents*

Mandate CO, emissions cuts (fuel taxes, cap and trade,
etc.)

Non-legislative options can be carried out legislatively, but legislative options cannot generally be carried out non-legislatively.

*See Kelly and Caldwell (2013).
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4.3.2 XK

FAOKPEIX, S, EU TR IRAR B2 2 T Dk D UL L7 2 AT RE A3
=\ (Constable et al.) , A AR IC KD FERE RO 72 SO, AIKE ., 792
F AR, m Mg DA B REZ RO BN OA I L TR WIAZEZ R | K Mg
DFfRATENIVEE NER ORI EZ R TWET, L7Ien-> T, AT E G
REL T, HEA ORISR IER I A A =F — L U COw M2 7l T2 BRI,
MK DR EEHEAL D HIREEBNFEA~D OA EEZGEMTHREN =B [ETHMHE
M5 (Figueola et al., 2021),

4.3.3 KETE 5 6 Hi g

KIEFED 2 DN 2 1%, AR LRE, Fi BRFIRADTDITHEEJRIC
BRI E 2R D FMEERE SCEN) E O UL 72 D72 30 FF o TN D, HETE
pH O FIE, REFED T2 OV I —EHOTT7 78 HFICRA 2B BEd
7o, Licddo T, MEPERR AL Yo TRECE D3 KERRE, B2 525
S TR AR R B AR ME T E DN e i W AR K R oS o =T A g T A &R
MENTZZNHDE % 1%, T FESZDOIE, KFERI, B ~DREII T
DM TR b i\ D MEEE TR~ OIRAF 2O T 55713, fRIRIR D — L LT
INEND, ZORIRITIITD OA T=ZV T T —XDOAR LI, BRI 218 T
KL REEER M THD ORI BB st T A AN, v
TREDFFRDOGEIL, HEH I RBUR O A G | BREEAL ZVEN O F587 R e
7R BB IR > THISE SN D72 E | I DA =X L% L ClHliE &2 535
Z L Th A (Hilmi et al., 2019)

4.3.4 HuFR IR A HuE

OA I TFEF AL TORWERTHY, —IICIXH EV BRI S TR
Wy SHIZ, O IR LT, 2RI BB EE 2D TWD, B OWFEEE
IFBTE, b m WV SRSV TERY i BRI A 5 00 A FE HL oD K
OIS, EIR, BRE O, HEH O FICEELE KT LTz, WIS
KT DD LIk R IE ., KVIRW K TOAFE~DBEIT, 52—V HO
EMRFEDORTEIL , PRER=FEOTEH | B R B AIROANE, T 7 DO A LR fE 22
HHAZERETHD (Rodrigues et al.. 2015) . ZEFEZ O TlX. OA 2 HIEFEGH
RO RICE DI AR B2 )M HONWT, REEMENEL, iR e Th
0. B DIRPLS)RE B DWW 708 DR BT AR 72K D E DA FE B T8LES
SNTRRETHS,
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4.3.5 HV7 1D &R E LE

1V 7 gD [ WLES PR ik [ (SIDS) 13, e B A RTE MEvEER AL, B
RANZ—2 O, KIRD EFH U r—2 gk, FiEokEDREFELY—L0
AL E SR E B O EINE Th D, [UEE B OB LT L7207 7 a
—F LU T ARRICESGHEST o —F 23 H SN TERY, A RE R 5# i 32
BT D HIT LA D FNFR DOTE F S8R BEFh S TWD, Bl 21X, A RERE HIZ R
THREWREROF TR HGRIZOWT, [EARICSEBIRD | 7 e—F %25 H
THIENTEDIET ThD, SHIC, AR EaIa =T sHOIFRILAEEZHRILL .,
HS AR D AR A e TR TE DI T HIENME T, aia=T 4N TH)
TEDHINNTTHZENEZETHS (Mercer et al., 2012),

4.3.6 F—ANUT

OA [TA—ARTUT DR ERESCEIABE, FFI/A— ATV RN D7 L~
EERET A DWEICH ERRELE RIFTETRISILTWS, ZLb~TE bRZT
TA DB AEREEL, BIEAARIELVE OA RKAEICED AR AITH L THEES T
HY, I~ E TR T HAMEEIDS OA FIFOHEINZXLTEYEIE 2
D, FTHUMGE TIL, OA RRMEL BN LD E YL FEH AR AT EIZE L3728
WIDNZ, KB DFE=HV L TRMEIEZITOIZENTELTD , T DB AL ET-
IR T 572012, BIIT RARBEIVLEMIZEITARETHLIEZE ZOND
(Richards et al., 2015),

4.3.7 IV = —

OA MR BLUZB TR LFHTHLHITE DT, /vy o—TiX
BUEDIEENTT=FY 7 L O R RSN TN 5, HullkL ~ L DBk
FREIZDOWT, (R RO OA ICRVAE T 72D DT L — AT — I N — T a7 4l
UCHEisn/2 (K 8), 7L —LU—2ZiX 4 DO/N—"3d5: 1) Mk iz
HEL, OA TR T LS AR E T2, 2) FILWEIGR O IE Y AR 95, 3)
2B LA VMR AL CRE AN ZE OS5, A) IO Z B EZ D OA I+ 53
WA DD, AT — IR — DT OATK T DAL ~TFE L B LA,
HITT DB B 1X, OA LK L7 R ARG « 3 IS 1 721 T8h & 0 B O L ~UL O BURF 28
FHHILVOHAFFEF F - T, OA ITHWATe | COFRBEIZE E L TV % (Dannevig et
al.. 2019),
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Fig 8 The model for stakeholder participation for co-production of OA-knowledge

(Dannevig et al., 2019).

4.3.8 HE

ST v S TV I B B AE L MR IR RB AL | HE 4 o B R 2R R
G 5. OA I S TEZ, OA OHEITIZEY , ARSEHL D H [E KRS
AN, FRE AT REZR PR IE DBLE D | R AYIC R &R ICE I L T4 (Cai et
al., 2017) , VERER I, T E O FEBO /P e e b 252 & 32D/ 2T
BHHIENHOENI 72> TS, 1 BEFAD Laminaria japonica 1. ZE YT NT
0.10 pH EH- O DRE N AR L IWAFEE R L Qarag b L H- L7z (Xiao et al., 2021),
VBRI, B IRDOUWFHEAR IR 720 JERMED S | 80 72 3 E o O FI H AT
REMEICIRIE L2 20D, OA RCEBRHE 1Tk T DK AN 23 i Bl & U CHEREL |
OA b EH 7 refugia ZRHETED, — 77, WSO DOEIEM TIE, HOREE
\ZE DR AE M X T2 BN 357217 T STEDO T ICI AR N Z 2 LY
bREREEL B ZHZENHBA L, 20X MIHITAT7 AT —I28B1T5 OA
WRER T, BIE OIS AR OE S MED FTEEMEZ BN L7 (Lim et al., 2021),

4.3.9 77V

OA LML DT ORBEMEALR T ZV VO FER TR RIS T\, -
VKB (R R 6 P P e K38 TXAR T RE 0 MK, OA ([ZX DR DR EE ST DAl HE
PEASEN, TR DI B EE AL IZ OW T, NSRBI 8 S B# L DYk
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KA OA e AZRE LTV ST LR NS LD, 7 — XX EERER T
55, WEDEFHRORIMNZL, BHEHRDT TV MR IR > T2 O TER 723
B — B RRETHIEET BEL-S TS, 77V LV TIE R 7AI2LbE=
BV T AT —arRe, EERIRBIEALT ST A—Z OGN ) T VH A LHIE
IZRDEMMZR Y70y T AOESICEH A ZBEWATHARAITRO LA TH
% (Cotovicz Junior et al., 2022) .

4.3.10 AFVR

FTIEFEICE R EZY T, WIS N T U AN ERE R DA ENEICKH L5 T B,
R TELHEEZEZONTWD, HILRE YR —NT 57012, ik I 5 CHE N
—ADFHE - E B O LNVET APIREINTWD, — 7, BEHBE TO®IL K
ZIE, BIHFEDRFH BRI MEN L E TH D, O, RIRGHA - 7 S0 E
Y — VO ZILR T 228 BURPRE FEL VIS A58, BEFDOWH
NITN—TELRBEINTW TNV =T OOV I EENTHIENGEND
(Greenhill et al., 2020),

4.4 HAEDHIFEFAIZX TS5 OA DEENER

4.4.1 ARIOREL~TXDEA

IR, 1990 FFEE L 2015-2021 4FEA 958, 2015-2021 FEFED 5 H DK
w23 E <, 12 H ORI MENLISMNE, REREITRD -T2 (K 9a) , His7 1o
TIE, 2015-2021 D 7 AL 8 HIZKRERBA N ALNTN, RERIILOENH
S7(K9b), 6 HE 1 HDrmu7 2L a O, 2015-2021 1% 1990 4F LV
<(X 2¢) . 1990 FITHALIELS LB L TR, 2015-2021 4RI EE LT,
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Fig 9. Monthly changes of (a) water temperature; (b) salinity; and (c) chrolophyll-
ain 1990 and in 2015-2021. Error bars indicate standard deviation among rafts.
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Fig 10. Monthly changes of (a) Dorso-ventral height (mm); (b) Total weight (g); (¢)

Meat weight (g) in 1990 and in 2015-2021.

4.4.2 RILEIOBK

TW-DVH D BEf% Tl 2015-2021 4EL 1990 FE DI K& 22T RSN o7z
23 (X 11a, ¢) . MW-DVH O BEZHD b D% 2015-2021 4E D J5 A% 1990 4F
F0EWZENS o7 (K 11b, ¢), DFEY, AF1E, WU DVH T, FFICUUHERIC
BT, 2015-2021 FED A3 1990 DB D LD EWV MW Z R L T2 (K 11D)
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Figure 11. (a, b). Power curves of relationship between (a) total weight and dorso-
ventral height and (b) flesh weight and dorso-ventral height; (c). Means values of
parameter b constant obtained from power functions describing length-weight

relationships, in 1990 and 2015-2021.
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4.4.3 RE®E

ABIORERIZ, TW, MW EHIZIR 2 12D L2 (4 12) . 8 H DRtR = (GTW,
GMW) i, 2015-2021 4ED 7 HICHFD TW & MW BNED 72728, 1990 41
2015-2021 4E T RTHO7Z20IK 7= (K 12) . 8 H LLRE, 2015-2021 4E D k£ 3
(GTW, GMW) (X 1990 F-L0EEmWEITHY (9 A& 1 HZBRS) . ZAUTULFERF D
XD TW & MW BRIFEE THHIEEZHAL TWAHEE LD,

5 — = 2015-2021
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Fig 12. Monthly change of instantaneous growth rate (Grw, left; Gmw, right) in 1990

and 2015-2021.

4.4.4 T1F~DBR BT R

TWIZK T 25T DR BTN #«f@ﬁﬂ%@é%ﬂﬁ BB W CHEL )
MRBNT, 77:3%03 DVH & MW IZIZA B R EEEZBITRD LR o720 (K 2a) |
T H O TW IS 1 E O IEDRENZD L (K 13),

GTW TIEH ﬁuf’ﬁ@mﬁjpﬂ GMW TIIHffE /e 220 A7z (B 2b) . 8
H~1ADOHFER(GTW, GMW) IZIZ, WTNOBREE N 7 BB A2 RE720-o
72,
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s(log(Salinity), 2.

Table 2. GAMs results for environmental impacts on (a) oyster biological traits in
July; (b) oyster growth rate during August-January. Model significance levels

include: * (p < 0.05), **(p < 0.001), ***(p < 0.0001).

(a)
Year Location WT  Salinity  Chl-a R? DE GCV
DVH * 0.561 57.2% 0.024
™ ok * ok 0.609 61.9% 0.168
MW * 0.676 68.4% 0.193
(n=532)
(b)
Locatio .
Year Month WT Salinity Chl-a R? DE GCV
n
Grw ok 0.6 69.8% 0.403
Gmw * 0.349 54.1% 1.005
(n=97)

s(log(Salinity), 1.61)

LU0 r’ Ll 1l Lol [ [TV ORMTRN AT 11 Tl : : | | HIHHH A0 L0 \”UH AL \‘HH LUl \‘ 1 1l ‘\ |
I T

T T T
22 24 26 28 3.0 32 34 20 25 3.0 35 -1.0 05 0.0 0.5 1.0 15 20

log(Salinity) log(WT) log(Chl-a)

Fig 13. GAM results of correlations between total weight and (a) salinity, (b)

water temperature (WT) and (c¢) chlorophyll-a (Chl-a)
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4.4.5 SHHOBREEFAR 5

7T H 20 BB 27 BT CORELZRE, EZEO2WMIZB W TIE R 2273 iF
NAEDTER DRI (K 14) o TRMEL E DY A3 A0 1R, S AE DR & IR [H
B> TORLTWA (R 16), ShAESF A XSO —213. 7 H 2 A~19 AIZ 1
S.7TH 28 H~8 A 20 H.8 H 21 H~28 HIZALI., BE—27DHHEVAX13%
ALEF 108.30pum , 112.83, um 112.92 uym ThH-o7-, 7 H 20 H~27 HIZ 2 D
DE—7 NS, AR 94.54um & 255um Tdh-o72, 8 A 21 H LAFRICEREL
L7 il 3 Do —=7R"Eb60, 4 XF 98.1pm 0, 148.4pum
2,185.52um Th-o7-,

\_I;A_I_I_I 100 mm
=1pixel = 1.000000 mm

Fig 14. Images of abnormal larvae collected in Hinase waters during July 20th-
27th.

4.4.6 <HXDBREE DRED L

Uk T, kB EIL 1990 4ED N 2022 ELVLE -T2 (K 16), Tex s
i B L R E BLREEOMIA 2R L, IFXFDOHAZXA 60mm Kii TH-7= 1990
FICITDE G E LB EEELICE IXDREIRSTOBIT 2022 F0 )
25 1990 £ X0H = <IRDTEN 3ol

F72. 2022 FIZBEENTZ 1L, 1990 FIZBIREN T F L0 N5
TW= (X 17), E7-. 2022 D H31E 1990 FE DK L de & B il i £ solRH
EEHICEL REBORREL—ELT-, 2022 4£® Condition index (CI )ix. »
FNRELRDITOILTHEIL ., 1990 FEDOZ UL Lz, 50mm YA X T,
2022 FEFEDMEED CL 1% 1990 4EFE DA D CI & LE-7-,
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Fig 16. Total weight, dry shell weight, wet meat weight and dry meat weight of

oysters collected in Hinase waters during July-September 2022.
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Fig 17. Condition index and shell thickness of oyster collected in Hinase waters

during July-September 2022.

1990 & 2022 FEOMAEDIF LW FHINTA—ZDEBZ PCA THEHTL
72(X 18), PCl & PC2 IZZENFNE/IED 53.84%% /~KL7T=, 1990 D HFD
X 2022 FEOLD LG E LN H-T-, PCL IR EE  REE, HEr Kb IH
HbLTEIL, 2N EMFEMEIX 1990 O FEK TE W EZ /R LTz,
Condition index (CI )% PC1 &I I Tholz, ki /iR, i m/ me g iE
PC1 O FHIZHY, 1990 & 2022 DB F % X B4 HZEILTERo7,
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Fig 18. PCA result of variance in oyster biological traits using samples from year

1990 and 2022.

5 &£
5.1 7a— V728 Bb RIS %D OA MR D VLB

5.1.1 &HIM, R ER ., ERBRIZE SIS

OA (TR 2L DOMFFEN, HIIN TEBRR—ZATHY, B —FEDOAF LI
ST R OUEPE AR B DB T AR IECE IR L2055 O THh -7z,
LU, WA RE SR T8 D THHEETHY . Z<OMWPEE R MR FRRFICE 5L Tha,
ZOTD RO EE B O Z TR T 5720 Tl EBE B ER OR
FEIRNEZF L2010, LOEERERE XA L) —ITRMET 572010, MR RE
DEME=LVTICET AR E TEHD, Z<DOFT=F) T 7ay =V M,
EEEPNITEKFL WD, BN T T5L5=4V 73R IEEnD,
WHED AL R MBI 25701203, B SROE &R H L,
KD S BRI ERER L, T — RN —REHENLTHILENTED,

— 05, OAFB=HV U7X ICEREZYS T BEMNERBE - BBEREICED, K
KD COL MY 7 Ao ESEREL, TORREZRETHIENTEZ, L
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22U, PEEM - RBFMICHEBEREMOL AL, RBEALTFICEET 80
Y ADE AR B EZ T DN FEIRICAE B L TS, Bk Xz, iRtk
TR RO EMIZEIVSZL DY — =D EE 5 2 BRI GENE RS D, LIzn-> T,
i 7e F RO M WA EZET LT HIET, X AT Iy R T
OANEDINTEHENTNANICHONTOREENHSIN R LA REMENH D,

5|2, EFIETO OA (Xt 24MIG% OBLIHNIL, EBR=ECTHLNIMERE
oL, 2D BELZ G EE T AN = AL OV TIVIESEM T 5D ETH
5o BB CIXEBOBERRELZHH TEXRWD, Z<OEBRME R, kE
PO IS R AR T A0 i S 1 &Rz, LT - T, B4 o B R 4E
T 28, MEPE TR ETHDDONIZHONWT, LVELDIAEE 525
TEMTED, IBIT, BIR DI, OA 1T L THRARDFEMN SR SR E 7 LT
D, BHELAFNHESND Qarag OBEICEAT2BINE WA LETHD, K
BRI AL L ¥ — DD LA X 3 DA O EE 53 B O J5) FT B9 72 42 ) 5 RO 36 i D FIE
BN DM B35 (Hofimann 5. 2013; Pespeni 5. 2013;Sunday &, 2014) , I&{ERY
BB EBRNEETIHA . BERAEM T O LY OMPER OB 32 B )
LAREMED B D,

R E O, FRIZPIEMICE ERMICRT 725 OA EIZOWTUIIALIFZES T
WD, MEEAEMITEYHESCH B - EE R TREIZ ORI S TNDLD, i
AR ERE R OB L 2 2 RIICHIE 35720 121F ., ARBRIZEDSWZAFEN
METHD, LR T BEDOEILIZOWTAERERICE SO o2 75281,
AERE R DAL R BR R T D LD 03D,

5.1.2 OA iR E DM O EERER 54T

FEVEAL D/ — L LIRAIS  BE O OF BT, A RSB B 2 oAb
VARRNC L TEALT D, WBFEORBEA, HRE ., RYMOZEREIL, i
HEARIGETHAMN AER THY, ZNGIFEREL THY, ZOFRELHED
Wi 7 DS EAL L LIZUIEBE R IR DD Tung,

OA DRI TVD— 5T, MEIREREN R O MEAL R, W3R AR R
B DEALLEB L COy MM EBBENELORE RITHE BAnD, F =T
MAE DEERAET HILII R ATHETHHIZ0 , AEFLRN, ARRER, L2
B EB LI~ VT AR v — B O BRI B 2D DL E D DD,

At ARV AR AR A ORI - W) /84— B 2 T B DAY
AR DME AL, BH, BRI BE 5 I DA =ALEFRET AN EE T
BB, Fim, BEIEAL O ER BN, IS ICER DO AN A T2 EZ B, OA MSELE
HIZF AR T A DO AR AR F LD E ClatE LIk AL A2 O EE M4
JRS — R IR S BB IR S AZ L LB Th A,
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Bl 20X IR ER-CHE ) O RIFF S TSI DK IEFEPEIX Crassostrea
gigas DINENEREIZK LT 2121, pH N EE /& E 2 R EE 25N TEY,
T EHSOH A 2 BT, pH ME T 928 D2 HER D RITKIE IS
B L7z (Ko et al., 2014) , 2D XS, Z<DOIETEREO )6 B B 72 B &k
ETDHIENE, MEPEAEY A RN EL ., RO AT RIS T 57201
fiReH CEHETHD,

5.1.3 AR D OA )5 DBLR LR K

INETOEZA NFEAE DO IEITE BB XTI B HE 9 2 BUK B & Tl
<, ZFOEREFHIB IOV HIER L P72 B O BRI E R 2 Y TTWa, it
RDLL DML THE 2 72 S RCE LA T v ar BIRESHT0A, LanL, %<
DS RKIL, A5 M D e g5 PEFEAM D5 R I HKSRETHLH (K 3,4, 5), T4
B, ISR, bR A —eaiam T A EE LT HIBICRES L2 o
THLNETHD,

Table 3. Indicators of drivers and amplifiers of OA, and the criterion

Factors causing and amplifying OA Indicator Scoring scale Criterion for ranking the risk factor

(reducing Q,,) as 'high’

Rising atmospheric CO, reduces Q,, causing  Projected year that surface water Continuous scale from current 0,, =15 threshold reached by 2050

chronic stress to shelled mollusc larvae will reach Q,, =1.5 (ref. 27) year to 2099

Eutrophication increases pCO, locally via Degree of eutrophication®® Eutrophication scoredona Presence of a high-scoring eutrophic

respiration, leading to reduced Q,, five-point scale: low to high estuary in bioregion

River water can reduce Q,, locally in Combined metric of river's Rivers scored on a five-point Presence of high scoring river (for low

coastal waters aragonite saturation state and scale: low to high aragonite saturation and high discharge
annual discharge volume volume) in bioregion

Significant seasonal upwelling delivers water ~ Degree of upwelling®® Coastal zones scored on a Presence of high upwelling zone

richin CO, to shallow waters, leading to five-point scale: low to high in bioregion

reduced Q,,

Table 4. Indicators representing °‘sensitivity’ (people’s dependency) on

organisms expected to be affected

Indicator or measure Source Raw format Processing for subindex

Landed value Regional fisheries databases US dollars, annual Calculated median for years 2003-2012
(median of 10 years) (ACCSP, GulfBase, PacFIN), Winsorized the top 10%

Percentage of total fisheries revenues and States of Alaskaand Hawaii  For each year: shelledmolluscs  Divided landed value of shellfish by

that are from shelled molluscs value/total commercial landed value of all fish

(median of 10 years) landed value Winsorized the top 10%

Number of licences as proxy for jobs Number of commercial Winsorized the top 10%

(median over 5 years) licences, annual

Allindicators are in units of county clusters.
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Table 5. Threat-specific indicators used tOAssess capacity of fishing communities

deal with impacts of OA

Group Indicator Source
Access to scientific Budget of Sea Grant ~ National Sea Grant
knowledge programmes
Number of university Direct count from registries
marine laboratories  and Internet
Employment Shelled mollusc Regional fisheries databases

alternatives

(ACCSP, GulfBase, PacFIN), and
States of Alaska and Hawaii

ACS Census

diversity

Economic diversity

Raw format

State-level total funds of budget
(state and federal contributions
combined, 2013)

Latitude/longitude location
of laboratories

Ratio of landing revenues for each
taxon by county cluster

Proportion of county population
employed in each industry

Processing for subindex

Normalized by state's shoreline
length re-scaled (0-1)
Attributed scores to

each county cluster

Combined score of laboratories
per state/shoreline length and
labs per county cluster
Calculated Shannon

Weiner Diversity Index

Calculated Shannon Weiner
Diversity Index for county clusters

Political action Legislative action Keyword searches on legislature  Established five-point scale for * Re-scaled 0-1
for OA websites and follow-up calls state's legislative progresson OA =  Attributed score to county clusters
Climate adaptation Georgetown Law School Climate  Status of climate adaptationplan = Re-scaled 0-1
planning Center website for state « Attributed score to country clusters

OA ~DEF L, TOAZTPI 45, IERZRDOBIE Haimit 5], T AH
[EEZHEISSE D), BEZEE TS, EWD 4 2073 =127 1F 505 (Bille
et al., 2013), & 19 (X, OA ~DOXFISIROFEEAT LD F2BL I RENE LI (LAY 72 AT g
PEIZIE T T 4 DD LWITAF — %R LT=b D TH D, COy BT EAR R 22 %] 0K
THY, EWATEEMEZ R > TVAD, E I II R ERFERENH D, W1 H S &I,
INT L L IMEL , BB ATREME MR, 79 2% —2 & 3 1%, K& T D CO, ik
ZHIR T H7OI2E 5 L TCWAM, R 2B ZEN TE L0 172 rl e & R
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Fig 19. Comparing potential and feasibility of adaptation measures.
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LU, HEPERR AL ICHT BRSO T-0I0, ZRODOM KA EITTHZEITE S T
RN, PRI ARG TV OA ITKET ATENZ I D0
SONDOME DD, H 12, OA BHT=DT N ONDEE T £/2 5 ICH RS
NTELT | ERLINTELT, EEIDIFEALEIN TV, 3 12, OADD
76T L OEBIIKF TRAETLHED AFEALETR I HDOTHY, £, it
DA AR LEIVEET 2SN EETH D, 5 =12, OA [THIERBAEORETH
B3, OA BAERERARITE X DEEIT, FEWICAY —CTRRDIFM A — L
THE IS TS, OA DNHERIBL TR Z > TWD UL ., BEE 25 E R e Vil %
IESTHELRIL T HZEN, IV R R FE M OEELRD, O — DD N T 4F ¥
v 71X, OA ZfRRT D720 DL OfRRK DS, OB M BEIZE M T 72125
MESILTEIZZETHHD, TNLITHE Y72 A7 — /LTl Bl 258 E Ch EV L ) L7
oIR8 D, ZD I, OA Tl LR R R IT /R W LA AT IZE U Tl <k
ENRDD, R ZFH DO DREAFOIERIRILUZITIZEAE X vy TR NE DD |
INFETHDOEZLDERFEE B CREBREIDEZND HIENTE/2n>728912, FEli
DO DOBURIZNE#ETHD, OA MBEOIEARMRFFHIL, HHPDHAFr— /L TH
AN NI VE IR &L ENEATENCE T 72D DR+ 43 ET IR FERN AR B
REDIZ, BITEOR =R HHZLTHS,

5.2 HAREIFEIHIZED OA ~DF
5.2.1 1990 AL 2015-2021 FDO KB ZEICL D EIIEHE TZEHL L

B KR IE DX O EMERER 17 LS (Gordon et al., 2021) , 5l $hA R4
A D LB % AT HEIZ 9 AIE 6 2385 (Dutertre et al., 2010), 1973 4235 2007 4F
FCTOW T N R TORATHSE TIL, B4 (2-3 A) OKIED 0.042°CERIFIZ
EHUBEE (8-9 H)IZ 0.022CEbLTNENH B TIERWKIR EREBEZ-72
(VE )15, 2010), [AERIZ, B AN OAKIRIZ, 1990 4£L 2015-2021 D WM % Lt
5L, BHEMKIO DR BIEHIMOIZLEALZBEL T, AEREITRALNR)
ST, ABMOKIREZ, KGRIV ESTENEBENTIFEAEZBIL TR, ZOZE
VL E NYEICRITS 1990 4E& 2015-2021 AED BB itk oE W, KEN
RERIR R TR W EE R L TWDIDIZEbis,

5.2.2 7 ADREN LD HXRE~DADEE

HWAAREX, IXOERBSEBRICEELZ 52509 DO EERER THD,
X OEREITHE D EE O EFEEHEL T (Livingston et al., 2000), Z¥13
IO R EILSHBEIGL TR, #EALY, SESERAN AL BEIE 1%
ST DHIET, ORI ZALIZI 25405 (Galtsoff, 1964; Shumway and
Koehn, 1982; Zhang et al., 2012) , fR¥ ARG 43 12 BE (<10) TiE, TN
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ZEOLE BN EDOBIHL L, EAEZDOHETENE, EOME, MA~D
H RN H] PR 41070, B oTLEIZ LD > Tuvb (Allen and Turner,
1989; Livingston et al., 2000; Pollack et al., 2011),

2015-2021 4 7 H ORI /KDIFKRFEHICE TH5H0LL T, [RTICEDH |
B X CKBF2E D B2 T D B A ICBEEE) Ok BT — 22k, 2015-
2021 4 6-8 H D H MIFFEAK&EIX 1990 F& i L THIML Tz (X 20), 2015~
2021 FOBEICHE S RENZIIAL T LZ0iX, B AR O KR EZ ISR
IKOREBRADRKEIEEBLIZEZ 261D, T A DOV IREL 20 B2 T
WAZH DO iR AR 73 R FE D F G205 B IS K- TS S vz (1
2018 4F 7 H 9 H?D 8.9 i), A x# DEREEBLIT —Z 3 FH TR0, 2015
RN 2021 FEITHNT TIE, 1990 AR ITEE RN TRIR 2y R O R A B E DN m > T-D
TIXRODEHER CTE D, B0 IR E ORI R E 2 2 ANMT 272030,

250 1~ _averaged 2015-2021
—1990

200 -
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Fig 20. Monthly total precipitation in Mushiage, Seto Inland Sea, in 1990 and
the means for 2015-2021. Data source: Japan Meteorological Agency

(https://www.data.jma.go.jp/gmd/risk/obsdl/index.php#!table)

FxDEEIZE B 235h5 AT REVE AN S (Bernard, 1983; Pollack et al., 2011) , &5
(2, FAKIESRIE 0 O A S DR IX, @V R ERA 2l EAL T2 272 h % A]
BEME2 8 5 (Hutchinson and Hawkins, 1992; La Peyer et al., 2013; Rybovich et
al., 2016; Lowe et al., 2017; Southworth et al., 2017) , £7=. %I LD RV EF B}
DWW AR5y - ARV AD LWy S0 T CoBMEEH AN, SHIZE SO
RICEDEE W2, 2015~2021 4 7 H OIX O/ ARKREOER &35 2
bND, 2015-2021 4E 8 H O FEe/AKEIT 1990 4E LB L WINC R 2508, M7 N
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N OB N B < (Chang et al., 2009) . KYEENLLDOKDOTE AN D
(HibonOAnd Shimizu, 2003) 728 | #h %} B K S IFARHE 0 R 3 e <IF & £ <722
HE LAV, ZAUI TR DB OREEZFH OES TEX2720 8 ADIXOH AR
EREICREREN LN EEHFATILOTHA,

GAM DOFEHR (K 1. X 6) ICLDE. 7 H ORI ITIF TW ICAH B A D5
EHZT20N MW IR T RIS KIE DO KREREEL 5 2 DA HE
PEZRIBL TS, IRAKDKEICTHATDE, B ENSOWR I I HE Y oM
WX ARG AR T VUM e CO, RENE A2 A 95 (Vargas et al.,
2016, 2022) . K7 /L B UMEMREIL pH OIK FE2EMW L., KIEKDREE LT L
FIFIRBE AR T St JA&PH O 11 JRAL AW SR A 727 1% 5- 2 % (Barton et al.,
2015; Ekstrom et al., 2015; Haign et al., 2015; Vargas et al., 2022) ,

BOE D B AV OB TIiX, 2020 4£ 9 HIZ pH MR D 7.41 TR
AR TFLAEZENHESITWD (1 O RH-1F pH A5 7.9~8.2 QMBI 72 i T
HHDIZXKIL) o ZAUE, RNEEDZ DK KDKRETRAIZLY, 77T A
MaFnER (Qarag) 2% 2 WENIZHOTEVEME (Qarag=1.5) Z FEIV, IFXHZD/AF
FIVE =T a AR B e 5 2 b Ly (T, 2022)

X EBLEOR R, ARREICBUIDEINIZIZ, D HELT 1 RYS
MFEIRFIZHE RaSTe, o, ShAEDYAX5H600:6. 7 A 21 H~27 BIZHERESH
T A RE . DO A XTI EHRICKREL LS TNDIEN DT, B
JETTH 21 B 27T BHITHIT TRESN =T 7 v o FRE% D 3 [0l H OB
BRI W TREEED K HBIEN AN LINT, 2k, ZWNICED
pH DR RR FICLAEREO ML ERIITE EIXTERWA, LT
XN ELITFFE TCERD-TZEZMEHDO 7 H 20 BICELIZILEKTZ
VIR Ay MIEDRBIZBITABN T~ A A TR ES N2 o728 B
HEBPEERIBL OO CTRFEMEICHERH - T22 L7285 DNA Y — L7 P bl
FHZ AN Z THI SR ED L ETHD,

5.2.3 OAIZEDIFBRE~DEZE

Bt 1T 5% DR R T B #% B 2 (Beniash 5. 2010 4F . Dickinson &, 2012 4£,
Hahn &, 2012 4, Fitzer &, 2015a) | 5%t & O 52 2L Z K T &8 (Fitzer o,
2015b) | W E DTN BE IR SAF IR T L —a DRE 1R 35 (Meng 5,
2018) ZEMEBRITL > THERR SNV, T H 37 _&I1E, 2015 035 2021 12T T
HIESNI=IFIZENT, (1990 FIZHESNIZR U AXD LI T) ¥
MW BELIENL7Z— 5T, TW ZE DLl 8ThD, X ORITEH .
2EH DO TW O3k EOBEINHHT- (Kusaka et al., 1991; Kobayashi et al.,
1997) . MW OEENNE, HORESTHOREDIEELZEEREL TS, Ll
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e DR R ATIR PR O A I TEDOBIFR 23V (Joubert et al., 2014) | D& I
Y TONDITRILF—IIREDEZD DR T RILF— DR GETIHELHD
(Cheung et al., 2008),

YTV T ThDOD, TNETICESN T — &b, 1990 4F L
2022 - CTITHL BT B LRI RERENHHTENHIB LT, 2022 I
SN HFH T, 1990 FICE RSN 7 V00 gk B DR A
<72 o TNz, HIERBIAE D OA %75 50l B AR O L E %
P95 pH ORINEFET —# T, B AW Tl3mE 30 42/ (1980 4 ~2010
AR L VEFE pH MR~ AT AEB 2R T IENREIN TS (A H D, 2011; 4
M5, 2021) , BEEH2S 52 2 IZE 2> TUORNETWN 2, 20 30 4E[8 T pH E MK
TLTWAREEMEITI G E TERWV, R4 I T % pH LHEITT25H OA 25, IFD
PR ESOREICE R AL 5 2 TODAREMEDL B 251, OA DR ORIE DA T
SHTWDET T, b IO BRI TER R I L7 5,

5.2.4 T<EDEENRIFHARRICEZDE

7~ (Zostera marina) i%., Ixb— W TIAS M T HMETHY, Z< DR F
ARRRITHB W THEEREER R EIZ > TS (Zhou et al.2014; Reed
and Hovel, 2006; Bostrom et al.2014 ), Bz 1. SR E L T, m W EHH
DERRYE, REDOU Y A7)V B3 O IR HE LT 8 & $2 #1975 (Duarte, 2002;
Spalding et al., 2003), 7 ~EIXE RKELDFE L5 1F°9 < (Krause—Jensen et
al., 2008) \ BB WE LMY BICLS>TT v ELNARICEIRTH2D
(Bostrom et al., 2014) . BAF72/KE N T <EDFRFIZE-> Tk b HE R EK TH
HEVOMF LG ST D, HAEMKIIN DT, AEEOEHWT ~EARER
EH 4RI R Tl o7 (Tsurita et al., 2018; Hori and Sato, 2020) , 1960 41X
DR TEAICEY, B AROZ OB RBIZEE 2R BEE AT ASHTZ, —#&
CVRBHEBIT, FLAEORFABRICBNT - RAEEZHBEL TVD
(McGlathery et al., 2001), ZDOfE R, ERBIC LI THEY ST Vb &
MRS NEEEE . w7 AL T~ Il EOEENEA L, T DO E N
HIBREA (cf. Han and Liu, 2014) , Z D% ARER DO LN FRIREDOREICE -
7B ZoN5 ($9HM, 2018). T~vEREDWENO I OEBE~DERKIT, B
RENZIX, BELRWHEREY) . LOELNToKIlR, BB 25— RAEFEMEE A A F <A
ZH 7259 (McGlathery et al., 2001, 2007; Nelson, 2009) , Z®dZ &%, 1990 4D
raa” /v a O H IR T 558« OBLE — BT 5,

T ESOFAET 1985 FICHITTDOIEANICE > THRO L, 7~ EDOHE T
12ha 75 2015 41214 250 ha F£CEI{E L7z (Tanaka, 2014; Hori and Sato, 2020)
T~ELGORE IR A ESY, TR ORFIEZELL ., TUCLs TEDOREE
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WETAHZENTEAHT-D (Newell and Koch, 2004; Mtwana Nordlund et al., 2016) .
TYEBIIRESENDRNTHFIHL, KOBHE AW LW, KA E 2L E
EHTEMNTESL(Orth et al., 2006) , 2L, 2015-2021 FFICBLRIS N2 EL
fermaZ b a IZKRESITND,

7T b AT, ZHEREDORE R Lo THEREMH THHEM
TEIHLTHY (Gili and Coma, 1998; Lefebvre et al., 2009) \ fi# 77 7 b3 A 4
< ADFRANL, KFEDOI/aa T )L a BETRIILSD (Neville and Gower, 1977;
Falkowski and Kiefer, 1985; Cleveland, 1995; Gregor and Marsalek, 2004) , f&E 4
TN BN EBN T T N BB F D FE TR L TOD I EDFSE TRS
2L T 5 (Riera and Richard, 1996; Hsieh et al., 2000, Kasai et al., 2004;
Kamiyama, 2011) 23, Z7aa~74/v a [IAF0FH CEXAE2 MU R T HE Tl
PN EDIREN TS (Hyun et al, 200; Gangnery et al, 2003). Z4ulk. 2015-
2021 AEO], fE4E 8 HE 10 HITHF OMR RN ELRDIEN, /an7 1)L a 7
FETITR B TERWEWOI TR 2 OfE R E—E3 5, IKAEHEBRSS POM (X, X OHE
DNV DENE 2 EDHTENRIEBIITWA (Hyun et al., 2001; Gangnery et al.,
2003; Ma and Mukai, 2009), 7 ~<ElX POM ZJ#H#2 - FFEL (Evrard et al., 2005;
Orth et al., 2006) | 2EFEME DB W EEBERESE O R 2R 1% (Cox et al., 2020)
Zenb, TR AR OEIEIL, WO LRDEYDOEFERREST LI LTI
T, 2015~2021 SEDO A X DK EE D | H L 2022 4 Condition index (CI ) »
EHIZFELEEE ZBNS,

5.3 SBORBHE

5.3.1 HARDIXEIHIZBITHES % OHIEDH W
1990 FAXD 5 2000 FARITHNT T H AMIK O T~ E8 2300 4 B L7722 E53,

X OEEDOFER AU EL | Z O B, 1990 FE L kLT 2015-2021 45D 8 H LI
B W ERNBH SN0 TRV LIS ND, ZERFET 572120,
7T D3 E D HEIRIC POM 26 G T AR N AT RDZENLETHD, L,
FOMREMERELEI ORI EDOBIRIZIVEHETH D, B2 1E, 2014 FEI2HE
THRALT- C. gigas OHEHF 72 R AE (IshigurOAnd Murayama, 2014) 1%, E 526K
DOULFE L D o7zl MEOEIECHEIN D EJ/ L (KRR ~D =L ¥
— Bl N LTz B 2 b D (NPO BLHE-S<ORFZE SR, 2018), L7=2i-> T,
B DA E0Z DM DU LEERBE R T A—ZI6 T DX DR ENMERE K G DA =X
LESERICHR T HI-0I2IE, C. gigas DR EFEEZNIE T 5720 DM T —
ARG, BRI AL W E T DD DS ML — Y —7p Y B HH0
TR ETHLEE D,
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HEDOA X HE T (RN AL FGE OB SRR PE) DDA SN CTH L L, IFFEE 2D 10
~15%% 5 8 T /= (Kusaka et al, 1991) , FHrLVVEBA L5t 0 )R BRI E DR IZ
I A FRITREOE WO ON LT, Bl 2T, HEEOES GRE/TW)
IRE IR AN S < BRI FE S (MW, (DVH + 3308 + 53 78) ) 13A B A E W, LasL,
ZD 2 REESN AN THDITELWGE RS (BN, 1991), F2, B
Bt CORERBREE A2, BARD WX EELMOLH), iy, /a7 4L a,
POM D434 Tl B TEDMH LR, ZTNETOMIE T, IF DO EITEREE
RIZE o TRELERFSIN, AFERITEBLE F RIS TIREDZEN D> TS
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T AR OME RIZAFORAR TR OB Lo T RERPELZ T 20D
L2, 5% OBIETIE, Bin TR EREOH EEMNOMAEDELEEL,
BRI DNXBIEEM DR E R ERZFAE T OILENHD,

ABFZEIX, 16 H AR CEIBSNIZHXOAEY FHT — 2% 30 127> TR
U, WS OB AX DLW TR EIC G 2 D BB LT- 0 TOWFE
Thd, AFFETIX, RONTZT =X TIEHDID, HRE DK To7 <28 0[H
ENRIFOMENTEH 2558 O BRE AN HINZ, TV, KICEHIEE
DEG N L, DX DOEBENENIND A REMEDRH DT80 IXFEhEEE MK
WAL X KA ES THRE, HY xR ELnNDE0, HEIZHEOREL
AN BLH - R E T DHIENEEND, AWFSEIL, EFINRBREZDN R EK
DX BRI G- 2 DB ONWTOHEMAZTRD | EERE TOEEREEEREOWFE
BIRLDF Yy 7 H MO LT LIZHBAL , RO I T2 F B A L%
FEIN O RENE IS E DO DF R TI2H0TH D,

5.3.2 HAKR OA BN T L — AU — DR ICET IS HDORE

5.1 THRAZIDNZ, b B RET S e — L7 aRta— v ak
ADFE HAE A OBFESC, EOWPEEM S AETER D OA ITROEEEZZ ITOT
WDNDERFEIZHOWTE, F2T7 =X T 7B ALIKLAFRA R THH (K 21),

OA i DM A ZAEGE T DT IZIE, SR METIEIZ OV THE B E T D40
NI D, thHIEss ME DR LR DMK B K7 D a2 =T 4 IZB T AR I
X, RERX vy 7T DB D, th B FIE 05 ¥R OB SENAAL AT OB 58 124 3T
DI TR A M SRR OO O EICE H A2 5 2 BT DICL AT
bb, KAELEE ~O IS EFEEIZ, OA OB k9% Ui L3 i 1 E . #1972
TR THD, Bl DK ESNAVUT A BIMICERSNDDIT Tk, £<D%
AL HER BURR, a1, 20N O OFEEZ 7 IR L2 T VZ 72 n720,
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RARZEE DBV NS A TEEDNT WIS O 1Y 7 M 13 U DT80 D &
WIDAT 7 Thh, 2B T BERSBORSLEZ 2 R G SRR
DI R BT DI HS>OT, O TEETHD, IHIT, thEF 7T, 2y
B ZZ 822 THIE DR EICR N THIENTE, EDOIORIFERVPKHE
LT, BEERER EESNDIDEMHAT DI &ILD, Ll OA 1IZx§%
FEERINETIMEA RN T 2720 OEEMEIZHE DO T BRF R THE
BHEEA~OHEBNEIRE R TH D,

Fig 21. Sample of gap in knowledge related to OA vulnerability, organized around

How does atmospheric Community and
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components of the framework (Ekstrom et al., 2015)

206



I 2 i
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1.2 HPERRECBIZBEMCOEBBICAIFEH~DE

HACEITS 2020 4F 8 H ~2022 4 12 H £TOHK) 2 420 5 B O fk 5
TIE, BHIENZE - T Qarag EME 1.5 &2 FEl> T e, FAER O B &M
%5 C Qarag 2AEME 1.5 ZKIBIZ TEIS7ZFFINF LINT-OIX, K7y )
WHTTHDIN, ZTNETOFEMIEICIY ., TAERFETRONDEMELIX, K
KD CO, 2 E IR PERR AL TlE <, K DFEA EZIUTEEY A Y
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1%, B TR D VRS TR SN TWR Y, ~ 3 D EEFI A LA D B 3112 Q
arag EME 1.5 2 F > TH RN K ST EITRWAS, 2022 F X FEINIEIIZ Y 7=
HEEHNCH: H <Y 1.5 & FEl> T\, v HXFES AR, B 20 LT O/
KM RBETHEES DTS (RE, BT, Ko7 H 202247 H
20 H 9 FF 30 s7aif2IC, HAOFER<- X E LT TH5H Stn.H-2 AL DFR
BlizW\WT, LR T 77 2y (B AW 50 m) IZEVEE D 20mT 1% 7K
WAZ 5 ARBRWCTe IR EN EDORELRART-N, FFb IR THMEBIELI-L
TAHESTK RSN o7, Fe, 2022 T, BIELS Y, T — SBLIHOHE B
AT 8 AICADET A AEBIEFICEE L 8 OX A 713 EHFI N
BEIE¥(ZLIZb00, TOEICHEMICHIN TRESENT 8 HRKETERY
TR EN R LR TR THo T, TNHDARMDS BT ~ 1 %1%l
AEDMRIE 537K BT HZEIERE W RWEE X BND, 4% JIEEFIZE
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FEYEALITEE RSO WIRIAICHIE R T2 TRISND, ZHICZa— LK
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1.3 EHEBHFEOBRILICEE T3/
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D 8 MDT —HEB BN LT A, TIOVAVE L 5y ORI IEF 1@l
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JEDT —H TREEEL ENDIENEUE GO0 | BERNH 0 THHEK R E
YR E ORI D AT REMEZ R T 2L BT, W O JE A BT M5 T
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T2/ NI O A 8 EATICIWTER KL, WaET NV HIELZ ST LIcEZ A,
RNV F NI ASH 2B AR E N T, 2, ZOBRRICE->TT DY
FEDEF BN T — 22 DR E TEHIEERL TS, &7 VBV ED S,
7R E 7 IR 7e BB FIE O AL~ T e —F IO TR, Sl EHETv v
YRUORF FL I RFEEOFHEESH O NIZEDDULERDHD,

1.4 BAEBFEICBITIEIHEFEBEMDO AT =X LD

HEEJNZBITD 2022 FEEDOR I AT, 7T AICKRERKELGEREILIZ KRS
MNEES7ZZEThD, ZOFEMICE> TINETICRIZIEDRNE S FE SR
X7, F2. 2L TpH X 7 2> TERPEIZZEL . Qarag ITE->TUL 1 1%
DM T A DB AR WEUE I Z e o7z, B Z @ TR E, 2022 4 OEH)
ILRTFEAZ L R TRER D 722< Qarag b HERAIMEFRF STV, 2O 7T H 16 HD
REMEWVOIHHLRIZE > T, FEROZITTHIZ Qarag PME T T 200%% %
HIZTEHL DU M5 2 Tz, 2022 42 7 H 16 H DZEROBRIZIZE 523 5 &
TEIADETE TLEZ2, pH S FDET 24 FF R E DX A LT TR oT-, 1 H#
®D 17 BT, pH 1K FERIZIZE 1T EAS-57228, Chla 1 EA3SAh-7-228 pH K
THFIZIX DO faFEEBIR T LD MR T&E Tz, TLU T AR AU 1 fH]
% (7/24 )2 Chla 28 EH-L, ZD#%IZ DO fadfnfEL pH OB —27 233k, ZD
BT, HAKKEO pH K FIZ) NS R - B HICH BT HEWIEENT72< 1D
BTG REMRL A D RIZEIVET TWAIEERLTEY, ZOA KWK+ D%y
fif AU RIS, 1| RIS T TR T 7 7 25 sd pH 28N
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LIS TNDEZZLIDM, TTREH KT Chla B EFHTHZELHDAMHEM
HLHDHDT, INETOT —FEFIEHEL, ZOAD=ALEREETILERHD,
ERIE AN 2 22 e ETERY  BFIIIT4 A 17 BICEH, BKLIZ1%.,
7TH 16 HIZEMRBH o720, TOHOEE T a7 7 A VA2 R5HE, Stn.S-1 T S-3
TH HKZIZHE TR T LT, AKIRIZSREIR & 05 & TOKE S M KRS B & |
W7 Z 0 I DR EZ OO EIZ LA G HW o it A3 5D T, Chla t, DO
LERE, JKE CHMEREEEZ R T 5, FRICH BT OISR WS IT CILEE T4
BB EIR A ICL > TEE D pH ZEBALSE 5D T, WG CLJE g DORE
ZHNT —ZEBE L TEE TAEU TWAE S ZIER LT HIER DA,
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ZE B F— D B2, BRI EIRY 72 pH e 772 A MFNE O T A
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et B TIEM B I ENNCE S TDD, AL X ATF 27V —JE BRI
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HMNTE T LIEDIX 8 AKT, pH 77T T AMEFE DK T AR REHER> TV
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L7, EBOT —2H AIVT, 6 RO 7 O8I x 9% pH 4 28 B)
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BRI ISR E 72D TR OEMORE O AR E OX R NSHICH H
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