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P IOEEBGIE, BRI KD TOHAFRETH 18 HEEN TARK S D IEERRFEFE (ROS) D1
R HLE2xLNTHDY, AELERAGRRICKEESTEH L, ERICBEINRL RoE

EREHOBIEN S L EOROSHFHAE L, MIaTIZH HNEECONAZBELT D720, HBHREZ O H ORI
Lizh, 2o Xk )@ hiEzs v INgEH L0 35 2 LIk o CTRLIZ#EIT 329, —RIZERNT
AT AROSITA—/8—F %2 RF 4 AL X —F (S0D) 72 EOFIRLEERIC L >~ THEESNE N, AflkD
B IL3E E OFRLIEH TIEHIE TE RS EDOROSHAER L TWAH EEZ BN TWAY, LER-> THIL
DY T R mNIZAE R T 2 BRI OTEEBER Z T 0NICHET 5 2 LB RESY v I~
1% B/NBICRE D A= OICEE L 72 4, Hile{biESE OSODIZIE M P LMK F & L CCu, Zn, Mn, FedD i
BERBITRERFLTEBY, ZNUOLOLRIIFERZDOIEEICHLAHATH L, 0D, o TERNOMESR
BILHE AN S, PR EEEE T2 2 B TE IR, AEOBFIERRIE, WE O Afbicxd 5 5%
MOMERERFEN D,

Ko TARMETIZ, BILDOBRIZAERT 2 HHERIEHEBER (ROS) ZVHET 2 HLERLEESE O P EEME IC
HHL., SO THENEEZELIE, T XL > THBLEBEZEDOEEZEE I T L FIEICL Y
IO AR I - BUFRZLET D,

2. HEBEE

- AR ILICFH 5T 2B E AR, 77 7 Mo BEBBLKFEZEOWRM, UWVHEIEOEIEIZ L v EkE
Z15ELLEm ESE DM ROH 5 HIEEEET D,

- BREAMEBIOENZ GO L0V IORBLIEEZ 25 RER ESE5 2 LT
L HERRET D,

- AR T ¢ N — KB BHEEEREICL Y. 70— RIZB W TH i in it & 18 R
BEEOR ENFERELFRFIHEOND KO RAEERFT 5,

3. MEEBNE

ARFTETIX, KNEEOEIC X D P LEERIEED LR 2R T 7010, @R EFREOZ VR E R
DEFIENVEFHO/NS BRI ETHLIT VT ITEDOTZ 07 b radhrATERESE, HICEEND
MESERNSY T L THRESRVIAER, FHEOBILICHF ST 20T 2, 612, fixFIH
L7eBhll - BER 2 HAR L Loo, RARNICE EN 25 & i35 Z & 12 X 216 MRS FEHE (ROS) D4
R o, IHPEREFEFE (ROS) & L CIEHERM B IE DT\ B b KB ICBRET 5 2 L iIc X » Ttz £z
HBHNELDEOICHONT OB D, FDD, RONFIZOWTHIERREZIT- 7=,

() FFTIRAZ V—=2 7L LT, ERICEELRGRERZ L TCHE L TRVAEE, @B ELE
bigfbimttm L2 Ko7z, £72, @K BIRMNZEIZ L VROSIHEROTIBRILIEEEZFTMI LT, 5127
7 ) AR &R E L, UVHIENC & 5 ROSAE sl & il 7 7,

Q) Wiz DR TEIEB IR OB W28 E L, £V EE e LBSR OB T CHMILERITES
ERRERD DO DRMEREZIT - 72,

(3) EHICERHENE LV BRICEWVEE LTRVIAEE LD, GBRBHAMHE > TEELLET LT
ThEYIICHE X, ILRIPIBEEOR EEX ST,

(4) F 7oK FERIZ L0 BHEO KK I LOEE O G-23 4 o T OHEBLIENE D RIKIZ D228 5 23T
24TV, B ~i )59 D BR OB big e L2 o2 A M CTOZ i O RE OEAL M 2 FEAN L
776
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D IZHoWTIRL W), FAERR~OHFELIEVER LY > TOBAEE 21T N TR RAR D & - 72 B4t
WINFERR T, BGOSR LM T2 L W) 2L Th o7, a e T HOTEHHIRIC L0 B
T OEREFENCHED D ZENTE R RS T LESTILD, Aok Rim bl ax o
FIHLRL T EOE CEVEBMREEARET DO DERNFERA~LEFT L L o7,

4. HREOEBLE

MR LTroa

IS OB 5 Y 2 DX dcropora hyacinthus(Fi « 7 \E I R A ) Z PN, Z
OY  TIAMICFIZIWE SN I FU A URHTE L, BEB CEERFME S L T20164EE O KB A
ETHZEDZLPEL LI LT Z MBI TS, EMRICI W CROFE N Z /325 2 &N T
EE, AR L TRV ZL OEHZRE T L2 LRI TE 5, RILIZT U TITEBICERERK T
DOWEMFEHEFRIZE DR, HZUOV LTI AF vy 7 OXVHICEAR CTEHE LT, Zhid—» AUk
e 72 K VE AR T T L S B 72 I EBICH L7z (MTT-1-1), 7ok, &Y TORRUCH 72> T
IR IR ORI REBL RIS 3342 HITIE VY, BRI I F%Té##EIJufFT%EF' LHRANZH] > TIT o 72,

- ‘~,_

H—l—l‘ FEhRIZAE A LKLFE‘U‘/I—‘I Acropora hyacinthus(Fni: 73 E I KU A
D)o BEETBNNPOEBM LT OAZ I R A VORHE, BELIIKZ (7T 7 A M %
N RY—=THOVHLT 7 UV OXRVICEE LSO, ZORETL, AU EIE(LSE, Y)
WrCEBEH Lict o T B EREMRTEDNLD L) ICho THhbERICHEH LT,

() kA7 Y —=27

EUOIZ, —RAZ V== 7 & LTSRS AR E OB KE, 77 IT7 Ol 7
7)Wﬁ_i6Wﬁﬁﬁk%ﬁﬁmﬁ@ﬂﬁ&%*ﬁ@kﬂﬂD@ﬁE%#Tféﬁmﬁﬁbto

S REERE OISO TIE, Cu, Zn, Mn, FeZ ZNENEEICEOREL LI ANUVERG Y =20
BERE) RIS TR Y Zh b a Hnic, FiBMEERE TH DL A—/\—FF ¥ R T 1 A L% —E (S0D) L
IEPEFRONZCul Zn £5-5Cu-Zn SOD, Fe<eMn% ££-5Fe SODX°Mn SODA EIZHH L TWD, TS IXEALD
B CART 2 HBEDOENWA—IN—F X RT VWV EHETIHETHL Z ERMBNL TS,
Flo, FFITERREOERSBZINNT 22 L THRBOZRITWFRFTE 58, REOHIEAEL <&
DRPREEEINCHEF IR EME L R T Z &0, AFERE CIIAREeBOERH R L LTRML., &
R ORETY > KT L8R EAHNE AV,

WK EORIMZOWTIE, RIREOMB L KFEL Y TICRBET D EWMBILKEL ST DI H
T—EBOEWNEN EDRDE NI IMERDHY . ZONLREH]FF L, HAEROLEHRRN AL DL
HDFRNA—/—F %2 KT P H LT, SODIC L » TERREHE & Wb o5V aBER L KEICESB SN
Dy TIZTHMLIZBEBALKBIZIEI DI X T —BIZLoTHOMENDI N, TOBIZH X T —BIHHR
BEHEIE L oo TV DO THIIE, ZOMEZRO DL EICL > THIEIEIC 27D Z E RS
L7, NE bR A HR T Db kK FE ORI Z AT,

Y IAFEY T N oERBRT LI ENMONTEY, BHFEOZ O~ THLIT VT IT
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>

C @ o

(Artemia salina) NEHBEDOEBRIZLS AL TWAE, TIT I THEOTEMIOWTIZ, 21T
FNOMESCEEL LV BRICEWVRETERIEL LN TE LT TR, Z U EHEORE O
BWELRDZENDY T T =20 RBEHODROHFTEL1D, TAT I THEOEIMEZ R
7=

E O AL ZMEIT 2R N D Z LIFMENTWVD A, FRFICEAROE T bl &4, 7
7 U NAMUZ L= TRE RIS LB R AT 2 i S . 896 (UV) O B 2l 25 2 & T, UV T ks
(ZFEET DROSOEERAN R A MRGE L7z, ¥ T O B BIEE AR ICHE L 72 G GRSV Y722
TEICE S THALDROSHEERTHD ETHAI=RLANEZ LN TWDHN, TS H RSB
EENDEINRC L o TOEFEICY > RN TERT HR0SE ALO — K & 72> TV D ATEEMEN S D
72 D ERAMER (UV) B 2 5 A 7,

—RAZ V== 7T AEROARREBLE BRI ER BREEE, Jen 7 4 LEBLD
FERERE THIE T & 5730 ZRIEAFTHOLE (PAMEOETE) 1T & 2 LR ITO B4R (Fv/Fm) & i RKFH*S
B L (rETRmax) AR & L TRl L7z, & PRI 7 r e 7 4 VTR t= L ¥ —%
o TEFZIY HTEOERZRL TVD, —RISEAERTIEZH L= —%2100%EH T 2
ZEIETERNWEYD, IEERERE OB FRER TIEE IR Fv/Fn) 138 £ £0. 7~0. 8(70~80%) DfE
ThHZENMBNTWD, — T, FxHE Tk (rETRmax) XY H SN2 BB AR OE 5
ERE ALK RIEEEZR LD THY, S e & BT R L, & D IR Tk LR K L
%, ZDLEDMEMBrETRmaxTH D G MDOME IS (AN« XY VAR ICHER S D L &1, 2
DEAED AT 5 Z L1272 D,

SRR ) == FOEBRRICOWTHII-1-21C 5T, H— R v T 4 AR —TAHEE LIk s
—HZ 7\l KIRZ R L, 20D BB AT DKM ~EK LTz, AKIR28°C T2l ML LiiE L7z
%, BEFEAIIC32CE CHIR S ERI0 A IMERF Lo, WHEEMTEBLAEOa fr—L @B E L7220
W ORIE S U EERE, &R E A AIE b/ S BERESFESE (Zn, Fe, Mn), 747 X7, #fg{bkFE, 727V
IHRAVER D8R L LTz, @BEEREE T T I THAITFINCRERRZITWV, o TOfMFERIEFIC
IR DIRIEZHEFF CE DIRIE L Uiz, &BEBERHIIIN L2k COREICHE 32 & Zn230. 059 mg/L,
Fe?30. 15 mg/L, Mn7230.12 mg/LCdH o7z, F2CufERHIZE L CIXIERICIKIBE TH AL RER R S5
72720, WRAZ V—=2 T BN Lz, TAT7 I T7THEOREIZIOEAR/nLE L, @ERLAKFE T
BREZZBIZ5uME Lz, D&ty TOBRITEIN K IEF & 72 5 FRI3RED 6K £ T O 3RFRHI{E
Mz, 7o, REFIFARAENPGEZLIADRAN A THE L, 727 UV AKREHE L7 KE T
ARSI O & Bl S, UV &2 95% 8L EIEf L 7= 2 & &kt o ¥ — (Li—-190SA. SD204AB, Li-1000,
Li-COR) {2 & » CTHEFR L 7=,

R R

o )i E(28°C)
32°CHAH I Th e HHORET
BRERBLE.

0% —REFREHR

KII-1-2 — kA7 V== T OEER, EHAIZHD Y 7 TKIEZH
ABAIRGAE T & OAREA~TIR T,

i L7z Ak

11
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—WAZ V== 7B T 210 A MO GEIREIER OB LBRFEOR R 2 R IT-1-11TR" T, LB O KM
DfEFRZFEMEL L, ZOBEOFE N SN TIEDFRIZHRN T b D% [+] FHIT, ADFHMIZH
Ri3boTcbDz -] HITRLTH D, £ OHEOFHNTH 72561 [£] & L7z, rETRmax
BT AT ITHETEL RS TLSMNTFE A LT X TOMNEKX TIEDE AR L, Fv/FnidUViEdK & i@
ML K FRMAE CIEDOE Z R Lz, BRGS0 02 na 7 ¢ LB TlEFe b Mnd & BEEREE L
VCT AT I TEINCB W TEBAEOY > 3 L RSOMENEDNT, T b O RN b BAE O F i L
RS NENLL EOBRZ R LIZFe b MnD & BB X OT VT I TEhAEZ B L, BERITHEERE S
KD 72D DOIRMNERR % 1T > 7=,

FII-1-1 —®AV JV—=2 7 TOLKMER ORsHE

FHifiE B |IE | UVER |BE{LkR| BEEE | InB8 | FeBR | MnBE8 |7ATI7
Fv/Fm 0.37-043 | ++ + - -— E= - +
rETRmax 13.1-14.0 ++ ++ ++ + + + ++ +
s aA7 4 ba (ug/cell) | 2.47-3.65 - - - - + + +
2 B8R 7 4Jbc2 (ug/cell)| 0.98-1.51 + - _ _ 4 + +
£ Aa87 1 (ug/cell) | 3.45-5.15 - - _ _ + + +
BAREE 1.46-2.57 + - - + _ + _

(x10°cell/cm?)

(2) Fe, Mnf#fRE, 77 X 7 EhAERIMNER

—IRAZ V== T THRAED B> ToFel# R, MnfERE, 747 I THADOSHEEOHIZOWNWT, S5
FELWEHI 21T > 72, Fe, Mnf#EREB KON L7 X 7 AR O EER R A KIT-1-312777, KiRZ27CIZ
L7z A K a2 LAWI0ORRY > T2 RE Lotk Pootry IEZ20EFOKIBEHERFL, 0
H OSBRI HIR L3ICE Lz, 2TCR L UBICOENETNICRIT DML, EBHEEE (= ba—
). TAT XTI, Fels L OMnEERHRIMMOAFEFE TH 5,

Yo TNCHEZDTNT ITIERD X 5Bk Uiz, 2D 7 ¢ v % — (TCYE-LS-SIFE (0. 3~0. 8um) &
TCW-50N-PPS (50um) , ADVANTEC) Z T Ai L7 RRWBAKIZT VT I T O (T4 a2 ) Ty J
AL AR TN T TR xR Y) BRIE L, £ 200 b LI shAE % 24 B LAWNITHGE L 72,

i \7
BB L R :

bW R - 151,552 1
3 % WS ™

K11-1-3  Fe, MnfEREB X O T V7 I TAERMOENERR, ¥ > 7 N TKIEZ R
L7z Ak E F 2 — 71 L o THEEFRKE G L, S IR OAKRIZERMIC X -
TREBIZHIE L7z, HPUITIAZANT A T T AL, KB ER U XL 2 IAEN
EEAMEIROENBFE I NS LI L TH D, FEITAEKIEGBLIC) HOKETH %,

12
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WMEIZ2RIC1E & L, 7T 2 79I I0EA/nLIc 722 5 X 912, & BEEREIZFe30. 015 mg/L Mn730. 012
mg/LOWEIZ/2 D L OWIHRMLTc, ERGFEHEEZLVBBIZT H120, HFAXANTA KT TILD
NTHEPEZH N, 200~350 1 mol/m?/sD Wt T6:00~18:0000 128 2 15 H MRS L7z, &K ICIX6oD
R DBBEEDPOIER LT (77 7 A0 M) BAFTIBAT SO AN, ZOKEEZ&EEHETI>TOHE
L. #7727 FEMIZNABEDKMICEL AL T RAEEZEB LT, 777 A hOBEITISAK
X 37K X ARE S X IR BE SR THEM32A T H o 72,

AW O E KRR D, —H O Y o TIIFKFEAMEE B O D72 DI KEN BRI L, B HIZARHE
MEBKNDTT —7 8 A X DEEKTEME > TR L, OB & o TH o TRk &8ssy
HiE U 7=, AKFEICFR o 7ot o 2T COKIREREE T CRI6HEME; 8 2 ke L, ¥ > Tk OBEIREA UV T
YT DN Lo THERT 2 FIEEZHWTAEERELRDZ,

Fe, Mn#fEE L OV 7 VT X 7T HARIMERIZI I 25 B 1% (1) TR L7z Ao B EZ R T
HH GGHREEE, 7on 7 4 /L&, Fv/Fn, 38X OrETRmax) (22 T, SEAMEERY v TOREL2FE
FAIRALHEE . Cu-Zn SODIEME, MnEs L UFe SODTEMEDHIE 24T\, FUEDOBLILIZB RO H D E 720 H
LZOMPE LTz, 2B OMEEMIZY 7T —<4DT T VR « Kb D= oIl 5 & & b, ER
WYy TO—HgY 77 —<2B8 L OB~ U, ZERNARHEIZ LB RBMHBIRE L TOR)
ROBIETFRBUENICL2E8KR T COV L IOREE DT LI SN, £DHZ 2Tl
FALDAREE & Hils b 1 DFRIEE CH 18 M FE L Fe, Mn-SODIEPED2- DD H %2 HLIZHHAT 5,
EFTELOIRBEZ R THIE L L T REEEOR R EZXIT-1-412R" 7, “uRESHIITC LV AE
EREERIT oI R. ZHAEMANAE (ANOVA: p=0.0009) Th o722 OO LELB ZIT-T2& 2 5,
21CE3ICOZENENTa Y Fur—)L (BIGEE) ICHA_TT AT I T IR TR HREBEFRERNFREICEH WD
EN Do T2 (Tukey B E T p<0.038), > h a2 —/LIZktT B 7T 2 THRIMXOEEI1X27CTL. 2145,
3ICTL32METH -T2, £72, a2 b — L TIH27TC L Y 31°C O R ENA E (Tukey B E : p=0. 02)
WA LT F T 7T I 7T ENME CIRIREIC L 208 BEETA LN P ST, 2D DFRERNS |
TNUT I T ORI E > TH > AOB/BBEZITML, SAKRICR > THEM L7 E OREB LR
LTWAZENZOERTIIRENT,

EX 27 131 K o1 e2 o3 |

| * I * p<0.05
1.5x10" l ** p<0.01
4010 ¢ L 1 . a {:
ﬁi L 2 P o L (. o ..
Y F 3 't st ]
H ' 3 . N .
® . : ? < [
+5 ‘ 1 ’ 9
5.0x10 . ¢ ?
- L L=
MGt MnEE FeMB TAFITHE
[y UEed

MTT-1-4 Fe. MnBEREIS L OV7 AT X 7 Sh A RN BR 18 hiims B,

wIZHB R EEIZ & £ DHFe, Mn-SODDTEM DR B2 X 11-1-51277 9, IR TCECE S BT & © A2 HARM
DA E (ANOVA: p<0.0001) THH 2O R TOLELKEITo/2L 2 A, 31ICTIE=2 > bu—/b (MG
B IZLE R CFefE BRI E 7T S TIRMX TENE L. 4915 & 1. 89 D H BT E VME %2 7k L 72 (Tukey

13
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RRE: p<0.003), FMnEERHTI =Y b — L L L R_RTEWEAIZIEH D H O Dp=0. 062 &£ 5%D /KUETH
BT o7, 2TCL3ITCOHEETIZa Yy br— /L TEWNRL . ZRLSMIT R TORMNK TEK
IR COSODIEMENA BIZE W AE RS 572 (TukeyBE T p<0. 001), 27°CIZ% 3 5 31°C DSODIFEM: D E| &
IIMnf#E RE T2, 06f%, Fef#RET2.514%., TAT X7 T2 105 THo7T=, TNDDOFERNGFef#ER:E T VT
ITHEOEIMTY  TOEREICE N D PR OIEEE LT 5 Z RS,

EX 27 B9 91 kil @1 2 o3 |
* p<0.05
2001 . |** p<0.01
. L *+ 5<0.001
PR
2150 ‘ e !
) * %k
E . ; o |
3 i :
WO 1001 .
() e ~{ . 2
o v 3 F
(72} ° Bﬂ' d o. : ° - o
é so1 % 1 < 4 {
- : \ & <
QJ '®
(1 . .
0 °
MISEE Mniz & Fei2® 7LTI7HE
RN e

KII-1-5 Fe, MR L O\T V7 2 THAERIMERR D8 HEIC & i DHFe, Mn SODIEME,

W O FIKIRABE D | BB KR Z2TCE TR L, TOHORKIME 2R 7R 2 KIT-1-612 777,

3SICOERMPEB AR H65H H (FAKIBKE T/ B51HB) OEFRRIZIT X TOLAX TK T L, 4FRO

FERCIEEIRHIEAEM & B <, @BEKRICE LERICEET 2 TXA N7, Ll 7

VT 2T A EMnBERERINX Tl @ KRB 565 H H OFFSICB W T, G (= he—) kv g

AFRBENRL6EEmWV I LIRS N, ZHuE, AERICE DV ZL O INnAEEEL L, SHITKVE
WEIRHH CHNIZTAZE O T AN REENRIFF TCE D 2 L A2 RB LTS,

10 + + Ar
Win @Ar \— Cont |,Fe ]» 27°C

t Mn
I
| |
1
: Mn Ar p Y
v 31°C F
= 27°CHAERLA (258 &) Cont Fe ‘

08

BEOYIT

N\

06 -

EEE

04

€ e e e e e -

31°CaEkiRiL
iiﬁﬁﬂﬁaﬁ [ R BAe
00 (228#%) WRS  UVES
T T T T T T 1 ML=y
0 10 20 30 40 50 60 70
ERAM

BI11-1-6 Fe, MRt L N7 V7 I T HAERMERRIZI T 5 A5%F, AFFIL T
W 7ONERE L, AXT-HERESTWAZ U7 BEO% N2 B CHRT L L
W2 & o CTHIWF L7=, FelZFef#RE, MnlIMnf#RE, AriZ T V7 2 TShAEEZIRM L7232, Cont
XIS EE DY T H R T,
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TNANTITHEDRE VR ELIREOERARIIEBMAICIERTENENRL2E L4 0ETH D, Tz
TATFITHRORFZLEHZ 2L IREUL L TWD Z &NV 7T —< 20 E RNAR DI 7> 5 &
MmERSTND, ZRHDZ NG, TATITHEOX L XE LIRENY > THEROMIZZ B L
THRBHE L TRHREBE~MEE SN, KEEHBEICAH SN Z LRSS, —H CaBRTY v
LB EBMOEFICE > TRERIRE - ERPUTIT > TN bLD0, G467 5MESRE THEINHE
bEER OIEVER EICFHHE L TWD Z ENmmlEni, £/o, ZOERTHER L7 V7 Ig4ICHERT
LS R 1T AG A P O UK IZFe A3 2ng/L, Mn230. 2pg/LORETEEN TR Y . T BNEDRFE
REFRLLBIZHRLISWMVAENTZZ EICE Y BB LEERIEEIC SN o b D EEZBID,
ZORERTIX, 7T I THE, FeB L OMBERRINIAMER S Z S TE R oM, rabd
EREOBBEEFIRCIER E R BRI OX 2D 2 LT, AE b oRERERE CHENIHFEIND Z &N
NETE,

(3) &RBTNT T HINER

Fe, MR KO V7 I T HAERMOER TIX, fR L L TT X TORRITI W T W Hulg bl 352
L, SBHIETATITHEZRMLUIEY I THREICEWBREBEELZ R L, Z0ZENDH, &
BERNAEHE LT AT ITERET DO TCRREESELETATIT (@B T VT I 7)) Z/ERK L.,
INEEHE L TEILICH U THETHZ L CRVWIImRILIGE B RBEEEL AT dL kb 2 &
IR L CHEE R ER AT o 72,
BRERRAKII-1I-TIZRT, fi5MFE L TIERE (O  @BZ2aERVlFEoNVERE 527
TNTIT (Y) | Feg AR Z 5277 V77 (Fe) . MG AMRNEZ 5277717 (Mn) O4FE
ML L, o I~ RET 2B ORI IXI0EA/nLE Lz, 7272 L. 2 OFERM S T LR~ 4k
ZREELTEY HRICEWSMEE LD, WKIZAEEZ L TWARWEBKZHER L, ZOoKiE
FETIEIHLENRARDT T 7 hom, §XRTOEREMFIZEENTN D,

KII-1-7 @7 /VT I TIHRMOERTZ, CiITERET, YIZE @R 707 2 7, FeldFe
BEREDT VT 27 MlIMnBERE DO T AT S T H RN L= SOKM 2R, KT AE
L TWARWERKEZ AW, XIET T AR EZBLTHED ESKEEE v,

P ANE 25707 ITIEET Q) OERLFERIC2HEEO 7 4 V2 —%2 W T Al L7 RIRHEKIZ
IERiE LTz, T2 oMb LB E S HIC2AM AR TEE L, BENEREIND ETRESE
Too THICET OFERE L & BEERE2FES (Fe, Mn) ZEEE LTI AT ITICEZRTL, ZOXOIZL TR
BEREZ I IAERT T VT I 7 2 FWICEE LT, 2RICIEIOREG CEETLEEOHMERT VT IT &
P AITKEE LT,
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o TIIKIR28CTISHMEEE L%, D777 A F&3ICOLEMELE L, K28 M E /KR % R
Lice RIEZ L300 ZHE L, 1DOKMEIZITHENLERBLIZISAD T Z 7 A M & AT,
7 F 7 A N OBBUTI8A X 3K X ARE M X 2R LRI CHEM2AR TH » 7o, JHITBID T T AED
RKEMNSHEVESTHKRLEE Lz, BEITHE K TL600umol/m?/sTdH - 7=, m/KIEDEBRBIMK THIZT
TEKMENSEIR L, EHICERMBZEHRPOHN L, Vo Tk BhEc oL, hz ()&
[Fl AR &R REAT IE H O E 2 fik L7z,

e RS B DG (X 11-1-8) Tlk, el E o H T TR AAEH DA E T - 72728 (ANOVA: p=0. 035) |
EFECOLEMNT21To7-, 28CLITCOENTNTEBEHIZL SR, Mn7 VT X7, Fe7 AT ITE X
OB T VT T KO R EE LA B @ WORR S D7z (Tukey B E : p<0. 020), MEASERIC KT 5
BEVRINX D8 R FEE FE 1328 COME 7 /LT 2 7 TL 525 . 31°CHOFe T LT I 7 TL3METH o T-, £7-.
TARTOT T I THRMET28C £V 31C O @K TR T L7z (TukeyiE: p<0.008),

|7}<;‘E'1 28 [+] 31 K o1 e2 o3

k% *% I_I
::*p<0.01 oot le ! b *
\ ol p<0.001 !
5x10 b | .
< «b ’ .
5 .
I L4
8 2.0x10"1 R o
; o B 1B
ﬁ .a A % %
fé 1.5x10"1 s $
v
*
1.0x 101 ’
- MnEE FeBt} RS
TLVTIT TIVTIT TIVTIT
EB RN AR

KII-1-8 &B7 VT ITIWINC X 28 mEEE, B 5 5albli28 CTHET
HAHAZEETRL, BEALBIISICTHEETHAZ LERLTNS,

W48 BB DO SODIEE DR R A K TT-1-912 7T, ZnhlEnBot CAERLZAFERIZA AT, gD
WM L D HBDO B8 Th - 7= (ANOVA: p=0.0008), fEALHR] TOLE R CITEREE /- ILIEET
LTI THRMEICHERFe7 LT X THERMEDOSODIEENR A EICE WD & BRI (Tukey B E
p<0. 007)

- SS§

gl
i

(mU/ug)

3 3
———
.

‘

o
=]

Fe, Mn SOD;iE %

N
o
—-——ape
.
oo e o

[
o

fmiaeE MnE2& Fe & BEES
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[Abstract]
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ratios, Comprehensive genetic analysis, Ecosystem modeling.

This study focuses on the development of prevention and remedial measures
for high temperature stress induced coral bleaching. The measures tested rely
on the role of antioxidants, a reactive oxygen species (ROS) defense mechanism
during bleaching, metal enrichment and coral nutritional status. The effect of
supplementation in either metal enriched yeast or Artemia larvae as bleaching
mitigation measures were tested. An increase in antioxidant enzyme activity
of the coral host was observed after supplementation with metals enriched
yeasts (Fe, Mn). Supplementation with Artemia larvae mitigated the coral
zooxanthellae density decreased under high water temperature. Furthermore,
supplementation with Fe-yeast and Artemia larvae enhanced the activity of
antioxidant enzymes in zooxanthellae. Supplementation with Artemia larvae and
Mn yeast resulted in a 1.6-fold higher survival rate compared to non—fed corals
after 3 weeks of high water temperature treatment. These results indicate that
supplementation in either metal enriched yeast or Artemia larvae could allow
a higher survival rates of corals after a bleaching event, thereby providing
a mitigation measure to bleaching induced by short high—-temperature period.

To assess the role of the nutritional status in the mitigation of bleaching
and increased survival rates following bleaching by supplementation we first
developed indicators that reflect coral lipid stores, heterotrophic dependence,
nitrogen nutrient sources, and trophic status with symbiotic algae. Using these
indicators, we evaluated the nutritional status of corals when fed various
diets and showed that corals assimilate Artemia larvae as a source of nutrients
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and store this additional input in the form of lipids. This showed that the
nutritional status of corals was actually improved by feeding. Furthermore,
the effects and mechanisms of action of various biochemical techniques proposed
to prevent coral bleaching were reviewed and verified using model experimental
systems.

Microsensing techniques, comprehensive gene expression analysis, and
bacterial population analysis were used to verify the effectiveness of these
techniques and to evaluate potential adverse effects. Corals fed Artemia larvae
showed increased gene expression related to metabolism, such as organic matter
and sugar metabolism, and the change in genes expression that occurred under
high temperature stress were mitigated by supplementation. This result confirms
the potential of supplementation as a stress—relieving measure. Corals with
higher expression of metabolism—related genes related to glutamate synthase
and ammonium transport showed higher survival rates, while corals expressing
genes related to cytotoxicity showed lower survival rates. The bacterium
Endozoichomonas, an indicator of coral health, did not show any tendency to
decrease in response to supplementation, and there was no increase in pathogenic
microorganisms, indicating that supplementation does not cause changes in coral
microbiome or the growth of harmful bacteria.

A bleaching model for the coral-zooxanthellae symbiosis was developed. This
model can reasonably explain the physiological and biochemical parameters
obtained experimentally during the selection and evaluation of these measures.
Moreover, it can describe the response and recovery characteristics of corals
in high temperature environments. This model was extended to a model that
reproduces large—scale bleaching in a real marine area. Simulations showed that
corals that were well nourished by food recovered in less than one—-third of
the time predicted for corals that were poorly nourished. The model supported
the importance of maintaining good coral nutritional status in mitigating
bleaching and recovering from bleaching.
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