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HERIC: D &, Y (Oncorhychus keta) DFE
BERRT D=2 — AR AR N DR & ET,
PO, ALAARICEDRRZBIZE ST,
SN FBOEFFOO L DT> TWND EE R E
Ty BARTHIO TS ETHHO N TSEAGET
DITZDIXE BRI 150 4RO 1876 4, ZRIIR
OIEITHZ & TLR, EJINCFEE, JbiEE
TH N TSR IS SV E L7ehs, EE
DOREFFER 2 B9 & U= SR, 1888 AR IC A
PN O T Bl Tk b H36
BEINTREIZHEE T L EDNTWET UMK
2009), FAVLLRE, 130 4F %8 2 5 SMEBR O fE
DOHF T, SMEBREIIIRATEERR 2 - Lans
BHREL, IHEOBEWEIKEL XX D E TIZ
e E Lz (B 2010), & ZAD, Z Zailtld
P ORBEBEBED LI TN THET, KR
2016 LU OSERKITE L <, SB35 TERINIC
9 BALRE L TLEY, JbBARS# Tk
DEHEHAERE LS FRERIAFELRONDL L HIT7-5
TWET (G 2022), 7272, REARHN TN D
EIEE D HLOD, BADY I OIE T SMEIRE T
B SNTEERICKREUKFELTWET, £D7
W, 5%k b SMuBR AT 5 & &b, “k
JROWRF T X D 2 FEEKT 5 Z &R OM
OO DT> T ET (RNAREICE T 2%
Tt 2021), Y O SMEBRFEE T, T -
T ZHCHE ) & D BT IEEB TR Y (FF
JII1992), Z D Jiif 7 R SMb & & b 7o 1
B TR b TWET, 4E, INFERCH
SN BRI 7 S O R - iR B
JENBBEFD T - @Y A ABRET V] 2
L, MBS O R & fHm 3 5 J7 ik & et
LFE L7, AT, “LEIFOHRFTE Dk
W ORI 2T AT 4 7T OOEDELT,
Saito (2022) DR A FRSr L7z & W E T,

B - BY A ABHRETIV

W WA AR OE 2 EE &N
Bix, B9 (2013) ([CRELLEEHE STV ET, =
CTCIHEOEFEEFE LIRS Z LI LERAD,
W - YA HGROB 2 X, a3
AR RS, NI BT DY S O A
TH LTI o T A REERY N FIZEE SV CTA R

£E OKEGEHEFSFETHM  AEERL)

SNFELE, K10 - sy e v
~LET, BE IR O B & & 72 DR EIE O
FmE KR Z R U E T, 7 HERITIKIE DS 5°C A
270 2 EEEAATEINIERIC /2D 2 L, TR
DEWFREI DO KIEA 5~8°C THHZ LD, i
T 0D BRABIE A 90 BRIk o 2% i K I8 5°C LA B od
R & S CcnWEd, —F, hERmEKRS
13°C LA B2 B LT & A EV T SFEfa D AR
BOOENRL DI EBMENTWET, D72
B, BRI 5 V7 SR O ik
ML KIS 5~13°C DR & S TuVvEd,
X 1 Ofitd I o4 X (BXE) &5
L9, il (1986) 12 XiE, 73R XE 50
mm (2T 5 & A S aiishad] L rpiEn s
HEEPECRY £, Z ORI 5 LEENTER
SHVE BT GEE O, FRKIBSOH IR 2 /04 &
I TR 2RO E T, £72, < OV 7 HE
RUTTNTIHIZEAEKRET 2 Z &7 B TE)
PRI ZENMONTWET, 2070, ity
A RVIBECTOANRIZE L2 EXE 50 mm LB
NEFLNWEEZONTWET, —F5, BEXE 80
mm (2R L7z shfud B OEne T L, B
EEUKIZBAT ARERED S LS RET H & L b,
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1. BEOEH - & (4 AMRETIL
BREH BTy XOMEAEHEIZKY, BFlXA~D
DA4BZALTITHTI)—RINTRETHY, A2 TDIK
FNEFELLVE SN D (Saito 2022 M Figure 1 ZHE).,
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BETATENORE F, Wik 2 B CIE 812 B ARG
WAEBET LI IRV ES, 22 TRVWHLT
LD, “H ARV CIEFRmEKIED 13°C
PLEWZZ2 B &, 138 A EV RO TRD
OB E NI FETT, 2F 0, IpEED
FEMEAIEN 13°C IZEBIF#ET 5 £ T, Hrshfa
IR OB ENCE L 72 B X E 80 mm LI EIZRk
FT20ERH 9, % 2 C, RilfEAKIEH 13°C
DOEFZE X F 80 mm [ZHRFEAFEZR, FEToO
T RO EMBRAK Iz b Tng
T, ZIVE THARD FEAHCHEE S vzt 7 She
R OEHHGR & FOM D, IR T
By 72 ShHE S ORI R ARSI 0.01/8 & ZFE
HEHNTHY, M1 ORI S Z OfEERH
ENTWET, 22T, BERERE & XA
%720 DREXEDOHEIMEDZ &T,0.01/HZ 100
DT ToN—t MIHET 5L, 1 HY720 1%
BXENREZDZLEEWRLET,

ZDX B ZFITIHEASNTCE X S -
WY A ARRET v (K1) TT2, Jaked &
R A XOBIEN G, ki N2 —2 % ArH DO
AH A TIHHET D Z E BN ATRE T OKBEIT &1 -
FIEFEEHE X — 1998), T A ¥ A 73,
“TORE L7 R A X, IR R PN
it A, AR NI R OB &N L 724k
YA R ETELIHD” 2R LET, £7-, B
B ATV R UK A XTI R
MLLETC I SN b D7, C # A 713 “Iofiic i
L 7o XL C, VR bk 9 i BRI Ao &
Nn=LD”, ZLTD ZA 7% “A~C ZA 7L
HOHLD” #ENENEWRLET, 2D XI5
@Y A XRET L, S RE TomRE B
FIHRYE L7220 & TH 5 L [RIFEZ,
RO NRE = TN TED LT TzZ & T
WO O - A 2 pWr T 5E b LRI
DT ENAHRICZAR Y F LT,

W - #@Y A ABRETIVORRE

L ZAN, ZomM - YA AT T VR E
B D SN D DRI S TIED L H &5 &,
Bl ZeEICEm L ES, BIZIE, ol
R U 7= BN JE L O~ & B AR OB #hyn
O %= ERBEREI T2 Z Mmoo TWVWET
(AL 1990) , fiis oo H 22 & 72 2 in e 2 il
KIBTTR, — K EDWHRDKIEEZ BT 5 DN
BWoTLxr)Y, T, AN ETIE, 202D
o Gy R D G R OO K Vi AKIR O TR 2 5°C
UbH2HEHLE LIIHY THA, E6I, I
SR A TR R E) LG 202 XX 80 mm &
SHTOWETR, AFFE e & CTIHEXE 70mm 1
ETE AN T EEE LB D L S TR (B

e 1982), /&4 BiE L CHE) LIAD D180 A
L L CRYE 80 mm ZHexktti 45 LB T2
Db LIVER Ao AR IR T 2 BRI BR AR
FIX0.0l/HICEESN TWETHR, KETTND
MR L > TEB T 2035 @TH D, BEH
RERBZDOLONENTDHEBEZDHONEYT
L9, RO H A TH3 N REIC o722
CIXFEE TR, #wH - @Y1 BT VA
S T2 R O FHAIZER I (1992) <eitay £ D fif-1-hiR
—ELT—HR—RIHREINDEDOHTHY, =
AUE CREMBAIZ G O - R A S5 BT
WHETANFIHEND Z 213 HV EEAT
L7, AT, ZH BB ORME 2 F2ER D B &
BhE L7200 Lo 2O HOWTHRE L-H=
BlXIZEAEFELEEA, 20X, wH -
WY A X TV % FEBEO S5 ORI
LA LTV 720121, Bix ahe b 2
EDOT VLU URMEZRY £9,

NS 11 ARINEDORE - BREE

ZOBETIE, HB)IIT o 11 A ERINEE 2004
~2014 kA RIS, W - A X7
NOWEERHTLE Lz, 25 OERIZIT Y%
BROPBE 2 R E FTRE e AR AR S D1 BTl
0, IR OSSR CIXER Z, WINZER L
Bl TCIIHA LOFRERDLZ ik, &
DERRIED 11 HERINFER DN ZRES D Z L7
AIRETCY, AR, #9300 5 ~561 RO 11 AL
FERSEDSHER (CFH: 334 HR/AE) DSKERTR
WRFERT O+ ST F 3 FHHETTD D KO SALE Lz,
72721, 2010~2012 FARIZDOWTIE, 11 HERIP
HEAFE CTE 2 HAIREREA DT b T h
STz (D A ORRIIEE & [Fl— 0 FoA 1R %
72olz), Rk HIHEM ORI - iR R OHE
ECE R B DT ERROHEE Z1T 5 Z &N T
EFHATLE,

IKEEG I FCAT ST £ 35 Tk, 1997 400 5
TE BN FEHT AT AR DR Rk TH r Shtf o B4k
FAEEFEFER T CEE Lz, Zokix, BAR
Y MRS AR —Y ZigE B L CGlRil T A
WEHREEIZ 72 > TRV, LB D B AN O XK EER
DD B Fit S iz shfefa & Hiiz, 4
KR 2 e I Sk o B R ERERR AN R S h
TV (Hondaetal. 2017; A% 2019), Z Dk
AR DNHEAERERE IV T, 2004 FFLEE,
2006~2009 AL KON 2014 HAEREEO 1) 115
7 11 A BRI O AN G 19 BE S E L
77o F72, HEETILH 72 b DD, 2005 FEHRRE
& 2013 FERRBE O AL RAT AR i Tl R
SNFEFATLE, 2O BARAR CHIE S 79
ROHFAREE#SED S B, 63 RIZOWTHAH
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JEERIEAT 21TV, BT L oA B, B
BXE, )5 BAAR CHI SN £ ToBM
B RARE IS K ORI M 2 BEAE 0 5 15 CHERE
L ¥ L7z (Saitoetal. 2007, 2009; Honda et al. 2017,
2019), EAAR CHHH SN REOIE#A O YR
Y E+H1E¥ERZE (LLF, SD) (X79.8£5.6 mm T
Lz 2RO DOERRMAIZS H 17 Bv6 6 H 13 H
\ZREME LT & HEE S A, BRIERE OO S R LR = SD
1% 58.8E5.6 mm ERFE SN E Lz, BREL TH
5 SN D £ TOBRM KRR O FHE £ SD
I, (9.60+2.22) X10%/H &HEE S, FHOH
FERTKIIRNE 32 B (&GEPH 0 15-50 H) TL 72,
F0, BT 11 ARIFEEO MR,
X £ 58.8 mm TJIS¥F~H T, 1REET 32
H i =9 I B R AR $509.60 X 103/ B TRk
L, BEAARRICEIRE LRI PR R XE 79.8 mm
WCELTWE LRI EnTExET, £,
INHOWERE HEEME o6, FHRFORY
5, BiEHORYER LOBREREREZOE A
7T B, 4 & ONFMETIT OE & s E S
b <, SEEMED S KN ISR S 03D 12D
AUTEARE S A L, #E SRR EE & s e
BRI OIS A % T 5, Wb B IEH A
ZRLTWELE, Z20OZ i, ThFhoF
EZH Uiz & 5 72K BAT AR Bk Cle & HH B
LTV (RbEHEINCTV) &) ZEER
L TWET,

fEH - B EOXREKE

EERA ORI B A HEE TE 20T, RICHERTE
L7-REDOIFERmKBZFHRD Z Ll LE L,
fiff o 7= REWEKIET — 2 1%, KRETHAAELTH
% MGDSST &9 2 0.25° 4 v 3= Z L D H
FKEWKIRTH D, BFERFOREHEKEE LT+
B IHAT IS B IV 025° 4 v 3 2 DEEBIR L
FLIE 2L MEESNZEEHBED S B 19 B
WZOWTIERRMEA A EEOEA B X0 H <
HEINTLEY CF¥ 3.6 B, &P -1~-11
H), FEA BICITHEERREN S £ 5 rTREEN
BEZOIE Lz, FHTRIMEA A 2394 HX LT
WHREEMERH D E VD ZEIX, M HBXL TS
AREME L H V15D LB %, B B ERAENT CHEE
S -BEiE A BIZHYS T 2 REEKIEOIED, B
W H BEitR 4 BOREKEZSEL, 9 B
D TV 7K TR D SE A 2 DA A OO R Iy D 3% 18]
WK E LE LIz, AL XD 2RGIET, BARD
Bl CHERR AN S A B o R imiEKE b
MGDSST 7B HAF LE Lz, B B L&, 1
WEOFEMA R (Tbb#EAEH A) THEEMET
W72 < BLMEZR D C, Y34 A H OfR& T Z & T
0.25° A v ¥ =2 ORIEWKIRZ D E FFHRRFOE

HEKIE E L TR LE L, B 5N BiER o
F KR & PO R I KIRIE, EIFE DR
HWFORYER LB, U550 L ERSMEZ R
LTWERHATLE, £ZTT—HZ/PNSWED
D BINEFIZA T, TAL25% & AT 25%2FH 24 4
HARDT — & Z[FN 7= 25-75 78—F L Z A LD
AR Z RO E LTz, ZORER, BiERFORT
WEAKIED 25-75 8—F& L & A L1 6.7-8.7°C, Ffli
B R mHEKIRD 25-75 /S—% % A Vi 11.0-
128°C & 72V E LTe, bbb, A0 5 B
B (50%) OfEMEIE, BRI O AT
6.7-8.7°C ORI %, BATARIN R T ORHiFRIC
1% 11.0-12.8°C DO/ % Z IV E SR L TNz
T EIT D £, UBEOSITTIE, T bR
KIBD 2575 RX— L FANEKEBT 4 RT &
P22 C, B O 2K /KR 6.7-8.7°C % WSSTse,
A O EHEAKIR 11.0-12.8°C Z WSSTca & %
NENMESZ LICLET,

B - YA XABRETILORE
ZIMBITRTE T SN L HEIY A 11 A
BRONREOReE - IR EBREZFIH LT, Mkt
H1 R DS HEF D BATARIA IR BT 2 7o D O
Bl A RRET NV EE Z TVE ET(K2),
85 —

(@ + WSSTca
80 : : : :
75 ..
70
654
o —

...............

EXE (mm)

" dset dse2  deat doaz
40 i;i;ii;i;i

REAKE (°C)
2

e
1 11 21 31 41 51 61 71

5A10BA LD HEHE

2. (a) THIINY 7 11 BRI RR E L@ - @Yo
AWRETILDORES LV (b) HHMADKEHHES LUV
BERERMFOREADOIEFHOEEL L TRV -TB
JIAIOEEOFEREEKE (F) LEGHAREOTY
FmiE/KE (F) (2005~2015 %)

WSSTse: 1AL BEET SO KEF 6.7-8.7°C,

WSSTca: EfFAFEICHZET HHEDKEST 11.0-

12.8°C, dsel & U dse2 %5 U dcal B & U dca2:

WSSTse & WSSTca DZNZN MBS L UHA, G1 H&

U G2: fkEMR, JL—85: “@E# - @Ha4XT)7”
(Saito 2022 O Figure 5 #H %),
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9, BARIGEIICEIET 5 L, 4
SEUEI OO K [ HEKIE A WSSTea (11.0-12.8°C) @
HIMIZRBXE79.8mm il > TWb EBELET,
hHEfaL, e L Co b BRI ICRIEST 5 £
TOM, B ERE 9.60x10°%H CTHlET 2 b
DL L, BATARMER O R KR WSSTea D hh
BERD11.0°C 127> A B (42: deal) &2
X 798 mm DA &, [AEEO 2R mifEK iR
WSSTca D& E727% 12.8°C IZRZE L= HH (X
2:dca2) LJBRXE 79.8mm DATEND, FNFH
Wl A2k 9.60x10°3/ H Rk E iR G1 B XY
G2 AT TALET, —JF, +BINTAfhTic
REBT &, SR miiEKIED WSSTse (6.7-
8.7°C) DA+ D> DIF~BEN T 5 & B2 F
T, TDHE, BIFERETALE 2 2O
&, WSSTse O] (X 2:dsel 3 LW dse2) TH
ENTMEE, TRbbXK2 D7 LV—Ey, BT
THZENHKET, ZOK2ITRLEZT L—D
Wy 2%, HBIIY A 11 A BRINBED ShHER DS,
BEAT AR DI FKIE A WSSTea DHARRIC E X K 79.8
mm CTRET 25 72O OREMEY A X & R o4
FHZRLTERY, LIk, <@l - @tha1 A=y 7>
EFERZ LI LET, B A X e &5kl
B IR SN % DR 5 DT, T ANZARITH
BTEDOEAIMN? ) EEDRIFHEE LD
HLEFA, RIS, PN TY 7 ohfeaiiz
A ERRERT, BB ORI R
BIENMBEILTWATZD, MU 6 ORRY
A Xy vu—L$ 52 L CRIEYA XD
ARELE B X LIVET, FHE, KR TR 7
FEREED D B 2008 FEAEEED i A R 1LR X E 63-
64mm &b REXDoT-OTT S, HA A Elm)
SHEE SN BRMEY A X b R X ELSD 23
63.244.6 mm &, fOFARIED PRI A R~
THROLREVERICR-TE LT

WE L8 -89 1 XBRETIVOFER

AR CHRAIT L7z 8 - 0 A R 7 v ok
ISk a~_— (T, 2004~2014 EEHFEEE L 72
2005~2015 FE-DZ i EAKE (MGDSST) 7> 5 &4
@ WSSTse & WSSTca DHA & kDT, SfEED
Eo W @Y A A=V T” BT 7L TH
F L7 (K3), A7 513K ERBEO BB R
BOHEFEE A2 ENTZ03 > =D TR, BATRINE
IOl SVE A B BT oMl O & 7o el
DOEMWITLA %L 7o, THRHEZ LIZHBEL T LE
9 & LT BRI OB B R AR I CHEREE DR R
EREESDEHERLR-oTLESTY, HHO
TRV CIEBR R D b OHEE T
BRI T LESTENT BT NG, AN
REARELD B TH 5 9.60 X 103/ H 25 = &

ZLE L7, Bid L7z & 9 ICA EIHERE S 7z bt
ﬁkﬁ%ﬁg{i iﬂfﬁ’\?ﬁ%T LTI &b,
AR AR ekl _@J% LleﬁlelKﬁ»T LU 7= ) el
MR AR S 2 &%, FkdEZ & D2 H
T 52 L BHEEERS E@& ATIEZHETHDL L
EZFE LI, HFEORmMEKIEOZLE) 2 KB L7-
Ak, Mo “EH - YA XY T 134k
FEZ LIRS RE INDRDESTWE L,
FFrIZ, 2013 Al “EH - @Y A A=Y 77 %
MRS/ NS BICEEEY A XA B B XE 65 mm LA
LTl o TERY, BARESICEET 72005
M DOFEARFEIZ LR TR Vg Lo 72 2 &3
#A2FE LTm, FEBED 2013 FERBEOFY A XX
EXE 56-57Tmm CThHol=Z £nb, BERICE
X 65 mm LLEIZET D2 E WO KL VT
DOPRRDTH LV TE -T2 E 42D TL X I,
DX D e R AR L TH, 2013 FERRIE O+
JUH2 11 H BRI AR AR ’\L“ij'C < FHl S
NEFATLEZ, b L L OHRFROARERE
D3Eg L <, 2013 ﬁﬁ’f&ﬁi@ﬁjﬁﬁ@\&iﬁ'ﬁﬁﬁ?ﬁfﬂmiﬂ
ET ORI A XETHETHI LN TE
T, TORRRESPHFEL T LESTZDO0 S LI
FHA,

£S) L?’Eiﬁﬁff&ﬁi‘@ “EH] - @A A=Y T
BV ED N L2 61E, TOEGEH % H
& L“Cjﬁ((mj—f) & T YhHERDS BAT AR
BT DR ZmD 5 LERFIZ, £ OMROFE
/NS TLHZENRHRLINB LIVEE A, &
D X5 T HOR R & i A XD B2 — s Mk
i NEBTEIUTHEE O TTN, K3 D “HE
ﬂ;ﬁ YA Ay 7” ERAORY, £ < OFREE
WA L7z ] - @A XY T OEEH S
ZRMT O LZ S T, 20 X 5 B R TIX
EﬁwﬂﬁuﬁiT%ﬁmﬁﬁ%&mﬁ%4x&
VN D DIFAFE 2 OUFFEEREE D2V % [k U 7- BB EhAE
# (moving target) T DL F X FET, K]
LA R IBEER CTH D BRI, FiATC
ENEWMICTRTSZ L 6i’£’$“(“ﬁ“o FDD
WEAN D SUFE TIE, 5% 120 L7-Refl & b
D RRF T DRI, Bz A I v 7%
BT e ax LT LTHRT 2 A% v 7Y v
Jhkiit (staggering release ; stagger & 1%, “X %&)
PEDT, R EET LT L b\offf%)
RN ZEbH5 L5 TT (FlxIZ, Irvineet
al. 2013), BEHAFIZ 38 L 72 i ey & jﬁ(}lbﬂ"(
R#BRT 2D “Z—0y MR LGRS A X
T Ex2THT “RE Y TR DWW
PN TWD D)2 2 Cldiim L EE AN, AKAF
R LIEL S i@ - @A A=) 77
ZAUbT 5 2 &%, 5% OB & Bai Y A
AOUEXBET ETCHLAEHAND LIVER A,
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B - BY A XL 7 OREERNIERED
B &

B 3 1R LTz L9 A KAkt o @i ] - A
ALY T OFIROENT, EIENDOFEAEEED B
fa b LCORREOLEIBERTHDOTL X 9,
IO EERRTT A0, @A XY T
DHEBRLE LR E LW o -k x e 2 L,
FIEYRESE (R—FREED 5 6 2~5 FfH L LT
RN ENG Uz 11 AERINEER R OBl A Y
ZAERAEED 11 A BRIPEED B A THI - 7B D X
—t R LOBMREMEILE LTz, ZORER,
Rt L7z « @A X U 7o ED % < 1%
TRV &R 72 BB AT B 7R o 7z
DTN, BKEMED WSSTse & WSSTea (22
FNHRNGSTHHA BHOEM (HEL; decal-dse2) &3]
JHENRH & ORNCHEFH FRIICA B 2R IEOFH B 338
OoNFELE (K4 AT~ ONELAHRE, p =
0.79, p«mﬁ Fiko X 912 WSSTse iZ+#5)11
il AT 381 5 R mifEKIE 6.7-8.7°C DHiH,
WSSTea [T AR #RIA FEIBIZ 31T 5 R mifE KR 11.0-
12.8°C DO#iH T L7z, Ml ﬂﬁ?éﬁﬁ@ﬁ%
EW D Tl BB IR AT 0 2% g KR D
WSSTse @ _E[R 8.7°C 12 L THh 5 BATARNF ﬁ
DR EIEKIEDS WSSTea D FIR 11.0°C 12725 F
TOHEOZLEZEWRLTEY, ZAREWN (B
V) E BB ORIEIFRMEVD (EVY) BERICH
L2 EEKAITERLTOET, HBIIHI0E
BRI 8.7°C 1272 - TH S BATAIFE O R 1H
WK 11.0°C 12725 £ TO HENE N E WD

ik A”@mm@ﬂ/mﬂw L LR T,
ﬁémkﬁﬁngm T TORFFER T
FORWEE G &L Z LTz 2012-2013 FEFEEEIZ O
T, B OIR R KRS FILOEL D m
T2VRREDN BRI ) ICHEN TEEL D b5
VVRBE~E FIR L, £ 0 X 9 A2 8 B KIED
EALINSHER DO REJRFEZ S L Z L, RIS
BRI U mREME SRR S h T E
T (GFHE - 84T 2018), AAFZETH 2013 kAT
OFNENFR O X B3R FEAKR OB OF X L
HI 5 L0 ) BERAEL (X 4), oo ts
iz X7 o/ e o TWET,

BbhYIc

EDEOY 7 O SMEBUREY: TREIZDOIZY A
SN TCE @M « @y A e T ML, 2
TSR EE T b - TE 7228 NOEHTE O
FEDFEH L CE A EZ I LI DT L,
ERlI< T ORBNLMAT 720, “L v EF
OHFFCE DI OEKREBELT, BUTOS
(b 2 A= a0 T v 7L TN 2 RS
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